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With the beginning of the third millennium, the rapid growth of the aging population
will accelerate. The expansion of the number of older people mandates that clinicians
and other health care providers become familiar with and knowledgeable about the
biology and health-related problems of aging.

One major health problem of the elderly is infection. The incidence and prevalence
of infections increase with aging. In addition, the clinical manifestations, morbidity,
mortality, and functional recovery are quite different in the elderly, compared with
younger patients. In many instances, the microbial causes of infection in older adults
may differ from what is usually expected in younger adults with the same infection.
With the physiological changes associated with aging, the pharmacokinetics and phar-
macodynamics of drugs will invariably be affected; thus, drug selection and dosages
have to be carefully assessed in older patients. With increasing age, frailty and func-
tional incapacity become more common, often resulting in the need for long-term care.
Long-term care, especially long-term institutionalization, poses special problems and
challenges in the diagnosis, management, and prevention of infections in the very old.
Finally, preventive strategies will be the primary focus in the future to reduce the inci-
dence, morbidity, and mortality of infectious diseases in the elderly.

In this new work, Infectious Disease in the Aging: A Clinical Handbook, the editors
have invited clinicians and researchers who are acknowledged experts in the field of
aging and infectious diseases. Each contributor has provided the most up-to-date scien-
tific information and clinical data on the approach to the diagnosis, treatment, and
prevention of a specific infectious disease problem. The book is divided into three
major parts: Part I discusses the important concepts and principles of aging and infec-
tions, including the epidemiology, predisposing factors, clinical features, and antimi-
crobial therapy as they relate to infectious diseases in the elderly. Part II describes the
most important and common infectious diseases encountered in elderly patients. These
range from common organ system infections (e.g., pneumonia, urinary tract infection,
ocular infections) to more specific microbial types of infections (tuberculosis, fungal
infections, viral infections). Each chapter is formatted similarly so that the reader can
quickly and easily find the desired information. Part III highlights some of the special
and unique aspects of infections in the elderly population, such as infections in
long-term care facilities, infections in diabetics, and sexually transmitted diseases, as
well as concepts of prevention with regard to vaccination and nutrition.

The editors attempted to present to the readers a book in which the information
is informative, current, and easily accessible. Substantial number of figures, photos,
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tables, and charts have been included for quick retrievability of information. The most
pertinent and current references have been included. Clinicians, nurses, pharmacists,
and health care trainees involved with care of the elderly will find Infectious Disease in
the Aging: A Clinical Handbook a useful and quick guide to the understanding, diagno-
sis, treatment, and prevention of infections and infectious diseases-related problems in
the elderly. We welcome your comments and suggestions.

Thomas T. Yoshikawa, MD

Dean C. Norman, MD
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1
Epidemiology of Aging and Infectious Diseases

Thomas T. Yoshikawa

1. INFECTIOUS DISEASES AND HISTORY OF MANKIND

Throughout recorded history, mankind has always faced the scourges of infectious
diseases. Infections were the major causes of mortality prior to the modern era of anti-
microbial chemotherapy, and even today, infectious diseases worldwide account for
over one-third of the deaths. Until the mid-20th century, such diseases as typhus,
plague, typhoid fever, cholera, diphtheria, smallpox, and tuberculosis caused major
outbreaks of illnesses and accounted for deaths of millions of people throughout the
world. Moreover, rheumatic fever, scarlet fever, measles, mumps, pertussis, poliomy-
elitis, and syphilis not only resulted in mortality but also caused disability, deformities,
limitation in functional capacity, and social rejection (1). During the Civil War, infec-
tions caused more deaths than battle injuries—for both the Confederate and Union
armies; similar statistics have been described for combatants in World War II (2). Poor
sanitation, close contact, lacking in acquired immunity to diseases, and high stress
levels left military combatants vulnerable to typhoid, malaria, dysentery, tuberculosis,
smallpox, and measles.

With the establishment of the germ theory of diseases, medical advances followed,
i.e., sanitation, public health measures, antisepsis, antibiotics, and immunization, that
reduced the mortality and morbidity of infectious diseases after the middle of the 20th
century. The modern era of antimicrobial therapy beginning in the last half of 20th cen-
tury and vaccination successes of smallpox and poliomyelitis appear to herald the “con-
quering” of the lethal effects of infections (2). However, in 1981, the first cases of
acquired immunodeficiency syndrome (AIDS) were reported by the Centers for Disease
Control and Prevention, which in 1984 would be identified to be caused by the human
immunodeficiency virus (HIV) (2). This infection has become a global health care
problem, striking the young, old, rich, poor, men, women, and people of all ethnic and
racial backgrounds. HIV infection and its complications have clearly become the single
most publicized and (perhaps) important disease of recent modern times. Finally, newer
pathogens have emerged during this past one or two decades, e.g., Hanta virus, Ebola
virus, and herpes simplex type 6, as well as mutant strains of antibiotic-resistant organ-
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isms such as methicillin-resistant Staphylococcus aureus, penicillin-resistant Streptococ-
cus pneumoniae, vancomycin-resistant enterococci, and multiple drug-resistant gram-
negative bacilli (3). The impact of these and other new and changing infectious disease
agents on both young and old will be in the future the interest and focus of many infec-
tious diseases specialists and clinicians caring for children, adults and the elderly.

2. DEMOGRAPHICS OF AGING

In 1900 the average life expectancy at birth in the United States (U.S.) was approxi-
mately 47 years (46 years for males and 48 years for females) (4). Only 4% of the total
U.S. population was aged 65 years and older (5). With the reduction in childhood mortal-
ity, due primarily to infectious diseases, the average life expectancy dramatically
increased during the latter half of the 20th century. Presently, the average life expectancy
at birth in the U.S. is approximately 75 years (73 years for males and 80 years for females)
(4). Furthermore, the elderly (aged 65 years and older) now account for approximately 13%
of the entire U.S. population (5). It is anticipated that over the next 30 years, those persons
65 years and older will account for 21% of all Americans, with the older elderly (80 years
and older) experiencing the most rapid growth based on percentage of elderly persons.

3. EPIDEMIOLOGY OF MORTALITY, INFECTIONS AND AGING

3.1. Causes of Death

Up until the beginning of the 20th century, half of the top 10 causes of death in the
U.S. was attributed to infections. Children, unfortunately, were disproportionately
affected. As stated earlier, with the advent of immunization, sanitation, public health
practices, antisepsis, and antibiotics, many of the lethal infectious diseases were pre-
vented or mitigated. With the reduction of childhood mortality, life expectancy drasti-
cally increased (see earlier discussion). Similarly, there were decreases in infectious
disease deaths and complications in adults as well. With adults living longer, other
diseases have now become common and prevalent. For the entire U.S. population,
heart disease, cancer, and stroke are the most common causes of death. In the elderly
population, these same three diseases hold the same level of prominence. However, in
the elderly, pneumonia and influenza are the fourth leading cause of death; diabetes
mellitus and its complications including infections is the sixth leading cause of death;
and bacteremia is responsible for the ninth most common cause of death (6).

3.2. Common Infections in the Elderly
Although older persons are at greater risk for acquiring infections (see also Chapter

2,), there are little data to indicate that aging is associated with greater susceptibility to
all infections. Whether aging alone versus age-related diseases (that adversely impact
host resistance to infections) is responsible for vulnerability to infections remains con-
troversial and unproven (7).

There are considerable data indicating that certain infections appear to occur more
often in older persons and/or are associated with higher mortality and morbidity (8–11).
These infections include lower respiratory infections, primarily bacterial pneumonia;
urinary tract infections; skin and soft tissue infections including infected pressure ul-
cers; tuberculosis; infective endocarditis; sepsis with known and unknown causes;
intraabdominal infections, primarily cholecystitis, diverticulitis, appendicitis, and ab-
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scesses; bacterial meningitis; and herpes zoster (8). (Specific and in-depth details of
these infections can be found in the appropriate chapters.)

The majority of these infections are associated with higher death rates in the elderly
when compared with younger adults with the same diseases. Table 1 provides a sum-
mary of these findings (8,12,13).

3.3. Infections in Long-Term Care Setting

As mentioned earlier, it is anticipated that with the rapid increase in the aging popu-
lation, there will be disproportionate growth in the very old segment of this group.
With extreme old age comes frailty, cognitive impairment, and physical dependence. It
has been stated that persons aged 65 years and older have approximately 45% risk
during their lifetime to becoming institutionalized in a long-term care facility such as a
nursing facility (nursing home) (14). Furthermore, frail elderly residents in nursing
facilities are substantially vulnerable to infections because of age-related immune
changes and diseases and physical disabilities. A closed, institutional environment also
favors constant exposure to microorganisms from frequent contacts with personnel and
other residents; limited ventilation, filtration, and removal of recirculated air, which
could contain microorganisms; and unrestricted movement of infected residents (15).

It is estimated that approximately 1.5 million infections occur annually in nursing
facilities in the U.S. (16). The incidence of infections has been reported to range from
approximately 10 to 20 infections per 100 residents per month (17). The most fre-
quently encountered infections in residents of long-term care facilities are lower respi-
ratory infections (pneumonia most often), urinary tract infections, and skin and soft
tissue infections (including infected pressure ulcers). These three infections constitute
nearly 70–80% of nursing facility-associated infections (17). Moreover, fever is one of
the most common reason residents of a nursing facility are transferred to an acute care
facility. Furthermore, infections are often the cause of acute confusion or delirium in

Table 1. Common Infections
in the Elderly and Comparative Mortality with Younger Adults

Infections Mortality rate in elderly vs. young adult

Pneumonia 3*
Tuberculosisa 10
Urinary tract infectionb 5–10
Infective endocarditis 2–3
Intraabdominal infection

Cholecystitis 2–8
Appendicitis 15–20

Bacterial meningitis 3
Bacteremia/sepsis 3
Septic arthritis 2–3

*Indicates that mortality rate is three times greater in elderly compared
with young adult.

aCompared to nonhuman immunodeficiency virus-infected persons.
bKidney infection.
Source: Refs. 8, 12,  and 13.
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older persons (18). Thus, the presence of fever and/or an acute change in clinical/func-
tional status of a resident in a long-term care facility should prompt a careful search for
an infectious etiology. Finally, the increasing use of antimicrobial agents in residents
of long-term care facilities has been associated with an alarming rise in mutant strains
of bacteria resistant to a variety of antibiotic agents (3). Stringent adherence to infec-
tion control policies and measures and appropriate prescribing of antimicrobial agents
will be necessary to prevent major outbreaks of life-threatening and untreatable infec-
tions. (See also Chapters 20 and 21).
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2
 Factors Predisposing to Infection

 Dean C. Norman

It is well established that the elderly are at both increased risk for acquiring many
types of infections and for increased severity of illness when an infection occurs (1).
Predisposing factors, which in part account for this phenomenon, include decrements
in host defenses with age that are made worse by chronic disease, undernutrition, and
certain medications that are commonly prescribed to older persons. Some of these fac-
tors are organ specific. For example, the increased prevalence of urinary tract infection
in the elderly is due in part to age-related changes in the urinary tract, which include
anatomic changes (e.g., prostatic hypertrophy) and altered physiology (e.g., increased
bladder residual volume). Furthermore, the elderly are more likely to be hospitalized,
undergo invasive procedures, and suffer procedure-associated complications that com-
promise mucocutaneous and other barriers to infection. Moreover, hospitalization and
chronic illness increase the risk of colonization and subsequent infection with virulent
nosocomial flora (2). This chapter further identifies and summarizes factors that
increase infection risk in elderly persons. Fever, as a host defense, is not covered here
because it is discussed in detail in Chapter 3.

1. INFECTION RISK

 The risk for developing an infection and to some extent its severity is directly pro-
portional to the inoculum and virulence of the pathogen(s) and inversely proportional
to the integrity of the host defenses. Aging and comorbidities associated with aging
affect all three of these factors. It is the interplay of these three variables that account
for the increased susceptibility to and severity of infections in the geriatric population.

1.1 Virulence

The virulence of a pathogen is dependent on its ability to attach to and penetrate the
host and its ability to successful replicate in the host environment. Virulence factors
are properties that enable a pathogen to establish itself in the host and cause disease
(3). For example, for certain uropathogenic strains of Escherichia coli, virulence is
determined by the presence of P-fimbriae, which are surface structures known as

From: Infectious Disease in the Aging
Edited by: Thomas T. Yoshikawa and Dean C. Norman

 © Humana Press Inc., Totowa, NJ
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adhesins. Adhesins attach to receptors on uroepithelial cells and facilitate attachment
to and colonization of uroepithelial cells (4). Virulence is also dependent on the
pathogen’s ability to avoid being overwhelmed by the host’s defenses and its ability to
damage the host. In the case of Streptococcus pneumoniae, a common pneumonia
pathogen in elderly persons, virulence is determined by pneumococcal capsular
polysaccharide, which allows the bacterium to resist phagocytosis by host cells. This
virulence factor is overcome if capsular-specific antibodies are present to facilitate
opsonization.

 The elderly are more likely to be colonized with virulent bacteria, especially those
elderly who are exposed to nosocomial flora and have major breaches in barriers to
infection (e.g., presence of an indwelling bladder catheter). Furthermore, for reasons
that are unclear, the risk for colonization of the oropharynx by potentially virulent
Gram-negative bacilli or Staphylococcus aureus is increased in elderly patients, and
this risk increases with increasing dependence and acuity of illness (2). Therefore, hos-
pitalized elderly are at greatest risk for oropharyngeal colonization with these patho-
gens. Drying of upper airway secretions with age, exposure to antibiotics, and changes
in local immunity may all be contributing factors.

Resistance of bacteria to antibiotics, although technically not a virulence factor,
potentially increases morbidity and mortality related to infections. Frail, institutional-
ized elderly may suffer repeated hospitalizations and undernutrition as well as undergo
repeated courses of antimicrobial therapy. Normal bacterial flora may be altered in
these cases and will increase the risk for colonization by resistant bacteria.

1.2. Inoculum

The inoculum is an important determinant of risk of infection and plays a signifi-
cant role in the increased risk of infection in the elderly. For example, even young,
healthy individuals aspirate small amounts of oropharyngeal secretions (5). How-
ever, the elderly are more likely to have neurovascular disease with resultant swal-
lowing disorders and also at more risk to undergo tube feedings, both of which
dramatically increase the risk of aspiration of copious amounts of oral secretions.
Furthermore, in the elderly, the adverse effects of alcohol, long-acting benzodiaz-
epines, and other sedating agents increase the risk for aspiration. Given the loss or
alteration with age of important pulmonary host defenses including cough reflex,
mucociliary clearance and changes in immune function it is not surprising that eld-
erly patients have a markedly higher incidence of pneumonia. Endotracheal intuba-
tion and prolonged mechanical ventilation further compromise host defenses; these
interventions increase the risk of aspiration of large inocula of bacteria. Such
macroaspiration dramatically raises the probability for development of severe respi-
ratory infection. Finally, the elderly are more likely to undergo intravascular cath-
eterization and the placement of chronic dwelling bladder catheters. These catheters,
even when meticulously maintained, can serve as a conduit for inocula of bacteria,
thus bypassing basic host barriers to infection.

1.3. Host Defenses

Host defenses can be separated into two major divisions: nonspecific (natural)
and specific (adaptive) defenses. Specific immune defenses are discussed in the fol-
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lowing paragraphs. Nonspecific defenses include mucocutaneous barriers, comple-
ment and certain effector cells such as macrophages neutrophils and natural killer
(NK) cells.

1.3.1. Mucosal Defenses

Mucocutaneous tissues are more than simple mechanical barriers. The skin has
antibacterial properties including a relatively low pH and glandular secretions, which
have an antibacterial effect. Aging results in significant changes such as loss of dermal
thickness and subcutaneous tissue as well as reduced glandular secretion, which makes
the skin less capable of withstanding shearing forces. Furthermore, with age, the skin
become relatively avascular, which also increases the susceptibility to injury. Also,
there is a loss of Langerhans cells, and cytokine dysregulation occurs, both of which
decrease the specific immune response (6). Loss of mobility resulting from coexisting
diseases may lead to increased pressure and shearing forces. Edema and vascular dis-
eases may further compromise the integrity of this important barrier. This will facili-
tate colonization and invasion with virulent bacteria.

The mucosal host defense system, like the skin, is a first-line defense against invad-
ing pathogens. Mucus secretions and ciliary action continuously trap and remove bac-
teria, thus preventing microbes from gaining access to deeper, normally sterile tissues.
Furthermore, Peyer’s patches contain T and B cells, which are capable of processing
bacterial antigen necessary for the specific immune response (7). Immunoglobin A
antibody is the predominant immunoglobin of the mucosal immune system and does
not appear to be reduced with age. However, it is not clear whether or not aging reduces
the ability of the mucosa to perform as a host defense. Nevertheless, xerostomia from
all causes, periodontal disease, and certain gastrointestinal disorders, such as diverticu-
litis and ischemic bowel disease, occur commonly in geriatric patients and potentially
damage mucosal defenses.

1.3.2. Immune Responses
The immune response is made up of two interdependent entities. These are the vari-

ous components of nonspecific or natural immunity (e.g., neutrophils, macrophages,
NK cells, and complement cells mentioned earlier) and specific immune responses
(cellular and humoral immunity). Natural immunity is immediate and does not require
prior sensitization to particular foreign antigen, does not discriminate between differ-
ent antigens, and is not enhanced by repeated exposure to a particular antigen. In con-
trast, the specific immune response is usually initiated by a specific foreign antigen and
involves cells of lymphoid lineage including T cells (cellular immunity) and B cells
(humoral immunity). Stimulus from a foreign antigen results in the generation of spe-
cific molecules, which, in effect, modulate responses among the effector cells of the
immune response. Repeated exposure to the specific antigen enhances the response,
and this is the basis of what is an essential host defense against a wide variety of micro-
bial pathogens. It should be mentioned that NK cells are presumably of lymphoid lin-
eage and are an important host defense against tumor cells and possibly virus-infected
cells. However, NK cells do not require prior sensitization to become cytotoxic and are
considered to be an effector of natural immunity.

A summary of the specific immune response is as follows: Each mature T cell has a
unique receptor that is specific for a certain antigen (epitope), and the total T-cell popu-
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lation provides an extensive capacity to bind with a multitude of different antigens.
The T-cell receptor (TCR) does not bind directly to antigen but requires processing of
the antigen by antigen-presenting cells (APC). After phagocytosis, APCs break the
antigen into polypeptide components, which are complexed on the cell’s surface with
molecules that are coded within the major histocompatibility complex. The TCR in
concert with another T-cell marker, CD3, can then initiate the cascade of signal trans-
duction resulting in cytokine secretion, clonal expansion, and differentiation of T cells
necessary for the specific T-cell response (8–10).

T cells have been extensively studied in animal models and humans including aging
populations. T cells are composed of two distinct cell types: T helper cells that express
the CD4 marker and cytotoxic T cells that express the CD8 marker. T helper cells are
further subdivided into Th1 and Th2 cells; Th1 cells secrete interleukin 2 (IL-2) and
gamma interferon. Th1 cells are the major effector cells for cytotoxic activity (includ-
ing killing of cells infected with intracellular pathogens such as viruses) and the inflam-
matory response. Th2 cells secrete IL 4, 5, 6, and 10 and have a major role modulating
B-cell proliferation, differentiation, and antibody production. T cells that have not yet
responded to a specific antigen are referred to as naive T cells that express the marker
CD45RA and are relatively short lived. T cells, which, after clonal expansion and dif-
ferentiation, have a TCR with high avidity for antigen may become long-lived memory
cells. Memory T cells express the marker CD45RO.

 1.4. Changes with Age

The components of natural immunity (e.g., phagocytosis by macrophages,
neturophils, complement activity, and NK activity) do not appear to be greatly affected
by aging in healthy elderly patients. Although NK cellular function does not appear to
be changed with age, the response of NK cells to cytokine signals may be altered (11).
However, there are consistent changes observed with age in the cellular and humoral
components of specific immunity. First, it is firmly established that there is a shift from
naive T cells to memory T cells with age and that both T-cell proliferation and IL-2
production are reduced (8,9). Although IL-6 has been found to be increased with age in
some studies, this is not a consistent finding. One study did find that elderly caregivers
had increased levels of IL-6 during periods of stress (12). Some studies have demon-
strated alterations in cytokine production and increased cytokine dysregulation with
age, but thus far studies in humans are inconclusive (13,14). A recent study comparing
infected elderly with younger patients confirmed that blood levels of certain cytokines
remain elevated for prolonged periods of time in old compared with young patients.
This finding may indicate prolonged inflammation response to infections in old com-
pared with the younger patients (15).

T-cell proliferation in response to mitogens and specific antigens is decreased with
aging and is not explained entirely by reductions in IL-2 production (8,9). Although
studies consistently demonstrate reduced T-cell proliferation with age, there is wide
interindividual and population variability. State of health, exercise, and nutritional sta-
tus will influence measures of specific immunity (16–18). Finally, B-cell production of
specific, high-affinity antibodies is reduced with age. This is not simply an in vitro
observation because even relatively healthy elderly persons as a population do not
mount as great an antibody response to T-cell-dependent antigens such as influenza
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vaccine compared with a younger population. It also appears that cytotoxic T-cell func-
tions are reduced somewhat with aging. Finally, alterations of apoptosis (programmed
cell death) with age have been postulated to explain some of the age-related changes in
immune function; however, this theory is under active investigation (19). Table 1 sum-
marizes the foregoing discussion.
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3
Clinical Features of Infections

Dean C. Norman

1. OVERVIEW

Infections in the elderly often present in an atypical, nonclassical fashion. Further-
more, the differential diagnosis of infectious diseases in the elderly differs from the
young because it is dependent on both the clinical setting and the patient’s underlying
functional status.  For example, “free living,” independent, healthy elderly are prone to
respiratory infections, such as bacterial pneumonia, genitourinary infections and
intraabdominal infections including cholecystitis, diverticulitis, appendicitis, and
intraabdominal abscesses. Institution-bound elderly are more likely to develop aspira-
tion pneumonia, urinary tract infection, (especially if a chronic indwelling bladder cath-
eter is present), and skin and soft-tissue infections. Infections in the elderly differ from
the young also because infections in this age group are often caused by a more diverse
group of pathogens compared with the young. This is best exemplified by urinary tract
infection, which in the young occurs almost exclusively in females and is usually caused
by Escherichia coli. In the aged, a variety of Gram-positive cocci and Gram-negative
bacilli, sometimes in combination, are potential pathogens for this infection, and at
least a third of urinary tract infections occur in males. This is the reason that obtaining
a urine culture prior to empirical therapy for symptomatic urinary tract infection in the
elderly is recommended.

Morbidity and mortality rates for infections are usually higher in the elderly com-
pared with the young. These observed higher mortality and morbidity rates are due in
part to factors such as (1) lower physiologic reserve capacity due to biologic changes
with age and comorbidities, (2) age and disease-related decrements in host defenses,
(3) chronic illness, and (4) higher risk for adverse drug reactions due to multiple medi-
cations and age-related physiologic changes that alter the pharmacokinetics and phar-
macodynamics of many medications. Additional contributing factors include a greater
risk for hospitalization, and therefore exposure to nosocomial pathogens, a greater risk
of undergoing invasive procedures, and increased likelihood of suffering a procedure-
associated complication. Finally, delay in diagnosis and the initiation of appropriate
empirical antimicrobial therapy is an important contributing factor. Diagnostic delays
may commonly occur in this population, who can least tolerate this.  However, infec-

From: Infectious Disease in the Aging
Edited by: Thomas T. Yoshikawa and Dean C. Norman

 © Humana Press Inc., Totowa, NJ



14 Norman

tions in the elderly may present in an atypical or nonclassical manner, which in turn
may make early diagnosis difficult. Thus, infections in this age group provide a unique
challenge to clinicians.

2.  ALTERED PRESENTATION OF ILLNESS

Atypical or nonspecific responses to infection are commonly observed in older adults
and has been recently reviewed extensively (1). Table 1 lists some of these signs and
nonclassical presenting features. Delirium, agitation, confusion, lethargy, anorexia,
falls, abnormal movements, focal neurologic signs, and urinary incontinence may all
be the sole symptom observed at initial presentation. Furthermore, bacteremia may be
afebrile and present with dyspnea, confusion, and/or hypotension. The classical find-
ing of a stiff neck may be absent in geriatric patients with bacterial meningitis, and the
older patient with pneumonia may not have cough, sputum production, or fever.  Simi-
larly, peritoneal findings may be absent in elderly patients with intraabdominal infec-
tion (2). In summary, virtually any change in functional status in the elderly may be an
indication of the presence of an acute illness, which often is an infection.  Furthermore,
there may be a dissociation of clinical findings with severity of illness.

3. FEVER IN THE ELDERLY

Classical studies of bacteremia (3,4) and pneumonia (5,6), as well as a recent review
of tuberculosis (7), demonstrate both that a higher percentage of the elderly compared
with young demonstrated a blunted fever response and that up to one third of elderly
patients with serious bacterial or viral infections do not mount a robust febrile response

Table 1.
Altered  presentations of infection in the elderly

Potential findings with any infection  Potential findings with specific infections

Delirium Bacteremia
Confusion May be afebrile
Lethargy Dyspnea, confusion, falls,
Anorexia hypotension
“Failure to thrive” Pneumonia

May be afebrile
Cough and sputum production

may be absent
Intraabdominal infection

Peritoneal signs may be absent
Anorexia

Meningitis
Stiff neck may be absent
Confusion, altered consciousness

Tuberculosis
Weight loss, lethargy
Failure to thrive
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(8,9). This is confirmed by a more recent study of acute intraabdominal infection in
octogenarians in whom a large percentage with acute cholecystitis, perforation and
appendicitis presented with temperatures less than 37.5°C (10).  Additionally, a recent
study of nosocomial febrile illness in a geriatric medicine unit showed that the mean
“febrile” rectal temperature of elderly subjects was merely 38.1°C (100.6°F). In this
last study only 8% of febrile patients had rectal temperatures greater than 38.5°C
(101.3°F) (11). The significance of these findings is that although fever is the cardinal
sign of infection its absence in elderly patients is not uncommon and may delay diag-
nosis and the initiation of appropriate antimicrobial therapy.

Not only is the presence of fever the single most important diagnostic feature of
infection, but a febrile response or its lack thereof has other important implications.
Weinstein and colleagues (12) demonstrated in their review of several hundred cases of
bacteremia and fungemia that the more robust the fever response to these serious infec-
tions, the more likely was the survival. This and other studies have firmly established
for many infectious diseases that the absence of fever in response to a serious acute
infection is a poor prognostic sign for all age groups. Although the diagnostic and
prognostic implications of fever are clear, it is less well established that in humans
fever is an important host defense mechanism.

The best evidence that fever is an important host defense mechanism comes from
animal models. Experiments that showed poikilothermic animals move to warmer
environments in order to raise body temperatures in response to infection confirmed
that this behavior has an impact on survival. For example, in one classic experiment, a
species of lizards was placed in terrariums, which were kept at different temperatures.
The body temperatures of these poikilothermic animals equilibrated with the environ-
mental temperature of the terrarium in which they were housed. Subsequently, the ani-
mals were infected:  it turned out that those kept in the higher temperature terrariums
(thus higher body temperatures) had a much better chance of survival than those ani-
mals kept at lower temperatures (13). Similar findings were demonstrated in goldfish
(14). Based on these and other animal data, including additional data generated from
mammalian experiments, it can be inferred that fever may be an important host defense
mechanism in humans. The mechanism(s) by which fever may enhance host defenses
is not due to a direct effect of physiologically achievable temperature elevations for
most pathogens. The exceptions are Treponema pallidum, the gonococcus, and certain
strains of Streptococcus pneumoniae. In these cases normal physiologically achievable
body temperatures in humans can inhibit bacterial growth directly. These exceptions
aside, experimental data suggest that normal physiologically achievable elevations in
body temperature enhance the production of monokines, cytokines, and other factors.
These factors facilitate the adherence of granulocytes and other effector cells of the
immune response to endothelial cells. Also, they promote immune effector cell migra-
tion into interstitial tissue spaces, which contain pockets of infection.

The reason(s) for the blunted fever response to infection observed in a substantial
number of elderly patients have not been completely elucidated. One explanation is
that the baseline body temperature is lower for this population (see discussion follow-
ing) and another is the inherent inaccuracies in oral temperature measurement in a
subset of elderly patients with dementia, mouth breathing, and variations in respiratory
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patterns. Further inaccuracies in temperature measurement may be caused by the
ingestion of hot and cold foods during the time of measurement. Moreover, routine
rectal temperatures are often impractical in subpopulations of debilitated, poorly coop-
erative patients. The availability of tympanic membrane thermometers may reduce such
error in temperature measurement.  Reasons for the blunted fever response other than
lower baseline temperatures and difficulties in accurately measuring temperatures have
not been completely established.

An understanding of potential mechanisms for the blunted fever response in the
elderly may be gained by reviewing the current knowledge of the pathogenesis of fever,
which has been recently reviewed (15). First, pathogens activate macrophages, which
produce endogenous pyrogens including tumor necrosis factor, interleukin-1 (IL-1),
IL-6 and interferon- . These pyrogens then act on the endothelium of the
circumventricular organs of the anterior hypothalamus or hypothalamic cells directly
and initiate a complex biochemical cascade including the production of prostaglandin
E2. The resulting effect is an elevation of the “hypothalamic thermostat,” which in turn
results in shivering, vasoconstriction, and certain behavioral responses, all of which
elevate core body temperature. When the infection subsides, the “thermostat” is reset
back to normal and sweating and temperature lowering behavior ensues, restoring body
temperature to baseline. Any of these pathways may be affected by aging. Animal data
suggest an impaired response to endogenous pyrogens with normal aging (16–18) as
well as diminished production of these pyrogens with age (19). Evidence from one
model  suggests that the aging brain may respond normally to directly injected endog-
enous pyrogens, implying that there may be a defect in endogenous pyrogens crossing
the blood–brain barrier (20).

4. BASELINE TEMPERATURE, SIGNIFICANCE OF FEVER, AND FUO

It has been known for some time that baseline temperature declines significantly in
the old. The clinician can remember this fact by remembering the statement “the older,
the colder.”  Lower baseline temperatures, at least for debilitated elderly, has been
reaffirmed by Castle and co-workers (21,22), who demonstrated that baseline tempera-
ture was decreased among nursing facility residents. Castle and colleagues’ studies
further demonstrated that infections often led to “robust” or normal increases in body
temperature from baseline. However, because the baseline temperature was lower, the
rise in temperature, which accompanied infection, often did not reach an oral tempera-
ture of 101°F (38.3°C). Generally, 101°F (38.3°C) is the temperature level that many
clinicians consider to be the definition of fever. These studies suggest that new defini-
tions for a fever need to be established for the geriatric patient.  Based on these studies,
an oral temperature of 99°F (37.2°C) or greater on repeated measurements in an elderly
nursing facility resident should be considered to be indicative of a fever. Similarly, a
persistent rectal temperature of 99.5°F (37.5° C) would constitute a fever as would an
elevation of baseline body temperature of 2°F (1.1°C).  Finally, the clinician should
always remember that any unexplained acute or subacute change in functional status,
regardless of whether or not a fever or change in body temperature is present, may
indicate the presence of an infection.

The presence of a “robust” or normal fever response to infection in an elderly person
has special significance. An extensive study of over 1200 ambulatory patients showed
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that in contrast to younger patients in whom”benign” viral infections were common,
the older febrile patient is more likely to harbor a serious bacterial infection (19). This
finding was confirmed by another study, which also confirmed that leukocyte eleva-
tions in response to an infection were less in the aged compared with the young (24).
Based on these studies, it is recommended that any elderly patient with an oral tem-
perature of 101°F (38.3°C) or greater be evaluated for a serious bacterial infection.

Fever of unknown origin (FUO) in the elderly differs from the young because a
diagnosis can be made in a higher percentage of cases. Furthermore, infections are
more likely to cause FUO in the elderly. It is well worthwhile investigating FUO in the
elderly because treatable conditions are often found (25,26).
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4
Principles of Antimicrobial Therapy

Bryan Doo and Thomas T. Yoshikawa

From the first three chapters of this book, it is quite apparent that with aging comes
a substantial susceptibility to and incidence of serious infections, as well as an increased
risk of complications from these infections, including death. Moreover, subsequent
chapters of this book describe in detail the most important and serious infectious dis-
ease problems of elderly people, and how these infections should be diagnosed and
treated. In this chapter, the discussion focuses on general principles and some unique
aspects of antimicrobial therapy in older infected patients. Comments will also be
made on some of the more useful classes of antimicrobial agents for treating infec-
tions in the elderly. For a more in–depth review of various classes of antibiotics and
their usage in the elderly, several current references are recommended (1–3).

1. SPECIAL CONSIDERATIONS

Throughout this book, a common theme is that older patients with infection, com-
pared with younger adults, suffer greater complications including a higher mortality.
Factors contributing to these greater complications include presence of chronic under-
lying diseases, diminished host defense responses, delays in diagnosis and treatment,
complications from diagnostic and therapeutic interventions, and adverse reactions to
antibiotics (1). Early and rapid diagnosis of infection and prompt initiation of appropri-
ate antimicrobial therapy are fundamental to reducing the mortality and morbidity from
infections. However, the problem of atypical and nonspecific clinical manifestations of
infections in the elderly poses a major challenge to clinicians (Chapter 3).

Other sections of this book describe microbial causes of select infections that can
vary from those usually anticipated in younger adults. Under these clinical circum-
stances, it becomes essential that the initial empiric therapy include coverage for such
pathogens. For example, the most common pathogen isolated in bacterial meningitis in
the general adult population is Streptococcus pneumoniae and Neisseria meningitidis;
viral meningitis also occurs. In elderly patients with this infection, not only is S.
pneumoniae recovered but Gram–negative bacilli and Listeria monocytogenes are rela-
tively common meningopathogens; viral meningitis is distinctly uncommon (Chapter
11). Consequently, in elderly meningitis patients, initial empiric treatment must include
antibiotics active against these three types of bacteria.
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Select age–related physiological changes impact on the pharmacokinetics and phar-
macodynamics of drugs in general. It is beyond the scope of this chapter to describe all
of these changes, but reviews have been published elsewhere (4,5). The primary con-
cern regarding prescribing of antibiotics in elderly patients is the decline in renal func-
tion associated with aging. Those antibiotics that are renally excreted—especially if
they are associated with serious dose–related toxicities—must have dosages adjusted
according to the patient’s kidney function. The classical examples are the
aminoglycoside antibiotics (streptomycin, gentamicin, tobramycin, amikacin, and
netilmicin). These agents have toxicities that affect primarily the kidney and eighth
nerve. Coincidentally, with aging, there is a general decline in renal function and loss
of hearing. Thus, the elderly are especially at risk for serious and debilitating adverse
effects from aminoglycosides. The other major concern in prescribing antibiotics to
older patients is the potential harmful effects of drug interactions (6). Examples of
adverse interactions include erythromycin with terfenadine or astemizole (life–threat-
ening cardiac dysrhythmias); aminoglycosides and furosemide (increase in ototoxic-
ity); quinolones and multivalent–ion–containing substances such as Fe (iron), Al
(aluminum), Mg (magnesium), and Ca (calcium) (decrease in gastrointestinal absorp-
tion of antibiotic, which reduces antimicrobial effect); and metronidazole and warfarin
(decreased warfarin metabolism causing increased anticoagulation effect).

The issue of cost of antimicrobial therapy for patients regardless of age is always an
important consideration in the management of infections. The cost of parenteral
administration of antibiotics includes not only the price of drug purchase but also costs
for preparation and administration (drug reconstitution, intravenous administration
materials, pharmacy labor), monitoring drug levels, and laboratory tests for adverse
reactions. Clearly, antibiotics that have favorable pharmacokinetics permitting once–
or twice–a–day dosing would reduce costs of parenteral administration and improve
drug compliance when antibiotics are taken orally. Because older patients are often
prescribed many different medications, drug compliance is a serious issue. Reducing
the frequency of dosing would assist in better adherence to prescriptions and improve
therapeutic outcomes (7). Transitioning antimicrobial therapy from parenteral admin-
istration to oral treatment impacts greatly on hospitalization costs. This is particularly
important for the geriatric population because the elderly account for the vast majority
of health care costs, especially those related to hospitalization (8). With select antibiot-
ics having comparable serum levels when administered parenterally or orally (e.g.,
ciprofloxacin), patients can be discharged earlier from acute care facilities and man-
aged as outpatients without adversely impacting on the success of therapy. Addition-
ally, more older patients with infections can be treated on an ambulatory basis with the
availability of several effective oral antibiotics (9).

2. APPROACH TO ANTIMICROBIAL THERAPY

Given the special and unique problems and challenges involved with older patients
with potential infectious diseases, a somewhat different approach is needed to appro-
priately manage infections in the elderly than that which is practiced traditionally for
the general or younger population.

With many diseases and illnesses presenting atypically in the elderly, it is often
difficult to rely on classic or typical symptoms and signs to make a diagnosis of infec-
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tion. As described in Chapter 3, fever may be minimal or absent in older infected
patients and cognitive impairment or nonspecific complaints may be the initial mani-
festations of a septic process. Thus, it is imperative that clinicians always consider an
infectious disease process whenever an older patient presents with an acute or subacute
change in functional capacity, health status, or well–being that cannot be explained by
other causes. Once an infectious disease is considered as a primary diagnosis, it is
essential to quickly determine the site(s) of infection by history, physical examination,
underlying illness, and residential setting (home, hospital, long–term care facility).
During the preliminary assessment, it is also important to quickly obtain initial labora-
tory tests that will assist in diagnosing the primary source of infection, clinical status of
the patient, and whether care can be delivered as an outpatient or inpatient (e.g., com-
plete blood count, urinalysis with culture, chest radiograph, oxygenation status, renal
function, and so on). In seriously ill patients, unnecessary and time–consuming diag-
nostic tests should be avoided at the outset and reserved for a time when the clinical
status of the patient has stabilized. For all patients requiring acute hospital care, at least
two sets of blood cultures should be obtained.

If hospitalization is deemed to be necessary for managing the infection, most elderly
patients will be best managed with initiation of empiric antimicrobial therapy until
culture and other laboratory data indicate a specific microbial etiology. Once it is
decided that empiric antimicrobial therapy will be initiated, a broad-spectrum antibi-
otic should be selected. For most elderly patients with septic complications, the -lactam
class of antibiotics, i.e., penicillins, cephalosporins, carbapenems, monobactams, and

-lactam/ -lactamase inhibitor combinations, and fluoroquinolones are especially use-
ful in treating infections in the elderly because of the broad spectrum of activity (Gram–
positive, Gram–negative, anaerobic), favorable pharmacokinetics (once- or twice-daily
administration, penetration into most body fluids and tissues), monitoring of serum
concentrations is not necessary, relative safety, and availability of both parenteral and
oral preparations of several of the drugs (10).

After microbiological data become available, indicating a specific causative
pathogen(s), appropriate changes in the empiric antibiotic regimen should be made.
Ideally, a more narrow–spectrum antibiotic that is effective against the offending patho-
gen, nontoxic, easy to administer, and available in oral preparation should be pre-
scribed. Generally, an aminoglycoside antibiotic is not prescribed for elderly patients
because of its inherent ototoxicity and nephrotoxicity (11). However, aminoglycosides
should be considered in elderly patients with serious Pseudomonas aeruginosa infec-
tions (usually in combination with another antipseudomonal agent), life–threatening
enterococcal infections (in combination with ampicillin or vancomycin for synergistic
activity), septic shock of unknown cause (as part of a combined antibiotic regimen),
and infections caused by organisms susceptible only to this drug (10). Under these
circumstances, the risk of death related to septic complications outweigh the risks of
aminoglycoside toxicities.

As with all patients, careful monitoring for adverse effects must be done on a daily
basis when administering parenteral antibiotics. Special attention should be directed to
potential drug interactions because of the high number of medications elderly patients
usually receive. When indicated, laboratory testing may be required to assess adverse
effects (e.g., renal function tests). Newly developed cognitive impairment (confusion,
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altered sensorium) or worsening of underlying mental disorder (e.g., mild dementia)
during antibiotic treatment should prompt a reassessment of the infection under
therapy, search for another infection (superinfection), or evaluation of potential drug
side effects. In addition, the clinician should consider noninfectious complications as
the cause of a change in status in hospitalized elderly patients with infections, e.g.,
pulmonary embolus, cardiac dysrhythmias, heart failure, uncontrolled diabetes mel-
litus, and the like.

When the clinical status of the patient has improved, parenteral therapy should be
changed to oral antibiotics. It should be noted that elderly patients are more likely to
have slower or delayed responses to antimicrobial therapy than younger patients with
similar infections. Moreover, although there may be objective evidence of effective
treatment of an underlying infection (e.g., negative cultures, improving radiographs),
elderly patients, especially those who are frail and with multiple chronic underlying
disorders, may not show an improvement in their overall functional status. That is,
despite improvement in the infection, the patient is not functionally improved—the
patient is unable return to the same premorbid functional level, such as the ability to
independently care for him or herself, walk without assistance or not depend on oth-
ers to dress, eat, bathe, or use the bathroom. Under these circumstances, a compre-
hensive assessment of the patient’s overall clinical status including cardiac,
pulmonary, renal, hepatic and metabolic, and hematological systems, as well as
review of all medications should be implemented. If no abnormalities are uncovered,
then the patient may be safely discharged to a lower level of care (e.g., home) with
adequate home support and increasing levels of physical rehabilitation as deemed
safe and appropriate.

3. SELECT ANTIMICROBIAL AGENTS

3.1  Lactams

The beta–lactam antibiotics remain one of the most frequently prescribed antibiot-
ics for the treatment of infections in elderly patients. As stated earlier, these drugs
have a broad spectrum, favorable pharmacokinetics, and a good safety record, and
they do not require measurement of serum concentrations. Although most -lactams
are excreted by the kidney, there is very little risk of serious toxicities when standard
doses are administered in patients with mild to moderate renal failure.

Penicillins have a limited role in treating infections in elderly patients. Although
S. pneumoniae is a common pathogen infecting older patients, there is an increasing
frequency of penicillin-resistant S. pneumoniae isolated in the elderly (12). Thus,
penicillin is no longer recommended as the initial drug of choice for older patients
with serious S. pneumoniae infections, in whom the drug sensitivity data are not
available. Penicillin and ampicillin are still the drugs of choice for infections caused
by some other organisms commonly found in the elderly, i.e., L. monocytogenes, S.
bovis, and viridans group streptococci. With an increasing incidence of methicillin-
resistant Staphylococcus aureus (MRSA), the role of semisynthetic antistaphylococ-
cal penicillins in treating staphylococcal infections has diminished. MRSA has been
frequently isolated from hospitalized patients and now is often found in residents of
long–term care facilities (13).



Antimicrobial Therapy 23

Cephalosporins offer the greatest diversity and choices for antimicrobial therapy
of any class of antibiotics. Currently, there are four “generations” of cephalospor-
ins (14). Of the first-generation cephalosporins, cefazolin has been the preferred
drug for surgical prophylaxis, particularly for orthopedic cases such as repairing of
hip fractures in the elderly (15). Cefuroxime, a second-generation cephalosporin,
has been an effective agent in treating mild to moderate pneumonia in elderly
patients caused by drug-susceptible organisms. Cefoxitin and cefotetan, which are
also second-generation cephalosporins, have good spectrum of activity against
anaerobic bacteria including Bacteroides spp. and are useful for treating mixed
anaerobic and aerobic infections such as infected pressure ulcers and uncompli-
cated intraabdominal infection (16). Third-generation cephalosporins have gained
wide popularity in treating a variety of infections in elderly patients. Ceftriaxone
may be prescribed for treatment of community- or nursing home-acquired pneumo-
nia and bacterial meningitis (in combination with ampicillin); ceftazidime, because
of its superior Gram–negative spectrum, is indicated for treatment of nosocomial
pneumonia, febrile neutropenic patient, and gram–negative meningitis caused by
P. aeruginosa (14). Cefepime is currently the only commercially available fourth-
generation cephalosporin at the time of this writing. It has enhanced anti-Gram–
negative activity including P. aeruginosa and also possesses moderately good
activity against S. aureus (14). The role of cefepime in treating infections in geriat-
ric patients has yet to be determined.

-Lactam and -lactamase inhibitor combinations, i.e., ticarcillin–clavulanate,
ampicillin–sulbactam, piperacillin–tazobactam, and amoxicillin–clavulanate, have
similar spectra of activity as do third–generation cephalosporins but with improved
antibacterial action against anaerobic organisms. Excluding amoxicillin–clavulanate,
an oral preparation, lactam/ -lactamase inhibitors are often prescribed for seri-
ously ill elderly patients with nosocomial pneumonia, intraabdominal infections, uri-
nary tract infection, and skin and soft tissue infections (17).

Aztreonam is the only monobactam on the market and its spectrum of activity is
limited to facultative and aerobic Gram–negative bacilli including P. aeruginosa,
which is comparable to that of ceftazidime. It has been successfully used to treat a
variety of infections in the elderly including urinary tract infection, sepsis,
intraabdominal infections (in combination with another agent effective against
anaerobes), and pneumonia caused by susceptible Gram–negative bacilli (18,19).

Carbapenems represent the newest –lactams used for treating infections.
Imipenem–cilastatin and meropenem are currently the two carbenems that are com-
mercially available. These drugs have an antibacterial spectrum that includes
Gram–positive cocci, Gram–negative bacilli (including P. aeruginosa) and anaer-
obes. However, they are inactive against MRSA, vancomycin–resistant enterococci
and some other less commonly isolated gram–negative bacilli (e.g.,
Stenotrophomonas maltophilia). Generally, these agents are reserved for infections
involving drug–resistant organisms or in patients with life–threatening infections
in whom other antibiotics cannot be used because of potential adverse effects.
Meropenem has been administered to elderly patients with serious infections with
good therapeutic outcome and relatively few side effects (20). Meropenem, in con-
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trast to imipenem–cilastatin, does not enhance seizure potential and thus is preferred
over carbapenem in elderly patients with seizure activity or central nervous system
infections.

3.2. Fluoroquinolones

Fluoroquinolones (also called quinolones) are the other class of antibiotics that have
similar favorable characteristics as lactams for use in treating infections in the eld-
erly. The earliest marketed quinolones possessed primarily excellent activity against
Gram–negative bacilli including P. aeruginosa with moderate activity against Gram–
positive cocci and were available in an oral preparation. This permitted earlier transi-
tion from parenteral therapy for Gram–negative bacillary infections to oral treatment
and thus reduced hospitalization days. Also, the need to hospitalize a clinically stable
patient for anti–Gram–negative therapy was reduced with the advent of oral quinolones.
The early quinolones included ciprofloxacin, ofloxacin, lomefloxacin, norfloxacin, and
enoxacin (21). Presently, ciprofloxacin is the most widely used of these earlier
quinolones because of its superior activity against P. aeruginosa (and it remains the
most active against P. aeruginosa of all quinolones marketed today), availability in
both a parenteral and oral preparation, and its excellent bioavailability after oral
administration. There have been numerous pharmacokinetic and clinical trial studies of
these earlier quinolones in the elderly, which have been reviewed recently (22). These
drugs have been proven to be effective and relatively safe in treating elderly patients
with serious Gram–negative infections.

More recently, a newer generation of quinolones have been emerging. These
quinolones have greater activity against Gram–positive cocci than the older quinolones
with comparable Gram–negative activity. In addition, they have improved activity against
such pathogens as Mycoplasma spp., Chlamydia spp., and Legionella spp.(23,24). The
currently commercially available newer quinolones include levofloxacin, sparfloxacin,
moxifloxacin, grepafloxacin (Grepafloxacin was removed from the market in October,
1999, because of seven unexpected deaths and other cardiovascular events.), and
trovafloxacin (trovafloxacin has also excellent anti-anaerobic activity but its indications
for clinical use have been restricted because of its unexpected high incidence of associ-
ated liver toxicity). With these newer quinolones having such broad antibacterial activity
including S. pneumoniae as well as Legionella, Mycoplasma, and Chlamydia, there has
been increased prescribing of these agents for the treatment of lower respiratory tract
infections (25–27). Some preliminary data indicate that these quinolones may become
the first line of therapy for community-acquired pneumonia (28). However, in a recent
study in Canada, there was an increased prevalence of reduced susceptibility of S.
pneumoniae to these newer forms of quinolones, particularly in isolates from persons
aged 65 yr and older vs. those aged 15–64 yr (2.6% vs. 1%) (29). With increased pre-
scribing of quinolones, selective pressures from these drugs will inevitably result in grow-
ing numbers and percentages of quinolone-resistant bacteria. Thus, it remains unclear the
role of quinolones in the routine management of infections in the elderly.

3.3. Macrolides

Erythromycin, clarithromycin, and azithromycin are the currently available
macrolides. Macrolides have a limited role in the overall management of infections in
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the elderly. Because of erythromycin’s substantial frequency of gastrointestinal intol-
erance and side effects, clarithromycin and azithromycin are now the most commonly
prescribed macrolides. Macrolides have activity against most strains of streptococci,
methicillin–sensitive S. aureus, Mycoplasma spp, Chlamydia spp., and Legionella spp.
(30). With regards to infections in elderly patients, these drugs would be an initial consid-
eration in the management of community-acquired pneumonia either alone or in combi-
nation with a second drug (e.g., -lactam, quinolone) depending on the severity of illness
and potential respiratory pathogens.

3.4. Other Agents

Vancomycin is being prescribed with increased regularity by clinicians because of the
emergence of MRSA, ampicillin-resistant enterococci, and penicillin-cephalosporin-re-
sistant S. pneumoniae. Its use in elderly patients has been primarily in treating MRSA
infections, infections caused by multidrug-resistant S. pneumoniae, prosthetic device
infections as part of empiric therapy, and Clostridium difficile colitis when metronida-
zole is contraindicated or ineffective (31). Unfortunately, the high level of vancomycin
administration has led to vancomycin-resistant enterococci (VRE), with VRE now
appearing in long-term care facilities (12).

Trimethoprim-sulfamethoxazole is often prescribed for elderly patients with
uncomplicated urinary tract infections (32). It has been recommended for treatment of
chronic bacterial prostatitis, but more recently, quinolones have supplanted trimethoprim-
sulfamethoxazole for this infection (22,23).

Metronidazole is an agent active against anaerobic bacteria and select anaerobic para-
sites (34). Infections involving anaerobic bacteria are relatively common in elderly
patients (e.g., intraabdominal sepsis, infected pressure ulcers, diabetic foot ulcers, and
aspiration pneumonia). In these infections, metronidazole is recommended usually in
combination with another agent that is effective against Gram–negative bacilli and/or
Gram–positive cocci (35). In addition, metronidazole should be prescribed for older
patients with C. difficile colitis and in those with a pyogenic brain abscess as part of a
combination therapeutic regimen until specific microbiology of the abscess is determined.

Antiviral agents that are especially relevant to older patients include amantadine,
rimantadine, acyclovir, famciclovir, and valcyclovir. Amantadine and rimantadine are
effective in reducing the severity and duration of influenza A (but not B) illness if admin-
istered within 48 h of illness onset. These agents are recommended for all residents,
regardless whether they received influenza vaccine during the previous fall, with an insti-
tutional outbreak (e.g., nursing facilities) of proven influenza A. The medications should
be continued for at least 2 wk or until approximately one wk after the end of the outbreak
(36). Recently, zanamivir and oseltamivir, new antiviral agents effective against both
influenza A and B, have become available for clinical use (37). However, adequate data
are unavailable at this time to determine their efficacy and safety in the elderly. Acyclovir,
famciclovir, and valcylcovir are antiviral drugs that are effective in the reduction of pain
of acute herpes zoster if given within the first 72 h of the onset of illness (37). There is
also some evidence that early antiviral therapy may diminish the overall duration of
chronic pain associated with herpes zoster, which is commonly seen in elderly patients.

Antituberculous drug therapy for tuberculosis in the elderly is well described in Chap-
ter 7. The primary drugs of choice for treating most cases of active tuberculosis (tubercu-
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lous diseases) in elderly patients will be isoniazid and rifampin because the vast major-
ity of this infection will be caused by isoniazid– and rifampin–sensitive Mycobacte-
rium tuberculosis (38). Elderly patients should also receive isoniazid for treating
tuberculous infection (chemoprophylaxis for inactive disease) when the appropriate
indications are present.

Treatment of important fungal infections in the elderly has been reviewed in Chap-
ter 18. The most frequently prescribed antifungal agents for serious fungal infections
in elderly patients will be amphotericin B and fluconazole. Because of the toxicity of
amphotericin B and the efficacy and availability of fluconazole in both parenteral and
oral preparation, the latter drug is being prescribed with greater frequency in older
patients.

4. ANTIMICROBIAL THERAPY IN AN AMBULATORY SETTING

With an increasing emphasis on outpatient and ambulatory management of diseases,
it is not surprising that more physicians are treating older patients with infections out-
side an inpatient setting. The most common infections of elderly patients that are
encountered in an ambulatory setting are acute pharyngitis, sinusitis, bronchitis, cellu-
litis, infected pressure ulcers, and urinary tract infection (8,39). In addition, most cases
of tuberculous disease and infection will be managed in an outpatient clinic or office,
and infections requiring hospitalization will most often complete treatment at home.
The most frequently prescribed oral antibiotics will be amoxicillin–clavulanate (strep-
tococci, staphylococci, anaerobes, select Gram–negative bacilli), dicloxacillin (S.
aureus), cefuroxime axetil (streptococci, Haemophilus influenzae, select Gram–nega-
tive bacilli), clindamycin (streptococci, staphylococci, anaerobes), macrolides (strep-
tococci, staphylococci, Mycoplasma, Chlamydia, Legionella), trimethoprim–
sulfamethoxazole (streptococci, Gram–negative bacilli), quinolones (Gram–negative
bacilli), and metronidazole (anaerobes). Physicians should become familiar with the
pharmacology, dosing, duration, and adverse effects of these agents because they will
become a common therapeutic armamentarium for managing elderly infected patients.

5. ANTIMICROBIAL AGENTS IN LONG–TERM CARE SETTINGS

The problem of diagnosis and treatment of infections in long–term care settings
especially nursing facilities (nursing homes) has been extensively reviewed (40–42).
(See also Chapter 20.) The vast majority of serious infections in a long–term care set-
ting will be urinary tract infections, lower respiratory infection (primarily pneumonia),
and skin and soft–tissue infections (infected pressure ulcers). In addition, gastrointesti-
nal infections including gastroenteritis, diverticulitis, and cholecystitis are not uncom-
monly diagnosed in elderly residents in nursing facilities.

The approach to antimicrobial therapy in this setting will largely depend on whether
the resident requires acute hospitalization because of clinical instability and/or need
for parenteral antimicrobial therapy. In some residents with serious infection, they may
be clinically stable but may require parenteral antibiotics (i.e., unable to take oral medi-
cations or oral preparation of appropriate antibiotic is not available or inadequate for
successful outcome). These patients can be managed in the long-term care facility pro-
vided there are (1) 24-h-7-d acute nursing care, (2) immediate availability of a physi-
cian or physician extender (nurse practitioner, physician assistant), (3) easy access to
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necessary radiological and laboratory testing, and (4) equipment and supplies for acute
care management including intravenous therapy. Antibiotics that would be especially
useful for parenteral therapy in such a setting include the long–acting cephalosporins
(e.g., ceftriaxone) and quinolones. As stated earlier, their broad spectrum, once or twice
a day dosing, relative safety, and lack of the need for measuring drug levels make these
class of drugs a reasonable choice for managing infections in elderly residents of long-
term care facilities as part of empiric therapy. However, whenever possible, specific
directed therapy based on microbiological findings should be initiated. Indiscriminate use
of such broad–spectrum antibiotics will invariably lead to multidrug–resistant organisms,
which is already a growing problem in long–term care facilities (12) (see Chapter 21).
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1. EPIDEMIOLOGY AND CLINICAL RELEVANCE

1.1. Definitions

Sepsis is the clinical syndrome denoting systemic inflammatory response to an
infection. There is some confusion over the use of the terms “bacteremia” and “septice-
mia.” Most studies in the United States used the term bacteremia to denote a positive
blood culture with evidence of infection. Septicemia was used to denote a state of
microbial invasion from a portal of entry into the bloodstream that causes signs of
illness. Sepsis syndrome was initially described by Bone et al. to identify a population
of patients at risk for adult respiratory distress syndrome (ARDS) and death (1).

In 1991, the American College of Chest Physicians/Society of Critical Care Medi-
cine (ACCP/SCCM) developed a classification system for patients with severe infec-
tion and its sequelae to help standardize research protocols and allow comparisons
with results of clinical trials. Use of the terms septicemia and septic syndrome was
discouraged because they were ambiguous and often used inappropriately to imply
bacteremia (2). Standardized terms were developed and defined. Bacteremia is defined
as the presence of viable bacteria in the blood. Infection is defined as the inflammatory
response to the microorganisms of the invasion of normally sterile host tissues by those
organisms. The systemic inflammatory response syndrome (SIRS) is used to denote the
physiological response to inflammation/infection and the criteria are given in Table 1,
which also defines four stages of increasing severity of sepsis. Sepsis is defined as
SIRS plus evidence of infection (e.g., positive microbial culture).

There is evidence of a clinical progression of the SIRS from sepsis to severe sepsis
and to septic shock showing that the ACCP classification is a hierarchical continuum
of increased inflammatory response to infection. For example, Rangel–Frausto and
co-workers (3) showed that 44–71% of patients in any category had progressed from a
previous state of biologic response syndrome and the rest either progressed through
more than two stages within a 24-h period or skipped a stage. Also, bacteremia rates,
end-organ failure rates, and mortality increased with each subsequent stage of SIR.

Sepsis studies use standard guidelines to decrease recruitment time and increase the
ability to generalize the study findings to the practice community (4). Most of the sep-
sis studies in the elderly were done before 1991, so that bacteremia was used as for the
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Table 1
Definitions for Sepsis and Organ Failurea

early phase of sepsis and septicemia denoted a severe infection. This chapter preserves
these terms as their originals and also implies them as parts of sepsis.

1.2. Epidemiology

In the United States, sepsis was diagnosed in approximately 2.5 million patients in
the period 1979–1987, and accounted for $5–10 billion in annual health care expendi-
tures (5,6). Overall, the incidence of sepsis is 2–2.6 cases per 100 admissions and is
higher in the elderly and patients with multiple comorbidities (7,8,9).

Sepsis has a mortality sevenfold higher than other general medical conditions (10).
It affects up to 25% of all intensive care unit patients and is the most common cause of
death in the noncoronary intensive care unit (11). Sepsis was ranked third among infec-
tious diseases as a cause of death, following respiratory tract infections and HIV/AIDS.
The overall mortality rate of sepsis varies between 18% and 33%, increasing to 40%–
80% in patients with septic shock (12).

Systemic inflammatory response
syndrome (SIRS)

Two or more of the following conditions:
1. Temperature >38°C or <36°C
2. Heart rate >90 beats p min
3. Respiratory rate >20 beats p min PaCO2

or <32 mmHg
4. WBC >12,000/mm3, <4,000/mm3, or

>10% band forms

Four stages of sepsis

Severe sepsis: sepsis associated with organ
dysfunction, hypoperfusion, hypotension.
Hypoperfusion and perfusion abnormalities
may include, but are not limited to, lactic
acidosis, oliguria, or an acute alteration in
mental status.

Sepsis-induced hypotension: a systolic
blood pressure <90 mmHg or a reduction of
>40 mmHg from baseline in the absence of
other causes for hypotension.

Septic Shock: sepsis-induced hypotension
despite adequate fluid resuscitation along
with the presence of perfusion abnormali-
ties that may include, but are not limited to,
lactic acidosis, oliguria, or an acute alter-
ation in mental status. Patients who are
receiving inotropic or vasopressor agents
may not be hypotensive at the time that
perfusion abnormalities are measured.

Multiple organ dysfunction syndrome
(MODS): presence of altered organ func-
tion in an acutely ill patient such that ho-
meostasis cannot be maintained without
intervention.

aAdapted from Ref. 2; PaCO2 = arterial partial pressure of carbon dioxide; WBC = white blood cell.
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The mortality of bacteremia in the elderly varies from 15–40% (see Table 2). A
prospective study by Knaus (9) found that the 28-d mortality of sepsis increased with
age from 26–33% in the persons under 65 yr, compared with 35–42% in the persons
aged 65 and older. The higher mortality is observed mostly in older subjects with non-
fatal underlying illnesses (15). This point emphasizes that old age alone is not a poor
indicator of ultimate outcome.

From 1980–1992, the death rate from sepsis increased 83% from 4.32 per 100,000
population to 7.7 per 100,000 population. The recent incidence and mortality of sepsis
in the elderly are not available from the national databases. However, the death certifi-
cate data from 1980 and 1992 showed that there was a 25% increase in the rate of
infectious disease deaths, and the persons aged 65 yr and older had the highest death
rate (13). Two possible explanations for this increase could be increasing awareness of
physicians and the real increasing risk of sepsis. The mortality rate from the death
certificate data could be overestimated because there were comorbidities independent
of the occurrence of sepsis in about 50% of all septic patients, and severe underlying
diseases could be found in up to 95% (10,14). The severity of the sepsis and the degree
of related organ dysfunction makes comparison between the studies difficult, so it is
not surprising that some studies show that mortality rate of sepsis in the elderly is
unchanged (10,15,16).

2. CLINICAL MANIFESTATIONS

2.1. Pathophysiology

Sepsis results from infection with a variety of microbes, especially Gram-negative
and Gram-positive bacteria and fungi; clinical studies have documented that clinical
symptoms are essentially identical with all organisms (17). The process of sepsis begins
with the proliferation of microorganisms at a nidus of infection. The organisms can
invade the bloodstream directly or release inflammatory mediators into the blood-
stream. These mediators are composed of both structural components of the organisms
such as teichoic acid and endotoxin, and synthetic products such as exotoxins, which
cause a systemic proinflammatory reaction by stimulating the release of endogenous
mediators such as tumor necrosis factor (TNF- )-alpha; interleukins (IL)-1,2,4,6,8;
platelet-activating factor; eicosanoids; -interferon, granulocyte–macrophage colony-
stimulating factor; endothelial-derived releasing factor; endothelin-1; and complement.
Normally, the body regulates itself by counteracting the proinflammatory stage by pro-
duction of such factors as interleukin-10 and -11, soluble TNF- receptors, and IL-1
receptor antagonists. If the equilibrium is lost, however, these mediators can cause
systemic damage, including endothelial damage, microvascular dysfunction, and im-
paired tissue oxygenation and organ injury (18).

Aging has a profound effect on immune function. Immune senescence is character-
ized by a dysregulation of the immune system, especially in the balance of Th1 and
Th2 helper cells that potentially make elderly persons more susceptible to bacterial and
virus infections than younger adults. There is, however, no consistent correlation of
cytokine production with the severity of the sepsis. The phagocytes (neutrophils, mono-
cytes, and macrophages) have subtle abnormalities that can be detected only by quite
sophisticated testing, and thus these minor defects most likely have little impact on
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Table 2
Factors Contributing to the Severity of Sepsis in Elderly Patientsa

Neurological
Atherosclerotic plaques, aneurysms, thrombi,
and compromised cerebral perfusion
Neuronal organelles subtle changes with
unclear clinical signifigance
Higher incidence of dementia, stroke,
Parkinsons disease

Direct bacterial invasion
Endotoxin effects on the brain
Inadequate or altered cerebral perfusion
Altered plasma or CNS levels of amino acids
Altered brain metabolism

Aging changes in various organ systems Clinical outcome and manifestations

Septic encephalopathy
Polyneuropathy
Susceptible to delirium
Altered mental status, simple fatigue, or
unexplained fall as initial presentations

Cardiovascular
Hypertrophy, fibrosis, and atherosclerosis
Diastolic dysfunction
Diminished response to adrenergic stimulation
Loss of chronotropic reserve compensation

Redistribution of intravascular fluid volume
and increase capillary pressure
Depressed LV preload by decreased venous return
Depressed ventricular contractility by myocardial
depressant substances
Early: vasodilatation and decrease systemic
vascular resistance
Late: contracted plasma volume

Hypotension
Less tachycardia in sepsis
Drop in CO and increased risk
of pulmonary edema
Difficult fluid management and may lead to
more invasive monitoring, which can increase
in iatrogenic complications

Pulmonary
Decreased VC , no change in TLC
Increased RV and FRC
Decreased chest wall compliance and
respiratory muscle strength
Decreased PaO2 and increased ventilation–per-
fusion mismatch both at rest and during exercise
Decreased ventilatory responses to hypoxia or
hypercapnia

Depressed respiratory muscle contractile
performance
Endothelial injury in pulmonary vessel
Interstitial and alveolar edema and
hemorrhage

Acute lung injury
ARDS 25–42% of patients with sepsis
Less hypoxia but more tachypnea
Decreased ventilatory reserve in response to
higher oxygen demand causing rapid
cardiopulmonary derangement
Increased frequency of mechanical ventilation
Difficult to wean off ventilator
Increase nosocomial pneumonia

Effect of sepsis on various organ systems
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Renal
Atrophy of cortex and medulla and increase in
connective tissue and fibrosis
Decrease in GFR
Impaired ability to dilute and concentrate urine
Incontinence predisposes to UTI

Ischemic acute tubular necrosis
Rhabdomyolysis
Veno-occlusive disease

Increased risk of drug-induced nephrotoxicity,
 e.g., gentamicin, -lactam, sulfa, amphotericin B
Acute renal failure and increased mortality
Electrolyte imbalance especially Na, K,
Ca, Mg, and P
Indwelling catheterization may mask symptoms
and increase risk of nosocomial infection

Gastrointestinal tract
Esophagus: achalasia, diverticula, decrease
peristalsis, increase reflux
Stomach: atrophic gastritis, gastric achlorhydria
Intestine: mucosal atrophy, diverticulosis,
polyps, diarrhea and constipation

Increased intestinal permeability and predispose
to develop MODS
Impaired gut barrier function, allowing transloca-
tion of bacteria and endotoxin into the systemic
circulation and extending the septic response

Impaired gastrointestinal motility
Increase aspiration
Gut ischemia, ulcer, bleeding
Gastric achlorhydria increase susceptibility
to intestinal infections

Hepatobiliary tract
Deficiency in the inducible mixed oxidase mi-
crosomal enzymes
Cholelithiasis

Pancreas
No change in exocrine function

Adrenergic receptor dysfunction
Early: increased glycogenolysis and
gluconeogenesis

Late: decreased gluconeogenesis
Increased glucose-independent fat oxidation
Decreased albumin, prealbumin, transferrin

Elevation of liver enzymes
Hyperbilirubinemia
Drug-induced hepatoxicity

Hyperglycemia
Hypoglycemia in cirrhosis patients
Prolonged effect of liver-excreted drugs,
e.g., benzodiazepines
Acalculous cholecystitis

Hematologic
Immune dysregulation
Subtle abnormalities of the phagocytes (neutro-
phils, monocytes, and macrophages)
Anemia of chronic disease

Demarginalization of neutrophils
by catecholamines
Cytokine-induced release of immature
neutrophils from bone marrow
Shortened red blood cell survival
Increased platelet destruction

Leukopenia may be a poor prognostic sign
Most have leukocytosis
Anemia
Thrombocytopenia
DIC

a Refs. 82–92
Abbreviations: CNS = central nervous systems, LV = left ventricular, CO = cardiac output, VC = vital capacity, TLC = total lung capacity, RV= residual volume, FRC =
functional residual capacity, PaO2 = partial arterial oxygen pressure, ARDS = adult respiratory distress syndrome, GFR = glomerular filtration rate, UTI = urinary tract infection,
MODS = multiple organ dysfunction syndrome, Na = sodium, K = potassium, Ca = calcium, Mg = magnesium, P = phosphorus, DIC = disseminated intravascular coagulation.
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Fig. 1. Management of sepsis in the elderly: MRSA = methicillin-resistant Staphylococcus
aureus. GI = gastrointestinal; L = liters; W/U = workup; DVT = deep vein thrombosis; IV =
intravenous

age-related severity of sepsis. For example, after in vitro lipopolysaccharide (LPS)-
induced activation of leukocytes of elderly persons, there were higher amounts of IL-1,
IL-6, IL-8, and TNF- than in younger persons (20). Furthermore, a small prospective
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study of the influence of age on circulating adhesion molecules in critically ill patients
showed that elderly patients had higher levels of the soluble adhesion molecules, but
the clinical significance of this finding is unclear (19).

The foregoing age-related changes in immune function probably play only a small
role in the severity of sepsis. A major contributing factor to the higher frequency and
mortality of sepsis in older patients, however, is the large number of anatomic and
physiologic changes that occur with age (see Table 1). These include changes in neuro-
logical, cardiovascular, pulmonary, and renal systems.

Infections may not only result from many of the coexisting diseases of aging but
also may exacerbate other illnesses. Thus, it is not unusual to see a patient with conges-
tive heart failure and a recent stroke develop an aspiration pneumonia, then sepsis, and
further cardiac decompensation.

2.2. Symptoms and Signs

An overview of the manifestations of sepsis in the elderly is given in Fig. 1. There
are no pathognomonic symptoms or signs of bacteremia in the elderly. The triad of
tachycardia, rigors, and hypotension, as the classical manifestations of sepsis, are also
rare in most studies. In a prospective study, Chassagne and colleagues (21) compared
the presentations of bacteremia in young and elderly patients and noted that elderly
patients had fewer symptoms and signs than younger infected patients. Elderly persons
may have atypical presentation of bacteremia, e.g., lower body temperatures (even
hypothermia), change in functional capabilities, simple fatigue, unexplained recurrent
falls (up to 30% of a geriatric unit admission), and altered mental status (observed in
30-50% of cases) (22–26). The atypical presentation in elderly patients may delay
diagnosis, and septic shock may be the first clue that the patient is infected. A clinical
indication of a source of infection can be identified in up to 75% of bacteremic elderly
patients (21). A summary of several studies on the clinical presentation of bacteremia
in the elderly is shown in Table 3. Many of these studies have emphasized the occur-
rence of altered mental status, abdominal symptoms, and that fever is not a universal
finding.

Fever, increased erythrocyte sedimentation rate, and a clinical indication of the
source of infection, were found at least 70% of bacteremic elderly patients (21). The
febrile response in the elderly is different from the younger persons. Lower body tem-
peratures with infection are more common in elderly persons and are correlated with
higher mortality (16,24,26,28-30). Kreger and colleagues (31) noted that transient hy-
pothermia at the onset of bacteremia was not associated with increased fatality, but
failure to mount a febrile response >99.6°F (37.6°C) within 24 h was. Body tempera-
tures are normally maintained over a relatively narrow range, and older persons have
basal temperatures that are about 0.3–0.5°C lower than in younger persons (32). A
retrospective study of infections in nursing home residents by Castle and co-workers
found that 47% had temperature less than 101°F (38.3°C) (33). Many of these patients
had an adequate change in temperature from baseline (a change in temperature of more
than 2.4°F) but failed to achieve a significant temperature (>101°F) because of a low
baseline value (33). Possible mechanisms for lower body temperature have not been
completely elucidated but may be due to both a reduced capacity for thermogenesis
and increased heat loss following infection (34); see also Chapter 3.
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Clinical/Reference Madden 1981 (41) Windsor 1983 (23) Rudman 1988 (40) Meyers 1989 (40) Whitelaw 1992 (44)
Septicemia in Bacteremia in Nursing home Bloodstream infec- CAa Bacteremia

the elderly a geriatric unit Bacteremia tion in the elderly in the elderly

Study method Retrospective Retrospective Retrospective Retrospective Prospective
and population 44 patientsb 50 patients 42 episodes 100 episodes 121 patients

Geriatric unit Geriatric unit Nursing home Hospital Hospital

Fever 88% 60% 95% T>101°F = 65% 47%
T99–101°F = 25%

Altered mental 16% 36% 43% lethargy 52% 21%
status 2% delirium

1% seizure

Nausea and 40% NAc 25% NA 30%
vomiting

Rigors 28% NA 25% 34% 35%

Abdominal pain 28% Included vomiting 17% NA NA
and diarrhea 14%

Table 3
Clinical Presentation of Bacteremia and Sepsis in Older Persons

40
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Source NA GU 50% GU 60% GU 27% GU 32%
High ratio of com- Pneumonia 22% Pneumonia 7% Pneumonia 12% Pneumonia
mon bile duct Joint 10% Skin/soft tissue 7% Intra-abdominal 16% 18%
stone (15%) Cellulitis 8% Surgical wound 5% Intravascular devices Unknown

Biliary 8% Bone/joint 2% 9% 26%
Endocarditis 4% Unknoan 22% Skin/soft tissue 6%
Pressure sore 4% Indeterminate 21%
Unknown 20% Endocarditis 3%

Graft 3%
Multiple 3%

Mortality 33% 24% 21% 40% 38%

aCA = community acquired; GU = genitourinary
bTotal of  4; data given 26 patients with Gram-negative bacteremia.
cNA = Not available.

41
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There are other differences in the presentation of sepsis between elderly and younger
persons. The incidence of tachycardia and hypoxemia was significantly lower and the
incidence of increased respiration, elevated plasma lactate, and altered mentation sig-
nificantly higher in the patients >75 yr of age with Gram-negative sepsis as compared
with patients <75 yr old (35). Leukocytosis (greater than 10,000/mm3) is seen about
70% (21,23,29,40). Leukopenia is rare (less than 10%) and the incidence does not dif-
fer from younger persons (21).

Elderly patients are prone to have associated clinical problems that can mislead the
physician into making an incorrect diagnosis. For example, the history from a patient
with dementia may be unreliable. As with other diseases of the elderly, physicians
must coordinate the complexities of multiple, interacting diseases often present in the
elderly. Particular expertise is required to discriminate important and relevant clinical
problems in an initial evaluation.

2.3. Source and Microbial Causes

The genitourinary tract is the most common source of bacteremia in older persons,
accounting for 20–50% of cases. Other sources include the respiratory tract, the gas-
trointestinal tract, and endovascular devices. Esposito noted that 10–20% of
bacteremias were due to biliary tract infection and should be considered as a feature
unique to aged patients presenting with community-acquired bacteremia (36).

Because the urinary tract is the most frequently identified site of infection in older
persons, it is not surprising that Gram-negative bacteria account for most cases of bac-
teremia in this age group. Escherichia coli is the most common Gram-negative organ-
ism, accounting for between 14% and 44% of isolates (15,16,21–23,29). Klebsiella,
Providencia, and Proteus are also commonly isolated.

The bacterial etiology of sepsis appears to be changing with rising number of cases
of Gram-positive bacteremia. This has been related to changing demographics, new
antibiotics, immunosuppressive agents, and invasive technology in the treatment of
inflammatory, infectious, and neoplastic diseases (37). Patients from long-term facili-
ties in particular have a higher incidence of Gram-positive bacteremia (39), and Sta-
phylococcus aureus is the most frequently recovered organism (23,39). Streptococcus
pneumoniae is more common than S. aureus in community-dwelling elders who were
admitted from the emergency room (38). Other Gram-positive organisms frequently
found include Enterococcus spp, and viridans group streptococci (23,40–42).

When polymicrobial sepsis occurs in the elderly, the most likely sources are the
urinary and respiratory tracts, frequently associated with indwelling catheters and aspi-
ration, respectively (38). There are no published studies on the epidemiology of the
sepsis in the elderly related to emerging pathogens such as Legionella, human immu-
nodeficiency virus, and Haemophilus influenzae.

Elderly patients also have an increased risk of nosocomial infection and sepsis. The
daily bacteremia rates of hospitalized patients were 0.59% in patients over age 60 and
0.40% in younger patients (a relative risk of 1.49) (43). E. coli was the most common
isolate in older persons with hospital-acquired bacteremia, most of which were associ-
ated with a urinary or abdominal focus. Staphylococci species, especially S. aureus,
were the second most common isolates, mainly associated with intravenous access or
surgical wound infection (16,29).
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3. DIAGNOSTIC TESTS

Microbiologic studies should be performed promptly when sepsis is suspected and
before starting antibiotics (see Fig.1). All patients should have blood cultures obtained
from two different sites as well as cultures and smears (e.g., Gram stain) of relevant
body fluids (sputum, urine, cerebrospinal/peritoneal/pleural fluid) and exudates (ab-
scesses, transcutaneous drain, loculated fluids). Other diagnostic tests may be required
and obtained later if the diagnosis remains unclear.

Approximately half the patients with severe sepsis have positive blood cultures at
the time of diagnosis (2). Broad-spectrum antibiotics are frequently initiated pending
culture and sensitivity, but physicians seem to be reluctant to change the antibiotic
regimen when culture results return (45).

The yield from sputum examination is lower in the elderly when compared with the
younger patients due to inadequate cough or cooperation in the patients with impaired
cognition. Adequate specimens have fewer than 10 squamous epithelial cells and more
than 25 polymorphonuclear cells per low-power (100×) field. Only one third of sputum
specimens from the elderly patients meet these cytologic criteria (46).

The most common source of sepsis in older persons is the urinary tract. Uri-
nary tract infections are discussed more completely in Chapter 10.

Chest X-rays are usually obtained in the initial evaluation of most septic patients.
Elderly patients may have an underlying illness, especially heart failure, malignancy,
or chronic lung disease that may make radiologic interpretation more difficult. Older
persons are also more prone to have dehydration, which, theoretically could blunt the
initial radiographic appearance, but this has not been confirmed in animal and human
studies (47,48).

Patients with sepsis and acute respiratory distress syndrome (ARDS) may have a
normal chest radiograph despite abnormal blood gases early in the disease, but the
majority will develop radiograph abnormalities within 24 h. The rate of progression
to ARDS is variable. There is no relationship between the amount of infiltration and
gas exchange or survival at any time point, but a worsening or persistently opacified
chest radiograph suggests a poor prognosis. If there are new findings after 5 d, a
superimposed process, e.g., nosocomial pneumonia, fluid overload, atelectasis,
barotrauma, or sepsis, should be suspected. Effects of advancing age on ARDS is
unknown.

In the elderly septic patient with an acute abdomen, flat and erect plain radio-
graphs are an appropriate first diagnostic step because of their low cost, portability,
rapidity, and high yield. They can identify free air collections in the intraperitoneal
or retroperitoneal space and also radio-opaque stones in the hepatobiliary tract as
well as genitourinary tract. To search for an occult source of infection, ultrasonogra-
phy and computed tomographic (CT) scan have higher yields. The CT scan is supe-
rior to the ultrasonogram for detection of an intraabdominal abscess, which carries a
mortality of 30% for surgically treated abdominal abscess, and 80–90% for cases
without surgical drainage (49). (See also Chapter 9.)

Currently, the diagnosis of sepsis requires combination of clinical signs of sys-
temic inflammation and evidence of infection. Elderly persons with sepsis may
present with minimal or subtle findings of infection, however, and diagnosis can be
delayed. Because many of the inflammatory cells and mediators have been identi-



44 Chintanadilok and Bender

fied, future studies and clinical management will likely focus on using these media-
tors as both diagnostic and prognostic markers for sepsis. Because of the relative
ease with which they can be obtained, peripheral blood markers are likely to become
clinically useful diagnostic and prognostic markers. In a recent study in febrile pa-
tients with community-acquired infection, a high serum ratio of IL-10 to TNF- was
associated with poor outcome, but age, sex, and duration of fever were not (50).

4. TREATMENT

The two most important aspects of the initial management in the patient suspected of
sepsis are prompt initiation of antibiotics and fluid and hemodynamic resuscitation.
Pseudosepsis or conditions that mimic sepsis, e.g., myocardial infarction, adrenal in-
sufficiency, gastrointestional hemorrhage, pulmonary emboli, and acute pancreatitis,
should be excluded to avoid unnecessary use of antibiotics (51) (see Fig.1). Older pa-
tients still benefit from having their management occur in an intensive care unit (ICU).
For example, a retrospective study by Lundberg and colleagues (52) showed that the
mortality of septic shock was higher (70%) in patients treated on a hospital ward as
compared with patients treated in an ICU (39%), despite the fact that the ICU patients
were older and more ill.

Even though older patients have higher mortality rates than their younger counter-
parts, factors other than age, such as the presence of multiorgan system failure, are
more important in predicting outcome (53). For example, a prospective study by
Deulofeu and colleagues (54) noted that age alone did not influence the outcome of
bacteremia, and the main prognostic factors were shock, impaired functional status,
immunodeficiency, acquisition of infection in the hospital, and absence of fever on
admission. Therefore, treatment in elderly patients is generally similar as in younger
patients. Because of the age-related decline in the general physiological reserve and
more comorbid conditions, care has to be even more individually adjusted.

4.1. Antimicrobial Therapy

The outcome of sepsis is improved with early diagnosis and initiation of antibiotics.
Inadequate and delayed antibiotic treatment can lead to higher mortality rate (55,56).
Empiric antibiotic therapy is based on the site of infection and the usual resident flora
of the involved organ. Because a large variety of pathogens is possible, broad-spec-
trum coverage is mandatory (see Fig.1). A third-generation cephalosporin, imipenem/
cilastin, ticarcillin/clavulanate, or antibiotic combinations such as a penicillin or cepha-
losporin with an aminoglycoside, aztreonam, or parenteral quinolone are probably
equally efficacious in most patients (34). Empiric therapy with vancomycin and an
aminoglycoside is effective against most aerobic pathogens including methicillin-re-
sistant staphylococci species and resistant Gram-negative organisms. However, this
regimen is potentially nephrotoxic, especially in older patients with already compro-
mised renal function, and fails to treat anaerobic infections. Sepsis caused by anaerobic
organisms is particularly common in intraabdominal sepsis and aspiration pneumonia.
When the culture and sensitivity results are available, the initial regimen should be
changed based on the laboratory results and the patient’s response to initial therapy.

Once culture and sensitivity data become available, monotherapy may be consid-
ered if organisms are susceptible; multiple antibiotics do not necessarily cure patients
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more quickly or effectively. A retrospective study showed that patients older than age
70 with Gram-negative bacteremia given multiple antibiotics had a signficantly higher
mortality rate (30%) than those given one antibiotic (13%), but this may have been
owing to a selection bias with sicker patients receiving more antibiotics (15). Double-
drug therapy is generally perceived to be more effective in the treatment of serious
Pseudomonas aeruginosa infections, febrile neutropenic patients, and possibly the
treatment of intraabdominal infections (57). Further principles of antibiotic therapy in
the elderly are discussed in Chapter 4.

4.2. Hemodynamic Support
The goals of hemodynamic support in sepsis are to restore and maintain an adequate

tissue perfusion pressure (mean arterial pressure greater than 60 mmHg), decrease heart
rate, maintain adequate renal perfusion (urine output greater than 0.5 mL/kg/h), and
improve mental status. In its early stage, sepsis causes tachycardia and peripheral
vasodilatation, as well as myocardial depression and ventricular dilatation despite nor-
mal or increased cardiac output. Stroke work and ejection fraction are decreased. These
outcomes lead to a reduction in the effective intravascular volume and circulatory insta-
bility. If volume resuscitation is not adequate, multiple organ failure and death can
result despite control of the infection. Aggressive volume resuscitation is the best ini-
tial treatment. Hypotension can be usually reversed with fluid administration up to
10 L of crystalloid or 4 L of colloid in the first 24 h (58). However, aggressive fluid
replacement must be carefully monitored in elderly patients, especially those with
coexisting cardiac and/or renal disease (see next paragraph). No conclusive data have
shown which type of resuscitation fluid has the best impact on outcome.

Pulmonary artery catheters may be helpful to determine the optimum ventricular
filling pressures and cardiac output in such settings as ARDS, cardiac and/or renal
dysfunction, or hypotension unresponsive to fluid administration. The characteristic
hemodynamic changes in sepsis are high cardiac output and low systemic vascular
resistance. Elderly patients frequently have poor cardiac compliance, which can be
compromised by pulmonary edema after aggressive fluid resuscitation. Even though
pulmonary artery catheter placement in patients with sepsis/septic shock has not been
proven to improve the clinical outcome and may even increase in mortality and cost
(59), it is generally agreed that it is appropriate in patients with septic shock who have
not responded to initial fluid resuscitation and low-dose inotropic/vasoconstrictor
therapy or have significant underlying comorbidities affecting hemodynamic status.

Sepsis causes a hypermetabolic state with increased oxygen consumption resulting
in tissue hypoxia. Studies in adults up to age 80 suggest that a mean arterial pressure of
70–80 mmHg and/or cardiac index of 2.8 L/min/m2 is required to maintain adequate
tissue oxygenation. An older practice was to deliver therapy to induce supranormal
hemodynamic variables (cardiac index more than 4.5 L/min/m2, oxygen delivery
greater than 600 mL/min/m2, and systemic vascular resistance index of 1100 to 1300
dyne·s/cm3·m2), but more recent randomized trials have not found this to be effective
in lowering mortality (60,61).

If fluid resuscitation alone can not restore mean arterial pressure to adequate level, a
vasoactive agent should be given (see Fig.1). Dopamine is the most commonly used
first-line agent. It is usually given in a low dose (<2 µg/kg/min; activates dopaminergic
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vasodilatory receptors) for renal or gastrointestinal protection, although this not been
demonstrated to be beneficial in critically ill patients because the increase in blood
flow to the renal and splanchnic regions may be due to increase in cardiac output alone
(62). In higher doses (5–10 µg/kg/min), dopamine activates  adrenergic receptors; at
doses above 10 µg/kg/min, especially over 20 µg/kg/min, alpha adrenergic
(vasoconstricting) receptors are activated. Older patients with coronary artery disease
may not be able to tolerate this 1-adrenergic receptor-mediated cardiac stimulation
due to increased myocardial oxygen demand and decreased coronary artery blood flow.
In patients with severe shock that requires the higher doses of dopamine (>10µg/kg/
min), norepinephrine should be added or therapy switched to this agent. Norepineph-
rine is a potent adrenergic agonist with moderate 1 and minimal 2 adrenergic activ-
ity. It increases the systemic vascular resistance, which may reverse the vasodilatation
effects of sepsis. Because of this effect, some clinicians use norepinephrine early in the
treatment of septic shock (63). Dobutamine is a selective 1 adrenergic agent without 
agonist activity and should be used to support the myocardium and maintain an ade-
quate oxygen supply to the tissues if shock is persistent (64). Dopexamine, a new agent
that combines adrenergic and dopaminergic effects, may be a useful alternative to
increase splanchnic blood flow. Epinephrine is usually used as a last resort because of
its tachyarrhythmic effect and decrease in splanchnic perfusion.

Experimental treatments for septic shock include phosphodiesterase inhibitors, cal-
cium agonists, and nitric oxide inhibitors. No definitive recommendations can be made
regarding the use of these agents due to inconclusive published data (65).

Sepsis can increase the ventilatory load by increasing oxygen demand from poor
tissue extraction and increasing catabolism. It also compromises the ventilatory supply
by impairing gas exchange and respiratory muscle function. Because elderly patients
have less cardiopulmonary reserve, intubation should be considered if there is an early
sign of respiratory failure or poor tissue perfusion. Adequate oxygenation should be
monitored carefully to maintain saturation of oxygen at >95%.

In seriously ill patients, old age alone is not an appropriate criterion to make a deci-
sion to withhold life-sustaining treatment. Unfortunately, physicians typically under-
estimate older patients’ preferences for life-extending care. A recent study showed that
although there was an age-associated decrease in the desire of older persons for life-
extending care (from 61% of those under age 50 yr to 27% of those over age 80 yr),
physicians thought that octagenerians wanted life-extending care in only 14% of the
cases. Moreover, for patients who wanted life-extending care, in 79% of the cases of
octagenerians, the treating physician thought that the patient did not want this therapy.
Probably because of these views, the rate of decision to withhold ventilator support
increased 15% with each decade of age over 50 yr (66).

Although anemia can decrease oxygen delivery, there is little improvement in oxy-
gen consumption following blood transfusion in patients with sepsis (67).

Nutritional support can increase lymphocyte counts and serum albumin, which are
used as surrogate markers of immune competency (68). The route of feeding must
be individualized, but the enteral route is preferred to maintain gut function and
avoid complications from catheter-induced infection. Gastric tube feeding may
decrease the risk of bleeding from a stress ulcer but may increase the risk of aspira-
tion pneumonia (69).
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Sepsis can lead to stress ulcers with higher risk in the patients with mechanical ven-
tilation. Appropriate cytoprotective agents are indicated to prevent stress ulcers, such
as using a continuous parenteral histamine 2 blocker drug, unless the patient develops
side effects of nephritis, thrombocytopenia, and confusion (70). Sucralfate might be a
better choice as a cytoprotective agent because of the lower incidence of late-onset
pneumonia (71).

5. PREVENTION AND IMMUNOTHERAPIES

Indwelling catheters should be removed as soon as clinically feasible. Elderly per-
sons are more prone to aspiration pneumonia, which is the leading cause of death due
to hospital-acquired infections. Selective decontamination of the digestive tract is not
recommended by the Centers for Disease Control and Prevention (72). Simple proce-
dures such as elevation of the head, using sucralfate, and early detection in at-risk
patients (chronic lung disease, changing mental status, nasogastric tube, reintubation)
are preferred. Old age probably does not increase the risk of intravenous catheter-asso-
ciated infection, but these occur more frequently in the elderly due to the age-associ-
ated increased use of these devices. Appropriate skin care, e.g., using chlorhexidine
antiseptic, and probable antibiotic-coated intravascular devices, may decrease the inci-
dence. Hand washing after examining each patient is a simple preventive method that
is commonly ignored.

Sepsis is characterized by an imbalance in proinflammatory and anti-inflammatory
cytokines. TNF- and IL-1 are the principal mediators causing most manifestations of
sepsis and shock. In animal studies, anti-TNF antibody and IL-1 receptor antagonists
can protect septic animals from death (73,74). Clinical trials, however, have had mixed
results. Two multicenter phase II/III trials in patients with sepsis were held evaluating
a monoclonal antibody to TNF- (antiBAY x1351). The North American Sepsis Trial
I (NORASEPT 1) showed that septic patients without shock had no benefit from treat-
ment with this monoclonal antibody and in septic patients with shock, the 3-d mortality
rate was decreased but not the 28-d mortality. In the International Sepsis Trial
(INTERSEPT), the circulating TNF- levels and the development of organ failure were
decreased with the use of the monoclonal antibody, but there was no reduction in the
28-d mortality. Recently, a double-blind, randomized control phase III trial,
NORASEPT II, that was conducted in 105 hospitals with 1879 patients, did not find
any survival benefit from TNF  blockade (75–77).

Studies on endotoxin blockade have also yielded disappointing results. Clinical stud-
ies of two antibodies to the lipid A fraction of lipopolysaccharide and the core region of
endotoxin yielded conflicting results. Although the first study showed some clinical
benefit in patients not in shock (78), a second randomized large controlled clinical
study of a monoclonal antibody to endotoxin found no improvement in survival, al-
though a modest benefit in resolution of organ dysfunction was shown (79).

Despite some early enthusiasm for the use of corticosteroids in patients with septic
shock, a meta-analysis has shown that corticosteroids are not beneficial (80). A study
on the use of ibuprofen showed that it decreased fever but not survival (81).

A variety of other agents, e.g., interferon- , N-acetylcysteine, antithrombin III,
naloxone, pentoxifylline, and hemofiltration, have been tested in patients with sepsis,
but the results are disappointing. The immune response to infection is quite compli-
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cated so that it is unlikely that a single agent will prove beneficial. It is clear that the
mortality of sepsis is not improved dramatically despite more intensive therapy. The
greater frequency of underlying comorbid conditions in study subjects that included
more elderly with chronic illness, immunosuppressive patients, and new innovative
and invasive treatment may have contributed to the lack of improvement in survival.
There are no published studies focusing on older patients. Whether septic elderly
patients would respond differently from younger remains to be answered.
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1. BRONCHITIS

1.1. Clinical Relevance

Several advances have occurred in our knowledge of the natural history and man-
agement of bronchitis. The first step has been a classification of patients with chronic
bronchitis into four groups (see Table 1) (1). Chronic bronchitis is a syndrome defined
by cough and production of sputum on most days for at least 3 months a year for 2
consecutive years (2). It is often complicated by airway obstruction leading to the com-
monly used term chronic obstructive pulmonary disease (COPD).

Acute bronchitis and acute exacerbation of chronic bronchitis account for about 14
million physician visits each year in the United States, making these conditions among
the most common illnesses encountered by family physicians (3). Not only is there con-
siderable morbidity from chronic bronchitis, there is also substantial mortality, as chronic
obstructive lung disease is the fourth leading cause of death in the United States (4).

1.2. Diagnostic Tests

 Despite the common nature of chronic bronchitis, there has been, and continues to
be, considerable controversy about its management. Bacterial infection is but one fac-
tor in the production of inflammation in chronic bronchitis, but according to Ball it is
fundamental to the vicious circle hypothesis leading to a pattern of repetitive infective
exacerbations (5). Haemophilus influenzae seems to be the most important pathogen in
chronic bronchitis. Streptococcus pneumoniae and Moraxella catarrhalis are also
important. It is noteworthy that there is a correlation between the severity of lung dis-
ease as indicated by a forced expiratory volume in 1 s (FEV1) value and the bacterial
species recovered during exacerbations of chronic bronchitis. Eller and colleagues (6)
found that in patients with an FEV1 of >50% of predicted that about 10% of patients
had Enterobacteriaceae or Pseudomonas species isolated from purulent respiratory
secretions, and 40% of those who had an FEV1 of <35% of predicted had these bacteria
isolated.
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1.3. Therapy
1.3.1. Role of Antibiotics

For some time it was unclear which population of patients with bronchitis would
benefit from antibiotic therapy. It is the clear impression of infectious diseases consult-
ants that antibiotics are overused in the management of patients with bronchitis. A
meta-analysis of randomized trials of antibiotics in exacerbations of COPD found a
small, but statistically significant, improvement due to antibiotic therapy (7). These
investigators found 239 trials published between 1955 and 1994, but only 9 trials met
their criteria for inclusion in the analysis. They also noted a summary change in peak
expiratory flow rate of 10.75 L/min (95% CI, 4.96– 16.54 L/min) in favor of the antibi-
otic-treated group. A concept that is now being used in trials of antibiotic therapy for
acute exacerbations of chronic bronchitis is time to next relapse (8,9). In a randomized
double-blind trial clinical, resolution was noted in 89/99 (90%) of those treated with
ciprofloxacin compared with 82% (75/91) of clarithromycin recipients (8). The median
infection–free interval was 142 d for ciprofloxacin recipients and 51 d for
clarithromycin recipients (P =0.15). Bacteriological eradication rates were superior for
ciprofloxacin–treated patients 91% vs 77% (P = 0.01). In a similar trial of cefuroxime
axetil vs ciprofloxacin, the clinical resolution rates were similar at 93% and 90%; bac-
teriologic eradication rates were higher for ciprofloxacin-treated patients 96% vs 82%,
(P <.01). Median infection free interval was 178 d for cefuroxime recipients and 146 d
for ciprofloxacin-treated patients (P = 0.37) (9). Given the widespread use of antibiot-
ics to treat bronchitis, several groups have developed guidelines for the treatment of
this condition (3). A consensus has now developed that group 1 patients (see Table 1)
have acute bronchitis that is usually due to viral infection and do not need antibiotic
treatment (3); group 2 patients have mild to moderate impairment of lung function
(FEV1 >50%) and have less than four exacerbations per year. Treatment with a -
lactam antibiotic is recommended for this group, as the usual infecting pathogens are
H. influenzae, S. pneumoniae, and M. catarrhalis. It is important to remember that
about 30% of H. influenzae isolates, and 90% of M. catarrhalis isolates produce -
lactamases and are resistant to ampicillin. Amoxicillin-clavulanic acid as well as sec-
ond-generation cephalosporins are effective. Group 3 patients are older than group 1 or

Table 1
Classification of Patients with Chronic Bronchitis

Group Definition

1 Previously healthy patient with postviral
tracheobronchitis

2 Simple chronic bronchitis
3 Chronic bronchitis plus airflow obstruction

and/or other medical problems such as diabe-
tes mellitus, heart failure, and/or elderly

4 Chronic bronchial sepsis; daily purulent spu-
tum production (these patients usually have
bronchiectasis on computed tomographic
examination of the lungs)
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group 2 patients and have an FEV1 <50% of predicted and or comorbidities such as
diabetes mellitus, congestive heart failure, chronic renal failure and the like. They may
also experience four or more exacerbations per year. The same organisms as for group
2 patients are involved here as well. The recommendations for antibiotic therapy in-
clude amoxicillin-clavulanic acid, a second-generation cephalosporin, or a
fluoroquinolone. Group 4 patients have frequent exacebations and tend to have a
chronic progressive course. Many of these patients have underlying bronchiectasis. In
addition to the foregoing listed pathogens, Enterobacteriaceae or Pseudomonas species
may be isolated. A fluoroquinolone with activity against Pseudomonas is probably the
best therapeutic choice. Ciprofloxacin is still the most active quinolone against P.
aeruginosa.

1.3.2. Prognosis

There are many other aspects to the management of patients with chronic obstruc-
tive lung disease other than antibiotic therapy (10), which will not be discussed here.
Seneff and colleagues (11) studied 362 patients with acute exacerbation of COPD
who required admission to an intensive care unit (ICU). The in-hospital mortality
was 24%. For the 165 patients who were 65 yr of age and older the in-hospital mor-
tality rate was 30%; it was 41% at 90 d; 47% at 180 d, and 59% at 1 yr. Variables
associated with in-hospital mortality (by multivariate analysis) included age, sever-
ity of respiratory and nonrespiratory organ dysfunction and hospital length of stay
before ICU admission. Development of nonrespiratory organ dysfunction was the
major predictor of hospital mortality—60% of the total explanatory power, and 180-
day outcomes—54% of explanatory power. This study is in sharp contrast to the one
by Torres and colleagues (12) in which 124 patients with chronic obstructive lung
disease (COLD) and community-acquired pneumonia (CAP) who required admis-
sion to ICU had an 8% mortality.

1.4. Prevention

The best treatment for chronic bronchitis is primary prevention—no smoking pro-
grams in schools and clean-air programs in communities would reduce the burden of
COPD. Failing this primary preventive strategy, secondary prevention with yearly influ-
enza vaccination and a single pneumococcal vaccine (repeated once in 6 years for select
circumstances) does reduce the number of cases of pneumonia and hospital admissions.

2. PNEUMONIA

2.1. Clinical Relevance
2.1.1. Epidemiology

Pneumonia is a common and often serious illness. It is the sixth-leading cause of
death in the United States. About 600,000 persons are hospitalized with pneumonia
each year, and there are 64 million days of restricted activity due to this illness (13,14).
Unmeasured to date is caregiver burden associated with pneumonia. Recovery is pro-
longed in the elderly (especially the frail elderly), and these patients may require up to
2 months to return to their baseline state of function.

The rate of pneumonia is highest at the extremes of age. In a population-based study
in a Finnish town, Koivula and co-workers (15) found that 14/1000 persons/yr > 60
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years of age developed pneumonia. Seventy-five percent of these cases of pneumonia
were community acquired. In this study, independent risk factors for CAP were: alco-
holism, relative risk (RR) 9; asthma, RR 4.2; immunosuppression, RR 1.9; age >70 vs.
age 60–69 yr, RR 1.5.

For specific etiologies of pneumonia the risk factors may differ from those for pneu-
monia as a whole. Thus dementia, seizures, congestive heart failure, cerebrovascular
disease and COLD were risk factors for pneumococcal pneumonia (16). Among hu-
man immunodeficiency virus-(HIV) infected patients the rate of pneumococcal pneu-
monia is 41.8 times higher than those in the same age group who are not HIV infected
(17). Risk factors for Legionnaires’ disease include male gender, tobacco smoking,
diabetes mellitus, hematologic malignancy, cancer, end- stage renal disease, and HIV
infection (18).

There have been major changes in both the host and microorganisms that are re-
flected in changes in the epidemiology of pneumonia. Penicillin-resistant S.
pneumoniae (PRSP) is now a common in North American communities. Many of the
PRSP isolates are resistant to three or more antibiotic classes (multidrug resistance). In
a recent study, 14% of bacteremic S. pneumoniae isolates were resistant to penicillin,
12% to ceftazidime, and 24% were resistant to trimethoprim-sulfamethoxazole (19). In
the study by Butler and colleagues (19), 740 S. pneumoniae isolates from sterile sites
were collected during 1993–1994. Twenty-five percent of the isolates were resistant to
more than one antibiotic; 3.5% were resistant to erythromycin, and 5% were resistant
to clarithromycin (19). This is probably a harbinger for the future, in that in Madrid
in 1992, 15.2% of S. pneumoniae isolates were resistant to erythromycin (20). Fortu-
nately, it is possible to predict who is likely to have pneumonia due to PRSP. Previ-
ous use of -lactam antibiotics, alcoholism, non-invasive disease, age <5 or >65 yr
and immunosuppression are risk factors for PRSP pneumonia (21,22). Host factors
that have had a major impact on the epidemiology of pneumonia are increased in
immunosuppressed individuals living in the community and are markedly increased
in the advanced elder years (>80 years of age). Clustering of these individuals in
retirement villages or nursing home has led to a new entity— nursing home-acquired
pneumonia (NHAP).

There is a seasonal variation in the rate of pneumonia. Both attack rates and mortal-
ity rates are highest in the winter months (23). This is likely due to an interaction
between influenzae viruses and S. pneumoniae. In a squirrel monkey model, infection
with influenza A virus prior to S. pneumoniae inoculation led to a 75% mortality rate
vs. no mortality for infection with influenzae virus alone (24).

2.1.2. Etiology

Although there are well over 100 microbal agents that can cause pneumonia, only a
few cause most of the cases of pneumonia. There are changes in the rank order of the
causes of pneumonia according to the severity of illness (usually reflected in the site of
care decision—home, hospital ward, hospital intensive care unit, or nursing home).
Patients with CAP who are treated on an ambulatory basis are much younger than those
who are treated in hospital. Mycoplasma pneumoniae is the most commonly identified
etiological agent in this setting accounting for 24% of the cases (25–28). S. pneumoniae
is probably underdiagnosed in outpatients, as a diagnostic workup is rarely done. In
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published data, S. pneumoniae account for about 5% of the cases of ambulatory pneu-
monia; in reality the number is probably closer to 50%. A compilation of data from 9
comprehensive studies of the etiology of CAP among 5225 patients requiring hospital-
ization identified S. pneumoniae as the etiological agent in 17.7% of cases (29–37).
However, if one focuses on the 3 studies that used serological methods in addition to
blood and sputum culture to identify S. pneumoniae, then this microorganism accounted
for up to 50% of the cases of CAP (29,30,35). The etiology of NHAP is not well estab-
lished since these studies have relied almost entirely on the results of sputum culture.
The problem is distinguishing colonization from infection especially when aerobic
Gram-negative bacilli such as Escherichia coli, Klebsiella spp., Proteus spp.,
Enterobacter spp., Pseudomonas aeruginosa, and so on are identified. Colonization of
the oropharyngeal mucosa with aerobic Gram-negative bacilli increases with increas-
ing age and is especially common among residents of nursing homes (38). S.
pneumoniae is the most commonly identified agent in patients with nursing home-
acquired pneumonia (NHAP). In 6 studies reporting on 471 patients with NHAP S.
pneumoniae accounted for 12.9% of the cases, followed by H. influenzae, 6.4%; S.
aureus, 6.4% M. catarrhalis, 4.4%; and aerobic Gram-negative bacilli, 13.1% (34,39–
43).

2.2 Clinical Manifestations
Pneumonia is an infection involving the alveoli and bronchioles. Pathologically it is

characterized by increased weight and replacement of the normal lung sponginess by
induration (consolidation). This induration may involve most or all of a lobe (or mul-
tiple lobes) or it may be patchy and localized around bronchi, i.e., bronchopneumonia.
Microscopic examination can show dense alveolar infiltration with polymorphonuclear
leukocytes as is found in patients with pneumonia due to bacterial agents or interstititial
inflammation as is usually seen in viral pneumonia.

Clinically pneumonia is typically characterized by a variety of symptoms and signs.
Cough that may produce purulent, mucopurulent, or “rusty” sputum is common; fever,
chills, and pleuritic chest pain are other manifestations. Extrapulmonary symptoms
such as nausea, vomiting, or diarrhea may occur. There is a spectrum of physical find-
ings on chest examination, the most common of which is rales (“crackles”) heard over
the involved lung segment. Other findings that may be present include dullness to per-
cussion, increased tactile and vocal fremitus, bronchial breathing, and a pleural friction
rub. However, in many older patients, especially those who are frail and debilitated,
typical respiratory manifestations may not be found. Such findings as cognitive im-
pairment (delirium), decline in physical functional capacity, anorexia, weakness, or
falls may be the initial or only symptoms or signs of pneumonia. Fever is often absent
(44,45). A new opacity on chest radiographic examination is necessary to substantiate
a clinical diagnosis of pneumonia.

2.3. Diagnostic Tests

The chance of determining a causative pathogen for pneumonia is approximately
60% in all age groups (46). The elderly have a lower diagnostic yield compared with
younger patients with CAP (45% vs 70% in one study) (44). The inability to cough or
provide quality sputum as well as oral and pharyngeal contamination of the specimen



58 Marrie

limit the usefulness of sputa as a diagnostic test for pneumonia in the elderly. Never-
theless, if quality sputa can be obtained, a Gram stain of the specimen can be examined
to provide guidance on initial antimicrobal therapy. Blood culture (two sets) should be
obtained in all elderly pneumonia patients who require hospitalization or intravenous
therapy. Serological studies and tests for antigens in urine have been helpful in diag-
nosing certain types of pneumonia (e.g., Mycoplasma pneumoniae, Chlamydia spp.,
Legionella spp., viruses) (34). However, the information is obtained 3–4 weeks after
initial clinical diagnosis. A chest roentgenograph and complete blood count, especially
white blood cell count with differential count, should be obtained in every patient sus-
pected of pneumonia (46).

2.4. Treatment

 Table 2 gives the key decisions that have to be made to successfully treat CAP.

2.4.1. Site of Care
The site of care is dictated by the severity of the pneumonia. This decision can be

helped by using a severity of illness score. Fine and co-workers (47) developed a pneu-
monia specific severity of illness score. There are 20 different items (three demographic
features, five comorbidity features, five physical examination findings, and seven labo-
ratory data items). Points are assigned to each feature and summed. Patients are placed
into one of five risk classes. Those in risk classes I–III are at low risk, <1% for mortal-
ity, whereas those in class IV had a 9% mortality, and class V patients had a 27%
mortality rate. In general, patients in classes I–III could be treated at home whereas
those in classes IV and V should hospitalized. The potential of this system is demon-
strated by a study by Atlas and colleagues (48). These investigators prospectively
enrolled 166 low-risk patients with pneumonia presenting to an emergency depart-
ment. Physicians were given the pneumonia severity index score and offered enhanced
visiting nursing services and the antibiotic clarithromycin. Two groups of controls were
used—147 consecutive retrospective controls identified during the prior year and 208
patients from the study hospital who participated in the Pneumonia Patient Outcomes
Research Team (PORT) cohort study. The percentage of patients initially treated as
outpatients increased from 42% in the control period to 57% in the intervention period
(36% relative increase; P =0.01). More outpatients failed outpatient therapy in the inter-
vention period compared with the control period: 9% vs 0%, respectively. However,
because these were historical controls, the conclusions from this study are weakened.
Marrie and co-workers (49) enrolled 20 Canadian teaching and community hospitals
into a study of a critical pathway for the management of CAP. Ten hospitals were

Table 2
Key Decisions in the Management of CAP

• Site of care
• Diagnostic workup
• Empiric antimicrobal therapy
• Switch from intravenous to oral antibiotic therapy
• Discharge decision
• Followup
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randomized to the intervention arm (critical pathway) and 10 to conventional manage-
ment. Hospitals were matched for teaching or community hospital status and for his-
toric length of stay for patients with CAP. One teaching hospital in the intervention
arm withdrew after randomization and was not replaced. Levofloxacin was the antibi-
otic used in the intervention arm, whereas antimicrobial therapy for patients in the
conventional arm was at the discretion of the attending physician. The pneumonia–
specific severity of illness score was used to assist with the site of care decision. An
intent to treat analysis was performed on data from 1753 patients enrolled in the study.
At the intervention hospitals the admission rate was lower for low-risk (classes I–III)
patients, (31% vs 49% for conventional management; P = 0.013) or to use the terminol-
ogy of Atlas and colleagues (48) 69% in the intervention arm were sent home vs. 41%
in the conventional management arm. Follow–up of these patients revealed that there
was no difference in the failure rates of outpatient therapy, i.e., about 6% of patients in
both groups required admission.

2.4.2. Guidelines for Admission to Intensive Care Unit

The American Thoracic Society guidelines for the management of CAP gave crite-
ria for severe pneumonia that could be used to help with the decision to admit a patient
to an intensive care unit (ICU) (50). Ewig and co-workers (51) calculated the sensitiv-
ity, specificity, and positive and negative predict values of these criteria utilizing data
from a prospective study of 422 consecutive patients with CAP, 64 of whom were
admitted to an ICU. They found that no single criterion was of sufficient sensitivity to
use alone. For example, a respiratory rate of >30 breaths per minute had a sensitivity of
64% and a specificity of 57%. Requirement for mechanical ventilation had a sensitivity
of 58% and a specificity of 100%. Sensitivity and specificity values for other param-
eters were the following: septic shock, 38% and 100%; renal failure, 30% and 96%;
systolic blood pressure <90 mmHg, 12% and 99%; diastolic blood pressure <60 mm
Hg 15% and 95%; progressive pulmonary infiltrates, 28% and 92%; bilateral infil-
trates, 41% and 86%; and multilobe infiltrates, 52% and 80%. Ewig and co-workers
concluded that the definition of severe pneumonia using one of the American Thoracic
Society criteria had a sensitivity of 32%, a specificity of 98%, a positive predictive
value of 24%, and a negative predictive value of 99%. These authors developed new
criteria for severe pneumonia, which include the three following parameters: arterial
partial pressure of oxygen/inspired fraction of oxygen (PaO2/FI02) <250; multilobe
infiltrates; and systolic blood pressure of 90 mmHg or less plus septic shock or
mechanical ventilation. These three criteria together had a sensitivity of 78%, a speci-
ficity of 94%, and a positive predictive value of 75%.

2.4.3. Empiric Antibiotic Therapy

The Infectious Diseases Society of America has published guidelines for the
empiric therapy of CAP (52) (see Table 3). The recent introduction of fluoro-
quinolones with enhanced activity against S. pneumoniae and activity against most
of the pathogens that cause CAP is an advance in the treatment of CAP. However,
there are many unanswered questions regarding these new drugs: Which one is
best? Should they be used only for patients requiring hospitalization? Will wide-
spread use of the new fluoroquinolones for the treatment of ambulatory pneumonia
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lead to the emergence of resistance among S. pneumoniae? The new fluoroquino-
lones are levofloxacin, sparfloxacin, moxifloxacin, grepafloxacin and trovafloxacin
(trovafloxacin, at the time of this writing, has restricted indications because of
reported cases of liver failure, and grepaflexacin has been removed from use
because of prolonged QT interval resulting in torsade de pointes). There are others
in the clinical trial stage (e.g., gatifloxacin). Some of the salient characteristics of
these agents are summarized in Table 4. The advantages of the new fluoroquin-
olones are excellent bioavailability, so that even hospitalized non-ICU patients can
be treated orally if they can eat and drink, and their activity against the spectrum of
agents that cause CAP, hence only one antibiotic is necessary for the empiric treat-
ment of CAP.

Table 3
Antibiotic Therapy (First and Second Choices) of Community-Acquired
Pneumonia When Etiology is Unknown (52)

A. Patient to be treated on an ambulatory basis
1. Macrolide (erythromycin 500 mg q 6h po × 10 d, clarithromycin 500 mg bid po × 10

days or azithromycin 500 mg po once then 250 mg/day po × 4 days)
2. Doxycycline 100 mg bid po × 10 days. If risk factors for penicillin or macrolide-resis-

tant Streptococcus pneumoniae present, consider a fluoroquinolone with enhanced
activity against S. pneumoniaea

B. Patient to be treated in hospital ward
1. Fluoroquinolone with enhanced activity against S. pneumoniae; e.g., levofloxacin,

sparfloxacin, trovafloxacin or grepafloxacinb. (Levofloxacin 500 mg/d iv; trovafloxacin
200 mg/d iv; grepafloxacinb 600 mg/d po, sparfloxacin 400 mg × 1 dose then 200 mg/d
po). If creatinine clearance <50 mL/min, reduce levofloxacin dose to 250 mg/d

2. Cefuroxime 750 mg q8h iv or ceftriaxone 1 g/d iv or cefotaxime 2 g q h iv plus
azithromycin 500 mg/d.

C. Patient to be treated in an intensive care unit
1. Azithromycin 1 g iv then 500 mg/d iv plus ceftriaxone 1 g q 12 h iv or cefotaxime 2 g

8 h iv (ceftazidime and an aminoglycoside if Pseudomonas aeruginosa is suspected)
2. Fluoroquinolone with enhanced activity against S. pneumoniae (not recommended as

first choice because of lack of clinical trial data in the ICU setting)
D. Patient to be treated in a nursing home

1. Amoxicillin - clavulanic acid 500 mg q 8 h po
2. Fluroquinolone with enhanced activity against S. pneumoniae

E. Aspiration pneumonia
1. Large-volume aspiration:Previous healthy individual—no antibiotic therapy
2. Small-volume aspiration

(a) Pneumonia (poor dental hygiene) and anaerobic infection suspected—clindamycin
      2400–3600 mg/d iv in divided doses or penicillin 2–4 million
      units/d iv in divided doses
(b) Pneumonia in a nursing home or in elderly subject at home—amoxicillin-clavulinic

   acid plus fluoroquinolone

Abbreviations: bid, twice a day; po, oral; q, every; iv, intravenous; ICU, intensive care unit.
a Levofloxacin, sparfloxacin.
b Removed from market.
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Table 4
Salient Features of New Fluoroquinolones Compared With Ciprofloxacin

Cipro Levo Grepa Gati Trova Moxi

S. pneumoniae MICa

Penicillin sensitive (µg/mL) 2 1 0.25 0.5 0.12 0.12
Penicillin resistant (µg/mL) 2 1 0.25 N/A 0.12 0.12

P. aeruginosa MIC 90 (µg/mL) 4 16 >4 8 8 8
Percent bioavailability 70 99 72  approx 100% 88 90%
T 1/2 (h) 4.0 6.7 11.4 7.1 11.0 11.0
Dosage adjustment

Renal dysfunction Yes Yes No Yes No No
Hepatic dysfunction No No Yes No Yes No

Intravenous formulation Yes Yes No Yes Yes Yes
available (alatrovafloxacin) (in development)

Usual oral dose to treat  500 mg bid  500 mg qd 600 mg qd 200 mg qd 200 mg qd  400 mg qd
pneumonia

C max (µg/mL) at dose 2.2 5.3 1.41 1.71 1.1  3.1
given above

AUC (mg × h/L) 10 48 19.7 14.5 27 30.8
a MIC = minimum inhibitory concentration; Cipro = ciprofloxacin; Levo = levofloxacin; Grepa = grepafloxacin; Gati = gatifloxacin; Trova = trovafloxacin; Moxi = moxifloxacin;
qd = daily; bid = twice daily; T 1/2 = drug half life; Cmax = peak serum or plasma concentration; AUC = area under the concentration vs time curve
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2.4.4. Duration of Intravenous Antibiotic Therapy

In a series of studies, Ramirez and colleagues have defined criteria for switch from
intravenous to oral antibiotics for treatment of patients with CAP (52,53). Criteria for
switch to oral antibiotics include the following: (1) two normal temperature readings
over 16 h in previously febrile patients, (2) white blood cell count returning toward
normal, (3) subjective improvement in cough, and (4) subjective improvement in short-
ness of breath. Using these criteria 33 patients randomized to ceftizoxime therapy met
switch criteria, in 2.76 d vs 3.17 d for those randomized to receive ceftriaxone (52).
Seventy-four of the 75 evaluable patients were cured at 3–5 wk follow-up. Similar
results were obtained in another study by this group in which patients were initially
treated with ceftriaxone and, when criteria were met, patients were given
clarithryomycin therapy orally. Ninety-six patients were enrolled in this study, and 59
were evaluable at 30-d follow-up. All 59 were cured (53). The presence of bacteremia
or identification of high-risk pathogens such as S. aureus or P. aeruginosa are not
contraindications for switch therapy (54). Patients who are clinically improving with
empiric third-generation cephalosporin therapy are switched to oral third-generation
cephalosporins, whereas patients who are receiving -lactam/ -lactamase inhibitor
agents are switched to oral lactam/ -lactamase inhibitors. If intravenous therapy is
with a -lactam antbiotic and erythromycin, oral therapy is with a new macrolide (54).

2.4.5. Give Antibiotics as Soon as Possible

Meehan and co-workers (55) carried out a retrospective multicenter cohort study of
those >65 yr of age presenting to emergency rooms with CAP using Medicare National
Claims History File from October 1, 1994 through September 30, 1995. Just over 75%
of patients received antibiotics within 8 h of presenting at the emergency room. A
significant lower 30-d mortality rate was observed for those who received antibiotic
therapy within 8 h of presentation.

2.4.6. Discharge Decision

Halm and colleagues (56) defined how long it took to achieve stability in patients
hospitalized with CAP. The median time to stability was 2 d for heart rate <100 beats/
min and systolic blood pressure > 90 mmHg. Three days were required to achieve
stability if the following parameters were used: respiratory rate <24 breaths/min, oxy-
gen saturation >90%, and temperature <37.2°C (<99°F). Once stability was achieved,
clinical deterioration requiring admission to a critical care unit or telemetry monitoring
occurred in less than 1% of patients. Patients in the study by Halm and co-workers
frequently remained in hospital after reaching stability. In a recent study (Marrie and
colleagues unpublished observations, 1999), it was found that immobility was a sig-
nificant factor in prolonging hospital stay in the elderly with pneumonia.

2.4.7. Follow-up

All elderly patients with CAP should have a follow-up chest radiograph to verify
that the pneumonia has resolved. Pneumonia distal to an obstructed bronchus is one of
the presentations of cancer of the lung; in about 50% of these patients the diagnosis of
cancer is made at the time of presentation. In the remainder, the main clue to the under-
lying disease is the failure of the pneumonia to resolve. Time to resolution of pneumo-
nia is influenced by the patient’s age and presence of underlying chronic obstructive
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pulmonary disease. The follow-up chest radiograph is best performed 10–12 wk after
the diagnosis of pneumonia. If complete resolution has not occurred, further investiga-
tion to exclude an obstructed bronchus is necessary.
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Tuberculosis

   Shobita Rajagopalan

1. CLINICAL RELEVANCE

Tuberculosis (TB), in the United States has changed significantly during the past
decade. Since 1993, TB morbidity has steadily declined, and the disease has focused on
well-defined risk groups, geographic areas, and certain vulnerable segments of our
society. The elderly represent the largest reservoir of TB infection, especially in devel-
oped nations (1). Clinical features of TB in older adults can be nonspecific and con-
fused with concomitant age-related illnesses. Biological changes associated with aging,
underlying acute or chronic diseases, and malnutrition can disrupt integumental barri-
ers, impair microbial clearance mechanisms, and contribute to the expected age-asso-
ciated decline in cellular immune responses to infecting agents such as Mycobacterium
tuberculosis (Mtb) (2). The subtle clinical manifestations of TB in the elderly can often
make the diagnosis problematic, resulting in increased morbidity and mortality; this
treatable infection may unfortunately be recognized postmortem. The increased inci-
dence of adverse drug reactions associated with aging can also make the treatment of
TB in older adults more challenging (3). In addition, it is important to provide optimal
treatment of associated chronic diseases, minimize invasive procedures, limit polyp-
harmacy, and ensure adequate nutrition. The institutionalized elderly represent an es-
pecially vulnerable subgroup of the geriatric cohort that are both at high risk for
reactivation of latent TB as well as susceptible to new TB infection (4).

2. GLOBAL EPIDEMIOLOGY

Worldwide, an estimated 8 million cases and 2 million deaths have been attributed
to TB in 1998 (1). TB remains the world’s leading cause of death among all infectious
diseases. An approximate third of the world’s population (1.7 billion persons) is in-
fected with Mtb (TB infection is defined as harboring Mtb without evidence of active
infection, and TB disease is active infection without Mtb based on clinical and labora-
tory findings). In the U.S., the resurgence of TB from 1985–1992 had been associated
with the human immunodeficiency virus (HIV) epidemic, immigration from TB en-
demic countries, TB transmission in congregate settings, (e.g., prisons, long-term care
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facilities, and hospitals) deterioration of the infrastructure for TB control services, and
the emergence of difficult-to-treat cases of multiple drug-resistant (MDR)-TB (5).
Since that time, there has been a tremendous decline of TB cases, reaching a record low
of 18,361 cases in 1998, with a case rate of 6.8/1000,000, and an overall decline of
31% (Centers for Disease Control and Prevention [CDC] unpublished data 1998), attrib-
uted largely to effective TB control programs that emphasize prompt identification of
cases, initiation of appropriate therapy, and monitoring of therapy completion (6).

The recent success of TB control in the U.S. has been negated by the burden of TB
among foreign-born persons (i.e., individuals from Asia, Africa, or Latin America, in
whom TB rates are 5–30 times higher than U.S. rates) residing in this country (7).
During 1992–1997, the number of TB cases across both sexes and all age groups among
U.S.-born persons declined 38%, while the number of cases among foreign-born per-
sons in the U.S. increased by 6%. Although the TB case rates for foreign-born persons
have remained at least four to five times higher than for U.S.-born persons, the number
of U.S. cases occurring in foreign-born persons (the birth countries with highest num-
ber of such cases are represented by Mexico, the Philippines, and Vietnam), has in-
creased steadily since the mid 1980s, reaching 42% in 1998 (CDC unpublished data,
1998). Developed nations, i.e., the U.S., Canada, Europe, Australia, New Zealand, and
Japan, report an estimated 380 million persons infected with Mtb; about 80% of in-
fected persons in Europe are 50 yr of age or older (1).

Increase in TB notification rates from England and Wales since 1987 for all ethnic
groups have been especially significant in the elderly; from 1987–1989 the increase
was 6% for all ages combined, but 13% in females and 16% in males over the age of 75
yr (8). Although a significant percentage (80%–90%) of TB in the elderly occurs in
community dwellers, there is a two to three times higher incidence of active TB in
nursing home residents compared with their counterparts living in noninstitutionalized
settings (9). The knowledge regarding the enhanced efficiency of TB transmission
within closed environments such as prisons, nursing homes, chronic disease facilities,
and shelters for the homeless has raised concerns about TB infection and disease in the
institutionalized elderly (10).

 3. PATHOGENESIS AND IMMUNOLOGIC ASPECTS

The principal portal of entry of the tubercle bacilli as well as the major organ of
disease is the lung. Inhaled tubercle bacilli are deposited in the basal segments of the
lower lobe, middle lobe, lingula, or anterior segments of the upper lobe, the so-called
primary infection segments. Alveolar macrophages that are nonspecifically activated
(natural immunity) engulf the inhaled bacilli and are transported to regional lymph
nodes. Infected macrophages produce chemokines that result in recruitment of addi-
tional macrophages and circulating monocytes, which in turn secrete significant
amounts of proteolytic enzymes, generating an exudative lesion (11). Activated mono-
nuclear phagocytes (MP) also secrete tumor necrosis factor, which incite granuloma
formation. Eventually, T cells activated by chemokines in the draining lymph nodes as
well as natural killer (NK) cells are attracted to the site of inflammation with subse-
quent production of interferon-gamma, which in turn activates tuberculostatic mac-
rophage functions. At this stage (acquired immunity), the onset of cell-mediated
immunity and delayed type hypersensitivity responses, which occur after approximately
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3 wk of initial infection, are associated with a positive dermal reactivity to standard-
dose tuberculin antigen. The characteristic tubercle granuloma or the Ghon complex
ultimately develops consisting of organized collections of epithelioid cells, lympho-
cytes, and capillaries; tubercle bacilli are confined and their growth restrained within
lesions showing caseous necrosis, surrounding fibrosis, and ultimate healing (12). Re-
activation (secondary or postprimary) TB is associated with uncontrolled cell destruc-
tion by cytolytic T cells, NK cells, and activated MP cells, which promote granuloma
liquefaction and rupture into the bronchoalveolar and vascular systems promoting wide-
spread microbial dissemination.

Containment of the TB infection results in an asymptomatic and noninfectious state
with a positive tuberculin skin test reaction (TB infection); the viable tubercle bacilli
remain dormant indefinitely with intact host immune integrity. Factors that compro-
mise host immunity, e.g., HIV infection, aging, illicit drug use, alcoholism, poor nutri-
tion, and certain chronic diseases, may result in reactivation of latent TB infection (TB
disease). The increased frequency of TB seen in aging may be explained in large part
by the impairment of cell-mediated immunity, which results from senescence (demon-
strated in murine models) as well as age-associated diseases (diabetes mellitus, malig-
nancy), renal impairment, malnutrition, and immunosuppressive agents (13).

Approximately 90% of TB disease cases in the elderly are due to reactivation of
primary infection (9). TB infection without disease may occur in 30%–50% of indi-
viduals in elderly nursing facility residents as demonstrated by positive tuberculin skin
tests. Rarely, previously infected older persons may eventually eliminate the viable
tubercle bacilli and revert to a tuberculin negative state; nevertheless, these persons are
at risk for new infection (reinfection) with Mtb. Thus older persons potentially at risk
for TB consist of individuals never exposed to Mtb, those with latent and dormant
primary infection that may reactivate, and others who are no longer infected and conse-
quently at risk for reinfection.

4. UNIQUE CLINICAL CONSIDERATIONS

TB in older patients is represents a diagnostic dilemma for many clinicians. The
vast majority (75%) of elderly persons infected with Mtb manifest active disease in
their lungs (1,14).

In addition, disseminated or miliary TB, tuberculous meningitis, and skeletal TB
increase in frequency with advancing age. However, many older patients with TB dis-
ease may not exhibit the classic features of TB, i.e., cough, hemoptysis, fever, night
sweats, and weight loss. TB in this population may present clinically with changes in
functional capacity (e.g., activities of daily living), chronic fatigue, cognitive impair-
ment, decreased appetite, or unexplained low-grade fever. An undefinable etiology for
nonspecific symptoms and signs over a period of weeks to months must alert clinicians
to the possibility of unrecognized TB (15).

4.1. Pulmonary TB

Pulmonary TB is by far the commonest form of TB in the elderly population (9).
Although aging patients with pulmonary TB can present with typical respiratory as
well as systemic symptoms, i.e., sputum production, hemoptysis, fever, night sweats,
weight loss, or anorexia, a significant number of such patients may exhibit minimal
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pulmonary symptoms. The radiographic manifestations and variations of pulmonary
TB in older persons are briefly described in the Subheading 5.

4.2. Miliary TB

Miliary or disseminated TB often occurs in aging patients; many cases are diag-
nosed at autopsy. Miliary TB in the elderly may manifest in one of two atypical forms:
the chronic hematogenous form and the non-reactive form. In the chronic hematog-
enous variety, there are recurrent episodes of low-grade Mtb bacillemia manifesting as
a protracted illness often without fever, localizing symptoms or signs (9,16). The clas-
sical radiographic evidence of miliary mottling on the chest radiograph may be not be
present. The nonreactive form of miliary TB is common in elderly and immunocom-
promised hosts (17). Overwhelming infection results in numerous caseous lesions har-
boring enormous numbers of replicating tubercle bacilli and minimal neutrophil
infiltrate with no granulomatous reaction. Clinical features include fever, weight loss,
and hepatosplenomegaly without other focal signs; this form of TB should be consid-
ered in the differential diagnosis of “fever of unknown origin.”

4.3. Tuberculous Meningitis

Tuberculous meningitis in the elderly occurs as a consequence of reactivation of a
primary dormant focus or as a part of miliary seeding of infection. Older patients, not
unlike their younger counterparts, present with a subacute onset of fever, headache,
and confusion with simultaneous or preceding systemic symptoms of weakness, anor-
exia, and fatigue. Some older patients can also present with unexplained dementia or
obtundation without fever or nuchal rigidity; in such patients it is imperative to main-
tain a high index of suspicion for tuberculous meningitis until proven otherwise (18).
Tuberculous meningitis is associated with an exceedingly high mortality in the elderly;
neurologic sequelae or deficits are common in survivors (19).

4.4. Skeletal TB

Skeletal involvement with Mtb infection in the elderly, commonly affects the spine
(20). The thoracic and lumbar spines are commonly involved; cervical disease is rare.
Paravertebral abscesses or “cold abscesses” are often associated with spinal infection
(21). Primary symptoms of spinal TB consist of pain over the involved vertebrae; neu-
rological deficits and sinus tracts may occur with more advanced disease. Low-grade
fever, weight loss, fatigue, and anorexia maybe present. Tuberculous arthritis tends to
commonly involve the large weight-bearing joints; however, in the elderly, peripheral
joints, i.e., the knees, wrists, ankles, and the metatarso-phalangeal joints may be
involved (22). Pain and swelling of the involved joints and loss of range of motion can
sometimes occur. Because older patients often have degenerative joint disease or other
arthritides, the diagnosis of coexisting tuberculous arthritis may be overlooked.

4.5 Genitourinary TB

Despite the fact that genitourinary (GU) TB is seen in a significant number of eld-
erly persons, this form of TB disease largely occurs in persons in their third, fourth, and
fifth decades of life (23). The kidney is the major site of involvement with as many as
20% to 30% of patients being asymptomatic (24). GU TB can also involve the ureters,
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bladder, prostate, epididymis, and seminal vesicles. Presenting symptoms may include
dysuria, frequency, flank pain, and hematuria. The diagnosis must be considered in the
presence of an abnormal urinary sediment, pyuria without bacteruria, or hematuria.
Significant disease may result in pelvic or scrotal masses, and draining sinuses; sys-
temic manifestations (fever, anorexia, weight loss) may be absent.

4.6. Other Sites

Similar to younger patients, TB in older adults can involve virtually any organ in
the body. In elderly patients, TB disease involving the lymph nodes, pleura, liver, gall
bladder, small and large bowel, pericardium, middle ear, and carpal tunnel have been
described (25).

5. DIAGNOSTIC TESTS

The tuberculin skin test remains the screening intervention of choice, despite its
potential for false-negative results. Negative tuberculin skin tests on initial application
have been noted in up to 25% of proven cases of active TB (9). A negative reaction to
tuberculin increases with age and may be partly explained due to anergy. Moreover,
the “booster effect” of skin-test reactivity to antigen increases in prevalence in the
elderly population (26). Thus, it is essential that all older persons who receive a tuber-
culin skin test [using the standard Mantoux method with 5 tuberculin units of Tween-
stabilized purified protein derivative (PPD), and results read in 48–72 h] be retested
within two wk of a negative response (induration of less than 10 mm) to ensure recog-
nition of a potentially false-negative reaction. Application of the second tuberculin
skin test should ideally be accompanied by common dermal control antigens (e.g., can-
dida, mumps) to determine the presence of cutaneous anergy. A positive booster ef-
fect—and therefore a positive tuberculin skin test—is a skin test reaction of 10 mm or
more and an increase in induration of 6 mm or more over the first skin test reaction
(27). A positive PPD skin test after the initial placement, by the booster effect, or by
conversion, or if the patient has clinical manifestations suggestive of TB, warrant a
chest radiograph because 75% of all TB cases in the elderly occur in the respiratory
tract. Most pulmonary TB cases in elderly patients represent reactivation disease; 10–
20% of cases are as a consequence of primary infection or reinfection. Although reac-
tivation TB classically involves the upper lobes of the lung (apical and posterior
segments), several studies have shown that many elderly TB patients manifest their
pulmonary infection in either middle or lower lung lobes (14). Thus, clinicians should
exercise caution when interpreting radiographic diagnoses of TB in older patients be-
cause of the atypical location of the infection in the lung fields.

Sputum examination for Mtb by smear and culture is indicated in all patients with
pulmonary symptoms and/or have radiographic changes compatible with TB and who
have not been treated with anti-TB therapy. Elderly persons unable to expectorate spu-
tum should be considered for a more aggressive diagnostic intervention. Flexible
fiberoptic bronchoscopy to obtain bronchial washings and bronchial biopsy is a fea-
sible and valuable option to diagnose TB in persons aged 65 years and older (9).

For suspected pulmonary TB, three fresh consecutive morning sputum specimens
are recommended for routine mycobacteriologic studies that include an initial smear
and culture for Mtb (28). There are two basic acid-fast staining techniques: carbolfuch-
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sin and fluorochrome. Both the Ziehl–Neelson (heating) and Kinyoun (phenol) meth-
ods utilize carbolfuchsin and stain the organism red against a blue or green counter-
stain (e.g., methylene blue). Auramine–rhodamine dye applies the fluorochrome
method in which the mycobacterial cells appear golden-yellow against a dark back-
ground. Routine mycobacterial culture methods, e.g., Lowenstein–Jensen (L-J) me-
dium, that require up to 6 wk for the growth of Mtb have been replaced by more rapid
techniques that utilize radiometric systems, specific DNA probes and the polymerase
chain reaction (PCR) (29). At the National Jewish Center for Immunology and Respi-
ratory Diseases in Denver, CO, four types of mycobacterial culture media are used: (1)
7H12 broth for radiometric detection of growth in the BACTEC TB 460 system. The
growth of Mtb in this medium can be detected in 1–2 wk. (2) Inoculation of
Middlebrook-Cohn 7H10 or 7H11 agar provides the opportunity to examine colonial
morphology and detect mixed cultures if the specimen contains more than one species.
(3) 7H11 selective media containing antibiotics to inhibit growth of nonmycobacterial
contaminants can also be inoculated. (4) Inoculation on the egg-based L-J slant serves
as a backup for rare Mtb isolates that may not grow on the other three media.

Nucleic acid amplification (NAA) tests such as PCR and other methods for amplify-
ing DNA and RNA may facilitate rapid detection of Mtb. An NAA test for Mtb com-
plex (Amplified Mtb Direct Test or MTD [Gen-Probe, San Diego, CA] was recently
approved by the Food and Drug Administration for use on processed clinical speci-
mens in conjunction with culture for respiratory specimens that are positive on smear
(29). The MTD test uses transcription-mediated amplification to detect Mtb-complex
ribosomal RNA; based on the product label, the test sensitivity in clinical trials was
95.6%, and the specificity was 100%. Several other NAA tests are under commercial
development, including the Roche Amplicor test, a PCR test that amplifies myco-
bacterial DNA.

The rapid diagnosis of TB is especially important in the high-risk elderly popula-
tion, as well as HIV-infected persons and patients with MDR-TB. Novel developments
in mycobacteriology laboratory technology can be divided into three major groups—
automated systems for isolation of mycobacteria in liquid media, application of the
same system for rapid drug susceptibility testing, and development of new amplifica-
tion methods for mycobacterial speciation and detection of drug resistance.

Histological examination of tissue from various sites such as the liver, lymph nodes,
bone marrow, pleura or synovium that show the characteristic tissue reaction (caseous
necrosis with granuloma formation) is also useful for the diagnosis of TB disease.6.

TREATMENT AND PREVENTION

The CDC in conjunction with the American Thoracic Society in 1994 modified its
TB treatment recommendations because of the rise of MDR-TB cases (see Table 1)
(30). However, the CDC also recommends that if the frequency of isoniazid resistance
is 4% or less in a given community or if the population in question has a low risk for
drug resistance, the empiric four-drug regimen is not necessary. Although there has
been much concern over the emergence of drug-resistant isolates of Mtb and the com-
plex issue of TB in HIV-infected persons, the vast majority of cases of TB in the eld-
erly in the U.S. is fortunately caused by drug-sensitive strains of Mtb. TB in older
persons is an easily treatable and preventable infection and a highly curable disease. As
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evidenced by several studies most cases of active TB in the elderly result from reacti-
vation of a latent infection. These individuals presumably acquired the infecting organ-
ism during the time prior to the availability of effective antituberculous chemotherapy.
Hence, unless the older patient is from a country with a high prevalence of drug-resis-
tant Mtb, had previously been inadequately treated with Mtb chemotherapy, or had
acquired the infection from a known MDR-TB contact, the overwhelming number of
TB cases in the elderly will be highly susceptible to isoniazid and rifampin. Hence,
once TB is suspected, appropriate diagnostic tools have been utilized, and reasonable
caution exercised to ensure low probability of Mtb drug resistance, antituberculous
chemotherapy with standard doses of isoniazid (300 mg/d) and rifampin (600 mg/d)
can be instituted (10). An effective alternative for older patients is a regimen com-
mencing with isoniazid (300 mg/d), rifampin (600 mg/d), and pyrazinamide (30 mg/
kg/d up to 2 g) for 2 mo, followed by 4 mo of isoniazid and rifampin. This 6-mo
regimen is sufficient for disease at any site, with the exception of tuberculous meningi-
tis, for which treatment with isoniazid and rifampin should be continued for one full yr.
Some authorities also recommend that miliary and bone and joint disease be treated for
one full year. Although the more intensive, shorter duration, antituberculous drug regi-

Table 1
Treatment Regimens and Tuberculosisa

Drugs Frequency

Option 1
Isoniazid, rifampin, Daily
pyrazinamide and
ethambutol
or streptomycin for 8 wkb

followed by
isoniazid and rifampin for Daily or 2–3 times weeklyc

16 wk (for susceptible strains)

Option 2
Isoniazid, rifampin, Daily
pyrazinamide and
ethambutol
or streptomycinb for 2 weeks
followed by the same drugs for 6 weeksb Twice weeklyc

then isoniazid and rifampin Twice weeklyc

for 16 wk

Option 3
Isoniazid, Three times weeklyc

rifampin, pyrazinamide and
ethambutol or
streptomycin for
24 wkb

a From Refs. 30 and 31.
b In areas where primary isoniazid resistance is less than 4%, omit fourth drug; streptomy-

cin is not recommended for the elderly.
c Intermittent dosing should be directly observed.
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mens can generally minimize treatment non compliance and development of drug re-
sistance, particularly when administered by directly observed therapy (DOT), the po-
tential for drug toxicity limits its use in older patients.

Elderly persons are at greater risk for hepatic toxicity from isoniazid; however, this
risk is relatively low in frequency and mild in severity. It is recommended that clinical
assessments as well as baseline liver function tests be performed prior to the initiation
of isoniazid and rifampin (and pyrazinamide) therapy to older persons; periodic labora-
tory monitoring seems a prudent practice particularly in the frail old who may not be
able to communicate warning symptoms of drug toxicities. A rise in the serum ami-
notransferase (SGOT) level to five times above normal or clinical evidence of hepatitis
necessitates the prompt discontinuation of isoniazid (as well as other hepatotoxic
drugs); these drugs may subsequently be resumed at lower doses and gradually in-
creased to full doses as tolerated. Relapse with drug rechallenge will require trial of an
alternative regimen.

Heightened awareness of MDR-TB has prompted public health agencies to institute
strict TB identification, isolation, treatment, and prevention guidelines (31). The TB
infection control program in most acute care as well as long-term care facilities should
consist of three types of control measures: administrative actions (i.e., prompt detec-
tion of suspected cases, isolation of infectious patients, and rapid institution of appro-
priate treatment), engineering controls (negative-pressure ventilation rooms, high
efficiency particulate air [HEPA] filtration, and ultraviolet germicidal irradiation, and
personal respiratory protection requirements (masks). While instituting such infection
control measures in elderly TB patients, clinicians should be cognizant of the presence
of concomitant chronic conditions and functional disabilities that often require more
assistance and care, as well as the importance of minimizing prolonged isolation or
physical incarceration.

Treatment of TB infection (previously referred to as prophylaxis) with isoniazid
(300 mg/d) for a minimum of 6 mo is currently recommended for older persons in-
fected with Mtb (as evidenced by a positive tuberculin test) and associated high-risk
conditions, as well as persons with tuberculin skin test conversions (see Table 2) (31).
A 12-mo regimen of isoniazid is recommended for persons with chest radiographic
evidence of prior untreated TB infection and in persons coinfected with HIV.

Tuberculin skin testing is recommended using the two-step technique for all older
persons admitted to nursing homes; comprehensive geriatric assessment and complete
physical examination of the elderly should also ideally incorporate tuberculin screen-
ing in their protocol. For health care professionals, staff, and administrators of facili-
ties providing care to the elderly, the following is a brief summary of the Advisory
Committee for Elimination of TB’s published recommendations (32).

6.1. Surveillance
1. All new residents on admission and all employees should receive a two-step tuberculin

test.
2. All persons with a tuberculin skin test reaction of 10 mm or more of induration should

receive a chest radiograph to identify current or past tuberculous disease.
3. Skin-test-negative employees or volunteers having contact (of 10 or more hours per week)

with patients should periodically have repeat skin tests, the frequency depending on the
risk of tuberculous infection at that facility.
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4. Repeat skin tests should be performed for tuberculin-negative persons after any suspected
exposure to a documented case of active TB.

5. Staff and patients with TB infection or disease should be assessed for HIV infection.

6.2. Containment

Persons with confirmed or suspected infectious TB do not require isolation precau-
tions providing the following conditions are met:

1. Chemotherapy is begun promptly at the time of confirmation or suspicion of diagnosis.
2. Current and recent contacts are evaluated and given appropriate therapy.
3. New contacts can be prevented for a 1-2 wk period.

In the event that these conditions cannot be fulfilled, and in case of homelessness,
suspected or known history of noncompliance, MDR-TB, and illicit drug use, the local
health department (that should be informed of all suspected or proven TB cases) facili-
tates methods to achieve appropriate respiratory isolation.
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1. EPIDEMIOLOGY AND CLINICAL RELEVANCE

Infective endocarditis is an infection of the heart valves or the endothelium of the
heart with any of a variety of bacteria, fungi, rickettsiae, or other agents. Infective
endocarditis has a worldwide distribution with 10,000–20,000 new cases per year in
the United States (1). This disease has been known virtually since the beginning of the
history of internal medicine and was referred to in detail by Sir William Osler, who did
the writing concerning clinical criteria for its diagnosis (2). Because the vast majority
of infective endocarditis cases are caused by bacteria, the discussion will focus prima-
rily on bacterial endocarditis.

The entity bacterial endocarditis involves certain pathogens more frequently than
others. The major pathogens identified are the streptococci, and in particular the strep-
tococci with a green pattern of hemolysis (alpha hemolysis) known as viridans group
streptococci. Another very prominent pathogen in bacterial endocarditis is Staphylo-
coccus aureus and, in more recent years, S. epidermidis (3,4). There are some patho-
gens that are entirely unique to bacterial endocarditis and therefore the isolation of
these pathogens strongly reinforces the possibility that the diagnosis is infective en-
docarditis. These pathogens are referred to as HACEK organisms, which is an acronym
of their actual species names, described in Subheading 3. In addition to these patho-
gens, Gram-negative bacilli are capable of causing bacterial endocarditis, as are a vari-
ety of other organisms that are described in other reports (4–7).

In the development of infective endocarditis, there are many important sources. It is
possible for human beings to acquire infective endocarditis from virtually any source
of bacteremia, fungemia, or spread of other organisms within the blood. Bacteremia of
oral origin is particularly important and has been of growing importance in the elderly
in the 1990s (8). In addition, the organisms of oral origin, which include oral strepto-
cocci, are often particularly well-adapted to infect cardiac valves (9). The adaptation of
these oral organisms to produce such problems may be evolving. Streptococci are the
predominant organism in infective endocarditis in many studies (3–5). In addition, it is
possible to develop infective endocarditis from invasion of the skin by S. aureus and S.
epidermidis. These organisms are a very prominent source of infective endocarditis in
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the elderly and, indeed, in all age groups (4). In addition, anything that disrupts the
integrity of the skin barrier can increase the risk of infective endocarditis. This includes
intravenous drug abuse, and many medical procedures that occur as part of hospitaliza-
tion. It is possible for infective endocarditis to develop also from urinary tract proce-
dures or gastrointestinal procedures with characteristic organisms, including
Gram-negative bacilli and enterococci (3).

In recent years, the frequent practice of replacing natural (native) cardiac valves
with prosthetic valves has resulted in an ever-growing new group of people at special
risk for infective endocarditis. Prosthetic valves have a high propensity to become
infected with S. epidermidis or enterococci. An increasing proportion of the elderly
possess a prosthetic heart valve and therefore are at special risk from enterococcal or
S. epidermidis endocarditis (4). (See also Chapter 17.)

Of relevance to the elderly, therefore, are the following major risk factors and sources
of infective endocarditis: (1) dental procedures as more elderly retain their teeth; (2)
breaks in skin integrity associated with intravenous therapy or hospital procedures; (3)
a variety of other in-hospital procedures including gastrointestinal or urologic proce-
dures; (4) the increased number of older people possessing a prosthetic heart valve
versus a native heart valve; and (5) increased survival of persons possessing old valvu-
lar damage or congenital valve disease (4).

2. CLINICAL MANIFESTATIONS

Infective endocarditis, as it presents in the elderly population, can be extremely
diverse in its clinical manifestations. Although initially these clinical manifestations
can be extremely minimal or absent and seemingly unimportant, the physician must
constantly be on the alert or infective endocarditis will elude diagnosis. The difficulty
of diagnosis of infective endocarditis in the elderly has been noted many times before
(4). The elderly patient may have nonspecific symptoms such as lethargy, nausea, or
vertigo. The older patient may lack fever, leading the physician away from an infec-
tious diagnosis. Diagnostic findings for infective endocarditis may include all of the
following: (1) the patient may have had a predisposing heart condition; (2) the patient
may or may not have had a fever greater than 38°C (100.4°F); (3) although rare in the
elderly, there may be a history of intravenous drug abuse; (4) the patient may have any
of a variety of vascular phenomena of infective endocarditis, which are actually much
less common in recent years, such as Janeway lesions or Osler’s nodes; (5) there may
be Roth spots in the eyes; (6) there may be septic infarcts at any of a variety of other
locations in the body including the spleen or the extremities; (7) there may be embolic
aneurysms developing in the brain or at other locations in the vasculature or stroke may
be a manifestation, one of the most important and most frequently overlooked clinical
findings; (8) there may be glomerulonephritis; (9) the blood cultures may be positive
multiple times or only a single time for the organism responsible; and (10) in recent
years it has been possible to perform echocardiography, which has become an impor-
tant part of the diagnostic process and criteria.

3. DIAGNOSTIC TESTS
As a result of these multiple clinical manifestations of infective endocarditis, a vari-

ety of criteria for the diagnosis have come to be recognized. An important consider-
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ation is the nature of the blood cultures. Blood cultures may be positive a single time,
or positive twice; usually they are positive more than twice, indeed three, four, or five
times for the causative organism. Clinical criteria for infective endocarditis have, there-
fore, recognized the importance of intermittently positive blood cultures or persistently
positive blood cultures. In addition, the presence of the viridans streptococci, the
HACEK organisms (Haemophilus spp., Actinobacillus actinomycetemcomitans,
Cardiobacterium hominis, Eikenella spp., and Kingella kingae) or other characteristic
endocarditis organisms, is important in the interpretation of the blood cultures. The
HACEK group of organisms often grow slowly in culture, and it is thus important to
retain and examine these cultures for at least 1 wk.

In the interpretation of the echocardiography results, transesophageal
echocardiography (TEE) provides the strongest evidence now and is superior to trans-
thoracic echocardiography (TTE) in supporting the diagnosis of infective endocarditis.
There now are criteria based on echocardiography that establish how suspicious for
endocarditis the findings are (10). The strongest findings on echocardiography are: (1)
an oscillating mass in the path of a blood jet, (2) evidence of an abscess present in the
endocardium, and (3) the new dehiscence of a valve, in particular a prosthetic valve.
Thus, the final diagnostic criteria for infective endocarditis is new valvular regurgita-
tion with evidence of damage to the valve by the infection (1,10).

There are many occult cases of infective endocarditis in which the clinical circum-
stances should raise the possibility of this infection despite the presence of perhaps
only one or two clinical manifestations. The most important consideration in infective
endocarditis is to suspect the diagnosis. There is at times a need to diagnose this illness
in the absence of appropriate clinical stigmata. In the 1990s, there has been further
evolution of infective endocarditis criteria in a very vital direction.

In the early years of infective endocarditis, the criteria were based on the astute
clinical observations of Sir William Osler (2). In the 1980s, a set of criteria developed
by von Reyn were of paramount importance and these are shown in Table 1 (11) as
detailed by Bayer and co-workers (1). However, the von Reyn criteria were hampered
in the 1980s by the lack of inclusion of echocardiographic data (11). This omission was
corrected by the Duke criteria developed and pioneered by the Duke endocarditis team
(10). These important criteria, which have come into common use in the 1990s, are
detailed in Tables 2 and 3 (1). The improved diagnostic accuracy of the Duke criteria to
the von Reyn criteria is dependent upon inclusion of echocardiography and the superior-
ity of TEE to the earlier TTE. In the 1990s it was shown that the TTE is clearly inferior to
the TEE in delineating the cardiac valves, and, in particular, prosthetic cardiac valves
(12,13). Further developments of TEE include multiplane studies and color studies, which
also may be of great use in clarifying infective endocarditis. A recent study has shown
that 80% of vegetations on prosthetic valves can be demonstrated by TEE (12). More-
over, studies continue to show that the elderly greatly benefit from this superiority of
TEE and that diagnosis in the elderly is greatly helped by the Duke criteria (1,12).

Despite these developments in diagnosis, there is no substitute for great care in pur-
suing all aspects of infective endocarditis diagnosis, including the very careful exami-
nation of the patient for various stigmata, regular monitoring for fever, auscultation for
new or changing murmurs, attention to new echocardiographic results, and monitoring
blood culture results. Even with the current advances, there still is a delay in diagnosis
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of infective endocarditis in the hospital, which ranges between 14 d and 30 d in various
studies (4,12).

4. TREATMENT

4.1. General Recommendations

Therapy of infective endocarditis has been evolving over all the years of its recogni-
tion and should be guided by the organism involved. The streptococci are the easiest
organisms to eradicate in bacterial endocarditis, but there still is a 100% mortality in
patients who are not treated for this organism. In the case of streptococci, there are

Table 1
Criteria for infective endocarditis

Definite Direct evidence of infective endocarditis based on
histology from surgery or autopsy, or on bacteriol-
ogy (Gram’s stain or culture) of valvular vegetation
or peripheral embolus.

Probable Persistently positive blood culturesa plus one of the
following:

1. New regurgitant murmur
2. Predisposing heart diseaseb and vascular

phenomenac

Negative or intermittently positive blood culturesd

plus all of the following:
1. Fever
2. New regurgitant murmur
3. Vascular phenomena

Possible Persistently positive blood cultures plus one of the
following:

1. Predisposing heart disease
2. Vascular phenomena

Negative or intermittently positive blood cultures
with all of the following:

1. Fever
2. Predisposing heart disease
3. Vascular phenomena

For viridans streptococcal cases only: at least
two positive blood cultures without
an extracardiac source and fever.

a At least two blood cultures obtained, with two of two positive, three of three positive, or at least 70%
of cultures positive if four or more cultures are obtained.

b Definite valvular or congenital heart disease, or a cardiac prosthesis (excluding  permanent pacemakers).
c Petechiae, splinter hemorrhages, conjunctival hemorrhages, Roth’s spots, Osler’s  nodes, Janeway

lesions, aseptic meningitis, glomerulonephritis, and pulmonary,  central nervous system, coronary or
peripheral emboli.

d Any rate of blood culture positivity that does not meet the definition of persistently positive.
  Adapted from ref. (11) with permission.
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unique therapeutic regimens because they are more easily killed than other organisms
and on most occasions can be treated simply with penicillin intravenously for 2 wk.
Another situation where there may be a special regimen in many cases is the HACEK
organisms (14). These pathogens are more difficult to eradicate and thus a 4–6 wk
antibiotic regimen of intravenous therapy is usually recommended.

Staphylococcal endocarditis (S. aureus and S. epidermidis) can present the clinician
with some special problems, especially the risk of embolization and resistance to 
lactam drugs. Many intravenous antibiotics may be chosen to treat staphylococcal en-
docarditis, including nafcillin, oxacillin, cefazolin, and vancomycin ( -lactam-resis-
tant strains). Often, two or more antibiotics are used for a synergistic effect; generally
an aminoglycoside and/or rifampin are added to a -lactam or vancomycin. In many
cases, the 6-wk duration of treatment is considered to be much safer than a 4-week
duration especially if the aortic valve is involved, a prosthetic valve is infected, the
organism is relatively resistant to antibiotics (e.g., Gram-negative bacilli, fungi), or the
patient suffered complications of infective endocarditis (e.g., emboli, heart failure) (15).

Each bacterial species in infective endocarditis therapy can be expected to respond
best according to its specific antibiotic sensitivities. Ample references and reviews are
available to guide the clinician in selecting appropriate drugs (3–7,14). It should be
noted that the antibiotic sensitivity data for Enterococcus spp. may not correlate with
clinical outcome; thus, high-dose ampicillin plus an aminoglycoside has been recom-

Table 2
Proposed New Criteria for Diagnosis of Infective Endocarditis

Definite infective endocarditis Pathologic criteria:
Microorganisms: demonstrated by culture or histol-
ogy in a vegetation,or in a vegetation that has
embolized, or in an intracardiac abscess, or
Pathologic lesions: vegetation or intracardiac
abscess present, confirmed by histology showing
active endocarditis
Clinical criteria, using specific definitions listed in
Table 3:
2 major criteria, or
1 major and 3 minor criteria, or
5 minor criteria

Possible infective endocarditis Findings consistent with infective endocarditis that
fall short of “Definite,” but not “rejected”

Rejected Firm alternate diagnosis for manifestations of
endocarditis, or
Resolution of manifestations of endocarditis, with
antibiotic therapy for 4 days or less, or
No pathologic evidence of infective endocarditis at
surgery or autopsy, after antibiotic therapy for 4 d
or less
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Table 3
Definitions of terminology used in the proposed new criteria

Major Criteria
Positive blood culture for infective endocarditis
Typical microorganism for infective endocarditis from two separate blood
cultures
Viridans streptococci,* Streptococcus bovis, HACEK group, or Commu-

nity-acquired Staphylococcus aureus or enterococci, in the absence of a
primary focus.

OR

Persistently positive blood culture, defined as recovery of a microorganism
consistent with infective endocarditis from:

1. Blood cultures drawn more than 12 hours apart, or
2. All of three or a majority of four or more separate blood cultures,
with first and last drawn at least 1 hour apart

Evidence of endocardial involvement
Positive echocardiogram for infective endocarditis

1. Oscillating intracardiac mass, on valve or supporting structures, or in the
path of regurgitant jets, or on implanted material, in the absence of an
alternative anatomic explanation, or

2. Abscess, or
3. New partial dehiscence of prosthetic valve.

84
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OR

New valvular regurgitation (increase or change in pre-existing murmur
not sufficient)

Minor Criteria Predisposition: predisposing heart condition or intravenous drug use
Fever: > 38.0ºC (100.4ºF)
Vascular phenomena: major arterial emboli, septic pulmonary infarcts,

mycotic aneurysm, intracranial hemorrhage, conjunctival hemorrhages,
Janeway lesions

Immunologic phenomena: glomenulonephritis, Osler’s nodes, Roth spots,
rheumatoid factor

Microbiologic evidence: positive blood culture but not meeting major crite
rion as noted previously† or serologic evidence of active infection with
organism consistent with infective endocarditis

Echocardiogram: consistent with infective endocarditis but not meeting
major criterion as noted previously

HACEK = Haemophilus spp., Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella spp., and Kingella kingae
*Including nutritional variant strains
†Excluding single positive cultures for coagulase-negative staphylococci and organisms that do not cause endocarditis

85
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mended. In some instances vancomycin is preferred over ampicillin (plus an
aminoglycoside) (15). Care should be taken to use bactericidal antibiotic therapy when
available. Antibiotic levels in the patient’s serum should exceed the minimum bacteri-
cidal concentration for the particular causative agent.

4.2. Empiric Therapy

In older patients with suspected infective endocarditis and who are clinically stable
with no complications, antimicrobial therapy can be withheld until a specific pathogen
is identified (48 h). Antibiotics should be initiated empirically in suspected cases of
infective endocarditis with the following conditions: (1) hypotension or sepsis, (2) new
regurgitant murmur, (3) congestive heart failure, (4) embolic events, or (5) aortic valve
involvement (15). However, if the index of suspicion for infective endocarditis is high,
empiric treatment may be started and then therapy adjusted after culture and sensitivity
data return. Appropriate empiric regimens include ampicillin (or penicillin G), nafcillin
(or oxacillin) and an aminoglycoside. Vancomycin may be substituted for patients with
penicillin allergy. For prosthetic valve endocarditis, treatment can be empirically begun
with vancomycin and an aminoglycoside with or without rifampin. The latter regimen
may also be useful for “culture-negative” endocarditis (negative blood cultures off anti-
biotics). Careful monitoring for drug toxicity, especially with aminoglycosides and
vancomycin, is essential in the elderly.

4.3. Indications for Surgery

It is important during the therapy of infective endocarditis to always be alert for the
possible indications for surgery. Cardiac surgery to remove and replace a diseased valve
is often absolutely necessary. A higher mortality will result if surgery is delayed, and
especially if cardiac complications (e.g., heart failure) are present. The findings that
would usually indicate that surgery is necessary include, the development of new-onset
or worsening heart failure; the development of an audible new murmur on therapy,
especially a regurgitant lesion, and onset of large numbers of emboli, and, in particular,
emboli to crucial organs (12). Another possible indication for surgery would be a
mobile large vegetation seen on TEE or TTE. This is an area of continued debate, but
with the availability of TEE, it seems that this may become a more common indication
for surgery, in particularly in the elderly because of the severe sequelae that result from
embolization in elderly patients (4,12).

4.4. Embolic Complications

When assessing an ongoing infective endocarditis case, one of the most important
things to consider is the risk of embolization (16). In native valves, some of the risks
associated with embolization include double valve endocarditis, mitral valve endocardi-
tis, and certain organisms (e.g., fungi, staphylococci). It is also worth noting that about
50% of all embolic events still occur before the admission of the patient or before the
patient’s diagnosis is reached. One of the features that appears to decrease the risk of
embolization is aspirin therapy (17). Whether other forms of anticoagulation also
decrease the risk of embolization is not yet established. Emboli may create a need for
further surgery, for instance, splenectomy or drainage of a paraspinous abscess, or
resection of a mycotic aneurysm (4). Because of the risk of embolization in the elderly,
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which produces many adverse later effects, all measures that could decrease the risk of
embolization should be considered.

5. PREVENTION OF ENDOCARDITIS

In the area of prevention, there is a very extensive literature and a continuing evalu-
ation of the necessity of prophylaxis against infective endocarditis in patients with
various valvular or endocardial lesions. Tables 4 and 5 show the latest American Heart
Association guidelines for prophylaxis of infective endocarditis (18). Note that post-
procedure antibiotics are no longer recommended. These prophylaxis guidelines are not
meant to apply to all oral-dental procedures but to procedures that are likely to lead to
bleeding and bacteremia, such as extraction or scaling and root planing. In the area of
urological and gastrointestinal procedures, high risk for bacteremia is also the concern.

Prophylaxis is complex and much debated because of the concerns of the larger dental
and medical community about the possible adverse effects of the use of antibiotics in
their outpatients and the use of antibiotics before various procedures. The research un-

Table 4
Infective Endocarditis Chemoprophylaxis
for Oral and Respiratory Tract Procedures

Standard regimena

Amoxicillin, 3 g orally, given 1 h before procedure.
For penicillin-allergic patients, give erythromycin ethylsuccinate 800 mg or

erythromycin stearate 1 g orally 2 h before procedure.

Alternative regimens
Ampicillin 2 g intravenously or intramuscularly 30 min before procedure.
Clindamycin 300 mg intravenously 30 min before procedure.
Vancomycin 1 g intravenously infused over 60 min, beginning 1 h before procedure.

No repeat dose necessary.

aIncludes prosthetic heart valves and high-risk patients. Notice that postprocedure doses are eliminated.

Table 5
Infective Endocarditis Chemoprophylaxis
for Gastrointestinal and Genitourinary Procedures

Ampicillin 2 g intravenously or intramuscularly and gentamicina 1.5 mg/kg (not to
exceed 80 mg) intravenously or intramuscularly 30 min before the procedure (adjust
dose and interval for gentamicin in patients with renal dysfunction). (Amoxicillin 1.5 g
orally 6 h after initial dose may replace parenteral ampicillin.)b

In penicillin-allergic patients, ampicillin is replaced by vancomycin 1 g intravenously
(infused over 60 min) before procedure (or adjusted for renal dysfunction).
Gentamicina is administered as previously described.b

aEquivalent aminoglycoside may be substituted.
bNotice that post-procedure doses are eliminated.
Data from ref. (24).
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derpinnings of the need for prophylaxis are not complete. It appears that prophylaxis is
very clearly indicated in the prosthetic valve patient (19). However, the effectiveness of
the prophylaxis given (antibiotics) may not entirely be related to killing of the microor-
ganisms by the antibiotic. There may be effects on organism adherence. Microorganisms
that are causing bacteremia must adhere to the native or prosthetic valve and form a
colony there in order to cause infective endocarditis. There are very complex mecha-
nisms by which organisms adhere to native or prosthetic valves (20).

Because it would be unethical to return to a situation of zero prophylaxis, it may be
impossible to complete our knowledge about the necessity of prophylaxis once and for
all. It would not be ethical to have the no-therapy arms of the study, which would be
necessary for such a determination.

It is possible, due to the changes in oral flora that are present in the elderly, that
prophylaxis needs may change in the future. For instance, the overwhelming presence
of streptococci in the mouths of many people may change to other organisms as they
age (21). The new predominant oral organism after antibiotics, dentures, or implanta-
tions may be S. aureus, lactobacilli, yeast, or still other organisms (21).

There also may be increased prophylaxis required for the elderly for a variety of in-
hospital procedures. As much as possible, we should base prophylaxis on the true rates
of bacteremia in the elderly who undergo various in-hospital procedures. However, the
study of such rates of bacteremia is difficult. Bacteremia with some oral procedures
has been carefully studied (22). Often it is necessary to proceed with prophylaxis in the
absence of full knowledge about risks. The risk of reaction to the antibiotic given in
prophylaxis is usually low compared with the risk of bacteremia and infective en-
docarditis resulting from the procedure. Ongoing studies and evaluation of the various
needs for prophylaxis need to continue.

The overall prevention of infective endocarditis still depends not only on prophylac-
tic antibiotics or other measures but on care to avoid unnecessary bacteremia in the
elderly. Bacteremia from dental procedures and oral diseases can ultimately be pre-
vented only by good dental and oral care, usually initiated by the patients themselves.
Good dental care and self-care are probably associated with a lower risk of bacteremia
due to dental sources (22). In addition, ignored skin problems are a frequent source of
bacteremia in the elderly, which can only be avoided by the person’s own careful care
of their skin and attention to periodic skin infections such as boils, which will arise
throughout the person’s life. In a recent review, Kjerulf and colleagues have pointed
out the need not only for earlier detection of infective endocarditis and earlier antibi-
otic therapy, but the need for educating patients who already have cardiac disease or
cardiac valve prostheses (23). The patient’s own vigilance for reducing the risk of in-
fective endocarditis or for being aware of the early symptoms and signs of this infec-
tion may become one of the patient’s best protective mechanisms. In addition, there is
need to develop further early diagnostic tests that are able to detect the presence of
infective endocarditis (23). Overall, it is to be expected that infective endocarditis will
become an ever more important infection in the elderly. The older patient will continue
to benefit from the astute clinician’s attention to the clinical manifestations, to
the latest diagnostic tests and criteria, to ongoing improvements in therapy, and to the
prevention of infective endocarditis.
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Intraabdominal Infections

Brian Scott Campbell and Samuel E. Wilson

Intraabdominal infections are becoming more common in the geriatric patient, which
is the fastest-growing segment of the population in North America. Due to varied and
sometimes masked manifestations of illnesses in this population, the diagnosis of an
intraabdominal infection may be challenging. The causes and incidence of
intraabdominal infections are different in older patients when compared with younger
patients. In older adults cholecystitis, diverticulitis, and intestinal obstruction, perfora-
tion, and ischemia are more common (see Table 1). Different or atypical presentations
of these disorders may lead to delays in the diagnosis of abdominal complaints in eld-
erly patients. Lack of fevers and leukocytosis are common in older patients with
intraabdominal infections (1). Furthermore, mental confusion or dementia, as well as
coexisting illnesses, may confound and complicate the history and physical examina-
tion. Despite these difficulties the diagnosis of intraabdominal infections in the elderly
should not be delayed because this leads to higher morbidity and mortality.

1. DIVERTICULITIS AND DIVERTICULOSIS
1.1. Epidemiology and Clinical Relevance

In 20th century Western civilization, diverticula of the colon is becoming increas-
ingly prevalent in older patients. This disorder is associated with increasing age and
low-fiber diets favored in North America. Colonic diverticula are herniations of mu-
cosa and submucosa through the circular muscle of the bowel wall. These are “false”
diverticula because only two of the three layers of the intestine are represented in the
wall; the lack of a muscularis portion makes these more susceptable to perforation. The
prevalence of diverticular disease in Western countries ranges between 35 and 50%
(2). In the elderly the prevalence increases dramatically—from 5% at age 40 to as high
as 65% at age 65 (3). Only about 10–25% of persons with colonic diverticulosis will
develop symptomatic diverticulitis (4). Although colon carcinoma is the most common
source of gastrointestinal blood loss, diverticulosis, especially right-sided lesions, may
cause massive lower gastrointestinal bleeding in the elderly.

The inflammation of one or more diverticula of the colon is termed diverticulitis.
The severity of this process ranges from a localized inflammation to free perforation
and peritonitis. The sigmoid colon is involved in 90% of diverticulitis (5). Right-sided
diverticulitis represents only 5% of cases; however, it can have presenting symptoms
and signs indistinguishable from appendicitis, and this should be included in the differ-
ential diagnosis when evaluating patients with right lower-quadrant pain.
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1.2. Clinical Manifestations
Acute diverticulitis has a similar presentation to acute appendicitis; however, it usu-

ally presents in the left lower quadrant. Gradual onset of pain, described as a dull ache,
which is steady or colicky in nature, can be variable in location due to redundancy in
the sigmoid colon. This may lead to suprapubic, generalized lower-quadrant pain and/
or right lower-quadrant pain. Defecation may exacerbate the pain, but constipation is
the rule. Anorexia and nausea are common, but vomiting is a rare complaint. In the
elderly suprapubic pain and dysuria may be a sign of diverticulitis and should not nec-
essarily be assumed to be cystitis. Physical findings consist of a low-grade fever, mild
abdominal distention, left lower-quadrant tenderness, palpable mass, and/or leukocy-
tosis. Rectal examination may elicit tenderness, and in 25% of patients guaiac (blood)-
positive stools may be found. Bowel sounds are usually present.

1.3. Diagnostic Tests
Acute abdominal radiographic series may show nonspecific findings of ileus or

obstruction, free air in the bladder indicating colovesicular fistulae, soft-tissue mass in
left lower quadrant, and/or pneumoperitoneum from free perforation. The initial radio-
graphic study of choice is abdominal computed tomographic (CT) scan with water-
soluble contrast. This imaging study is 93% sensitive and 100% specific for
diverticulitis. In identification of complications of diverticulosis, a CT scan is superior
to barium enema, which was formerly the study of choice. Findings on CT scan include
inflammation of pericolonic fat, single or multiple diverticula, thickened bowel wall to
4 mm, and/or peridiverticular abscess. Barium enema and lower endoscopy should be
avoided during the acute attack due to possible leakage of barium into the peritoneal
cavity, and the risk of perforation from high pressure.

1.4. Treatment
The initial treatment of uncomplicated acute diverticulitis is conservative medical

therapy. This consists of bowel rest, intravenous fluid hydration, and antibiotics that
are active against normal gut flora (aerobic and anaerobic bacteria). Once resolution of
the inflammatory process is appreciated, oral feeding may slowly be advanced. The

Table 1
Rates of Disease in 2406 Patients >50 Yr Old and 6317 Patients <50 Yr Old
Presenting with Acute Abdominal Pain from the OMGE Series

Disease Patients <50 yr old (%) Patients >50 yr old (%)

Nonspecific abdominal pain 39.5 15.7
Appendicitis 32.0 15.2
Cholecystitis 6.3 20.9
Obstruction 2.5 12.3
Pancreatitis 1.6 7.3
Diverticular disease <0.1 5.5
Cancer <0.1 4.1
Hernia <0.1 3.1
Vascular <0.1 2.3

OMGE = Organisation Mondiale de Gastroenterologie. From ref. (26).
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patient should also be started on a high-fiber diet. The patient will need to be evaluated
with colonoscopy and/or barium enema several weeks after the resolution of the attack.
Patients who fail to respond within 24–48 h may need urgent surgical intervention. A
diverticular abscess can be temporarily drained by CT guidance for stabilization prior
to definitive surgical treatment.

Surgical treatment of complicated diverticulitis, such as peritonitis, abscess, obstruc-
tion, or fistula is mandatory. Patients with recurrent diverticulitis or a first episode of
acute diverticulitis before the age of 50 yr are at high risk and should undergo elective
resection after resolution the disease.

2. CHOLECYSTITIS
2.1. Epidemiology and Clinical Relevance

The most common cause for surgical intraabdominal infections in the elderly is acute
cholecystitis, and the number of cholecystectomies in the elderly is increasing (6). The
incidence of this disease is higher in the female. However, the female-to-male ratio
lowers from 3:1 in younger adults to 1.5:1 in patients older than 50. Cholelithiasis
accounts for 95% of acute cholecystitis, with the other 5% termed acalculous cholecys-
titis. The incidence of cholelithiasis increases with age, ranging from 25–40% for those
in their sixties to over 50% in those 70 yr and older (7). Acute cholecystitis appears to
be caused by obstruction of the cystic duct by an impacted stone. The sequelae of this
may be simple acute cholecystitis, gangrenous cholecystitis, perforation of the gall-
bladder with possible bile peritonitis, or cholecystoenteric fistula. If a cholecystoenteric
fistula is found in the presence of small bowel obstruction, the possibility of a gallstone
lodged in the distal ileum should be considered.

2.2. Clinical Manifestations
In the elderly, biliary disease should be considered foremost in the differential diag-

nosis of the physician when eliciting the history of upper abdominal pain. The pain
may be steady and persistent in the right subcostal, epigastric region or both. Often the
pain may develop after ingestion of a meal. Radiation of this pain may be to the back or
to the tip of the right scapula. Also, irritation of the diaphragm may cause right shoul-
der pain. Nausea and vomiting are common in about 65% of patients. Fever, which is
found in 80% of all acute cholecystitis patients, may be absent in the elderly, especially
if they are taking nonsteroidal anti-inflammatory drugs. The physical examination
should elicit tenderness in the right upper quadrant, epigastrium, or both. A common
physical finding is inspiratory arrest during deep palpation of the right upper quadrant,
which is called Murphy’s sign. Rigidity, rebound tenderness, and/or a palpable mass
may be found as well. In 10% of patients with acute cholecystitis, jaundice can occur
due to bile pigments entering into the circulation from the damaged mucosa of the
gallbladder (8). Choledocholithiasis should always be suspected in the presence of jaun-
dice. This is because the incidence of common bile duct stones increases with age to
about 20% in the elderly patient with acute cholecystitis.

2.3. Diagnostic Tests
Laboratory studies may show increased leukocytosis, increase in serum bilirubin,

and/or an increase in serum amylase. Ultrasound examination of the right upper quad-
rant is highly sensitive, approximately 95%, in showing gallstones. Other findings of
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acute cholecystitis with ultrasonography are dilated and thickened gallbladder wall,
pericholecystic fluid, and or ultrasonographic Murphy’s sign. When the diagnosis is
still in question, a cholescintigraphic study using 99m-labeled derivative of
iminodiacetic acid (HIDA) may be used. In the presence of acute cholecystitis, the
gallbladder will not be seen. This indicates cystic duct obstruction. The HIDA scan is
100% sensitive and 95% specific for the diagnosis of acute cholecystitis (9).

2.4. Treatment

In the presence of symptomatic cholelithiasis, elective laparoscopic cholecystec-
tomy is associated with reduced morbidity and mortality when compared with emer-
gent surgery. Acute cholecystitis in the elderly is associated with a higher morbidity
when compared with the general population with the same disease. Emergent chole-
cystectomy is associated with a mortality rate of 10% in the elderly. Furthermore, the
conversion rate of laparoscopic cholecystectomy to open cholecystectomy can be as high
as 50% (10). In the majority of elderly patients, medical therapies for acute cholecystitis
will fail (11). Early cholecystectomy has a lower morbidity and mortality than medical
management with elective cholecystectomy (12). Intraoperative cholangiography is
encouraged in the elderly due to the increased risk of concomitant common bile duct
stones. In the unstable patient, cholecystostomy may be an immediate alternative to
emergent cholecystectomy. This may be performed through a limited incision under
local or general anesthesia, or by image-guided percutaneous catheter placement.

3. APPENDICITIS IN THE ELDERLY
3.1. Epidemiology and Clinical Relevance

Appendicitis in the elderly is associated with a higher mortality rate, approximately
10% in patients 70 and older, when compared with the general population (13,14).
Although the incidence is more common in the second and third decade of life, appen-
dicitis still accounts for 15% of all surgical emergencies in the elderly (15). Prompt
diagnosis, followed by definitive surgical treatment, reduces morbidity and mortality
in this age group.

The diagnosis of appendicitis may not be as simple as in the young adult and this
may delay treatment. The classic findings of nausea, vomiting, anorexia, fever, right
lower-quadrant pain, and leukocytosis may not all be found in the elderly patient. Fur-
thermore, the symptoms and signs of acute appendicitis are similar to other disease
processes common in the older patient, resulting in the delayed diagnosis of appendici-
tis (see Table 2). Physical examination will indicate tenderness to palpation, involun-
tary guarding, and/or rebound tenderness in the right lower quadrant, which are similar
in the younger patient. Typical physical findings in younger patients, which may not be
present in the elderly patient, are fever, leukocytosis, abdominal distention, psoas sign,
decreased bowel sounds, and/or rectal tenderness.

3.2. Diagnostic Tests
Radiographic studies can be used to help confirm the diagnosis of appendicitis or

exclude other causes of the patient’s symptoms. Plain radiographs are not sensitive or
specific; however, plain abdominal radiographs may show appendiceal fecaliths, gas
in the appendix, localized paralytic ileus, loss of right psoas shadow, and/or free air. It
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is more useful in excluding other illness common to the elderly. Ultrasonography can
be used in the evaluation of acute appendicitis and is associated with 85% sensitivity
and 92% specificity (16). The two primary criteria used for ultrasonic diagnosis of
appendicitis are noncompressible appendix with a diameter of 7 mm or greater or
appendicolithiasis. Findings of gas bubbles in the appendicial lumen, localized fluid
collection, and/or periappendiceal abscess are also suggestive of the diagnosis. CT scan
may also be used in the diagnosis of acute appendicitis. This study has a higher sensi-
tivity and similar specificity as ultrasonography. Presence of pericecal inflammation or
fluid collections are suggestive of appendicitis on CT scans.

3.3. Treatment

The treatment of acute appendicitis in the elderly is emergent appendectomy. This
should be undertaken within 24 h of symptoms because of the increased risk of per-
foration past this time frame. If the diagnosis is unclear, diagnostic laparoscopy may
be used in the elderly patient to avoid untimely delays in diagnosis (17,18). This
procedure can include laparoscopic appendectomy when the diagnosis is made intra-
operatively.

4. BOWEL OBSTRUCTION IN THE ELDERLY

Causes of bowel obstruction usually specific to the elderly include sigmoid volvu-
lus, Ogilvie’s Syndrome, colon carcinoma, and gallstone ileus. These conditions in the
elderly patient can lead to gangrene with resulting perforation.

4.1. Sigmoid Volvulus

Sigmoid volvulus is 20 times more likely in the patient age 60 yr and greater (19).
This age association may be due to acquired redundancy of the sigmoid colon. High-
residue diets are believed to be the causative factor in developing a redundant sigmoid
(20). Other factors associated with volvulus are Parkinson’s disease, dementia includ-
ing Alzheimer’s disease, bedridden state, and prior abdominal operations, all of which
increase in frequency in the elderly patient. Sigmoid volvulus usually presents as acute
onset of colicky abdominal pain, distention, and obstipation. When strangulation has

Table 2
Difference in Presentation of Acute Appendicitis in 366 Patients >50 Yr Old
and 1970 patients <50 Yr Old From the OMGE Series

Clinical feature Patients < 50 yr old (%) Patients > 50 yr old (%)

Generalized pain 2.2 13.1
Pain duration >24 h 57.2 75.4
Previous surgery 3.2 21.0
Distention 6.2 23.8
Generalized tenderness 2.1 14.2
Rigidity 18.9 40.1
Decreased bowel sounds 19.0 38.0
Mass 4.0 12.1

OMGE = Organisation Mondiale de Gastroenterologie. From ref. (26)



96 Campbell and Wilson

occurred, the patient can present with generalized abdominal pain, tenderness to palpa-
tion, fevers, leukocytosis, and hypotension. Plain abdominal radiographs characteristi-
cally show a dilated sigmoid loop with a “bird’s beak” pointing to the site of
obstruction. If the plain abdominal radiographs are equivocal, a barium enema may be
used. However, this test is contraindicated if strangulation is suspected. Decompres-
sion with endoscopy and rectal tube placement should be performed in the absence of
peritoneal signs. This is successful in 70–80% of patients. The risk of recurrence of
sigmoid volvulus is high (approximately 55–90%), therefore the patient should be
evaluated for elective sigmoid resection. If the sigmoid volvulus has progressed to
gangrene, mortality approaches 50–70%. When peritoneal signs are present emergent
laparotomy is indicated.

4.2. Ogilvie’s Syndrome

Ogilvie’s syndrome, also called colonic pseudo-obstruction, usually occurs in the
elderly bedridden patient. When cecal distension approaches 12 cm, the risk of gan-
grene, infarction, and perforation increases. When perforation and gangrene occur,
mortality is 50%. As in sigmoid volvulus, colonoscopic decompression is the treatment
of choice. However, if endoscopy fails or the patient is unstable, cecostomy or
laporatomy with resection may be indicated.

4.3. Gallstone Ileus

An interesting, yet rare, cause for small bowel obstruction in the elderly is gallstone
ileus. This is caused by the passage of a large biliary calculus from the gallbladder to
the distal iliem through a cholecystenteric fistula. This disorder carries an overall mor-
tality rate of 15%. Rigler’s triad, which includes small bowel obstruction, ectopic gall-
stones, and pneumobilia, characterizes this disorder. Enterolithotomy, which carries an
operative mortality of 12%, is the procedure of choice (21). A one-stage procedure of
enterolithotomy, cholecystectomy, and fistula repair carries a mortality of 17% (22).

4.4. Carcinoma of the Colon

Cancer of the colon and rectum is the second most common cancer in western coun-
tries with an incidence of 150,000 new cases per year. The incidence increases with
age, with up to three-quarters of the cases occurring in patients 65 yr and older.
Colorectal cancers may present with obstruction and/or peritonitis. The mortality from
complicated obstruction from colorectal cancer is as high as 50%, and long-term sur-
vival after resection is greatly reduced. This is partially due to more advanced disease
and metastasis in patients with this complication (23). In the critically ill elderly patient
with perforation or obstruction, a bypass or diversionary procedure should be consid-
ered. Definitive treatment may then be performed on an elective basis.

5. ACUTE MESENTERIC INFARCTION

5.1. Epidemiology and Clinical Relevance

Acute mesenteric infarction can lead to a catastrophic intraabdominal infection in
the elderly with mortality rates as high as 90%. Arterial emboli to the mesenteric
vessels occur in 30% of patients with this disorder. These emboli originate most
commonly from a mural thrombus in an infarcted left ventricle or a fibrillating left



Intraabdominal Infections 97

atrium. Thrombosis of a mesenteric vessel occurs in 25% of patients and is due to
atherosclerotic stenosis. This is usually preceded by intestinal angina. Other less com-
mon causes of acute mesenteric infarction are thrombosis of mesenteric veins, dissect-
ing aneurysms, fusiform aneurysms, and connective tissue disorders. Mesenteric
vascular occlusion leads to necrosis of villi, mucosal sloughing, ulceration, and bleed-
ing. Even without full-thickness necrosis, perforation, sepsis, multiorgan failure, and
death may occur.

5.2. Clinical Manifestation

Pain out of proportion to the physical examination is one of the hallmarks of acute
mesenteric ischemia. This pain is severe, poorly localized, and can be associated with
nausea, vomiting, diarrhea, and/or constipation. When late in the presentation or when
perforation occurs the patient may develop abdominal distention, tenderness to palpa-
tion, hypotension, and/or generalized peritonitis. Guaiac-positive stools are present in
75–95% of patients. Leukocytosis, hyperamylasemia, increased alkaline phosphatase,
elevated serum lactate, hyperphosphatemia, and acidosis may be observed.

5.3. Diagnostic Tests

Acute abdominal radiographic series are commonly unremarkable early in ischemia.
However, as the disease progresses the radiographs can show dilated loops of small
intestine containing air–fluid levels, “thumbprinting” of the bowel wall, intramural
gas, and/or free air (24). CT scans of the abdomen can be useful, especially to exclude
other abdominal pathology. Findings on CT scan may show bowel wall thickening,
intramural gas, dilatation of bowel loops, fluid-filled loops, increase attenuation of
mesenteric fat, and/or mesenteric or portal venous gas. In evaluation of mesenteric
venous thrombosis CT scan is the study of choice and may detect superior mesenteric
artery thrombosis. Despite large numbers of negative studies angiography can be a
precise method for diagnosing occlusive intestinal ischemia (25).

5.4. Treatment

If peritoneal signs are present, exploratory laparotomy is warranted. Treatment will
be focused on resection of nonviable bowel and restoration of intestinal blood flow.
Transarterial embolectomy may be attempted in the stable patient. Thrombolytic
therapy has yet to be proven an effective treatment, however, anticoagulant therapy
may be used for prophylaxis against further emboli.
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Urinary Tract Infection

Lindsay E. Nicolle

1. CLINICAL RELEVANCE

Urinary infection is an important problem in elderly populations. As with any clini-
cal problem in this group, the significance and manifestations vary depending on the
characteristics of the population. Thus, urinary infection needs to be considered within
a continuum from the ambulant, well elderly in the community to the highly function-
ally disabled long-term care facility resident. There are also special considerations for
elderly subjects with long-term indwelling catheters.

The kidney, ureters, bladder, and proximal urethra are normally sterile. Urinary tract
infection is the presence of significant numbers of bacteria within the genitourinary
tract, and may be asymptomatic or symptomatic. Bacteriuria simply means bacteria in
the urine. It is usually used in the context of “significant bacteriuria” and is interchange-
able with the term urinary tract infection. While the term “bladder colonization” is
sometimes used in the context of asymptomatic urinary infection, it has no identified
clinical relevance for urinary infection in the elderly. An elderly individual with bacte-
riuria usually has evidence for a host response within the genitourinary tract. Thus, the
term “colonization” is not used here, and the term “bacteriuria” is used interchangeably
with asymptomatic urinary tract infection.

1.1. Prevalence and Incidence

Urinary tract infection is the most common bacterial infection in elderly popula-
tions. Young, sexually active women have a prevalence of positive urine cultures of 2–
5%, but this increases to 5–10% for women aged 65 yr and older (1). A positive urine
culture is uncommon in younger men, but the prevalence for those aged 65 yr and
older is 5% or higher. Residents of long-term care facilities have an extraordinary
prevalence of bacteriuria, 25–50% for women and 15–40% for men. The prevalence
increases in frequency with increasing levels of functional disability in the institu-
tionalized populations.

The incidence of urinary infection is also high. There are no population-based stud-
ies of urinary infection for the well, ambulant elderly living in the community, so for
this group the incidence of infection is not well described. In one cohort of elderly male
outpatients at a veteran’s hospital, 10% of 209 men initially not bacteriuric developed
bacteriuria during a mean follow-up of 2.8 yr (2). However, 76% of these elderly am-
bulatory men cleared their asymptomatic bacteriuria spontaneously.
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There are high rates of acquisition of bacteriuria in any institutionalized elderly
population. For male residents of one nursing home, an incidence of urinary infection
of 45/100 patient yr was observed, and 10% of nonbacteriuric residents become
bacteriuric every 3 mo (3). Women in a nursing home initially identified as bacteriuric
and not treated with antibiotics had 87 new infections/100 patient yr (4). The high
frequency of urinary infection in institutionalized populations is also described by the
“turnover” of bacteriuria (1). From 10–20% of initially nonbacteriuric institutionalized
men or women will have become bacteriuric at 6–12 mo, whereas 25–30% of those
with bacteriuria will become nonbacteriuric in the same time period. Thus, urinary
infection is extremely common and dynamic in elderly populations.

The burden of symptomatic infection in elderly community populations is not well
described. One clinical parameter, hospitalization rates for pyelonephritis, was
reported to be 10–15/10,000 population over age 70 yr, with similar rates for men
and women (5). Mims and colleagues (2) reported a frequency of symptomatic uri-
nary infection of 0.17/1000 d in elderly ambulatory men. Elderly ambulant women
resident in a geriatric apartment had an incidence of symptomatic infection of 0.9/
1000 d (6). The incidence of symptomatic urinary infection for the institutionalized
population has been reported to be 1.0–2.4 per 1000 resident days (7), but as low as
0.11–0.15 symptomatic infections per bacteriuric year (number of symptomatic infec-
tions divided by total number of symptomatic and asymptomatic infections for entire
year) when more restrictive definitions are used (3,4). The incidence of urinary infec-
tion with fever was reported to be 0.49–1.04/10,000 resident days in two large nurs-
ing homes (8).

1.2. Pathogenesis

The reasons for the very high frequency of urinary infection in elderly ambulatory
populations, although not fully described, are multiple (1). Changes in the immune
system with aging have not been shown to be associated with increased urinary infec-
tion. For men, prostatic hypertrophy resulting in urinary retention and turbulent ure-
thral urine flow is the most important contributing factor (9). When bacterial prostatitis
occurs, recurrent urinary infection from a prostatic source is common because of lim-
ited diffusion of antimicrobials into the prostate or the presence of infected stones.
Other genitourinary abnormalities that promote infection and occur with increased fre-
quency in elderly men include urethral or ureteric strictures due to fibrosis or tumors,
and renal or bladder stones.

Older women with a history of recurrent urinary infection in the premenopausal
period have an increased occurrence of urinary infection. Postmenopausal women
with an increased residual urine volume after bladder emptying or a history of geni-
tourinary surgery are more likely to have bacteriuria. An aging-associated decline in
the estrogen effect on the genitourinary mucosa may contribute to an increased fre-
quency of urinary infection, but further study to clarify this observation is needed.
Sexual intercourse is the most important precipitating factor for urinary infection in
premenopausal women, but its contribution to infection in postmenopausal women
has not been studied.

For institutionalized men and women, the prevalence of bacteriuria is greatest in the
most functionally impaired. These individuals usually have incontinence of bladder or
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bowel, are confused or demented, and have impaired mobility (6,10). Comorbid dis-
eases that necessitate institutional care, such as Alzheimer’s disease, Parkinson’s dis-
ease, or cerebrovascular accidents, are usually accompanied by a neurogenic bladder.
The resultant impaired bladder function leads to incomplete bladder emptying and ure-
teric reflux, promoting the very high frequency of infection in these residents. For men,
external condom catheters are frequently used to manage incontinence. A condom cath-
eter is associated with a twofold increase in frequency of infection, and is more likely
when twisting and obstruction of the drainage tube occurs.

1.3. Microbiology

For elderly women resident in the community Escherichia coli is the most common
infecting organism, as it is in younger populations (see Table 1). The proportion of
infections from which this organism is isolated, however, is lower than in younger
populations. Other organisms isolated include Klebsiella spp., Proteus spp., and group
B streptococcus (Streptococcus agalactiae). Coagulase-negative staphylococci are fre-
quently isolated from ambulatory elderly men but are seldom associated with symp-
tomatic infection (2). When symptomatic infection is present, E. coli and Proteus
mirabilis are the most frequent infecting organisms. Enterococcus spp. is also a com-
mon infecting organism.

E. coli remains the most frequent infecting organism isolated in institutionalized
women but occurs in only 50–60% of episodes (4). P. mirabilis and other Enterobacte-
riaceae bacteria are isolated with increased frequency in elderly women relative to
other female populations. For men, P. mirabilis is isolated more frequently than E. coli
(3). The intensity of antimicrobial use in long-term care facilities, and transfer of organ-
isms between patients in the institutional setting, promotes infection with organisms
characterized by a higher likelihood of antimicrobial resistance. Organisms frequently
isolated, including Providencia stuartii, Pseudomonas aeruginosa, and Enterobacteri-
aceae, such as Klebsiella spp., Enterobacter spp., Serratia spp., and Citrobacter spp.,
are frequently resistant to multiple antimicrobials.

Table 1
Bacteriology of Urinary Infection in Asymptomatic Elderly Populations

Percent of infections with organisms isolated

Community Institution

Organisms Men Women Men Women

E. coli 19 68 11 47
P. mirabilis 5 1 30 27
K. pneumoniae 5 10 6 7
P. stuartii 16 7
P. aeruginosa 5 19 5
Other Gram-negative bacteria 2 7 6
Enterococcus spp 25 5 5 6
S. agalactiae 39 10 — 1
Coagulase-negative staphylococci 6 2 —
Other Gram-positive bacteria 3 —
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Polymicrobial bacteriuria is common in the bacteriuric institutionalized elderly.
From 15–25% of women and 10–15% of men with bacteriuria may have more than one
organism isolated (3,4). Men with incontinence managed by external condom catheter
drainage have an increased frequency of polymicrobial bacteriuria. Thus, although in
younger populations isolation of more than one organism is generally interpreted as
contamination of the urine specimen, this is not the case for many elderly residents of
long-term care facilities.

1.4. Morbidity and Mortality

Urinary infection is an important cause of morbidity in elderly populations, but the
burden is surprisingly limited given the extraordinary frequency of infection. Short-
term morbidity is associated with symptomatic urinary infection presenting along a
spectrum of lower tract irritative symptoms (acute cystitis), through acute pyelonephri-
tis, bacteremia, and, rarely, death. Local infectious complications may include epid-
idymitis and prostatitis in men, or bladder and renal stone formation associated with
urease-producing organisms such as P. mirabilis or P. stuartii. An additional problem
in institutionalized populations is the emergence of organisms of increased antimicro-
bial resistance following repeated antimicrobial exposure, as asymptomatic bacteriuria
in residents is a substantial reservoir for such resistant organisms (7).

Urinary infection is the most frequent cause of community-acquired bacteremia in
elderly populations. The majority of elderly patients with bacteremia from a urinary
source, however, will have abnormalities of the genitourinary system such as retention,
tumor, or an indwelling catheter. Urinary infection is also the most frequent source of
bacteremia in long-term care populations and a common precipitating cause for acute
care hospitalization of long-term care residents in some facilities (7). Urinary infection
may lead to sepsis and death due to Gram-negative septicemia. This is a relatively
infrequent occurrence, however, given the very high frequency of urinary infection and
usually occurs in individuals with significant structural genitourinary abnormalities,
including long-term indwelling catheters. Death of residents in long-term care facili-
ties is only rarely attributed to urinary infection (7).

Bacteriuria is commonly persistent, sometimes for years. There is no evidence that
this prolonged bacteriuria is associated with poorer long-term outcomes for institution-
alized elderly populations. Asymptomatic bacteriuria is not associated with an in-
creased frequency of hypertension or renal failure. In addition, despite the very high
occurrence of infection with urease-producing organisms in many long-term care fa-
cilities, complications secondary to urolithiasis are infrequent.

Early studies reported an association between decreased survival and asymptomatic
bacteriuria in elderly populations in both Greece and Finland (1). These studies did not
adjust for different functional or medical status between bacteriuric and nonbacteriuric
subjects. Subsequent studies from community populations in Finland and Sweden (11),
and in an institutionalized population in the United States (12), did not document an
association between asymptomatic bacteriuria and survival. In fact, a survival differ-
ence between bacteriuric and nonbacteriuric elderly might be anticipated, as the group
with bacteriuria clearly differ in functional status. Currently, however, there is no evi-
dence to support a negative impact of asymptomatic bacteriuria on survival in elderly
men or women.
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1.5. Long-Term Indwelling Urethral Catheters
A subset of elderly individuals, most of whom are institutionalized, have voiding of

urine managed through use of a long-term indwelling urethral catheter (13). From 5–
10% of residents in long-term care facilities have chronic indwelling catheters. The
most frequent indications for catheter use are urinary retention in men and urinary
incontinence in women. Individuals with chronic indwelling catheters are always
bacteriuric, usually with 2–5 organisms isolated at any time. Urease-producing organ-
isms such as P. mirabilis and P. stuartii occur with high frequency. These organisms
may also cause catheter obstruction through development of a bacterial biofilm on the
interior surface of the catheter.

Residents with long-term urethral catheters have a higher incidence of invasive uri-
nary infection, manifested by fever or bacteremia, than bacteriuric residents without
indwelling catheters (8,13). Local complications of urinary infection are also more
common in the presence of a chronic urethral catheter. These include urethritis, ure-
thral fistula, epididymitis, prostatitis and prostatic abscess, and scrotal abscesses. Blad-
der stones may occur where urease-producing organisms are present. At autopsy,
histologic evidence for acute pyelonephritis occurs more frequently in nursing home
residents with chronic indwelling catheters compared to those with asymptomatic bac-
teriuria without chronic indwelling catheters (14). Thus, bacteriuria with a chronic in-
dwelling catheter in situ is associated with greater morbidity than asymptomatic
bacteriuria in noncatheterized elderly subjects. Residents of long-term care facilities
with chronic indwelling catheters have also been reported to have decreased survival
(15). The extent to which this is attributable to the catheter or catheter-acquired bacte-
riuria is not clear, as the catheterized and noncatheterized populations differ in clinical
and functional characteristics.

2. CLINICAL MANIFESTATIONS
Urinary infection in elderly populations is usually asymptomatic (1). That is, the

urine culture is positive but there are no acute local genitourinary or systemic symp-
toms attributable to the infection. When symptomatic infection does occur, different
clinical presentations may be seen. There may be acute lower tract irritative symptoms
such frequency, dysuria, urgency, or suprapubic discomfort and, particularly in elderly
women, acute deterioration of continence status. Infection may also present with sys-
temic manifestations including pyelonephritis with fever and costrovertebral angle pain
and tenderness, or as fever with hematuria without other localizing findings. Fever
with obstruction of a chronic indwelling catheter is also consistent with urinary infec-
tion. Bacteremic infection is most likely to occur in the setting of ureteral or urethral
obstruction or mucosal trauma.

A clinical diagnosis of acute symptomatic urinary infection in elderly populations is
often not straightforward (8) (see Table 2). It is most problematic in the institutional-
ized population where chronic symptoms from comorbid diseases and difficulties in
communication interfere with clinical assessment. Chronic genitourinary symptoms
such as chronic incontinence and nocturia are not due to urinary infection, although
many elderly individuals with these symptoms have a positive urine culture (1,16).
Where a patient has fever and findings localizing to the genitourinary tract such as
acute retention, catheter obstruction, hematuria, or symptoms of pyelonephritis, clini-
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cal diagnosis of urinary infection may be made with a degree of certainty. For the
elderly subject with fever and without localizing findings to the genitourinary tract a
diagnosis of urinary tract infection is frequently incorrect (8). A positive urine culture
is present in 25–50% of the institutionalized population at any time, and residents with
symptoms for any cause have a high probability of a positive urine culture. As many as
one third of episodes of fever without localizing genitourinary symptoms may be due
to urinary infection in residents with a chronic indwelling urethral catheter (8). How-
ever, only 10% of such episodes of fever in residents without indwelling catheters have
a urinary source. In this setting, then, a definitive diagnosis of urinary infection cannot
be made, and the limitations in diagnostic accuracy must be appreciated.

There are several other diagnostic dilemmas in identifying symptomatic urinary in-
fection in institutionalized populations. “Foul-smelling urine” in residents of long-term
care facilities is frequently attributed to urinary infection and sometimes considered an
indication for antimicrobial therapy. Urinary infection may be associated with an un-
pleasant odor, likely secondary to polyamine production by bacteria in the urine. Not
all subjects with bacteriuria, however, will have an unpleasant odor to the urine, and
not all individuals with an unpleasant odor have a positive urine culture (17). When the
odor is associated with urinary infection it may be ameliorated by antimicrobial therapy.
However, alternate approaches, such as improved continence management, are more
appropriate and effective in the longer term than repeated antimicrobial courses.

Another confusing clinical scenario is the elderly subject who has deteriorated clini-
cally without fever or localizing findings. Again, many of these individuals will have
positive urine cultures because of the high frequency of asymptomatic bacteriuria in
this population, but there is currently no evidence that this clinical scenario is fre-
quently, if ever, due to urinary infection. In this situation the appropriate management
is likely observation and reassessment rather than antimicrobial therapy.

Table 2
Clinical Presentations of Urinary Tract Infection in Elderly Bacteriuric Subjects

Probable urinary infection
Acute onset or deterioration in lower tract symptoms: frequency, dysuria,

suprapubic pain, urgency
Fever with:

Costovertebral pain/tenderness
Hematuria
Retention
Catheter obstruction

Possible urinary infection
Acute deterioration in continence status
Fever without localizing findings:

Indwelling catheter (30% probability)
No indwelling catheter (10% probability)

Unlikely symptomatic urinary infection
Chronic incontinence, or other chronic genitourinary symptoms
Clinical deterioration without fever or localizing genitourinary findings
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3. DIAGNOSTIC TESTS

3.1. Urine Culture

A positive urine culture is necessary for a microbiologic diagnosis of urinary infec-
tion. A urine specimen for culture should be obtained whenever a diagnosis of symp-
tomatic urinary infection is considered. This specimen will not only confirm the
presence of bacteriuria, but also identify the infecting organism and antimicrobial sus-
ceptibilities so antimicrobial therapy may be optimized. In every case, the urine speci-
men should be collected prior to the institution of antimicrobial therapy to ensure that
causative organisms are isolated.

An appropriate method for specimen collection that minimizes bacterial contamina-
tion must be used. For symptomatic men, a single clean-catch urine specimen is usu-
ally adequate. For men with external condom catheters used to manage incontinence, a
urine specimen may be obtained immediately postvoiding from a freshly applied leg
bag (1). A clean-catch specimen is preferred for women. For highly functionally
impaired institutionalized women, it may not be possible to obtain a voided urine speci-
men. Where a woman is not able to cooperate in voiding, specimen collection through
methods such as a bedpan or pedibag lead to contamination with periurethral or vaginal
flora. These collection methods have not been validated for diagnostic criteria for uri-
nary infection and should be discouraged. When a urine specimen is indicated to assist
with clinical management in these patients, the specimen should be obtained by in-and-
out urethral catheterization.

A urine specimen obtained from the urinary catheter in residents with long-term
indwelling catheters reflects the bacterial flora of the biofilm on the interior surface of
the catheter and may not be representative of bladder bacteriuria (18). For urine speci-
men collection from subjects with chronic indwelling catheters, the catheter should be
changed and a urine specimen obtained from the freshly inserted catheter. For short-
term indwelling catheters (<30 d), catheter replacement prior to specimen collection is
not recommended as biofilm formation is not as frequent in this situation.

A urine culture growing 105 colony-forming units (CFU/mL) of one or more
organisms on two consecutive specimens is required to diagnose asymptomatic urinary
infection. A single urine culture with 105 CFU/mL is adequate for bacteriologic diag-
nosis in subjects with acute symptoms referable to the genitourinary tract. With a clini-
cal presentation consistent with acute pyelonephritis 104 CFU/mL is sufficient. In
younger women, quantitative counts of Enterobacteriaceae of 102 CFU/mL are iso-
lated from 30% of episodes in women with acute cystitis. Whether this is also the case
for postmenopausal women presenting with a similar clinical syndrome has not been
studied. However, for older women with symptoms consistent with acute cystitis, the
lower quantitative count of organisms may be relevant.

Lower quantitative counts of organisms also occur with certain less common infect-
ing organisms, such as Candida albicans. Patients with renal failure or receiving di-
uretics may also have dilute urine and lower quantitative bacterial counts. Some
uncommon infecting organisms, such as Ureaplasma urealyticum or Haemophilus
influenzae are not identified through routine culture methods, and urine cultures may
be negative unless special cultures are requested. In the presence of complete obstruc-
tion to urinary drainage with infection proximal to the obstruction, as in ureteric
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obstruction due to a stone, stricture, or tumor, the voided urine culture may be nega-
tive, and a percutaneous aspirate from the proximal infected site is necessary to iden-
tify infecting organisms.

3.2. Pyuria

Pyuria, the presence of excess leukocytes in the urine, is virtually universal with
acute symptomatic urinary infection. The presence of pyuria, however, cannot differ-
entiate asymptomatic from symptomatic infection, as asymptomatic infection is also
usually accompanied by pyuria (1). About 90% of elderly subjects with asymptomatic
bacteriuria have pyuria, whether assessed by routine urinalysis or leukocyte esterase.
Where urease-producing organisms such as P. mirabilis or P. stuartii are present, lead-
ing to an alkaline urine, pyuria may not be identified due to rapid disintegration of
leukocytes in the alkaline urine. Conversely, about 30% of residents of nursing homes
with negative urine cultures also have pyuria. Thus, pyuria by itself is not a diagnostic
test for urinary infection and cannot replace urine culture. In addition, as pyuria cannot
differentiate symptomatic from asymptomatic infection, the presence or absence of
pyuria in an individual with a positive urine culture does not determine whether or not
antimicrobial therapy is indicated.

3.3. Other Tests
Bacteremia occurs in some subjects with symptomatic urinary infection. These are

often patients with obstruction or trauma to the genitourinary tract. Blood cultures
should be obtained in patients presenting with a high fever, hypothermia, acute sys-
temic clinical deterioration, or hemodynamic instability.

The site of infection within the genitourinary tract may be the bladder, kidney, and, for
men, the prostate. At least 50% of infections in elderly institutionalized women with
asymptomatic bacteriuria are present in the kidney (1). No available reliable tests can
identify the site of infection. In most cases, in fact, determination of the site of infec-
tion has not been shown to be clinically relevant. Although presence of infection in the
kidney is manifested by increased pyuria, there is no evidence that it is associated with
poorer short- or long-term outcomes than infection localized only to the bladder.

A number of other markers of inflammation are present in urinary infection but have
not been shown to have diagnostic or prognostic utility (1). Patients with significant
systemic manifestations such as fever have an increase in C-reactive protein, and urine
antibodies and interleukin (IL)1 , IL6, or IL8 are present. These parameters decline or
disappear following treatment of the infection. However, these cytokines are also
present in a substantial proportion of subjects with asymptomatic bacteriuria, some of
whom also have elevated urinary and systemic antibodies to the infecting organisms.
Virtually all of these mediators are nonspecific indicators of infection, and infection at
other sites may lead to similar alterations.

4. THERAPY

4.1. Asymptomatic Infection

Asymptomatic urinary infection in elderly populations should not be treated. Pro-
spective, randomized, comparative trials of therapy compared with no therapy for the
treatment of asymptomatic infection in institutionalized men or women have not docu-
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mented improvements in morbidity or mortality with treatment (4,5,12). For long-term
care residents with chronic incontinence and bacteriuria, antimicrobial treatment of
urinary infection does not improve continence (16). Attempts to treat asymptomatic
infection with antimicrobial therapy are, in fact, harmful due to increased adverse
effects from medication, emergence of resistant organisms, and increased cost (4).
Thus, the evidence is consistent that there are no benefits and some adverse effects
with treatment of asymptomatic bacteriuria. The presence of pyuria with bacteriuria is
not an indication for antimicrobial therapy, as pyuria does not differentiate symptom-
atic from asymptomatic infection. It follows, then, that elderly asymptomatic subjects
should not be screened for the presence of pyuria or bacteriuria, as there is no indica-
tion for treatment even if infection is identified.

Treatment of asymptomatic bacteriuria is recommended for individuals who are to
undergo invasive genitourinary procedures with a risk of mucosal trauma, such as tran-
surethral resection of prostate or cystoscopy (19). There is a high frequency of bacter-
emia and sepsis in this situation. Urine cultures to identify bacteriuria should be
obtained and, if infection is present, antimicrobial therapy selected based on the organ-
isms isolated. The antimicrobial should be started immediately prior to the surgical
procedure. Antimicrobial therapy is given for prophylaxis to prevent urosepsis, rather
than for treatment of asymptomatic bacteriuria.

4.2. Symptomatic Infection

Symptomatic infection should, of course, be treated. The goal of therapy is to ame-
liorate symptoms, not to sterilize the urine. Antimicrobial treatment is selected on the
basis of the organisms isolated from the urine and the antimicrobial susceptibilities.
Where the patient is sufficiently ill that empiric antimicrobial therapy must be given
before urine culture results are available, a broad-spectrum antimicrobial agent effec-
tive against Gram-negative organisms and enterococci is most appropriate. Oral therapy
is usually adequate, but where there are concerns about patient tolerance, drug absorp-
tion, or antimicrobial resistance, parenteral therapy is more appropriate. Parenteral
therapy is changed to oral therapy once the patient is stabilized and results of pretherapy
urine cultures are available, usually after 2–4 d of therapy.

4.3. Antimicrobial Selection

Many antimicrobials are effective for the treatment of urinary infection in the eld-
erly. Few studies, however, have specifically addressed the comparative efficacy of
different antimicrobial regimens to allow an informed assessment of the balance of
efficacy against adverse effects. Recommendations for antimicrobial selection in eld-
erly populations are primarily based on studies from younger populations, frequently
done in clinical settings that may not be relevant for the elderly.

With the foregoing provisos, a list of antimicrobials that may be used for oral or
parenteral therapy are provided in Table 3. Initial empiric oral therapy with
trimethoprim/sulfamethoxazole (TMP/SMX) is usually recommended. If there is a pos-
sibility of TMP/SMX-resistant organisms, a quinolone may be the best alternate, al-
though nitrofurantoin should also be considered. Other agents would be selected based
on tolerance of the patient or anticipated susceptibility of the organism. An
aminoglycoside with or without ampicillin remains excellent empiric parenteral
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therapy. Although there are concerns about aminoglycoside nephrotoxicity, the
expectation is that therapy will be altered at 48–72 h when culture results are avail-
able. Thus, the duration of empiric therapy with the aminoglycoside is minimized,
and there is little risk of toxicity. In patients with renal failure, an aminoglycoside is
not appropriate for initial empiric therapy, and an extended-spectrum cephalosporin
or quinolone is preferred.

Table 3
Antimicrobials for Treatment of Urinary Tract Infection in Elderly Populations

Dose

Agent Oral Parenteral

Penicillins
Amoxicillin 500 mg tid 1–2 g q6h
Amoxicillin/clavulanic acid 500 mg tid
Piperacillin 3 g q4h
Piperacillin/tazobactam 4 g/500 mg q8h

Cephalosporins
Cephalexin 500 mg qid
Cefazolin 1–2g q8h
Cefadroxil 1 g qd or bid
Cefixime 400 mg qd
Cefuroxime axetil 250 mg bid
Cefotaxime 1–2 g q8h
Ceftriaxone 1–2 g q12h
Ceftazidime 500 mg – 2 g q8h

Quinolones
Norfloxacin 400 mg bid
Ciprofloxacin 250–500 mg bid 400 mg q12h
Ofloxacin 200–400 mg bid 400 mg q12h
Lomefloxacin 400 mg q24h
Levofloxacin 250 mg q24h 250 mg q24h

Aminoglycosides
Gentamicin 1–1.5 mg/kg q8h or

4–5 mg/kg q24h
Tobramycin 1–1.5 mg/kg q8h or

4–5 mg/kg q24h
Amikacin 5 mg/kg q8h or

15 mg/kg/q24h
Other

Aztreonam 1–2 g q6h
Imipenem/cilastatin 500 mg q6h
Nitrofurantoin 50–100 mg qid
Trimethoprim 100 mg bid
Trimethoprim/sulfamethoxazole 160/800 mg bid

qd, once a day; bid, two times a day; tid, three times a day; qid, four times a day; q, every; h, hour.
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4.4. Duration of Therapy

A treatment course of 7 d is recommended for women with acute lower tract irrita-
tive symptoms. Shorter courses of therapy of three days are effective for many well
elderly women, but are generally less effective than 7 d therapy (20,21). One optional
approach, however, is a 3-d course of therapy with retreatment with a longer course if
early symptomatic relapse occurs. When women present with more severe systemic
symptoms, such as fever or pyelonephritis, 14 days of therapy is recommended. Men
with any presentation of symptomatic infection should be treated with an initial course
of 10–14 d. Symptomatic relapse from a prostatic source requires a more prolonged
course of therapy of 6–12 wk. A prostatic source is usually only suspected, however,
when recurrent relapse with the same organism is identified (22,23).

More prolonged courses of antimicrobial therapy for treatment of urinary infection
are generally discouraged in elderly patients. Such courses may occasionally be indi-
cated for suppressive therapy in highly selected and infrequent circumstances. In this
situation, an individual with an underlying abnormality of the genitourinary tract that
predisposes them to symptomatic recurrent urinary infection or progressive renal
impairment is given antimicrobial therapy to suppress infection where it cannot be
eradicated. For instance, in patients with struvite stones that may not be removable,
prolonged antimicrobial therapy will prevent further enlargement of stones and will
preserve renal function. Where suppressive therapy is used, a full dose of the antimi-
crobial is initially given, and this may be decreased by half if it is effective and the
patient remains stable. It must be emphasized, however, that the use of long-term anti-
microbial therapy should be infrequent, and initiated only where there are compelling
indications.

Treatment courses should be as short as possible in individuals with chronic indwell-
ing catheters. Antimicrobial therapy in this setting will not prevent bacteriuria but will
lead to emergence of more resistant organisms. Hence, therapy is limited in duration to
7 d, if possible, to limit antimicrobial pressure that may lead to the emergence of more
resistant organisms.

5. PREVENTION

The extent to which prevention of urinary infection in elderly populations is feasible
is unclear. The very high frequency of urinary infection is primarily due to associated
comorbidity, and usually this cannot be modified. Adequate nutrition, optimal man-
agement of comorbidities, and maintenance of maximal function certainly seem rea-
sonable recommendations, but the impact of these interventions in decreasing urinary
infection is not known. For a small subset of elderly well women who are experiencing
repeated episodes of acute cystitis, the use of prophylactic antibiotics, a strategy simi-
lar to younger female populations, may be effective. An alternate approach in selected
postmenopausal women may be the use of topical estrogen therapy (24), although the
relative efficacy of estrogen compared to antimicrobial prophylaxis remains to be de-
termined. Studies of the impact of oral estrogen in reducing urinary infection have
given conflicting results. Long-term antimicrobial prophylaxis should only be used in
selected women and likely should be avoided for institutionalized subjects.
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Avoidance of devices such as chronic indwelling catheters or condom catheters will
also decrease the frequency of infection. This is not always possible for the individual
patient. Intermittent catheterization is an option for subjects with incontinence and a
flaccid bladder. One prospective randomized study in institutionalized men has shown
that frequency of infection was similar with clean or sterile intermittent catheterization
(25). Thus, clean catheterization, which is less costly, is recommended.

There has been substantial interest, including in the popular press, in the use of
“natural antiseptics” such as cranberry juice for the management of urinary infection in
elderly populations. Cranberry juice was associated with a decrease in the presence of
pyuria in association with bacteriuria but not a change in bacteriuria itself in one study
(26). There was no evidence that there was a decrease in the frequency of symptomatic
infections. There is no reason to discourage the use of cranberry juice in elderly popu-
lations. Current evidence, however, does not support a significant benefit on the pres-
ence of or complications from urinary infection with cranberry juice.

Although asymptomatic bacteriuria may not be preventable, some symptomatic epi-
sodes may be avoided. Strategies that are effective include prophylactic antimicrobials
prior to invasive procedures and optimal catheter care. Preventing obstruction to cath-
eter drainage and avoiding catheter trauma will prevent episodes of systemic infection.
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1. EPIDEMIOLOGY AND CLINICAL RELEVANCE

Bacterial meningitis in the older adult continues to be associated with high case
fatality rates and significant morbidity. Improved modes of diagnosis may be on the
horizon; however, atypical presentations in the older adult make early diagnosis
more difficult in this population. Effective, early treatment is important in decreasing
the morbidity and mortality but has become more complicated due to antimicrobial
resistance. The prevention of some forms of bacterial meningitis may be feasible, but
even currently available vaccines are markedly underutilized in at-risk populations.

1.1. Case Fatality and Attack Rates

In epidemiologic studies, an increased incidence of bacterial meningitis was noted
in older adults, particularly with etiologic organisms such as Streptococcus
pneumoniae, Listeria monocytogenes, group B streptococci (Streptococcus agalactiae),
and Gram-negative organisms such as Escherichia coli, Klebsiella pneumoniae, Pro-
teus spp., Enterobacter spp., and Pseudomonas aeruginosa (1–4). Viral meningitis, on
the other hand, appears to be a rare infection in the older adult. The most recent, com-
prehensive examination of the epidemiology of bacterial meningitis, based on 1995
data from surveillance studies in Georgia, Tennessee, Maryland and California, showed
that S. pneumoniae caused almost 70% of the cases of meningitis in those over the age
of 60, and that the case fatality rate (CFR) for this organism was 21%. Listeria
monocytogenes accounted for almost 25% of the cases with an overall CFR of 15%. In
the older adult population, Haemophilus influenzae, group B streptococci, and Neis-
seria meningitidis together accounted for approximately 6% of the cases. In summariz-
ing these data, the authors noted that the attack rate for bacterial meningitis in older
adults due to these five pathogens remained about the same in comparison to 1986
data, a marked difference from the situation in the pediatric population (those from
1–23 mo of age) where the annual number of cases fell from 7270 to 948, an 87%
decrease felt to be largely due to the widespread use of H. influenzae vaccine (5).

Other estimates of the overall attack rate in individuals over 60 yr of age range from
2–9 per 100,000 per year, accounting for 1000–3000 cases per year in the U.S. It is
estimated that the costs of treatment alone for these infections would be in excess of
$11–33 million per year. A summary of these data and the case fatality rates for the
responsible etiologic organisms is shown in Table 1.
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1.2. Pathogenesis

Bacterial meningitis usually results from the hematogenous spread of organisms or
from local invasion from areas of colonization or local infection. Once the organisms
reach the meninges, however, they encounter limited host defenses and can proliferate
to large numbers, stimulating the production of inflammatory mediators. This results in
increased intracranial pressure and altered intracerebral vascular autoregulation, phe-
nomena that can lead to complications such as cerebral ischemia or infarction, hydro-
cephalus, subdural effusion or empyema, and sagittal sinus or cortical vein thrombosis.
Patients may manifest these complications in the form of seizures, stroke syndromes,
cranial nerve deficits, coma, or death (3).

1.3. Etiologic Organisms
S. pneumoniae is recognized on Gram-stained smears in the form of Gram-positive

diplococci or short chains of cocci with an elongation along their axis of division.
Exposure to antibiotics or anaerobic conditions may cause the organism to appear Gram
negative. Its growth may be inhibited by allowing specimens to dry at room tempera-
ture or by placing them in sterile solutions. In cultures, the organism is alpha hemolytic
and optochin-disk susceptible, features that facilitate identification. Serotyping based
on antigenic differences in the capsular polysaccharides allows for differentiation
into 84 types, but most disease is caused by a relatively small number of serotypes
(1,3,4,7–9,12,14) that tend to have larger capsules (6).

L. monocytogenes is an aerobic, Gram-positive bacillus that is often associated with
foodborne illness. Outbreaks have been associated with a variety of foods including
cheeses (Mexican and Brie), hot dogs, prepared meats, and ice cream or other dairy
products (7). L. monocytogenes must be differentiated from diphtheroids, as
misidentification or the assumption that the diphtheroid-like organisms represent con-
taminants has resulted in clinical catastrophes. L. monocytogenes causes beta hemoly-
sis and has a characteristic “end-over-end” or tumbling motility. Infections with this
organism are often associated with alterations in cell-mediated host immunity but may
occur in the absence of recognized immunodeficiencies (8).

Table 1
Surveillance Studies of Bacterial Meningitis in Older Adults

Organisms Studies

Wenger et al.a Schlech et al.b Schuchat et al.c

AR CFR AR CFR AR CFR

S. pneumoniae 1.5 31 0.5 54 1.9 20
L. monocytogenes 0.5 — 0.1 41 0.6 —
H. influenzae 0.2 — 0.09 24 0.07 —
N. meningitidis 0.1 — 0.2 29 0.1 —
Group B streptococcus 0.2 51 0.02 23 0.1 18

AR, attack rate per 100,000; CFR, case fatality rate (percent).
aData from ref. (1).
bData from ref. (2).
cData from ref. (4).
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N. meningitidis is an occasional cause of meningitis in the older adult. The organism
is nonmotile and Gram-negative and often appears as kidney-shaped diplococci on
Gram stain. Most disease is caused by serogroups A, B, C, Y, and W135 with serogroup
B accounting for more than 50% of cases in many developed countries. Prompt inocu-
lation of specimens of cerebrospinal fluid (CSF) onto blood or chocolate agar plates
and use of optimal growth conditions including 10% CO2 increase diagnostic yields.
Group B streptococci (S. agalactiae) may be recognized in smears as Gram-positive
cocci forming longer chains. The organism is generally beta hemolytic, although 1–2%
of strains are nonhemolytic. They can be differentiated from other beta hemolytic strep-
tococci by serologic tests for the group B specific cell wall antigen (staphylococcal
coagglutination and latex agglutination tests are used most commonly) or by
nonserologic methods (bacitracin or trimethoprim sulfamethoxazole resistance, hippu-
rate hydrolysis, and the like). Infection with this organism is often associated with
diabetes mellitus, malignancy, liver or renal failure, or genital tract infection (6,9,10).

H. influenzae is a pleomorphic Gram-negative organism that often appears coccoba-
cillary on Gram stain. Meningitis and most other forms of invasive disease are caused
by serotype B, and many strains of this organism contain plasmids, which enable them
to produce beta lactamase, leading to penicillin and ampicillin resistance. Aerobic
Gram-negative bacilli such as K. pneumoniae or E. coli have increasingly been found
as the cause of meningitis, primarily in the hospitalized patient, but also occasionally
in those with community-acquired disease. Infection with these organisms may result
from postsurgical or traumatic conditions that allow them to gain access to the
meninges, or it may be a consequence of infection at a distant site with subsequent
hematogenous seeding of the meninges (11).

2. CLINICAL MANIFESTATIONS

The usual symptoms and signs of meningitis include fever, headache, alteration of
sensorium, photophobia, and neck stiffness. In major reviews of these findings in the
older adult, however, fever was noted in less than 60% in one study and nuchal rigid-
ity was found in less than 60% in another (see Table 2) (4,6,12). Similarly, the clas-
sical, discriminating signs of meningitis may not be entirely specific since a
significant percentage of older adults may have nuchal rigidity or other signs usually
attributed to meningeal irritation. Puxty and colleagues noted that nuchal rigidity
was found in 35% of older patients without meningitis on acute-care and rehabilita-
tion wards (13). This physical finding and the associated ones of Kernig’s and
Brudzinski’s signs were often found in those patients with a history of cerebrovascu-
lar disease, confusion, abnormal plantar responses, and primitive reflexes. However,
the presence of meningeal signs in patients without the underlying history of cere-
brovascular disease, neurologic deficit, cognitive disorder, or primitive reflexes
should greatly increase the suspicion for meningitis (13).

The evaluation of nuchal rigidity should assess for limitation of range of motion of
the neck in all directions. Limitations to rotation or lateral flexion are seen more
frequently with cervical arthritis, and flexion with this condition often results in limi-
tation at the extremes of range of motion. Meningitis, on the other hand, usually
causes immediate resistance to flexion due to the meningeal irritation and muscle
spasm. Kernig’s sign is determined by passive flexion of the hip and then extension
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of the knee with resultant extensor spasm at the knee at 135° in the presence of
meningeal irritation, whereas Brudzinski’s sign is elicited by neck flexion with result-
ant hip and knee flexion.

Patients suspected of having bacterial meningitis should be investigated for accom-
panying or inciting infections such as pneumonia. Other predisposing conditions in the
study by Gorse and colleagues included neurosurgical procedures, trauma, sinusitis,
diabetes mellitus, alcohol abuse, and neoplastic disease or corticosteroid therapy (12).

2.1. Fever and Altered Mental Status

Older adults frequently present with fever and altered or changed mental function. It
is well-recognized, however, that nonmeningeal or non-central nervous system infec-
tion, such as urinary tract infection or pneumonia, can result in either a state of
delirium or of depressed mental function and even coma (14). Ruling out meningitis
may be important in that the antibiotic choices and doses may be significantly different
for bacterial meningitis. Given the lack of sensitivity or specificity of the physical
findings and history, the clinician often must perform a lumbar puncture to assess for
meningitis. However, the interpretation of these CSF results may be complicated by
prior antibiotic therapy for the urinary tract infection or pneumonia (3,6).

2.2. Evaluation of Dementia

Lumbar punctures are often performed to evaluate older patients for the cause of
their dementia. Rarely, however, are syphilis or bacterial meningitis found in these
evaluations without a prior history or suspicion of these diseases. Thus, CSF analysis
should be performed only with a heightened index of suspicion based on history or
physical findings in patients with dementia of uncertain cause (15).

2.3. Effect of Corticosteroids or Immunosuppression

Many older adults may be receiving corticosteroids or immunosuppressants for
underlying conditions such as asthma, polymyalgia rheumatica, and others. In such
patients, clinical evaluation for the possibility of bacterial meningitis can be difficult,
as they would be at increased risk of serious infections including meningitis, but corti-
costeroids or immunosuppression may alter the expression of such invasive infections.
Nuchal rigidity would be a less reliable sign in these individuals, and fever may also be
seen less often. A high index of suspicion should result from any combination of find-
ings of fever, headache, altered mental state, neck stiffness, or photophobia (3,16).

Table 2
Frequency of Symptoms and Signs of Meningitis
in the Older Adult

Symptom or sign Frequency (%)

Fever 59–100
Confusion 57–96
Headache 21–81
Nuchal rigidity 57–92

Source: Adapted from refs. (3,6,12).
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2.4. Parameningeal Infection

Bacterial meningitis may result from or be mimicked by parameningeal infections
such as sinusitis, mastoiditis, vertebral osteomyelitis, or epidural abscess. A careful
physical examination and appropriate diagnostic tests for these conditions should be
carried out in patients with suspected bacterial meningitis. Examination for sinus, mas-
toid, and vertebral tenderness can be quickly performed, and appropriate computed
tomographic (CT) or magnetic resonance imaging (MRI) scans (when patients are suf-
ficiently stable and initial therapy has begun) may be indicated (3,16).

3. DIAGNOSTIC TESTS

The diagnosis of bacterial meningitis rests largely on examination of the CSF, but
the rapidity of the patient’s course may dictate the appropriate timing of the lumbar
puncture. Patients with a rapid clinical course (< 24 h) and/or focal neurological signs,
seizures, altered consciousness, or evidence of intracranial hypertension (e.g., papille-
dema) require initial empiric antibiotic therapy prior to a lumbar puncture; the antibi-
otic choice may be based upon available history including age, underlying medical
conditions, prior antibiotic therapy, and the status of immunity (17,18).

In patients without papilledema or focal neurologic signs on physical examination,
the risk of herniation due to lumbar puncture is felt to be low; however, older adults are
more commonly afflicted with space-occupying lesions such as brain abscess, tumors,
or other masses that might predispose to herniation. Additionally, some epidemiologic
studies have documented the frequent occurrence (39–43%) of focal neurologic find-
ings in older adults with bacterial meningitis (3, 12). Thus, CT scan of the brain may be
deemed necessary in the majority of older adults suspected of bacterial meningitis.
Talan and colleagues reviewed the issue of administration of antibiotic therapy prior to
performance of the lumbar puncture and concluded that empiric therapy probably did
not adversely affect the diagnostic properties of examination of the CSF, particularly if
the delay before the lumbar puncture was not prolonged. Similar conclusions were
reached by others utilizing rabbit models of bacterial meningitis (18).

With bacterial meningitis, the CSF generally has the characteristics shown in Table 3
and, in surveys of this disease in older adults, no differences were noted in the diagnostic
criteria including pleocytosis, hypoglycorrhachia, or positive cultures. Additionally,
the rate at which blood cultures were positive also seemed similar to that in younger
patients. The determination of hypoglycorrhachia may be more difficult in patients
with peripheral blood hyperglycemia or hypoglycemia. A serum glucose drawn at ap-
proximately the same time as the lumbar puncture is mandatory; ratios of CSF glucose
to serum glucose of less than 0.31 are consistent with hypoglycorrhachia and bacterial
meningitis (20). A minority of patients with bacterial meningitis may demonstrate
atypical CSF parameters, particularly a lymphocytic response or lower percentage of
neutrophils or a Gram stain without organisms (19). This scenario is especially seen
with L. monocytogenes meningitis in which the Gram stain is positive in fewer than
one third of cases, and with Gram-negative bacillary meningitis where the pleocytosis
may be less and the percentage of neutrophils may be somewhat lower than with typi-
cal bacterial meningitis. Usually, however, the glucose, Gram stain and other tests
strongly suggest a bacterial etiology (8).
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The frequent use of antibiotics in the community generates many cases of meningi-
tis where this prior antibiotic administration clouds the etiologic diagnosis. Several
studies have concluded that prior antibiotics can alter the Gram-stain results, delay the
growth of organisms on culture, and occasionally change the CSF parameters. In gen-
eral, however, the CSF results are sufficiently unaltered to allow appropriate suspicion
of a bacterial rather than a viral or aseptic etiology and to permit the growth of the
etiologic agent (3,6,19,22). The delay in specific diagnosis, particularly due to the effect

Table 3
Cerebrospinal Fluid Findings in Meningitis

 Normal  Acute
CSF findings CSF bacterial Viral Tuberculous

Opening 6–20 Usually Normal Usually
pressure elevated to moderately elevated

(cm H2O) elevated

WBC’s 0–5, Usually 5 to a few hundred Usually
(per mm3) (about 85% several hundred but may be more 25–100,

lymphocytes) to >60,000, than 1000. Lympho- rarely >500.
PMNs cytes predominate Lymphocytes

predominate but may be >80% predominate
PMNs in the except early

 first few days stages where
PMNs may
account for

>80% of cells

Protein 18–45 Usually Frequently Nearly always
(mg/dL) 100–500, normal or slightly elevated, usually

occasionally elevated <100; 100–200 but may
>1000 may show greater be much higher if

elevation in dynamic block
severe cases

Glucose 45–80 or Usually 5–40 or Usually normal, but Usually
(mg/dL) 0.6 X serum <0.3X serum can be low with reduced; <45

glucose glucose mumps, HSV 2 in 3/4 of cases

Miscel- For traumatic Gram-stain + in Usually do not AFB + stain in
laneous taps add 1 WBC about 60–80%; need to find 25%, culture +

and 1 mg/dL Sp = Gram + specific causal in >2/3 of cases
protein for each diplococci; virus (but may take

1000 RBCs Nm = Gram neg 4–8 wk for
diplococci; Lm = growth)
Gram + bacillus

Source: Adapted from refs. (5,6,19).
Sp, S. pneumoniae; Nm, N. meningitidis; Lm, L. monocytogenes; AFB, acid-fast bacilli; HSV 2, Herpes

simplex type II; CSF, cerebrospinal fluid; PMNs, polymorphonuclear neutrophils; RBCs, red blood cells;
WBCs, white blood cells; +, positive; cmH2O, centimeter of water; neg, negative.
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of prior antibiotics on the Gram-stain results, is of concern and may prevent the use of
specific antibiotic therapy. To address this issue, bacterial antigen testing of the CSF is
indicated, with tests available for S. pneumoniae, N. meningitidis, H. influenzae, group B
streptococci, and E. coli. The overall sensitivities of these tests is approximately 50–75%
and the specificities approach 100%; thus, a positive test is quite helpful as it is likely
to be a true positive, whereas a negative test is not helpful as it may be either a true
negative or a false negative (3,6,23). Improved diagnostic testing is currently being
sought and polymerase chain reaction (PCR) or DNA probe technology to identify
specific bacteria in the CSF may be clinically useful in the near future.

The differential diagnosis of bacterial meningitis includes conditions that can cause
altered mental status and fever, with or without meningeal signs. Thus, conditions that
should also be considered include encephalitis, brain abscess, subdural empyema, epi-
dural abscess, cancers (either primary or metastatic malignancies of the CNS), cere-
brovascular disease, or vasculitis. A clinical prediction rule has been proposed to help
in the diagnosis of acute bacterial meningitis (24,25).

Encephalitis in the older adult may be secondary to viral etiologies such as herpes
simplex, equine encephalitis viruses, or others. The presentation of this syndrome is
usually one of more profound alteration of level of consciousness or mental function
with less prominent meningeal signs; seizures occur more commonly than with bacte-
rial meningitis. The differentiation of these entities on clinical grounds, however, may
be difficult, and the clinician may need to rely on the CSF examination to exclude
bacterial meningitis. The diagnosis of encephalitis is more highly suspected with dem-
onstration of areas of inflammation of the brain on CT or MRI (especially with herpes
encephalitis) scan and by serologic tests for etiologic viruses or, in the case of herpes
simplex, with a PCR of the CSF.

Patients with brain abscess may present in varying fashions. Fever is found in less
than 75% of cases, and even headache or alteration of mental function are not universal
symptoms. The diagnosis of brain abscess is best determined by imaging studies such
as CT or MRI scan of the brain.

Individuals with subdural empyema may have clinical courses indistinguishable
from bacterial meningitis, and indeed, this syndrome may be a complication of bac-
terial meningitis. The diagnosis is suspected in individuals whose response to antibi-
otic therapy is incomplete or delayed, and the presence of subdural fluid may be
confirmed with CT or MRI scan. The precise diagnosis and treatment is best obtained
with drainage of the subdural collection and appropriate antibiotic therapy based on
culture results.

Epidural abscesses are generally of hematogenous origin, and are generally best
treated with aspiration or debridement and appropriate antibiotics (26).

4. TREATMENT

The management of bacterial meningitis requires consideration of several factors.
First, the clinician should be cognizant of the clinical progression of disease and be
prepared to institute empiric antibiotics in those with more severe manifestations
or more rapid downhill course, since delays in those with seizures, hypotension, or
severely altered mental status are associated with worsened outcomes (27). Second,
because the disease is occurring in an area of poor host resistance, administering
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bactericidal antibiotics with rapid killing is essential. Third, the degree of penetra-
tion of antibiotics into the CSF must be considered. Many antibiotics that act by
inhibition of cell wall synthesis (penicillins, cephalosporins, carbapenems, vanco-
mycin) cross the blood–brain barrier relatively poorly unless inflammation of the
meninges is present. Other antibiotics such as trimethoprim-sulfamethoxazole,
rifampin, chloramphenicol, and many quinolones cross this barrier with or without
the presence of inflammation, whereas agents such as aminoglycosides, clindamycin,
and first-generation cephalosporins do not cross in quantities sufficient to inhibit
most bacteria in the CSF (see Table 4) (6,28,29). Fourth, the clinician should be
aware of the antibiotic susceptibilities of meningopathogens in the community.
In many areas of the U.S. and other areas of the world, S. pneumoniae is fre-
quently relatively resistant to penicillin (minimum inhibitory concentration [MICs]
>0.1 µg/mL) and sometimes highly resistant to this agent (MICs >2.0 µg/mL). In the
former situation, (MICs >0.1–<2.0 µg/mL) third-generation cephalosporins such as
ceftriaxone or cefotaxime may be used for treatment of S. pneumoniae since these
agents have sufficient affinity for the altered penicillin-binding proteins of the rela-
tively resistant S. pneumoniae; however, in the latter situation (MICs >2.0 µg/mL),
vancomycin should be selected, as cephalosporins would not be adequate therapy for
the highly resistant S. pneumoniae, and vancomycin does not rely on attachment to
penicillin-binding proteins for its antibacterial activity (21).

Thus, the empiric treatment of bacterial meningitis in the older adult should provide
antibiotic activity against the most likely pathogens. In areas where S. pneumoniae
resistance to penicillin is seen, a combination of antibiotics may be necessary. Recom-
mendations have included vancomycin for penicillin-resistant S. pneumoniae; ceftri-
axone or cefotaxime for S. pneumoniae, Gram-negative bacilli, N. meningitidis, H.
influenza and group B streptococci; and ampicillin for L. monocytogenes. Vancomycin
has demonstrated activity against L. monocytogenes in vitro; however there have been
treatment failures utilizing this drug in patients with Listeria meningitis, and there is a
relative lack of clinical data documenting vancomycin’s efficacy in this condition (18).

Table 4
Antibiotic Penetration of CSF

Excellent Good (with inflammation) Poor or negligible

Rifampin Penicillins Most 1st and 2nd generation
cephalosporins

TMP-SMZ 3rd-generation Aminoglycosides
cephalosporins

Chloramphenicol Cefuroxime Clindamycin

Metronidazole Vancomycin (variable)
Erythromycin (variable)
Tetracyclines (variable)

TMP-SMZ, Trimethoprim-sulfamethoxazole.
Source: Adapted from refs. (6,17,21,29).
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Penicillins and cephalosporins demonstrate the phenomenon of time-dependent kill-
ing; thus, these drugs should be administered in a manner that ensures high levels in the
CSF for prolonged durations. For example, ceftriaxone should be administered on a
twice-daily schedule and cefotaxime should probably be given no less frequently than
every 6 h. Penicillin G should be given either as a continuous infusion or dosed every
4 h, and ampicillin should be given no less frequently than every 6 h. Similarly, vanco-
mycin should be dosed every 12 hours to ensure adequate CSF levels throughout the
day (28). Because of limitations of the penetration of most of these agents across the
blood–brain barrier and the presence of the infection in an area of limited host resis-
tance, high doses of bactericidal antibiotics are required. Table 5 lists current antibiotic
dosing recommendations for adults with bacterial meningitis.

Adjunctive therapy with dexamethasone to decrease the inflammatory affects of
meningitis and prevent some of its complications has been recommended for pediatric
patients with H. influenzae meningitis. No similar recommendations exist for adults or

Table 5
Recommended Antibiotic Therapy for Bacterial Meningitis

Organism Antibiotic Total Daily Dose

Empirical treatment Cefotaxime or 8–12 g
for bacterial meningitisa ceftriaxone plus 4–6 g

ampicillin 12 g

S. pneumoniae Penicillin G 20–24 million units
(penicillin sensitive)

S. pneumoniae Cefotaxime or 8–12 g
(moderately penicillin resistant) ceftriaxone 4–6 g

S. pneumoniae Vancomycin 2 g
(highly penicillin resistant)

L. monocytogenes Ampicillin 12 g
plus an aminoglycoside:
gentamicin, tobramycin, 5 mg/kg
amikacin 15 mg/kg

N. meningitidis Penicillin G or 20–24 million units
ampicillin 12 g

H. influenzae Cefotaxime or 8–12 g
ceftriaxone 4–6 g

Enterobacteriaceae Cefotaxime or 8–12 g
(Gram-negative bacilli) ceftriaxoneb 4–6 g

S. aureus Nafcillin or oxacillin 8–12 g
(methicillin sensitive)

S. aureus Vancomycin 2 g
(methicillin resistant)

aAdd vancomycin if highly penicillin resistant Streptococcus pneumoniae is suspected
bCeftazidime if P. aeruginosa is suspected or proven.
Source: Adapted from refs. (6,17,21).



122 Choi

older adults, and no controlled studies exist to support the use of corticosteroids in this
population; however, if evidence of significant cerebral edema, particularly with find-
ings of brain “shift” is present, corticosteroid therapy may be warranted to decrease
cerebral edema (3,30). Other measures to decrease intracranial pressure may be needed
in the treatment of bacterial meningitis. Elevation of the head of the bed to 30°, admin-
istration of mannitol, and the use of hyperventilation may be required for patients with
significant cerebral edema (3,6).

No well-controlled, prospective clinical trials have been performed to establish with
certainty the duration of treatment for bacterial meningitis in the older adult. Most
authorities recommend a duration of at least 10–14 d for patients with S. pneumoniae.
Studies done in younger patients suggest that the duration of therapy for those with N.
meningitidis can be significantly more brief, and recommendations for 5–7 d have been
promulgated. The treatment of L. monocytogenes meningitis, particularly in the older
adult, should extend over at least 14–21 d, and similar durations of therapy have been
recommended for those patients with aerobic Gram-negative bacillary (21 d) and group
B streptococcal (14–21 d) meningitis (17).

The performance of an end-of-treatment lumbar puncture to gauge the duration of
therapy has largely been abandoned, as cell counts and differentials, glucose levels,
and protein amounts can remain signifantly abnormal even after weeks of effective
therapy. In the study by Durack and others, these parameters were not useful to guide
the discontinuation of therapy, and symptomatic improvement was a more useful indi-
cator (31).

5. PREVENTION

Given that a significant number of cases of bacterial meningitis in the older adult are
caused by S. pneumoniae, its prevention should be a high priority for clinicians. Sur-
veys from 1993 showed that fewer than one-third of patients for whom S. pneumoniae
vaccine was indicated had, in fact, received it. Whether this vaccine can adequately
prevent invasive forms of S. pneumoniae has been controversial, but the vaccine does
appear to be at least partially effective (56–81% for invasive disease including menin-
gitis) and to be both safe and well tolerated. Thus, increased utilization of pneumococ-
cal vaccine is a major health care goal of the Centers for Disease Control and Prevention
and a number of other agencies with an aim to achieve 60% vaccination rates of eli-
gible persons (80% for institutionalized older adults) by the year 2000 (33).

The currently available vaccine contains 23 serotypes of S. pneumoniae and would
afford putative protection against the 6 serotypes that have been associated with inva-
sive disease and drug resistance. The development of an improved pneumococcal vac-
cine is also a major goal, and the testing of a protein conjugate vaccine utilizing
elements of the capsule of S. pneumoniae is underway. Early results suggest improved
protection in tests carried out in the pediatric population, and it is hoped that similar
results may be obtained in older adults and immunocompromised individuals.

Widespread use of the H. influenzae b vaccine has resulted in a dramatic decrease in
the number of pediatric Haemophilus meningitis cases. Because H. influenzae is an
uncommon cause of meningitis in the older adult, the use of this vaccine in the geriatric
population would not be expected to have a significant impact. Similarly, N.
meningitidis vaccine is available and utilized for outbreaks of invasive disease or to
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protect some travelers and longer-term visitors and residents in areas of high
endemnicity for this disease; however, there are no recommendations for its routine
use in the older adult population. Additional factors that would limit the use of N.
meningitidis vaccine in the older adult are the difficulty of immunizing individuals to
serotype B, which causes more than 50% of cases in the U.S. overall, and the short
duration of immunity engendered by the vaccine. The vaccine is recommended, how-
ever, for those individuals who have had prior serious infections with this organism
and in those with complement deficiencies. Current preventive efforts for L.
monocytogenes focus on decreasing exposure to this pathogen by improving food safety
and awareness. Research efforts toward the development of a group B streptococcal
vaccine are underway, largely directed toward its use to prevent perinatal transmission
of this organism and the subsequent invasive disease in the neonate. No trials in the
older adult, including those with risk factors such as diabetes mellitus or renal failure,
have been published.
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Osteomyelitis and Septic Arthritis

Jack D. McCue

In comparison with lower respiratory tract, urinary tract, and skin and soft tissue
infections, infections of bones and joints are relatively uncommon in the elderly,
accounting for no more than a few percent of the infectious diseases treated by geriatri-
cians. However, some bone and joint infections disproportionately afflict the elderly,
such as osteomyelitis contiguous to pressure ulcers, septic arthritis of joints damaged
by rheumatoid arthritis, or periprosthetic hip joint septic arthritis. As is true of many
infectious illnesses in the elderly, diagnosis of bone and joint infections may be com-
plicated by subtle, masked, or atypical clinical presentations. The consequences of
delay in diagnosis and treatment of these infections, moreover, are no less serious in
the elderly than in younger patients, and in the frail elderly inadequate diagnosis and
treatment may increase mortality and cause great morbidity. Although definitive
antibiotic treatment is similar to that of bone and joint infections in younger patients,
empiric therapy in most cases must be broader.

1. OSTEOMYELITIS

1.1. Clinical Relevance

At any age, infections of the periosteum, medullary cavity, and cortex of bones are
usually caused by pyogenic bacteria, and less commonly by mycobacteria or fungi;
infections by other types of organisms are extremely rare. Osteomyelitis is classified
primarily according to route and duration of infection, and secondarily by anatomic
location and etiologic agent. Such a classification is useful in ensuring a careful evalu-
ation of the patient, as well as determining antibiotic and surgical treatment choices.
The terms acute and chronic, while clinically useful, are not sharply demarcated tem-
porally, and are often used loosely as descriptors (1). In general, acute osteomyelitis
evolves over weeks, and chronic osteomyelitis evolves over many months or years, and
may be associated with dead bone (sequestra), fistulous tracts, or foreign bodies.

1.1.1. Pathogenesis

Three types of osteomyelitis are usually distinguished: contiguous focus infection,
hematogenous osteomyelitis, and that which is secondary to vascular insufficiency.
Whereas most cases of osteomyelitis in elderly patients treated by geriatricians are the
result of contiguous spread from an infected wound or cellulitis, hematogenous seed-
ing from a distant infection, postoperative complications resulting from orthopaedic
surgery, or penetrating wounds may also be the underlying causes. In all circumstances,
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however, healthy bone is highly resistant to infection, so trauma, ischemia, or foreign
bodies are usually necessary preconditions.

Once bacteria are introduced into or near injured or ischemic bone, the phagocytic
reaction that is mobilized to contain the infection releases enzymes that may lyse bone.
The inflammatory response also impairs blood flow and may cause bone necrosis,
which may eventually lead to the development of a devascularized sequestra of bone.
Once bone infection is well established, the bacteria protect themselves from host
defenses with the production of a polysaccharide-rich biofilm—especially when a for-
eign body is involved—making it more difficult to eradicate infection. As a result,
most treatment regimens for osteomyelitis are longer than those for acute infections
such as pneumonia or urinary tract infection.

1.1.1.1. CONTIGUOUS FOCUS OSTEOMYELITIS

Osteomyelitis in elderly patients most often develops by direct, contiguous exten-
sion of infection from infected adjacent soft tissues. Clinically, contiguous focus
osteomyelitis may be indolent and its presence obscured by the skin and soft-tissue
infection. The usual underlying infection in elderly patients is infected pressure ulcers
(decubitus ulcers). Whereas penetrating injuries, compound comminuted fractures, and
postoperative complications of surgical procedures are more typical of the type of con-
tiguous focus osteomyelitis encountered in younger patients, they may also be respon-
sible for contiguous focus osteomyelitis in elderly patients. When pressure ulcers or
smoldering cellulitis fail to respond to wound care and antibiotic therapy, underlying
contiguous focus osteomyelitis must be suspected (2).

In the usual case of contiguous focus osteomyelitis in an elderly patient, poor tissue
perfusion and repeated trauma to soft tissue produce conditions that are conducive to
polymicrobial and anaerobic infection. Thus, it should be assumed that contiguous
focus bone infection in elderly patients is polymicrobial in etiology, although Staphy-
lococcus aureus (the most prevalent cause of bone infection in younger patients) is still
incriminated as a pathogen or copathogen in the majority of cases. Consequently, a
mixture of staphylococci, streptococci, enteric gram-negative organisms, and anaero-
bic bacteria may be found in bone biopsy cultures when contiguous focus osteomyelitis
is due to a diabetic foot infection or underlying pressure ulcer. Similarly, osteomyelitis
from soft tissue infection of the oropharynx, paranasal sinuses, gastrointestinal tract, or
female genital tract is usually due to an unpredictable mixture of anaerobic and
Gram-positive and Gram-negative bacteria. When osteomyelitis results from a postop-
erative wound infection, the cause is most often S. aureus, although coagulase-negative
staphylococci are common when osteomyelitis follows implantation of orthopedic
appliances. Pseudomonas aeruginosa osteomyelitis may be the result of
puncture-wound infections of the foot, especially when the foot wound is soaked in
water, which may introduce pseudomonas organisms. Antibiotic-resistant organisms,
such as Enterobacter aerogenes, Acinetobacter calcoaceticus, or P. aeruginosa, may
be selected out when polymicrobially infected pressure ulcers are treated with
narrow-spectrum antibiotics.

1.1.1.2. HEMATOGENOUS (VERTEBRAL) OSTEOMYELITIS

Acute hematogenous osteomyelitis primarily occurs as an infection of intravenous
drug abusers and young children. The only type of hematogenous infection ordinarily
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encountered in older adults is the relatively indolent vertebral osteomyelitis. In verte-
bral osteomyelitis, bacteria reach the vertebral end plate and disk space via the spinal
arteries and spread to the adjacent vertebral body. The urinary tract is often the source
of the infection, and in older men bacteria are believed to reach the spine via the pros-
tatic venous (Batson’s) plexus. The source of bacteremia in cases that are unrelated to
urinary tract infection is usually obvious—less-obvious primary sources of vertebral
body infection include subacute bacterial endocarditis, remote soft tissue infections, or
an infected intravenous line or other medical device.

Spine pain with no apparent cause or a fever of unknown origin are typical presenta-
tions for vertebral osteomyelitis; atypical presentations, such as referred pain to chest
or abdomen, may result from nerve root irritation. The lumbar spine is involved most
often, followed by the thoracic and cervical spine. In the case of now-rare Pott’s dis-
ease, tuberculous spondylitis most often affects the thoracic vertebrae. The majority of
cases of vertebral osteomyelitis have a subacute course with vague pain that gradually
intensifies over several months and low-grade fever. Fever may be absent, however,
and the white blood cell count is usually not elevated. There may be spasm of the
paraspinal muscles and limitation of spine motion. In patients suspected of having an
occult vertebral osteomyelitis, diagnosis may be reliably suggested by the simple physi-
cal examination finding of localized percussion tenderness over the involved verte-
brae. Posterior extension may cause epidural and subdural abscesses or meningitis, and
anterior or lateral extension may lead to paravertebral, retropharyngeal, mediastinal,
subphrenic, or retroperitoneal abscesses.

Because of the protracted course typical of vertebral osteomyelitis, before it is clini-
cally recognized the erythrocyte sedimentation rate (ESR) is elevated and plain X-rays
show irregular erosions in the end plates of adjacent vertebral bodies and narrowing of
the disk space—a radiographic pattern that is virtually diagnostic of bacterial infection
because tumors and other diseases of the spine rarely cross the disk space. Computed
tomographic (CT) or magnetic resonance imaging (MRI) scans are still prudent for
confirmation of diagnosis because they may demonstrate paraspinal or epidural
abscesses. When the cause of vertebral pain, radicular pain, and muscle weakness is
unrecognized as coming from an epidural abscess, the clinical course may be one of
rapid progression over several weeks to irreversible paralysis.

When nonvertebral hematogenous osteomyelitis is diagnosed in older adults, it is
often a relapse of an infection that occurred many years or even decades after the initial
episode of infection. In these cases of nonvertebral hematogenous chronic osteomyeli-
tis, recurrent exacerbations typically punctuate long periods of quiescence. Patients are
usually afebrile, and a relapse may be manifest only by increased purulence of drain-
age from sinus tracts between bone and skin, or an increase in the ESR. Rare late
complications of chronic hematogenous osteomyelitis include pathologic fractures,
squamous cell carcinoma of the sinus tract, and amyloidosis.

The microbiology of vertebral osteomyelitis is different from contiguous focus
osteomyelitis in that more than 95% are caused by a single organism. The majority of
all cases of hematogenous osteomyelitis are caused by S. aureus, although in vertebral
osteomyelitis Escherichia coli or other enteric bacilli are often the cause. The literature
is replete with cases that have unusual causes of hematogenous osteomyelitis, includ-
ing fungi—such as those resulting from disseminated histoplasmosis, coccidioidomy-
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cosis, blastomycosis, cryptococcosis, and Candida or aspergillus tissue infections.
Atypical mycobacteria, syphilis, yaws, or even viruses such as varicella and vaccinia
may also infect bone. The great variety of causes makes culture verification of etiol-
ogy, either by bone biopsy (always preferred) or blood culture, imperative. Sinus or
urine cultures alone are never sufficient to determine antibiotic therapy.

1.1.1.3. OSTEOMYELITIS SECONDARY TO VASCULAR INSUFFICIENCY

When osteomyelitis occurs in the setting of peripheral vascular disease or diabetic
neuropathy, it nearly always involves the small bones of the feet. Poor vascular supply
to the infected bone and soft tissue impairs normal healing and defenses against infec-
tion; in the case of diabetic or other types of peripheral neuropathy, there may be
delayed recognition of osteomyelitis because of lack of normal sensation. Microbio-
logically there is little difference in etiologies between contiguous focus osteomyelitis
and that caused by vascular insufficiency: a wide range of Gram-positive cocci,
Gram-negative bacilli, and anaerobic pathogens must be considered. Cultures of skin
ulcers are unreliable for identification of pathogens, and cultures of bone biopsies are
mandatory if precise bacteriologic data are needed (3,4).

1.2. Clinical Manifestations
As with other infections in the elderly, the clinical manifestations of osteomyelitis

may be blunted by muted fever or reduced inflammatory response, and the diagnosis
can be unrecognized or delayed by difficulties in communication with patients who
frequently have neurological diseases. Moreover, because the debilitated elderly may
be less mobile, the physical movements or weight bearing that elicit musculoskeletal
pain in younger patients may not be present or pain may occur only when they are
passively moved by caregivers. As a result, an indolent bone infection may become
well-established, and the diagnosis of osteomyelitis only becomes apparent weeks or
months later. The initial indication that osteomyelitis is present may thus be the occur-
rence of complications such as sinus tract formation or disseminated infection. The
diagnosis of vertebral osteomyelitis may be the surprising conclusion of a search for
the cause of a low-grade fever that had been incorrectly attributed to cellulitis, urinary
tract infection, or aspiration and has failed to resolve with treatment. Although the
diagnosis of osteomyelitis may be suspected clinically, the definitive diagnosis must
be made on the basis of radiological studies or examination of pathological specimens.

1.3. Diagnostic Tests
Prompt diagnosis and institution of antibiotic therapy of osteomyelitis may prevent

bone necrosis or serious septic complications. An elevated ESR or C-reactive protein
(CRP) level is present in most cases of active osteomyelitis, including in patients who
do not have constitutional symptoms or an elevated white blood cell count. Although
these are nonspecific laboratory tests, and especially in early infections the ESR may
occasionally be normal, the diagnosis of osteomyelitis should be called into doubt when
the ESR and CRP are normal.

The targeted evaluation of suspected osteomyelitis usually begins with plain radio-
graphs, although they frequently show no abnormalities during early infection because,
on average, 1–2 wk are required for infection to cause necrosis of bone. Plain radio-
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graphs may initially show nonspecific soft-tissue swelling; radiographic findings of
periosteal reaction, if they occur, are not visible for at least 10 d after the onset of
infection. Definitive indications of possible infection, such as lytic changes that do not
appear until more than half of bone has been lost, sequestra, or sclerotic new bone forma-
tion, may require many weeks to appear on plain radiographs. A CT scan is more sen-
sitive than plain films for the detection of sequestra, sinus tracts, and soft-tissue
abscesses. Both CT and ultrasonography are useful for guiding percutaneous aspiration
of subperiosteal and soft-tissue fluid collections.

Bone scans are very sensitive indicators of osteomyelitis. In nearly all cases, the
technetium radionuclide scan (99mTc diphosphonate) is positive within 24 h of symp-
tomatic infection. Consequently, a negative radioisotope bone scan virtually excludes
osteomyelitis. Bone scans are, however, not at all specific for infection. Uptake of
technetium merely indicates osteoblastic activity and increased vascularity, so techne-
tium bone scanning cannot differentiate osteomyelitis from fracture, tumor, adjacent
soft-tissue infection, or infarction. Although less convenient and more expensive than
technetium scans, an abnormal gallium or indium scan (with 67Ga citrate, or
111In-labeled leukocyte or immunoglobulin isotopes) are evolving diagnostic tech-
niques that may be helpful in distinguishing infectious from noninfectious processes
found by plain radiographs and technetium scanning, and may prove especially useful
in patients with diabetic ulcers (5).

At present, however, the definitive radiographic study for delineating the presence
and extent of infection is the MRI scan, which is as sensitive as radioisotope bone
scans for the diagnosis of osteomyelitis but is far more specific for infection. It yields
better anatomic resolution of epidural abscesses and other soft-tissue processes, and it
is preferable to CT scan for delineation of anatomical changes. An MRI scan gives
detailed information about the activity and the anatomic extent of infection but cannot
always distinguish osteomyelitis from healing fractures and tumors. The MRI scan is
particularly useful in distinguishing cellulitis from osteomyelitis in the diabetic foot.

“Probing to bone” is a relatively specific procedure for verifying the presence of
osteomyelitis, and may be very useful in the evaluation of nursing facility patients with
pressure ulcers. If bone is palpable during examination of the base of an ulcer with a
blunt surgical probe, osteomyelitis is highly likely, and further diagnostic testing may
be avoidable.

Blood cultures are positive in more than 25% of cases of vertebral osteomyelitis.
Cultures of sinus tract drainage or the base of an ulcer correlate poorly with the organ-
isms infecting the bone (4,6). The gold standard is aerobic and anaerobic culture of a
biopsy specimen obtained under direct vision during surgery. Multiple aerobic and
anaerobic cultures by percutaneous needle biopsy under ultrasound or radiographic
guidance or biopsy at the time of debridement are mandatory before antibiotic therapy
for chronic osteomyelitis is initiated. Cultures positive for multiple organisms and
organisms of low virulence, such as coagulase-negative staphylococci, should not be
assumed to be contaminants, especially if foreign bodies are present. Special culture
media for less common pathogens, such as mycobacteria or fungi, may be required in
some cases, and ultimately histopathologic examination of biopsy specimens may be
the only way to make a diagnosis.
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1.4. Treatment
1.4.1. Antibiotic Therapy

Antibiotic treatment should not be initiated until appropriate cultures have been
obtained. The antibiotics selected should be bactericidal and in most cases, at least
initially, should be given intravenously. When possible, empiric therapy may be initi-
ated by Gram staining of a specimen from the bone or abscess. If Gram stains are
unavailable, after cultures are obtained, prompt broad-coverage empiric therapy against
the most likely pathogens is prudent. Empiric therapy should always include high doses
of an antistaphylococcal antibiotic, such as nafcillin, a cephalosporin, or vancomycin;
if Gram-negative organisms are likely to be involved, as is usually the case for verte-
bral osteomyelitis, a third-generation cephalosporin such as ceftazidime or a newer
fluoroquinolone such as levofloxacin, may be used. If, methicillin-resistant staphylo-
cocci and P. aeruginosa are possible infecting organisms, a combination of vancomy-
cin and an antipseudomonal antibiotic, such as a parenteral fluoroquinolone or an
antipseudomonal third-generation cephalosporin, may be needed (7,8). Success in ani-
mal models of staphylococcal osteomyelitis using rifampin have led some to use the
drug in combination with usual antistaphylococcal therapy (9). Typical initial antibi-
otic regimens for elderly patients based on the presumed infecting organism are listed
in Table 1.

Doses must be modified for the reduced lean-body weight and reduced renal func-
tion of elderly patients, especially those residing in long-term care facilities. Amino-
glycosides should be avoided in the elderly because of their unpredictable ototoxicity
and nephrotoxicity, both of which are more frequent and, when they occur, more debil-
itating in the elderly. If they must be used, serum levels of aminoglycosides should be
monitored closely and renal function checked frequently to minimize toxicity.

Duration of intravenous and oral therapy for osteomyelitis is 4–6 wk. When
well-absorbed antibiotics such as fluoroquinolones are employed, the switch to oral
therapy may be made after defervescence to reduce the complications and expense of
immobilization and parenteral therapy. When more than a week of parenteral antibiotic
therapy is required, use of agents that require infrequent dosing, such as ceftriaxone,
vancomycin, or once-daily newer fluoroquinolones, is preferred (10,11).

When oral therapy is prescribed, the bioavailability and gastrointestinal tolerance of
antibiotics must be considered carefully. For example, most oral penicillins or cepha-
losporins are incompletely absorbed, absorption may be reduced by food (or, paradoxi-
cally, by fasting) and the doses required for the treatment of osteomyelitis are several
times higher than the doses of these drugs prescribed for other common infections,
which may not be tolerated by older adults. Except for the fluoroquinolones, such as
ciprofloxacin (500–750 mg twice daily) or levofloxacin (500 mg once daily) there are
limited clinical data to support the use of oral antibiotics by adults for the treatment of
chronic osteomyelitis. Caution should be exercised in the use of fluoroquinolones as
the sole agents for treatment of infection caused by S. aureus or P. aeruginosa because
resistance may develop during therapy. Clindamycin (300–450 mg every 6 h) or met-
ronidazole (500 mg every 6–8 h) are also highly bioavailable and may be useful for
oral regimens.
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The ESR may be useful to monitor treatment of chronic osteomyelitis, and in par-
ticular, vertebral osteomyelitis. Failure of the ESR to drop to about half of pretreatment
levels after a 4–6 wk course of treatment with an appropriate antibiotic is an indication
for longer treatment.

1.4.2. Nonantibiotic Therapy

Surgery is seldom necessary for noncontiguous-focus osteomyelitis, even in cases
of many months’ duration, except in instances of spinal instability, new or progressive
neurologic deficits, large soft-tissue abscesses that cannot be drained percutaneously,
or a failure of medical treatment. Immobilization, which is always hazardous for eld-
erly patients, should be prescribed only for relief of symptoms—when back pain has
declined to the point at which ambulation is possible, bed rest should be terminated.
Spontaneous fusion of involved vertebrae occurs in the majority of cases after success-
ful treatment.

Even when diagnosed early, however, cure of contiguous-focus osteomyelitis usu-
ally requires at least surgical debridement in addition to 4–6 wk of antibiotic therapy
(12). Risks and benefits of aggressive therapy for chronic osteomyelitis in the elderly,
however, should be considered carefully. For nursing home patients, for example,
intermittent courses of suppressive therapy with oral antibiotics are an attractive option
when compared with enduring multiple surgical procedures, prolonged courses of
parenteral antimicrobial therapy, and in some cases the risk of loss of an extremity. If
surgical intervention is chosen, biopsy and culture performed preoperatively permits
the administration of targeted antibiotic therapy before surgery to reduce active infec-

Table 1
Intravenous Antibiotic Regimens for the Initial Treatment of Bone
and Joint Infections in Elderly Patients, Based on Presumed or Known Pathogensa

• Penicillin-sensitive staphylococci and streptococci:
Penicillin G (3–4 million units every 4–6 h)

• Penicillin-resistant, methicillin-sensitive staphylococci
Nafcillin or oxacillin (2 g every 4–6 h), or cefazolin (1–2 g every 8–12 h)

• Methicillin-resistant staphylococci
Vancomycin (15 mg/kg (up to 1 g) every 12 h)

• Gram-negative bacilli (based on in vitro susceptibility)
Ampicillin (2 g every 4–6 h), cefazolin, cefuroxime (1.5 g every 8–12 h), or a

fluoroquinolone such as levofloxacin (500 mg every 24 h)
• Resistant Gram-negative bacilli, such as P. aeruginosa:

Two antibiotics known to be active against the organism, such as piperacillin (3 g every
6–8 h), or ceftazidime (1 to 2 g every 8–12 h), plus gentamicin or tobramycin
(1.7 mg/kg every 8 h, or 5–7 mg/kg every 24 h) or a fluoroquinolone, such as
ciprofloxacin (750 mg every 12 h) or levofloxacin (500 mg every 24 h), or
aztreonam (1–2 g every 8–12 h) have been recommended by some clinicians

aUsually continued for 4–6 wk, although shorter courses may be appropriate for some infections. If
response to therapy is rapid, a shorter course of parenteral therapy followed by high doses of oral
antibiotics known to be active against the infecting bacteria for the remainder of the course of therapy
may be effective.
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tion and inflammation. If the specific etiology is not known, antibiotics should be given
intraoperatively—after debridement with culture obtained for definitive therapy. Man-
agement of “dead space” created by debridement surgery is mandatory—the goal of
dead-space management is to replace dead bone and scar tissue with durable vascular-
ized tissue, as scar tissue that fills the defect may later become avascular. Complete
wound closure should be attempted.

The effectiveness of treatment of osteomyelitis of the small bones of the feet related
to vascular insufficiency is obviously is limited by the poor blood supply and impaired
ability to heal. When appropriate, revascularization should be considered. In the case
of decreased perfusion due to diabetic small-vessel disease, the only likely options are
suppressive antibiotic therapy or amputation. If infected bone is entirely surgically
removed, routine preoperative surgical prophylaxis is sufficient. Although employed
at some medical centers, the routine use of hyperbaric oxygen to enhance the killing of
microorganisms by phagocytes remains controversial.

1.5. Prevention

Prevention of osteomyelitis depends primarily on controlling the predisposing con-
ditions—bacteremia from acute infection elsewhere, pressure ulcers, and the compli-
cations of diabetic neuropathy and vascular disease. Prevention of the latter conditions
rests mostly with good skin care, rather than the use of antibiotic therapy once ulcers
have developed. The role of antibiotics in the treatment on pressure or trophic ulcers
has, moreover, always been controversial, and is, at best, only marginally beneficial
unless acute cellulitis is present.

2. SEPTIC ARTHRITIS

2.1. Clinical Relevance
In the elderly, acute joint pain and swelling is much more likely to be caused by

crystal-induced arthritis than septic arthritis; the consequences of joint infection, how-
ever, are so serious that the possibility of infection requires a targeted diagnostic evalu-
ation to exclude septic arthritis in most patients with acute joint pain. Immediate
antibiotic treatment is necessary—loss of cartilage and erosion of subchondral bone
from invasion of the cartilage by bacteria and inflammatory cells, increased intra-
articular pressure, and release of proteases and cytokines from chondrocytes, begins
within days of infection (13). The vast majority of cases of septic arthritis is caused by
bacteria and is nearly always hematogenous in origin; nongonococcal arthritis most
often involves previously damaged or arthritic joints. The type of infecting organism,
to a large degree, also determines the extent of damage: Neisseria gonorrhoeae, for exam-
ple, causes limited infiltration by leukocytes and results in minimal joint destruction.

2.2. Clinical Manifestations
Sudden onset of articular or periarticular pain, or a change in the pattern of chronic

joint pain suggests the possibility of septic arthritis. The presence of pain (100%) and
limitation of motion of a joint (90–100%) in a previously normal joint are the most
consistent findings in elderly patients with septic arthritis caused by bacteria (13). Most
often a single joint is affected, but polyarticular septic arthritis is seen in approximately
10% of cases—patients with rheumatoid arthritis are particularly susceptible (13). In
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elderly patients with septic (bacterial) arthritis, the knee joint is most frequently
involved (35–65%), followed by the hip joint (5–15%) (14). Fever may or may not be
present. A complete examination of all joints should be performed even when
monoarticular arthritis appears to be present; special attention should be devoted to
examining the eyes, skin, mucous membrane, and heart as part of the differential diag-
nosis. Infection of the hip, shoulder, or sacroiliac joint may not be clinically detectable.

2.3. Diagnostic Tests

Diagnosis of septic arthritis ultimately depends on the results of examination of syn-
ovial fluid for leukocytes, crystals, and the presence of bacteria by Gram stain and
culture. Although synovial fluid leukocytosis, (white blood cell count exceeding
10,000/mm3) with more than 85% neutrophils, is almost always present, it does not
distinguish between septic and crystal-induced arthritis. Normal synovial fluid has <180
white blood cells/mm3 and they are predominantly lymphocytes. In acute bacterial
synovitis, white blood cell counts exceed 25,000–50,000 cells/mm3, and typically reach
100,000 cells/mm3, with more than 75–90% neutrophils. Noninfectious inflammatory
arthritides and mycobacterial and fungal infections usually have fewer than 50,000
cells/mm3, and more of a lymphocytic response.

When positive, a Gram stain can guide empiric therapy, but it is often negative for
bacteria (15,16). Synovial fluid cultures should always be obtained, even when crystals
are seen by polarized light examination of a wet mount. If available, polymerase chain
reaction (PCR) techniques can detect minute quantities of bacterial DNA within synovial
fluid and tissue, but the assay is susceptible to false positives from contamination and
cannot distinguish between live and dead organisms. Blood cultures may be positive,
especially in S. aureus septic arthritis. As in osteomyelitis, the ESR and CRP are usually
positive, and may be helpful in monitoring response to treatment. In fact, a normal ESR
and/or CRP should make the diagnosis of bacterial arthritis highly suspect (14,17).

Radiographs are of limited utility. MRI scans and, to a lesser extent, CT cans, may
be useful for evaluating periarticular soft tissues for abscesses or cellulitis. As with
osteomyelitis, radionuclide bone scans are very sensitive early indicators of septic
arthritis. Scans with technetium (99mTc), gallium (67Ga), or indium (111In) localizes
inflammation and increased bone metabolism, but cannot reliably distinguish between
infection-induced and crystal-induced arthritis. For most patients from whom synovial
fluid can be obtained, however, MRI scan or radionuclide imaging adds little to the
diagnostic process.

Traditionally, bacterial arthritis is divided into nongonococcal and gonococcal eti-
ologies, the latter of which has a better prognosis. Although a bacterial pathogen can be
identified in most cases of nongonococcal septic arthritis, the source of infection is less
commonly identified. When a source is found, most are cutaneous, respiratory, and
genitourinary infections (18).

2.4. Specific Types of Septic Arthritis
2.4.1. Gonococcal Septic Arthritis

Although less common than in younger patients, disseminated gonococcal infection
(DGI) must be considered in all sexually active older patients with septic arthritis
(13,19). In a review of gonococcal arthritis in young women, the knee was most often
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affected, followed by hand and wrist synovitis (20). Skin manifestations—small num-
bers of papules that progress to hemorrhagic pustules on the trunk and the extensor sur-
faces of the distal extremities—and/or migratory polyarthralgias were present in about
half of patients. Joint fluid may be difficult to obtain, and cultures are consistently nega-
tive in DGI. Blood cultures were positive in only 13% of cases (20). Although antibiotic
resistance of gonococci is an international problem, resistance to ceftriaxone or cipro-
floxacin have not been a problem in DGI in the U.S. An appropriate initial regimen is
ceftriaxone (1 g parenterally once daily); alternate regimens include ceftizoxime (1 g
intravenously (I.V.) every 8 h) or cefotaxime (1 g I.V. every 8 h) until 24–48 h after
resolution of symptoms) (21). Persons allergic to -lactam drugs may be prescribed cipro-
floxacin (500 mg I.V. every 12 h), ofloxacin (400 mg I.V. every 12 h), or spectinomycin
(2 g intramuscularly (I.M.) every 12 h). Subsequent oral therapy should be with a
ciprofloxacin (500 mg twice daily) or ofloxacin (400 mg twice daily), or cefixime (400
mg twice daily), plus empiric treatment for Chlamydia trachomatis infection with oral
doxycycline (unless a week of ofloxacin is used for followup therapy) (21).

2.4.2. Staphylococcal and Streptococcal Septic Arthritis
S. aureus accounts for the great majority of cases of septic arthritis in older adults

(14), and for more than 80% of cases in rheumatoid arthritis or hemodialysis patients
(22,23). As a result, all empiric regimens for patients with nongonococcal septic arthri-
tis should include coverage for S. aureus, and the probability of bacteremia with pos-
sible endovascular infection considered. There is now an increasing prevalence of
methicillin-resistant S. aureus (MRSA) and S. epidermidis, especially in patients with
prosthetic joint septic arthritis. Suspected staphylococcal joint infection should be
treated initially with vancomycin (1 g I.V. every 12 h), until methicillin resistance can
be excluded, with follow-up therapy with a cephalosporin for the remainder of the 4–6
wk course.

The streptococci (nongroup A -hemolytic streptococci—groups B, C, and G, and
pneumococci) and enterococci are the second most common causes of nongonococcal
septic arthritis. Group B streptococcal infection may be particularly virulent in diabetic
patients. Enterococci can infect native or prosthetic joints. If the Gram stain shows
Gram-positive cocci, empiric therapy with vancomycin provides sufficient coverage,
including activity against penicillin-resistant S. pneumoniae.

2.4.3. Gram-Negative Bacilli

Up to 20% of cases of septic arthritis cases at teaching hospitals are caused by a
variety of Gram-negative bacilli, especially among immunosuppressed patients (18,24).
In addition, predispositions typical of elderly nursing facility patients—prior antibiotic
use, urinary tract infections, and pressure ulcers—are associated with Gram-negative
bacilli as causes of septic arthritis. If Gram-negative bacilli are seen on Gram’s stain,
empiric therapy should include a fluoroquinolone such as ciprofloxacin (500 mg twice
daily) or levofloxacin (500 mg daily), or a third-generation cephalosporin such as
ceftazidime (2 g twice daily), or imipenem (500 mg every 6 h).

2.4.4. Unusual Causes

Anaerobic joint infections are rare, but should be considered if abdominal abscess or
anaerobic soft-tissue infection, such as that associated with pressure ulcers, is present.



Osteomyelitis and Septic Arthritis 135

Pasteurella multocida, a Gram-negative coccobacillus that is sensitive to penicillin,
may cause septic arthritis following an animal bite. Quite rarely, Mycobacterium
marinum, from exposure to freshwater, saltwater, swimming pools, or fish tanks, may
cause mildly painful septic arthritis, without systemic symptoms. Other rare causes
that are included in a broad differential diagnosis are M. tuberculosis and other myco-
bacterial species (chronic monoarticular arthritis), Ureaplasma urealyticum, Brucella
spp. (ingestion of unpasteurized dairy products), oral flora such as Eikenella corrodens
(human bites), and Treponema pallidum. Other pathogens to consider in relevant
circumstances include Borrelia burgdorferi (Lyme disease), Coccidiodes immitis
(endemic areas), Sporothrix schenkii (thorns or splinters), and Streptobacillus
moniliformis (rat bites). Several viruses, such as mumps, rubella, and parvovirus, may
cause infectious arthritis, but are not likely to be encountered in the elderly.

3. ISSUES OF SPECIAL RELEVANCE TO THE ELDERLY
3.1. Prosthetic Joint Infection

Most joint replacement surgery is performed for elderly patients. (See also Chapter
17) In a few percent of cases their postoperative course is complicated by infection,
and the outcome is poorer with higher mortality and morbidity than in younger patients
(25,26). Patients with rheumatoid arthritis have both a higher incidence of joint infec-
tion following surgery, and have a poorer outcome when infection occurs. Other groups
of patients said to be at greater risk include those with previous surgery on that joint,
diabetes mellitus, poor nutritional status, and very old patients. In general, the range of
infecting organisms is much broader in the latter susceptible patients, and the fluid
should be cultured for less common pathogens such as anaerobic bacteria, fungi, and
mycobacteria.

A classic acute presentation of prosthetic joint infection with fever, pain, and inflam-
mation, suggests infection with S. aureus, streptococci, or enteric bacilli. On the other
hand, many months or even years after surgery less virulent organisms, such as coagu-
lase-negative staphylococci, viridans streptococci, or diphtheroids, or rarely anaerobic
bacteria, may be cultured during an evaluation for chronic joint pain or for radiographi-
cally noted loosening of the prosthesis. When joint infection follows wound infection,
multiple pathogens may be present. Some advocate preoperative treatment of asymp-
tomatic bacteriuria, with the hope of reducing infection risk (25). Radiography, includ-
ing various types of scans, is of uncertain usefulness—the gold standard for diagnostic
testing remains joint aspiration and examination of synovial fluid. In contrast to rou-
tine aspiration of nonprosthetic joints, the presence of a foreign body in a joint means
that accidental inoculation of organisms during needle aspiration is a special hazard.

The best hope of cure requires a two-stage surgical procedure—removal of the pros-
thesis and cement is accompanied by a 6-wk course of bactericidal antibiotic therapy
chosen on the basis of in vitro susceptibility studies (26). Reimplantation is performed
at the conclusion of the 6-wk antibiotic course. A new prosthesis may not be feasible at
all, however, and the realistic options for some elderly patients may be limited to joint
fusion or amputation. Simple surgical drainage with retention of the prosthesis plus a
defined course of antibiotic therapy is generally not successful, and should be reserved
only for acute cases (symptoms no longer than 5 d) that are promptly diagnosed,
drained, and treated vigorously (27)—even then, success with this approach is achieved
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in only about a third of patients (25). Antibiotic therapy should be continued longer
than 6 wk if the prosthesis is left in place (28,29). There are no studies of suppressive or
follow-up oral therapy, although the availability of excellent new oral antibiotics makes
this a reasonable choice for some patients.

3.2. Rheumatoid Arthritis and Septic Arthritis

Patients with rheumatoid arthritis have the highest incidence of septic arthritis, most
often due to S. aureus. As many as half of elderly patients with septic arthritis have
underlying rheumatoid arthritis, and about 20% of patients with rheumatoid arthritis
develop joint infections at some time during the illness (22). Polyarticular infection
that can resemble an excerbation of their underlying disease is peculiar to patients with
rheumatoid arthritis. Their predispositions to infection include chronically inflamed
joints, corticosteroid and other antiinflammatory therapy, breakdown of rheuma-
toid nodules, and ulcers in the skin overlying deformed joints. Symptoms of infection
tend to be insidious and the diagnosis of infection is delayed or ascribed to the
underlying disease; perhaps as a result, outcomes tend to be worse than septic arthritis
in patients without rheumatoid arthritis (22). In most circumstances, an acutely
inflamed joint in a patient with rheumatoid arthritis should be considered to be septic
arthritis until infection has been excluded.

4. NONANTIBIOTIC THERAPY

The decision to employ surgical drainage and the type of drainage procedure chosen
is more often based on individual clinical decision-making and custom than data. If the
joint, e.g., hip septic arthritis, is difficult to aspirate or monitor, a scarred rheumatoid
joint is infected, or there has been inadequate response to antibiotics, open drainage
may be chosen. Patients with a rapid response to antibiotics and those with gonococcal
septic arthritis rarely require open drainage and lavage. An initial attempt at percutane-
ous drainage or multiple aspirations is preferable in most cases, although arthroscopic
lavage is preferred by some orthopedic surgeons. The impulse to lavage joints with
antibiotics, which may cause chemical irritation, should be resisted.

Joint immobilization for a few days may improve pain control, but range-of-motion
exercises and mobilization should be instituted as soon as possible to reduce decondi-
tioning and maintain joint function (14). Immobilization and deconditioning are espe-
cially detrimental for elderly patients.

5. ANTIBIOTIC TREATMENT

Once cultures of blood and synovial fluid have been obtained, empiric antibiotics
should be started promptly. There are no standard regimens that are subscribed to uni-
versally, but most regimens include a second- or third-generation cephalosporin and
specific antistaphylococcal therapy, such as ceftazidime (1–2 g every 8 h) or ceftriaxone
(1–2 g every 24 h), and nafcillin (2 g every 6 h), respectively, until culture data are
available. Intravenous vancomycin (1 g every 12 h) should be given if methicillin-resistant
S. aureus is a possible pathogen—particularly in hospitalized or long-term care patients.
If P. aeruginosa is a possible pathogen, an antipseudomonal antibiotic, such as
ceftazidime, piperacillin, imipenem, or ciprofloxacin, should be prescribed. Some clini-
cians recommend prescribing two antipseudomonal antibiotics.
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Definitive therapy with vancomycin, nafcillin, or a first-generation cephalosporin
should be continued for at least 4 wk for infections due to staphylococci.
Nonstaphylococcal bacterial arthritis, such as that due to Haemophilus influenzae or
streptococci, may respond to 2–3 wk of therapy, or an abbreviated course of intrave-
nous therapy followed by several weeks of an oral antibiotic with excellent
bioavailability. DGI should be treated with standard regimens employed in younger
patients. Therapy for unusual organisms must be individualized, with the assistance of
infectious disease consultation.

6. PREVENTION

The most preventable form of septic arthritis in the elderly is periprosthetic joint
infection. Joint replacement candidates with higher rates of infection—patients with
rheumatoid arthritis or other medical conditions requiring immunosuppressive therapy,
and those who have undergone previous surgery on the joint—should be evaluated and
treated with care. Preoperative antibiotic prophylaxis with cefazolin and laminar air
flow in the operating room can lower infection rates. Postoperative care to prevent
hematogenous spread of bacteria to the prosthesis requires special attention to intrave-
nous catheters, avoidance of indwelling bladder catheters, and prompt treatment of
respiratory, urinary, and cutaneous infections during the perioperative period. The role
of prophylactic antibiotics for the prevention of periprosthetic infection following den-
tal procedures or gastrointestinal and genitourinary tract instrumentation is unclear,
and they are probably of little or no benefit.
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13
Skin and Soft-Tissue Infections

Natalie C. Klein and Burke A. Cunha

Skin and soft-tissue infections are common problems in the elderly. In one study of
nursing home residents, skin infections accounted for 35% of infections acquired in
nursing homes in Maryland (1). The presence of a skin ulcer was the major risk factor
for developing an infected ulcer or cellulitis. In addition to the normal changes of the
aging skin such as decreased turgor, elasticity, and atrophy, elderly patients often have
coexisting peripheral vascular disease or small-vessel disease of diabetes mellitus,
which makes them increasingly vulnerable to skin and soft-tissue infections, and may
result in delayed healing. The elderly are at risk for all the usual pathogens causing skin
and soft-tissue infections but in addition, because of their impaired host defenses and
frequent coexisting vascular disease and diabetes mellitus, the elderly are at greater
risk of developing necrotizing soft-tissue infection, infected pressure ulcers, and dia-
betic foot infections (see also Chapter 22). Skin and soft-tissue infections in the elderly
consist of the primary pyodermas, erysipelas or cellulitis, necrotizing fasciitis, and the
infected ulcer (see Table 1).

1. PRIMARY PYODERMAS

Superficial skin infections, also called primary pyodermas, are the most common
skin infections occurring in all age groups. These include impetigo, folliculitis,
furuncles, carbuncles, and paronychia. Most of these infections are caused by group A
streptococci or by Staphylococcus aureus. Pseudomonas aeruginosa is a cause of hot
tub folliculitis, an infection associated with recreational use of contaminated whirlpools
and hot tubs resulting in a self-limited pruritic papular eruption in a characteristic
bathing suit distribution. Some cases of folliculitis and paronychia are caused by
Candida albicans.

S. aureus colonizes the anterior nares in 20–40% of the normal population. The rate
of nasal S. aureus colonization is increased in insulin-dependent diabetics, patients
undergoing hemodialysis, individuals receiving allergy injections, and in intravenous
drug users. Because the elderly often have coexisting diabetes mellitus or renal insuffi-
ciency, it is not surprising that asymptomatic nasal S. aureus carriage may be increased
in the older patient.
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Colonization and infection with methicillin-resistant S. aureus (MRSA) has also
become a problem in acute care hospitals, chronic care facilities, and hemodialysis
units (2). It is not known why infection with staphylococci develops in some individuals
and not in others, but it seems likely that the presence of chronic diseases, wounds,
especially skin ulcers, debilitation, and nasal S. aureus carriage are all predisposing
factors.

In the elderly, localized skin infections due to S. aureus include folliculitis, furuncles,
carbuncles, hydradenitis suppurativa, and staphylococcal wound infections. Folliculi-
tis, furunculosis, and the carbuncle all involve inflammation and infection around the
hair follicle. Folliculitis is the most benign of these infections and presents as painful,
erythematous, indurated pustules and crusts around a hair follicle. A furuncle or boil is
a deeper infection involving the hair follicle and presents as a painful red nodule or
induration that develops a fluctuant center containing purulent creamy material.
Carbuncles are deep-seated infections of several hair follicles that often have multiple
sinus tracts draining purulent material. Patients with carbuncles may have associated
symptoms of fever and chills.

Hydradenitis suppurativa is a recurrent infection of apocrine sweat glands, usually
due to S. aureus. Patients most often present with recurrent axillary furuncles. Most
superficial localized S. aureus skin infections can be treated with warm compresses
and topical antimicrobial therapy with bacitracin or mupirocin. Antistaphylococcal
antibiotics such as penicillinase-resistant penicillins (cloxacillin), first-generation
cephalosporins, clindamycin, or alternately minocycline or vancomycin (for MRSA)

Table 1
Skin and Soft-Tissue Infections in the Elderly

Type Major pathogens Other pathogens

Primary Staphylococcus aureus, Pseudomonas aeruginosa,
pyoderma Group A streptococci Candida spp.

Erysipelas/ Group A streptococci, Group B, C, G streptococci,
cellulitis S. aureus Vibrio vulnificus,

Aeromonas hydrophila,
Erysipelothrix,
Pasteurella multocida,

Necrotizing cellulitis/ Group A streptococci, Bacteroides spp.
fasciitis Enterobacteriaceae Mycobacterium ulcerans

Infected ulcer Streptococci, Klebsiella,
S. aureus, Enterobacter
Escherichia coli
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should be reserved for more serious staphylococcal soft-tissue infections. Large fluctu-
ant lesions usually require incision and draining.

2. ERYSIPELAS/CELLULITIS

Erysipelas and cellulitis are acute spreading infections of the skin, usually involving
large confluent areas and accompanied by systemic toxicity. Erysipelas is a superficial
skin infection involving the cutaneous lymphatic vessels, caused most commonly by
group A streptococci and occasionally by group C or G streptococci. Erysipelas most
often involves the face, has a characteristic, well-demarcated appearance with raised
margins, and is accompanied by systemic symptoms of fever and chills. Streptococcal
cellulitis is an acute, rapidly spreading infection that extends deeper than erysipelas
and involves the skin and subcutaneous tissues. Cellulitis is generally associated with
diffuse erythema, pain, swelling, lymphangitis, fever, chills, and sometimes bacter-
emia. Recurrent cellulitis of the extremities occurs in persons with impaired lymphatic
drainage such as in lymphedema after radical mastectomy, or phlebectomy associated
with coronary artery bypass surgery (CABG). An association between the presence of
tinea pedis and post-CABG cellulitis of a lower extremity has been noted (3).

Although most cases of cellulitis are caused by streptococci or staphylococci, a
number of unusual organisms can cause cellulitis (see Table 2). Pasteurella multocida,
the major pathogen in dog and cat bites, causes a rapidly progressive cellulitis, often
with accompanying lymphangitis occurring several hours after the bite. Cellulitis
caused by human bites is polymicrobial similar to bacteriology of oral flora, and usually
include streptococci, S. aureus, Fusobacterium, Bacteroides spp. and other anaerobes,
and Eikenella corrodens (4). Aeromonas hydrophila is a Gram-negative bacillus  caus-
ing cellulitis, wound infections, and rarely myonecrosis after exposure to contaminated
fresh water. Usually there is a history of preceding trauma (5). A. hydrophila is a nor-
mal inhabitant of the foregut of leeches, and Aeromonas soft-tissue infections have
occurred after application of leeches (6).

Vibrio vulnificus causes two distinct clinical syndromes involving the skin (7,8).
Primary bacteremia occurs after ingestion of contaminated raw oysters or other shell-
fish. Infection usually occurs in the elderly with chronic underlying disease, especially
cirrhosis. Onset of disease is rapid and characterized by high fever, chills, shock in
about 30%, and characteristic bullous skin lesions in more than 50% of patients.
Primary wound infection occurs after exposure to sea water, and also typically causes a
bullous cellulitis that varies from a mild infection to severe necrosis mimicking gas
gangrene.

Erysipelothrix rhusiopathiae, a Gram-positive bacilli, is the causative agent of
erysipeloid, a localized subacute cellulitis and a rare diffuse cutaneous form of celluli-
tis. Erysipelothrix is acquired from infected animals or fish, usually via trauma to the
skin. Erysipeloid usually occurs on the fingers as a slightly raised, well-demarcated
violaceous, very painful cellulitis that may be accompanied by lymphangitis (9).

Nodular lymphangitis is a distinct syndrome characterized by superficial nodules
developing along the dermal or subcutaneous lymphatics (10). It is caused most often
by Sporothrix schenckii or Mycobacterium marinum (11). S. schenckii is a dimorphic
fungus found in the soil, and lymphocutaneous infection characteristically occurs in
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Table 2
Unusual Causes of Skin Infection

Risk factor Pathogens Therapy

Dog/cat bites Pasteurella multocida, Piperacillin-tazobactam or
Staphylococcus aureus, amoxicillin clavulanic acid
streptococci,
Capnocytophaga

Human bite Anaerobes, Piperacillin-tazobactam or
Eikenella corrodens, amoxicillin-clavulanic acid
S. aureus,
streptococci

Fresh water exposure Aeromonas hydrophila Trimethoprim-
sulfamethoxazole

Cirrhosis Vibrio vulnificus Doxycycline or
3rd-generation cephalosporin

Salt water exposure Vibrio vulnificus Doxycycline or
3rd-generation cephalosporin

Shellfish, meat Erysipelothrix Penicillin

Aquarium Mycobacterium marinum Doxycycline or trimethoprim-
sulfamethoxazole

Gardener Sporothrix schenckii Itraconazole

Immunosuppression Aspergillus Amphotericin or itraconazole
Candida Fluconazole
Cryptococcus Fluconazole
Pseudomonas aeruginosa Piperacillin or cefepime

or meropenem

gardeners. M. marinum is an atypical mycobacterium found in fresh water and sea
water. Most cases of lymphocutaneous infection occur in individuals who have contact
with aquariums, swimming pools, or fish.

Immunosuppressed individuals are at risk for developing fungal infections of the
skin and soft tissue. Ecthyma gangrenosum, a rapidly developing necrotic ulcer, is
most often due to bacteremic P. aeruginosa infection and occurs predominantly in
neutropenic patients. Occasionally, Aeromonas, Candida spp, and other Gram-nega-
tive bacilli can produce similar lesions.

3. NECROTIZING SKIN AND SOFT-TISSUE INFECTIONS

Necrotizing soft-tissue infections are a group of severe, rapidly progressing, often
life-threatening infections characterized by extensive tissue damage, sometimes with
gas production and frequently progressing to gangrene (12) (see Table 3). Most of these
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infections occur in patients with predisposing conditions of trauma, surgery, malig-
nancy, ischemia and diabetes mellitus. (See also Chapter 22).

Clostridial myonecrosis caused by Clostrium perfringens is a necrotizing infection
of subcutaneous tissues that usually occurs after trauma or surgery. Often, there is a
history of wound contamination by bowel flora. Minimal gas is present in the tissues,
and there is often serous to purulent drainage, and pain is often severe. Nonclostridial
crepitant cellulitis caused by anaerobic and facultative bacteria including Bacteroides
spp., peptostreptococci and Enterobacteriaceae occur predominantly in diabetic
patients and, like clostridial cellulitis, is characterized by extensive gas formation in
the tissues accompanied by moderate toxicity (see also Chapter 22).

Necrotizing fasciitis involves the superficial fascia and subcutaneous tissue causing
extensive undermining of tissue, which can be demonstrated by lack of resistance to
passage of a probe along the fascial plane (13). Necrotizing fasciitis caused by group A
streptococci is also known as streptococcal gangrene, but many other organisms
including anaerobes and Enterobacteriaceae can produce this clinical entity. There is
often a history of preceding trauma, abdominal surgery, or perirectal infection prior to
development of necrotizing fasciitis. Necrotizing fasciitis is a much more painful
infection than clostridial or nonclostridial crepitant cellulitis, and there are frequent
skin changes of erythema, edema, cyanosis, and gangrene.

Table 3
Necrotizing Soft-Tissue Infections

Clinical entity Microbiology Risk factor

Clostridial myonecrosis Clostridium perfringens Local trauma, surgery

Non-clostridial crepitant cellulitis Peptostreptococci, Diabetes mellitus
Bacteroides spp.,
Enterobacteriaceae

Necrotizing fasciitis Group A streptococci, Minor trauma, abdominal
Mixed Enterobacteriaceae surgery, perirectal

and anaerobes infection

Progressive bacterial Streptococci, Prior abdominal
synergistic gangrene Staphylococcus aureus, or thoracic surgery,

Enterobacteriaceae retention sutures

Synergistic necrotizing cellulitis Enterobacteriaceae, Diabetes mellitus,
anaerobes (Bacteroides cardiorenal disease,
or Peptostreptococcus) perirectal abscess

Phycomycotic gangrene cellulitis Rhizopus, Mucor, Diabetes mellitus, leukemia,
Absidia lymphoma,

severe burns,
elasticized adhesive
tape
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Progressive bacterial synergistic gangrene is a distinctive ulcerating lesion that
occurs at an abdominal or thoracic operative wound site, often near retention sutures.
The infection begins with erythema and induration that evolves into a painful shaggy
ulcer with gangrenous margins. Enterobacteriaceae or S. aureus are characteristically
cultured from the center of the ulcer, whereas anaerobic streptococci grow from the
gangrenous margins.

Synergistic necrotizing cellulitis caused by a combination of anaerobe (B. fragilis or
anaerobic streptococci) and a Gram-negative bacilli occurs predominantly in diabetic
patients, often with perirectal infections. This infection causes extensive muscle and
fascial necroses with overlying skin gangrene. Patients appear markedly toxic, there is
severe pain, and wounds have a characteristic foul-odor drainage, so-called “dishwa-
ter” pus.

Phycomycotic gangrenous cellulitis caused by the nonseptate branching fungi,
Rhizopus, Mucor, and Absidia, is seen predominantly in diabetics, immunocompromised
patients, after severe burns, and after use of elasticized adhesive tape for surgical
wounds (12) (see also Chapter 18). Typically, a black necrotic ulcer develops with
raised borders, there is cutaneous anesthesia, and biopsy of the lesion shows fungal
invasion. The management of necrotizing skin and soft-tissue infections requires
prompt surgical debridement and broad-spectrum antibiotic therapy. If crepitus is
present or gas is visualized on radiograph, immediate surgical incision with inspection
of soft-tissue and fascia is required. Specimens should be obtained for Gram stain and
culture. An appropriate empiric antibiotic regimen should include coverage for strepto-
cocci, anaerobes, Enterobacteriaceae, and S. aureus.

4. INFECTED ULCERS

Infected ulcers are a common problem in the elderly, especially in the diabetic
patient and in patients with impaired motility. Pressure ulcers occur in 10% of patients
residing in nursing homes (14). The presence of an ulcer increases the risk of not only
to local infection but also to cellulitis, osteomyelitis, and bacteremia. The bacteriology
of infected pressure ulcers is polymicrobial. Frequently isolated bacteria include
Proteus mirabilis, Escherichia coli, Pseudomonas spp., staphylococci, enterococci, and
anaerobes (15). Empiric antibiotic therapy with an extended-spectrum penicillin such
as piperacillin-tazobactam or a carbapenem such as meropenem along with surgical
debridement is required.

The bacteriology of the infected diabetic foot ulcer is similar to the infected pressure
ulcer. (See also Chapter 22.) The most common isolates are S. aureus, streptococci,
enterococci, anaerobes, E. coli, and Proteus spp (16,17). Therapy consists of debride-
ment of necrotic tissue and broad-spectrum antibiotic therapy.
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Orofacial and Odontogenic Infections

Anthony W. Chow

1. EPIDEMIOLOGY AND CLINICAL RELEVANCE

Orofacial and odontogenic infections are diverse in etiology and clinical presenta-
tion. Elderly patients are particularly at risk because of poor oral health and relatively
high prevalence of dental caries and periodontal disease. Such infections in the elderly
may be localized and indolent, or invasive and life-threatening. Patients with systemic
underlying diseases such as diabetes mellitus are also prone to more serious infections.
The increasing need for valvular and joint replacements in the elderly also exposes this
population to a greater risk for serious complications such as infective endocarditis or
prosthetic infections from hematogenous seeding of odontogenic infections (1).

Virtually all infectious agents can present intraorally. Although bacterial and fungal
infections of the oral mucosa usually result from direct inoculation of opportunistic
pathogens from the external or resident microflora, viral infections of the oral mucosa
generally arise by hematogenous dissemination or reactivation of a latent infection.
Due to physiologic changes, such as blunted fever responses, chronic or coexisting
diseases, and a tendency to underreport symptoms, the clinical presentation of
odontogenic infections in the elderly may be atypical, and the diagnosis or severity of
infection may be unrecognized or underestimated (2).

1.1. Prevalence of Dental Caries and Periodontal Disease in the Elderly

A survey among adults and senior citizens in the United States revealed that the
fraction of individuals aged 65 yr or older who retained some or all of their natural
teeth had risen from 40% in 1957 to 60% in 1986 and 72% in 1991 (3,4). These surveys
document the notion that edentulism is no longer the norm in the aging population, and
that oral health and dental care (including the appropriate diagnosis, management, and
prevention of odontogenic infections) is an increasingly important issue in geriatric
medicine.

In the 1988–1991 national survey, the prevalence of dental caries, particularly on
root surfaces of the affected teeth, increased dramatically with age, from 47% in those
65–75 yr old to 56% in those 75 yr of age or older (5). Diseases of the periodontium are
also extremely common in the elderly. In the same survey, 46% of individuals 65 yr or
older suffered moderately severe gingival recession (more than 3 mm), and over 80 %
experienced modest periodontal attachment loss (at least 3 mm) (6).
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Longitudinal studies of oral health in the aging person are generally rare. Nordstrom
and colleagues (7) conducted a 9-yr longitudinal study of dental and periodontal status
in 70- and 79-yr-old city cohorts in northern Sweden. The frequency of reported annual
dental visits increased in the younger but not in the older cohort during the 9-yr period.
Clinical examination showed an increasing prevalence of tooth loss, root caries, and
periodontal disease with advancing age. Among dentulous persons, 1.7 teeth per sub-
ject were lost from 1981 to 1990 in the younger cohort, compared with 2.6 teeth per
subject in the older cohort. The number of good teeth decreased very little in the
younger cohort (from 3.44–3.34) but did decrease more dramatically in the older cohort
(from 3.47–2.65) during the 9-yr period. The frequency of surfaces with periodontal
attachment loss exceeding 3 mm increased statistically from 1981–1990 in the older
cohort. In general, subjects with annual dental visits had fewer oral problems.

The oral health of elderly patients in long-term care facilities was investigated dur-
ing 1993 among 250 residents in a suburban community in Norway (8). Results were
compared with an identical examination of the residents in the same facilities in 1980.
In general, the oral hygiene was poor. The mean number of remaining teeth per person
was 11.7 (confidence interval [CI], 10.3–13.1). The mean number of filled teeth was
(5.1 CI, 4.1–6.0), and the mean number of decayed teeth was 1.8 (CI, 1.4–2.2). The
mean number of residual roots per person was 0.8 (CI, 0.5–1.1). Periodontal pockets
exceeding 4 mm were observed in 5% of all teeth. Edentulousness had decreased from
80% in 1980 to 54% in 1993, and more remaining and filled teeth and fewer residual
roots per person were observed in the 1993 population. These data underscore the need
for resources to prevent periodontal disease and caries among elderly patients in long-
term care facilities.

1.2. Microbial Etiology of Dental Caries and Periodontal Disease

Dental caries are caused by a variety of oral bacteria, particularly Streptococcus
mutans and Lactobacillus spp., which colonize the tooth surface as a dental plaque (9).
The ingestion of carbohydrates, especially monosaccharides and disaccharides, results
in the generation of acids on the tooth surface by these plaque bacteria, causing dem-
ineralization of the protective enamel coating and subsequent tooth decay. The tooth
has at least three intrinsic mechanisms protecting it from carious decay: (1) constant
flow of saliva of neutral pH that buffers and washes away bacterial acids, and supplies
calcium and phosphate to remineralize and repair damaged tooth surfaces; (2) acquisi-
tion of an acellular, structureless, bacteria-free coating of salivary origin, known as the
acquired pellicle, which acts as a surface barrier to dietary and bacterial damage; and
(3) cleansing action of the tongue and buccal membranes that actively removes food
particles from the proximity of the tooth. The saliva and its various constituents, such
as lactoferrin, lysozyme, lactoperoxidase, -lysin, and immunoglobulins, also possess
important antimicrobial activity against dental plaque-associated bacteria. As well,
the act of tooth brushing and flossing serves to remove food particles and bacterial
plaques adherent to the tooth surface. However, with aging and poor dental hygiene,
the acquired pellicle becomes colonized with bacteria, and is replaced by supragingival
and subgingival bacterial plaques that ultimately progress to dental caries.
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Unlike dental caries, diet does not appear to have a significant role in the pathogen-
esis of periodontal disease. Factors most commonly associated with gingivitis are inad-
equate oral hygiene and development of the supragingival or subgingival dental plaque.
Plaques that accumulate above the gingival margin are composed mainly of Gram-
positive facultative and microaerophilic cocci and bacilli; plaques that accumulate
below the gingival margin are composed mainly of Gram-negative anaerobic bacilli and
motile forms including spirochetes. Periodontal disease is mainly caused by microor-
ganisms within the subgingival dental plaque, which penetrate the gingival epithelium
and elicit an inflammatory host response. This ultimately results in destruction of the
periodontium comprising the alveolar bone surrounding the root of the tooth, the
periodontal membrane, and the gingiva (10). This tissue destruction causes an apical
migration of gingival tissues (gingival recession), loss of periodontal attachment, and
an increase in the depth of the gingival crevice (periodontal pocket formation). The
microflora associated with gingivitis is predominated by Actinomyces viscosus and
Bacteroides gingivalis, whereas those closely associated with advanced periodontitis
include Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis,
Treponema denticola, and B. forsythus (11). A unifying hypothesis postulating the
microbial shift from a plaque-free tooth surface and progression to supragingival and
subgingival plaque organisms and various odontogenic infections is shown in Fig. 1.

1.3. Factors Predisposing to Orofacial and Odontogenic Infections in the Elderly

Several factors in the elderly may predispose to the development of dental caries and
periodontal disease. These include difficulty in performing oral hygiene due to impaired
manual dexterity or physical disability, inadequate fluoride exposure, frequent sugar
consumption, gingival recession, and reduced sensory or motor function in the oral
cavity and around the teeth (12). Although individuals of all ages are susceptible to the
development of dental plaque if daily oral care is withheld, older persons form dental
plaques more rapidly than do younger people. Gingival recession, which is both
common and more severe with advancing age, also renders the elderly more suscep-
tible to the development of root caries by exposing the underlying tooth surfaces to
subgingival dental plaques without the protection from enamel covers. Chronic medi-
cal illness, physical disability, and socioeconomic factors may also limit access to
appropriate dental care in the elderly, either due to immobility, cost of transportation
and treatment, or long-term care institutionalization (13).

Salivary gland hypofunction with diminished salivary flow and the development of
xerostomia, is an important contributor to poor oral hygiene in the elderly that
ultimately leads to both dental caries and periodontal disease. Without an adequate
volume or normal composition of saliva, chewing and swallowing becomes more
difficult, and repeated irritation of the gingiva and other soft tissues results in gingivitis,
mucositis, aphthous ulcers, and an increased rate of tooth decay. It is important to note
that aging per se does not appear to lead to salivary hypofunction, and in healthy older
adults there is no significant alteration either in the volume or composition of saliva
produced (13,14). The frequent finding of decreased salivary output and xerostomia is
most likely caused by systemic diseases and their treatments rather than by the normal
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biologic sequelae of aging. For example, agents used to manage urinary incontinence,
hypertension, depression, and other major medical problems in the elderly, particularly
anticholinergic drugs, are especially common causes of xerostomia (15). In addition,
several classes of medications frequently prescribed to older people, such as calcium
channel blockers (e.g., diltiazem, verapamil, nifedipine), anticonvulsants (e.g.,
phenytoin), and immunosuppressants (e.g., cyclosporin), are associated with the
development of gingival hyperplasia. If left untreated, this can also predispose to both
dental caries and destructive periodontitis (12).

2. CLINICAL MANIFESTATIONS

2.1. Orofacial Infections

The oral cavity of older adults, especially immunocompromised persons, are
susceptible to a variety of bacterial, fungal, and viral infections. The lesions are often
of protracted duration, and may not be associated with a clinically significant
inflammatory reaction. Palpation and percussion of the oral structures are critical as
tenderness may be the only abnormal finding.

Fig. 1. Microbial etiology of odontogenic infections. A unifying hypothesis postulating the
microbial shift from a plaque-free tooth surface and progression to supragingival and subgingival
plaque organisms and various odontogenic infections. Modified with permission from ref. 24.

Adrian Pinderhughes
150 Chow
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2.1.1. Vesiculobullous Gingivostomatitis and Aphthous Ulcers

Vesiculobullous lesions of the oral mucosa and perioral region are commonly caused
by viral agents, especially from reactivation of herpes simplex virus infection. Other
viruses that may produce vesicular oral lesions include varicella-zoster, type A
Coxsackie viruses, and cytomegalovirus (CMV). Oromucosal herpetic lesions typically
occur on the gingiva, palate, or the tongue. The initial symptoms are sore throat,
enlarged submandibular lymph nodes, and a burning sensation of the oral mucosa. This
is rapidly followed by mucosal ulcers that may be small at first but often coalesce into
large shallow lesions with serpiginous borders, and may become covered by a fibrinous,
yellowish, firmly adherent membrane. The ulcer is very painful, and the patient is
febrile and has considerable difficulty talking, eating, and swallowing.

Varicella-zoster, or shingles, occurs in the elderly at rates exceeding 10 per 1000
annually at age 80 yr (13). Clinical manifestations include vesicular eruptions of the
skin and mucous membranes in the areas following the distribution of ophthalmic,
maxillary, or mandibular divisions of the trigeminal sensory nerves. Symptoms include
fever, malaise, and pain and tenderness along the course of the involved sensory nerve.
Postherpetic neuralgia may occur in 25–50% of patients older than age 60. CMV can
manifest as mononucleosis-like symptoms with inflammatory sore throat, enlarged
salivary glands, petechial hemorrhages, or persisting oromucosal ulcers. Dissemination
is more likely in immunocompromised patients or organ transplantation recipients.

Coxsackie viral infection primarily affects the oropharynx (herpangina), although
gingivostomatitis can occur in more severe cases. The onset is sudden, with relatively
severe systemic reactions including fever, sore throat, dysphagia, vomiting, and
abdominal pains. Small grayish papules and vesicles surrounded by red areolae develop
on the tonsillar fauces, soft palate, uvula, tongue, and oropharynx; these rarely occur
on the buccal mucosa or periodontium. The disease is usually self-limiting and lasts 3–4 d,
followed by complete recovery.

Aphthous ulcers are among the most common causes of recurrent oral lesions, and
must be distinguished from other conditions such as herpes simplex virus or Coxsackie
virus infections, agranulocytosis, and Behçet’s disease. The etiology of aphthous ulcers
remains uncertain, although a number of infectious agents including viruses have been
implicated. Three major clinical variants are recognized: (1) minor aphthous ulcers, (2)
major aphthous ulcers, and (3) herpetiform aphthous ulcers. Minor aphthous ulcers
appear as a number of small ulcers on the buccal and labial mucosa, the floor of the
mouth, or the tongue. The palatal soft tissues, pharynx, and tonsillar fauces are rarely
involved. A prodromal stage is usually present. The ulcers appear gray-yellow, often
with a raised and erythematous margin, and are exquisitely painful. Lymph node
enlargement is seen only with secondary bacterial infection. The course of ulceration
varies from a few days to several weeks and is followed by spontaneous healing. Major
aphthous ulcers are more protracted and may last up to several months. All areas of the
oral cavity including the soft palate and tonsillar areas may be involved. Prolonged
periods of remission may be followed by intervals of intense ulcer activity. Herpeti-
form aphthous ulcers are small and multiple, and characteristically affect the lateral
margins and tips of the tongue. The ulcers are gray with a delineating erythematous
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border and are extremely painful. Despite its name, there is little clinical resemblance
to an acute herpetic gingivostomatitis.

2.1.2. Oropharyngeal Candidiasis

Colonization of the oral cavity by Candida spp. increases in the elderly, although
the frequency and intensity of carriage appears to be independent of denture use (16).
Clinical disease may be precipitated by the use of broad-spectrum antibiotics and
inadequately cleaned or ill-fitting dentures. The most common oral manifestation is
pseudomembranous candidiasis (thrush), which affects about 10% of the elderly
population (13). It is characterized by soft, white, slightly raised adherent plaques that
can be wiped off leaving an erythematous or bleeding surface. Acute erythemic or
atrophic candidiasis is characterized by painful erythematous mucosal lesions and a
“bald” (depapillated) appearance of the tongue. Chronic atrophic candidiasis or
denture-induced stomatitis is commonly found in denture wearers and elderly persons
with diffuse inflammation of denture-bearing areas due to prolonged irritation. Chronic
hyperplastic candidiasis is a leukoplakic or keratotoic lesion that cannot be removed by
scraping, and is usually located on the anterior buccal mucosa.

2.1.3. Sialadenitis and Suppurative Parotitis
Sialadenitis, or infection of salivary tissue, is relatively common in the elderly, often

from ductal obstruction caused by calculi, dehydration, sialogogic drugs, or general
debility. In suppurative parotitis, there is a sudden onset of firm, erythematous swelling
of the pre- and postauricular areas that extends to the angle of the mandible. This is
associated with exquisite local pain and tenderness. Systemic findings of high fevers,
chills, and marked toxicity are generally present. Progression of the infection may lead
to massive swelling of the neck, respiratory obstruction, septicemia, and osteomyelitis
of the adjacent facial bones. Staphylococci have been the predominant isolates, but
Enterobacteriaceae, oral anaerobes, and other Gram-negative bacilli have also been
reported.

2.1.4. Mucositis in the Severely Immunocompromised

Mucositis that complicates radiation or chemotherapy most commonly involves the
nonkeratinized oral epithelium, including the buccal and labial mucosa, soft palate,
oropharynx, floor of the mouth, and ventral and lateral surfaces of the tongue. Oral
candidiasis, herpes simplex, varicella-zoster, and CMV infections are the most com-
mon manifestations. Bacteremia caused by viridans streptococci is particularly com-
mon in patients with severe mucositis associated with treatment for acute leukemia
(17). Ulceration and pseudomembrane formation are evident usually between 4 and 7 d
after the initiation of chemotherapy, when the rate of destruction of the basal epithe-
lium exceeds that of proliferation of new cells. The clinical manifestations may be
quite variable. The lesions are often protracted in duration and may not be associated
with an inflammatory reaction, thereby masking the usual symptoms and signs of
infection. Pain or tenderness may be the only abnormal finding.

2.2. Odontogenic Infections

Odontogenic infections originate either in the dentoalveolar structures, the periodon-
tium, or the pericoronal tissues. Complications include orofacial “space” infections
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and osteomyelitis. The unique features of their clinical manifestations in the elderly are
emphasized as follows.

2.2.1. Dentoalveolar Infections
2.2.1.1. DENTAL CARIES

Both coronal and root caries are common in the elderly population. Coronal caries
are more likely to present as recurrent lesions around existing restorations, which are
more difficult to detect clinically than new carious lesions. The earliest findings are the
presence of pits and fissures on the affected tooth surface that gradually becomes
stained due to demineralization of enamel and dentine. Further destruction eventually
leads to collapse of the overlying enamel. Because there are no cells or vascular
elements in enamel or dentine except for the secondary odontoblasts lying on the pulpal
surface, the diseased area is incapable of healing and replacement. The typical clinical
presentation is a soft to rubbery textured and discolored defect on the tooth surface.
Rapidly progressive caries tend to be soft and can be painful due to involvement of the
pulp. Most coronal caries develop slowly as the infection must spread through highly
calcified enamel and dentine, and hence the lesions are more likely to be long-standing,
hard, and asymptomatic. The carious process progresses silently until the infection has
invaded deeply enough into the pulp to cause pulpal reaction, and eventually the crown
is destroyed. Root caries occur on the tooth surface where gingival recession has
occurred and are characterized by discrete, well-defined, soft, discolored defects on the
root surface or at the junction of the crown and the root. Root caries can be more
difficult to diagnose than coronal caries as they tend to occur in the interproximal tooth
surfaces that are particularly prone to decay due to retained food debris and their relative
inaccessibility to brushing.

2.2.1.2. PULPITIS AND PERIAPICAL ABSCESS

Infection of the pulp can occur in one of three ways: (1) through a defect in the
enamel and dentine due to extension of a carious lesion, traumatic fracture, or a dental
procedure; (2) through the apical foramen or lateral canals (e.g., from a periodontal
pocket or an adjacent tooth with a periapical abscess); and (3) through hematogenous
seeding of the pulp that has been irritated mechanically. Once infected, the acute
inflammatory reaction causes a rapid accumulation of pressure inside this rigid and
unyielding space, compressing the blood vessels entering the pulp cavity through the
apical foramen, and causing ischemia and necrosis of the pulp tissue. Pus may egress
out of a cavity in the crown if one exists or may extrude apically into the surrounding
periodontal tissue resulting in an acute periapical periodontitis. Alternately, the
infected material may erode out of the apical foramen resulting in a periapical or
alveolar abscess. The accumulation of pus causes loss of bone and periodontal tissue
and may extend to involve other teeth. A more serious complication is lateral extension
of the abscesses into planes of least resistance, resulting in deep fascial space
involvement. The early and dominant symptom of an acute pulpitis is severe pain,
which can be elicited by thermal changes, especially cold drinks. In addition, the
involved tooth may be sensitive to palpation and percussion. As the disease progresses
the pain becomes severe and continuous with increased intensity upon lying down.
However, these symptoms may be less intense in older patients because of a more
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blunted inflammatory host response, and a predictable diminution with age in the
number and viability of nerve fibers within the dental pulp. In addition, the disease is
frequently more advanced in the elderly because of undue delays in seeking dental
care. A more indolent form of pulpitis is chronic pulpitis, in which the inflammation is
low grade with partial drainage of the infected material, and symptoms are character-
ized by a mild and dull intermittent pain that is not altered by thermal changes.

2.2.2. Periodontal Infections
2.2.2.1. GINGIVITIS

Mild gingivitis secondary to irritation from dental plaque, gingival bleeding, or
calculus accumulation is relatively common in older adults. Clinically, there is swelling
and bluish purple discoloration of the gingiva with a tendency for bleeding after eating or
brushing. There is usually no pain but a mild fetor oris may be noticed. The inciting
dental plaque may be difficult to observe until it has reached a certain thickness and
becomes discolored or is calcified (calculus or tartar). The prevalence and extent of
subgingival calculus increase directly with age and is found in 75% of individuals 65 yr
or older. This is in contrast to supragingival calculus, which does not vary greatly with
age, and is much less prevalent in the elderly (16% of individuals 65 yr or older) (6).
Acute necrotizing ulcerative gingivitis, also known as Vincent’s disease or trench
mouth, is relatively rare in the elderly. The patient typically experiences a sudden onset
of pain in the gingiva, and the tissue appears eroded with superficial grayish
pseudomembranes. There is halitosis and altered taste sensation in addition to fever,
malaise, and lymphadenopathy.

2.2.2.2. PERIODONTITIS AND PERIODONTAL ABSCESS

Chronic adult periodontitis is characterized by gingival inflammation accompanied
by loss of supportive connective tissues including alveolar bone, resulting in detach-
ment of the periodontal ligament to the cementum. This leads to apical migration of the
junctional epithelium (gingival recession), deepening of the gingival sulcus forming a
“periodontal pocket” around the tooth, and mobility and eventual loss of the affected
tooth. The destructive process is slow, likely from years of dental neglect and chronic
gingivitis. Plaque and calculi are abundant both supra- and subgingivally, and frank
pus may be present in the periodontal pockets. Periodontal abscess may be focal or
diffuse and presents as a red, fluctuant swelling of the gingiva, which is extremely
tender to palpation. These abscesses always communicate with a periodontal pocket
from which pus can be readily expressed after probing.

2.2.3. Pericoronitis
Pericoronitis is an acute localized infection caused by food particles and microor-

ganisms becoming trapped under the gum flaps of a partially erupted tooth or an
impacted molar tooth. Most of these are associated with mandibular molars with
extensive bone resorption. This causes the originally embedded tooth to become
exposed intraorally. Prominent symptoms include pain and limitation of movement on
opening the jaw, discomfort on mastication and swallowing, and facial swelling.
Clinically, the pericoronal tissues are erythematous and swollen, and digital pressure
can often express an exudate from under the infected flap. The masticator spaces are
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often involved and may manifest as trismus. Localized painful lymphadenopathy may
be noted, and the breath is usually foul.

2.2.4. Orofacial “Space” Infections

Suppurative odontogenic infections may extend into potential fascial spaces in the
orofacial area or deep in the head and neck (18). Immunocompromised patients as well
as the elderly are at particular risk for unhalted and spreading orofacial infections.
Table 1 compares the salient clinical features of these “space” infections. However,
fever may be blunted or absent in elderly patients even in the presence of severe
infection (19). The more superficial space infections of the face and oral cavity may
involve the buccal, canine, masticator, submental, and infratemporal spaces. They serve
as important clues to the precise location of the underlying infected tooth. If unrecog-
nized and untreated, these infections are potentially life-threatening, as they may spread
contiguously into the deeper fascial spaces of the head and neck such as the subman-
dibular, lateral pharyngeal and retropharyngeal spaces, or into the carotid sheath (18).
Such infections may result in aspiration and airway obstruction, or may spread intrac-
ranially to cause purulent meningitis or subdural empyema, and caudally to result in
fatal necrotizing mediastinitis.

2.2.5. Osteomyelitis

Odontogenic infections may also spread contiguously to cause osteomyelitis of the
jaws. There is usually a predisposing condition such as compound fracture, irradiation,
diabetes mellitus, or corticosteroid therapy. With initiation of infection, the intramed-
ullary pressure markedly increases, further compromising blood supply and leading to
bone necrosis. Pus travels through the haversian and perforating canals, accumulates
beneath the periosteum, and elevates it from the cortex. If pus continues to accumulate,
the periosteum is eventually penetrated, and mucosal or cutaneous abscesses and fistu-
las may develop. As the inflammatory process becomes more chronic, granulation tis-
sue is formed. Spicules of necrotic and nonviable bone may become either totally
isolated (sequestrum) or encased in a sheath of new bone (involucrum). Severe
mandibular pain is a common symptom and may be accompanied by anesthesia or
hypoesthesia on the affected side. In protracted cases, mandibular trismus may develop.

3. DIAGNOSTIC TESTS

3.1. Specimen Collection and Processing

Because most infections that originate from the oral cavity are polymicrobial in
nature, care must be taken during specimen collection to avoid contamination by the
resident oral flora. Aaerobic and anerobic blood cultures should always be obtained. In
selected patients with pyogenic infections of the face and neck, particularly compro-
mised hosts, needle aspiration of the spreading edge of the skin lesion (using a tubercu-
lin syringe containing 0.5 mL nonbactericidal saline and a 23-gauge hypodermic
needle) is a worthwhile procedure. For ulcerative oromucosal lesions, scrapings from
the ulcer base should be obtained for Gram-stain, potassium hydroxide, and Tzanck
preparations, and cytologic examination. The diagnosis of herpes simplex or varicella-
zoster is readily confirmed by a positive Tzanck smear (prepared from scrapings of the
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Table 1
Comparative Features of Odontogenic Deep Fascial Space Infections of the Head and Neck

Clinical features

Space Infections Usual site of origin Pain Trismus Swelling Dysphagia Dyspnea

Masticator
Masseteric Molars (especially third) Present Prominent May not be evident (deep) Absent Absent

and Pterygoid
Temporal Posterior maxillary molars Present None Face, orbit (late) Absent Absent
Buccal Bicuspids, molars Minimal Minimal Cheek (marked) Absent Absent
Canine Maxillary canines, incisors Moderate None Upper lip, canine fossa Absent Absent
Infratemporal Posterior maxillary molars Present None Face, orbit (late) Occasional Occasional
Submental Mandibular incisors Moderate None Chin (firm) Absent Absent
Parotid Masseteric spaces, Intense None Angle of jaw (marked) Absent Absent
Submandibular 2nd, 3rd mandibular molars Present Minimal Submandibular Absent Absent
Sublingual Mandibular incisors Present Minimal Floor of mouth (tender) Present if Present if

bilateral bilateral
Lateral pharyngeal

Anterior Masticator spaces, occasional Intense Prominent Angle of jaw Present Ocassional
Posterior Masticator spaces, severe Minimal Minimal Posterior pharynx Present Severe

Retropharyngeal Lateral pharyngeal space, Present Minimal Posterior pharynx (midline) Present Present
(and danger) distant via lymphatics

Pretracheal Retropharyngeal space, Present None Hypopharynx Present Severe
anterior esophagus

Reproduced with permission from ref. 25.



Orofacial/Odontogenic Infections 157

ulcer base), which demonstrates the presence of multinucleated giant cells with intra-
nuclear inclusions. Cultures for bacterial, fungal, mycobacterial, and viral pathogens
should be obtained where appropriate. Punch biopsy is also valuable for the investiga-
tion of chronic mucosal lesions and for the diagnosis of malignant or premalignant
conditions. Immunofluorescence staining for antigen detection can also be performed
for herpes simplex and varicella-zoster as well as papilloma viruses and other patho-
gens. Identification of potential pathogens by DNA amplification and hybridization
techniques is a powerful tool that is increasingly being utilized to identify etiologic
agents in suspected infections that are culture-negative.

3.2. Imaging Techniques

An orthopantomogram may reveal the true extent of advanced periodontitis or the
presence of periapical abscess. Ultrasonography, radionuclide scanning, computed
tomography (CT), and magnetic resonance imaging (MRI) are particularly useful for
the localization of deep fascial space infections of the head and neck. A lateral
radiograph of the neck may demonstrate compression or deviation of the tracheal air
column or the presence of gas within necrotic soft tissues. In retropharyngeal infections,
lateral radiographs of the cervical spine or CT scanning can help determine if the
infection is in the retropharyngeal space or the prevertebral space. The former suggests
an odontogenic source, whereas the latter suggests involvement of the cervical spine.
Technetium bone scanning, used in combination with gallium- or indium-labeled white
blood cells, is particularly useful for the diagnosis of acute or chronic osteomyelitis
and for the differentiation of infection or trauma from malignancy.

4. THERAPY

Antimicrobial therapy of orofacial and odontogenic infections should be guided by
the clinical history, careful physical examination, and associated or underlying medical
conditions. Because the etiologic agents are remarkably diverse, every effort should be
made to narrow down the differential diagnosis by pursuing a judicious but aggressive
plan of investigation. Results of culture and susceptibility data, although important for
establishing the etiologic diagnosis, are often not available. Thus, particularly in severely
ill or immunocompromised patients, the initial choice of antimicrobial therapy is often
empirical and designed to cover the most likely pathogens with broad-spectrum agents.

4.1. Dental Caries and Periodontitis

With the improvement of dental restorative materials such as bonding and fluoride-
releasing agents, dental caries in older adults can be readily treated by restorative and
prosthodontic treatment programs. Acute necrotizing ulcerative gingivitis should be
treated with systemic antimicrobials such as metronidazole or penicillin. Certain types
of severe periodontitis are amenable to systemic antimicrobials in conjunction with
mechanical debridement (scaling and root planing) (20). Double-blind clinical studies
of advanced periodontitis in which systemic metronidazole (500 mg three times/day orally)
or doxycycline (200 mg two times/d orally) for 1 or 2 wk used in conjunction with
rigorous mechanical debridement was found to reduce the need for radical surgery by
80% compared with debridement plus placebo control. Oral antimicrobial rinses with
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0.12% chlorhexidine is useful for the control of dental plaque bacteria that leads to
gingivitis and periodontitis.

4.2. Suppurative Odontogenic Infections

The most important therapeutic modality for pyogenic odontogenic infections is sur-
gical drainage and removal of necrotic tissue. Potentially involved fascial spaces should
be carefully examined and incision and drainage performed at the optimal time.
Premature incision into a poorly localized cellulitis can disrupt the normal physiologic
barriers and cause further extension of infection. Antibiotic therapy is important in
halting the local spread of infection and preventing hematogenous dissemination.
Antimicrobial agents are generally indicated if fever and regional lymphadenitis are
present. However, because fever may be blunted or absent in elderly patients, and
immunocompromised patients including the elderly are particularly at risk for
unhalted spread of severe orofacial infections, empiric antimicrobial therapy is usually
warranted (see Table 2).

The initial choice of antibiotic regimens requires not so much the results of bacterial
culture and sensitivity as knowledge of the indigenous organisms that colonize the

Table 2
Antimicrobial Agents Useful for Oromucosal and Odontogenic Infections

Systemic antibacterials for dental or periodontal infections
Normal host

Penicillin G, 1–4 MU IV q4–6 h; or ampicillin-sulbactam, 1.5–3 g IV q6 h
Clindamycin, 450 mg PO or 600 mg IV q6–8 h
Metronidazole, 500 mg PO or IV q8 h
Levofloxacin, 400 mg PO or IV q24 h; or trovafloxacina 200 mg PO or IV q24 h; or
moxifloxacin, 400 mg PO of 24h
Cefoxitin, 1–2 g IV q6 h; cefotetan, 2 g IV q12 h; or ceftizoxime, 1–2 g IV q8–12 h

Compromised host
(one of the following ± an aminoglycoside)
Ceftizoxime, 4 g IV q8 h
Cefotaxime, 2 g IV q6 h
Piperacillin-tazobactam, 3 g IV q4 h
Imipenem/cilastatin, 500 mg IV q6 h
Trovafloxacina 200 mg IV q24 h

Systemic antifungals
Amphotericin B, fluconazole, ketoconazole, itraconazole

Systemic antivirals
Acyclovir, valacyclovir, famcyclovir, gancyclovir, foscarnet

Topical medications:
Antiseptics—chlorhexidine, povidone iodine
Antibiotics—tetracycline, vancomycin, neomycin, bacitracin, polymyxin B,

tobramycin lozenges.
Antifungals—nystatin, amphotericin B, clotrimazole, miconazole, ketoconazole,

itraconazole suspension, fluconazole suspension

 MU, million units; IV, intravenous; PO, oral.
aUse of trofloxacin is restricted because of potential hepatotoxicity.
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teeth, gums, and mucus membranes. By far, most of these organisms, including both
anaerobes and aerobes, are sensitive to penicillin. Thus, penicillin monotherapy in doses
appropriate for the severity of infection remains a good choice. However, the problem
of -lactamase production among certain oral anaerobes, particularly pigmented
Prevotella spp. and Fusobacterium nucleatum has been increasingly recognized, and
treatment failure with penicillin due to -lactamase-producing strains have been well
documented. Ambulatory patients with less serious odontogenic infections may be
treated with amoxicillin with or without a -lactamase inhibitor, or with either penicil-
lin or ciprofloxacin in combination with metronidazole. Penicillin-allergic patients may
be treated with clindamycin, cefoxitin, cefotetan, or ceftizoxime. Erythromycin and
tetracycline are not recommended because of increasing resistance among some strains
of streptococci. Metronidazole, although highly active against anaerobic Gram-nega-
tive bacilli and spirochetes, is only moderately active against anaerobic cocci and is not
active against aerobes, including streptococci. Except in acute necrotizing gingivitis
and in advanced periodontitis, it should not be used as a single agent in odontogenic
infections. In the compromised host, such as the patient with leukemia and severe neu-
tropenia following chemotherapy, or the frail elderly, it is prudent to cover for faculta-
tive Gram-negative bacilli as well as oral anaerobes and streptococci. Agents with
broad-spectrum activity against both aerobes and anaerobes, such as a third-generation
cephalosporin, piperacillin-tazobactam, a carbapenem (imipenem or meropenem), or a
new fluoroquinolone with enhanced activity against Gram-positive bacteria and anaer-
obes (e.g., moxifloxacin or trovafloxacin) are recommended (see Table 2).

4.3. Oromucosal Infections

For herpes labialis, 5% acyclovir topical ointment is only helpful if applied during
the prodrome stage. In immunocompromised patients, systemic acyclovir (200 mg
every 4 h for 7 d) or other antiviral agents (see Table 2) should be considered. Doses
should be adjusted according to renal function in the elderly. Corticosteroids should be
avoided. Severe complications of varicella-zoster can be treated with acyclovir (800 mg
four times daily for 7–10 d) within 72 h of symptom onset. A tapered dose of 40–60 mg
daily of prednisone for 2–3 wk has been suggested by some to decrease the risk of
postherpetic neuralgia (13). However, there are no data indicating the benefit of
systemic corticosteroids in preventing postherpetic neruralgia (21).

Treatment of candidiasis starts with improved oral hygiene, elimination of underly-
ing local and systemic conditions, and topical or systemic antifungal agents. The most
commonly used antifungal agents are nystatin oral suspension (100,000 units/mL with
5 mL rinse for 5 min and spit or swallow four times daily), and clotrimazole troches
(10 mg four times daily for 7–10 d). If a patient has severely diminished salivary output,
clotrimazole vaginal tablets should be recommended for oral use. Dentures must be
soaked in solutions containing benzoic acid or 0.12% chlorhexidine to eliminate the
organisms from the internal surface of the prosthesis. Antifungal creams should
be placed in the dentures prior to use. For more severe oropharyngeal candidiasis,
systemic antifungal agents (such as ketoconazole 200 mg daily or fluconazole 100 mg
daily) are indicated.

In addition to topical and systemic antimicrobial agents, topical antiseptic (e.g.,
chlorhexidine) and anesthetic (e.g., benzydamine, viscous lidocaine, and the like)
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applications are often helpful to alleviate pain and discomfort from ulcerative lesions
of the oral mucosa. Frequent saline rinses may reduce mucosal irritation, remove thick-
ened secretions or debris, and increase moisture in the mouth. Coating agents such as
milk of magnesia or aluminum hydroxide gel (amphogel) have been useful for
symptomatic relief of painful oral lesions. Topical or oral cytoprotective agents (e.g.,
sucralfate) or nonsteroidal antiinflammatory analgesics (e.g., benzydamine, salicylates,
etc.) may provide additional benefit.

4.4. Osteomyelitis

Treatment of osteomyelitis of the jaws is complicated by the presence of teeth and
persistent exposure to the oral environment. Antibiotic therapy needs to be prolonged,
often weeks to months. Adjuvant therapy with hyperbaric oxygen may prove beneficial
in hastening the healing process. Surgical management including sequestrectomy,
saucerization, decortication, and closed-wound suction irrigation may occasionally be
necessary. Rarely in advanced cases, the entire segment of the infected jaw may have
to be resected. However, in elderly patients with severe underlying disease, poor
nutritional status or severe cognitive impairment, surgical intervention may not always
be feasible.

5. PREVENTION

For both caries prevention and treatment of periodontitis in the elderly, the long-
term goal must continue to be active promotion of oral hygiene and more ready acces-
sibility to dental care and restorative prosthodontic treatment programs. Underlying
diseases such as diabetes mellitus and conditions that predispose to salivary gland
hypofunction should be rigorously treated. Medications that cause xerostomia or
gingival hyperplasia should be avoided. Saliva substitutes, noncariogenic lozenges or
gums, and vigorous brushing and flossing routines as well as dietary counseling should
be provided. The diet should be scrutinized to eliminate or discourage frequent snack-
ing of carbohydrate-rich foods or intake of sugar-containing beverages. Behavioral
modification of corisk factors such as cessation of tobacco smoking and promotion of
regular visits to dental care professionals are equally important preventative measures.

Meticulous attention must be paid to oral hygiene with fluoride-containing denti-
frices and rinses (e.g., sodium fluoride 1.1% or stannous fluoride 0.4%) and dental
flossing after each meal. Individuals with physical or mental limitations who cannot
adequately perform oral hygiene by themselves should receive daily oral hygiene by
care providers. Topical fluorides and oral antimicrobial rinses such as chlorhexidine
are indicated for high-risk patients. More frequent visits to dentists and use of electrical
toothbrushes should be considered in these patients. The prospect for an effective and
safe vaccine against dental caries, such as the use of various immunogens derived from
S. mutans, remains remote and unlikely to be available for clinical application in the
near future (22).

Finally, dental sources of bacteremia in the elderly is of increasing concern for those
undergoing prosthetic heart valve implantation or artificial joint replacement. Routine
preoperative dental assessment should be performed for all patients undergoing valvu-
lar operations, and appropriate therapeutic intervention should be initiated whenever
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possible before prosthetic implantations. The value of prophylactic antibiotics during
dental procedures for the prevention of infective endocarditis has remained controver-
sial (23). The routine use of prophylactic antimicrobials in the healthy host for the
prevention of postoperative infections is unwarranted, since the risk of such infections
is less than 1% (24).
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Otitis Externa, Otitis Media, and Sinusitis

Vinod K. Dhawan

1. OTITIS EXTERNA

1.1. Epidemiology and Clinical Relevance

Otitis externa, an inflammatory condition involving the superficial layer of the
external auditory canal, may be acute or chronic. Acute otitis externa in the elderly is
generally a benign disorder, which may be localized or generalized. Chronic otitis
externa is caused by the irritation due to the drainage from the middle ear in patients
with chronic suppurative otitis media. An uncommon form of external otitis called
“malignant otitis externa” is an invasive, necrotizing infection that spreads from the
squamous epithelium of the ear canal to the periauricular soft tissue, blood vessels,
cartilage, and bone (1–3).

Otitis externa is observed in the summer months more frequently, as the maceration
of the skin lining the externa auditory meatus is facilitated by heat, humidity, and
perspiration. Swimming may lead to otitis externa (swimmer’s ear) by introducing
moisture into the ear canal. Malignant otitis externa is typically seen in elderly diabetics
in whom chronic hyperglycemia, tissue hypoperfusion due to microangiopathy, altered
cell-mediated immunity, and impaired phagocytic function all play a pathogenetic role.
Occasionally, malignant otitis externa has been noted after the syringing of the ear
canal (4) and in patients infected with human immunodeficiency virus (HIV) (5).
Complications that may be life threatening could result from the spread to the temporal
bone, sigmoid sinus, jugular bulb, base of the skull, meninges, and the brain.

Otitis externa is generally caused by organisms such as Staphylococcus aureus
and Pseudomonas aeruginosa. Malignant otitis externa is almost always due to
P. aeruginosa (see Table 1). Only rare cases of malignant otitis externa due to S. aureus
(6), Proteus mirabilis (7), and Aspergillus fumigatus (8) have been reported. Rare
causes of chronic otitis externa include tuberculosis, fungal infections, syphilis, yaws,
leprosy, and sarcoidosis. Fungal otitis externa may be part of a general or local fungal
infection; Aspergillus spp. are responsible for the most cases (9).

1.2. Clinical Manifestations

Acute otitis externa causes pain in the ear that may be quite severe due to the limited
space for expansion of the inflamed tissue. The movement of the external ear and
sometimes of the jaw aggravates the pain. The patients may experience itching of the
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Table 1
Salient Features of Malignant Otitis Externa in the Elderly

Predisposing factors Diabetes mellitus
Immunocompromise

Microbiology Usually due to P. aeruginosa

Complications Cranial nerve palsies (facial, glossopharyngeal, vagus,
spinal accessory, hypoglossal, abducens, and
trigeminal)

Jugular venous thrombosis
Cavernous sinus thrombosis
Meningitis

Therapy Aminoglycoside + antipseudomonal penicillin
(piperacillin, ticarcillin etc.) OR
Aminoglycoside + ceftazidime OR
Quinolones: ciprofloxacin, ofloxacin

ear. The infection typically starts at the junction of the cartilage and bone in the exter-
nal meatus. Speculum examination of the canal reveals the skin to be edematous and
erythematous. There may be an accumulation of moist debris in the canal. The tym-
panic membrane may be difficult to visualize and may be mildly inflamed but is nor-
mally movable on insufflation. Acute localized otitis externa may occur as a pustule or
furuncle associated with the hair follicles; S. aureus is generally the causative organ-
ism in these patients. Infection due to group A streptococcus may cause erysipelas of
the concha and the canal. Examination may reveal hemorrhagic bullae in the ear canal
or on the tympanic membrane, and regional lymphadenopathy may be noted.

Most episodes of otitis externa in the elderly resolve completely within 5–7 d. Fail-
ure of resolution of otitis externa should lead to suspicion of malignant otitis externa
especially in elderly diabetics. Such patients have unremitting otalgia, tenderness of
the tissues around the ear and mastoid, and purulent drainage from the canal.
Examination of the ear canal reveals granulation tissue at the osseous-cartilaginous
junction. The progression of malignant otitis externa along Santorini’s fissure into the
mastoid may lead to facial nerve palsy. The infection may further spread to the jugular
foramen at the base of skull and involve the glossopharyngeal, vagus, and spinal acces-
sory nerves. Similarly, extension of infection into the hypoglossal canal may involve
the hypoglossal nerve, and involvement of the petrous apex may lead to the abducens
and trigeminal nerves palsies. Other potential complications of malignant otitis externa
include jugular venous thrombosis, cavernous sinus thrombosis, and meningitis.

1.3. Diagnostic Tests

The white blood cell count may be elevated in acute otitis externa, but this finding is
nonspecific. The erythrocyte sedimentation rate is usually very high in patients with
malignant otitis externa and may be useful in monitoring therapy (10). Cultures from
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the granulation tissue or the involved bone will reveal the organism. Plain film radiog-
raphy is inadequate for the evaluation of malignant otitis externa. The extent of dam-
age to the soft tissue and bone may be identified and monitored by use of computed
tomographic (CT) and magnetic resonance image (MRI) scans (3,11). Technetium 99
bone scans and gallium 67 scans are very sensitive but not very specific (12,13). Bone
scans may remain positive long after the microbiologic cure of this condition and there-
fore are not very useful in monitoring the response to therapy.

1.4. Therapy

The therapy of otitis externa consists of the gentle cleansing of the external auditory
canal to remove debris and the instillation of appropriate topical antibiotics (14). The
ear canal may be irrigated with hypertonic saline (3%) or cleansed with mixtures of
alcohol (70–95%) and acetic acid. Inflammation of the canal may be reduced with
hydrophilic solutions such as 50% Burrow solution. Eardrops of topical antibiotics
(including neomycin and polymyxin), combined with a corticosteroid preparation,
diminish the local inflammation. The placement of a wick in the ear canal may facilitate
the delivery of antibiotic drops into the ear canal. Incision and drainage of the furuncle
may be necessary to relieve severe pain. Systemic antibiotic therapy is reserved for
significant tissue infection and systemic toxicity. Malignant otitis externa is treated
with local debridement of the canal and topical treatment with antipseudomonal
antibiotics combined with corticosteroids. Additionally, systemic therapy directed at
P. aeruginosa should be used for 4–6 wk. The combination of a ceftazidime or an
antipseudomonal penicillin (ticarcillin or piperacillin) with an aminoglycoside
(gentamicin or tobramycin) should be considered for synergy. Oral quinolones with
activity against P. aeruginosa, such as ciprofloxacin and ofloxacin, are also generally
effective (15–18). Some consider ciprofloxacin to be the drug of choice due to its high
concentration in the bone and cartilage, ease of oral administration, and low toxicity (19).

1.5. Prevention

Prevention of excessive moisture in the ear canal may favorably impact on the
incidence of otitis externa. Use of a blow dryer after swimming to dry the ear canal
has been suggested as a preventive measure. Aggressive cleansing of the ear canal
should be avoided as the resulting disruption of its lining and subsequent invasion by
resident bacterial flora may lead to infection. Prompt recognition of malignant otitis
externa and its aggressive therapy will minimize its devastating complications.

2. OTITIS MEDIA

2.1. Epidemiology and Clinical Relevance
Acute otitis media has been best studied in children in whom the disease is particu-

larly common (20–23). Few studies have addressed the epidemiology of middle ear
infections in the elderly. In 1990, there were an estimated 24.5 million visits made to
offices of physicians in the United States at which the principal diagnosis was otitis
media (24). The peak incidence occurs in the first three years of life and is increased in
the absence of breastfeeding for three or more months (25) and the presence of passive
smoking (26). Acute otitis media occurs more often in the males than in the females
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and likely has a genetic susceptibility. Native Americans, Alaskan and Canadian Eski-
mos, and Australian aborigines have an extraordinary incidence and severity of otitis
media. The single-most frequently recognized cause of acute otitis media is a viral
upper respiratory tract infection. Others have anatomic changes (cleft palate, cleft
uvula, submucous cleft), alteration of normal physiologic defenses (patulous Eusta-
chian tube), and congenital or acquired immunologic deficiencies including acquired
immunodeficiency syndrome (AIDS).

Although otitis externa is infrequent among the elderly, infection of the middle ear
may be the cause of fever, significant pain, and impaired hearing. Acute otitis media or
inflammation of the middle ear is defined by the presence of fluid in the middle ear
accompanied by the symptoms or signs of illness. The simple presence of fluid in the
middle ear without clinical symptoms or signs of active infection is referred to as otitis
media with effusion. Acute otitis media is considered to be recurrent when three new
episodes of acute otitis media have occurred in 6 mo or four episodes within 12 mo.
The term “chronic otitis media” refers to a prolonged duration of middle ear effusion
usually resulting from a previous episode of acute infection. The epithelial lining of the
middle ear contains ciliated cells, mucus-secreting goblet cells, and cells capable of
secreting local immunoglobulins. The middle ear secretions drain into the nasopharynx
through the Eustachian tube. The pathogenesis of otitis media involves interactions
among host characteristics, virulence factors of viral and bacterial pathogens, and
environmental factors. Conditions resulting in obstruction of the Eustachian tube,
including congestion of the mucosa during viral infections, play a critical role in the
development of otitis media. Bacterial pathogens may infect the middle ear secretions
accumulated behind the obstruction leading to otitis media.

The most frequent etiological agents recovered from patients with acute otitis media
are Streptococcus pneumoniae, nontypable Haemophilus influenzae, Moraxella
catarrhalis, and group A streptococcus (see Table 2). Otitis media may be caused by
type B H. influenzae in approx 10% of patients. M. catarrhalis is less commonly
isolated from the middle ear fluids of with acute otitis media (27). Most strains
produce -lactamase and are resistant to penicillin G, ampicillin, and amoxicillin. Vi-
ruses isolated from patients with acute otitis media include respiratory syncytial virus,
influenza virus, enteroviruses, and rhinoviruses. The bacterial flora isolated from
the elderly patients with chronic otitis media is a polymicrobial mixture of aerobes
(P. aeruginosa, predominating) and anaerobes (Peptostreptococcus predominating).
Uncommon varieties of otitis include tuberculous otitis, otitis due to Mycobacterium
chelonae, or Wegener’s granulomatosis.

2.2. Clinical Manifestations

The elderly with acute otitis media may present with ear pain, ear drainage, or
hearing loss. Vertigo, nystagmus, and tinnitus may occur at times. Other nonspecific
manifestations include fever and lethargy. On examination the tympanic membrane
may be erythematous and obliteration of its landmarks may occur due to its inflamma-
tion and the fluid in the middle ear. Perforation of the tympanic membrane is frequent
but usually not a serious complication. With proper treatment most perforations heal
uneventfully within a couple of weeks. The middle ear fluid may resolve rather slowly
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despite effective antimicrobial therapy. Serous otitis media may cause mild discomfort,
but when it is bilateral the patient may complain of significant hearing loss.
Cholesteatoma is a complication that can lead to bony erosion and requires surgical
management. Mastoiditis, a rare complication of otitis media, should be suspected in
the presence of mastoid tenderness or edema. Intracranial complications, such as
epidural abscess or lateral sinus thrombosis, are noted uncommonly.

2.3. Diagnostic Tests
The presence of middle ear fluid, the hallmark of otitis media, can be ascertained by

several tests. Fluid or high negative pressure in the middle ear dampens the mobility of
the tympanic membrane, a useful sign demonstrated by pneumatic otoscopy.
Tympanometry, a technique using an electroacoustic impedance bridge to record com-
pliance of the tympanic membrane and middle ear pressure, presents objective evi-
dence of the status of the middle ear and the presence or absence of fluid. Acoustic
reflectometry measures sound reflectivity from the middle ear and is able to distin-
guish an air- or fluid-filled space.

There are no diagnostic laboratory tests for acute otitis media; the white blood cell
count may be elevated nonspecifically. A blood culture is positive in only about 3% of
febrile patients with acute otitis media but should be performed if the patient is toxic.
Needle aspiration of the middle ear effusion (tympanocentesis) to define the
microbiology should be considered in selected patients: the critically ill, those not
responding to initial antimicrobial therapy in 48–72 h, and patients with altered host
defenses. Imaging studies are not routinely useful for the evaluation of acute otitis
media, but radiographs of the mastoid air cells may be helpful in patients suspected to
have complicating mastoiditis.

2.4. Treatment
Antibiotic therapy of acute otitis media must be initiated without the knowledge of

the exact organism and therefore must be aimed at S. pneumoniae and H. influenzae,
organisms responsible for the vast majority of these infections. Organisms recovered
less frequently in otitis media of the elderly, i.e., M. catarrhalis, group A streptococ-
cus, and S. aureus, need not be considered in the initial therapeutic decision. However,
Gram-negative enteric bacilli must be considered in the immunocompromised hosts.

Amoxicillin, at a dose of 60–90 mg/kg/d, is the current drug of choice for initial
therapy. The current incidence of ampicillin-resistant H. influenzae and M. catarrhalis
in acute otitis media of the elderly is not high enough to require a change in this

Table 2
Bacterial Pathogens in Acute Otitis Media

Pathogen Mean % Range %

Streptococcus pneumoniae 39 27–50
Haemophilus influenzae 30 17–50
Moraxella catarrhalis 10 6–27
Streptococcus pyogenes 3 2–6
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recommendation. With appropriate antimicrobial therapy, most patients with acute
otitis media are significantly improved within 48–72 h. The therapy should be
switched to -lactamase-stable agents, such as amoxicillin-clavulanate, cefaclor,
cefuroxime axetil, cefixime, cefprozil, cefpodoxime proxetil, loracarbef, and trimethoprim-
sulfamethoxazole, if symptoms persist or worsen after 3 d. Treatment for a 10-d period
is generally considered adequate. Clinical resolution may occur in some patients with-
out the use of antimicrobial agents as the contents of the middle ear are discharged
through the Eustachian tube or through a spontaneous perforation of the tympanic mem-
brane. However, acute otitis media should be treated with appropriate antimicrobial
agents to prevent the suppurative complications. Appropriate antipyretics and analge-
sics should be offered for symptomatic relief. Oral decongestants, antihistamines, and
corticosteroids, although commonly prescribed, have no proven benefit (28).

Surgical management of the persistent effusion of the middle ear includes the use of
myringotomy and the placement of tympanostomy tubes. Currently, myringotomy is
recommended for the relief of intractable ear pain, hastening resolution of mastoid
infection, and drainage of the persistent middle ear effusion. Tympanostomy tubes are
placed for persistent middle ear effusions unresponsive to adequate medical treatment
over a period of 3 mo. Hearing improves dramatically after placement of the ventilat-
ing tubes. The tubes have also been of value in patients who have difficulty maintain-
ing ambient pressure in the middle ear such as would occur due to barotrauma in airline
personnel. The risks inherent in the placement of tubes include those of anesthesia
associated with the procedure, persistent perforation, scarring of the tympanic
membrane, development of cholesteatoma, and otitis media caused by swimming with
ventilating tubes in place.

2.5. Prevention

The use of chemoprophylaxis (antimicrobial agents) and immunoprophylaxis
(pneumococcal vaccine) should be considered for the prevention of recurrent episodes
of acute otitis media. The currently available 23-type pneumococcal polysaccharide
vaccine protects against the most common types of S. pneumoniae found in otitis media.
Intermittent antibiotic prophylaxis (during the period of upper respiratory tract
infections), using a once-a-day regimen of amoxicillin or sulfisoxazole, has been shown
to be protective in children with recurrent middle ear infection. A similar approach
may be helpful in the elderly with recurrent disease.

3. SINUSITIS

3.1. Epidemiology and Clinical Relevance

It is estimated that sinusitis affects 16% of the United States population annually,
leading to approx 16 million office visits and a yearly expenditure of approx 2 billion
dollars on its medical therapy (29). Sinusitis, an infection of one or more of the
paranasal sinuses, usually begins as a complication of viral upper respiratory tract
infection in the elderly population. Obstruction of sinus drainage and retention of
secretions are the fundamental events in sinus infection. Geriatric patients may be
predisposed to sinusitis by several conditions that compromise the integrity of the sinus
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ostia, thereby interfering with aeration of the sinuses and creating a closed space that is
susceptible to bacterial infection. Sinusitis is, therefore, more likely in the elderly with
allergic rhinitis, nasal septal deviation, nasal fractures, nasal polyps or tumors. About
5–10% of cases of bacterial maxillary sinusitis are secondary to dental root infection.
Sinusitis is generally subdivided into acute sinusitis (symptoms less than 3 wk), sub-
acute sinusitis (symptoms lasting 3 wk–3 mo) and chronic sinusitis (symptoms lasting
longer than 3 mo). Sinusitis may potentially cause serious intracranial suppurative com-
plications such as meningitis, brain abscess, epidural abscess, and subdural empyema.

Acute bacterial sinusitis is commonly due to S. pneumoniae and H. influenzae. Less
frequently isolated organisms include Streptococcus pyogenes, -hemolytic strepto-
cocci, S. aureus, and M. catarrhalis (30). The -lactamase production by most strains
of M. catarrhalis and a variable proportion of H. influenzae strains may lead to thera-
peutic failure of -lactam agents such as amoxicillin in treating sinusitis due to these
organisms. Over 200 viruses associated with the common cold have been implicated
in acute sinusitis (31). Ventilator-associated sinusitis is most frequently caused by
S. aureus, followed by P. aeruginosa, enteric Gram-negative bacilli, and various Strep-
tococcus spp. (32). The risk of developing bacterial sinusitis on a ventilator increases
both with the duration of nasal canulation and the size of the cannula (33). Among
patients who have been ventilator-treated for 1 wk, the occurrence of bacterial
sinusitis is approximately 10% (32). Chronic sinusitis, on the other hand, is caused by
H. influenzae (in approx 60%), S. aureus, and anaerobes. P. aeruginosa may be the
causative agent in patients with nasal polyps and cystic fibrosis. Fungal organisms
such as mucor should be considered in the setting of diabetes mellitus and an
immunocompromised host.

3.2. Clinical Manifestations

Acute sinusitis is usually preceded by a viral infection of the upper respiratory tract;
an estimated 0.5% of common colds evolve into acute sinusitis. No single clinical find-
ing is predictive of acute sinusitis. Three symptoms (maxillary toothache, poor response
to decongestants, and history of colored nasal discharge) and two signs (purulent nasal
secretion and abnormal transillumination) are the best clinical predictors of acute
sinusitis. Sinusitis should be considered when purulent nasal or pharyngeal discharge
and cough persist for over a week following a cold. The elderly may complain of
headache, facial pain or tightness over the involved sinus, nasal obstruction, nasal qual-
ity of voice, and a fever (34). Nasal examination may reveal mucosal hyperemia and
mucopurulent discharge. Purulent secretion from the middle meatus is highly predic-
tive of maxillary sinusitis. Direct inspection of the posterior pharynx or use of a pha-
ryngeal mirror may reveal posteriorly draining purulent secretions. Tenderness over
the maxillae or the frontal bone suggesting an underlying sinusitis occurs much less
commonly. Transillumination may be used to evaluate the maxillary and frontal
sinuses, but its value is controversial. In chronic sinusitis, persistent nasal drainage,
postnasal drip, persistent cough, foul breath, and altered taste may be noted. Neglected
sinusitis may exacerbate an underlying chest disease leading to increased morbidity in
the elderly (35). Sinusitis should be distinguished from several disease entities such as
those listed in Table 3.
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3.3. Diagnostic Tests

Radiologic studies are not routinely performed for the evaluation of sinus infection.
Basic radiographic examination of the paranasal sinuses includes four views: the Waters
view (occipitomental), to evaluate the maxillary sinuses; the Caldwell view (angled
posteroanterior), to evaluate the ethmoid and frontal sinuses; the lateral view, to evalu-
ate the sphenoid sinuses and to confirm disease in the paired maxillary, ethmoid, and
frontal sinuses; and the submentovertex view, to evaluate the sphenoid and ethmoid
sinuses. This last view is also useful for examining the lateral walls of the maxillary
sinuses. All radiographs are done with the patient erect in order to evaluate air-fluid
levels. Most studies have demonstrated that sinusitis involves the maxillary sinuses in
approx 90% of cases. Therefore, most cases of sinusitis would be diagnosed using only
the Waters view. Radiographic evidence of acute sinusitis consists of sinus opacifica-
tion, mucosal thickening of >5 mm, and the presence of air-fluid level in the affected
sinus. A computed tomographic (CT) scan is more sensitive than sinus radiography for
evaluating sinus disease and is particularly helpful in delineating the osteomeatal com-
plex (36). The CT scan appears to be more sensitive than plain radiography for detect-
ing sinus abnormalities, particularly in the sphenoid and ethmoid sinuses. However,
due to its cost and poor specificity, which is around 60%, CT scanning of sinuses is not
indicated for patients with uncomplicated acute bacterial sinusitis. In one study, 40%
of asymptomatic patients and 87% of patients with colds had sinus abnormalities on
CT scanning (37). This study should be reserved for patients with recurrent disease,

Table 3
Differential Diagnosis of Sinusitis in the Elderly

Viral upper respiratory infection

Rhinitis medicamentosa (topical decongestant use)

Drug-induced rhinitis (e.g., reserpine, prazosin,

ACE inhibitors, guanethidine, cocaine abuse, etc.)

Allergic rhinitis

Sinus tumors

Sarcoidosis

Nasal foreign body

Midline granuloma

Wegner’s granulomatosis

Rhinoscleroma

ACE, angiotensin-converting enzyme.
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orbital or central nervous system complications, or when surgical intervention is
contemplated due to a protracted sinus disease. The use of MRI scan may be helpful in
select patients in distinguishing soft-tissue tumors from inflammatory lesions (see Fig. 1).

Surface colonization of the nasal passage makes the nasal purulence or the sinus
exudate obtained by rinsing through the natural sinus ostium unsuitable for microbio-
logic diagnosis. Sinus puncture and quantitative cultures of the aspirated exudates
remain the gold standard for reliable microbiologic diagnosis. However, such a
procedure is not performed in an average case due to its invasive nature and the rather
predictable bacteriology of acute sinusitis. Sinus puncture is reserved for patients with
unusually severe disease, those responding inadequately to medical therapy or
suspected of having intracranial extension, and when sinusitis occurs in an
immunocompromised individual.

3.4. Therapy

The management of sinusitis has been recently reviewed (38–40). Because the
distinction between viral and bacterial etiology of acute sinusitis is difficult based on clini-
cal findings, patients with acute sinusitis are generally treated for a presumed bacterial
etiology. The antimicrobial therapy is directed at S. pneumoniae and H. influenzae.
The commonly prescribed antimicrobial agents and their recommended dosages are
listed in Table 4. The antibiotic therapy is generally administered for 14 d. Many clini-
cians are reluctant to prescribe amoxicillin or ampicillin for therapy due to the increas-
ing frequency of -lactamase-producing H. influenzae and M. catarrhalis in acute
sinusitis. Quinolones with limited activity against S. pneumoniae, e.g., ciprofloxacin,
should not be used for therapy of acute sinusitis. Fungal sinusitis, such as mucor,
requires aggressive surgical debridement and appropriate antifungal therapy for cure.

Fig. 1. MRI scan showing a left maxillary sinusitis (white, triangle-shaped area).
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The nasal spray decongestants such as phenylephrine hydrochloride (0.5%) and
oxymetazoline hydrochloride (0.05%) are frequently used to treat acute sinusitis. How-
ever, there are no published placebo-controlled studies proving their role or efficacy.
Rebound vasodilatation may occur in patients who use such agents frequently or for
longer periods. Oral decongestants (pseudoephedrine and phenylpropanolamine) are

-adrenergic agonists that reduce nasal blood flow. Theoretically, oral preparations
can penetrate the ostiomeatal complex, where topical agents may not penetrate effec-
tively. The use of oral decongestants has been shown to improve nasal patency. These
agents can increase the functional diameter of the maxillary ostium. Some oral decon-
gestants are available in combination with mucoevacuants, which may help to thin
secretions and facilitate drainage. The antihistamines have not proven to be effective in
the management of acute sinusitis. Their use may be counterproductive as the dryness
of mucous membranes caused through their anticholinergic action may interfere with
the clearance of purulent mucous secretions. Topical corticosteroid preparations have
not shown convincing benefit in the treatment of sinusitis. There have been no
controlled clinical trials of systemic glucocorticosteroid therapy for acute sinusitis.

Surgery may be necessary to facilitate drainage of the involved sinus and to remove
the diseased mucosa. In acute bacterial sinusitis, surgical intervention is reserved for
its complications, or lack of appropriate response to medical therapy. Functional endo-
scopic sinus surgery has revolutionized the surgical approach to sinus disease. With
this approach, the affected tissue is removed and the normal tissue is left in place.
Functional endoscopic sinus surgery can surgically correct anatomic obstructions and
has been shown to result in moderate to complete relief of symptoms in 80–90% of
patients.

3.5. Prevention

Annual immunization with the influenza and pneumococcal vaccines, aggressive
management of upper respiratory infections, and the prevention or treatment of upper
respiratory allergies may reduce the incidence of sinusitis in the elderly. A high index
of suspicion of sinusitis and its prompt therapy may prevent complications. Corrective
surgery for nasal abnormalities to establish sinus drainage reduces the risk of sinusitis.

Table 4
Antimicrobial Therapy of Acute Sinusitis in the Elderly

Antimicrobial agent Commonly prescribed dose

Amoxicillin 500 mg q6 h
Ampicillin 500 mg q8 h
Amoxicillin-clavulanate 500/125 mg q8 h
Trimethoprim-sulfamethoxazole 160 mg/800 mg bid
Cefaclor 500 mg q6 h
Cefuroxime axetil 250 mg q12 h
Clarithromycin 500 mg q12 h
Azithromycin 500 mg day 1, and 250 mg qd, days 2–5.
Levofloxacin 500 mg qd

bid, twice a day; qd, once a day; q8 h, once every 8 hours.
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Good dental hygiene and prompt treatment of maxillary tooth root infection will pre-
vent the onset of maxillary sinusitis as its complication.
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Age-related degenerative ocular and adnexal changes predispose the elderly to eye
infections. The reduction in host defenses associated with age-related degenerative
changes significantly compromises the capacity of eyes of elderly people to withstand
prolonged exposure to microbial pathogens. Consequently, the elderly tend to have
higher rates of eye infection and poorer treatment outcomes. The poorer treatment out-
comes are, in part, due to delays in diagnosis as well as delays in presentation.

1. EYELID INFECTIONS

1.1. Epidemiology and Clinical Relevance
1.1.1. Blepharitis

Inflammatory disorders of the eyelid constitute a major class of external eye infec-
tions affecting the elderly. The eyelid, particularly the lid margin, is a common site of
ocular adnexal infection in the elderly. Staphylococcal blepharitis is by far the most
common lid infection encountered. As with other forms of blepharitis, staphylococcal
blepharitis is a chronic condition that has periodic exacerbations, which often leads the
patient to seek medical attention.

1.1.2. Hordeola

Hordeola are infections of the lid margin sebaceous glands and manifest in two clini-
cal forms: external (stye) and internal. These two forms are differentiated by the par-
ticular group of sebaceous glands infected. An external hordeolum (stye) is an infection
of the glands of Zeis, which extend along the base of the eyelash hair follicle. It is by
far the most common type of hordeolum, and Staphylococcus aureus is the predomi-
nant microbial pathogen.

1.1.3. Chalazion

A lid lesion that is often confused with an internal hordeolum is a chalazion. A
chalazion is a sterile granulomatous reaction to inspissated and impacted meibomian
gland secretions. Meibomian gland orifices often become plugged as a result of lid
margin inflammation produced by chronic blepharitis. Consequently, meibomian gland
secretions build up within the gland and eventually leak out into the surrounding lid
connective tissue. These lipid secretions are highly inflammatory and incite a granulo-
matous inflammatory reaction, which leads to the formation of a chalazion.
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Fig. 1. Staphylococcal blepharitis. Notice the lid margin crusting and the dandruff-like flakes
adherent to the lashes. (Reprinted with permission from ref. 19.)

1.2. Clinical Manifestations
1.2.1. Blepharitis

Patients with blepharitis usually complain of bilateral eye redness, irritation, burn-
ing, and tearing. In general these symptoms constitute no more than an annoyance, but
can become incapacitating during acute exacerbations. The predominant clinical find-
ings include bilateral lid margin crusting, the accumulation of dandruff-like flakes at
the base of the lashes, and lid margin hyperemia (see Fig. 1). Over time, because of the
chronic nature of this condition, many patients sustain permanent structural changes to
the lid margin, consisting of lid margin thickening, loss of lashes (madarosis), and
misdirected lashes.

Meibomitis, which is generally considered a manifestation of blepharitis, is an
associated finding in almost every case. Meibomitis specifically refers to inflammation
of the meibomian glands, which supply the lipid layer of the tear film. The lipid layer
of the tear film is the most superficial layer and retards tear evaporation. Inflammation of
the meibomian glands disrupts the production and secretion of the tear film lipid layer
and consequently, leads to rapid tear evaporation and ocular surface drying. Thus, in
addition to the symptoms noted above, patients will complain of a sandy-gritty foreign
body or dry eye sensation as result of ocular surface drying.

To view inflammation of the meibomian glands, it requires the magnification of the
slitlamp biomicroscope; the lesion manifests as pouting and dilation of the orifices,
which lie just posterior to the lashes, and inspissation of the meibomian secretions.
Several of the orifices will also display complete occlusion as a result of plugging by
congealed meibomian secretions.

1.2.2. Hordeola

Because of the association with the lash follicle, an external hordeolum, or stye,
manifests primarily at the base of an eyelash, with redness, swelling, and microabscess
formation being the predominant clinical features.



Ocular Infections 177

Internal hordeola arise as a result of infections within the meibomian glands. Sta-
phylococcus aureus is the major microbial pathogen in this condition as well. Internal
hordeola typically manifest as red swollen large discrete nodules in the lid a clear dis-
tance away from the lid margin. Additionally, these lesions are generally more tender
than styes and point toward the conjunctival surface instead of the external lid surface.
The overlying conjunctiva will show marked hyperemia.

1.2.3. Chalazion

Chalazia clinically manifest as large discrete nontender nodules within the lid a fixed
distance away from the lid margin (see Fig. 2). Although these lesions look similar to
internal hordeola clinically , there are some important differentiating features. Whereas
an internal hordeolum represents an acute infectious process, a chalazion is a chronic
noninfectious process. Therefore, internal hordeola develop over a much shorter time
period (days versus weeks), manifest signs of acute inflammation such as redness,
swelling, and tenderness, and require systemic antibiotic therapy for effective treat-
ment. In contrast, chalazia develop over a period of weeks to months, are nontender,
have minimal to no associated inflammatory signs, and are effectively treated with lid
hygiene and warm compresses in most instances.

1.3. Diagnostic Tests

The diagnosis of all of these infectious processess of the lid is made clinically;
consequently, no laboratory or radiological tests exist to aid in the diagnosis of these
conditions.

1.4. Therapy
1.4.1. Blepharitis

Treatment of blepharitis consists of lid hygiene and a short course of
antistaphylococcal antibiotic therapy. Lid hygiene is performed with dilute baby sham-

Fig. 2. Chalazion. Note the large well-circumscribed lid mass above the lid margin. An
internal hordeolum would look similar, except show more intense signs of acute inflammation
and manifest exquisite tenderness. (Reprinted with permission from ref. 20.)
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poo dissolved in warm water (one or two drops of baby shampoo in a bottle cap full of
warm water) and a cotton tip applicator or wash cloth two to three times daily. Com-
mercially prepared eyelid cleansing kits are available over the counter but are gener-
ally more expensive. Lid hygienic therapy does not completely eradicate this disease
process but simply brings it under control such that patients are symptom free. Conse-
quently, patients must undergo prolonged courses of lid hygiene, usually over several
months, and require lifetime maintenance therapy thereafter for disease control. Two
to 3 wk courses of topical antistaphylococcal antibiotic therapy should be reserved for
acute flareups or severe, previously untreated disease and should be combined with lid
hygiene. Bacitracin or erythromycin ophthalmic ointments are the agents of choice.
Systemic tetracycline has been shown to be quite effective in bringing advanced cases
of meibomitis under control.

1.4.2. Hordeola

External hordeola, or styes, often sharply localize and rupture spontaneously within
a matter of days after forming and thus, warm compresses four to six times a day more
than suffices for treating this condition. Resolution can be hastened if the localizing
lesion is decompressed with a fine sterile needle. Antibiotic therapy is of questionable
value for a single lesion and is often not indicated. In the case of recurrent or multiple
styes, topical antistaphyloccocal antibiotic therapy in the form of bacitracin or erythro-
mycin ophthalmic ointment is warranted along with lid hygiene, and depending on the
severity, systemic antistaphylococcal antibiotics may be required.

Unlike styes, internal hordeola usually do not rupture and drain spontaneously, and
require warm compresses in conjunction with systemic antistaphyloccocal antibiotics.
If the lesions do not respond to this regimen, incision and drainage is indicated, and the
patient should be referred to an ophthalmologist.

1.5. Prevention

Lid hygiene is the key to prevention for each of the lid infectious processes. Patients
who present with recurrent lid infections should be advised to incorporate twice daily
lid cleansing into their daily personal hygiene regimen.

2. LACRIMAL SYSTEM INFECTIONS

2.1. Epidemiology and Clinical Relevance

Lacrimal system infections commonly affecting the elderly predominantly involve
the lacrimal outflow system. The lacrimal outflow system is composed of the puncta,
which are present on the medial aspect of the upper and lower lid margins; the upper
and lower canaliculi, the nasolacrimal sac, and the nasolacrimal duct (see Fig. 3).
Infections of the lacrimal gland (dacryoadenitis) are uncommon and will not be
discussed here.

2.1.1. Canaliculitis

A number of organisms have been found to infect the canaliculi including bacteria
(i.e., Actinomyces israelii, Propionibacterium spp., Nocardia, and Bacteroides), viruses
(i.e., herpes simplex and varicella-zoster), and fungi (i.e., Candida and Aspergillus spp.).
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Despite this seeming variety of potential infectious agents, A. israelii causes the over-
whelming majority of canalicular infections.

2.1.1. Dacryocystitis

Dacryocystitis refers to an infection of the nasolacrimal sac that often develops as a
result of blockage of the nasolacrimal duct. Nasolacrimal duct obstruction causes tear
stasis, which leads to ascending bacterial colonization and infection of the nasolacri-
mal system from the nasopharynx (1). The cause of acquired lacrimal drainage obstruc-
tion may be primary or secondary. Primary acquired nasolacrimal duct obstruction
results from inflammation of unknown cause that eventually leads to occlusive fibro-
sis. Secondary acquired lacrimal drainage obstruction may arise from a wide variety of
infectious, inflammatory, neoplastic, traumatic, or mechanical causes. In the elderly,
the primary acquired form predominates.

2.2 Clinical Manifestations
2.2.1. Canaliculitis

Canaliculitis clinically manifests with the patient complaining of excessive tearing
(epiphora). In addition to the symptom of tearing, the patient will exhibit conjunctival
injection, particulary in the nasal area, along with punctal dilation and hyperemia.
Digital pressure applied to the medial canthal area will often lead to punctal expression
of a yellow-green exudate or yellowish “granules,” which is highly characteristic of
A. israelii infections.

Fig. 3. Nasolacrimal system anatomy. (Reprinted with permission from ref. 21.)

Adrian Pinderhughes
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2.2.2. Dacryocystitis

Dacryocystitis may manifest as either an acute or chronic infectious process. The
acute infectious process presents with localized pain, swelling, and erythema in the
medial canthal area, representing an inflamed and distended nasolacrimal sac. Digital
pressure applied to the skin overlying the nasolacrimal sac usually results in the
expression of purulent material from the eyelid puncta. Patients will often complain of
excessive tearing as well as eye redness and purulent discharge. The most common
microbial pathogens in adults are staphylococcal and streptococcal species.

Chronic dacryocystitis typically manifests subtly with patients complaining of
chronic or recurrent bouts of excessive tearing. The skin over the lacrimal sac usually
appears normal, but digital pressure applied to the medial canthal area often results in
the expression of purulent material from the puncta. Additionally, patients may also
report intermittent episodes of conjunctivitis in the eye ipsilateral to the chronic dacryo-
cystitis. The conjunctivitis results from the reflux of the bacterial pathogens infecting
the nasolacrimal sac into the eye through the puncta. Because of the low-grade activity
of this disease process, many patients tolerate the symptoms for an extended period of
time before seeking medical attention.

2.3. Diagnostic Tests
2.3.1. Canaliculitis

In cases of canaliculitis, diagnostic confirmation of Actinomyces can be obtained by
Gram-staining the expressed material, which will demonstrate delicate Gram-positive
branching filaments.

2.3.2. Dacryocystitis

The diagnosis of dacryocystitis is generally made clinically, but culturing any
expressed discharge can be helpful in precisely targeting antibiotic therapy to the
causative organism.

2.4. Therapy
2.4.1. Canaliculitis

Treatment of canaliculitis consists of mechanical expression of the exudative or granu-
lar material from the canaliculi combined with probing and irrigation of the nasolacrimal
system with either a 10% sulfacetamide solution or a penicillin G (100,000 units/mL)
eyedrop solution. Patients should be referred to an ophthalmologist for definitive therapy
of this condition.

2.4.2. Dacryocystitis

Systemic antibotic therapy is required in all cases of dacryocystitis and empiric
therapy with an antibiotic with good Gram-positive coverage, such as oral dicloxacillin
or cephalexin is usually started while culture specimens are being processed.

Although systemic antibiotics can be curative in acute disease, they are of little
benefit in chronic disease. These patients have total nasolacrimal duct obstruction and
require surgical decompression for disease eradication. Irrigating the nasolacrimal sac
through the puncta with an antibiotic solution, similar to that used to treat canaliculitis,
is a good temporizing measure worth instituting in those patients who cannot undergo
immediate surgical drainage. Definitive therapy ultimately rests with the ophthalmologist.
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2.5. Prevention

Currently, there are no known preventive measures that patients can take to avert
either of these condition.

3. CONJUNCTIVAL INFECTIONS

3.1. Epidemiology and Clinical Relevance

Infectious conjunctivitis is primarily caused by bacteria and viruses, with viruses
being the more common offending agent in the United States. Bacterial conjunctivitis
may be classified as hyperacute, acute, or chronic depending on the rapidity of onset
and disease progression. Hyperacute bacterial conjunctivitis is characterized by a very
rapid onset (a matter of hours), copious purulent discharge, and intense conjunctival
swelling and redness. This form of conjunctivitis is primarily caused by Neisseria
gonorrhoeae and is uncommon among the elderly population.

3.2. Clinical Manifestations
3.2.1. Bacterial Conjunctivitis

Acute bacterial conjunctivitis, unlike hyperacute bacterial conjunctivitis, evolves
over a matter of days and induces a less severe inflammatory response. Patients will
manifest a purulent discharge, which is the hallmark feature of all bacterial
conjunctivitides, diffuse conjunctival injection, and crusting along the lid margins (see
Fig. 4). Patients will usually complain of ocular irritation and pain, and experience a
decrease in vision due to reflex tearing and the purulent discharge. Staphylococcal and
streptococcal species cause the majority of acute bacterial conjunctivitis in adults.
Gram-negative bacteria are rare causes of conjunctivitis.

Chronic bacterial conjunctivitis is typically seen in conjunction with one of two
conditions: chronic blepharitis and chronic dacryocystitis. Chronic bacterial conjunc-

Fig. 4. Bacterial conjunctivitis. Note the copious purulent discharge. (Reprinted with per-
mission from ref. 19).
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tivitis associated with blepharitis is primarily caused by S. aureus and Moraxella
lacunata. These infections cause prominent lid margin erythema, scaling, and thicken-
ing in addition to purulent discharge, which is usually minimal, and conjunctival injec-
tion. Lid margin ulcerations may also develop during acute exacerbations. Because of
the associated blepharitis, these patients will undoubtedly have some degree of
meibomian gland dysfunction resulting in a compromised tear film. The tear film
abnormality may intensify the ocular irritation these patients experience, as well as
predispose them to corneal epithelial breakdown.

Chronic bacterial conjunctivitis arising from chronic dacryocystitis is predominantly
caused by staphylococcal and streptococcal species. These infections cause many of
the symptoms and signs noted, but in addition patients will complain of chronic or
recurrent bouts of excessive tearing; digital compression of the medial canthal area
will result in the expression of purulent material from the puncta.

3.3. Diagnostic Tests

Culture and sensitivity testing of the conjunctival sac should be performed prior to
the initiation of antibiotic therapy in every case of a suspected bacterial conjunctivitis.
Gram staining of the purulent exudate should also be attempted. The information
obtained from either diagnostic maneuver seldom alters the course of therapy; however,
in the case of an infection not responding to the standard therapeutic regimen, this
diagnostic information proves invaluable.

3.4. Therapy

The standard therapy for acute bacterial conjunctivitis consists of topical applica-
tion of antibiotic drops every 2–4 h or antibiotic ointment every 4–6 h for 7–10 d.
Repeated saline lavage of the conjunctival sac along with lid hygiene is helpful in
rinsing away the bacterial pathogens and removing purulent debris. Cultures should be
obtained prior to initiating antibiotic therapy to ensure that the causative organism is
sensitive to the empiric antibiotic therapy. Empiric antibiotic therapy should be targeted
toward Gram-positive organisms, as they are the predominant cause of acute bacterial
conjunctivitis (see Table 1). In general, aminoglycosides (gentamicin, neomycin, and

Table 1
Commercially Available Antibiotic Eyedrops and Ophthalmic
Ointments Commonly Used to Treat Bacterial Conjunctivitis

Antibiotic Trade Namea

Bacitracin ointment AK-TRACIN™a

Ciprofloxacin Ciloxan™
Ofloxacin Ocuflox™
Erythromycin ointment —
Sulfacetamide Bleph-10™, AK-SULF™a

Tetracycline ointment Achromycin™a

Trimethoprim, polymyxin B Polytrim™

aThe trade name(s) listed are not all-inclusive.
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tobramycin) should be avoided unless culture and sensitivity results indicate that these
agents are the most efficacious. Topical aminoglycosides, particularly gentamicin and
neomycin, have been found to induce a toxic reaction in a significant percentage of
patients.

Treatment for chronic bacterial conjunctivitis in the setting of chronic blepharitis
involves combining lid-margin hygiene with topical antibiotic therapy. The antibiotics
used for chronic bacterial conjunctivitis are no different from those used to treat the
acute condition; however, antibiotic ointments are preferred over drops, because they
can be easily applied to the lid and conjunctiva simultaneously, as well as aid in com-
bating the ocular surface drying associated with meibomian gland dysfunction. The
treatment of dacryocystitis-induced bacterial conjunctivitis involves the same topical
antibiotic regimen outlined; however, these patients require surgical intervention for
definitive therapy and thus, should be promptly referred to an ophthalmologist (see
discussion).

3.5. Prevention

Hand-to-eye contact is the primary route of ocular contamination leading to acute
bacterial conjunctivitis. Therefore, patients should be encouraged to avoid frequent
eye rubbing and to engage in diligent handwashing when they come in contact with
individuals with red eyes (“pinkeye”). Moreover, definitive treatment of blepharitis or
dacryocystitis will avert the secondary bacterial conjunctivitis that can develop in
association with these conditions.

4. VIRAL CONJUNCTIVITIS

4.1. Epidemiology and Clinical Relevance

Adenovirus is by far the most common cause of viral conjunctivitis and tends to be
the most virulent. Herpes simplex virus (HSV) (usually type 1) primarily causes con-
junctivitis in children and usually produces a mild inflammatory response. Other viral
pathogens, which can cause viral conjunctivitis in the elderly, include enterovirus,
coxsackievirus, and varicella-zoster.

4.2. Clinical Manifestations

Viral conjunctivitis classically produces a clear watery discharge, a follicular con-
junctival reaction, and preauricular lymphadenopathy. A purulent discharge may be
seen on occasion but is usually more characteristic of a bacterial conjunctivitis. Con-
junctival follicles represent lymphoid germinal follicles within the conjunctiva and
appear as translucent cobblestones or pebbles with small blood vessels arborizing over
the surface. Follicles are highly characteristic of viral infections, although they can
also be seen in chlamydial infections of the conjunctiva. It should also be pointed out
that due to the highly contagious nature of viral infections, the majority of patients
present with bilateral eye involvement, whereas bacterial conjunctival infections typi-
cally present unilaterally.

Epidemic keratoconjunctivitis (EKC) is caused by adenovirus types 8 and 19 and is
characterized by severe eye pain, photophobia, diffuse punctate corneal epithelial
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defects, and conjunctivitis. The inflammatory reaction produced by this viral organism
can be so intense that inflammatory membranes or pseudomembranes and subepithe-
lial corneal infiltrates develop. True membranes are differentiated from
pseudomembranes by the presence of bleeding on removal of true membranes. The
corneal subepithelial infiltrates do not occur in every patient but typically manifest 10–14 d
after the onset of symptoms. These infiltrates are sterile and represent an immune reac-
tion to viral antigens. They usually resolve spontaneously without visual sequelae, but
it may take several months for complete resolution. During the acute infiltrative phase,
patients may experience a temporary reduction in vision.

EKC typically lasts for 2–4 wk with contagious viral shedding occurring during the
first 2 wk from the onset of symptoms. Therefore, patients must be quarantined during
this infectious period. The virus is extremely contagious and can remain viable on
inanimate objects such as equipment, doorknobs, and other fomites for up to 2 mo (2).
Adenovirus has also been found to be common cause of severe outbreaks of viral
conjunctivitis in chronic care facilities (3).

4.3. Diagnostic Tests

The diagnosis of viral conjunctivitis is generally made on clinical findings; however,
culture and sensitivity testing does prove useful in identifying cases of EKC and
excluding a concurrent bacterial conjunctivitis.

4.4. Therapy

As with all forms of viral conjunctivitis, there is no specific treatment for adenoviral
conjunctivitis. Thus, therapy is aimed at palliation and limiting complications. The use
of cool compresses, artificial tears, and analgesics are typically very helpful in easing
patients’ discomfort. Antibiotics are not indicated, unless the patient develops signs of
a superimposed bacterial infection. Topical corticosteroids should be avoided.

4.5. Prevention

Hand-to-eye contamination is the primary route of transmission of viral conjunctivi-
tis. Thus, precautions regarding hand-to-eye contact and handwashing should be
adhered to regarding this condition. As stated earlier, it is also important to note that
adenovirus types 8 and 19 remain infectious for up to 2 mo after being deposited on
environmental surfaces (2,4). Therefore, contracting EKC does not require direct
contact with an infected individual.

5. CORNEAL INFECTIONS

5.1. Bacterial Keratitis
5.1.1. Epidemiology and Clinical Relevance

Infectious keratitis constitutes a sight-threatening ocular emergency and requires
prompt recognition and immediate referral to an ophthalmologist. Bacterial keratitis
results from a breakdown in the corneal epithelial barrier and subsequent bacterial
invasion of the corneal stroma. Bacterial invasion and white cell infiltration of the
cornea leads to tissue destruction and may even lead to perforation if therapy is not
instituted in a timely manner. Because of the destructive nature of this disease process
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and the cornea’s fragile composition, all bacterial infections of the cornea result in
some degree of corneal scarring and opacification, regardless of how soon therapy is
instituted. Therefore, the amount of corneal scarring and the extent to which vision is
affected is largely determined by the time interval between disease onset and disease
control. Staphylococcal and streptococcal species are the predominant corneal
pathogens.

The risk factors that appear to be the most important in the elderly include dry eye
disease, involutional lid abnormalities, diabetes mellitus, and surgical trauma. All of
these conditions predispose the elderly patient to corneal epithelial breakdown and
corneal bacterial invasion.

5.1.2. Clinical Manifestations

Patients generally complain of a unilateral decrease in vision, eye redness, pain,
light sensitivity (photophobia), tearing, and mucoid discharge. Clinically the eye will
manifest marked conjunctival injection, a moderate amount of purulent discharge,
corneal clouding, and a well-demarcated corneal white cell infiltrate, which appears as
a dense white opacity on direct illumination with a penlight (see Fig. 5). There may
also be a visible layering of pus in the anterior chamber (hypopyon), which is usually a
sterile inflammatory response. Fluorescein staining will demonstrate the size and loca-
tion of the corneal epithelial defect.

5.1.3. Diagnostic Tests

As it was pointed out earlier, prompt antibiotic therapy is crucial for limiting the
extent of corneal tissue damage; however, an attempt should be made to obtain diag-
nostic cultures prior to initiating antibiotic therapy. Treatment should not be withheld,
however, if culturing materials are not readily available. Recent studies have found no

Fig. 5. Bacterial Keratitis. The white corneal opacity represents white cell infiltration into
the corneal stroma. (Reprinted with permission from ref. 19.)
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significant increase in adverse outcomes when diagnostic scraping and culture are not
performed at the outset of therapy (5,6).

5.1.4. Therapy

Although Gram-positive organisms cause the majority of community-acquired non-
contact lens-related bacterial keratitis, broad-spectrum topical antibiotics are the
mainstay of therapy. Most ophthalmologists prescribed specially formulated high
concentration antibiotic eyedrops (i.e., cefazolin, 50 mg/mL and tobramycin 14 mg/mL)
with an instillation frequency of every 30–60 min around the clock for the first 24–72 h.
The primary care physician’s role in these cases will often be to institute temporizing
measures, while the patient is enroute to the ophthalmologist for definitive therapy.
Commercially available fluoroquinolone eyedrops ( Ciloxan™ or Ocuflox™) provide
the best form of temporizing therapy because of their broad spectrum of antimicrobial
activity. Additionally, these agents have been shown to effectively treat bacterial kerati-
tis at their commercially available concentrations (7). Both agents require very frequent
instillation (i.e., every 15–30 min for the first 2 h) at the onset of therapy to provide
adequate tissue loading of the antibiotic. Beyond the tissue-loading period, the instilla-
tion frequency can be reduced to every hour.

5.1.5. Prevention

Effective prevention for this condition entails ensuring that at-risk individuals are
receiving appropriate ophthalmic management of their predisposing conditions. In the
elderly, dry eye disease and involutional lid malpositions are the most common predis-
posing risk factors for the development of infectious keratitis. Both predisposing
conditions constitute age-related degenerative changes affecting the eye and thus, have
a high prevalence among the elderly. The prevalence of dry eye disease, for example,
steadily increases with age, with prevalence rates increasing from 2% in individuals
45 yr of age up to 16% in individuals 80 yr of age (8). Similarly, the generalized lid
laxity and diminution of muscle tone associated with aging result in structural eyelid
malpositions that almost exclusively affect the elderly. It is also important to note that
several common systemic conditions and a number of over-the-counter and prescrip-
tion medications predispose elderly patients to developing dry eye disease. Rheumatoid
arthritis, Sjogren’s syndrome, sarcoidosis, and other autoimmune/collagen-vascular
disorders all produce a decrease in tear production as a result of autoimmune-mediated
destruction of conjunctival-based lacrimal gland tissue. The systemic medications that
adversely affect tear production include -adrenergic inhibitors and diuretics used to
treat hypertension, tricyclic antidepressants, anti-parkinsonian agents, and over-the-
counter cold or hay fever preparations.

5.2. Viral Keratitis
5.2.1. Epidemiology and Clinical Relevance

Herpes simplex and varicella-zoster are the two most common corneal viral patho-
gens. HSV is the most common cause of infectious keratitis in the United States, caus-
ing an estimated 500,000 cases of infectious keratitis each year (9). Herpes zoster
ophthalmicus is the term given to the herpes zoster occurring in the first division of the
trigeminal nerve, which innervates the ocular surface. Involvement of the ophthalmic
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division of the trigeminal nerve accounts for 9–16% of cases of varicella-zoster occur-
ring annually in the United States and is associated with severe, chronic ocular compli-
cations (11). Unlike bacterial keratitis, viral keratitis does not require a breach in the
corneal epithelial layer to become established.

5.2.2. Clinical Manifestations

The epithelial keratitis produced by HSV is characterized by thin branching dendritic
ulcerations, which are best seen with fluorescein staining (see Fig. 6). The lesions are
usually centrally or paracentrally located and each linear branch of the dendritic ulcer
terminates in bulblike conglomerations commonly referred to as “terminal bulbs.” This
infection is predominantly unilateral, with bilateral involvement only rarely seen.
Patients will typically report symptoms of sharp eye pain, light sensitivity, tearing, and
blurring of vision. It is interesting to note that although most patients complain of eye
pain, objective testing of corneal sensitivity in the area of the dendritic lesion will
demonstrate decreased or absent corneal sensitivity.

Varicella-zoster virus (VZV) epithelial keratitis clinically appears very similar to
HSV epithelial keratitis but has several important distinguishing features. First, VZV
keratitis is usually accompanied by a vesicular eruption involving the periorbital skin
in a dermatomal pattern (see Fig. 7). The epithelial keratitis and the rash typically
appear together. However, ocular involvement can be delayed, and it is important to
note that ocular involvement does not occur in every case of VZV facial dermatitis.
Ocular involvement occurs in approximately 50–72% of patients with periocular zoster
(11). A vesicular eruption extending to the tip of the nose indicates involvement of the
nasociliary nerve, which is a branch of the ophthalmic division of the trigeminal nerve.
This clinical finding, known as “Hutchinson’s sign,” has an 85% predictability of the

Fig. 6. HSV keratitis showing dendritic ulcer highlighted with fluorescein staining.
(Reprinted with permission from ref. 19).
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Fig. 7. Herpes zoster ophthalmicus. Note the dermatomal pattern of the vesicular eruption.
Also note the tip of the nose involvement, “Hutchinson’s sign.” (Reprinted with permission
from ref. 19).

eye being involved (12). Other differentiating features of VZV epithelial keratitis
include the absence of terminal bulbs, smaller and less branching dendrites, more
profound corneal anesthesia, and the lack of recurrences. HSV has been found to recur
in approximately 33% of patients within 2 yr of the initial episode (13).

5.2.3. Diagnostic Tests

The diagnosis of HSV and VZV keratitis is generally made clinically. Because of
their unique features, both conditions can be diagnosed in the majority of cases based
on the clinical appearance of the lesions, the history of present illness, and the patient’s
symptomatology. When necessary, confirmation of the diagnosis can be made by cul-
turing a swab or scrape of the corneal epithelium. Alternatively, fluorescent
immunoassay of corneal epithelial cells reacting with HSV monoclonal antigen,
polyclonal recombinant polymerase chain reaction amplification, and Southern blot
analysis of HSV or VZV genomic sequences may be used for diagnosis confirmation.

5.2.4. Therapy
The management of HSV epithelial keratitis consists of the topical administration of

antiviral eyedrops. Several agents have been shown to be efficacious in treating this
condition; however, at present, only one agent, trifluridine (Viroptic™ 1%) has been
shown to have a greater than 90% cure rate. The recommended dosing regimen is one
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drop every 2 h, but no more than nine times a day for the first 3–5 d. The frequency of
administration should be decreased to five times a day once the epithelium heals or the
fifth day is reached. Topical therapy should be continued for at least 2 wk, but no more
than 3 wk, because of the risk of drug toxicity. The drop frequency should continue to
be tapered over the remainder of the treatment period.

Currently, there are no topical antiviral agents that have been shown to be effective
in treating VZV-related epithelial keratitis. Treatment for this condition is aimed at
preventing ocular complications and consists of oral acyclovir, 800 mg five times a day
for 10 d, if within 72 h of the appearance of the skin lesions. The epithelial disease is
benign and usually resolves spontaneously.

5.3. Fungal Keratitis
5.3.1. Epidemiology and Clinical Relevance

Fungal keratitis is one of the most devastating ocular infections encountered in
ophthalmic clinical practice. The destructive nature of these infections is largely due to
the lack of effective topical antifungal agents and the organisms’ ability to resist host
defenses. This fact, coupled with the innate virulence of fungal organisms, makes early
detection an absolute requisite for achieving therapeutic success. Fungi, like bacteria,
require a breach in the corneal epithelium in order to penetrate the cornea and produce
tissue destruction. Fungal infections have been primarily associated with corneal
trauma due to vegetable or organic material (e.g., tree branch, nylon lawn trimmer).

The leading corneal pathogens include Fusarium, Aspergillus, and Candida. These
organisms cause the overwhelming majority of corneal fungal infections and appear to
have climate specificity. Fusarium is the predominant corneal pathogen in the warmer
southern United States, whereas Candida is the predominant corneal pathogen in the
cooler northern United States. Aspergillus is found both in the northern and southern
United States. Candida corneal infections are notable for occurring mainly in the setting
of a compromised ocular surface (i.e., prolonged topical corticosteroid use, hypesthetic
cornea from HZV, severe dry eye disease, and the like).

5.3.2. Clinical Manifestations

Fungal keratitis classically presents as an indolent infection with the infectious
process evolving over a matter of days to weeks. In most infections, symptoms and
signs typically develop within 1 or 2 d of inoculation, but because of the less fulminant
evolution, patients are not motivated to seek medical attention until days or weeks
later. The characteristic clinical appearance of a fungal keratitis consists of a gray-
white stromal infiltrate with feathery or fluffy borders usually accompanied by several
satellite lesions adjacent to the primary focus of infection. The corneal surface often
appears to have a dry coarse texture and the epithelium at the margins of the ulcer tends
to be heaped up. Keratomycosis is also frequently associated with sterile hypopyon
formation.

5.3.3. Diagnostic Tests

The diagnostic evaluation involves culturing for both bacteria and fungi using blood
and chocolate agar plates for bacterial isolation and Sabouraud agar for fungal isola-
tion. Smears for Gram and Giemsa stains and potassium hydroxide preparation are
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obtained as well. Patients should be referred immediately to an ophthalmologist to
have definitive culturing performed. If initial cultures are negative, patients often
require corneal biopsy and special fungal staining of the biopsied tissue.

5.3.4. Therapy

The treatment of fungal keratitis requires a prolonged course of medical therapy.
The antifungal agents currently available are primarily fungistatic and have poor
penetration into the cornea. Therefore, protracted courses of therapy are necessary in
order to achieve adequate antifungal tissue levels for a sufficient period of time to
eradicate the organism. It is generally recommended that therapy for fungal keratitis be
continued for at least 12 wk. Empiric therapy is usually started with natamycin (5%)
eyedrops, which is the only ocular antifungal preparation commercially available in
the United States. Natamycin belongs to the polyene class of antifungal agents and has
been shown to be most effective against filamentous fungi, such as Aspergillus and
Fusarium. This agent is administered every 30–60 min around the clock for the first
24–72 h. Unfortunately, natamycin has poor corneal penetration and therefore, has lim-
ited efficacy in those cases in which the organism lies deep within the corneal stroma.
Amphotericin B is the drug of choice for treating fungal keratitis produced by yeasts,
such as Candida. Topical preparations of amphotericin B can be made by a hospital
pharmacy. The recommended concentration is 0.15%. Oral flucytosine (150 mg/kg) is
often used in combination with amphotericin in treating Candida corneal infections,
because of the demonstrated synergistic effects. Other antifungals commonly used to
treat fungal keratitis include clotrimazole 1% vaginal cream, miconazole 1% fabri-
cated from the intravenous preparation, oral fluconazole (400–800 mg/d), and oral
ketoconazole (200–400 mg/d). Fungal infections unresponsive to medical therapy
require corneal transplantation for disease eradication.

5.3.5. Prevention
Because corneal trauma is the predominant risk factor for the development of fungal

keratitis, patients should be strongly encouraged to wear protective eyewear when they
are performing yard work. Moreover, patients with severe dry eye disease or
hypesthetic corneas require frequent follow-up with an ophthalmologist to monitor the
status of their ocular surface.

6. RETINAL AND VITREOUS INFECTIONS

6.1. Endophthalmitis
6.1.1. Epidemiology and Clinical Relevance

Postoperative endophthalmitis is the most significant retinal-vitreal infection
encountered among the geriatric population. Endophthalmitis is defined as inflamma-
tion of the intraocular contents and develops as a result of microbial pathogens or
chemical toxins gaining intraocular access. Although several etiologic mechanisms
exist for the development of this infection (i.e., penetrating ocular trauma, or hematog-
enous spread from another infectious site), postsurgical infection is the predominant
mechanism among the elderly, who undergo the majority of intraocular surgery. Fortunately,
it is a rare complication of intraocular surgery. The relative incidence of postoperative
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endophthalmitis for each of the commonly performed intraocular surgical procedures
is listed in Table 2 (14,15).

Studies have shown that postoperative endophthalmitis is primarily caused by
organisms that colonize the eyelids, conjunctiva, and nose, with 90% of culture-positive
postoperative endophthalmitis cases caused by Gram-positive organisms, of which
coagulase-negative staphylococci are the most common (16,17). The major host risk
factors for the development of postoperative endophthalmitis include bacterial blepharitis,
nasolacrimal duct infections, nasolacrimal duct obstruction, active nonocular infections,
diabetes mellitus, and immunosuppression from any cause.

6.1.2. Clinical Manifestations
Postoperative endophthalmitis can manifest early or late in the postoperative period.

Early postoperative endophthalmitis typically occurs within the first week after surgery.
Patients will typically present complaining of severe ocular pain and decreased vision. On
examination, these patients will show intraocular and periocular inflammation in excess
of the normal postoperative inflammatory response. Depending on the severity of the
infection, patients may also demonstrate frank purulence at the surgical wound site, puru-
lent conjunctival discharge, or a hypopyon in the anterior chamber. It is important to note
that most cases of endophthalmitis following cataract extraction occur early. In the
Endophthalmitis Vitrectomy Study (EVS), for example, the median time to presentation
was 6 d and about 80% of patients presented within 2 wk of cataract surgery (16).

Late or delayed-onset postoperative endophthalmitis can occur days to weeks and
even years after surgery. The type of surgery appears to play a definite role in the
development of these late infections, with glaucoma surgery being more frequently
associated with late-onset postoperative endophthalmitis. Late infections can present
very subtly or in a fulminant suppurative manner. The type of presentation is primarily
determined by the virulence of the infecting organism. The subtle presentation of post-
operative endophthalmitis is most commonly associated with postcataract surgery
cases. This form of endophthalmitis usually manifests as persistent low-grade postop-
erative inflammation well beyond the expected time period for normal postoperative
inflammation. Patients will complain of persistent photophobia and blurred vision.
These patients will typically not manifest any signs of frank purulence and the eyes
will often appear white and quiet. The etiologic mechanism underlying this form of
endophthalmitis has been shown to be colonization of the intraocular lens implant by
Propionibacterium acnes and coagulase-negative staphyloccocal species.

Table 2
Incidence of Endophthalmitis Following Intraocular Surgery

Procedure Incidence %

Cataract surgery 0.13
Corneal transplantation surgery 0.11
Glaucoma surgery 0.061
Retinal-vitreous surgery 0.051

Adapted from refs. 14 and 15.
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The fulminant presentation of late postoperative endophthalmitis is more frequently
associated with streptococcal species and Gram-negative organisms, which cause the
majority of late endophthalmitis. Glaucoma filtration surgery is the most frequently
associated surgical procedure. Patients with this form of the disease will present in
similar fashion to patients with acute postoperative endophthalmitis, i.e., severe pain,
decreased vision, and marked intraocular and periocular inflammation. Given the strong
association of late postoperative endophthalmitis with glaucoma filtration surgery, it is
recommended that patients who have undergone glaucoma surgery and present with
conjunctivitis be placed on topical antibiotic therapy immediately and referred to an
ophthalmologist for a more in-depth evaluation.

6.1.3. Diagnostic Tests

The diagnosis of endophthalmitis is exclusively made clinically. Diagnostic needle
taps of the anterior chamber or vitreous cavity may be performed to confirm the clinical
diagnosis and identify the infecting organism.

6.1.4. Therapy

The prognosis for postoperative endophthalmitis is largely dependent on the
virulence of the infecting organism and the length of time between the onset of infection
and the initiation of therapy. The delicate intraocular structures cannot withstand
prolonged exposure to destructive bacterial pathogens and inflammatory cells and
therefore, early diagnosis and rapid therapy implementation are the keys to treatment
success for this condition. The treatment of endophthalmitis involves intraocular
antibiotic injections along with frequent application of topical fortified antibiotics and
topical corticosteroids. The antibiotics most commonly used for intraocular injection
are amikacin (400 µg) and vancomycin (1 mg). In advanced cases, a vitrectomy is
performed in conjunction with the above measures to debulk the infectious debris. One
of the key findings of the EVS was that immediate vitrectomy was of use only in
patients who presented with visual acuity of light perception or worse (16). Most retinal
surgeons will also place patients on a short course of oral corticosteroids following
vitrectomy. Diagnostic specimens of the aqueous and vitreous humors are obtained at
the time of intraocular antibiotic injection or vitrectomy.

6.1.5. Prevention

Given the strong association with lid flora, patients with active blepharitis must be
adequately treated prior to undergoing any form of ocular surgery. To further combat
this problem ophthalmic surgeons instill preoperative prophylactic broad-spectrum
antibiotics in the operative eye. In addition, some surgeons infuse antibiotics in the eye
during surgery.

7. ORBITAL INFECTIONS

7.1. Preseptal Cellulitis
7.1.1. Epidemiology and Clinical Relevance

Preseptal cellulitis represents a superficial cellulitis of the eyelid skin and subcuta-
neous tissue. This infection can arise from one of three sources: paranasal sinus
infections, direct extension from a localized infection of the eyelid or adjacent tissues
(i.e., acute dacryocystitis or hordeola), and periorbital trauma (i.e., infected cuts or
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abrasions to the periorbital facial area). This infectious process is confined to the lid
because the orbital septum has not been violated. The orbital septum is a fibrous
extension of the bony periosteum attached to the orbital rim that inserts into the upper
and lower eyelids and serves as a barrier to the spread of infection from the eyelid
posteriorly into the orbit.

7.1.2. Clinical Manifestations

The predominant clinical manifestations of this disease process are lid edema and
erythema. There may be associated reactive conjunctival injection, but the ocular globe
and visual function are otherwise unaffected. Patients maintain normal visual acuity,
normal pupillary responses, and good ocular motility, and proptosis does not develop.

7.1.3. Diagnostic Tests
The diagnostic evaluation includes a good history, which specifically ascertains

information regarding sinus disease, sinus surgery, trauma, or excessive tearing. In
addition, computed tomographic (CT) scans of the orbit and sinuses are important for
determining the extent and possible etiology of the disease.

7.1.4. Therapy

Effective therapy is usually obtained with a 10–14 d course of oral antibiotics.
Empiric therapy with dicloxacillin or cephalexin is more than adequate in the majority
of cases.

7.1.5. Prevention

Localized lid infections and sinus infections should be promptly treated to prevent
preseptal cellulitis from developing.

7.2. Orbital Cellulitis
7.2.1. Epidemiology and Clinical Relevance

Orbital or postseptal cellulitis, unlike preseptal cellulitis, is a sight-threatening emer-
gency. Harmful infectious pathogens entering the orbital space have access to the optic
nerve, the extraocular muscles, and the principal vasculature of the eye. If left untreated,
this condition will surely result in blindness or severe visual impairment.

7.2.2. Clinical Manifestations
Patients present with dull aching pain, eyelid swelling and erythema, decreased

vision, proptosis, conjunctival swelling and injection, and ocular motility disturbances.
In addition, the patients frequently have constitutional symptoms of fever and malaise.
Paranasal sinus infections constitute the most common source of orbital cellulitis, with
ethmoid sinusitis being the principal source. Other important sources include
dacryocystitis, dental abscess, and trauma, as well as risk factors such as systemic
debilitation. Patients debilitated from advanced diabetic disease, septicemia, systemic
malignancy, human immunodeficiency virus disease, chronic diarrhea, and prolonged
immunosuppression are particularly at risk for developing fungal orbital infections.

7.2.3. Diagnostic Tests

As with preseptal cellulitis, CT scans of the orbits and sinuses are obtained to deter-
mine the extent of disease and look for the presence of orbital abscesses. The presence
of an orbital abscess and/or multiple sinus disease is an indication for immediate surgi-
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cal drainage. Nasopharynx cultures can be helpful in identifying the causative organ-
ism, although orbital cellulitis in adults tends to be polymicrobial. It is also important
to note that in the elderly intraocular and extraocular tumors can masquerade as orbital
cellulitis. Intraocular melanoma extending through the sclera, for example, has been
found to induce a significant orbital inflammatory response similar to what one may
see with orbital cellulitis (18).

7.2.4. Therapy

Patients diagnosed with orbital cellulitis require hospitalization and the initiation of
broad-spectrum intravenous antibiotics. Empiric therapy with ceftriaxone is a regimen
frequently employed. Urgent ophthalmology and otolaryngology consultation should
be obtained as well.

7.2.5. Prevention

Orbital cellulitis is an infectious process that arises secondarily from extension of a
primary infection in a periorbital structure. Thus, appropriate treatment of the primary
infectious process will prevent the development of orbital cellulitis in most cases.
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Prosthetic Device Infections

Steven Berk and James W. Myers

Fortunately, infection is a rare complication of prosthetic devices. Despite the pres-
ence of infection, removal of these devices is not always possible or necessary. The
introduction of foreign material enhances the pathogenicity of known pathogens and
increases the potential of less virulent microorganisms to cause damage. Thus, Staphy-
lococcus epidermidis is a very common organism in patients with prosthetic devices as
compared with the normal healthy population. Fibronectin promotes adherence of sta-
phylococci to chronically implanted devices. An extracellular substance called
“glycocalyx” has been associated with coagulase-negative staphylococci including
S. epidermidis. A polysaccharide “adhesin” facilitates adherence of staphylococci to
foreign material and functions as an antiphagocytic capsule. The function of polymor-
phonuclear leukocytes is also impaired in the presence of foreign bodies. There is defi-
cient superoxide production, which leads to impaired killing of microorganisms. Also,
recent data suggest a role for small colony variants (SCV) of staphylococci that may
cause persistent and recurrent infections as a result of their capacity to survive within,
but not lyse, whole cells. When these bacteria adhere to foreign bodies, they undergo
dramatic metabolic changes such as slower growth, decreased metabolism, and
enhanced resistance to antibiotics. These organisms can be difficult to detect in the
microbiology laboratory and also difficult to treat with conventional antibiotics (1).

1. SHUNT INFECTIONS

1.1. Epidemiology and Clinical Relevance

The most common indication for central nervous system (CNS) shunts has been to
divert fluid in patients with hydrocephalus. Another indication for insertion of a CNS
prosthetic device is to monitor intracranial pressure in patients who have had a variety
of cerebral insults. The prevalence of infection ranges from 1.5–15%. Shunt infections
often lead to an extension of the hospital stay by 2–3 wk and often require additional
surgery. Risk factors for shunt infections appear to be extremes of age, especially
infants and the elderly. Elderly patients have an incidence of shunt infection of 16.8%
versus 6.8% for younger adults. A history of revision of a previous shunt or a prior
external drainage device also increases the risk of having a shunt infection. Most shunts
are either ventricular peritoneal (VP) or ventricular atrial (VA) devices. It is unclear
whether the infection rate varies among the types of shunts; however, the presentation
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may differ between the devices in that “shunt nephritis”and infective endocarditis are
much more common with a VA shunt.

1.2. Clinical Manifestations

There are different mechanisms by which a shunt may become infected (2,3). The
primary mechanism is colonization during surgery. Infection may also ascend from the
distal end of the shunt with a VP shunt, or the route of infection may be hematogenous,
particularly with a VA shunt. One third of these infections occur during hospitaliza-
tion, and the majority occur within 2 mo of surgery. The patient may present with
headache, vomiting, and fever. As mentioned previously, shunt nephritis and infective
endocarditis may also be a manifestation of VA shunt infections. VP shunt infections
may be associated with abdominal complaints.

1.3. Diagnostic Tests and Microbiology

The diagnosis of shunt infections is usually made by ordering a computed tomo-
graphic (CT) scan and performing a shunt aspiration for cerebrospinal fluid (CSF). A
cranial CT scan will show hydrocephalus or an abdominal CT scan may show a cyst or
abscess around the ventricular peritoneal catheter. Lumbar punctures are not useful.
Blood cultures are positive in 90% of VA shunt infections but only positive in less than
25% of other types of shunt infections (2,3). Clinicians should not ignore “skin con-
taminants” isolated on culture of CSF, particularly when managing a VA shunt. The
CSF protein may be elevated. The CSF cellular reaction is usually modest, averaging
approx 15 white blood cells per mm3. The presence of more than 100 white blood cells
per mm3 correlates with a positive culture 90% of the time.

The primary organisms involved with shunt infections are S. epidermidis and S.
aureus (2,3). Coagulase-negative staphylococci cause 50% or greater of infections in
the postoperative period. S. aureus accounts for approx 20%, and streptococci for
another 10% of infections. Gram-negative bacilli and diphtheroids have been isolated in
approx 5–10% of infections. As mentioned previously, the presence of skin contaminants
such as diphtheroids should not be disregarded when evaluating a shunt infection.

1.4. Treatment

The management of shunt infections varies between individuals and surgeons. Upon
clinical suspicion of a CNS shunt infection, a Gram stain and culture of CSF should be
obtained from the shunt reservoir and blood cultures should also be obtained. Cultures
should be held for at least 7 d. In practice there are three options for treatment of a
shunt infection. The first requires removing the shunt, utilizing an external drainage
device, and instituting systemic antibiotics. The second involves removal of the in-
fected shunt and replacing it immediately with a new indwelling device and instituting
antibiotic therapy. The third alternative is to leave the shunt in place and treat with
systemic and/or intraventricular antibiotics. A review of studies of management alter-
natives noted that 94% of infections that were treated with shunt removal and insertion
of an external drainage device were cured compared with 71% of patients that were
treated with immediate shunt replacement (2,3). Usually after removal of the entire
shunt components, the surgeon places an external ventricular drainage device. This
might also be accomplished by externalizing the distal end of a VP shunt. A period of
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effective systemic and/or intraventricular antibiotics are given. Usually after cultures
have been documented to be sterile for 3–5 d, the external device is removed, and the
new shunt is replaced at a different site. Continuation of systemic antibiotics for >10 d
is then prescribed after removal of the infected shunt. A 21-d total course of antibiotics
might be required depending upon the organism, particularly if a new shunt is reim-
planted at the same time as removal of the infected shunt. If the shunt is not removed,
3–6 wk of treatment is generally advised. Empiric therapy is generally with vancomy-
cin and perhaps a third-generation cephalosporin. Rifampin may be added under some
circumstances. Specific therapy is guided by isolation of an organism. If vancomycin
or gentamicin is given intraventricularly, a “preservative-free” preparation should be
used. If vancomycin is given intraventricularly, usually 10 mg is an appropriate start-
ing dose. Vancomycin levels should be monitored as the drug can accumulate. The
literature is unclear regarding the use of prophylactic antibiotics before placement of
an intraventricular shunt. Options include a 2-d course of trimethoprim-sulfamethox-
azole, a single 10 mg intraventricular dose of vancomycin, or perhaps intravenous
cefazolin (2,3). Patients with VA shunts might require antibiotic prophylaxis while
undergoing dental or other bacteremia-causing procedures.

2. PERITONITIS ASSOCIATED
WITH CONTINUOUS AMBULATORY PERITONEAL DIALYSIS

2.1. Clinical Relevance and Microbiology

The rate of peritonitis associated with continuous ambulatory peritoneal dialysis
(CAPD) is decreasing, down from 2.8 to 0.8 episodes per year (4). S. aureus and
coagulase-negative staphylococci account for 50–80% of CAPD peritonitis cases.
Streptococci cause approx 10%, of these infections and Gram-negative bacilli are
isolated in another 20% of cases. Infections with mycobacteria and fungi are rare but
cause serious complications. Sources of peritonitis associated with CAPD include con-
tamination of the catheter during implantation, manipulation of the dialysate tubing,
the dialysate fluid itself, and possible bowel perforation. Most often, the peritoneum is
infected by organisms that invade along the catheter tract. Lack of proper sterile tech-
nique is a major risk factor.

2.2. Clinical Manifestations, Diagnostic Tests, and Treatment

The clinical diagnosis of peritonitis associated with CAPD is suggested by abdomi-
nal pain (78%), a cloudy effluent (98%), vomiting (25%), nausea, fever (50%), and an
elevated peripheral white blood cell count with a left shift. The Gram stain is positive
in only 10–40% of cases. There should be more than 100 polymorphonuclear cells per
mm3 in the examined fluid. If blood culture bottles are used to culture the dialysate
fluid, then the yield of positive cultures is increased (80%). Bacteremia is unusual. An
ultrasonogram may reveal pericatheter fluid collections as well.

The Advisory Committee on Peritonitis Management of the International Society
for Peritoneal Dialysis has published guidelines for treatment of these infections on the
Internet. These are available at http://www.ispd.org/guidelines.php3. See Tables 1 and
2 for specific therapy. Cefazolin and tobramycin are regarded as appropriate initial
therapy (4,5). Because of the potential for emergence of vancomycin resistance, van-
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Table 1
Treatment of Peritonitis Associated with Chronic Ambulatory Peritoneal Dialysis

Initial empiric therapy
Cefazolin—500 mg/L loading dose, maintenance 125 mg/L ip and tobramycin

or gentamicin or netilmicin—0.6 mg/kg B.W. ip once daily or amikacin 2.0 mg/kg
B.W. ip once daily

Because of the emergence of vancomycin-resistant organisms, vancomycin is reserved
for the following: methicillin-resistant S. aureus, -lactam-resistant organisms
or serious peritonitis in patients allergic to other antibiotics

Enterococci
Stop cephalosporin, continue aminoglycosides, add ampicillin 125 mg/L

and continue therapy for 14 d.

S. aureus
Discontinue aminoglycoside, continue cephalosporin, and consider rifampin 600 mg/d

p.o.; continue therapy for 21 d, and reevaluate. If no improvement by 96 h,
consider other antibiotics or catheter removal

Coagulase-negative staphylococci
Discontinue aminoglycoside and continue cephalosporin for 14 d if susceptible.

Single Gram-negative organism (other than P. aeruginosa)
Adjust antibiotics according to sensitivity patterns (usually sensitive to an

aminoglycoside).
P. aeruginosa

Tobramycin or gentamicin or netilmicin - 0.6 mg/kg B.W. ip once daily
or amikacin 2.0 mg/kg B.W. ip once daily for 21–28 d
with another anti-Pseudomonal agent.

Multiple organisms
Consider surgical intervention
Add metronidazole 500 mg every 8 h iv po, or rectally; continue therapy up to 21 d

B.W., body weight; ip, intraperitoneal; po, oral; iv, intravenous.

Table 2
Fungal and Tuberculous Peritonitis

Fungal
Fluconazole 150 mg/ip every second d and flucytosine (loading dose 2000 mg po,

maintenance 1000 mg po) or amphotericin B 25 mg/d iv and flucytosine as above.
Note: duration of therapy 4–6 wk or longer

Tuberculous
Early diagnosis and treatment is crucial. Catheter removal appears to be mandatory.

Mycobacterial DNA in peritoneal fluid, using polymerase chain reaction appears
to offer the fastest diagnosis, but culture and smear should be done as well.
Laparoscopy and biopsy may be necessary for diagnosis. Triple drug therapy
(isoniazid, rifampin, and pyrazinamide) is the mainstay of therapy, but local
drug sensitivities should be considered.

ip, intraperitoneal; po, oral; iv, intravenous.
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comycin is reserved for methicillin-resistant S. aureus, -lactam-resistant organisms
or serious peritonitis in patients allergic to other antibiotics. If the patient is culture
negative after 2–3 d and clinically improved, the aminoglycoside may be discontinued
and the cephalosporin continued for 14 d. Intraperitoneal antibiotics are as effective as
systemic in most cases.

2.3. Prevention

In patients with peritoneal catheters, prophylaxis for invasive procedures such as
dentistry and colonoscopy could follow the American Heart Association Guidelines
for Prevention of Endocarditis. However, no control studies have ever been performed.
Many patients with Tenchoff catheters are carriers of S. aureus. Intranasal mupirocin
and oral rifampin may reduce the frequency of exit site infections due to S. aureus.

3. PROSTHETIC JOINT INFECTION

3.1. Epidemiology and Clinical Relevance

The prevalence of infection of prosthetic hip joints is 0.5–1.3%. Prosthetic knee
joints have a prevalence of infection of 1.3–2.9%. Elbows have an infection rate of
approx 9%, whereas that of shoulders, wrist, and ankles is approx 1–2%. From 35–
50% of the patients with an infected joint present within 3 mo of surgery with increas-
ing pain both at rest and with activity (6). Another 30–35% of the patients present from
3–24 mo postoperatively with joint pain. Infection also may spread hematogenously
from a distant focus to the joint as well. The average age of patients with an infected
prosthetic hip is 67 yr. Elderly patients frequently have rheumatoid or degenerative
joint disease (7). Pressure ulcers and urinary tract infections are particularly likely to
occur in the elderly and serve as sources of transient bacteremia, which can seed a
prosthetic joint.

3.2. Clinical Manifestations

Elderly patients often require prosthetic joints because of degenerative or rheuma-
toid arthritis, or fractures. Patients often present complaining of pain (>90%) or altered
mobility. Signs of systemic toxicity or fever are often absent. Only 40–45% of elderly
patients with prosthetic joint infection may have fever (7). Drainage or erythema may
be present at the site of the incision, but infections can be quite indolent (8).

3.3. Diagnostic Tests and Microbiology
Radiographic signs of loosening of the prosthesis are seen in two thirds of late infec-

tions but in less than 50% of early infections. Arthrography (after hip aspiration) may
be helpful for determining loosening of the cemented components by showing penetra-
tion of the dye between cement and bone. Radiographic and bone scans may fail to
distinguish between a low-grade infection and aseptic loosening of the prosthesis. A
bone scan following hip surgery may take as long as 6 mo to become normal in the area
of the lesser trochanter. The area around the acetabulum and the tip of the prosthesis
may show increased activity for up to 2 yr. Infection on bone scan generally shows a
more diffuse pattern of abnormality along the prosthetic shaft, and it is usually positive
on the two early phases of the scan. False-positive scans may occur in up to 40% and
false-negative findings in 5–10% of cases. A gallium scan would suggest osteomyelitis
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by a focal uptake. However, any inflammatory bone process may cause increased
uptake. White blood cell scans are more specific for making a definitive diagnosis of
infection but may be less sensitive (9).

The erythrocyte sedimentation rate (ESR) may be elevated in greater than 85% of
the patients with infection. If 30–35 mm/h is used as the threshold for infection, then
the sensitivity rate will range from 61–88%. With ESR below 30 mm/h, those infections
are unlikely and the specificity rate will range from 96–100%. However, ESRs may not
accurately diagnosis those patients with an infection in the early postoperative period
(8). The C-reactive protein (CRP) is an acute phase protein that can be used to follow
the course of acute infections. It rises and falls faster than the ESR. If 10 mg of CRP are
used as the threshold for a total hip infection, the specificity and sensitivity for CRP are
both about 90%. The CRP should return to normal in about 2–3 wk after hip replace-
ment. The fluid obtained for culture usually has visible organisms on Gram stain in
about 30% of cases, and pathogens are recovered by culture in about 85–98% of cases,
depending on whether or not the patient had previously received antibiotics. The crite-
ria for infection on histology or frozen section is that there must be 5–10 white blood
cells per high-powered field. The sensitivity is about 85% using this criteria, and the
specificity is 99% when 10 white blood cells per high powered field are noted. Staphy-
lococci are isolated from about 50% percent of patients with infected prosthetic joints
with S. aureus as the most common pathogen in most series, particularly if hema-
togenous infections are included. In a series of elderly patients only, coagulase-nega-
tive staphylococci and S. aureus were isolated in nearly equal frequency; enterococci
were isolated as the third most common isolate (7). Gram-negative bacteria, including
Pseudomonas, can occasionally be present. Other fastidious bacteria or mycobacteria
can be present and cause indolent infections (8).

3.4. Treatment

To eradicate infection, usually removable of the prosthesis is required (7,8). This
may be difficult, as elderly patients are often poor surgical candidates for repeated
prosthetic joint procedures. Debridement and retaining of the components can have a
high success rate (>50%) in well selected patients, i.e., those in whom the interval
between onset of symptoms and surgical intervention is short (2–5 d) (10). Follow-
ing debridement, antibiotics should be continued for at least 6 wk. If a one-stage
reimplantation procedure is performed, it is essential that all foreign material be
removed. Many surgeons choose to implant the femoral component with antibiotic-
laden cement (11). Prolonged antibiotic therapy should be considered if one-stage
procedures are chosen. More often, a two-stage procedure, in which a new prosthesis
is implanted after 4–6 wk of antibiotics are given, is chosen (8). Success rates vary
from 70–100% for hips, and 85–90% for knees. If a virulent organism such as a
Gram-negative bacilli has been isolated, some clinicians advise the delay of up to 1 yr
before implanting a new hip prosthesis. As stated earlier, the original prosthesis can
be salvaged by debridement and intensive antibiotic therapy in select cases (8,10,12).
This approach is successful only when the infection has been diagnosed early (<2 wk),
the prosthesis remains securely fixed, and the bone–cement interface is not disrupted
by infection.
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When removal of an infected prosthesis is not possible, chronic suppressive oral
antibiotic therapy has occasionally been successful (8,12). The use of oral agents such
as ciprofloxacin combined with rifampin has recently been shown to be beneficial in
some cases of prosthetic joint infection (13). The functional outcomes for elderly
patients are poor with the majority unable to walk without assistance (7), and 40% may
show persistent or recurrent infection (14).

3.5. Prevention

The use of antibiotic prophylaxis for high-risk procedures for patients who have
prosthetic joint infections is somewhat controversial. For patients undergoing dental
procedures, perhaps prophylaxis might be beneficial for patients who are immuno-
compromised or immunosuppressed (15). Other patients who could possibly benefit
are patients who have diabetes mellitus, those with a history of a previous prosthetic
joint infection, hemophiliac patients, and perhaps patients during the first 2 yr follow-
ing joint placement (16). Recommendations regarding dental prophylaxis for those
patients with prosthetic joints can be found on the Internet at http://www.ninthdistrict.org/
pro-01.html. Preoperative antibiotics are generally given prior to the placement of
a prosthetic joint. Usually a first-generation cephalosporin is chosen. The value of “ultra-
clean” rooms in decreasing infections is somewhat controversial.

4. PROSTHETIC HEART VALVES

4.1. Epidemiology and Microbiology

The accumulative rate of prosthetic valve endocarditis (PVE) is 1.5–3% within 1 yr
after valve surgery. This increases to 5.7% after 5 yr (17). Coagulase-negative staphylo-
cocci are the predominant agent of PVE during the initial 2 mo of surgery and, in fact,
are the most common organisms throughout the first year after a valve replacement.
Thereafter, viridans streptococci, enterococci, S. aureus, and fastidious Gram-negative
coccobacilli increase in prevalence. Gram-negative bacilli and fungal etiologies of pros-
thetic valve endocarditis are most common in the initial 2 mo after surgery.

4.2. Clinical Manifestation

The clinical features of PVE are similar to those of native valve endocarditis except
that new murmurs are more frequent among those infected with prosthetic valves.
Patients with PVE may develop congestive heart failure and systemic emboli. These
symptoms are common in the general elderly population but should alert the clinician
to the possibility of PVE. Any prolonged fever in a patient with a prosthetic valve
should be viewed as possible PVE (17,18). Elderly patients often have less pronounced
clinical symptoms than younger patients.

4.3. Diagnosis and Microbiology

The new Duke criteria enable the clinician to make the diagnosis of infective endo-
carditis more accurately (19). Definite diagnosis of infective endocarditis can be made
by pathological criteria. (See chapter, “Infective Endocarditis,” Tables 2 and 3.)

The use of transesophageal echocardiograms (TEE) has greatly improved the diag-
nosis of both native valve and prosthetic valve endocarditis. Kemp and colleagues
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reviewed the use of TEE in diagnosing PVE and found a range of sensitivity from
77–100%, and a negative predictive value of 90% (20). Table 3 illustrates conditions
for which TEE might be especially helpful diagnostically.

4.4. Treatment
Treatment for PVE often involves prolonged therapy (Table 4) (17,21). In elderly

patients who are taking coumadin, there may be drug interactions with rifampin. Also,
nephrotoxicity with gentamicin is increased in the elderly and in patients taking con-
current nephrotoxins. Guidelines for therapy for infective endocarditis may be found
on the Internet at http://www.americanheart.org. As many as 65% of patients with PVE
may be candidates for surgical valve replacement (22,23). The need for cardiac surgery
is increased in patients who have moderate to severe heart failure due to dysfunction of
the prosthesis. Uncontrolled bacteremia, fever persisting for more than 10 d during
appropriate antibiotic therapy, recurrent arterial emboli, and relapse after appropriate
antimicrobial therapy are other indications for surgery. In addition, infections caused
by fungi, S. aureus and Gram-negative bacteria often require surgical intervention.

4.5. Prevention
Prosthetic valves may become infected because of bacteremia resulting from inva-

sive procedures (24). Elderly patients often have dental, gastrointestinal (GI), or geni-
tourinary (GU) procedures that may cause a transient bacteremia. Table 5 reviews the
dental procedures for which endocarditis prophylaxis including PVE is recommended.
The indications for endocarditis prophylaxis for GI procedures are noted in Table 6 and
the indications for PVE prophylaxis for GU (and respiratory) procedures are noted in
Table 7. Note that prophylaxis is considered “optional” for some procedures but might
be useful for high-risk patients such as those with prosthetic valves, a previous history
of infective endocarditis, cyanotic congenital heart disease, ventricular septal defect,
aortic valve disease, and mitral regurgitation. Moderate-risk cardiac conditions include
mitral valve prolapse with regurgitation, tricuspid valve disease, mitral stenosis, and
degenerative valve disease of the elderly. The regimens used for prophylaxis for patient
allergic to penicillin may include clindamycin or azithromycin. (See chapter “Infective
Endocarditis,” Tables 5–7 [this chapter] for specific antibiotic regimens for oral and
respiratory tract, and gastrointestinal and genitourinary tracts procedures, respectively).

Table 3
Indications for Transesophageal Echocardiography
for Suspected Infective Endocarditis

Prosthetic cardiac valves
Left-sided infective endocarditis (IE)
S. aureus IE
Fungal IE
Previous IE
Prolonged clinical symptoms (3 mo) consistent with IE
Cyanotic congenital heart disease
Patients with systemic to pulmonary shunts
Poor clinical response to antimicrobial therapy for IE
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5. VASCULAR GRAFT INFECTIONS

5.1. Epidemiology and Microbiology

The frequency of graft infections ranges from 1–5%. The majority of infections are
thought to occur at the time of implantation. Staphylococci are the most common
microorganism. Early infections are usually caused by S. aureus, whereas later infec-
tions are usually caused by coagulase-negative staphylococci. Rarely, Gram-negative
bacilli may also cause infections of grafts.

5.2. Clinical Manifestations and Diagnostic Tests

Graft infections, especially those involving coagulase-negative staphylococci, may
not become evident for months to years. The majority of graft infections present as
localized wound infections. Blood cultures are usually positive in less than 50% of
patients. Graft thrombosis may suggest a graft infection. Graft infection may also mani-
fest itself as an aortoenteric fistula with gastrointestinal bleeding. Needle aspiration of

Table 4
Prosthetic Valve Endocarditis Treatment

Streptococci
Highly penicillin-susceptible viridans streptococci or S. bovis (MIC  0.1 µg/mL)

In patients whose infection involves prosthetic valves or other prosthetic materials,
a 6-wk regimen of penicillins recommended together with gentamicin for at least
the first 2 wk.

Streptococci with an MIC >0.1 µg/mL
It may be desirable to administer the aminoglycoside for more than 2 wk (4–6 wk).

Vancomycin can be used in penicillin allergic patients

Enterococci and nutritionally variant streptococci
Ampicillin or vancomycin plus gentamicin or streptomycin for 6–8 wk.

Methicillin-sensitive S. aureus
Nafcillin (or a first-generation cephalosporin or vancomycin if allergic) plus rifampin

for 6 wk plus gentamicin for 2 wk. Rifampin plays a unique role in the eradication
of staphylococcal infection involving prosthetic material; combination therapy
is essential to prevent emergence of rifampin resistance

Methicillin-resistant S. aureus
Vancomycin plus rifampin for 6 wk plus gentamicin for 2 wk

Coagulase-negative staphylococci
Vancomycin plus rifampin for 6 wk plus gentamicin for 2 wk

HACEK
Third-generation cephalosporin for 6 wk
Ampicillin plus gentamicin for 6 wk

For culture-negative or empiric treatment
Vancomycin plus gentamicin plus ceftriaxone or ampicillin-sulbactam plus gentamicin

MIC, minimum inhibitory concentration; HACEK, Haemophilus spp., Actinobacillus actinomycetam-
comitans, Cardiobacterium hominis, Eikenella spp., Kingella kingae.
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Table 5
Endocarditis Prophylaxis and Dental Procedures

Endocarditis prophylaxis recommendeda

Dental extractions
Periodontal procedures including surgery, scaling and root planing, probing,

and recall maintenance
Dental implant placement and reimplantation of avulsed teeth
Endodontic (root canal) instrumentation or surgery only beyond the apex
Subgingival placement of antibiotic fibers or strips
Initial placement of orthodontic bands but not brackets
Intraligamentary local anesthetic injections
Prophylactic cleaning of teeth or implants where bleeding is anticipated

Not recommended
Restorative dentistryb (operative and prosthodontic) with or without retraction cordc

Local anesthetic injections (nonintraligamentary)
Intracanal endodontic treatment; post placement and buildup
Placement of rubber dams
Postoperative suture removal
Placement of removable prosthodontic or orthodontic appliances
Taking oral impressions
Fluoride treatments
Orthodontic appliance adjustment
Shedding of primary teeth

aProphylaxis is recommended for patients with high- and moderate-risk cardiac conditions (see text
for definitions).

bThis includes restoration of decayed teeth (filling cavities) and replacement of missing teeth.
cClinical judgment may indicate antibiotic use in selected circumstances that may create significant bleeding.

Table 6
Endocarditis Prophylaxis and Gastrointestinal Procedures

Indicateda

Sclerotherapy for esophageal varices
Esophageal stricture dilation
Endoscopic retrograde cholangiography with biliary obstruction
Biliary tract surgery
Surgical operations that involve intestinal mucosa

Not indicated
Transesophageal echocardiography
Endoscopy with or without gastrointestinal biopsy (prophylaxis is optional

for high-risk patients such as prosthetic valves)
aFor moderate- to high-risk cardiac conditions (see text for definitions).

para graft collections under ultrasonographic or CT guidance can provide additional
information. CT scans or white blood cell scans may also be helpful in diagnosing
graft infections.
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5.3. Treatment

For management of graft infections, the infected prosthetic needs to be removed and
then revascularization considered after an appropriate course of antibiotics (25,26).
Generally, patients with graft infections are treated with a minimum of 6 wk of
parenteral therapy; depending on the microorganisms, a longer course of antibiotics
may be required. If the newly implanted graft appears to have been contaminated at
the anastomotic site or the if the arterial stump was closed proximal to the infected
site, the clinician may need to consider lengthy, perhaps lifelong, suppressive regi-
mens of oral antibiotics. Generally, surgical management includes excision of the
affected graft followed by revascularization (25). An extra-anatomic bypass (EAB)
such as an axillary–femoral artery conduit is often employed. Occasionally, in situ
replacement of the infected graft is attempted. Mortality in the course of reconstruc-
tive efforts can be 25% or greater.

5.4. Prevention

For prevention of infection of a vascular graft, regimens similar to infective
endocarditis prophylaxis could be considered. However, data are inadequate at this

Table 7
Prosthetic Valve Endocarditis Prophylaxis and Respiratory
and Genitourinary Procedures

Respiratory
Indicateda

Tonsillectomy and/or adenoidectomy
Surgical operations that involve respiratory mucosa
Bronchoscopy with a rigid bronchoscope

Not indicated
Endotracheal intubation
Bronchoscopy with a flexile bronchoscope, with or without biopsyb

Tympanostomy tube insertion

Genitourinary
Indicateda

Prostatic surgery
Cystoscopy
Urethral dilation

Not indicated
Vaginal hysterectomyb

Vaginal deliveryb

Cesarean section
In uninfected tissue
Urethral catheterization
Uterine dilation and curettage
Sterilization procedures
Insertion or removal of intrauterine devices

aRecommended for moderate- to high-risk cardiac conditions.
bProphylaxis is optional for high-risk conditions (see text for definitions).
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time to make firm recommendations. Nevertheless, clinicians may consider using pro-
phylaxis especially during the first 4 mo postoperatively when the graft would be more
susceptible to bacteremic seeding (24).

6. PACEMAKER INFECTIONS

6.1. Epidemiology and Clinical Relevance

A pacemaker consists of essentially two components. The pulse generator is the
power source that is used to deliver the electrical stimulus. This is linked to a pacing
electrode, either an endocardial or epicardial lead. Elderly patients seem to be especially
prone to pacemaker infections. The average age of patients with pacemaker endocardi-
tis is 72 yr.

Pacemaker infections may appear as either a localized infection and/or abscess in
the pulse–generator pocket (27). There may be erosion of the skin in the pacing system
with subsequent infection. There may be fever with positive blood cultures in the patient
who has a pacemaker and no obvious focus of infection. Generally, pulse–generator
pocket infections result from contamination at the time of implantation of the pace-
maker. Those infections involving the conducting system may occur secondary to
bacteremic spread. There is an approximate prevalence of 0.13–12% of pacemaker
infections reported in the literature (27). It has been demonstrated that
endothelialization of the leads become evident at 6–8 wk.

6.2. Clinical Manifestations and Microbiology

The clinical manifestations of pacemaker infections are those related complications
such as erosion of the pulse–generator pocket, sepsis, pericarditis, or even mediastini-
tis (27). Generally, bacteremia from a pacemaker infection is from infection of the
pacer pocket or related to extension of infection along the wire into the vascular sys-
tem. Hematogenous colonization of the pacemaker conducting system resulting from
bacteremia from a distant source has been documented but is fortunately rare. Both
S. aureus and coagulase-negative staphylococci account for greater than 75% of
pacemaker infections. Rarely, Gram-negative bacilli and fungi may be involved as
well (27).

6.3. Treatment

The management of the pacemaker infection varies according to the clinical sce-
nario (28). Most patients require at least 4 wk of antibiotic therapy. If the infectious
process has been clearly demonstrated to ride in the pulse–generator pocket only, the
generator should be removed and another one implanted at a distant site. The situation
becomes more complicated if the conducting system or leads are infected. It is gener-
ally necessary to try to remove the entire pacemaker system at that point. This may be
somewhat difficult in elderly patients who may have a limited life expectancy and may
have a very high operative risk. The failure to remove an infected lead can result in
mortality as high as 65%. If the lead is retained after infection of the pacemaker wire,
there can be complications in as high as 50% of patients. The various techniques for
lead extraction have been described in detail in the literature (27). Under some circum-
stances, cardiopulmonary bypass must be used to remove the infected material (28).
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6.4. Prevention
There have been no well-controlled studies that allow firm conclusions regarding

prevention of infection during pacemaker replacement or implantation. In general, it is
felt that there is no need for infective endocarditis prophylaxis in patients with pace-
makers.
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Fungal Infections
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1. INTRODUCTION

Serious fungal infections can be separated into the opportunistic mycoses, including
candidiasis, cryptococcosis, aspergillosis, and mucormycosis (zygomycosis), and the
endemic mycoses, comprised of histoplasmosis, blastomycosis, and coccidioidomyco-
sis. The fungal infections represented in these broad groups differ with respect to the
characteristics of the organisms causing infection, their epidemiology, the clinical
manifestations, the approach to diagnosis, and the principles guiding therapy.

Not only are there differences in the organisms in these two groups, but host defense
mechanisms in response to these infections differ. In regard to the opportunistic
mycoses, serious infection with these ubiquitous organisms is rare except in
immunocompromised hosts. In contrast, the endemic mycoses are true pathogens
in that they cause disease in any host, healthy or compromised. The extent of infection
with these fungi, however, is determined in part by the host’s response.

2. OPPORTUNISTIC FUNGAL INFECTIONS

2.1. Epidemiology and Clinical Relevance

Opportunistic fungal infections have increased dramatically in recent years as the
number of immunocompromised patients has risen. In the last decade, the elderly
appear to be at increasing risk for infections with the opportunistic fungi. There are
several reasons for this enhanced risk. First, with increasing realization that older adults
with cancer should not be excluded because of age from intensive chemotherapeutic
treatment regimens, there are more immunosuppressed older cancer patients. Second,
solid organ transplantation is now more common in patients over the age of 60, as
evidence for the efficacy and safety of transplantation in this population has accrued.
Third, immunosuppressive regimens are now routine in the management of
rheumatologic and dermatologic conditions often found in older adults. Fourth, and
possibly the most important risk factor for older adults, is the increasing role of treat-
ment in intensive care units with the use of life-support systems, catheters, and broad-
spectrum antibiotics.
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2.1.1. Candidiasis

The increase in opportunistic infections in elderly patients is primarily due to infec-
tions with Candida species. The spectrum of disease varies from localized infections
(e.g., oropharyngeal candidiasis) to candidemia and disseminated infection.

Factors that predispose older patients to the development of oropharyngeal candidi-
asis include xerostomia, broad-spectrum antibiotics, inhaled corticosteroids, and den-
tures (1,2). Age alone does not appear to be an independent risk factor for the
development of oropharyngeal candidiasis. In older adults, the presence of systemic
diseases and a multiplicity of medications frequently lead to xerostomia, which then
enhances Candida colonization of the mucosa (1). Denture stomatitis due to Candida
species is very common. Patients who do not remove their dentures at night and those
who have poor oral hygiene are more likely to have this manifestation of candidiasis.

In contrast to other Candida infections, Candida vulvovaginitis is unusual in older
women (3). Without estrogen stimulation, the vaginal epithelium becomes thin and
atrophic, glycogen production decreases, vaginal pH rises, and colonization by Can-
dida decreases. However, with the increasing use of estrogen replacement therapy to
prevent osteoporosis, heart disease, and menopausal vasomotor symptoms, Candida
vulvovaginitis may emerge as a more common problem in older women.

A recently reported multicenter surveillance study noted that the mean age of patients
with candiduria was 64.5 yr, and patients had one or more of the following risk factors:
diabetes mellitus, obstructive uropathy or neurogenic bladder, indwelling urinary cath-
eters, and prior antibiotic therapy (4).

Candida spp. are now the fourth most common cause of nosocomial bloodstream
infections. Several studies have found that those over 60 constitute the majority of
patients with candidemia and also have the highest mortality rates (5,6). C. albicans is
the species most commonly found causing candidemia, but other species, especially C.
glabrata, appear to be increasing. Elderly patients at the highest risk are those in an
intensive care unit, who are on broad-spectrum antibiotics, have an indwelling central
venous catheter in place, are receiving total parental nutrition, and have had a surgical
procedure on the gastrointestinal (GI) tract.

2.1.2. Cryptococcosis

Cryptococcosis is increased modestly in older persons. Approximately 25% of non-
acquired immunodeficiency syndrome (AIDS) patients with cryptococcal meningitis are
over age 60. The usual underlying conditions are lymphoma, organ transplantation, cor-
ticosteroids or cytotoxic drugs, and cirrhosis. However, from 25–30% of patients have no
overt underlying immunosuppressive disease, and many of these patients are elderly.
Mortality appears to be increased in older patients who have cryptococcal meningitis (7).

2.1.3. Aspergillosis

There are a huge number of Aspergillus species that are ubiquitous in the environment;
however, very few cause infection in humans. The most common pathogenic species are
A. fumigatus and A. flavus. Infection ensues when conidia (spores) are inhaled into the
alveoli or upper respiratory tract of a susceptible host. Aspergillus is common enough in
the environment that a discrete point source leading to exposure is not obvious for most
patients. However, nosocomial Aspergillus infections are not uncommon and are usually
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traced to hospital construction. A wide spectrum of infections can occur, depending
almost entirely on the immune response of the host. Although less common than can-
didiasis, Aspergillus infections are usually life threatening in immunosuppressed
patients. Several forms, specifically chronic necrotizing pulmonary aspergillosis and
sino-orbital infection, are seen more often in older adults (8,9).

2.1.4. Mucormycosis

Mucormycosis or zygomycosis, more often caused by Rhizopus than Mucor species,
is the least common of the major opportunistic fungal infections. Age, per se, is not a
risk factor; however, underlying diseases, such as diabetes mellitus, that are associated
with increasing age, increase the risk for mucormycosis (10). Other risk factors include
hematologic malignancies with neutropenia and chelation therapy given for iron over-
load, as found in older patients with myelodysplasia (11).

2.2. Clinical Manifestations
2.2.1. Candidiasis

White plaques on the buccal, palatal, or oropharyngeal mucosa that can easily be re-
moved are typical of oropharyngeal candidiasis. Angular cheilitis and diffuse erythema,
often present beneath upper dentures, are also manifestations of oropharyngeal candidi-
asis. Because typical plaques are absent, the diagnosis may be easily overlooked (2).

Candida vaginitis usually presents with pruritus and vaginal discharge that may
range from “cottage cheese-like” to thin and watery. When cheesy material is absent,
Candida vulvovaginitis must be differentiated from atrophic vaginitis.

Most patients with candiduria are asymptomatic, and most are probably merely colo-
nized (4). Fewer than 5% of patients have dysuria and frequency, and even fewer have
symptoms of upper tract infection. Rarely, obstructive symptoms and renal failure have
been noted secondary to fungus balls composed of masses of fungi.

The manifestations of systemic infection with Candida are quite varied (see Table 1).
After entering the bloodstream, either from an intravenous catheter or the GI tract, the
organism disseminates widely causing microabscesses in many organs, including eye,
kidney, liver, spleen, myocardium, and brain. Patients with candidemia usually have
fever and chills, and appear “toxic.” However, in some patients, the symptoms of
candidemia are more subtle, and the patient presents weeks later with decreased vision
secondary to Candida endophthalmitis or back pain secondary to Candida osteomyeli-
tis. Skin lesions occurring during the course of candidemia are usually tiny pustular
lesions on an erythematous base (see Fig. 1).

2.2.2. Cryptococcosis

Although the major manifestation of infection with C. neoformans is meningitis, the
pathogenesis of infection begins with inhalation of the organism from the environment
and subsequent pulmonary infection. The chest radiograph may show nodular infil-
trates, a pleural-based mass, cavitary lesions, or diffuse infiltrates (12) (see Fig. 2).
However, most often, the pulmonary infection is asymptomatic, and clinical manifes-
tations of cryptococcosis occur only after the organism has spread to the central ner-
vous system. Elderly patients may not have the usual symptoms of fever, headache,
and cranial nerve palsies but instead may present solely with confusion without fever,
nuchal rigidity, or focal neurologic findings (see Table 1).
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Table 1
Systemic Opportunistic Fungal Infections in Older Adults

Fungal
infection Risk factors Usual clinical manifestations

Candidiasis Neutropenia, hematologic malig- Fever, pustular skin rash, hypo-
nancy, corticosteroids, transplant; tension; later may have bone
ICU, antibiotics, IV catheters, pain, visual loss, eye pain
TPN, GI surgical procedure

Cryptococcosis Lymphoma, transplant, cirrhosis, Headache, fever, cranial nerve
corticosteroids; ~25% have no palsy, confusion; cough, dyspnea,
risk factor identified sputum production

Aspergillosis Neutropenia, hematologic Fever, pleuritic chest pain, cough,
malignancy, corticosteroids, hemoptysis; eye/sinus pain, proptosis.
transplant ophthalmoplegia, visual loss

Mucormycosis Diabetes mellitus with keto- Eye/sinus pain, necrotic eschar
acidosis, hematologic malig- (palate, nares) cavernous sinus
nancy, neutropenia, deferoxamine thrombosis; fever, pleuritic chest
chelation therapy pain, cough, hemoptysis

ICU, intensive care unit; IV, intravenous; TPN, total parenteral nutrition; GI, gastrointestinal.

Fig. 1. Typical skin lesions seen in patients with disseminated candidiasis.
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Fig. 2. Right lower lobe infiltrate due to cryptococcosis in a 67-yr-old man who was on
corticosteroids and who had confusion, headache, and fever. Sputum and cerebrospinal fluid
yielded C. neoformans.

2.2.3. Aspergillosis
Aspergillus invasion of the upper respiratory tract leads to sinusitis and may proceed

to subsequent invasion of the orbit. In patients with neutropenia, the acute onset of
pain, erythema, fever, serosanguinous drainage, and proptosis is seen. In older patients
who are not immunosuppressed, but who may have been on corticosteroids or are dia-
betic, Aspergillus causes subacute infection with pain, proptosis, ophthalmoplegia, and
loss of vision due to invasion of the apex of the orbit (8). Most patients are thought to
have a retro-orbital tumor until biopsy reveals hyphae and inflammatory debris (13).

Acute pulmonary aspergillosis in immunosuppressed patients presents with fever,
pleuritic chest pain, hemoptysis, and dyspnea (see Table 1). Chronic necrotizing pulmo-
nary aspergillosis, occurring mostly in middle-aged to elderly men with chronic obstruc-
tive pulmonary disease, is a subacute illness. Low-dose corticosteroids and
broad-spectrum antibiotics are predisposing factors. Patients have fever, cough, purulent
sputum, weight loss, and pleuritic chest pain. Multilobar involvment is common, cavity
formation is usual, and extension to the pleura is frequent (see Fig. 3). Progressive pneu-
monia with death is the rule unless the diagnosis is made and appropriate therapy given.

2.2.4. Mucormycosis
Patients with mucormycosis are quite ill. Diabetics with acidosis most often have

the rhinocerebral form. A black eschar is seen on the palate or around the orbit, and
serosanguinous material can be found in the sinuses (see Table 1). Orbital invasion
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progresses rapidly to cavernous sinus thrombosis, and cerebral infarction often ensues
(10). In patients with pulmonary mucormycosis, the chest radiograph shows wedge-
shaped or nodular infiltrates, which tend to cavitate (11) (see Fig. 4). Localized cutane-
ous and GI forms occur and generally carry a better prognosis than the rhinocerebral or
pulmonary forms of infection.

2.3. Diagnostic Tests
Diagnosis of systemic opportunistic fungal infection must be made promptly because

of the life-threatening nature of these infections. Growth of opportunistic fungi is rarely
difficult; cultures are usually positive within a few days. The major complicating issue
is that organisms as ubiquitous in the environment as Aspergillus or Rhizopus can eas-
ily contaminate specimens. Therefore, growth in culture must be carefully assessed as
to whether it truly reflects infection. Confounding the diagnosis of candidiasis is the
fact that Candida are normal flora in the GI and genitourinary (GU) tracts and on skin,
and thus, growth from samples taken from nonsterile body sites often means only colo-
nization. However, growth of Candida from blood or normally sterile body fluids is
obviously significant. In contrast to the other opportunists, C. neoformans is neither
common in the environment nor part of the normal flora, and thus growth of this organ-
ism in culture almost always reflects infection.

Especially in immunocompromised patients who are acutely ill, histopathologic
demonstration of fungi in tissues is the most important diagnostic tool. For
cryptococcosis, examination of cerebrospinal fluid (CSF) with an India ink preparation
that highlights the large capsule of C. neoformans is a quick and reliable test.

Antibody and antigen assays for aspergillosis and candidiasis have not yet proved to
be clinically useful. The only rapid antigen test with excellent sensitivity and specific-
ity is the latex agglutination test for cryptococcal polysaccharide antigen.

Fig. 3. Chronic necrotizing pulmonary aspergillosis in a middle-aged man with no known
risk factors other than chronic obstructive pulmonary disease.
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2.4. Treatment
2.4.1. Candidiasis

Treatment of oropharyngeal candidiasis with a topical agent, such as clotrimazole
troches, is appropriate first-line therapy. Fluconazole should be reserved for patients
with severe disease or denture stomatitis that can be particularly vexing to treat (14).

Vaginal candidiasis is easily treated with topical antifungal agents, such as
miconazole or clotrimazole creams. However, fluconazole, 150 mg orally as a single
dose, is an attractive alternative, especially for those patients who have underlying
illnesses that make topical therapy difficult to use (3).

Candiduria often disappears with removal of the predisposing factors, especially
indwelling urethral catheters and antimicrobial agents (4). When candiduria is persis-
tent and thought to be causing symptoms, the most appropriate treatment is fluconazole,
200 mg daily for 5–7 d (15). Amphotericin B bladder irrigation is useful only for blad-
der involvement and requires the placement of a urethral catheter.

Amphotericin B has been the mainstay of treatment for serious Candida infections
but has significant toxicity (16). Nephrotoxicity occurs in most patients receiving
amphotericin B but is especially difficult in elderly individuals with pre-existing renal
insufficiency. Nephrotoxicity can be minimized by salt and water loading prior to infu-
sion, but this may not be feasible in elderly individuals with heart disease. Immediate
reactions that accompany amphotericin B infusion—fever, chills, hypotension, and
nausea—can usually be decreased with pre-infusion medications, allowing continued
use of the agent.

Recent studies have shown that candidemia can be treated equally well with either
amphotericin B (0.5–0.7 mg/kg/d intravenously) or fluconazole (400 mg/d), an agent that
is much less toxic (17). All intravascular lines should be removed or replaced, and treat-
ment should be continued for 2 wk beyond the time of the last positive blood culture.

Fig. 4. Right upper lobe mucormycosis in an elderly man who had myelodysplasia leading
to dependence on transfusions and treatment with deferoxamine chelation.
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2.4.2. Cryptococcosis

The most appropriate therapy for cryptococcal meningitis in older adults has not
been established by randomized treatment trials, but studies in AIDS patients with cryp-
tococcal meningitis have shown that the best results are obtained when induction
therapy is carried out with the combination of amphotericin B (0.7 mg/kg/d) and
flucytosine (100 mg/kg/d) for at least 2 wk, followed by consolidation therapy with
fluconazole, 400 mg/d for a minimum of 10 wk (18). Initial therapy with fluconazole
alone is not adequate for patients with meningitis. In spite of appropriate therapy, symp-
toms of dementia may not improve in older patients (7).

2.4.3. Aspergillosis

The most appropriate agent for treating invasive aspergillosis is intravenous ampho-
tericin B. In patients with acute infection, amphotericin B should be given at a dosage
of 1–1.5 mg/kg/d. Chronic necrotizing pulmonary aspergillosis in patients who are not
acutely ill can be treated effectively with itraconazole, 200 mg given twice daily with
food. Most patients with sino-orbital aspergillosis should be treated initially with
amphotericin B, and then, after the infection has improved, therapy can usually be
switched to oral itraconazole.

2.4.4. Mucormycosis

Treatment of mucormycosis involves the correction of the underlying immune
defect, aggressive debridement of all necrotic tissue, and antifungal treatment with
amphotericin B, 1–1.5 mg/kg/d, to a total amount of at least 2 g. There are no available
azole drugs with activity against the Mucorales. Even with aggressive surgical debri-
dement and antifungal therapy, mortality is extremely high.

3. ENDEMIC MYCOSES

3.1. Epidemiology and Clinical Relevance

As the population of the United States ages, and as older adults remain in better
health for a longer period of time, they travel more extensively and indulge in a variety
of different outdoor avocations that are associated with increased risk of infection from
endemic mycoses (19). Endemic mycoses are found in soil or vegetation; each has its
own ecological niche from which it is aerosolized and subsequently inhaled (see
Table 2). Older persons may become infected while traveling in an area endemic for a
certain fungus, but symptoms may appear only after they return home. Thus, a patient
who consults a physician in Minnesota with symptoms related to coccidioidomycosis
that was acquired in southern California may be the first patient with this infection ever
seen by that physician, and the correct diagnosis may not be made.

Several of the endemic mycoses have the propensity to reactivate as immunity
wanes because of increasing age or an intercurrent immunosuppressive condition.
This reactivation event might occur in a person who retired to an area of the country
outside of the endemic area for a particular fungal infection. Thus, although physi-
cians in the southwestern United States are very familiar with coccidioidomycosis,
histoplasmosis or blastomycosis might be overlooked in a patient from Kentucky
who has retired to Arizona.
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3.1.1. Histoplasmosis

Histoplasma capsulatum is endemic in the Mississippi and Ohio River valleys. It is
estimated that hundreds of thousands of people are infected each year with H.
capsulatum, but usually the illness is benign with minimal flulike symptoms. Histo-
plasmosis is the only endemic mycosis in which certain manifestations of the disease,
specifically chronic cavitary pulmonary infection and progressive disseminated histo-
plasmosis, occur predominantly in older individuals (19).

3.1.2. Blastomycosis

Blastomyces dermatitidis, the causative agent of blastomycosis, is found most fre-
quently in the southeastern, south central, and north central United States. Although
outbreaks have occurred in groups involved in outdoor activities, most often individual
cases occur in patients for whom a specific point source of infection cannot be found.
There is no evidence that older individuals are at more risk for developing blastomycosis
than are younger persons. However, adult respiratory distress syndrome has been described
more often in older individuals than in younger patients with blastomycosis (7).

3.1.3. Coccidioidomycosis

As the exodus of retirees to the southwestern United States continues, first-time
exposure to Coccidioides immitis has increased in older adults. This organism prolifer-
ates in the deserts of Arizona and California that comprise the Lower Sonoran Life
Zone, typified by flora, such as the saguaro cactus. The conidia are widely dispersed
during windstorms, and thus C. immitis is highly contagious.

In the mid-1990s, a major epidemic of coccidioidomycosis occurred in Arizona and
southern California. In addition to an increase of cases in the usual endemic areas, the
epidemic extended as far west as Los Angeles and other coastal areas of southern Cali-
fornia. In the last decade, there has been a shift in the age of patients with symptomatic
coccidioidomycosis; the annual incidence rate for coccidioidomycosis is now highest
in those >65 yr old (20). There also is evidence that older individuals are more likely to
develop disseminated coccidioidomycosis, and there is an association with dissemina-

Table 2
Endemic Mycoses in Older Adults

Fungal infection Geographic distribution Common clinical syndromes

Histoplasmosis Ohio and Mississippi Acute pneumonia, chronic cavitary
river valleys pulmonary infection, acute

disseminated infection, chronic
progressive infection

Blastomycosis Southeastern, south central, Pneumonia, mass-like or cavitary
and north central states pulmonary lesions,verrucous skin

lesions, prostatitis

Coccidioidomycosis Arizona, southern Acute pneumonia, cavitary
California, New Mexico, pulmonary lesions, ulcerated skin
western Texas lesions, lytic bone lesions, meningitis
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tion and diabetes mellitus, which is more common in older adults. Dark-skinned races
are more likely to experience disseminated infection than whites for reasons that are
not clear.

3.2. Clinical Manifestations
3.2.1. Histoplasmosis

Two forms of histoplasmosis are seen most often in older adults (see Table 2).
Chronic cavitary pulmonary histoplasmosis affects mostly middle-aged and elderly
men who have emphysema (19). Patients with this form of histoplasmosis have consti-
tutional symptoms of fatigue, weakness, fever, night sweats, and weight loss. Pulmo-
nary symptoms include dyspnea, cough, sputum production, and hemoptysis. The
disease is subacute to chronic in its course. Upper lobe cavitary disease is the usual
chest radiographic finding (see Fig. 5). Progressive scarring, pulmonary insufficiency,
and death occur unless treatment is given.

Another form of histoplasmosis that occurs mostly in middle-aged to elderly men
is progressive disseminated disease. In this form of histoplasmosis, the host is unable
to eradicate the organism from parasitized macrophages, and the disease is fatal if
untreated. The clinical manifestations of progressive disseminated histoplasmosis
include fever, fatigue, anorexia, and weight loss. Dyspnea and cough are often
present, hepatosplenomegaly is usual, and lesions on the buccal mucosa, tongue, pal-
ate, or oropharynx are common. The patient may also present with symptoms of
Addison’s disease because of adrenal destruction. Pancytopenia and increased alka-
line phosphatase are frequent, and diffuse pulmonary infiltrates are often present on
chest radiograph.

3.2.2. Blastomycosis

Pulmonary blastomycosis in older patients tends to mimic tuberculosis (see Table
2). Symptoms include dyspnea, cough, and sputum production, as well as fever, weight

Fig. 5. Chronic cavitary pulmonary histoplasmosis in an elderly man with severe emphysema.
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loss, and fatigue. When the pulmonary lesions are predominantly nodular or mass-like,
the initial diagnosis is often carcinoma of the lung (see Fig. 6).

Although blastomycosis begins in the lungs, subsequent dissemination to other
organs is common; frequently, the only clinical symptom is the development of one or
multiple skin lesions that are usually slowly enlarging, verrucous, and crusting with
discrete areas of purulence (see Fig. 7). Spread to bone or to the GU tract gives rise to
manifestations reflecting involvement of those organs.

3.2.3. Coccidioidomycosis

Coccidioidomycosis may present in many different ways (see Table 2). Patients experi-
encing primary disease usually have a flu-like illness consisting of fever, cough, headache,
and fatigue. Chronic pulmonary coccidioidomycosis may give nodular or cavitary lesions,
progressive pneumonia, or diffuse miliary infiltrates on chest radiograph (see Fig. 8).

The most frequently involved organs with disseminated coccidioidomycosis are skin,
bone, GU tract, and meninges. Meningitis, the most feared complication, presents with
chronic headache months after the initial infection.

3.3. Diagnostic Methods

Diagnosis of the endemic mycoses can be made using several different diagnostic
methods: cultures obtained from the infected tissue; histopathologic or cytologic exam-
ination of tissue, body fluids, or purulent material; and serologic assays for antibodies.

Fig. 6. Pulmonary blastomycosis initially thought to be lung cancer. Bronchoscopy with
biopsy showed granulomas and thick-walled budding yeasts typical of B. dermatitidis.
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The most definitive method of diagnosis is growth of the organism, but for histo-
plasmosis and blastomycosis, culture requires special media and growth may take 4–6 wk.
C. immitis grows on fungal or regular media within several days usually. Because C.
immitis is highly contagious in the laboratory setting, clinicians must inform the labo-
ratory that coccidioidomycosis is a possibility so that precautions can be taken.

Histopathologic or cytologic demonstration of the organism in tissues or body fluids
is extremely helpful for diagnosis, especially for those patients who are acutely ill. The
typical thick-walled yeasts of B. dermatitidis, showing single broad-based buds, are
readily identified in cytological or potassium hydroxide preparations of sputum or syn-
ovial fluid and histopathological examination of tissue biopsies. The tiny intracellular
yeast forms of H. capsulatum are best visualized in tissues using methenamine silver
stains and in bone marrow and other tissue aspirates using Giemsa stain. C. immitis is
quite distinctive in tissues. The large spherules (80–100 µm) can be seen in tissue sec-
tions and in purulent drainage.

Serology plays an important role in the diagnosis of histoplasmosis and coccidioido-
mycosis. A positive test prompts the clinician to consider more invasive procedures,
such as bronchoscopy or bone marrow and liver biopsies, to establish a diagnosis. There
are occasions when the only evidence for infection is the presence of antibodies; this is
especially true of meningitis, in which the fungus is exceedingly difficult to grow but
CSF serology is positive. For blastomycosis, specific and sensitive serologic assays are
not commercially available.

3.4. Treatment

The azole antifungal agents have revolutionized the treatment of the endemic
mycoses (21); they are much less toxic than amphotericin B, and oral administration is
obviously a benefit in treating chronic diseases. However, there are several adverse
effects of azoles that impact on treatment in older adults (22). Ketoconazole suppresses

Fig. 7. Typical indolent verrucous skin lesions of blastomycosis on the hands and legs of an
elderly gentleman (photo courtesy of Dr. Gunner Deery).
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both androgenic and corticosteroid hormones, causing decreased libido and gyneco-
mastia and, rarely, Addison’s disease. Itraconazole does not have these effects when
given at recommended doses but does cause edema, hypokalemia, and hypertension in
a small percentage of patients. All of the azole agents have been noted to cause hepati-
tis in a small number of patients.

Absorption of ketoconazole and itraconazole is dependent on gastric acidity. Because
older adults are more likely to be achlorhydric, absorption may be decreased. Histamine
(H2) receptor antagonists, proton pump inhibitors, and antacids should not be used
when itraconazole or ketoconazole are prescribed. Itraconazole also requires
administration with food to enhance absorption. Fluconazole requires neither gastric
acidity nor food for absorption.

Drug interactions, many of which have serious implications for older adults, are
frequently encountered with the azole antifungal drugs. Interactions with warfarin,
phenytoin, and carbamazepine occur in varying degrees with all of the azole drugs in
current use. Itraconazole can increase serum digoxin levels with subsequent toxicity,
and ketoconazole and fluconazole can increase the effect of oral hypoglycemics. The
antihistamine astemizole and the motility drug cisapride should never be used concur-
rently with azoles because of QT prolongation and ventricular arrhythmias.

In spite of these issues, the azoles are exceedingly useful in older adults with endemic
mycoses. Most therapy is now given in the outpatient setting. Itraconazole is the
preferred agent because of its greater intrinsic activity against the endemic mycoses
when compared with fluconazole and better tolerability when compared with
ketoconazole. The usual dosage is 200 mg once or twice a day given with food to
enhance absorption. Depending on the fungal infection, therapy is given for 6–12 mo
and sometimes longer. For those patients who develop coccidioidal meningitis,
fluconazole is preferred because of its superior CSF penetration. The dosage is 800 mg
daily with normal renal function, and therapy must be given for life, as the organism is

Fig. 8. Right upper lobe pneumonia due to C. immitis in a marine sent to southern California
for training.



224 Kauffman

rarely eradicated from the central nervous system (23). Overall, results with therapy
for the endemic mycoses are excellent, although older patients with advanced emphy-
sema and cavitary histoplasmosis rarely return to their prior functional state and those
with coccidioidal meningitis often have a protracted course with a poor outcome.
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Viral Infections
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1. RESPIRATORY VIRUSES

1.1. Influenza

Of the viral infections that cause disease in older adults, influenza is recognized as
one of the greatest causes of morbidity and mortality. Pneumonia and influenza together
comprise the fifth leading causes of death in persons aged 65 yr and older. Influenza
viruses are enveloped ribonucleic acid (RNA) viruses that are classified as A, B, or C,
based on stable internal proteins (1). The virus contains two major surface proteins,
hemagglutinin (H) and neuraminidase (N), which can undergo minor antigenic changes
leading to yearly epidemics or major changes resulting in influenza pandemics. Cur-
rently, there are two circulating influenza A viruses, H1N1 and H3N2, in addition to
influenza B, present in the United States. H1N1 viruses do not appear to cause serious
problems in older persons, possibly due to previous immunity (2).

1.1.1. Epidemiology and Clinical Relevance

Peak influenza activity typically lasts 6–8 wk in a community with attack rates high-
est in preschool and school-aged children and lowest in older persons. During non-
pandemic influenza, attack rates are approx 10% in the elderly (3). Despite lower attack
rates, hospitalization rates and complications are highest in this age group (4). Mortal-
ity from influenza rises dramatically with age and the presence of underlying medical
conditions contribute significantly to influenza-related mortality (5). The presence of
one high-risk medical condition (cardiovascular, pulmonary, renal, metabolic, neuro-
logic, or malignant disease) increases the risk of death from influenza 39-fold. The
devastating impact of influenza is most dramatically seen in long-term care facilities
where explosive epidemics may occur. During outbreaks, rates of pneumonia and hos-
pitalization are as high as 52% and 29%, respectively, with case fatality rates of 30%
(6). In addition to the suffering caused by influenza, the economic burden is enormous,
resulting in more than one billion dollars spent by Medicare in 1989–1990 alone for
excess hospitalizations (7).
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1.1.2. Clinical Manifestations

The classic presentation of influenza is that of the abrupt onset of fever, chills, head-
ache, and myalgias (see Table 1). Dry cough, sore throat, and ocular pain are also
common (1). Although nasal congestion and discharge occur with influenza, rhinor-
rhea is usually not as profuse as with other respiratory viruses. Fever remains a com-
mon finding in the elderly, although the height of the fever may be lower compared
with young persons. Although many elderly adults have classic influenza symptoms, a
substantial number may have more subtle presentations such as fever and confusion or
worsening of chronic cardiopulmonary disease. Thus, it is important to consider the
possibility of influenza in the ill elderly adult during the winter months.

Lower respiratory tract involvement increases steadily with advancing age with the
rates of pneumonia 4–8% in persons aged 5–50 yr and rising to 73% in persons over
age 70 (1). Secondary bacterial pneumonia following acute influenza also occurs more
frequently in older persons. In addition to the immediate complications of influenza,
residents of nursing homes who survive influenza experience a significant functional
decline in activities of daily living (8).

1.1.3. Diagnostic Tests

The diagnosis of influenza can be made in a variety of ways including viral culture,
rapid antigen testing, and serology. Although many physicians use clinical features to
make a diagnosis of  “the flu,” laboratory confirmation is best if therapeutic decisions
are needed, as influenza may be difficult to distinguish from other respiratory viruses.
Virus can be detected in nasopharyngeal secretions or sputum. Older persons typically
shed less virus than young persons but will have culturable virus for 3–4 d into the
illness (9). Rapid antigen testing may be done directly on nasopharyngeal specimens
using an enzyme immunoassay (EIA) (10). Although not as sensitive as viral culture,
rapid tests offer several hour turnaround times and may be useful for infection control
and treatment decisions (11). Influenza infection can also be confirmed retrospectively
by demonstrating a greater than fourfold rise in antibody by hemagglutination inhibi-

Table 1
Respiratory Viral Infections

Peak season Incubation (d) Clinical clues Antiviral therapy

Influenza A Winter 1–3 High fever, headache, Amantadine
myalgias Zanamivir, Oseltamivir

Rimantadine
Zanamivir, Oseltamivir

Influenza B Winter 1–3 High fever, headache, Zanamivir, Oseltamivir
myalgias

RSV Winter 3–5 Rhinorrhea, wheezing Ribavirin
Parainfluenza Fall-spring 1–2 Pharyngitis, hoarseness None
Rhinovirus All 1–2 Rhinorrhea None
Coronavirus Winter-spring 1–2 Non-specific None

RSV, respiratory syncytial virus.
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tion assay or enzyme immunoassay (EIA). A single acute titer is not useful for diagno-
sis of influenza, as all persons have preexisting antibodies.

1.1.4. Treatment

At the present time, four antiviral agents, amantadine, rimantadine, zanamivir, and
oseltamavir are approved for the treatment of influenza A. These agents are 70–90%
effective as prophylactic agents and also reduce illness severity, duration of symptoms,
and viral shedding when given within 48 h of symptom onset (12). Central nervous
symptoms are a problem in older persons given amantadine. Rimantadine is more costly
but appears to be better tolerated. Although resistance develops rapidly on therapy with
either agent, a net therapeutic benefit is preserved (13). The appropriate dose of aman-
tadine or rimantadine for most elderly persons is 100 mg/day taken orally with further
dose adjustments necessary for amantadine based on renal function. Zanamivir and
oseltamavir are new agents that inhibit the action of viral neuraminidase and show
promise for prophylaxis and treatment of influenza A or B (14–16). Resistance and
central nervous system side effects do not appear to be a problem.

1.1.5. Prevention

The cornerstone of infection control in long-term care facilities is yearly vaccination
of residents and staff. (See also Chapter 23.) In addition, the Centers for Disease Con-
trol and Prevention (CDC) recommends that antiviral prophylaxis be given to all resi-
dents once influenza A has been documented in the institution (17). Chemoprophylaxis
is given regardless of vaccination status and is continued until 1 wk after the onset of
the last influenza case. Because some authorities remain concerned about adverse side
effects of amantadine, more conservative approaches have been put forward that rec-
ommend antivirals to those ill less than 48 h and to their roommates and reserve
institutionwide prophylaxis only when more than 10% of residents are ill (18).

Influenza vaccination has been clearly shown to be efficacious and cost effective in
older persons and is recommended for all persons aged 65 and older (17,19). Although
serologic response is diminished in residents of nursing homes, vaccination reduces
the severity of disease and prevents hospitalization and death (17). The current vaccine
contains antigens from two type A and one type B viruses. Mild acute local reactions
occur in approx one third of vaccinees and systemic reactions, such as fever and
myalgias are uncommon in older persons. Influenza vaccine may be safely given simul-
taneously with pneumococcal vaccine, and the only contraindication to vaccination is
anaphylactic hypersensitivity to eggs or other components of the vaccine (17).

1.2. Respiratory Syncytial Virus
1.2.1. Epidemiology and Clinical Relevance

RSV is an enveloped RNA virus that belongs to the paramyxovirus family and con-
sists of two antigenically distinct groups, designated A and B. RSV has long been
recognized as the leading cause of lower respiratory tract disease in children; however,
recently, it has been increasingly implicated as a cause of serious disease in elderly
persons (20). Although the magnitude of the problem of RSV in the elderly has not
been completely defined, it appears to rank second to influenza as a major viral respi-
ratory pathogen in this group (21,22).
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RSV was initially recognized as a pathogen in older persons when several out-
breaks were described in long-term care facilities (23,24). Since 1977, there have been
20 studies published that have identified RSV infections in nursing homes (25–29).
Attack rates are variable and may be as high as 90% during outbreaks, but are more
commonly range from 1–7% when residents are followed prospectively (28,30). Rates
of pneumonia range from 0–53% and death from 0–55% in published reports
(28,31,32). The variable severity may be in part due to case selection bias in some
studies, but also may reflect differences in strain virulence. In addition to long-term
care facilities, RSV has also been found to be a frequent problem in senior daycare
centers (33).

Although less data are available, RSV appears to cause serious disease in commu-
nity-dwelling older persons as well (21,22). Similar to influenza, when peaks of RSV
activity occurred among children in the United Kingdom, a peak in excess acute respi-
ratory infection and mortality occurred in persons aged 65 and older (22). In a 3-yr
study examining persons aged 65 and older admitted to the hospital with acute cardio-
pulmonary conditions, RSV accounted for 10% of cases compared with 13% due to influ-
enza A or B (21). The impact of RSV illness was significant; 18% required intensive
care, 10% needed ventilatory support, and 10% died. Finally, a large study of commu-
nity-acquired pneumonia in adults found RSV to be the third most commonly identi-
fied pathogen at 4.4% compared to 6.2% due to Streptococcus pneumoniae and 5.4%
due to influenza (34). A recent analysis of the economic burden of RSV in adults con-
cluded that 0.04–0.2% of the population 65 yr of age and older are hospitalized yearly
with RSV pneumonia with estimated annual health-care costs of $150–680 million (35).

1.2.2. Clinical Manifestations

Manifestations of RSV infection can be difficult to distinguish from other viral res-
piratory infections, particularly influenza. Most individuals with RSV have nasal dis-
charge, cough, sputum production, and constitutional symptoms (21,34). In addition,
wheezing is a frequent complaint (30). Fever is present in approx half of the cases but
is usually lower than in influenza infection. Although overlap exists, there are some
helpful clues to differentiate RSV from influenza. High fever, sore throat, myalgias,
and gastrointestinal complaints are more characteristic of influenza, whereas rhinor-
rhea and wheezing are more frequently associated with RSV infection (21,27,34).

1.2.3. Diagnostic Tests

The diagnosis of RSV infection can be accomplished by viral culture, rapid antigen
tests, or serology. Unfortunately, because of the labile nature of the virus and low titers of
virus in nasal secretions in adults, diagnosis of acute RSV infection is very difficult.
Under ideal circumstances, viral culture is only 50% sensitive when compared with serol-
ogy using EIA (30). Both commercial rapid antigen tests and indirect immunofluores-
cence have poor sensitivity in adults (36). New molecular tests, such as polymerase
chain reaction (PCR), may offer a significant advantage for the diagnosis of acute RSV
in this population and need further development. Infection can also be demonstrated
retrospectively by a fourfold rise in RSV-specific IgG, either by complement fixation
or EIA. Because RSV in adults always represents reinfection, a single elevated titer is
not useful for acute diagnosis. RSV-specific IgM has been detected in 11–81% of older
subjects with acute RSV, but its clinical utility has yet to be defined (26,37).
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1.2.4. Treatment

The treatment of RSV infection in adults is largely supportive. Supplemental oxy-
gen and bronchodilators may be useful and antibiotics should be considered if bacterial
super-infection is suspected. Ribavirin is a nucleoside analogue which has broad anti-
viral activity, including RSV (38). Although inhaled ribavirin is approved in young
children with RSV, no controlled data exist in adults. Anecdotal experience suggests it
may be beneficial in selected cases; however, general recommendations on its use can-
not be made due to lack of data (39). Although relatively nontoxic, the major problems
with ribavirin are its high cost and difficulty with administration. The recommended
12–18 h/d of aerosol at 20 mg/mL concentrations may be quite difficult for the elderly
adult to tolerate. Recent data indicate that higher concentrations (60 mg/mL) given
three times a day may also be effective.

1.2.5. Prevention
Although research is ongoing, an effective RSV vaccine has yet to be developed.

Thus, prevention of RSV is limited to good basic infection control policies. RSV is
spread primarily by large droplet inoculation and fomites. Therefore, close person-
to-person contact or contact with contaminated environmental surfaces is required
for transmission to occur. Handwashing is the single most important measure in the
control of RSV. Because compliance with hand washing is frequently poor, some
authorities advocate the use of gowns and gloves when caring for RSV-infected
patients (40).

1.3. Parainfluenza Viruses

1.3.1. Epidemiology and Clinical Relevance

The parainfluenza viruses (PIV) are most commonly thought of as the etiologic
agents of croup, bronchiolitis, and pneumonia in young children. Although compre-
hensive studies are lacking, these common respiratory viruses also affect older adults.
The parainfluenza viruses are members of paramyxovirus family with four serotypes
and two subgroups recognized (1, 2, 3, 4a, and 4b); PIV-3 is endemic throughout the
year, whereas PIV-1 and PIV-2 tend to occur during the fall. Most reinfections in
young adults result in mild upper respiratory infections; however, occasional out-
breaks of pneumonia have been described (41). Although PIV infections are not com-
monly documented in older adults, several studies of community-acquired pneumonia
implicate PIV as a cause in 2–11% of cases (42,43). The PIV-1 and 3 serotypes
account for the majority of isolates in older persons, with PIV-2 being relatively
uncommon (44).

1.3.2. Clinical Manifestations

Similar to RSV, outbreaks of PIV infections in nursing homes have been described
(44–46). High attack rates and significant morbidity and mortality have been reported.
Clinical characteristics of PIV infection are not distinctive and include rhinorrhea, sore
throat, hoarseness, and cough with high rates of pneumonia ranging from 20–30%. In a
recent institutional outbreak of PIV-3, the attack rates among residents and nursing
staff were 31% and 11%, respectively. The epidemic pattern, with a steady number of
new cases over a 1-mo period, suggested person-to-person transmission (46).
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1.3.3. Diagnostic Tests and Treatment

Diagnosis of PIV infection can be made by viral culture or by demonstrating a rise
in serum antibody by EIA or complement fixation. Both PIV-1 and 3 infections result
in cross-reactive antibody responses and, thus, cannot be distinguished serologically.
At present, a rapid antigen test for PIV is not commercially available and no antiviral
agents have been approved for the treatment of PIV infection. Therefore, treatment
is supportive

1.4. Rhinoviruses
1.4.1. Epidemiology and Clinical Relevance

Rhinoviruses are the most commonly identified cause of the “common cold,”
accounting for approx 25–50% of upper respiratory infections (47). These ubiquitous
viruses are members of the picornavirus family with over 100 antigenic types. Rhino-
viruses circulate at all times of the year, but peak activity tends to be during the spring
and fall. Infections with rhinoviruses are common throughout life and, although a major
cause of school and work absenteeism, illnesses are generally mild in young persons
(48). Pneumonia due to rhinovirus is very uncommon, even in immunocompromised
persons and is likely because the virus does not replicate well at the lower airway
temperature of 37°C (49).

There are little data on the incidence of rhinovirus infections in independent eld-
erly persons living in the community. However, a recent prospective study from the
United Kingdom indicates that rhinoviruses are an important cause of debility and
lower respiratory disease in elderly people in the community (50). Rhinoviruses
accounted for 121 of 497 (24%) respiratory illnesses that occurred in a cohort of 533
persons over a 2-yr period. Seminested reverse transcriptase (RT)-PCR was used to
identify rhinovirus infection and the increased sensitivity of this technique was likely
responsible for the high infection rates. Although death and hospitalization rates were
low, the mean length of illness was 16 d and 26% were unable to perform their normal
household activities. Fifty-six percent had evidence of lower respiratory tract involve-
ment such as productive cough or wheezing. The presence of chronic medical condi-
tions and smoking increased the likelihood of lower respiratory tract complications.
Because of the frequency of rhinovirus infection, the overall burden of disease in the
elderly may approach influenza (50).

1.4.2. Clinical Manifestations
Rhinovirus infections are also common in senior daycare settings and long-term

care facilities (30,51,52). In frail elderly persons, nasal congestion (79–89%), cough
(71–94%), constitutional symptoms (43–91%) and sore throat (21–51%) characterize
illnesses. Similar to independent seniors, illnesses were prolonged, lasting approx 2 wk
and approx 50% had lower respiratory involvement.

1.4.3. Diagnostic Tests and Treatment
The diagnosis of rhinovirus is usually made by viral culture of nasopharyngeal secre-

tions. Although the use of RT-PCR greatly increases detection rates, this technique is
currently only available in research settings (50). Treatment is supportive and care
should be exercised when prescribing “cold” medications to elderly persons as many
contain combinations of sympathomimetics and antihistamines. At the present time,
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specific antiviral therapy of rhinoviruses is not available. Recently, a new compound,
tremacamra, which blocks the cellular receptor for rhinovirus, intercellular adhesion
molecule 1 (ICAM), shows promise for the treatment of rhinovirus infections (53).

1.5. Coronaviruses
Coronaviruses are RNA viruses of which two major serotypes, 229E and OC43,

cause respiratory disease in humans (54). Peak viral activity occurs in the winter and
spring (55). Reinfections with coronaviruses are common throughout life, and similar
to rhinoviruses; illnesses are generally mild upper respiratory infections in healthy
adults. Symptoms include malaise, headache, sore throat, and nasal congestion (54).
Exacerbations of chronic obstructive pulmonary disease have been linked to
coronavirus infections in several studies (56).

Coronavirus infections have been evaluated in the community-dwelling elderly in
one prospective study from the U.K. and accounted for 9.5% of the respiratory ill-
nesses (57). They were associated with lower respiratory tract symptoms in more than
40% of cases. Coronavirus infections have been documented in long-term care facili-
ties and in frail elderly people attending daycare centers (52,58). The most common
symptoms were cough (94%), constitutional symptoms (88%), and nasal congestion
(84%). Significantly, 66% had a productive cough, 34% experienced shortness of
breath, and 22% developed wheezing. Illnesses lasted approx 2 wk and almost half of
the patients required antibiotics. Although many of the subjects were very frail, all
recovered without sequelae. Unfortunately, diagnosis of coronavirus infections is not
generally available outside of research facilities due to the fastidious nature of the virus
and the lack of commercial reagents for serologic diagnosis. No antiviral agents are
available and treatment is supportive.

2. VIRAL HEPATITIS

2.1. Hepatitis A

Hepatitis A (HAV) is an RNA virus in the picornavirus family (see Table 2). The
virus is easily transmitted by the fecal-oral route. In countries where the virus is
endemic and sanitation is poor, most people become infected in early childhood when
the disease is mild and life-long immunity results (59). Recently, a shift in the preva-
lence of cases from childhood to adulthood has occurred, presumably due to improved
living conditions. In the United States and other industrialized nations, the prevalence
of anti-HAV antibodies increases with advancing age (60). Seroprevalence in an ambu-
latory geriatric population (mean age 75) in New York was 94%. In a 1994 serologic
study from Colorado, the prevalence of anti-HAV antibodies at ages 60, 70, and 80 was
40%, 60%, and 80%, respectively (59). The steady increase in seroprevalence with age
is seen in men and women and in all races and ethnic groups.

The clinical manifestations of acute hepatitis A become more severe and are associ-
ated with prolonged cholestasis with advancing age (61,62). In the United States, the
overall case fatality rate for HAV infection is 1/1000; however, it rises to 27/1000 in
persons 50 yr or older (61). Approx 100 HAV-related deaths occur in the U.S. each
year of which 70% are in persons over age 49 (63). The increased death rates in the
older population is attributable to higher rates of fulminant hepatitis since chronic infec-
tion does not occur (59).
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An inactivated hepatitis A vaccine has been available since 1993, and clinical studies
have shown the vaccine to be safe, very well tolerated, and highly immunogenic in all
age groups (64). Similar to young adults, seroconversion rates are 100% in older adults
(40–61 yr) (65). Immunogenicity in frail elderly persons, such as residents of long-
term care, has not been reported. Although disease may be more severe in older adults
current vaccination policies do not specifically target the elderly. However, vaccina-
tion is recommended for older travelers who plan to visit countries endemic for HAV.

2.2. Hepatitis B

Hepatitis B (HBV) is a complex deoxyribonucleic acid (DNA) virus composed of
double-stranded DNA, core antigen (HBcAg), surface antigen (HBSAg), and soluble
nucleocapsid antigen (HBeAg). Hepatitis B surface antigen is detectable during acute
illness and disappears when antibody to HBSAg develops. Transmission of HBV is by
percutaneous and mucous membrane exposure to infectious body fluids. Serum, saliva,
and semen have been shown to contain HBSAg. Hepatitis D (HDV), also known as
Delta agent, is a small single-stranded, circular RNA particle that is coated with
HBSAg. Infection with HDV requires either simultaneous infection with HBV or
chronic HBV infection. The co-infection may result in fulminant hepatitis (60).

Infection with HBV accounts for approx 20% of cases of acute viral hepatitis in
older adults (60,66). Because the primary risk group in the U.S. and Europe is intrave-
nous drug abusers, a group not highly represented in the elderly population, acute infec-
tion is not common in this age group. Transfusion-related HBV infection from
contaminated blood in the window period of detection is a now an uncommon event
with risk estimated to be 1 in 63,000 transfusions (67). Long-term care facilities were
at one time considered a risk area for HBV when several outbreaks occurred during the
1970s–1980s (60). However, recent surveys of geriatric hospitals indicate the preva-
lence of HBSAg is similar to the general geriatric population (<1%) (60,68).

Table 2
Viral Hepatitis

Incubation
range in days Clinical characteristics Chronic

Virus Transmission (average) in older persons infection

A Fecal-oral 14–50 Prolonged cholestasis No
(28) Increased mortality

B Parenteral 45–160 Milder acute infection, but chronic Yes
Sexual (120) infection more common. Sequelae:

cancer and cirrhosis
C Parenteral 15–150 Same as hepatitis B virus (HBV) Yes

Other ? (42)
D Parenteral 45–130 May worsen existing cirrhosis Yes

Sexual from HBV
E Fecal-oral 14–60 No data No
G Parenteral Limited data Clinical significance unknown Yes
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Acute HBV in older adults is usually mild and many cases are subclinical or present
with a cholestatic picture (66). In addition to the typical symptoms of jaundice, anor-
exia, and fatigue, diarrhea is a common complaint in elderly persons (66). Complaints
reflecting immune complex disease such as myalgias and arthalgias are rare in older
adults. Although acute HBV is generally not a severe disease in older adults, the mor-
tality from fulminant HBV increases with age (60). In a multivariant analysis of prog-
nostic factors in 115 patients with HBV, age was an independent predictor of survival.
Chronic carriage rates also increase when individuals are infected at older ages. Com-
pared with a 10% carriage rate in young adults, approx 60% of older persons become
chronic carriers (60). However, most elderly HBV chronic carriers were infected early
in life and have carried the virus for a prolonged period and, although HBSAg is
detected, there is little evidence of active viral replication as determined by the pres-
ence of HBeAg or viral DNA in the serum (60).

In addition to cirrhosis from chronic active hepatitis, one of the major complications
of HBV infection is hepatocellular carcinoma. The length of time infected is an impor-
tant factor in the development of cancer and, thus, elderly persons who have been
infected for many years are at greatest risk (69). The rate of hepatocellular carcinoma
rises from 197/100,000 in 30- to 39-yr olds to 927/100,000 in 60- to 69-yr-old chronic
HBV carriers (62).

The treatment of elderly persons with chronic HBV is largely supportive. Although
-interferon shows evidence of suppressing viral replication and may decrease the risk

of progression to cirrhosis or cancer, side effects of therapy increase with advancing
age (60). Therapy should be reserved for patients in overall good health except for their
liver disease and who have evidence of active viral replication. Lamivudine, a nucleo-
side analogue, holds promise as a new anti-HBV agent.

The currently licensed hepatitis B vaccine is a genetic recombinant vaccine consist-
ing of highly purified HBSAg particles expressed in yeast. The vaccine is very well
tolerated and highly immunogenic with excellent protective efficacy in children and
young adults. However, response rates to HBV vaccine diminish significantly with
increased age. Ninety percent of persons under age 40 achieve an adequate seroresponse
compared with only 50% in persons over age 60.

2.3. Hepatitis C

Hepatitis C (HCV) is an RNA virus in the flavivirus family and accounts for the
majority of cases of acute viral hepatitis in the older adults. The virus is transmitted
parenterally and accounts for approx 90% of new cases of posttransfusion hepatitis.
Other exposures to contaminated blood, either via occupation or intravenous drug
abuse, may also transmit HCV. Although 40–50% of community-acquired HCV cases
do not report a parenteral exposure, nonparenteral transmission of HCV is not well
understood. Sexual transmission, if it occurs, is not efficient (61). The major risk factor
for HCV in older persons is transfusion and most became infected with HCV prior to
1990 when routine screening of the blood supply began (60). The current risk of acquir-
ing HCV from transfusion is approx 1 in 103,000 (67). The seroprevalence of HCV
increases with advancing age from 0.6% among 18- to 25-yr olds to 2.5% of persons
over age 60. The increased prevalence in older persons is likely due to a greater chance
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of transfusion (60). The seroprevalence in long-term care facilities is approx that of the
general elderly population. In a Canadian and an Italian chronic care facility, the
prevalences of anti-HCV antibodies were 1.4% and 2.2%, respectively, both reflecting
rates similar to the community at large (68,70).

The clinical manifestations of acute HCV are generally mild and nonspecific. In a
series of 20 older people with acute non-A non-B hepatitis, approx 30–40% had fever,
abdominal pain, and jaundice (60). Fulminant hepatitis is rare with HCV, but develop-
ment of chronic liver disease is very common (61,66,71). Virtually all persons become
chronically infected and a significant number develop chronic liver disease. Chronic
active hepatitis or cirrhosis develops in 29–76%, on average 20 yr after initial infection
(71). In older patients with chronic HCV, the HCV–RNA titer is significantly higher
than in younger patients, and there is evidence that disease progression is more rapid
(60). Hepatocellular carcinoma is clearly associated with chronic HCV infection,
and the relative risk of cancer from HCV may be even greater than that from HBV
(52 vs. 15) (69). In a study of 25 older persons with HCV in the U.K., 36% developed
hepatocellular carcinoma (71).

Alpha interferon is administered to patients with chronic HCV infection as an
attempt to prevent progression to cirrhosis and possibly liver cancer. Persons with
high viral load and viral genotype 1 have a low response rate to -interferon, and
many patients who do have an initial response relapse when therapy is discontinued
(60). Most studies of interferon treatment of HCV have not included older partici-
pants. In one study from Japan, interferon was administered to 19 patients aged 65
and older with HCV, and the response rate was 26% compared with 33% in younger
persons. Of note, the older subjects had higher HCV–RNA titers and more severe
fibrosis on liver biopsy compared with young subjects. Response rates in elderly
persons correlated with lower HCV–RNA titers (72). Because older persons have
more side effects and a lower response rate to interferon, therapy should be reserved
for those persons with a low RNA titer, viral genotypes other than 1, and minimal
fibrosis on biopsy (60).

2.4. Hepatitis E

Hepatitis E virus (HEV) is an enterically transmitted virus found in Africa, Asia,
and Mexico. Attack rates of HEV are highest in persons ages 15–40, and mortality is
high in pregnant women. Seroprevalence increases with age, reaching 70% in persons
over age 60 living in endemic areas (60). No cases of HEV have been reported in the
United States.

2.5. Hepatitis G

Hepatitis G virus (HGV) is a recently discovered novel agent belonging to the
flavivirus family and is distantly related to HCV. The epidemiology and clinical sig-
nificance of this HGV is still being defined, but it is felt to be a possible cause of the
transfusion-associated hepatitis (73). The pattern of HGV seroprevalence is similar to
HCV and increases with age, peaking in the sixties (60). In 105 elderly Italian persons
with a mean age of 73, anti-HGV antibodies were found in 24%, and 3% were viremic.
No subject had clinical evidence of hepatitis (73).
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3. GASTROENTERITIS VIRUSES

Recent studies from the CDC have described increased morbidity and mortality
associated with gastroenteritis in the elderly. Although deaths related to diarrhea have
traditionally been thought to be a problem of young children in developing countries,
51% of the 28,538 diarrhea-related deaths in the United States from 1979–1987
occurred in adults over age 74 compared with 11% in children <5 yr old (74). The odds
ratio of dying during a hospitalization involving gastroenteritis was 52.6 for adults
over age 70 compared with children less than age 5. Residents of nursing facilities are
at particular risk for infectious diarrhea illness because of the outbreaks which can
occur in closed populations. The majority of nursing facility outbreaks of gastroenteri-
tis are probably viral in origin since bacterial causes are not usually identified. These
include rotavirus, enteric adenoviruses, calicivirus, Norwalk-like agent, Snow Moun-
tain agent, and small round structured viruses (SRSV) (74–76).

Rotaviruses are small RNA viruses in the retrovirus family and are the most impor-
tant cause of gastroenteritis in infants and young children worldwide. The mode of
transmission is assumed to be fecal-oral, and the virus is relatively resistant to com-
mon disinfectants and thus facilitating nosocomial dissemination. Several outbreaks
of rotavirus infection in elderly residents of long-term care facilities have been
reported (77–79). Attack rates have ranged from 36–66% with mortality rates of 1–10%.
The typical illness included voluminous vomiting and watery diarrhea with low-grade
fever. Blood in stool was not seen, and diarrhea typically lasts 2–3 d. Death resulted
from dehydration progressing to oliguria and acidosis (77,79). Rotavirus serum anti-
body titers offer some protection against severe disease and tend to diminish with
increasing age (79).

In 1998, a live attenuated rotavirus vaccine was approved for use in infants. The
vaccine provides 88% protection from severe diarrhea and 75% from dehydration, and
produced a 70% reduction in hospital admissions (80). No data on safety or immunoge-
nicity in the elderly exists; however, given the mortality rates in this age group, further
study would be reasonable.

4. HUMAN IMMUNODEFICIENCY VIRUS

Human immunodeficiency virus (HIV) is the cause of a worldwide pandemic with
estimates that 50–100 million individuals will be infected by the year 2000. (See also
Chapter 25.) Although acquired immunodeficiency syndrome (AIDS) is primarily a
disease of young persons, elderly persons are also affected and diagnosis is frequently
unrecognized (81–83). As of June 1996, 10% of the AIDS cases in the United States
were in persons older than age 50 (81). Of these, 28% were over age 60 and 13% were
65 yr and older. Until recently, the primary source of HIV in the elderly was blood
transfusion during the period between 1978 and 1985. Currently, the most common
risk factor among AIDS patients over age 50 is homosexuality. It is estimated that in
the United States, one million homosexuals persons are aged 65 and older (82). Intra-
venous drug use ranks second and a history of blood transfusion now ranks third as the
most common HIV risk factors in older persons (82). In addition, older adults have a
greater probability of having no identifiable risk factors that may reflect heterosexual
transmission from at-risk partners (81,82). Finally, older at-risk Americans are much
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less likely to have adopted AIDS-preventing strategies than persons in their twenties
(84). Persons over age 50 are one-sixth as likely to use condoms during sex and one-
fifth as likely to have ever been HIV tested.

HIV infection appears to progress more rapidly in older persons. Age over 40 yr is
an independent risk factor for poor survival among patients with transfusion-related
AIDS (85). Older AIDS patients who develop an AIDS-defining opportunistic infec-
tion are also more likely to progress quickly and die. Approx 37% of persons over age
80 die within the same month as they have AIDS diagnosed compared with 12% in
young adults (82). The decreased survival time is likely due to a combination of
comorbid disease, immunosenescence, and most importantly, delayed diagnosis
(81,83). In general, the most frequent illness in older persons with HIV infection is
bacterial pneumonia, although opportunistic infections do occur and are similar to those
in younger AIDS patients. A significant problem in the elderly is AIDS dementia, as it
may be mistaken for Alzheimer’s disease or Parkinson’s disease. If unrecognized, the
opportunity for a trial of antiretroviral medication is lost. Regardless of age, all patients
with clinical syndromes compatible with AIDS should be evaluated for HIV infection.

5. HERPES VIRUS INFECTIONS

5.1. Varicella Zoster

Varicella-zoster virus (VZV) is a DNA virus and a member of the herpes virus fam-
ily. It causes two distinct clinical syndromes: primary disseminated infection, which is
manifested as chickenpox, and reactivation of latent virus in the dorsal root ganglia,
leading to herpes zoster or “shingles.” Herpes zoster is a painful, vesicular exanthem
which erupts in one to two dermatomes after a prodrome of days to weeks and may take
up to a month to heal (86). Most patients report a deep aching or burning sensation,
altered sensation to touch with paresthesias, dysesthesia, or hyperesthesia. Herpes
zoster is a common condition with a cumulative lifetime incidence of 10–20% with
most of the risk concentrated in older age (87). The overall incidence is 215 per 100,000
person-years, but rates rise sharply with increasing age to 1425/100,000 for persons
older than 75 yr.

Postherpetic neuralgia (PHN) is the presence of pain more than 1 mo after onset of
the eruption (86). PHN afflicts the elderly much more frequently than the young, occur-
ring in 27–68% of persons age 60 and older, compared with 3–10% of persons under
age 50 (88). In addition to age, severity of acute pain, rash severity, prodromal symp-
toms, and the degree of sensory impairment are predictors of PHN (89). Approx 20%
of persons with PHN who are over age 60 will have pain for more than 1 yr. The
pathological changes seen in PHN include fibrosis and loss of neurons in the dorsal
ganglion and axon and myelin loss in the affected side (86). Once PHN develops, treat-
ment of pain is often ineffectual. The great variety of treatments that are available for
PHN is an indication that none are very effective. Topical formulations of aspirin and
anesthetics, such as lidocaine and prilocaine, may provide some short-term benefit (86).
Capsaicin cream, which depletes the neurotransmitter, substance P, is the only drug
approved for the treatment of PHN by the Food and Drug Administration. Neuropathic
pain is generally not very responsive to narcotics, although some patients derive ben-
efit. The most beneficial systemic agents available for PHN are the tricyclic antide-
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pressant drugs. Randomized clinical trials of amitriptyline and desipramine showed
that 45–65% of elderly PHN patients achieved some pain relief (88). Anticonvulsants,
such as phenytoin, carbamazepine, and gabapentin, may be helpful to reduce the
lacinating component of neuropathic pain (86). Other treatments, such as transcutane-
ous electrical nerve stimulation (TENS), biofeedback, relaxation therapy, and regional
neuron blockade have all been used with variable success.

Because PHN is often refractory to treatment, efforts have been directed toward
prevention using antivirals and corticosteroids. Five controlled trials have evaluated
the use of corticosteroids to prevent PHN. Two studies showed a benefit, but the other
two did not (86). The fifth study was done in 208 persons over age 50 with localized
zoster of less than 72 h duration. Treatments included acyclovir, 800 mg, five times a
day for 21 d, and prednisone, starting at 60 mg/d, with a taper over 21 d. Four treatment
arms include acyclovir and prednisone, acyclovir alone, prednisone alone, and pla-
cebo. The acyclovir-plus-prednisone group showed accelerated time to cessation of
acute pain, time to uninterrupted sleep and time to return to daily activities (90). Of
note, no effect on chronic pain at 6 mo was observed. The new antivirals, famciclovir
and valacyclovir, also show significant reduction in the duration of zoster pain in pla-
cebo-controlled trials (88,91). However, 20% of patients in both studies developed
chronic pain despite early treatment with antiviral drugs.

In summary, if begun within 72 h of the rash, acyclovir, famciclovir, and valacyclovir
all reduce acute pain in immunocompetent adults with zoster and, thus, are worthwhile,
regardless of their effect on PHN. Corticosteroids also do not alter the course of PHN
but may improve the quality of life after zoster, and their use, in combination with an
antiviral, is reasonable in persons over 50 yr of age with no contraindication to corti-
costeroids (see Table 3) (86).

The optimal way to prevent PHN may be to prevent zoster itself. Trials to evaluate
the live OKA-strain varicella vaccine in older adults to prevent herpes zoster are ongo-
ing. Immunization of adults who are immune to varicella-zoster results in increases in
humoral and cellular immune responses. However, it will take many years to know if
these encouraging results translate into decreased rates of herpes zoster (86).

5.2. Epstein-Barr Virus

The Epstein–Barr Virus (EBV) is a double-stranded DNA virus in the herpes virus
family. Infection with EBV establishes lifelong infection. Primary infection may occur

Table 3
Therapy for Acute Herpes Zoster Within 72 Hours of Rash

Antiviral Dose Duration

Valacyclovir 1 g, three times a day 7 d
Famciclovir 750 mg, three times a day 7 d
Acyclovir 800 mg, five times a day 7–10 d

Consider in persons with no contraindicationsa to corticosteroids:
antiviral + prednisone 60 mg/d, tapered over 21 d.

aContraindications include: diabetes, hypertension, and glaucoma.
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in childhood when infection is asymptomatic or during adolescence when the symp-
toms of classic mononucleosis are most often observed (92). Although primary infec-
tion is uncommon in old age, the manifestations may be different than in youth, making
diagnosis challenging.

Seroepidemiologic studies indicate that 3–10% of older adults are at risk for primary
infection as indicated by the absence of EBV antibodies (92). Because primary EBV
infection is uncommon in older age, the diagnosis is often not considered. Diagnosis is
also often delayed because symptoms may be misleading. Lymphadenopathy, pharyn-
gitis, and splenomegaly are significantly less common and jaundice is more common
in older persons as compared with the young (93). The neurologic manifestations of
EBV infection are protean, and acute EBV encephalitis has been documented in an
elderly woman (94). To add to the difficulty in making a correct diagnosis, develop-
ment of atypical lymphocytosis may be absent or delayed in the elderly. Diagnosis of
primary EBV is made by the presence of heterophile antibodies or EBV-specific IgM.
Although acyclovir has in vitro activity against EBV, no benefit has been demonstrated
in the treatment of acute EBV infection. Therefore treatment is supportive.
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1. EPIDEMIOLOGY OF INFECTION IN LONG-TERM CARE
In the United States, long-term care residents continue to outnumber the number of

patients in the acute care setting. Infections in long-term care facilities occur at rates
similar to those found in acute care hospitals ranging in incidence from 1.8–9.4 1000
patient-care days (1–4). Urinary tract infections (UTI) occur most often followed by
infections of the respiratory tract, gastrointestinal tract, or soft-tissue infection. It has
been estimated that 10–30% of nursing facility residents die each year, but how often
infection contributes to mortality rates is not known (1). Pneumonia has been reported
to result in death in 6–23% of cases, whereas bacteremia has been associated with
death in 10–25% of cases (1,4). This chapter discusses the prevention and control of
common infectious problems in the long-term care setting. The reader should refer to
related chapters in this book for in-depth discussion of the diagnosis and treatment of
specific clinical syndromes and pathogens.

2. RISK FACTORS FOR INFECTION IN LONG-TERM CARE RESIDENTS
Infections occur commonly in residents of nursing facilities (nursing homes) as a

consequence of different factors. The majority of persons residing in nursing facilities
are 65 yr of age or older. Comorbid illnesses, such as obstructive uropathy, that increase
with age can predispose the patient to UTI. Chronic obstructive pulmonary disease and
congestive heart failure contribute to development of respiratory tract infections.
Vascular insufficiency and neuropathy, frequent complications of diabetes mellitus,
are associated with increased risk of skin infection.

Alterations in a patient’s functional status, such as impaired feeding, bathing, toileting,
and mobility, can also lead to infection. Use of enteral devices to assist in feeding can
promote aspiration and lead to pneumonia, whereas urethral catheters to prevent inconti-
nence can contribute to the development of UTI. Decreased mobility and incontinence
are significant risk factors for the development of pressure ulcers and potential secondary
infection. The increased need for nursing assistance in the performance of activities of
daily living can facilitate transmission of pathogens between nursing facility residents.

Medications used to treat comorbid illnesses can inadvertently impair important host
defenses. Medications that are sedating can impair the cough reflex and increase the
risk for pneumonia or reduce mobility and increase the risk for skin infection. Medica-
tions may also reduce oropharyngeal secretions and facilitate colonization of the
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oropharynx with pathogens. Drugs can also contribute to decreased urinary outflow,
stasis, and the development of bacteriuria (1,2,4).

3. ESSENTIAL ELEMENTS OF AN INFECTION CONTROL PROGRAM
Each nursing facility should have an infection control program in accordance with

state or national regulations and guidelines. Infection control programs in the long-
term care setting are required by the Omnibus Budget Reconciliation Act of 1987
(OBRA) for skilled-care facilities, the Health Care Financing Administration (HCFA)
for Medicare or Medicaid patients, the Occupational Safety and Health Administration
(OSHA) for blood-borne pathogens and tuberculosis exposures, and the Joint Commis-
sion on Accreditation of Healthcare Organizations’ (JCAHO) Long-term Care Stan-
dards (4). National organizations such as the Society for Healthcare Epidemiology of
America (SHEA), The Association for Professionals in Infection Control and Epidemi-
ology (APIC), and The Centers for Disease Control and Prevention (CDC) also pro-
vide infection control guideline information specific for the long-term care setting.

An organizational structure that defines responsibilities for implementation and
coordination of a written infection control policy should be established. An actual
infection control committee that meets formally on a regular basis may not be required
or necessary depending on the size of the nursing facility. However, a small group com-
posed of a representative from administration, the physician staff (medical director),
nursing staff, and a infection control practitioner should meet as necessary to oversee
infection control activities. This committee or oversight group is responsible for estab-
lishing and updating policies, reviewing the infection prevalence reports, and monitor-
ing adherence to policies and procedures. Specific policies should be developed in
advance to meet regulatory guidelines as well as the needs of the individual facility
(see Table 1). Meetings should occur as often as are necessary to identify problems,
recommend solutions, and assess the efficacy of those actions. Regardless of the orga-
nizational structure chosen, written minutes should be maintained (1,2,4).

The infection control practitioner is responsible for infection surveillance, analysis of
surveillance to date, and preparation of reports back to the organizational body. The infec-
tion control practitioner is also responsible for implementation of infection control policy,
education, and notification of public health authorities when appropriate. Depending on
the size of the facility, many nursing facility infection control practitioners are hired on a
part-time basis to perform infection surveillance in addition to other duties. It has been
suggested that facilities with 250–300 beds may require a full-time infection control prac-
titioner. The level of formal training in infection control among practitioners in the long-
term care setting appears to be increasing. It is important that the institution define the
amount of time to be spent on infection surveillance in the infection control practitioner’s
job description and assure protection of time to carry out those duties (1,2,4).

4. SURVEILLANCE FOR INFECTION IN THE LONG-TERM CARE SETTING
Surveillance for infection can be carried out by identifying rates of infection by clini-

cal syndrome, pathogen, or pattern of resistance to an antibiotic or class of antibiotics.
Location in the facility and date of onset should be recorded. Review of physician notes,
nursing records, or hospital discharge summaries; laboratory and radiology reports; and
medication or treatment records, as well as conducting formal rounds or informal discus-
sions with staff can be useful in detecting potential infection control problems.
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Table 1
Essential Infection Control Policies in the Long-Term Care Setting
Routine infection control, detection, and surveillance

Establish routine infection control procedures
Hand disinfection
Precautions to be used in the care of all patients
Employee education
Organism-specific precautions (see below)

Establish infection case definitions to assist in detection and surveillance
Identify cases of infection
Determine normal rates of infection by institution
Establish threshold for investigation for possible outbreaks

Identification, investigation, and control of outbreaks
Organism-specific infection control policies and procedures

Influenza
Tuberculosis
Group A streptococci
Scabies, lice
Blood-borne pathogens

Hepatitis B, hepatitis C, HIV
Gastroenteritis

Food-borne
Other

Multiple drug-resistant bacteria, including MRSA, and VRE

Review of antimicrobial use

Monitoring of patient care practice guidelines
Aspiration precautions
Pressure ulcer prevention
Use of invasive devices
Feeding tubes, urinary catheters, intravenous devices

Facility management issues
Environmental cleaning and disinfection
Collection, cleaning, and disposal of laundry
Collection, containment, and disposal of infectious waste
Food preparation, transport, and holding

Pre-admission and resident health program
Tuberculosis

Two-step PPD
Baseline CXR —repeat if PPD converts or patient is symptomatic

Vaccination status
Influenza, pneumococcal? tetanus-diphtheria (Td)

Pre-employment and employee health program
Tuberculosis

Annual screening PPD skin test
Baseline CXR — repeat if PPD converts or patient is symptomatic

Vaccination/immune status
Influenza, hepatitis B, ? tetanus-diphtheria, varicella-zoster, hepatitis A

Occupational exposure program
Blood-borne pathogens— HIV, hepatitis B, hepatitis C
Tuberculosis
Scabies

HIV, human immunodeficiency virus; MRSA, methicillin-resistant S. aureus; VRE, vancomycin-resis-
tant enterococci; PPD, purified protein derivatives; CXR, chest X-ray.
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Identification of infection by clinical syndrome can be difficult in the long-term
care setting as CDC hospital-based definitions are often not met. CDC definitions of
infection rely heavily on laboratory or other diagnostic studies (5). In the nursing facil-
ity setting, clinical presentation of infection in the elderly may be atypical, vital signs
are taken infrequently, documentation is scant, and use of laboratory tests and radiol-
ogy studies is infrequent (1,4). Case definitions for UTI and other clinical syndromes
have been suggested for the long-term care setting, but these criteria have not been
validated (6,7). Each nursing facility should establish a case-definition for the most
common clinical syndromes—UTI, respiratory-tract infection, gastroenteritis, and
soft-tissue infection that will be used for the purposes of infection surveillance (see
Table 2).

Routine surveillance of cultures obtained for clinical purposes can assist the infec-
tion control practitioner to determine if infections due to a specific pathogen or if resis-
tance to certain kind of antibiotics is increasing in the facility. It is important to
differentiate whether the infection was present at the time the resident was admitted
(hospital or community-acquired infection) or after >72 h of admission (nursing-facil-
ity acquired infection). Correlation between the presence of a potential pathogen and
the presence of appropriate symptoms or signs must be made, when available, to deter-
mine if the isolate is truly causing infection, is just asymptomatically colonizing the
patient, or is a culture contaminant. Obtaining cultures specifically for surveillance
purposes in asymptomatic individuals when an outbreak of infection has not been docu-
mented is not recommended.

The infection control practitioner should routinely determine the number of new
nursing-facility acquired infections by clinical syndrome, pathogen, and antibiotic-resis-
tance pattern. Generally, this information is obtained weekly and reported on a monthly
basis and expressed as (the number of new infections/ number of residents × number
days in the month) × 1000 or the number infections per 1000 resident days. Knowledge
of infection rates over time allows the practitioner to establish what is normal for a
given nursing facility and to set a threshold above which an investigation for a possible
outbreak might ensue (4).

5. ROUTING PREVENTION OF INFECTION

Infections are generally spread from patient to patient by small airborne respiratory
droplets, by exposure to large droplets, by direct skin-to-skin contact, or by contact
with the environment or inanimate fomites. Infection control procedures to prevent
infection in hospitals are based on the most likely mechanism of transmission for a
given pathogen (see Table 3). Most of these measures are applicable to the long-term
care setting with some exceptions, which are discussed as follows.

5.1. Standard Precautions

Standard precautions emphasize hand washing before and after care of patients and
the use of gowns and gloves when soiling of clothes with potentially infectious body
fluids is likely (8). Protective eyewear or face shields are recommended when spattering
of body fluids is likely. Sharp implements should be disposed of in puncture-resistant
containers. Equipment soiled with body fluids should be cleaned after use with each
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patient. Environmental surfaces should be cleaned between patient use. Soiled linens
should be handled and transported in a manner to minimize exposure to staff and other
patients. These routine simple procedures are used in the care of all patients, regardless
of infection status, and have been shown to be effective in preventing the transmission
of blood-borne pathogens to healthcare workers and the spread of pathogens to pa-
tients. These simple measures are inexpensive and well within the limited resources of
long-term care facilities. The infection control procedures listed below are performed
in addition to standard precautions when indicated.

5.2. Airborne Precautions

Suspension of tiny airborne droplets, i.e., <5 millimicrons in the air for prolonged
periods of time with potential dispersion by air currents is the major mode of transmis-
sion of tuberculosis. To prevent this spread, airborne precautions (negative pressure
rooms, the use of appropriate N95 respirators, and strict confinement of patients to
their rooms with the door closed) are required (8). Negative pressure rooms are gener-
ally not available in long-term care facilities. Care of patients with tuberculosis may be
particularly hazardous in closed facilities that care for debilitated elderly residents.
Therefore, transfer of nursing facility residents with diseases transmitted by the air-
borne route to hospital is generally warranted. These patients may be transferred back
to the nursing facility when they are no longer considered contagious.

5.3. Droplet Precautions

Droplet precautions prevent the transmission of infection by large respiratory par-
ticles (>5 millimicrons) in size that are transmitted by coughing, sneezing, or talking
(8). Typical droplet-related infections in the long-term care setting include Mycoplasma
pneumoniae, influenza, and adenovirus. Patients are placed in a private room or
cohorted together. Surgical masks are worn within 3 ft of the patient. Patients may be
removed from isolation when they are no longer considered contagious. Because the
duration of these infections and the need for isolation is limited, the care needs of
residents with droplet infections can be met by nursing facilities with limited infection
control resources.

5.4. Contact Precautions

The greatest controversy exists regarding the use of hospital-derived contact pre-
cautions in the long-term care setting. Contact precautions prevents transmission of
infectious agents from patient to patient by the hands of personnel or by contact with
the patient’s environment. In the acute care hospital, patients are confined to private
rooms or cohorted together for the duration of the infectious episode or until discharge.
Patient transport outside of the room is limited. Routine use of gowns, gloves, and
antimicrobial soap or waterless disinfection with all patient contact is recommended
(5). In the long-term care setting, strict adherences to contact precautions as applied in
hospitals can be problematic unless the need for isolation is of limited duration. Pro-
longed isolation is detrimental to resident rehabilitation, and use of private rooms or
cohorting can be costly for the facility. Therefore, some modifications in contact pre-
cautions for long-term care facilities have been recommended, particularly with regard
to policies for multidrug-resistant bacteria.
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Table 2
A Comparison of Case Definitions for Clinical Infectious Syndromes Used in the Long-Term Care Settinga

Clinical syndrome McGeer criteria CDC criteria

Principles of case definition New or acutely worse symptoms Based on physician diagnosis
Exclude non-infectious causes by Based on pathogen isolation,

laboratory evidence supportive of diagnosis laboratory/radiologic evidence
if compatible symptoms/signs are present

Respiratory tract infection
URI/pharyngitis Two or more symptoms: Two symptoms and:

Runny nose or sneezing cause identified from site, blood
Stuffy nose/congestion serology, or physician diagnosis
Sore throat/hoarseness/difficulty swallowing
Dry cough
Tender cervical lymphadenopathy

Tracheobronchitis Three of the following: No radiologic evidence of  pneumonia
Change in cough, sputum and at least two symptoms and
Fever > 38°C (100.4°F) isolation of  pathogen by culture or
Pleuritic chest pain rapid test
New physical finding (rales, rhonchi, or wheezing)
Change in breathing status (new or worsened)

shortness breath/RR > 25 min
or change in mental status

Pneumonia Two signs or symptoms of tracheobronchitis Rales or dullness to percussion
and chest radiograph with pneumonia, and purulent sputum or pathogen
possible pneumonia, or new infiltrate present identified by BALb/biopsy or isolated

from blood or
New or progressive

infiltrate, cavity, or pleural effusion
and new purulent or change in sputum or
identification of pathogen in blood, BAL/
biopsy, or serology

Urinary tract infection Bacteriuria must be symptomatic Bacteriuria can be asymptomatic
Three of the following without catheter: One symptom/sign and 105 cfu/mL
Fever 38°C or chills urine of one pathogen or
Dysuria, frequency, urgency Two symptoms/signs and pyuria or
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Flank or suprapubic pain repeated in isolation same pathogen
Character of urine or physician diagnosis/treatment
Change in mental or functional status from baseline

Two the following with catheter: No symptoms, catheter with 7d
Fever >38°C or chills and bacterium 105 cfu
Flank or suprapubic pain
Character of urine
Change in mental or functional status from baseline

Conjunctivitis One of the following 24 h: Pathogens isolated or
Purulence from one or both eyes Symptoms and
Redness conjunctivae Gram stain, ELISA, biopsy, or serologic evidence

Cellulitis/soft tissue infection Four of the following symptoms or signs: Presence of pustules, boils, or purulent
Fever 38°C drainage or
Change in functional capacity Two symptoms and: pathogen
Redness isolated from aspirate, drainage or

Pain blood or antigen detection, biopsy, or
serology positive

Tenderness or serous drainage at affected site
or

One symptom/sign and purulent wound or lesion

Gastroenteritis One of the following: Liquid stool > 12 h or
Two or more watery stools beyond the Two symptoms and pathogen

patient norm or isolated or detected by microscopy,
Two or more episodes of vomiting in 24 h or toxin-assay, antigen detection,
Culture or toxin assay positive with at least one serology

symptom (nausea, vomiting, pain, tenderness,
diarrhea)

Primary Bloodstream Infection Two or more blood cultures positive for same Recognized pathogen and not
organism or related to infection at another site or

One blood culture positive with One symptom and possible
one of the following: contaminants grown > two cultures

Fever > 38°C (100.4°F), hypothermia <34.5°C (94.1°F), on separate occasions or
Decrease systolic blood pressure  30 Hg from baseline, One positive culture associated with
Change mental or functional status intravascular catheter and treated

aAdapted from refs. 5 and 6.
bBAL, bronchoalveolar lavage; RR, respiratory rate; cfu, colony forming units; ELISA, enzyme-linked immunosorbent assay; URI, upper respiratory infection.
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Table 3
Isolation Precautions for Infections Known to Cause Outbreaks in Long-Term Care Facilitiesa

Precaution type Clinical setting Essential elements

Standard All patients Handwashing before, after,
and between patient contacts

Use plain (nonantimicrobial) soap
unless outbreak identified

Gowns/gloves when contact with patient’s
moist secretions likely

Use faceshields if splattering or spray with
possible mucocutaneous exposure
of face likely

Reusable equipment contaminated with
secretions should be cleaned
between uses

Clean and disinfect environmental surfaces
and equipment between patient use

Minimize staff exposure to soiled linens
Appropriate sharps disposal
Resuscitation devices

Airborne Mycobacterium tuberculosis Negative pressureb

Disseminated herpes zoster Private room
N95 respirator
Limit transport, patient masked
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Droplet Mycoplasma pneumoniae Private room or cohorting
Influenza Mask within 3 ft of patient
Adenovirus Limit transport, patient masked
Pertussis
Diphtheria

Contact Contagious skin infections/persist on dry skin Private room or cohort
Scabies Emphasize standard precautions
Pediculosis Utilize antimicrobial soap/waterless
Impetigo Limit patient transport

Major (noncontained) abscesses, cellulitis, Dedicated equipment disinfection
pressure ulcers

Herpes zoster
Herpes simplex (mucocutaneous)
Viral/hemorrhagic conjunctivitis
Enteric infections (low infectious dose/ long

environmental survival)
C. difficile
Diapered/incontinent patients with:

Shigella, rotavirus, hepatitis A,
enterohemorrhagic E. coli

Multidrug-resistant bacteria — see text
aAdapted from ref. 8.
bBeyond the resources of most long-term care facilities. Transfer to acute care.
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Viral conjunctivitis and skin infections due to herpes simplex, localized herpes
zoster, scabies, lice, staphylococci, and streptococci are spread by direct contact. Res-
piratory syncytial virus, parainfluenza virus, and enteroviruses can also be spread in
this manner. Direct contact is important in the spread of enteric infections due to
Escherichia coli 0157:H7, rotavirus, hepatitis A, and Shigella in incontinent or dia-
pered patients. Many of these infections are of limited duration, the need for isola-
tion is of short duration, and patients can be removed from isolation when they are no
longer contagious.

Direct contact is the major means of spread for multi-drug resistant bacteria, such as
methicillin-resistant Staphylococcus aureus (MRSA) or vancomycin-resistant entero-
cocci (VRE). (See also chapter, “Multi-Drug Resistant Organisms in Long-term Care
Facilities”). Direct contact is also a major means of spread of Clostridum difficile.
Asymptomatic colonization with MRSA,VRE, and C. difficile is common in residents
in many long-term care facilities. Colonization with these bacteria is often prolonged,
for months or even years, in the long-term care resident (9). Confinement of the nurs-
ing facility resident to a private room or even cohorting is obviously impractical (9,10).
It has been recommended that nursing facilities monitor rates of infection, not coloni-
zation, with these pathogens. In the absence of unacceptably high rates of infection or
an outbreak, residents do not need to be confined to their rooms if they are capable of
practicing good hygiene (hand washing). Contaminated wounds must be covered by a
bandage. If the patient is continent they need not be isolated, and contaminated urine
must be contained by a urinary device or diaper and feces by a diaper in incontinent
patients. Patients with MRSA-contaminated sputum need not be isolated if they can
cover their mouths or tracheostomy when they cough. Incontinent patients with
uncontained contaminated excretions, patients with large contaminated wounds not
contained by a bandage, and colonized residents who cannot cover their mouths when
coughing or use good handwashing should be isolated (9).

6. DETECTION AND CONTROL OF EPIDEMICS

Epidemics of infection due to a variety of pathogens have been noted in the long-
term care setting (11–25) (see Table 4). An epidemic should be suspected if there is an
increase in the rate of infection due to a single pathogen or clinical syndrome. Cases of
infections with a specific pathogen should be reviewed to see if all the isolates seem to
be the same (similar antimicrobial susceptibility pattern) and if there is evidence of
transmission between patients, e.g., the infections occurred at a similar time, in the
same location, or patients shared the same staff. If there appears to be evidence that
transmission is occurring, knowledge of how that pathogen is spread will allow the
practitioner to hypothesize how the outbreak occurred and how to prevent further
spread. Infected residents should be placed in appropriate isolation and employees
should be re-educated about infection control principles. Monitoring should be ongo-
ing for new cases of infection. If new cases of infection continue to develop despite
institution of appropriate isolation procedures and education, then alternative hypoth-
eses may need consideration. For some organisms, e.g., S. aureus, group A strepto-
cocci, multidrug-resistant Streptococcus pneumoniae, and C. difficile, an asymptomatic
carrier state, may exist among nursing facility residents or staff that perpetuate an out-
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break. In the event of increased rates of infection, it may be appropriate to identify
asymptomatic carriers and isolate them in an attempt to disrupt the chain of transmis-
sion. For some infections (MRSA, multidrug-resistant S. pneumoniae, group A strep-
tococci) decolonization with systemic or topical antimicrobial agents has been
attempted to disrupt transmission and stop an outbreak. Consultation with an expert in
epidemiology should be considered if reasonable measures are not effective. Failure to
detect new cases indicates that the epidemic has abated and a return to routine infection
control procedures can be considered.
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1. CLINICAL RELEVANCE

Infections in long-term care facilities (LTCFs) represent a major cause of morbidity
and mortality in the elderly (1–3). Because of this increased infection rate, antimicrobi-
als are among the most frequently prescribed medications (4). Studies have shown that
antibiotics account for nearly 40% of all systemic drugs used in LTCFs (5). In this
unique environment, the most challenging questions facing the geriatrician are not
which antibiotics are available that can treat the suspected infection, but which are the
most appropriate to use.

Although antibiotics are necessary to treat infections in the elderly, their use may be
excessive (6). In a study performed by Zimmer and colleagues (7), in 37.6% of cases,
the evidence to start an antibiotic was considered inadequate. Of all antibiotic classes,
cephalosporins were the most frequently overused (8). As a result of frequent antibiotic
use in LTCFs, we are now challenged with the problem of increasing antimicrobial
resistance (9). Nearly 10 years ago, it was articulated that LTCFs would become the
reservoir for the evolution of antibiotic resistant genes (10). At that time, attention
centered on methicillin resistance in staphylococci and third-generation cephalosporin
resistance in enteric bacilli. Trimethoprim/sulfamethoxazole (TMP/SMX) resistance
and aminoglycoside resistance in Gram-negative bacteria were recognized as signifi-
cant problems for nearly 20 years (11,12). Geriatricians are now facing the fear of
treating multiresistant organisms in a population that is relatively immunocompromised
(13–16). In many ways, the activities and practices in LTCFs are ideal for the emer-
gence of resistant bacteria.

Bacteria possessing antibiotic resistance determinants arise in LTCFs by one of two
ways. The transfer of infected or colonized patients from hospital to LTCF is believed
to be the primary way resistant bacteria are introduced into nursing facilities (nursing
homes). A contemporary example of this is the spread of methicillin-resistant Staphy-
lococcus aureus (MRSA) to LTCFs from tertiary care centers (17). In this study, a
single asymptomatic carrier passed MRSA to 24 veterans in a skilled care unit. Second,
the excessive and inappropriate use of antibiotics can select for mutations in bacterial
gene(s) that confer a selective advantage. Examples of this are (1) the selection of
mutations in -lactamase genes that confer resistance to third-generation cephalospor-
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ins (18,19), (2) the selection of quinolone-resistant bacteria with mutations in gyrA and
gyrB or parC (20,21), and (3) mutations in dhfr, which confer resistance to TMP/SMX
(22). Once endemic to an LTCF, the antibiotic resistance genes can be transferred from
one patient to another and from one species or genus to another (23).

2. RESISTANCE IN GRAM-POSITIVE BACTERIA

2.1. -Lactam-Resistant Staphylococci

Penicillin resistance in staphylococci dates back to the 1950s (24). Hence, it is now
rare to find staphylococci susceptible to penicillin. Despite its prevalence, the ubiqui-
tous nature of penicillin resistance in staphylococci should not be accepted with com-
placency. The staphylococcal penicillinase (PC1) is an inducible -lactamase
exo-enzyme. Four variants (A–D) exist. The staphylococcal penicillinase genes are
carried on plasmids and transposons and can be readily spread to other strains of sta-
phylococci and possibly even to enterococci (25). The semisynthetic penicillins
(nafcillin, oxacillin, methicillin, cloxacillin, and dicloxacillin) are resistant to the action
of staphylococcal penicillinases. The -lactamase inhibitors (clavulanate, sulbactam,
and tazobactam) are also effective inhibitors of PC1 -lactamase. The medicinal chem-
ist has exploited the use of a -lactam with a -lactamase inhibitor to create a potent
combination (26). Hence, the penicillinase-resistant penicillins and the -lactam -lac-
tamase inhibitors (amoxicillin/clavulanate, ampicillin/sulbactam, piperacillin/
tazobactam, and ticarcillin/clavulanate) have become the treatment option for susceptible
staphylococcal infections in the elderly. From a clinical standpoint, the oral penicilli-
nase-resistant penicillins can be problematic to administer in the elderly. They often
require frequent dosing (four times a day) and can have significant gastrointestinal side
effects. On the other hand, the dosing of dicloxacillin, nafcillin, and oxacillin do not
need to be adjusted for patients with renal insufficiency. The -lactam -lactamase
inhibitors are also associated with gastrointestinal side effects (diarrhea can occur in up
to 18% of patients receiving amoxicillin/clavulanate). The dose of amoxicillin/
clavulanate needs to be reduced in patients with renal insufficiency.

2.2. Methicillin-Resistant S. aureus

In the past decade, colonization and infection with methicillin-resistant S. aureus
(MRSA) has proven to be one of the most difficult issues facing geriatricians in LTCFs
(27). In the United States, approximately 40% of staphylococci are resistant to methicil-
lin. This highly resistant and virulent pathogen is the etiologic agent in epidemics of
conjunctivitis, skin and soft-tissue infections, pneumonia, infected pressure ulcers,
catheter-associated urinary tract infections, and osteomyelitis. The term “methicillin
resistance” is actually a misnomer. In reality, these strains of staphylococci are resis-
tant to all -lactams and penicillinase-resistant penicillins (cefazolin, cefadroxil,
nafcillin, oxacillin, dicloxacillin, and the like). The most commonly accepted criteria
for MRSA are a minimum inhibitory concentration (MIC) of >4 µg/dL to oxacillin and
>8 µg/mL to methicillin. Some investigations use >8 µg/mL and > 16 µg/mL for
oxacillin and methicillin, respectively, as criteria for MRSA. Not only is MRSA resis-
tant to penicillins and cephalosporins, it has also acquired resistance determinants to
multiple antimicrobial agents (quinolones, aminoglycosides, rifampin, sulfamethoxazole,
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trimethoprim, erythromycin, and clindamycin). Hence, it is probably more accurate to
refer to this organism as “multiresistant S. aureus.” The presence of MRSA in an LTCF
leads to fewer treatment options when infections do occur.

MRSA is a frequent colonizer of debilitated patients. In a study performed by Brad-
ley and co-workers, MRSA colonization rate was around 25% (27). In contrast, infec-
tion rates are only 3%. Risk factors for MRSA colonization include (1) residence on a
medical ward or medical intensive care unit, or prolonged hospitalization (>3 wk), (2)
age, and (3) history of invasive procedures (28). Colonization by MRSA is often a
hallmark of significant short-term disability. In a study by Nicales and co-workers, the
relative risk of dying within 6 mo in MRSA carriers compared with noncarriers was
2.29 (95% CI = 1.04–5.04) (29). This relative risk remained stable (1.57–2.40) even
after adjustment for covariables. After 1 yr, the relative risk was reduced to 1.30 (95%
CI = 0.65–2.58). Univariate survival analysis confirmed a difference in survival be-
tween carriers and noncarriers after 6 mo, but no difference after 1 yr. There was no
relationship found between carriage and the likelihood of hospitalization or indicators
of functional status. These results suggest a possible relationship between 6 mo mortal-
ity and MRSA carriage in nursing-home patients.

Differences in the epidemiology and significance of MRSA colonization between
veterans and nonveteran patients in LTCFs have also been examined (30). The preva-
lence of MRSA nares colonization, the patterns of MRSA acquisition, and the risk for
subsequent MRSA infection between a hospital-based, Department of Veterans Affairs
(VA) LTCF and community-based nursing facilities were compared. It was found that
the prevalence of MRSA colonization was significantly higher in the VA LTCFs than
in the community nursing facilities. A trend toward an increased rate of infection was
seen in colonized individuals residing in the community nursing facilities versus those
in the VA LTCF . In contrast to residents of the VA LTCFs, MRSA colonization in the
community facilities was a marker for high mortality.

Common sites of colonization by MRSA are the nares and wounds. Colonization
rates of these two sites range from 8–53%, and 30–82%, respectively (31). The routine
use of surveillance cultures and antibacterials in an attempt to permanently eradicate
MRSA colonization from nursing facility residents has not been successful, and resis-
tance has quickly emerged. Systemic antibiotics to eradicate colonization should be
avoided in LTCFs. Topical antibiotics, such as the nasal administration of mupirocin,
should be reserved for use in outbreaks (32). Clinicians underestimate the ability of
MRSA to spread rapidly among debilitated patients. In a well-studied outbreak, an
epidemic MRSA strain spread from a patient in India who was subsequently hospital-
ized in British Columbia. This patient was transferred to a hospital in Vancouver. A
subsequent patient who was colonized in Vancouver passed the organism to a patient
in Winnipeg, Manitoba. This all occurred in 6 wk and was all due to the same strain as
determined by pulsed-field gel electrophoresis (PFGE) (33).

It is estimated that residents of LTCFs who are colonized with MRSA have a four-
to six-fold increase in infection rate (31). In a study by Muder and colleagues (34),
25% of MRSA carriers had an episode of staphylococcal infection compared with only
4% of carriers with methicillin-susceptible staphylococci. These authors concluded that
MRSA colonization may predict the development of staphylococcal infection in
LTCFs. Unfortunately, once residents acquire MRSA, they remain persistently colo-
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nized. The different MRSA strains that circulate in LTCFs often mirror the strains
found in local referring hospitals. Infection control practices that disrupt transmission
by direct contact (hand washing) should be implemented, thus preventing the potential
spread of MRSA. Hand washing, gloves, and gowns are generally effective in limiting
the spread of MRSA. In contrast, surveillance of the MRSA colonization status is not
necessary when these universal barrier precautions are applied to the care of all patients.
If an increase in the rate of MRSA infections is documented, more intensive infection
control measures should be implemented. Clinicians should be aware that health care
workers (HCWs) are also a source of MRSA. The need to instruct HCWs regarding
hand washing has been a serious, perennial problem.

Molecular fingerprinting techniques (e.g., PFGE) are rapidly becoming indispens-
able tools for tracing and analyzing MRSA colonization and infection (35). The utility
of PFGE was recently demonstrated in a study performed in New York City. In this
recent cooperative report, 270 MRSA isolates from 12 hospitals in the New York met-
ropolitan area were collected and analyzed. The same PFGE pattern was found in 42%
of the isolates and was the predominant clones in 9 hospitals. Based on this study and a
previous pilot analysis (36), the authors concluded that epidemiological and surveil-
lance studies can be done that would provide a surveillance network to assist hospitals,
clinics, and LTCFs in controlling the spread of multidrug-resistant pathogens, particu-
larly MRSA.

The molecular basis for resistance to methicillin is the introduction of the mecA
element into S. aureus. In brief, mecA gene is a complex 30–50 kilobase (kb) element
that encodes production of an alternative penicillin-binding protein (PBP), named
PBP2' (or PBP2a) that assumes the function of PBP2. The presence of the mecA gene
can be demonstrated by using a specific probe or PCR amplification reaction. The level
of methicillin resistance also depends on fem and aux determinants; fem (factors
essential for methicillin resistance) and any aux (auxiliary) genes are usually located at
distant sites on the staphylococcal chromosome and are outside of the mec element.
These genes are involved in the synthesis of peptidoglycan and influence the level of
resistance to methicillin (37).

2.3. Vancomycin-Intermediate S. aureus

Vancomycin resistance in S. aureus (defined by a minimum inhibitory concentra-
tion [MIC] of vancomycin of 8 to 16 µg/mL) has been recently described in the United
States (38–40). These strains of S. aureus with elevated MICs against vancomycin or
glycopeptides have been called vancomycin intermediate S. aureus (VISA or GISA).
In May 1996, the world’s first documented clinical infection of VISA was reported
from Japan (39). So far, VISA has been recovered from three patients in the United
States (Michigan, New York, and New Jersey). All of these patients carry disease bur-
dens similar to those cared for by geriatricians in LTCFs. Data regarding the molecular
biology of VISA showed that the glycopeptide-resistant strains have increased extra-
cellular material (thicker extracellular matrix) associated with their cell walls. The gly-
copeptide-intermediate S. aureus isolates also differed by two bands on PFGE. Whether
these genetic differences are related to the expression of glycopeptide resistance is
unclear. There is some small comfort with knowing that this resistance determinant is
not transferable on a plasmid. No transmission was documented among contacts of the
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two patients. Guidelines for the control of VISA have been proposed (41). If the same
high-level vancomycin resistance that is described in vancomycin-resistant enterococci
(VRE) were found in methicillin-resistant S. aureus, it would result in a “virulent patho-
gen for which effective antimicrobial therapy would not be available (41).” Given that
the spread of VISA may mimic MRSA, containment of a virulent strain of VISA would
be difficult in an LTCF.

2.4. Penicillin-Resistant Pneumococci

Pneumonia due to Streptococcus pneumoniae is one of the most frequent causes of
lower respiratory tract infection in the United States. In the past, clinicians resorted to
penicillin to treat this infection. The pneumococci were exquisitely susceptible (MIC
<0.1 µg/mL). Pneumococci that are intermediate resistant, resistant, and highly resis-
tant have MICs to penicillin of 0.1–1.0 µg/mL, >1.0–1.9 µg/mL, and > 2.0 µg/mL,
respectively. Penicillin-resistant pneumococci (PRP) have now emerged as a signifi-
cant threat in the therapy of the pneumonia in the elderly. This threat stems from the
fear of outbreaks of pneumococcal infection in institutionalized settings. Studies by
Millar and colleagues (42) and Denton and co-workers (43), were among the first to
describe PRP infection in the elderly institutionalized, debilitated patients.

The threat of penicillin resistance has been emerging for nearly 40 yr. Penicillin resis-
tance was first noted in the 1967 (44). By the late 1970s, Jacobs and colleagues reported
isolates with decreased susceptibility to penicillin (45). By the 1980s, PRPs were
described in Hungary, Spain, the United States, and Korea (46). Currently, the Centers
for Disease Control report that in some areas of the United States nearly 40% of pneumo-
coccal isolates of blood or spinal fluid of persons >65 yr have reduced susceptibility to
penicillin (47). A worrisome characteristic of PRP is the concomitant finding of resis-
tance to erythromycin, tetracycline, quinolones, clindamycin, sulfa, and other antibiotics
(48). In this most recent survey, 55% of PRP were resistant to erythromycin and 35% to
clindamycin. This pattern mimics the same concerns addressed with MRSA.

A significant outbreak of PRP in an LTCF in rural Oklahoma was recently reported
(49,50). In this outbreak the predominant strain was serotype 23F, a serotype included
in the vaccine. Pneumonia developed in 13% of the residents in this nursing facility.
The mortality rate in this outbreak was 23%. Resistant isolates were recovered in 64%
of residents with pneumonia (type 23F) and from 23% of noninfected (colonized)
residents. Antibiotic use was associated with both colonization and disease. It is surpris-
ing to note that the pneumococcal vaccination rate was less than 25% in this LTCF.
Low rates of vaccination have been reported in other nursing facilities (51). (See also
Chapter 23.)

Resistance to penicillin and other -lactam antibiotics in the pneumococcus involves
alterations or remodeling of the penicillin binding proteins (PBPs) (52,53). PBPs are
bacterial enzymes that are responsible for cell wall synthesis. It is speculated that DNA
from the PBP genes of relatively penicillin-resistant streptococci that colonize the
oropharynx (e.g., S. oralis or other viridans streptococci) has been incorporated into
the pneumococcal PBP genes, presumably by natural transformation and homologous
recombination. It is interesting to note that even though these altered PBPs have
decreased affinity for penicillins, the carbapenems and certain third-generation cepha-
losporins are still active.
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Penicillin resistance has occurred mainly in serotypes 6B, 9V, 14, 19A, 19F, and
23F (53). Partial protection against invasive infection by the strains that are penicillin
resistant can be achieved by immunizing with the pneumococcal polysaccharide vac-
cine (54). Hence, immunization of the elderly and other high-risk individuals in LTCFs
assumes high priority. Despite substantial educational efforts, this practice has not
gained universal acceptance. In addition to questions concerning efficacy, the diffi-
culty in ascertaining correct immunization history has dampened enthusiasm for this
practice (55). Hence, reimmunization with pneumococcal polysaccharide vaccine after
4–6 yr remains an ideal, but elusive, goal. Pneumococcal revaccination is relatively
safe and has proven extremely beneficial (56). (See also Chapter 23.)

Penicillin resistance is most worrisome in patients suspected to be afflicted with
pneumococcal meningitis (57). The poor penetration of penicillin through the meninges
makes it difficult to achieve sufficient levels in the cerebrospinal fluid; hence the use of
ceftriaxone, cefotaxime and vancomycin is advocated. Meropenem, a carbapenem anti-
biotic that possesses the potency of imipenem/cilastatin but not the neurotoxicity, may
prove eventually to be the treatment of choice for pneumococcal meningitis (58,59).

Retrospective studies have shown that penicillin is effective therapy for intermedi-
ate resistant (MIC <1 µg/mL) pneumococcal pneumonia (60). Nevertheless, many cli-
nicians are concerned about the efficacy of penicillin in the treatment of non-meningeal
infections by strains of pneumococci expressing high-level resistance (i.e., MICs

2 µg/mL) (61). The concern raised by many regarding the increasing prevalence of
high-level penicillin and ceftriaxone resistance has focused attention to the use of the
newer fluoroquinolone agents (e.g., levofloxacin and sparfloxacin) in the treatment of
pneumonia (62). These agents offer enhanced activity against the pneumococcus when
compared with ciprofloxacin. As a group, the newer fluoroquinolones have MICs
against pneumoccoci between 0.25 µg/mL and 1.0 µg/mL (61). Whether these agents
are absolutely necessary for the empiric treatment of community-acquired pneumonia
is debated (63). How excessive use of these agents will impact on the colonizing flora
of nursing facility residents also remains to be seen.

2.5. Vancomycin-Resistant Enterococci

According to recent national nosocomial infections surveillance studies, enterococci
have emerged as the second most common organism in nosocomial infections (64).
This “success” may be due to their intrinsic resistance to virtually all antibiotics. Entero-
cocci have also acquired resistance to cephalosporins, penicillins, aminoglycosides
(gentamicin and streptomycin), macrolides, and quinolones. They are inherently resistant
to the folate antagonists (TMP/SMX) and clindamycin. The most worrisome resistance
traits in the enterococci are resistance to ampicillin, vancomycin, and aminoglycosides.
Ampicillin and gentamicin resistance abrogate the possibility of using synergistic
therapy in the treatment of serious enterococcal infections. Vancomycin resistance has
created the feared scenario—a microbial infection in which no therapy is effective.

The problems of ampicillin and aminoglycoside resistance are most notable when
geriatricians are faced with treating enterococcal endocarditis in the elderly. Entero-
coccal endocarditis is the third most common cause of endocarditis and the incidence
of this disease is likely to grow as the population ages and as more elderly undergo
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valve replacement (65,66). Ampicillin (or penicillin) resistance in the enterococcus is a
critical phenomenon. Vancomycin resistance is restricted only to glycopeptide antibi-
otics (teicoplanin, ramoplanin and vancomycin). Ampicillin resistance affects all

-lactams. Alteration in the prokaryotic cell wall synthesizing mechanisms mediated
by changes in the structure and regulation of PBPs is the major factor responsible for
ampicillin resistance (67). High-level aminoglycoside resistance in the enterococcus is
mediated by the acquisition of aminoglycoside-modifying enzymes (68).

Resistance to vancomycin was first noted in enterococci in 1986, almost 30 yr after
the release of the drug (69,70 and references therein). Vancomycin-resistant entero-
cocci (VRE) have now become one of the most important pathogens in the world (71).
A review of the mechanism of resistance to vancomycin is as follows.

Vancomycin inhibits cell wall synthesis in Gram-positive bacteria by forming direct
hydrogen bonds with cell wall precursors that terminate in D-alanyl- D-alanine, which
prevents formation of important cross bridges (69). Vancomycin resistance is known
to be a result of the presence of mobile genetic elements encoding operons with nine
unique genes. In the VanA operon, vanR and vanS are responsible for sensing the pres-
ence of vancomycin in the bacterial environment. VanH and vanA genes are respon-
sible for the synthesis of D-ala-D-lactate (D-ala-D-lactate is attached to the growing
pentapeptide essential for cross-linking of bacterial cell wall). VanX controls a dipepti-
dase that cleaves D-ala-D-ala, thereby decreasing the cellular pool of normal dipeptide
precursors. With D-ala-D-lactate incorporated in the cell wall, vancomycin binds with
a significantly decreased affinity. Two subsequent genes on the transposon contribute
in minor ways to glycopeptide resistance (vanY and Z). Only vanH, vanA, and vanX are
required for expression of resistance.

Five phenotypes of VRE have been described (see Table 1) (70,71). The VanA phe-
notype is characterized by high-level resistance to vancomycin and teicoplanin (MICs
>64 µg/mL). VanB strains show variable resistance to vancomycin, with MICs from
4–1000 µg/mL, but are susceptible in vitro to teicoplanin. Resistance conferred by the
VanB phenotype is mediated by the VanB operon, which is very similar in organiza-
tion to VanA and is also transferable. The VanC phenotype is an intrinsic characteristic
of certain enterococcal species of minimal pathogenic potential (Enterococcus
gallinarium and E. casseliflavus). This phenotype is characterized by only moderate
levels of resistance to vancomycin (MICs between 8 and 16 µg/mL), and susceptibility
to teicoplanin and is not transferable. Both vanA and vanB are inducible in the pres-
ence of vancomycin. VanA and VanB phenotypes are also transferable; hence they
can be disseminated easily on plasmids and transposons. The clinical significance of
the VanD and VanE phenotypes is as yet unknown.

Identified risk factors for the emergence of VRE are (1) the use of oral vancomycin
and metronidazole to treat antibiotic-induced colitis, (2) excessive cephalosporin use,
(3) previous antibiotic use, and (4) increased disease burden (72). Enterococci acquire
resistance characteristics through exchange of genes carried on conjugative transposons
and broad host range plasmids.

Numerous studies are published suggest there is facile transfer of VRE between
institutions (73). From these studies it appears that VRE can spread by direct patient-
to-patient contact, indirectly via transient carriage on hands of personnel, contami-
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nated environmental surfaces, and patient care equipment. The prevalence rate of VRE
colonization in patients admitted to acute care hospitals from LTCFs may be as high as
47% of patients (74).

VRE has become a serious challenge for geriatricians. Given that enterococci are
one of the major causes of urine, wound, and bloodstream infection in the debilitated
elderly, it is easy to understand why geriatricians are facing the problem of VRE infec-
tion and colonization in the nursing facility. Urinary tract infections (UTIs) and infected
pressure ulcers are among the most common VRE infections found in LTCFs. Many of
these patients with pressure ulcers and UTIs are administered multiple courses of
antibiotics and are frequently hospitalized. Their translocation from tertiary care
institutions to LTCFs and back can easily spread flora from the hospital to the nursing
facility. In a study done by Edmond and colleagues, the attributable mortality due to
VRE bacteremia was 37%, and patients with VRE bacteremia were twice as likely to
die than closely matched controls (75). In this study, 27 patients with VRE bacteremia
were studied and septic shock occurred in 37% of cases. It is tempting to speculate that
the lack of effective therapy is related to increased mortality.

As an example of the difficulty VRE colonization presents to geriatricians, the epi-
demiology of colonization with VRE in a 400-bed veterans LTCF was reviewed (74).
Twenty-four of 36 patients were colonized with VRE when they were transferred from
an acute care hospital to the VA LTCF. VRE persisted for 67 d and was associated with
antibiotic administration. Interestingly, only three patients acquired colonization, sug-
gesting that in this high-risk, disabled population, person-to-person transmission is
infrequent.

The recommendations for containment of VRE in hospitals have proven to be
impractical in nursing homes. The financial, social, and psychological burdens associ-
ated with implementation of these guidelines are significant. The use of barrier precau-
tions and isolation practice can be implemented in the hospital but are not feasible in
the long-term care setting. The Society for Healthcare Epidemiology of America
(SHEA) recommends that patients colonized with VRE be isolated in private rooms
until this organism is “cleared”—usually two to three negative stool cultures 1 wk apart.

Table 1
Vancomycin Resistance in Enterococci

Type MIC Expression Transfer

 (Vancomycin)
µg/mL

Van A 64–1000 I + (P)
Van B 4–1000 I + (?)
Van C 2–32 C –(Ch)
Van D 16–64 ? –(Ch)
Van E 16 C –(Ch)

MIC, minimum inhibitory concentration; I, inducible; C, constitutive; P, plasmid;
Ch, chromosomal. Adapted from ref. (71).
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Modified contact isolation (gloves, gown, and private room if available) is also strongly
encouraged (76,77).

A variety of methods have been tried to eradicate VRE colonization; unfortunately,
none have proved effective (78). Treatment of infections caused by VRE is also unsat-
isfactory. The oxazolidinones, a novel class of antibiotics highly effective against
Gram-positive bacteria, may prove effective against VRE, but the large number of
drug–drug interactions (interaction with antidepressants, anticonvulsants, and the like)
may preclude widespread use in the elderly (79,80). Preliminary experience with this
novel class of drugs indicates that these agents will probably be used successfully
against VRE, multiresistant pneumococci, and staphylococci (79). These new agents’ mode
of action is by inhibiting the formation of an initiation complex in bacterial translation
systems by preventing formation of the N-formylmethionyl-tRNA-ribosome-mRNA
ternary complex (81). Although it is anticipated that resistance will eventually emerge,
these agents may prove to be an effective antimicrobial against resistant Gram-positive
organisms (VRE, MRSA, and PRP) (82,83).

2.6. Erythromycin-Resistant Pneumococci

Erythromycin, as a representative of the macrolide antibiotic class, has long been
regarded as the most favorable alternative to penicillin in penicillin-allergic patients
for the treatment of pneumococcal and group A streptococcal infections. Macrolides
had also enjoyed a unique role as the treatment of choice for community-acquired pneu-
monia. Erythromycin’s mode of action is binding to the 50S subunit of the prokaryotic
ribosome. Resistance to erythromycin has been described in S. pneumoniae and other
Gram-positive pathogens. Up to 65% of PRPs are also erythromycin resistant (84).
Three mechanisms are responsible for erythromycin resistance: one mechanism is the
presence of erythromycin methylases, a second is the presence of the alteration of the
50S ribosome that prevent the binding of erythromycin to that subunit, and the third is
the expression of macrolide efflux (MEF) proteins. Erythromycin resistance is emerg-
ing as a potential problem in the treatment of pneumococcal upper respiratory infections
(URI) and lower respiratory tract infection (LRTI) in LTCFs. To date, there have not
been any studies examining the carriage of erythromycin-resistant pneumococci in elderly
populations confined to LTCFs.

3. RESISTANCE IN GRAM-NEGATIVE ORGANISMS

3.1. Aminoglycoside-Resistant Gram-Negative Bacteria

Aminoglycosides (gentamicin, tobramycin, netilimicin, and streptomycin) are
intravenous and intramuscular bactericidal antibiotics that are particularly potent
against Gram-negative bacteria. As a class these antibiotics bind to the 16S ribosome
RNA and interfere with protein synthesis in prokaryotes. The exact mechanism by
which aminoglycoside antibiotics kill Gram-negative bacteria is unknown (85).
Aminoglycoside resistance can arise by three distinct mechanisms. The most important
mechanism of resistance is by aminoglycoside-modifying enzymes (acetyltransferases,
adenyltransferase, and phosphotransferases). Alterations in the L6 and S12 ribosomal
subunit are also associated with reduced affinity for aminoglycoside binding. Muta-
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tions in terminal cytochrome oxidases and quinones have also been described. In a
recent survey of resistant bacteria in LTCFs, up to 90% of resistant enterobacteriaceae
were resistant to gentamicin (86).

3.2. Trimethoprim/Sulfamethoxazole-Resistant Gram-Negative Bacteria

Trimethoprim combined with sulfamethoxazole (TMP/SMX) is an effective oral
antibiotic combination, primarly against enteric Gram-negative bacilli, Haemophilus
influenzae, and many strains of streptococci. The major clinical uses of this combination
had been in the treatment of urinary tract infections (UTIs), upper respiratory infections
(URIs) (bronchitis, sinusitis, otitis media), and gastrointestinal infections (dysentery).
However, the widespread use of TMP/SMX has resulted in the emergence of resistance.
In geriatric units this was described by Gruneberg and Bendall in 1979 (87). Major organ-
isms resistant to TMP/SMX now are S. pneumoniae, H. influenzae, and many enteric
Gram-negative bacilli (Escherichia coli, Klebsiella spp.). The target of sulfamethoxazole
is the enzyme dihydropteroate synthetase. Sulfamethoxazole competitively inhibits this
enzyme and prevents the formation of pteridines and nucleic acids. Alterations in
dihydropteroate synthetase reduce the ability of sulfamethoxazole to inhibit this pathway.
Trimethoprim, the partner antibiotic, binds to dihydrofolate reductase (DHFR).
Alterations in DHFR, as with dihydropteroate synthetase, result in diminished binding of
trimethoprim. Altered dhfr genes are found in the bacterial chromosome and on plasmids.
Walker and co-workers (88) have shown that cephalosporins and TMP/SMX are signifi-
cant risk factors for the asymptomatic carriage of Clostridium difficile in LTCFs.

3.3. Extended-Spectrum -Lactamases

-Lactamase enzymes are the major mechanisms by which bacteria inactivate -lac-
tam antibiotics. Numerous cephalosporin and penicillin antibiotics have been devel-
oped to combat these enzymes. Although the third-generation cephalosporins promised
to be the safest and most effective drugs against this problem, in the past 10 yr there
have been described more than 75 extended-spectrum -lactamases (ESBLs) able to
inactivate many currently available penicillins and advanced generation cephalospor-
ins (89). Many of these -lactam-inactivating enzymes are derived from the plasmid-
borne TEM-1 and SHV-1 -lactamases, the most common -lactamase found in
enteric bacilli.

The prevalence of ESBLs in LTCFs can be alarming. In a study of an LTCF in
Chicago, 31 of 35 patients from eight nursing facilities harbored an ESBL. Not only
were these strains resistant to ceftazidime, but they were also resistant to gentamicin,
tobramycin, TMP/SMX, and ciprofloxacin (90). In this analysis, risk factors associated
with colonization by ESBLs include (1) poor functional status, (2) gastrostomy tube or
pressure ulcer, and (3) ciprofloxacin and/or TMP/SMX use.

Horizontal transfer of -lactam resistance on plasmids in E. coli and Klebsiella spp.
has resulted in the dissemination of multiple antibiotic resistance traits, as these mobile
genetic elements often carry resistance determinants against many antibiotics (e.g.,
aminoglycosides) (91).

Point mutations in the plasmid-determined -lactamase genes are the major mecha-
nism by which resistance to third-generation cephalosporin antibiotics develops in these
ESBLs (92). These point mutations permit the enzymes to inactivate -lactams before
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they reach the PBPs. The altered amino acids change the conformation of the active
site such that third-generation cephalosporins can be hydrolyzed. More recently, plas-
mid-encoded -lactamases resistant to inactivation by -lactamase inhibitors have also
been described (93,94). The appearance of these newer enzymes is of significant concern.
By MIC testing, most ESBLs are highly susceptible to inactivation by -lactamase
inhibitors (clavulanate, sulbactam, or tazobactam). The clinical formulations—ampi-
cillin/sulbactam, amoxicillin/clavulanate, piperacillin/tazobactam, and ticarcillin/
clavulanate—can be used to treat infections by ESBL-producing enterics. Unfor-
tunately, this may not be true in each case. To date, only one plasmid-determined

-lactamase resistant to inactivation by -lactamase inhibitors and able to efficiently
hydrolyze third-generation cephalosporins has been described in the clinic (TEM-50)
(94). This unique -lactamase enzyme has incorporated in its gene sequence the neces-
sary mutations to confer resistance to -lactamase inhibitors and extend the substrate
spectrum to include hydrolysis of third-generation cephalosporins. Fortunately, it has
not become widespread.

Resistance to both third-generation cephalosporins and -lactam/ -lactamase inhibi-
tor combinations in clinical isolates has also been attributed to the production of more
than one -lactamase enzyme, hyperproduction of an ESBL, and the production of a
plasmid-mediated AmpC -lactamase (95). The production of chromosomally medi-
ated AmpC type -lactamase confers -lactam resistance to several clinically impor-
tant Gram-negative bacilli (Enterobacter, Citrobacter, Serratia, Pseudomonas).
Elevated production of this -lactamase can result from induction by exposure to
cefoxitin, clavulanic acid, or imipenem (96). Mutations in the regulatory mechanism
controlling expression of these AmpC -lactamase enzymes are also well described
(97). Important characteristics of these AmpC cephalosporinases are that they are able
to inactivate all cephalosporins including cefoxitin (with the possible exception of
cefepime) and that they are generally resistant to inhibition by currently available

-lactamase inhibitors.
The importance of induction of -lactamases and recycling of cell wall materials has

also been recently elucidated (98). It has been shown that AmpC -lactamase induction
in Enterobacteriaceae requires a balance between a variety of genes that control

-lactamase production and the transport of cell wall products into the bacterial cyto-
plasm. This work is important because it highlights the “bidirectional communication”
between cell wall synthesis and bacterial transcription. The clinical consequence of the
induction of these chromosomal -lactamases in Enterobacter has been examined by
Chow and colleagues (99). In this prospective multicenter study, ceftazidime-resistant
Enterobacter spp. isolates were associated with a higher mortality rate. This increased
mortality rate as a reflection of increased antibiotic resistance somehow suggests that
virulence and resistance are linked. A frightening new development is the increasing
number of AmpC -lactamases found on plasmids. On mobile genetic elements these

-lactamases can be spread among enteric bacilli.
Outbreaks of bacteria resistant to third-generation cephalosporins have been reported

in VA chronic care facilities as well (100). Frequent use of third-generation cepha-
losporins has been blamed for the emergence of this problem (101). In the VA outbreak
reported by Rice and co-workers (100) ceftazidime use was implicated. The switch to
piperacillin/tazobactam decreased the percentage of ceftazidime-resistant isolates. Suc-
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cessful treatment of these types of infections will require the use of a carbapenem anti-
biotic or the combination of -lactam/ -lactamase inhibitor (ampicillin/sulbactam,
amoxicillin/clavulanate, piperacillin/tazobactam, ticarcillin/clavulanate). Experimen-
tal animal models are being actively studied to evaluate the most effective therapy
(102). To date, of the -lactam-type agents, the carbapenems (meropenem and
imipenem) offer the most promise against ESBL and AmpC type-producing enterics.

3.4. Multiresistant Gram-Negative Bacilli
3.4.1. Quinolone Resistance

The target of quinolone action in Gram-negative bacteria is the A subunit of DNA
gyrase (103,104). DNA gyrase is a bacterial type II topoisomerase and is made up of a
tetramer of two parts, A2 and B2. This protein converts relaxed DNA into supercoiled
DNA. The A subunit is responsible for breakage and resealing of chromosomal DNA.
The B subunit is responsible for energy transduction from ATP hydrolysis. Quinolones
interrupt the resealing of double-stranded DNA by forming a quinolone–gyrase–DNA
ternary complex. This inhibition is associated with rapid bacterial killing. Additional
antibacterial activity is expressed through inhibition of topoisomerase IV. This enzyme
is responsible for the separation of daughter DNA strands during bacterial cell division
in Gram-positive bacteria. Topoisomerase IV is likely to be the primary target for
quinolone action in Gram-positive bacteria. In addition to DNA gyrase and topoiso-
merase IV, quinolones are bactericidal by other mechanisms (104,105). Three mecha-
nisms, A, B, and C, have been proposed. Mechanism A requires RNA and protein
synthesis as well as cell division for bactericidal action. Mechanism B is the ability to
kill nondividing cells without concomitant protein or RNA synthesis. Mechanism C is
the bactericidal activity that occurs in the absence of multiplication, yet in the presence
of protein and RNA synthesis. Utilization of these mechanisms is organism specific.

Resistance to quinolone antibiotics is generally mediated by alterations in the chro-
mosomal DNA of bacteria. In the main, most bacteria accumulate several mutations
that affect both DNA gyrase and permeability. Mutations in the regulatory genes that
govern permeability porins or efflux pumps are commonly found in quinolone-resis-
tant bacteria. Point mutations in residues 67–106 of the A subunit of DNA gyrase, the
quinolone-resistance determining region, result in resistance. Mutations in this region
are associated with increased resistance to all quinolones.

Resistance to quinolone agents can emerge rapidly during therapy. Ciprofloxacin-
resistant P. aeruginosa, S. aureus, and S. epidermidis have been well described (106).
Once organisms develop resistance, therapeutic options are severely limited.
Clinafloxacin, a newer generation quinalone, offers enhanced activity against
ciprofloxacin-resistant organisms (107), but this drug is not in our current pharmacopeia.

Quinolone resistance in LTCFs and debilitated patients is becoming a serious con-
cern (108,109). In cancer patients, exposure to quinolones as prophylactic agents can
alter the colonizing flora. In one study, ciprofloxacin resistance developed in 32% of
patients receiving fluoroquinolones; persistence of colonization lasted in approximately
7% of these patients. The clinical consequences of colonization by quinolone-resistant
bacteria are unknown.

3.4.2. Multidrug Efflux Pumps
Multidrug efflux pumps have proved to be important mechanisms for the expression

of resistance to a variety of antibiotic classes, including –lactams, tetracyclines, and,
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most prominently in recent years, fluoroquinolones. The species for which these pumps
have proved to be of greatest importance is P. aeruginosa, in which three distinct pumps
have been described. The antibiotic classes expelled by these pumps varies somewhat
but in all cases prominently includes fluoroquinolone antibiotics. An efflux pump (des-
ignated NorA) has also proved to be of importance in the expression of resistance to
fluoroquinolones in S. aureus.

4. INFECTION CONTROL AND ANTIBIOTIC USE

The Society for Health Care Epidemiology has drafted recommendations to help
control antibiotic resistance in LTCFs and cross-infection include antibiotic restriction
practices, surveillance, nontreatment of asymptomatic bacteruria, minimizing topical
antibiotics, hand washing, and barrier precautions for wound care (108). We propose
that, for LTCFs, the following additional items be specifically stressed (1) education,
(2) surveillance, (3) antibiotic control, and (4) immunization.

Continuing medical education concerning the imprudent use of antibiotics needs
to be the first step. Alerting staff to the dangers of excess antibiotic use and epidemi-
ology of current outbreaks will help with enforcing infection control guidelines in
the community. Education of nursing staff is also needed to determine if infection is
really present. As a guide we encourage the use of the definitions of infection in
LTCFs developed by McGeer and colleagues (110). Nursing personnel who are
instructed in the use of these guidelines can assist physicians with treatment deci-
sions. Infection control surveillance also helps to identify the presence and spread of
resistance. It is our belief that identifying patients coming from hospitals where PRP,
VRE, and ESBLs are endemic should be a nursing facility physician and infection
control priority. Identifying nursing facility residents who have been treated with
multiple courses of antibiotics in hospital will also alert health care workers to this
potential problem. Although not proven in prospective studies, screening high-risk
patients for colonization by antibiotic-resistant bacteria, particularly ESBLs, may
help contain a potential outbreak (111). Screening for VRE should also be a consid-
eration in high-risk LTCFs.

Clinicians should be “ecologically responsible” in their prescribing of antibiotics.
The unnecessary use of broad-spectrum antibiotics to treat susceptible organisms
should be strongly discouraged. There should be clear guidelines in place for using
vancomycin in the nursing facility (e.g., MRSA, -lactam allergy, metronidazole fail-
ures in treatment of C. difficile colitis, or surgical prophylaxis in -lactam-allergic
patients). Limits to the length of antibiotic administration should also be enforced.
Using third-generation cephalosporins and quinolones in LTCFs only when they are
absolutely necessary in the treatment of UTIs or URI/LRTIs may limit the emergence
of multiresistant Gram-negative bacilli and VRE. Restricting antibiotic formularies for
LTCFs has been suggested as a potential means to this end. Alerting physicians to the
number of treatment courses of quinolones or advanced generation cephalosporins used
can stem overprescribing. Treatment algorithms are not yet a common practice in the
nursing home and should be developed.

Immunization of the elderly with pneumococcal polysaccharide vaccine should also
be a clinical and administrative priority. The vaccine should be strongly encouraged in
everyone 65 yr and older admitted to an LTCF. It can be given at the time of influenza
vaccine and should be part of a nursing facility admission medical care regimen. Care-
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ful review of patient records should be undertaken to ensure immunization when the
patient’s or family’s recollection is not reliable. Once administered, the information
can be entered in a patient log book that serves as a reminder for the next immuniza-
tion. Pneumococcal polysaccharide vaccination is extremely safe and can and should
be repeated every 6 yr for select high-risk groups of elderly persons. (See Chapter 23.)
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1. CLINICAL RELEVANCE

1.1. Epidemiology

Diabetes mellitus affects at least 6% of the U.S. population, and at least another
6% of diabetics may be undiagnosed (1). However, in persons 65 yr and older, 11%
have diabetes with probably another 8% being undiagnosed. Of all diabetics in the
U.S., 43% are 65 yr and older. The vast majority of these individuals (90–95%) belong
to the type II category and the rest belong to type I. Diabetic complications are more
common the longer the duration of the disease has been present. A significant
percentage of these complications come in the form of infections. Because these
complications are generally related to disease duration, clinical problems are very
frequently seen in the elderly population. Moreover, infectious complications in older
diabetics have poorer outcomes.

Infections by themselves can destabilize diabetic control. Marked hyperglycemia
and/or ketoacidosis can, in turn, make the control of infection more difficult.

Clinicians have generally believed that diabetics are more susceptible to infections
and that infections are generally more severe in diabetics than they are in nondiabetics.
There has been a scarcity of controlled studies that have conclusively shown that certain
infections are more common in diabetics as compared to nondiabetics (2). Urinary tract
infection and bacteremia have also been shown to be more frequent in the diabetic
(3,4). Review of the literature with regards to certain specific infections, however,
strongly suggests that diabetics are clearly overrepresented in these infections (5,6).
These infections are discussed in detail in this chapter.

1.2. Predisposing Factors

Hyperglycemia and the generalized metabolic imbalance associated with diabetes
mellitus are believed to be largely responsible for the disordered immune function seen
in this disease. Significant dysfunction of the polymorphonuclear leukocyte (PMNL)
chemotaxis, phagocytosis, and intracellular bactericidal capability have been identified
(7–9). A recent study has implicated increased levels of cytosolic calcium secondary to
hyperglycemia for the phagocytic defect in the diabetic PMNL (10). Improvement of
the metabolic control results in improved function of these cells. Similar defects in
monocyte function have also been described (11).
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Other host defense defects that have been reported in diabetics include decreased
cutaneous and delayed hypersensitivity and decreased lymphocyte responsiveness to
phytohemagglutinin stimulation in vitro (12). Diabetics have also been shown to have
deficiency in the fourth component of complement as well as decreased opsonization
of microorganisms such as Candida albicans (13).

Besides all these defects in immune function, other diabetic complications that
predispose to infections include peripheral and autonomic neuropathy as well as large-
and small-vessel disease. These deficiencies can lead to dryness and fissuring of the
skin and gangrene of extremities, in turn leading to soft-tissue and bone infections; to
neuropathic foot lesions and Charcot osteoarthropathy, which also predispose to
injuries and secondary infections; and to urinary bladder dysfunction leading to acute
and chronic urinary tract infections.

2. SPECIFIC INFECTIONS (See Table 1)

2.1. Respiratory Tract Infections
2.1.1. Pneumonitis

Diabetic patients with gastroparesis, diabetic ketoacidosis, hyperosmolar coma, or
hypoglycemic seizures may have an increased risk for aspiration pneumonitis. Aging
alone increases the susceptibility for pneumonia (see Chapter, 6). Higher morbidity
and mortality in diabetics have been described with influenza (14), and there appears to
be an increased incidence of pneumonitis secondary to Staphylococcus aureus and
Klebsiella pneumoniae. Pneumococcal vaccination has been recommended for all
persons aged 65 yr and older as well as diabetics because of potentially increased
morbidity from Streptococcus pneumoniae infections.

2.1.2. Tuberculosis
Diabetics are at an increased risk of developing active tuberculosis when their

tuberculin skin tests are positive with normal chest X-rays. Therefore, they are
candidates for isoniazid chemoprophylaxis regardless of age (15). Tuberculosis has
been described to be up to 16 times more common in diabetics as compared to
nondiabetics (2).

2.1.3. Rhinocerebral Mucormycosis

More than 75% of the reported cases of the fungal disease rhinocerebral mucor-
mycosis occurs in diabetics; generally these diabetics are in states of poor metabolic
control and ketoacidosis (16; see also Chapter 18). Paranasal sinuses and the palate
may be initially involved with this infection, with later spread of this disease to the
retroorbital area, the cavernous sinus, and intracranial sites, including the frontal lobes.
Fungi belong to the order Mucorales, and the genera Rhizopus, Absidia, Mucor, and
Rhizomucor are often responsible. Local spread of the infection may result in osteomy-
elitis, proptosis, ophthalmoplegia, blindness, cavernous sinus thrombosis, meningoen-
cephalitis, and brain abscesses. Fungal invasion of blood vessels causes thrombosis
and often result in tissue infarctions. Diagnosis is generally made by biopsy of the
marginal areas of the necrotic black eschars, which are characteristically seen in this
disease entity. Potassium hydroxide (KOH) or stained tissue preparations will show
thick hyphae that have rare septations and with right-angle branching.
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Aggressive surgical extirpation of infected bone and soft tissue is required. Repeated
debridement is often necessary. Intravenous (IV) amphotericin B at 1.0 mg/kg/d (or
liposomal amphotericin B at 5.0 mg/kg/d) may be given up to total doses of 2.0–4.0 g.
The available azoles are inactive against this organism. Despite aggressive therapy,
15–50% mortality may still ensue. Survivors may require extensive plastic
reconstruction and psychological support.

2.1.4. Invasive External Otitis

 In contrast to the more common external otitis often seen in children (“swimmer’s
ear”), invasive (or necrotizing) external otitis is a much more aggressive infection (see
also Chapter 15). Approximately 90% of patients with this disease are diabetics,
frequently in poor metabolic control. Except for unusual cases caused by other organ-
isms such as Aspergillus and K. pneumoniae, virtually all cases are associated with
Pseudomonas aeruginosa; the presence of granulation tissue at the junction of the bony
and cartilaginous portions of the external canal is a characteristic clinical finding (17).
Local spread along this cleft or junction may result in osteomyelitis of the temporo-
mandibular joint, parotitis, and mastoiditis. Deeper invasion may result in cranial nerve

Table 1
Infections Associated with Diabetes Mellitus

Respiratory tract
Pneumonitis
Tuberculosis
Rhinocerebral mucormycosis
Invasive external otitis

Gastrointestinal
Candida esophagitis
Emphysematous cholecystitis

Urinary tract
Bacteriuria, cystitis, and uncomplicated pyelonephritis
Emphysematous pyelonephritis
Emphysematous cystitis
Perinephric abscess
Papillary necrosis
Fungal infections

Skin and soft-tissue infections
Superficial, nonnecrotizing infections
Necrotizing infections

Superficial necrotizing
Crepitant (anaerobic) cellulitis
Necrotizing fasciitis

Deep necrotizing
Nonclostridial myonecrosis
Clostridial myonecrosis

Foot-related infections
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IX–XII palsies, septic sigmoid sinus thrombophlebitis, and meningoencephalitis. In-
volvement of cranial nerve VII resulting in facial palsy (due to inflammation of the
stylomastoid canal exit site) is fairly common (30–40% of cases) and may not
necessarily imply a dire prognosis. Computed tomographic (CT) and magnetic
resonance imaging (MRI) scans have dramatically improved the clinician’s ability to
determine the extent of involvement of bony and intracranial structure in this disease
process.

Management includes early and aggressive debridement of the external auditory
canal. Bony sites of involvement may also need debridement and administration of
appropriate antimicrobial therapy. Since P. aeruginosa is almost always the pathogen
involved, therapy frequently consists of parenteral, high-dose anti-pseudomonal -
lactam agent, such as piperacillin, ceftazidime, cefepime, or aztreonam, in combination
with an aminoglycoside for synergistic antimicrobial activity. Extreme care should be
exercised when giving aminoglycosides to elderly persons and to diabetics, especially
those with preexistent renal insufficiency. Since the aminoglycosides under these
conditions are given primarily for synergy, maximum doses may not be necessary, and
the drug may be given once or twice daily to decrease nephrotoxicity. Anecdotal cases
suggest that oral (PO) ciprofloxacin may be effective in selective cases (18). Parenteral
therapy with -lactams will generally require a total minimum duration of 4 wk, but
longer therapy (i.e., 3 mo) has been suggested for oral ciprofloxacin.

2.2. Gastrointestinal Infections

2.2.1. Candida Esophagitis

Human immunodeficiency virus (HIV) disease is currently the most common
predisposing condition leading to esophageal candidiasis, (see also Chapters 18 and
19). Candida esophagitis, however, has been reported to occur with increased frequency
in diabetics (19). Complaints of dysphagia or odynophagia in a diabetic (with or without
concomitant or antecedent course of antimicrobial therapy) should alert the clinician to
the possibility of candida esophagitis. Unlike HIV disease, diabetics may have
esophagitis without necessarily manifesting oral thrush. Diagnosis is easily made by
endoscopy and biopsy. Oral therapy with fluconazole (200 mg the first day followed by
100 mg daily thereafter) for a minimum of 3 wk (at least 2 wk after resolution of
symptoms) is generally sufficient.

2.2.2. Emphysematous Cholecystitis

Approximately 35% of the reported cases of the highly virulent emphysematous
cholecystitis has occurred in diabetics (20). Compared with the usual form of
cholecystitis, this entity has shown a preponderance of males (70%), a high incidence
of gallbladder wall gangrene (74%) and perforation (21%), and high mortality (15–
25%). Absence of concomitant gallstones is seen in one-half of these cases. Infection is
frequently polymicrobial, with Gram-negative bacilli such as Escherichia coli and
Klebsiella spp., as well as Clostridium perfringens among the most commonly isolated
microorganisms. A high index of suspicion followed by prompt and aggressive surgery
and appropriate antimicrobial therapy may help decrease the morbidity and mortality
of this disease entity.
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2.3. Urinary Tract Infections
2.3.1. Bacteriuria, Cystitis, and Uncomplicated Pyelonephritis

The prevalence of bacteriuria and urinary tract infections (UTI) in diabetic females
has been shown to be higher than in nondiabetic females (3). Involvement of the upper
urinary tract (pyelonephritis) in diabetics with bacteriuria has also been proposed to
occur more frequently in diabetics. Moreover, bacteriuria substantially increases in
both females and males with aging (see Chapter 10). Factors that may predispose
diabetics to UTI include the presence of neurogenic bladder (with associated increase
in residual volume), recurrent vaginitis, glycosuria, underlying renal disease, and
urinary tract instrumentation.

2.3.2. Emphysematous Pyelonephritis

This condition generally presents as a fulminant, life-threatening illness. Seventy
percent to 90% of the cases of emphysematous pyelonephritis reported are diabetic,
and the infection is almost always unilateral (21), affecting the left kidney more often
than the right. There is characteristic mottled gas found in and around the kidney,
often detectable with plain upright abdominal radiograph and clearly demonstrated
by CT scan. Associated urinary tract obstruction is seen in 40% of diabetic patients and
virtually all of the nondiabetic patients. E. coli is the culprit pathogen in 70% of the
cases. Pathologically, necrotizing pyelonephritis, cortical abscesses, and sometimes
papillary necrosis are present. Clinically, the patient presents with fever, chills, flank
pain, confusion, and generalized sepsis. Although a few cases have responded to
medical therapy alone, higher survival rates have been associated with combined
antibiotic therapy plus nephrectomy. Because aging and diabetes (diabetic
nephropathy) are associated with renal insufficiency, careful assessment of kidney
function is also essential in the management of this and all forms of UTI in elderly
diabetics.

2.3.3. Emphysematous Cystitis

E. coli and other members of the Enterobacteriaceae family are generally
responsible for this clinical entity, which is generally more benign than emphysematous
pyelonephritis. At least 80% of the reported cases occur in diabetics (23). They may
present with pneumaturia, and gas in the urinary bladder wall may be seen on plain
abdominal X-ray or by abdominal CT scan. The disease is generally responsive to
antimicrobial therapy.

2.3.4. Perinephric Abscesses

This entity should be suspected in patients with urinary tract infection and fever of
at least 5 d duration that is unresponsive to appropriate antimicrobial therapy (23).
Approximately 35% of the cases have associated diabetes, and about half of the patients
will present with abdominal or flank mass.

The diagnosis is generally established by ultrasonography or CT or MRI scan.
Surgical drainage done by either open surgery or percutaneous catheter placement, in
combination with about 4 wk of antimicrobial therapy, are generally effective in the
management of this disease. Ureteral obstruction needs to be excluded. E. coli is the
most common isolate, and ascending infection is the usual route of spread.
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2.3.5. Papillary Necrosis

At least 50% of patients with papillary necrosis are diabetic (24). An associated
urinary infection may or may not be present. However, other causes of papillary
necrosis include sickle cell disease, analgesic abuse, and obstruction. Most cases
present with an acute febrile illness, but a few may present with a more subacute course.
Acute-onset flank or abdominal pain, chills, and fever are the usual initial symptoms.
Renal insufficiency may be a complication and may become more rapidly apparent in
older diabetics. Characteristic findings of papillary necrosis may sometimes be seen on
ultrasonography, but the “gold standard” of diagnosis for this disease is generally by
retrograde pyelography. If the detached papilla is not passed spontaneously, urinary
obstruction may need to be relieved surgically. A minimum course of 2 wk of
appropriate antimicrobial therapy may be required if there is associated infection.

2.3.6. Fungal Urinary Tract Infections
Twenty percent to 90% of cases of C. (Torulopsis) glabrata UTI have been reported

to be in diabetics. High incidences of candiduria (as high as 35%) and Candida UTI
have been reported in glycosuric diabetics (25). Severe infections resulting in sepsis,
fungus ball formation, and obstruction may be seen in some cases. Quantitative colony
counts of only 10,000 yeasts/mL urine may be sufficient to cause disease. Fluconazole
(IV or PO) is excreted in the urine and is generally effective therapy. Intravenous
amphotericin B may be an alternative for renal infection, but cystitis may be managed
with bladder catheter instillation of amphotericin B. Obstruction needs to be relieved
surgically with removal of fungus balls.

2.4. Skin and Soft-Tissue Infections
2.4.1. Superficial Nonnecrotizing Infections

Increased nasal carriage of S. aureus has been reported in insulin-injecting diabetics
(26). However, increased propensity of diabetics to staphylococcal furunculosis and
carbuncles has not been conclusively proven. Erythrasma, a superficial bacterial
infection located in the genitocrural area, is caused by Corynebacterium minutissimum,
and is more commonly found in men and obese persons with diabetes. Postoperative
clean-wound infections have been reported to occur with increased frequency in
diabetics.

2.4.2. Necrotizing Infections
2.4.2.1. SUPERFICIAL NECROTIZING

These infections do not extend below the deep fascia enveloping muscles. Crepitant
(anaerobic cellulitis) infections are frequently superimposed on chronic, nonhealing
ulcers and are generally characterized by extensive subdermal and subcutaneous gas
dissection produced by multiple organisms, particularly anaerobes. Good clinical
outcome is generally seen with thorough debridement and appropriate antimicrobial
therapy. Necrotizing fasciitis is characterized by extensive dissection of the infection
along the superficial fascial planes without involvement of the underlying muscles.
Although it may sometimes be caused by single organisms (such as Streptococcus
pyogenes), mixed infections with aerobes and anaerobes are more frequently seen (i.e.,
Bacteroides spp., Peptostreptococcus spp., E. coli, P. mirabilis, Enterococcus spp.,
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and so on) (27). Thrombosis of nutrient vessels to the skin may occur, resulting in
patchy areas of skin gangrene. Bullae formation under the skin may develop in the later
stages, but early disease may show little external changes (tautness of the skin, mild
erythema, and tenderness). Patchy areas of skin anesthesia may occur secondary to
destruction of small nerve fibers to the skin in the later stages. Management includes
thorough debridement and drainage of the necrotic fascia and the associated purulence
(the so-called “filleting procedure,” where the subcutaneous tissue is left open and
subjected to irrigation with normal saline or Ringer’s lactate solutions). Appropriate
antimicrobial therapy should be directed toward both the aerobic and anaerobic flora
when mixed infection is present. S. pyogenes infection is frequently associated with
toxic shock syndrome. In this situation, addition of clindamycin to high-dose penicillin
G has been suggested, primarily to halt the organism’s toxin production. Intravenous
gamma globulin administration has also been felt to be helpful. Repeated surgical
debridement is frequently required.

 2.4.2.2. DEEP NECROTIZING

Nonclostridial myonecrosis (erstwhile known as necrotizing cellulitis) is an
extensive infection, and up to 75% of these cases have been reported to be in diabetics.
The bacterial flora involved are similar to necrotizing fasciitis, but infection involves
the muscles. Therapy is similar, but resection of necrotic muscle is required. Clostridial
myonecrosis related to injuries do not appear to occur more frequently in association
with diabetes. However, there are some suggestions that the spontaneous or
hematogenous form of this disease has a predilection to involve diabetics. C. septicum
(not perfringens) is the organism generally involved, and there is a strong association
with the presence of colonic malignancy. Foot-related infections may involve deep
tissues. The major factors contributing to foot-related infections are diabetic
neuropathy, vascular disease, and impaired immune resistance. Superficial and milder
infections are frequently monomicrobial (usually from Gram-positive cocci such as S.
aureus), but more severe infections associated with tissue necrosis and/or gangrene is
generally polymicrobial (aerobic and anaerobic) in origin (see Table 2). These
infections may be associated with gas formation, from proliferation of gas-forming
organisms such as Bacteroides, Prevotella, Porphyromonas, Peptostreptococcus, or
even from the aerobic E. coli. Underlying osteomyelitis needs to be excluded, generally
with an MRI scan, and the vascular status may need to be determined by use of Doppler
ultrasound with wave-form analysis or with transcutaneous oximetry. Milder infections
(i.e., limited cellulitis) may be managed with thorough debridement of the infected
wound and antimicrobial therapy. First- or second-generation cephalosporins (such as
cefazolin or cefuroxime) may be used for presumed monomicrobial infections. For
more serious infections broad-spectrum coverage is frequently indicated (i.e., parenteral
piperacillin-tazobactam, imipenem, or trovafloxacin). The presence of osteomyelitis
may require removal of infected bone (i.e., toe amputation, with or without ray
resection). Amputation may sometimes be necessary, and the level is dictated by the
extent of bone involvement, the status of the vascular supply, and the extent of soft-
tissue involvement. In general, the extent of surgery needs to be balanced by thorough
removal of infected tissue on one hand and the preservation of ambulatory capability
on the other.
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3. CONCLUSION
The diabetic patient has a distinct predisposition to many infection processes

because of a combination of several factors (1) the presence of a disordered metabolic
state, (2) impairment of various facets of the immune function, (3) the presence of
neuropathy, and (4) the presence of vascular compromise. With aging, the predilection,
severity, and mortality related to infections are greater; thus, the elderly diabetic is at
special jeopardy for infections. The clinician needs to maintain acute awareness of
these infectious complications and to be able to recognize them early. However, early
detection of infection may be difficult in the elderly (see Chapter 3). Management of
these infectious problems will require aggressive metabolic control of the diabetic state,
combined with appropriate antimicrobial therapy and surgical intervention. Good
control of the diabetic state may help restore a disordered immune state. Education of
the diabetic with regards to proper foot care may help forestall future foot problems.

Table 2
Most Common Pathogens Isolated from Deep Tissue
in Moderate to Severe Diabetic Foot Infectionsa

Aerobes
Gram-negative bacilli

Proteus mirabilis
Escherichia coli
Pseudomonas aeruginosa
Enterobacter aerogenes
Others

Gram-positive cocci
Enterococcus spp.
Staphylococcus aureus
Group B streptococcus
Others

Anaerobes
Gram-negative

Bacteroides fragilis
Bacteroides spp. (other than fragilis)
Porphyromonas spp.
Prevotella spp.
Fusobacterium spp.
Others

Gram-positive cocci
Peptostreptococcus magnus
Peptostreptococcus anaerobius
Other Peptostreptococcus spp.

Gram-positive bacilli
Clostridium spp.

aData derived from ref. 27.
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1. INTRODUCTION

This review focuses primarily on the major vaccines that all persons 65 yr of age and
older should receive: tetanus-diphtheria toxoid, influenza virus vaccines and pneumo-
coccal vaccine. See detailed discussions below and Table 1 for a summary. There are,
however, other vaccines, e.g., cholera, hepatitis A and B, meningococcal, plague,
rabies, typhoid, and yellow fever, that are recommended in circumstances that place an
older person into a special high-risk group. For further details, see the recommenda-
tions for the use of these vaccines for persons 65 yr old by the National Vaccine
Advisory Committee (1), The American College of Physicians Task Force/Infectious
Disease Society of America (2), and the most recent reports from the Centers for Dis-
ease Control and Prevention’s Advisory Committee on Immunization Practices (ACIP)
on the specific immunobiologics that are published with the Morbidity and Mortality
Weekly Report (see their web site:www.cdc.gov/publications). Recommendations
regarding immunization of older travelers appear in the Centers for Disease Control
and Prevention’s annual publication, Health Information for the International Traveler
(3), or their website (www.cdc.gov/travel).

2. TETANUS–DIPHTHERIA TOXOID

2.1. Clinical Relevance

Tetanus continues to cause serious health problems for older persons. Although the
number of reported cases of tetanus in the United States is low (approximately 50–65
cases annually), the estimated completeness of reporting ranges from 40% for mortal-
ity to even lower for morbidity (4). Of the approximately 125 cases reported during
1995–1997, 35% occurred in persons 60 yr with a case fatality rate as high as 20%.
Only 13% of patients reported having a record of the primary series for tetanus toxoid
before disease onset. Of the approximately 125 cases, 50% occurred following puncture
wounds, but many were related to minor injuries, e.g., lacerations (22%) and abrasions
(12%). Three of 93 patients had an acute injury related to surgery performed 4–8 d
before the onset of illness. Of the acute wounds, 25% occur at home and 15% occur
indoors elsewhere (5). Approximately 40% of persons sustaining an acute injury seek
medical care. Of these, only 40% received tetanus toxoid prophylaxis for wound care
and <25% with debrided wounds received tetanus immune globulin as recommended
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(5). Previous reports have noted that 15% of cases of tetanus are associated with chronic
wounds, e.g., skin ulcers, abscesses, gangrenous extremities or recent surgery (4).

Because there is no natural immunity to the extracellular toxin (tetanospasm) of
Clostridium tetani, tetanus occurs almost exclusively in persons who are unimmunized,
inadequately immunized, or whose history of immunization is unknown. Protection
depends on the presence of circulating antibody to the extracellular toxin prior to fixa-
tion of the toxin to its ganglioside binding site. Protective serum antitoxin levels are
present in 30–45% of community-residing older persons (6) and in 30–50% of elderly
nursing home residents (7). In both settings, the lowest prevalence is in nonveterans.
There are several historical clues to the presence of nonprotective titers and the

Table 1
Recommended Immunizing Agents for Persons Aged  65 Yearsa

Major precautions
Vaccine type Usual schedule Indications and contraindications

Tetanus-diphtheria Two IM doses 4 wk apart; All elderly persons; History of neurologic
(Toxoids [Td]) third dose 6–12 mo after tetanus prophylaxis reactions or immediate

second dose; in wound manage- hypersensitivity
booster every 10 yr ment (see Table 2) reactions after a

previous dose

Influenza vaccine Annual vaccinations Persons at high risk History of anaphylactic
(inactivated with current vaccine influenza or its hypersensitivity to eggs
whole-virus Administered IM complicationsb;
and split-virus Optimal time is October- immunocompromised
vaccines) November but may be or immunosuppressed

given any time during personsd; all healthy
the influenza season elderly persons

Pneumococcal One dose, 0.5 mL, IM or Persons at high risk Previous anaphylactic
polysaccaride SC. Revaccination for pneumococcal disease reaction to the vaccine
vaccine those at highest risk of and its complicationsc; or any of its
(23 valent) invasive pneumococcal immunocompromised components

infection 5 yr later or or immunosuppressed
if first dose given before personsd; all healthy
age 65 and 5 yr elderly persons
since first dose

aData from refs. 9, 15, and 23.
bPersons at high risk for influenza and its complications: chronic cardiovascular and pulmonary disorders,

diabetes, renal dysfunction, hemoglobinopathies and/or persons living in chronic care facilities.
cPersons at high risk for pneumococcal disease and its complications: chronic cardiac and pulmonary diseases,

anatomical or functional asplenia, chronic liver disease, alcoholism, diabetes mellitus, CSF leaks, and/or living in
chronic care facilities.

dPersons immunocomprised or immunosuppressed: HIV infection, leukemia, lymphoma, Hodgkin’s disease,
multiple myeloma, generalized malignancy, chronic renal failure, or nephrotic syndrome; or immunosuppressed
as the result of therapy with corticosteroids, alkylating drugs, antimetabolites, or radiation.

Abbreviations: IM = intramuscular; SC = subcutaneous; CSF = cerebrospinal fluid; HIV = human immunode-
ficiency virus.
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increased risk of disease: (1) never completing the primary immunization series, (2)
receiving fewer than two doses of tetanus toxoid or (3) an unknown history (5).

Although a similar low prevalence of diphtheria protective antitoxin antibody levels
can be demonstrated in older persons, diphtheria is not as serious a problem for older
persons as is tetanus. Thus, this section will not comment further on diphtheria but
recommendations for the use of the immunizing agent for older persons, tetanus–diph-
theria toxoid, will provide protection against diphtheria as well. The recent outbreaks
of diphtheria reported in adults from regions of the former Soviet Union illustrate the
disease’s epidemic potential in susceptible adults who are inadequately immunized (8).

2.2. Immunizing Agent

The current recommended immunizing agent for older persons is Tetanus–Diphthe-
ria (Td) Toxoid Adsorbed for Adult Use, which is a combined preparation containing 5
Lf units of tetanus toxoid and 2 Lf units of diphtheria toxoid. The dose and administra-
tion of Td toxoid should be according to the manufacturer’s package insert; adbsorbed
preparations should be administered intramuscularly (9). Td toxoid is an effective
immunizing agent for older persons. In nursing home residents, protective tetanus anti-
toxin antibody levels following immunization occur in approximately 40% of nonim-
mune older persons after the first dose, in 85% following the second dose 4–8 wk later,
and in 100% after the third dose 6–12 mo later. The duration of protective levels is some-
what reduced in older persons: approximately 25% of persons have no protective anti-
toxin antibody in 8 yr, but 90% can be protected after a single booster immunization
(10). There are no clinical efficacy studies in older persons. Information on adverse
reactions following Td toxoid in older persons is scant. The only contraindications to
Td toxoid is a history of neurological reactions (febrile or nonfebrile convulsions, ence-
phalopathy, or focal neurologic signs) or severe hypersensitivity reactions (urticaria or
anaphylactic reaction) associated with a previous dose (9).

2.3. Current Recommendations

Vaccination with Td toxoid is recommended for all older persons. The routine
immunizing schedule for older persons requires a series of three doses called primary
immunization. It is recommended for all older persons who are unimmunized, inad-
equately immunized, or whose history of immunization is unknown. The booster im-
munization, also with Td toxoid, is administered every 10 yr after the last dose, provided
the primary series has been completed.

The guidelines for tetanus prophylaxis in the management of wounds are the same
for all adults and have been further simplified (see Table 2) (9). With a clean wound,
older persons should receive a single booster at the time of acute treatment. If the
immunization history regarding the primary series is doubtful (or, as in most instances,
unknown), and the injury is more than a clean wound, older persons should receive Td
toxoid and passive immunization with human tetanus immunoglobulin. In either case,
the primary immunization series should then be completed.

2.4. Implementing Current Recommendations and Improving Utilization

Despite these well-publicized recommendations, tetanus has continued to occur in
the United States, primarily in older persons 60 yr of age who are highest risk for
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disease and death. This group (especially elderly women) is at highest risk because
they lack protective immunity; many have not received the primary series as children
(or in the military service for women), and routine periodic (every 10 yr) booster doses
of tetanus toxoid are frequently omitted (6). Cost effectiveness studies, however, sug-
gest that efforts to increase tetanus protection in older persons by establishing primary
immunization programs is a questionable use of health-care resources (11). More ef-
fective strategies to improve Td toxoid vaccine coverage in older persons are needed.
Implementation of two following recommendations could help accomplish this.

2.4.1. Identify Persons with High-Risk Conditions
Tetanus immunization programs, for community-residing older persons, would be

more cost effective if they were focused on older persons at high risk for tetanus-prone
injuries or conditions, especially at the time of the injury. This is probably best done by
identifying all older persons with soft-tissue injuries as being at high-risk for tetanus.
National and regional surveys have documented the problem of inappropriate under-
treatment of elderly patients with tetanus-prone wounds who subsequently develop
tetanus (5). Because >90% of tetanus morbidity and mortality are associated with soft-
tissue injury, the emphasis on appropriate wound management and the completion of the
primary series is an effective strategy in reducing the number of cases in older persons.

Because more than 65% of elderly preoperative surgical patients may lack protec-
tive serum antitoxin levels (12), the Td toxoid history of older persons should be estab-
lished prior to elective surgery, especially involving the gastrointestinal tract and
amputation of gangrenous extremities. Unless a satisfactory vaccination history is docu-
mentable, older patients undergoing high-risk tetanus-prone surgery should receive Td
toxoid and human tetanus immunoglobulin and complete the primary series following
surgery. The recently reported cost-effective strategy of a single Td booster at age 65
(13) would seem appropriate but only for those who have received the primary series.

Table 2
Summarized Recommendations of Advisory Committee on Immunization Practices
(ACIP) for Tetanus Prophylaxis in Routine Wound Management—United States, 1991a

History of
adsorbed tetanus

Clean, minor wounds All other woundsb

toxoid (doses) Tdc TIGd Td TIG

Unknown or <3 Yes No Yes Yes
>3e Nof No Nog No

aData from ref. 9.
bSuch as, but not limited to, wounds contaminated with dirt, feces, soil, saliva; puncture wounds; avulsions;

and wounds resulting from missiles, crushing, burns, and frostbite.
cTd = tetanus–diptheria toxoids, which are for adults preferred to tetanus toxoid alone.
dTIG = Tetanus immune globulin.
eIf only three doses of fluid toxoid have been received, then a fourth dose of toxoid, preferably an absorbed

toxoid, should be administered.
fYes, if more than 10 yr have elapsed since the last dose.
gYes, if more than 5 yr have elapsed since the last dose. More frequent boosters are not needed and can

accentuate side effects.



Vaccinations 291

Residents of nursing facilities (nursing home) with cutaneous ulcerations or vascu-
lar complications should receive the primary series unless there is documentation of
the complete primary series and at least one subsequent booster dose of Td toxoid
(including booster doses as wound prophylaxis). The question of primary immuniza-
tion programs for all older persons in nursing facilities has been debated, but informa-
tion to date suggests that the incidence of tetanus in nursing facility residents is
remarkably low. Thus, the recommendation that nursing facility medical directors
should establish institutionwide policies for tetanus immunization (14), similar to those
that promote influenza and pneumococcal immunization, seems premature.

2.4.2. Improve the Delivery of Vaccines

The low incidence of tetanus in the United States in infants, children, and young
adults is a result of widespread immunization programs supported by pediatricians,
mandated for schools, and implemented per military care regulations. Thus, older per-
sons remain largely unprotected because there are no dedicated programs for them.
Therefore, all clinicians must emphasize to their high-risk older patients the need for
adequate immunization with Td toxoid. For those who have received the primary series,
linking a single routine Td toxoid booster with a dose of pneumococcal vaccine at age
60 or 65 is an attractive strategy (8).

3. INFLUENZA VACCINES

3.1. Clinical Relevance

Although persons 65 yr old comprise approximately 13% of the United States
population and have low rates of infection with influenza virus (10% of total influenza
infections), they account for nearly 50% of the hospitalizations (20,000 to >300,000
per epidemic) and 90% of the deaths (20,000 to >40,000 per epidemic) attributed to
influenza. The highest estimated rates are among persons 65 yr old and persons of any
age with underlying cardiovascular disease in combination with either diabetes melli-
tus or chronic pulmonary disease (15).

Prevention of influenza virus infection by immunization is a formidable task in older
persons. Influenza A viruses, the primary cause of severe illness, are classified into
subtypes on the basis of their hemagglutinin (H) and neuroaminidase (N) antigens.
Sufficient antigen variation or drift within the same subtype, e.g., A/Texas/77 (H3N2)
versus A/Bangkok/79 (H3N2), may occur over time so that infection or immunization
with one strain may not induce immunity to related strains of the same subtype. Major
antigenic shifts, which herald pandemic influenza, produce “new” viruses to which the
population has no immunity, e.g., the shift in 1957 from H1N1 to H2N2. Influenza B
viruses also cause disease in older persons and, although they are much more antigeni-
cally stable than influenza A viruses, antigen variation does occur. Consequently,
influenza vaccine presently must be administered each year and include the inactivated
expected virus strains.

3.2. Immunizing Agent

Inactivated influenza vaccines consist of highly purified egg-grown inactivated
viruses in either a whole virus or split (subvirion) virus trivalent preparation containing
two type A strains and one type B strain. For the 1999–2000 influenza season in the
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United States, the standard trivalent inactivated influenza vaccine contained 15 µg each
of A/Beijing/262/95-like (H1N1), A/Sydney/5/97-like (H3N2), and B/Beijing/184/93-
like hemagglutinin antigens in each 0.5 mL dose of vaccine. A single intramuscular
0.5 mL dose is required each year for older persons (15).

Acute local reactions with mild to moderate soreness around the vaccination site
occur in approximately one-third of vaccines and last 1–2 d. Systemic reactions,
including fever with or without a flu-like illness, occur in less than 1% of vaccinees,
begin 6–12 h postvaccination, and persist for 1–2 d but are not associated with
higher rates of systemic symptoms in older persons compared to placebo injec-
tions (16).

Precautions to vaccination include immediate hypersensitivity reactions or docu-
mented immunoglobulin E (IgE)-mediated hypersensitivity to egg protein; older per-
sons with these findings should consult a physician for appropriate evaluation to help
determine if vaccine should be administered. Persons with a previous history of
Guillain-Barré syndrome (GBS) have an increased likelihood of coincidentally devel-
oping GBS after influenza vaccination, but whether influenza vaccination specifically
might increase the risk for recurrence of GBS is not known. However, many experts
believe that for most older persons who have a history of GBS and are at high risk for
severe complications from influenza, the established benefits of influenza vaccination
justify yearly vaccination. There are no studies to suggest an increased risk of reaction
in persons with multiple sclerosis or other chronic neurologic demyelinating diseases.
Although influenza vaccinations can reduce the clearance of theophylline and war-
farin, studies have not demonstrated any adverse clinical consequences attributed to
these drugs in vaccinees (15).

The proportion of elderly vaccinees who develop “protective” antibody titers post-
vaccination, i.e., serum hemagglutination inhibition (HAI) antibody titers of 1:40 or
greater, ranges from more than 85% for H3N2 vaccine antigens in healthy community-
based persons to 46–100% for H3N2 antigens and 20–69% for B antigens in ambula-
tory older persons in long-term care facilities. The antibody titers postvaccination for
elderly nursing facility patients demonstrate considerable heterogeneity and are sig-
nificantly lower than healthy young and healthy older persons (17). This suggests that
older persons with chronic diseases, medications, or other conditions frequently asso-
ciated with residence in long-term care facilities may be expected to respond less satis-
factorily to inactivated influenza vaccines. T-cell-mediated immune mechanisms, e.g.,
influenza A-specific cytotoxic T lymphocyte activity, are also important in influenza
viral clearance and appear reduced in older adults (18). Recent successful investiga-
tional efforts to improve the immunogenic response of older persons to influenza
vaccine have included a concurrent four-week series of subcutaneous injections of
thymic hormone, thymosin 1; the use of conjugated diphtheria toxoid-hemagglutinin
vaccine; and combined live intranasal and inactivated influenza vaccines. However, the
only currently licensed vaccine is the annual inactivated influenza virus formulation (19).

How effective is the vaccine? In a prospective cohort observational study of com-
munity-residing older persons during an influenza A epidemic, vaccination was associ-
ated with a reduction in the rates of hospitalization for pneumonia and influenza (57%), all
acute and chronic respiratory conditions (39%) and congestive heart failure (43%) (20).
The first randomized double-blind placebo-controlled trial in a similar population in
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the Netherlands demonstrated a risk reduction of nearly 60% for clinical influenza with
serological confirmation (21). A case-control observational study of influenza out-
breaks in nursing facilities indicated that, although the efficacy of influenza vaccine in
preventing uncomplicated illness was relatively low (28–37%). The vaccine was
substantial in reducing complications, including hospitalization or pneumonia
(50–60%) and death (80%) (22).

3.3. Recommendations
Presently, all persons 65 yr of age and older should receive annually the inactivated

parenteral influenza vaccine. The elderly subgroups that should be prioritized for orga-
nized vaccination programs include: (1) persons with chronic disorders of the cardio-
vascular or pulmonary systems, (2) residents of nursing facilities and other long-term
care facilities, (3) persons who require regular medical follow-ups or hospitalization
during the preceding year because of chronic metabolic conditions (including diabetes
mellitus), renal dysfunction, hemoglobinopathies, or immunosuppression (including
immunosuppression caused by medications) and (4) otherwise healthy older persons.
Because most residents in long-term care facilities have reduced antibody responses, it
is important that this elderly high-risk group receive influenza vaccine no earlier than
mid-October. In addition, all persons who have extensive contact with these higher-
risk older persons should also receive influenza vaccination annually. These people
include physicians, nurses, and other health-care team personnel, as well as formal and
informal providers of care in the home setting (15).

Strategies for implementing current recommendations and improving utilization of
influenza vaccine (together with pneumococcal vaccine) will be discussed as in Sub-
heading 4.4.

4. PNEUMOCOCCAL VACCINE

4.1. Clinical Relevance
The overall annual incidence of pneumococcal bacteremia is 50–80 cases per

100,000 in persons 65 yr of age and older; approximately 85% of these cases are asso-
ciated with pneumonia. Despite appropriate antimicrobial therapy and intensive medi-
cal care, the overall case-fatality rate for pneumococcal bacteremia in older patients is
30–40%; nearly 50% of these deaths could potentially be prevented by the use of pneu-
mococcal vaccine (23). Moreover, the continued emergence of drug-resistant Strepto-
coccus pneumoniae and its clinical importance further emphasizes the need for
preventing pneumococcal infections by vaccination (24).

4.2. Immunizing Agent
The current recommended immunizing agent is pneumococcal vaccine, polyvalent.

In July 1983, a 23-valent preparation was licensed in the United States to replace an
earlier 14-valent preparation. The vaccine contains purified polysaccharides antigens
representing 85–90% of the serotypes (1-5, 6B, 7F, 8, 9N, 9B, 10A, 11A, 12F, 14, 15B,
17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F [Danish nomenclature]) that cause invasive
pneumococcal infections in the United States. The vaccine is formulated so that each
0.5 mL dose contains 25 µg per component in a diluent of isotonic saline containing
0.25% phenol (PNEUMOVAX®) or 0.01% thimerosal, a mercury derivative, (PNU-
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IMUNE) as preservative. The dose is administered subcutaneously or intramuscularly.
Pneumococcal vaccine and influenza vaccine can be given at the same time, if different
sites are used, without decreasing the antibody response of either vaccine or substan-
tially increasing the side effects (23).

Vaccine-associated reactions occur within 24 h of injection in approx 30% of
vaccinees and consists primarily of mild local side effects, e.g., discomfort, erythema
and induration and persists for <48 h. Intradermal administration may cause more
severe local reactions and is contraindicated. Fever of 100°F (37.7°C) or greater occurs
in 2% of vaccines and generally lasts <24 h. Severe systemic reactions, e.g., fever
( 103°F [39.4°C]), headache, myalgias, and chills, or anaphylactoid reactions were
not reported in >7000 vaccinees (25). No neurologic disorders, e.g., GBS, have been
associated with administration of the vaccine (23).

The mechanism of protection following vaccination is similar to natural infection
and depends on the production of opsonizing antibodies that promote phagocytosis of
the homologous types. The level of type-specific antibody, which is protective against
each type, has not been determined, and there is considerable variation in individual
vaccinee’s response. Most adults respond to the vaccine in 2 wk with a maximum
response in approx 4–6 wk. Antibody concentrations and responses in older persons,
especially those with alcoholic cirrhosis, chronic obstructive pulmonary disease, and
insulin-dependent diabetes mellitus, are lower than in healthy young adults. In older
immunocompromised patients, e.g., those with anatomic asplenia, leukemia, lym-
phoma, multiple myeloma, nephrotic syndrome, Hodgkin’s disease, or acquired immu-
nodeficiency syndrome, the antibody response is often further diminished or absent.
The duration of “protective” serum antibody levels in older persons following vaccina-
tion is unknown but does decline after 5–10 yr and declines more rapidly in those
immunocompromised/ immunosuppressed (23).

A meta-analysis evaluating the results of nine postlicensure, randomized-controlled
studies did not demonstrate pneumococcal vaccine efficacy against nonbacteremic
pneumococcal disease persons in high-risk groups, including persons aged 65 yr.
Problems with evaluating vaccine efficacy in these studies include lack of sensitivity
and specificity in diagnosing nonbacteremic pneumococcal pneumonia and other biases
(25). The effectiveness of vaccination of persons 65 yr old against invasive (bacte-
remic) pneumococcal infections, as demonstrated in observational nonrandomized
case-control studies or serotype prevalence studies based on a national pneumococcal
surveillance system, was 80% and 75%, respectively (23).

4.3. Current Recommendations

All persons 65 yr of age and older should receive pneumococcal vaccine. These
include both (1) immunocompetent persons 65 yr or older who are otherwise healthy
and those who are at increased risk of pneumococcal disease or its complications
because of chronic illness, e.g., congestive heart failure, chronic pulmonary disease,
diabetes mellitus, cirrhosis, alcoholism, or cerebrospinal fluid leaks; and (2) immuno-
compromised older persons with conditions noted previously. Persons undergoing
elective splenectomy or immunosuppressive treatment, including long-term systemic
corticosteroids, should be vaccinated at least 2 wk, or as early as possible, prior to
treatment (23).
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Revaccination is recommended once for persons 65 yr old who are at risk for seri-
ous pneumococcal infections and are likely to have a rapid decline in pneumococcal
antibody levels. This group includes those older persons noted above who are
immunocompromised or immunosuppressed. In addition, all other persons aged 65 yr
should receive a second dose of pneumococcal vaccine if they received the vaccine

5 yr previously and were aged <65 yr at the time of the primary vaccination. Routine
revaccination following a second dose is not recommended at this time (23). Although
revaccination with pneumococcal vaccine 6 yr after primary vaccination provides a
less satisfactory “booster” response in older persons, this is not associated with an
increase in adverse side effects (26). Older persons with unknown vaccination status
should be administered one dose of vaccine (23).

4.4. Implementing Current Recommendations and Improving Utilization
of Influenza and Pneumococcal Vaccines

Despite the well-supported recommendations for influenza and pneumococcal vac-
cines, the combined cause-of-death category of pneumonia and influenza is the fifth
leading cause of death in the United States among persons aged >65 yr. Recent self-
reported vaccination levels for persons aged 65 yr for 1995–1997 indicate that annual
influenza vaccination increased from 58–65% and overall pneumococcal vaccination
increased from 37–45%. Overall, persons aged 65–74 yr are less likely than persons
aged 75 yr to report receipt of influenza (63% versus 69%) or pneumococcal (42%
versus 51%) vaccinations. Levels for influenza and pneumococcal vaccines adminis-
trations are lower among non-Hispanic blacks (50% and 30%, respectively) and His-
panics (58% and 34%, respectively) and for those who had no visit to a physician
during a previous year (47% and 29%, respectively) (27). These findings indicate a
substantial improvement in coverage levels, but for some groups the levels remain low,
especially for pneumococcal vaccine. More effective strategies to improve influenza
vaccine and pneumococcal vaccine for all persons aged 65 are needed and should
include the following.

4.4.1. Identify Persons with High-Risk Conditions

 Older persons with underlying chronic diseases, especially cardiac and respiratory
conditions, are at highest risk for complications of influenza and pneumonia. These
patients, plus older persons with other high-risk medical conditions for which influ-
enza and pneumococcal vaccines are recommended, are easily identified because they
require regular medical follow-ups in the community, frequent hospitalizations, or
admissions to long-term care facilities. All clinicians should review the older patient’s
vaccination status at each of these sites to establish and implement effective immuniza-
tion programs with influenza and pneumococcal vaccines for older persons.

4.4.2. Improve the Delivery of Vaccines
Community-based primary care physician offices are primarily responsible for pro-

viding influenza vaccines to most elderly vaccinees, and, in all likelihood, these same
offices are the most frequent sites for older persons to receive pneumococcal vaccine.
All primary care clinicians should schedule a prevention visit for all patients when they
reach age 50 yr to assess vaccination status and provide appropriate vaccines and other
preventive measures as recently recommended (1,2). This scheduled visit should then
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be extended regularly after the age of 50 yr. The finding that more than 75% of pneumo-
coccal vaccinations are administered in September through December (the same sea-
son as recommended for influenza vaccine) emphasizes the important opportunity for
improving vaccination rates during a single office visit during late autumn or early winter.

New strategies to improve the delivery of these vaccines include direct payments to
physicians for each vaccine dose administered to older persons with high-risk condi-
tions. Financing through Medicare since 1993 has substantially expanded immuniza-
tion rates for influenza vaccine especially in physician’s offices, and should prove more
cost effective than setting up large public clinics in which vaccination rates are vari-
able and low (28). Despite Medicare reimbursement since 1981, the lower utilization
rates for pneumococcal vaccine continue, which suggests the need for additional
efforts in promoting the use of pneumococcal vaccine. Methods by which office prac-
tices have increased vaccination rates include telephone and postcard reminders for
patients and computer-generated reminders and peer comparisons for physicians and
office staff (29,30).

Although physicians’ offices and public clinics will remain the principal setting for
immunization against influenza and pneumococcal disease, acute-care hospital-based
immunization programs (including emergency rooms and walk-in clinics) can also pro-
vide a major opportunity for improving the vaccination status of older persons. Nurs-
ing facilities and other residential long-term care facilities should also be included as
sites for promoting vaccinations. In nursing facilities that require written informed con-
sent, however, influenza vaccination rates of residents are approximately 60% versus
approx 90% for residents in those facilities that do not have this requirement (31). If
this barrier persists, and if appropriate means of “informing” residents and their
families are not developed, then nursing facilities and other long-term care facilities
will provide less than optimal sites for implementing vaccine recommendations for
older persons.

4.4.3. Improve the Acceptance of Older Persons

Easy access to vaccines, however, does not guarantee satisfactory vaccination rates.
Older persons frequently do not receive influenza and pneumococcal vaccines for sev-
eral reasons including the perception of not needing vaccination, lack of a physician’s
recommendation, concern about adverse events following vaccination, and perception
of vaccine ineffectiveness (32). The lack of acceptance by older persons of influenza
and pneumococcal vaccines is frequently related to the lack of information and proper
guidance by their physicians. Furthermore, although physicians know the importance
and appropriateness of vaccination for older persons, they greatly under prescribe them
for their own patients.

To help allay fears and doubts about the effectiveness and safety of vaccines, older
persons need the support of their families and their physicians and other members of
the health care team regarding future vaccinations. Older persons (and their families)
should receive full and accurate information concerning the efficacy and safety of the
vaccination. Explanations must be presented in a clear and meaningful way regarding
the relative risks of suffering serious side effects versus the relative risk and dangers to
persons their age (and with their health problems) of contracting the disease and its
complications. This can best be accomplished with direct discussions with the patient’s
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physician or other members of the health care team. In addition, these discussions can
take place in special settings, e.g., nutrition and recreation centers, high-rise apart-
ments, church socials, and the like. Additional studies are needed to help vaccine pro-
moters assess the types of education and motivation needed for targeted persons to
become immunized.

The foregoing suggestions for implementing existing recommendations for immu-
nization of persons aged 65 yr will require continued efforts to improve utilization of
the targeted vaccines for this high-risk group. All physicians, and other members of the
health care team, can play a major role now by acting as effective role models in imple-
menting the current recommendations during the care of their older patients. This would
be especially effective in promoting hospital-based immunization programs with house
staff and in promoting long-term care facility-based programs with nursing personnel.
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Nutritional factors have been suggested to mediate, at least in part, the immune dys-
function and increased risk of infection common in older adults (1,2). A variety of
nutrients directly and indirectly influence immune function and presumably infection
risk (see Fig. 1 from ref. [3]). However, few nutritional interventions have as yet shown
clear clinical benefits. This chapter examines the prevalence, clinical manifestations,
and diagnosis of malnutrition in elderly adults and summarizes the currently available
data regarding the role of nutritional supplements in the prevention or treatment of
infectious diseases in the elderly.

1. EPIDEMIOLOGY AND CLINICAL RELEVANCE

Malnutrition is rare in developed countries, but in the United States and other West-
ern cultures the elderly represent a population at special risk (see Table 1) (4,5). Nutri-
ent intake is often reduced in older adults by comorbidities such as dental disorders,
stroke, dementia, or cancer. Furthermore, elderly adults often live alone, rarely prepare
food for themselves, may substitute cheaper foods in place of more expensive but more
nutritious foods, or live in nursing homes or are homebound with minimal sunlight
exposure (that may lead to reduced vitamin D synthesis). Finally, some nutrient
requirements increase with age; thus, the elderly are at much higher risk than the general
population for nutritional deficiencies (see Table 2).

1.1. Global Malnutrition

Global malnutrition (decreased intake or increased requirements for protein and calo-
ries) is the most common nutritional deficit of elderly subjects. Among older subjects
admitted to acute care hospitals or chronic care facilities, up to 65% are undernour-
ished (6–8). This malnutrition is associated with significant adverse clinical outcomes.
Volkert and colleagues (9) found a close correlation between nutritional status on admis-
sion and subsequent risk of hospital death, but the association remained after hospital
discharge and the mortality rate remained higher over an 18-mo follow-up. Sullivan
and Walls (10) also found an increased risk of morbidity and mortality in undernour-
ished elderly admitted to a Veterans Affairs (VA) geriatric rehabilitation unit (GRU),
and further demonstrated that much of the risk is due to infection. They evaluated 350
randomly selected patients admitted to the GRU and determined the value of 96 medi-
cal, functional, socioeconomic, and nutritional variables for predicting life-threatening
complications. Only five variables were predictive of life-threatening complications,



300 High

Fig. 1. Interactions of nutritional factors with immune function in elderly adults. Reprinted
with permission of ref. (3). PG = postaglandins; LT = leukotrienes

three of which were nutritional (serum albumin, body mass index, and amount of weight
loss in the prior year; the other two variables were renal function and activities of daily
living). Seventy-one life-threatening events occurred, of which 28 (39%) were clearly
infectious (complicated pneumonia or sepsis). These authors further validated their
model in a prospective cohort and found the five variable model listed to be 88% sen-
sitive, 61% specific, and 65% accurate for predicting life-threatening events. Thus, it
appears that evidence of malnutrition is a strong predictor of morbidity and mortality in
older institutionalized adults.

If not present at the time of admission, undernutrition may become evident in elderly
patients during hospitalization. Sullivan and colleagues (11) prospectively studied a
VA population (98% male) of 497 patients who were well nourished at the time of
admission to an acute care hospital. Patients were admitted for a variety of ailments
with 54% admitted to the medical service and 46% to the surgical service. One hun-
dred-two of the these patients (21%) had an average daily in-hospital nutrient intake of
<50% of their calculated caloric needs. As expected, the undernourished group had
lower discharge values for serum cholesterol, albumin, and pre-albumin, and lost
slightly more weight than the well nourished group. Importantly, this group also expe-
rienced higher risk of death in-hospital (relative risk [RR] 8.0, 95% confidence internal
[CI] [2.8–22.6]) and at 90 d (RR 2.9 [1.4–6.1]), and were more likely than their well-
nourished counterparts to require discharge to a nursing or rehabilitation facility (RR
2.3 [1.1–4.6]). Major contributing factors to the undernutrition of hospitalized elderly
included: “nothing by mouth” orders without nutrition via another route and ineffective
use of canned supplements and nutritional support services. The major flaw in this
observational cohort study is that it does not distinguish whether the undernutrition
caused the adverse events or whether sicker patients were more likely to have poor intake
and adverse outcomes (i.e., a confounding relationship). If anything, the undernour-
ished group appeared to be healthier at baseline than the well-nourished group (more
likely to have been admitted electively and better self-assessment of baseline health).
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Other recent studies suggest that undernutrition is not confined to hospitalized eld-
erly, but occurs in community-dwelling, apparently healthy elderly (reviewed in [5]).
Wilson and colleagues (12) reviewed the records of 1017 outpatients in St. Louis and
found evidence of undernutrition in 85 (8%). The elderly (age >65 yr) were more likely
to be undernourished than younger subjects (11% vs 7%, RR 1.6 [1.5–2.51]). Undernu-
trition was only recognized 43% of the time in older adults, and only 14% had an
intervention to correct the underlying cause. Intentional weight loss and a prescribed

Table 1
Common Nutritional Deficiencies in the Elderly

Estimated prevalencea
Physical symptoms and signs and

Nutrient NH/Hosp (%)  Comm (%) laboratory evidence of deficiency

Protein/calorie 17–65 10–25 Anorexia, depression, muscle wasting,
dermatitis, depression, peripheral
edema, low serum albumin, lymphopenia

Vitamin A 2–20 2–8 Skin dryness, corneal changes, night
blindness

Vitamin B12 7–15 Dementia, depression, neuropathy,
megaloblastic anemia

Vitamin D 20–40 2–10 Weakness, osteoporosis/osteomalacia
Vitamin E 5–15 Cerebellar ataxia, decreased relexes,

myopathy
Zinc 15–25 Loss of taste, lethargy, poor wound healing

aTrue prevalence is difficult to estimate and dependent on measure employed (i.e., intake, serum levels,
tissue levels, change in physiologic measures). See text.

NH = nursing home; Hosp = hospital; Comm = community.

Table 2
Metabolic Changes with Aging and Risk Factors for Malnutrition in the Elderly

Increased protein requirement
Decreased protein synthesis
Decreased nitrogen retention

Increased micronutrient requirement
Synthesis of vitamin D in the skin declines
Decreased renal hydroxylation of vitamin D to dihyroxyvitamin D
Atrophic gastritis and decreased stomach acid decreases absorption of

Vitamin B12, calcium, iron, and folate

Decreased nutrient intake
Loss of taste and smell
Food avoidance: milk products, limited menu
Dental disorders/ ill-fitting dentures
Comorbidities (e.g., chronic obstructive pulmonary disease, congestive heart

failure, cancer, depression, dementia)
Social isolation/living alone; rarely prepare meals
Economic factors: choosing between medications/food/rent
Medications: digoxin/other appetite suppressants
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diet were the most common causes of undernutrition in younger patients, but rare in the
elderly. Depression (30%), poorly controlled diabetes (9%), cancer (9%), oropharyn-
geal disease (7%), dementia (5%), and drug reactions (3%) were common, potentially
treatable causes in elderly adults.

1.2. Micronutrient Deficiency

Micronutrients can be broadly classified into vitamins (e.g., vitamins A, B-complex,
C, D, E) and trace elements (e.g., zinc, selenium). Estimating the prevalence of micro-
nutrient deficiencies in the elderly is difficult for several reasons. First, age-specific
requirements for dietary intake or physiologic functions have not been firmly estab-
lished. Second, dietary intake data may not accurately reflect serum levels of micronu-
trients, and serum levels may not accurately reflect tissue levels. Finally, “adequacy”
may depend on the outcome measured.

A good example of these principles is vitamin A. Vitamin A is a fat-soluble vitamin,
stored in the liver, and essential for both ocular and immune function. A French nurs-
ing facility study (13) evaluated four measures of vitamin A deficiency in elderly adults:
oral intake, urinary excretion in response to an oral vitamin A load, corneal cytology,
and serum levels. These measures assessed vitamin A deficiency to be present in 55%,
21%, 6%, and 2% of nursing facility residents, respectively. The relevant serum level
to determine vitamin A deficiency is also unclear. Ocular function may begin to decline
when serum vitamin A is <0.7 µmol/L, whereas poor immune function may become
apparent at levels <1.05 µmol/L (14). The World Health Organization definition for
vitamin A deficiency is determined by ocular complications.

Deficiency of several other vitamins that influence immune function is also prevalent
in elderly adults (see Table 2). Vitamin D deficiency is particularly common in the elderly
due to a combination of social factors. Inadequate dietary intake (due to decreased
consumption of milk and other dairy products) may be compounded by minimal sunlight
exposure. A 1995 U.S. study (15) suggested that 54% of homebound and 38% of nursing
facility resident elderly were vitamin D deficient by serum measures (i.e., serum concen-
tration <25 nmol/L). Vitamin D is typically an immunosuppressive vitamin, so there are
no supplementation trials with immune response outcomes in the elderly, but some have
speculated that vitamin D deficiency might contribute to the increased incidence of auto-
antibodies in the elderly. Obviously, vitamin D is extremely important for the prevention
of osteoporosis and other metabolic disorders in older adults.

Atrophic gastritis, present in up to one third of elderly adults, is associated with
vitamin B12 deficiency. Low serum vitamin B12 is present in 7–15% of older adults and
associated with reduced responses to pneumococcal vaccine (16).

Vitamin E deficiency is often defined by oral intake rather than serum or tissue
levels, a practice that may significantly underestimate prevalence. In a study of free
living, healthy elderly, Chandra (17) found 8.3% of elderly adults had serum vitamin E
levels below the 95% confidence interval for “normal” adults (12–48 µmol/L). Addi-
tional data suggest that using these serum values may still underestimate the preva-
lence of clinically significant vitamin E deficiency as maximal immune responses in
older adults have been correlated with serum levels >48.4 µmol/L (18).

Two trace elements, zinc and selenium, have received significant attention in recent
years with regard to immune function and deserve comment. Zinc intake falls through-
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out life and declines below the U.S. recommended dietary allowance (RDA) of 0.2 mg/kg
(12–15 mg/d) in the majority of older adults. One study of 118 healthy elderly in the
Detroit area showed a mean zinc intake of 9.06 mg/d (19). Serum zinc levels in that
study were comparable in young and older adults, but cellular levels (granulocytes and
lymphocytes) were significantly lower in older adults. Selenium, a component of glu-
tathione peroxidase, can have significant effects on immune function and has been
touted as a cancer preventive agent in recent studies. Selenium deficiency is common
in some parts of the world, particularly Asia and New Zealand, where selenium defi-
ciency in the soil is common. In the U.S., selenium deficiency is rare, and although
some studies suggested it may be present in elderly nursing facility residents or hospi-
talized patients receiving chronic tube feedings, currently available tube feeding
formulations almost always contain selenium in sufficient quantities.

2. CLINICAL MANIFESTATIONS
There are several major risk factors for malnutrition in the elderly that may serve as

clinical clues to the diagnosis. Poverty, social isolation, dependence or disability, chronic/
multiple medications, and dental disorders all increase the risk of malnutrition in elderly
adults. Obviously, many comorbidities are also risk factors (e.g., depression, stroke, con-
gestive heart failure) and have specific symptoms and signs associated with the underly-
ing disorder. Clinical clues of global undernutrition in elderly patients include: low body
weight, muscle wasting, sparse/thinning hair, flaking dermatitis, cheilosis/angular sto-
matitis, poor wound healing, and peripheral edema. Specific symptoms, signs, and labo-
ratory abnormalities associated with micronutrient deficiency are shown in Table 1.

3. DIAGNOSTIC TESTS
There are several office assessments of nutritional status that have been validated in

elderly adults and thoroughly reviewed elsewhere (20). That extensive reference
includes nomograms, chart forms, drug/nutrient interaction checklists, and nutrition-
screening protocols ranging from simple waiting room questionnaires to detailed an-
thropometric measures and laboratory assessments. One helpful screen is to assess
weight and height and calculate body mass index (BMI; weight in kg/(height in cm)2).
Barrocas and colleagues (20) suggest that older adults who experience >5% loss of
body weight in 1 mo, a body weight >20% below ideal body weight or a BMI >27 or
<22 have a more thorough assessment of nutritional status.

4. NUTRITIONAL THERAPY FOR PREVENTION OF INFECTION
4.1. Supplementation to Enhance Immune Responses and Prevent Infection

Despite volumes of very strong evidence that malnutrition is common in the elderly
and associated with poor immune function, there are very few studies that have shown
nutritional support can improve clinical outcomes in this population. These studies are
very difficult to perform, rarely done in hospitalized patients or nursing facility residents,
and require large sample sizes to be powered for statistical significance for clinical end-
points, and, thus, usually employ surrogate laboratory markers. A few trials did reach
significant clinical endpoints and are noted below in this subheading; the remainder of
trials utilized measures of immune function (antibody titers, delayed-type hypersensitivity
[DTH] responses, lymphocyte functional assays, and the like) (see Table 3) (17–19, 21–41).
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Table 3
Summary of Supplementation Trials and Immune Response in Elderly Adults

Sample Time (mo)/
Ref. Size Trial type Nutrient(s) Major findings/comments

Multivitamin/mineral supplement or commercial formula
(21) 47 12/R Multivitamin/mineral supplement  NK cells, slowed decline of CD4+ cells
(22) 30 1/RP 100 mg vit C, 50 mg vit E,  T cells, CD4+ cells, CD4/CD8 ratio, and

8000 IU vit A lymphocyte responses
(17) 96 12/RP Multivitamin/mineral supplement  IL-2, lymphocyte responses;  number

of days with illness
(23) 56 6-12/RP Multivitamin/mineral supplement  DTH responses at 12 mo
(24) 21 2/Pre-Post Commercial formula  DTH responses
(25) 58 3/Obs Macro-, micronutrient supplement  DTH responses
(26) 34 12/Pre-Post Targeted intervention for deficiency  T cells; Zn++ deficient patients appeared

to benefit most
Zinc supplementation
(27) 103 3/RP 15, 100 mg zinc as zinc acetatea No change in DTH or mitogen responses
(28) 63 12/RPb 15, 100 mg zinc as zinc acetatea  DTH responses, NK cell activity, and

lymphocyte proliferation
(29) 118 3/RPc Vit A 800 mg retinyl palmitate Retinol:  CD3, CD4; Zn++:  CD4+, cytotoxic

and/or Zn++ 25 mg sulfate T cells (CD3+, CD16+ and CD56+)
(30) 84 1/RP 220 mg bid zinc sulfate No change in antibody responses to influenza

vaccine
(31) 5 1/Pre-Post 55 mg zinc sulfate  DTH responses
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(19) 13 6/Pre-Post Zn++ 30 mg gluconate  IL-1, DTH
(31) 8 4.5/Pre-Post Zn++ 30 mg (elemental) bid  Lymphocytes, polymorphonuclear neutrophils,

DTH responses
(33) 30 1/Obs 220 mg zinc sulfate  T lymphocytes and DTH responses, no change

in mitogen responses
Vitamin E supplementation
(34) 32 1/RP 800mg vitamin E  DTH responses, IL-2 responses,

PGE-2 production
(35) 80 1-4.5/RP 60, 200, 800 IU vitamin E  DTH responses at all three doses,  mitogen

responses only in the 800 IU group
(18) 88 8/RP Vit E 60,200 or 800 mg qd  DTH responses and primary responses to

T-dependent antigens; no effect on booster
or T-cell-independent responses

Vitamin A/ -Carotene supplementation
(36) 20 3/RP 15, 30, 45, 60 mg -Carotene CD4+ and NK cells, and number of IL-2 receptors
(37) 109 One dose/RP Vit A 200,000 units No change in infection rates or antibiotic use
(45) 21 144/RP -Carotene 50 mg qod/ASA 325 mg  NK cell activity w/out altering NK cell

qod/both/neither percentage, IL-2 or IL-2 receptor
Other/miscellaneous supplementation
(39) 20 1/RP 500 mg injection of vitamin C  DTH responses
(40) 158 --/Pre-Post 400 mg vitamin C   IgG, IgM, and C-3 (complement) levels
(41) 15 1–2/Obs 50 mg vitamin B6  CD4+ cells and lymphocyte responses

aWith additional multinutrient supplement.
bPartial crossover design.
cFactorial design.
Abbreviations: RP = randomized/placebo controlled; Pre-Post = pre-test, post-test; Obs = observational; = increase; = decrease; IL-2 = interleukin-2;

PGE-2 = prostaglandin E-2; DTH = delayed-type hypersensitivity; Zn++ = zinc; NK = natural killer; qd = once daily; bid = twice daily; qod = every other day;
IU = international unit; Ig = immunoglobulin
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Multivitamin/mineral supplements have been given in a variety of study designs as
outlined in Table 3. All these studies report enhancement of at least some surrogate
markers (e.g., DTH responses, cytokine production). The only interventional study to
clearly show benefit for preventing clinical events in elderly outpatients was published
by Chandra (17). Chandra provided a custom supplement of retinol; -carotene; thia-
mine; riboflavin; niacin; pyridoxine; folate; vitamins B12, C, D, E; iron; zinc; copper;
selenium; iodine; calcium; and magnesium. All subjects were healthy elderly in the
community. The design was 12 mo, double-blind, randomized, and placebo-controlled,
and all subjects received supplements regardless of baseline nutritional status. The
groups were well matched for nutritional variables and measures of immune response
at baseline. Assessment of clinical illness was performed by a single physician blinded
with regard to treatment assignment. After 12 mo, there was less overall vitamin defi-
ciency in the supplemented group. Furthermore, CD4+ T-cell percentage, natural killer
(NK) cell activity, mitogenic responses, and interleukin-2/interleukin-2 (IL) receptor
expression were enhanced in the supplemented group. Most importantly, clinical ill-
ness was reduced. Over the 12 mo follow-up, the supplemented group had an average
number of “illness days” of 23 vs 48 in the placebo group (p = 0.002; see Fig. 2), and
antibiotic use was lower as well (18 vs 32 d, respectively; p = 0.004).

One study in institutionalized elderly utilizing a multivitamin/mineral supple-
mentation strategy also showed decreased infection rates over a 2-yr supplementation
trial (42). In that study, nursing facility residents were randomly assigned to receive daily
placebo, trace elements (20 mg zinc + 100 µg selenium), vitamins (120 mg vitamin C,
6 mg -carotene, and 15 mg vitamin E), or both vitamins and trace elements. There were
no immunologic studies performed, but the mean number of infections (respiratory and
urinary tract infections were counted) was reduced in both groups taking trace elements
vs placebo. Interestingly, the trace element group alone had the lowest rate of infection,
and the vitamin + trace element group had similar rates of infection as the vitamin alone
group. Importantly, this was a very small study (approximately 20 patients/group) with
four groups, and it is difficult to draw firm conclusions from a study of this size.

Roebothan and Chandra (26) also investigated targeted supplementation in a group
of 47 malnourished elderly adults in Newfoundland. In this approach, subjects were
provided with supplements limited to those micronutrients in which they were defi-
cient at baseline. If a subject was globally malnourished, they received a commercial
high-protein/calorie supplement fortified with a variety of micronutrients. Zinc or zinc
plus a global protein/energy deficiency were the most common deficiencies noted. The
group was not large enough to determine clinical outcomes, but this targeted approach
also improved some immune outcomes, though the evaluation was not as extensive as
that employed in the study described earlier (43). Although a targeted approach is more
scientifically satisfying, it is probably not practical in the clinical setting, and a blanket
recommendation for all elderly to take a single multivitamin/mineral supplement each
day seems reasonable.

4.2. Zinc Supplementation Studies

Studies in older adults have given several forms of zinc that range in dose from
15 mg/d of zinc acetate to 220 mg of zinc sulfate twice a day. Often zinc was adminis-
tered with other single vitamins or a multivitamin supplement (see Table 3). Most dem-
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onstrated enhanced DTH responses, and many show enhanced lymphocyte numbers
and function of NK cells, but no benefit for boosting humoral immune responses. Only
the nursing home study (42) described in Subheading 4.1. demonstrated statistical sig-
nificance for reducing infections.

4.3. Vitamin E Supplementation Studies

Vitamin E, an antioxidant vitamin that has been touted as a preventive measure for
many human conditions including heart disease and cancer, has also been extensively
studied in the elderly as a booster of immune responses. It is not clear how vitamin E
augments immune responses, perhaps via altering cytokine generation from T-cells or
macrophages (see Fig. 1). Vitamin E supplementation has consistently improved DTH
responses in elderly subjects with doses as low as 60 mg/day (see Table 3). Additional
benefit of augmented responses to primary immunization with T-cell-dependent anti-
gens may also occur at higher doses. Meydani and co-workers (18) examined three
different daily doses of vitamin E (60, 200, or 800 mg/d) in healthy elderly and deter-
mined vitamin E’s influence on DTH responses, hepatitis B vaccine (a T-cell-depen-
dent antigen, primary immune response), tetanus/diphtheria vaccine (T-cell-dependent
antigens, secondary (booster) immune response), and pneumococcal vaccine (a T-cell-
independent antigen). Recipients of any of the three vitamin E doses demonstrated
enhanced DTH responses, with the greatest benefit among those receiving 800 mg/d.
Primary T-cell antigen responses (hepatitis B vaccine) were augmented in all three
groups as well (no dose response). There was no clear benefit of vitamin E administra-
tion with regard to vaccine responses to recall antigens (diphtheria and tetanus), nor
T-cell-independent antigens (pneumococcal polysaccharides), although subjects pro-
vided 200 mg/d did realize a greater increase in tetanus titers than the placebo group.

Fig. 2. Days of infection in supplemented (shaded area) and unsupplemented (open area)
elderly. Reprinted with permission of ref. (17).
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Based on these and other data, the authors felt there may be a “threshold” effect and
that supplementation with 200 mg/d might represent an optimum regimen. However,
the study was too small to conclusively decide this issue. The study was also
underpowered to achieve significance for clinical endpoints, but in the discussion
section, the authors state that self-reported infections were 30% lower in the three
vitamin E-treated groups vs the placebo group (p = 0.10).

4.4. -Carotene and Vitamin A

Vitamin A is absolutely essential for proper immune function (44), but long-term
supplementation can lead to hepatotoxicity. Thus, there are a few studies with
vitamin A, and these have shown mixed results (see Table 3). The vitamin A precur-
sor, -carotene, is not associated with liver toxicity and therefore is often used in
supplementation trials. The Physicians’ Health Study findings suggest that -carotene
can enhance NK cell activity in elderly men (65–86 yr of age) even over very prolonged
follow-up (144 mo) (45). No clinical benefit was noted with -carotene supplementa-
tion in this study with regard to the protocol endpoints of heart disease and cancer, and
other studies raise some concern regarding blanket recommendations for -carotene
supplements in all elderly (see Subheading 4.5.).

4.5. Cautions Regarding Nutritional Supplementation

The public often regards vitamin therapy with the notions that if “some is good,
more is better,” and nutritional products are not likely to do harm. Unfortunately, this is
not always true, and caution should be exercised in recommending vitamin therapy in the
absence of clear data to support its use. An excellent example of risk associated with
vitamin intake is -carotene. As described in Subheading 4.4., -carotene can enhance
NK cell function and consumption of foods high in -carotene has been associated with
decreased risks of cancer. Furthermore, vitamin A, a prominent metabolite of -carotene,
has some demonstrated efficacy in reducing second squamous cell cancers in patients
with head and neck cancers. Thus, -carotene, vitamin A (or both) supplementation
trials in smokers at risk for lung cancer were initiated in two prevention studies, one in
Europe, the other in the U.S. Both studies were stopped prematurely due to increased
deaths in the -carotene/retinol supplemented groups vs placebo control patients
(46,47). These studies highlight the dangers that may follow seemingly harmless nutri-
tional interventions without appropriate clinical trial data to support its use.

5. NUTRITIONAL THERAPY DURING ESTABLISHED INFECTION

Nutritional therapy has been employed in a large number of studies for many serious
illnesses, but few have specifically focused on elderly subjects with infectious diseases.
Several investigators have examined vitamin C (ascorbic acid) for the prevention
and treatment of respiratory tract infections. One such study was performed in
hospitalized elderly patients with bronchitis or pneumonia (48) and compared vitamin C
200 mg/d vs placebo in 57 patients. Supplementation rapidly increased plasma and
cellular vitamin C levels, and may have slightly improved respiratory functional status,
particularly in those with the most severe illness on admission. However, variable fol-
low-up, small numbers of patients, and unplanned subgroup analyses suggest these
data must be interpreted with caution.
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Less severe, but very common, infections have also been the subject of nutritional
interventional studies. In particular, zinc supplementation has been suggested to be ben-
eficial for wound healing, especially for venous stasis ulcers, a common condition in the
elderly. A recent meta-analysis (49) suggests that zinc supplementation, if helpful at all,
is only likely to be of value in those patients with low serum zinc at the initiation of
therapy. The appropriate dose and duration are not known, but in most studies 200–220 mg
or zinc sulfate three times a day was given as the therapeutic regimen.

6. NUTRITIONAL THERAPY DURING CONVALESCENCE
AFTER INFECTION

Perhaps the most poorly studied aspect of nutritional therapy is its use after a serious
illness. Data from surgical patients suggest that the nutritional demands of the elderly
remain during the period of convalescence with weight loss continuing for up to 8 wk
after hospital discharge. Few studies of sufficient power and appropriate design have
been performed in the elderly that examine the influence of nutritional supplements on
the risk of infectious diseases following other serious illness. Community-acquired
pneumonia (CAP) is a common serious illness in the elderly and a recent study from
Spain (50) suggests that up to 85% of elderly patients with CAP are malnourished at
the time of admission (vs 53% of age/gender-matched controls admitted for other rea-
sons in that study). Woo and co-workers (51) studied the effects of nutritional supple-
mentation during convalescence from CAP in a group of elderly patients in Hong Kong.
Most of these patients were not institutionalized but lived in the community with
spouses or family. Patients were randomly assigned to receive 500 mL daily of a com-
mercially available supplement (Ensure®) or no supplement for 1 mo following
discharge. As expected, several nutritional variables showed greater improvement in
the supplemented group than in the nonsupplemented group. In addition, supplemented
elderly were more likely to be physically active and had a higher functional status
and less difficulty sleeping during follow-up visits (up to 3 mo) than nonsupplemented
elderly. The study was not powered to detect differences in survival or recurrent infec-
tion, and did not perform any measures of immune function.

7. CONCLUSIONS AND RECOMMENDATIONS

Based on the data outlined, it is clear that the elderly are a population at special risk
for malnutrition that may lead to increased risk of infection. Global malnutrition is
particularly prevalent in hospitalized elderly and may become worse during the hospi-
talization. Reversible causes of malnutrition such as depression, dental disorders,
poorly controlled diabetes, and medication-induced anorexia are common in elderly
outpatients and undertreated. Among micronutrients, deficiencies of vitamins A, B12,
and E and the trace elements zinc and selenium appear to be most prevalent and of
greatest importance for immune function in elderly subjects. The majority of data favor
a daily multivitamin/trace-mineral supplement in elderly adults with additional vita-
min E if necessary to achieve a daily vitamin E dose of 200 mg/d. Specific replacement
therapy should be provided for those individuals with documented deficiencies of other
micronutrients (particularly vitamin B12), but specific data regarding protective effi-
cacy for infection is lacking. Commercially available nutritional supplements may be
of benefit in hospitalized elderly and during convalescence from serious infectious
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illnesses such as pneumonia. Future studies should be of sufficient size to achieve sta-
tistical significance for clinically meaningful endpoints.
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1. CLINICAL RELEVANCE AND EPIDEMIOLOGY

Sexually transmitted diseases (STDs) are not perceived by most health care practi-
tioners as a significant problem for older adults (over age 50) in the United States. In
fact, many practitioners do not view older adults as even being sexually active, much
less at risk for STDs. Aging, intercurrent illnesses, and psychosocial factors often have
significant impact on sexual function or the enjoyment of sex in the elderly. Psychoso-
cial factors, such as attitudes toward sexual behavior, reaction to physiologic changes
or illness, performance anxiety, or loss of privacy can contribute to sexual dysfunction
in both men and women (1). Aging women may be affected by a number of physiologic
changes due to the loss of estrogen, such as shortening of the vaginal vault, thinning of
the vaginal mucosa, and reduction or loss in vaginal lubrication (2). These physiologic
changes, as well as medical conditions such as arthritis, can lead to dyspareunia, which
is reported in up to one third of sexually active women aged 65 and older (2). An even
more prevalent problem is erectile dysfunction, which is estimated to affect 10% of all
men in the U.S. with higher rates in those over age 40 or with medical conditions such
as diabetes mellitus. There are numerous causes of erectile dysfunction, including medi-
cal illnesses, medications, normal physiologic changes, and psychosocial factors.

Despite the many barriers preventing sexual activity in the elderly, multiple studies
have shown that many older Americans still do engage in sexual activity. The Janus
report on sexual behavior found that among Americans 65 and older, 69% of men and
74% of women report some form of sexual activity at least weekly (3). Bretschneider
and McCoy (4) found in a survey of 100 men and 102 women between the ages of 80
and 102 that 62% of men and 30% of women engaged in sexual intercourse. It is unclear
how many of those not engaging in sexual activity are celibate by choice or are affected
by health status or partner availability. The availability of medications such as sildenafil
may enable men who are celibate due to erectile dysfunction to regain their sexual
function.

With the current extent of sexual activity in the older age groups and the possibility
of an increase in activity due to medications for erectile dysfunction, safe sexual prac-
tices are important for STD and human immunodeficiency virus (HIV) prevention but
are practiced by few. Stall and Catania (5) found in a survey of over 2000 Americans
aged 50 and older living in large metropolitan areas that 11.7% reported at least one
risk factor for HIV (multiple sexual partners, high-risk sexual partner, transfusion
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between 1978 and 1984, or injection drug use) (5). Among those stating at least one
risk factor for HIV, 73% were sexually active and 83% of these never used condoms.
Men in this age group are less likely than their younger counterparts to use condoms
because their partners, in general, are past child-bearing age. Older women may not
view themselves as being at risk for STDs because they are postmenopausal, and STD
risk is often linked to pregnancy risk (6). Also, older sexually active men may have
multiple partners available due to the preponderance of widowed females who may be
interested in maintaining sexual activity. In fact, by age 85, women outnumber men by
almost 3 to 1 (2). In the survey by Stall and Catania, 3.5% of respondents reported
having multiple sex partners (5).

The lack of safe sexual practices in older adults and the physiological changes in
older women put them at risk for STDs and HIV. Acquired immunodeficiency syn-
drome (AIDS) in older adults is not insignificant, with the over-50 age group account-
ing for 10% of the reported cases of AIDS in the U.S. (7). From June 1996–April 1997,
there was a 13% increase in the number of AIDS cases reported in those aged 65 and
older, almost half of whom were infected by unprotected intercourse (6). Other STDs
are also seen in older Americans. In 1997, 4% of the cases of primary and secondary
syphilis and 1% of the cases of gonorrhea were reported in persons aged 55 yr and
older (8). It is possible that rates are even higher because of underdiagnosis or
underreporting.

This chapter focuses on possible differences in the presentations of STDs in the
elderly, new advances in the diagnosis of STDs, and epidemiologic trends of STDs in
older adults. Also, the latest recommendations for management from the 1998 STD
Treatment Guidelines from the Centers for Disease Control and Prevention (CDC) will
be highlighted.

2. SYPHILIS

Nationwide statistics for syphilis are most important for early syphilis (primary and
secondary) because these represent the recently acquired (incident) cases, and the cases
that are most infectious. Primary and secondary syphilis are relatively uncommon in
older adults, with only 4% of the cases in the U.S. occurring in persons aged 55 yr and
older during 1997 (8). Nationwide efforts for syphilis elimination have led to dramatic
declines in syphilis rates in all age groups, but between 1996 and 1997, the rates in
persons aged 55 and older decreased only slightly. Regardless of age group, early syphi-
lis is highly infectious, with an estimated 30–60% chance of acquiring infection after a
single sexual contact (9). In older women, the risk may be higher due to vaginal thin-
ning in the postmenopausal state leading to more abrasions during sexual intercourse.
Syphilis should be considered in the differential of any new genital ulceration, especially
if the ulceration is painless, or for unexplained skin rash in a sexually active patient.

The diagnosis of syphilis in the elderly may be challenging for several reasons. First,
the prevalence of false-positive nontreponemal serologies, such as the rapid plasma
reagin (RPR) or venereal disease research laboratory (VDRL), in the elderly is
increased. In all age groups, it is necessary to confirm a positive nontreponemal test
result with a treponemal-specific serology, such as the microhemagglutination Tre-
ponema pallidum (MHA-TP) or fluorescent treponemal antibody absorbed (FTA-ABS),
prior to considering treatment (note: the MHA-TP will be replaced shortly by a new,
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recently FDA-approved test called the T. pallidum-particle agglutination, or TP-PA,
which is produced by the manufacturer of the MHA-TP). Second, in patients who have
untreated syphilis for many years and are presenting with late complications, the RPR
and VDRL may be negative, with only a positive treponemal serology as indication of
infection. Therefore, the possibility of either false-positive or false-negative screening
nontreponemal tests exists in the elderly. Finally, since the elderly have many intercur-
rent illnesses and are not perceived by medical providers as being sexually active or at
risk for syphilis, symptoms or signs of syphilis may be mistaken for other disease states,
such as a drug reaction, urinary tract infection, or benign perineal ulceration.

Whereas early syphilis is uncommon in the elderly, latent syphilis is a more fre-
quently encountered problem. A serum RPR is a routine test to perform in the evalua-
tion of dementia, so a common dilemma is how to determine the significance of a
positive RPR. If the confirmatory test is positive, then the clinician must decide if the
patient requires evaluation for neurosyphilis. According to the 1998 CDC STD Treat-
ment Guidelines (10), cerebrospinal fluid (CSF) evaluation is recommended if the
patient has any of the following: (1) neurologic, auditory or ophthalmologic symptoms
or signs suggestive of syphilis, such as uveitis, interstitial keratitis, cranial nerve pal-
sies, meningitis, or cerebrovascular accident, which usually occur months to a few
years after infection, or tabes dorsalis, general paresis, or psychological or behavioral
changes that usually occur many years after infection; (2) suspected treatment failure
or relapse of previously known syphilis, demonstrated by a failure to display a fourfold
drop in the RPR (or VDRL) titer, or presence of an increase in titer; (3) co-infection
with HIV and syphilis of greater than 1 yr duration; or (4) active signs of other forms of
tertiary syphilis (aortitis, gummas). Routine lumbar puncture for infection of greater
than 1 yr duration or for planned nonpenicillin therapy is not routinely recommended.
If the patient undergoes a lumbar puncture, then a second problem that the clinician
may encounter is interpreting the CSF analysis. There is no one test that is 100%
sensitive for the diagnosis of neurosyphilis. In a patient with positive serum syphilis
serology, if the CSF VDRL is positive (without significant contamination of the CSF
with blood), most experts would agree that the patient has neurosyphilis. However, in
patients with negative CSF VDRL, the clinician should consider treatment if there is
any abnormality of the CSF, especially a pleocytosis of >5 white blood cells (WBC)/mm3,
even though this finding is not specific for neurosyphilis. It is important to recognize,
however, that the protein level in the CSF may increase with age and other associated
conditions, thus the interpretation of the CSF profile with a slightly elevated protein
level as the sole abnormal finding may be difficult. Although the FTA-ABS is not a
recommended test to perform on CSF because of problems with specificity, a negative
CSF FTA-ABS suggests that neurosyphilis is unlikely in these cases (11).

The recommended treatment of syphilis has not changed significantly. Syphilis of
less than 1 yr duration (primary, secondary, and early latent) is treated with a single
injection of benzathine penicillin, 2.4 million units (MU) intramuscularly (i.m.), and
syphilis of more than 1 yr duration (late latent and tertiary) is treated with weekly
injections of intramuscularly administered benzathine penicillin, 2.4 MU for 3 wk. The
treatment of neurosyphilis is best accomplished with 18–24 MU of intravenous (i.v.)
penicillin G for 10–14 d; this recommended dose is slightly higher than that recom-
mended in the 1993 guidelines. An alternative regimen, which can be administered on
an outpatient basis, is procaine penicillin 2.4 MU i.m. administered once a day along
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with probenecid 500 mg orally four times a day, both for 10–14 d (10). Many experts
recommend treating patients with neurosyphilis with an additional two injections of
2.4 MU benzathine penicillin weekly immediately following the course of i.v. penicil-
lin in order to achieve the same duration of therapy as for tertiary syphilis.

3. HERPES SIMPLEX VIRUS, TYPE II (HSV-2)

Genital herpes simplex virus (HSV) infection is not a reportable disease but is
considered to be extremely common in the U.S. with approximately 45 million adults
(approx 22% of the population aged 15–74 yr) estimated to be infected in 1990, based
on the serologic results of a random sampling of civilian adults examined as part of the
National Health and Nutrition Examination Survey (NHANES III) (12). This repre-
sents a 32% increase compared to 1978, when the seroprevalence of HSV-2 was 16%
among the adult population during NHANES II (13). The prevalence of HSV-2 infec-
tion increased with increasing age, and the odds of having HSV-2 were higher in women
(odds ratio [OR] = 1.6), blacks (OR = 5.7), previously married individuals (OR = 2.0 – 2.8),
and those with lower family income (OR = 1.2) (13). The highest seroprevalences in
NHANES III were seen in black men and women aged 60–74 (61% and 81%, respec-
tively) (12). Therefore, HSV-2 infection is prevalent in older adults and should be
considered in the differential diagnosis of a genital or perineal ulceration or rash, espe-
cially if it is resistant to usual local care measures.

The majority of people testing positive for antibodies to HSV-2 have subclinical,
atypical, or asymptomatic disease, with the minority displaying the classic presenta-
tion of vesicular outbreaks. Studies estimate that 70–80% of patients testing positive
for HSV-2 antibodies are not aware of the infection, but up to 50% of these individuals
will give a history of atypical symptoms that may be due to HSV reactivations (14).
Recurrences are very common, averaging four to five per year for HSV-2 in the first
few years after acquiring the virus but then tend to become less frequent the longer
the time period from initial infection (15). Immune suppression associated with aging
or other concomitant morbid conditions in the elderly may lead to an increase in the
frequency of recurrences or a recrudescence after many years of no clinically recog-
nizable outbreaks.

The gold standard for diagnosis of HSV infection remains the viral culture; how-
ever, the overall sensitivity of culture is estimated to be approximately 50% (14), so a
negative culture result does not exclude the diagnosis. The yield from culture is better
from early lesions, such as vesicles or fresh ulcers, than from resolving ulcerations, and
is more likely to be positive in primary infection than in the recurrent form of the
disease. The Tzanck test—staining of cells from the lesion base to look for multinucle-
ated giant cells—may be helpful for diagnosis but is positive only 50% of the time.
Currently available serologies are not useful for diagnosis because they do not differ-
entiate between infection with HSV-2 and HSV-1, the latter of which infects the major-
ity of the U.S. adult population. Newer serologies that are type-specific, detecting
antibodies to the surface glycoproteins gG1 and gG2, will be useful tools in diagnosing
atypical presentations of herpes but are not yet commercially available. Furthermore,
polymerase chain reaction (PCR) for HSV DNA is being developed, which, in the
future, may supplant virus culture as the test of the choice for the evaluation of genital
ulcerations (14).
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The treatment of herpes simplex infection has been made easier by the availability
of famciclovir and valacyclovir, which allow less frequent dosing than acyclovir. How-
ever, all three drugs are equally efficacious. (See Table 1 for doses and duration of
treatment.) If an elderly patient experiences frequent recurrences (>6 per yr), then
chronic suppression should be considered. The need for suppressive therapy should be
reevaluated after 1–2 yr by a trial off medications. If recurrences are sporadic at that
time, then sporadic treatment is in order. If recurrences are frequent again, then another
year of suppression is indicated. HIV testing should be considered in the elderly patient
experiencing frequent herpetic recurrences who has not recently acquired herpes, as
frequent recurrences in long-term disease is unusual.

Counseling of older individuals with HSV genital infection should include informa-
tion about the natural history, probability of recurrences, benefit of treatment, and
chances for transmission. Transmission can occur in the absence of clinical symptoms
or signs of an outbreak; in fact, most sexual transmission occurs due to asymptomatic
shedding. Therefore, patients with genital herpes should be counseled to use condoms
at all times to reduce the risk of transmitting the infection to a partner.

4. CHLAMYDIA

Chlamydia infection was the most common reportable communicable disease in the
U.S. in 1998, with almost 540,000 cases reported (16). Chlamydia trachomatis is an
infection predominantly of adolescents, with the highest rate of infection being in
the 15–19 and 20–24 yr age groups. The prevalence of infection drops off greatly after
age 35, with adults over age 55 accounting for less than 1% of the nationwide cases.
The number of Chlamydia infections nationwide is increasing, possibly due to
improved testing and reporting; concomitant with this rise, the rates of Chlamydia
isolation in older adults increased from 1996–1997, the greatest increase seen in those
aged 65 and older (from 1.9–4.5/100,000 population) (8).

The reasons for the predilection of younger age groups to Chlamydia are both ana-
tomical and behavioral. Chlamydia is an intracellular organism that infects only

Table 1
Treatment of Genital HSV-2

Stage of Duration of
Medications

infection  therapy Acyclovir Famciclovir Valacyclovir

Primary  7–10 d  400 mg po tid 250 mg po tid 1 g po bid
Recurrent 5 d 400 mg po tid or 125 mg po bid 500 mg po bid

800 mg po bid
Suppression 1 yra 400 mg po bid 250 mg po bid 500 mg po qdb or

1 g po qd
aTherapy longer than 1 yr may be indicated if recurrences continue to occur frequently; however, there

is insufficient experience with famciclovir or valacyclovir to recommend therapy with these agents for
more than 1 yr

bValacyclovir 500 mg qd dose less effective than other doses of valacyclovir for very frequent recur-
rences (>10 per yr) (ref. 10).

Abbreviations: po, orally; qd, once daily; bid, two times a day; tid, three times a day.
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columnar epithelium, which is often present on the ectocervix of adolescent girls, thus
very accessible to infection. In older women, however, the columnar epithelium is
located in the endocervix, where it is somewhat protected by cervical mucus. Patterns
and rates of partner change also make adolescents and younger women more suscep-
tible to Chlamydia. However, older men and women are not immune to the disease. As
in men, Chlamydia can infect only the urethra in women, causing symptoms of urinary
tract infection or urethral syndrome. Chattopadhyay (17) found evidence of Chlamydia
in 4% of 249 culture-negative urine samples with >50 WBC/µL; two of these patients
were 65 yr and older (17). Chlamydia should be considered as a cause for culture-
negative urinary symptoms in the sexually active population.

The diagnosis of Chlamydia infections has been revolutionized by the commercial
availability of the amplified nucleic acid tests, ligase chain reaction (LCR), PCR, and
transcription-mediated amplification (TMA). LCR and TMA have been FDA-approved
for testing on urine samples in both men and women, obviating the need for uncomfort-
able urethral swabs for men or pelvic examinations for women. The sensitivity and
specificity of these tests approach 95–98% (18), and are useful for screening males in
general and women in nonclinical settings. The LCR from the female cervix is slightly
more sensitive than the urine sample, so in situations in which a pelvic examination is
to be performed, such as for cervical cancer screening, then a cervical sample for LCR
should be sent.

Treatment of Chlamydia has also been simplified by single-dose oral therapy with 1 g
of azithromycin, which can be administered under observation in the clinic, ensuring
compliance. Azithromycin achieves high concentrations in tissues, with therapeutic
levels of drug persisting for 1 wk; the single-dose therapy has been found to be as effica-
cious as the other recommended regimen, i.e., oral doxycycline 100 mg twice a day for 7 d.

5. GONORRHEA

Gonorrhea (GC) can infect not only the urethra and cervix, but the rectum, pharynx,
and eye as well, and may disseminate to cause arthritis and/or dermatitis. Reported
cases of gonorrhea in adults aged 55 and over account for approximately 1% of the
nationwide total. Whereas the national rates of gonorrhea have fallen dramatically since
the mid-1970s, there was a stabilization of rates between 1996 and 1997; in fact, rates
in adults aged 55 and over actually increased in 1997 (from 9.1–9.5/100,000 popula-
tion for those 55–64, and from 3.1–4.0/100,000 population for those 65 and older) (8).
There is no evidence that the presentation of gonococcal disease in the elderly is any
different than in those younger, but like other STDs, the diagnosis may be delayed
because it is not considered in the differential diagnosis. It is unclear if the elderly are
more susceptible to disseminated GC than others, but there are many case reports of
disseminated infection in older individuals in the literature. There is a suggestion that
in the case of eye infection, the elderly are more susceptible to corneal involvement
(19), but this may due to a delay in diagnosis and treatment.

The diagnostic test for gonococcal urethritis that is most inexpensive and can yield
immediate results is the Gram stain, which is highly sensitive in men with symptomatic
urethritis. In asymptomatic men and in women, however, the sensitivity of Gram stain-
ing is poor, so the diagnostic tests preferred in these groups include culture, DNA
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hybridization, or the amplified nucleic acid tests (LCR, PCR, or TMA). DNA hybrid-
ization and the nucleic acid amplification tests may all be performed on urine samples,
have sensitivities equivalent to or exceeding that of culture, and have specificities com-
parable to culture (20). The treatment of uncomplicated genital gonorrhea infection is
easily accomplished with single-dose therapies: ceftriaxone 125 mg i.m., ciprofloxacin
500 mg orally (po), ofloxacin 400 mg po or cefixime 400 mg po (10). Certain areas of
the country and the world (the Philippines and Southeast Asia) are experiencing
increasing numbers of gonococcal isolates with reduced susceptibility to the
fluoroquinolones, so it is important to obtain a travel history from the patient and to be
familiar with local resistance patterns if fluoroquinolones are to be used. Concurrent
treatment with doxycycline for Chlamydia infection is recommended if empiric treat-
ment is being administered.

6. VAGINITIS

Vaginal complaints are a common reason for women of all ages to visit their physi-
cian, with an estimated 3.2 million initial visits to physicians offices for this population
in 1997 (8). Decreased estrogen production in the postmenopausal woman causes a
number of changes in the vagina, which can lead to a variety of symptoms (21). The
amount of glycogen in the epithelial cells diminishes, leading to a reduction in the
lactobacilli population that help to protect the vagina from other bacteria by their pro-
duction of lactic acid and hydrogen peroxide. The resulting increase in pH facilitates
colonization of the vagina with coliform bacteria, streptococci, and staphylococci. The
lack of estrogen also leads to thinning of the vaginal mucosa, loss of rugae, and a
progressive loss of elasticity and vascularity. The vaginal vault shortens and narrows,
and the vaginal introitus may also become contracted. These changes often lead to
dyspareunia, vaginal dryness, itching, burning or pruritis, or vulvar symptoms. Physi-
cal signs of vaginal atrophy include pale, smooth shiny mucosa. In the case of atrophic
vaginitis, signs of inflammation will also be present, such as erythema, petechiae, fri-
ability, bleeding, or discharge (21). It is important for the health care provider to recog-
nize this condition not as an infection or STD but as a syndrome of hormone deficiency,
as most women will respond to hormone replacement.

Bacterial vaginosis (BV) and candidiasis are not sexually transmitted infections, but
may arise in older women because of the changes in the vaginal microflora that occur
in the postmenopausal state. Because these conditions are not STDs, they are not dis-
cussed further here, but the reader is referred to the STD Treatment Guidelines for
discussion on the diagnosis and treatment (10). Trichomoniasis, caused by Trichomo-
nas vaginalis, is an STD, which in women can infect the vagina, cervix, urethra or
bladder. Trichomoniasis is not a reportable disease, so accurate data on the incidence
of this infection in older women are not available. Common signs due to trichomonia-
sis include abnormal discharge, which is often discolored and/or frothy, vaginal
erythema, and punctate cervical hemorrhages. Symptoms include discharge, itching, or
burning of the vagina or vulva, but occasionally women will present with predomi-
nantly urethral complaints, such as frequency, urgency, or dysuria. Trichomoniasis,
like other STDs, may also be carried asymptomatically for long periods of time, and
the host factors that allow the asymtpomatic carriage have not been elucidated.
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Trichomoniasis is diagnosed by seeing motile trichomonads on a saline preparation
of vaginal secretions. In some cases, the trichomonads may not be readily visualized,
so the clinician should suspect the diagnosis if the wet mount has numerous WBCs, the
pH is highly elevated, and the “whiff” test (amine odor after addition of 10% potassium
hydroxide to vaginal secretions) is mildly positive. A new commercially available cul-
ture system, called the InPouch TV test, is available for the diagnosis of trichomoniasis
in patients with negative saline preparations. Trichomoniasis is easily treated with a
single dose of 2 g oral metronidazole (10), and partner treatment is recommended due
to the difficulty in diagnosing the infection in men.

7. HIV/AIDS

In the U.S. people over the age of 50 account for 10% of the reported cases of AIDS
(7). The epidemiology of HIV infection in older adults is changing (see also Chapter 19)
Early in the epidemic, male–male sexual contact and transfusion were the most common
risk factors, accounting for 42% and 37% of the cases reported from 1982–88, respec-
tively (7). Although male–male sexual contact remained a significant risk factor in
1989–1991, accounting for 45% of the reported cases, those cases due to transfusion
dropped to 20%, and the proportion due to heterosexual contact (11%), intravenous
drug use (8%), and undetermined causes (14%) doubled (7). Among the AIDS cases in
people aged 50 and older reported to the CDC in 1996, 36% were attributed to male–
male sexual contact, 19% to intravenous drug use, 14.5% to heterosexual contact, 2%
to transfusion, and 26% to unknown risk factors (22). The proportion of cases due to
heterosexual contact was higher than among those aged 13–49 yr (12.7%) (22).

The fact that older patients may not state (or be asked about) risk factors for HIV
often leads to a delay in the diagnosis. Gordon and Thompson found that among 24
elderly patients who developed symptoms or signs of HIV infection and sought medi-
cal attention, the diagnosis was delayed a median of 3 mo (range 1–10 mo) (7). HIV
infection may also go undetected as evaluation for more common conditions causing
similar symptoms, such as cancer, infection, or organic brain syndrome are pursued.
Patients may also die from other comorbidities instead of their HIV. El-Sadr and Gettler
found that among patients over age 60 who were admitted to their hospital from Janu-
ary 1992–February 1993 and died while in the hospital, the HIV seroprevalence was
5%, even though none of the deaths were overtly HIV-related (23). Numerous studies
have documented that HIV progresses more quickly in the elderly, and this poor out-
come may be related to delay in diagnosis, inability to replace functional T cells that
are destroyed, or presence of comorbidities in the elderly (24–26).

Diagnosis and treatment of HIV are beyond the scope of this review. The treatment
of HIV in the elderly is more challenging than in the younger population, however, due
to drug interactions with other medications the elderly may require and the altered
pharmacokinetics of drugs seen with age. Patients should be managed by a clinician
who is familiar with the treatment of HIV in order to appropriately monitor for side
effects and response to treatment.
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Considerations and Directions for the Future
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1. THE PROBLEM OF AGING AND INFECTIONS

As has been described in Chapter 1, the aging population will dramatically increase
over the next 30 yr. The aging of the current “baby boomers” will nearly double the
current number of approximately 33 million Americans aged 65 yr and older to a total
of 65 million (1). More and more clinicians will be required to provide health care for
older patients as we enter the next millennium. How do we prepare physicians for this
challenge? Since our focus is on infections in the older population, how do we develop
the best strategy to address the clinical problems described in many of the chapters of
this book?

In the tradition of medicine, it seems appropriate to address the broad topic of aging
and infections from the perspectives of clinical practice issues, education and training,
and research. Recently, these issues have been pursued with many recommendations
brought forth for consideration and implementation to a variety of professional and
governmental organizations involved with clinical care, training, and funding of
research (2–4). These recommendations are summarized in the subsequent sections.

2. CLINICAL CARE ISSUES

The following pathogenetic, diagnostic, therapeutic, and preventive areas of concerns
highlight many of the clinical problems requiring further investigation and resolution.

• What is the quantitative impact of age-related immune dysregulation on the predisposition
to and recovery from infections? Is the diminution of host resistance associated with aging
really a function of aging alone or is it due to overt or undetected age-related diseases?
What components of host resistance, i.e., physical barriers (skin, mucosa), phagocytosis
(neutrophils, macrophages), humoral immunity (including mucosal immunity), cellular
immunity (including natural killer cells), and complement, are impacted the greatest with
aging? Are components of host resistance adversely affected with aging during an active
infection, i.e., while an infection is active, do the mechanisms of host defense function
normally in the elderly compared with younger adults? These and other related questions
regarding aging and host resistance are important to answer because future interventional
strategies in terms of preventing, mitigating, or eliminating infections may become more
focused in areas of immune modulators and boosting of the various components of the
host defense system.
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• What is the pathogenetic mechanism for the extremely high prevalence of bacteriuria in
elderly women and men? Although the majority of bacteriuria in the elderly are asymp-
tomatic, the incidence and mortality secondary to (symptomatic) urinary tract infection
and urosepsis increases substantially with age (5–7). Understanding the pathogenesis of
bacteriuria with aging could provide clues to developing effective preventive strategies.

• There is a need to develop a simple, noninvasive, inexpensive, and accurate diagnostic
approach to determine the microbial cause of lower respiratory infections, especially pneu-
monia, in older patients. The vast majority of hospitalizations for community-acquired
pneumonia (CAP) (60–85%) occur among patients aged 65 and older (8,9), and mortality
related to pneumonia is the highest among the elderly (10). Unfortunately, the microbial
etiology of hospitalized community-acquired pneumonia patients is identified in only
about 25% of cases, regardless of age (11). Perhaps, with more rapid and precise identifi-
cation of the cause(s) of pneumonia followed by early specific therapy, the deaths due to
pneumonia in older patients can be prevented or substantially reduced.

• Tuberculosis remains a major health problem for older people (12). The current method of
detecting early cases of tuberculosis, i.e., tuberculin skin test, is insensitive and lacks speci-
ficity in the elderly population (13). A more sensitive and specific, as well as simple,
rapid, and expensive method for screening for tuberculous infection and disease will
greatly increase the opportunity to eliminate early or inactive disease and reduce the num-
ber of active infections.

• We must find newer approaches of intervention(s) that will reduce the mortality and mor-
bidity associated with sepsis and septic shock. Elderly patients experience a dispropor-
tionately high incidence of bacteremia and sepsis and their associated complications,
especially death (5,14). Because of age-related physiological changes and diseases, preex-
isting organ dysfunction and limited reserve capacities place the elderly at greater jeop-
ardy to develop multiorgan failure and rapid or eventual demise. Septic shock in the elderly
has an associated mortality that can exceed 50% (15).

• There is a need to continue to develop newer antimicrobial agents that have pharmacoki-
netic and pharmacodynamic characteristics that are especially advantages to the elderly:
minimial end-organ toxicities (especially kidneys, liver, brain, bone marrow, ear); micro-
bicidal activity (killing rather than inhibiting organisms); low protein binding (since serum
albumin varies considerably in older persons with serious underlying illnesses); relatively
long serum half-life that permit once or twice daily dosing; high penetration into a variety
of body fluids including cerebrospinal fluid; and availability of both a parenteral and oral
preparation with high bioavailability, which allows rapid transition from inpatient therapy
to ambulatory management.

• Clarification is needed on the role of prophylactic antibiotics in elderly persons with pros-
thetic devices such as joint prosthesis, prosthetic cardiac valves, cardiac pacemakers, renal
grafts and shunts for hemodialysis, and other foreign implanted material. Although lim-
ited, formal recommendations have been made for specific devices under defined clinical
conditions (see Chapter 17), there is lack of scientific data supporting the administration
of prophylatic antibiotics in patients with other implanted foreign devices or material. The
cost-benefit and potential adverse effects of antibiotics must be determined.

• Improving the efficacy as well as delivery of current vaccines for the elderly has been
discussed in Chapter 23. Nevertheless, it is worthwhile repeating that effective immuniza-
tions against infections remain as the most cost-effective approach to reducing the inci-
dence and severity of serious and life-threating infectious diseases. This goal and the first
goal mentioned earlier (relationship of aging and host resistance) are inextricably related
and will serve as the foundation in the future for much of the newer approaches to the
diagnosis, treatment, and prevention of infections in the elderly population.
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3. TRAINING AND EDUCATION

Education and training serve as the foundation for implementing changes in the
behavior and practice of clinicians. If we are to improve the care of the elderly, particu-
larly in the domain of infections, then efforts must be directed toward pathways and
approaches to better inform the practitioner on the current information on aging and
infection and the complex issues involved with care of the elderly.

Adult infectious disease fellowship training programs should seriously consider
incorporating into their curriculum information that is relevant to the care of the eld-
erly with infection, i.e., biology of aging (especially gerontoimmunology); geriatric
pharmacology; and the epidemiology, clinical manifestations, diagnostic approach,
treatment, prognosis, and prevention of the most common and important infections
afflicting older people. In addition, an understanding of geriatric syndromes (e.g., uri-
nary incontinence, dementia, falls, osteoporosis) and issues of long-term care is essen-
tial for the infectious disease specialists who may care for older patients.

Conversely, geriatric fellowship training programs would better serve elderly
patients with an intensive curriculum on the broad issues of immune changes with
aging, important infections in the elderly, antimicrobial pharmacology, and unique
aspects of infectious diseases with aging.

Major professional societies and organizations that sponsor continuing medical edu-
cation programs for practicing physicians should regularly include in their courses or
conferences topics that address the diagnosis, treatment, and prevention of infections
in the elderly. Those organizations that also publish a journal should devote a section
on geriatric health care issues including infections in the elderly.

4. RESEARCH

To address the clinical issues and problems that need resolution and recommenda-
tions (see Subheading 2.), there must be support for research. The major support for
aging research comes from the National Institute on Aging, the Department of Vet-
erans Affairs, foundations, and industry. However, funding for investigations on
issues related to infectious diseases and aging is relatively limited. Support for these
types of research should also be sought from other agencies within the National Insti-
tutes of Health, i.e., National Institute for Allergy and Infectious Diseases, National
Heart, Lung, and Blood Institute, and National Cancer Institute, because of the cross-
cutting nature of diseases affecting the elderly and their secondary complication of
infection.

Professional societies hosting meetings for presentation of research findings should
reserve a section for aging research in their program. Organizations such as the Infec-
tious Diseases Society of America, Interscience Congress on Antimicrobial Agents
and Chemotherapy (American Society for Microbiology), and Society for Healthcare
Epidemiology of America should consider having a special category of “aging” for
abstract presentation. Finally, journals that publish research findings on infectious dis-
eases-related topics should feature a section on investigations in the area of aging
(geriatrics and gerontology) and long-term care.
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Dementia, AIDS association, 236
Demographics, aging, 4, 323
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antimicrobial therapy, 157, 158
clinical manifestations, 153
microbial etiology, 148
predisposing factors in the elderly, 147,
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prevalence in the elderly, 147, 148
prevention, 160

Diabetes mellitus, see also Ulcer infection,
foot infection pathogens, 283, 284
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pneumonitis, 278
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fungal infection, 282
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differential diagnosis, 119
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delay and morbidity, 13, 14
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blood culture, 81
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fever response, 14–16

Diagnosis, infection in the elderly (cont.),
fungal infections,

endemic mycoses, 221, 222
opportunistic, 216

intraabdominal infections, 92–95, 97
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oral disease,

imaging, 157
specimen collection, processing, 155, 157

osteomyelitis,
blood culture, 129
erythrocyte sedimentation rate, 127,
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imaging, 127–129

otitis externa, 164, 165
otitis media, 167
overview of evaluation, 20, 21
pneumonia, 57, 58
prosthetic device infection, 198, 199, 201–

206
septic arthritis, 133
septicemia,

laboratory tests, 43, 44
signs and symptoms, 39–42

sexually-transmitted diseases, 316, 318,
319

sinusitis, 170, 171
sites of infection, 106
tuberculosis,

histology, 72
nucleic acid amplification tests, 72
sputum examination, 71, 72
tuberculin skin test, 71, 74, 75

urinary tract infection,
markers, 106
pyuria, 106
urine culture, 105, 106

viral infections, see specific viruses
Diverticulitis,

clinical manifestations, 91, 92
diagnostic tests, 92
epidemiology, 91, 92
treatment, 92, 93

Dobutamine, sepsis treatment, 46
Dopamine, sepsis treatment, 45, 46

EBV, see Epstein–Barr virus
Endocarditis, see Infective endocarditis
Endophthalmitis,

clinical manifestations, 191, 192
diagnostic tests, 192
epidemiology, 190, 191
prevention, 192
treatment, 192

Epidemiology,
eyelid infections, 175
fungal infections,

endemic mycoses, 218–220
opportunistic, 211–213
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overview, 91, 92

long-term care setting infections, 5, 6
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deficient nutrients in the elderly, 301
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203, 205, 208

sepsis, 34, 35
sexually-transmitted diseases, 313, 314,

316, 318, 320
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tuberculosis, 67, 68
urinary tract infection, 99, 100
viral infections, see specific viruses

Epstein–Barr virus (EBV),
clinical manifestations, 238
diagnostic tests, 238
epidemiology, 237, 238
treatment, 238

Erysipelas,
clinical presentation, 141
pathogens, 140–142

Erythromycin-resistant pneumococci, 265
Ethics, life-extending care perceptions of
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46

Eyelid infection, see Blepharitis; Chalazion;
Hordeola

Fever,
blunted response in the elderly, 14, 15
measurement, 15, 16
pathogenesis, 16
role in host defense, 15
significance of robust response in the

elderly, 16, 17
unknown origin, 17

Fluid resuscitation, sepsis, 45
Fluroquinolones,

ciprofloxacin comparison with novel
fluoroquinolones for pneumonia,
60, 61

overview, 24
Funding, infectious disease research, 325
Fungal infection, see Aspergillosis; Blasto-

mycosis; Candidiasis; Coccidioido-
mycosis; Cryptococcosis;
Histoplasmosis; Mucormycosis

Gallstone ileus, 96
Gastroenteritis,

case definitions in long-term care setting,
251

viral, 235
Gastrointestinal diabetic infections,

candida esophagitis, 280
emphysematous cholecystitis, 280

Gingivitis, see Periodontal disease
Gonorrhea,

diagnosis, 318, 319
epidemiology, 318
treatment, 319

Heart valve, see Infective endocarditis; Pros-
thetic valve endocarditis

Hepatitis A,
clinical manifestations, 231
epidemiology, 231
vaccination, 232

Hepatitis B,
clinical manifestations, 232
diagnostic tests, 232
epidemiology, 232
treatment, 232
vaccination, 232

Hepatitis C,
clinical manifestations, 234
epidemiology, 233, 234
treatment, 234

Hepatitis E, epidemiology, 234
Hepatitis G, epidemiology, 234
Herpes simplex virus type II (HSV-2),

diagnosis, 316
epidemiology, 316
treatment, 317

Histoplasmosis,
clinical manifestations, 220
diagnostic tests, 221, 222
epidemiology, 218, 219
historical perspective, 3
risk factors, 320
treatment, 222–224

HIV, see Human immunodeficiency virus
Hordeola,

clinical manifestations, 175, 176
diagnosis, 177
epidemiology, 175
prevention, 178
treatment, 178

HSV-2, see Herpes simplex virus type II
Human immunodeficiency virus (HIV),

clinical manifestations, 236
epidemiology, 235, 236, 313, 314, 320

Infective endocarditis, see also Prosthetic
valve endocarditis

bacterial pathogens, 79, 88
clinical manifestations, 80
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bacteremia prevention, 88
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161, 206, 207
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risk factors, 80
treatment,

embolic complications, 86, 87
empiric therapy, 86
general recommendations, 82, 83, 86
surgery indications, 86

Influenza,
clinical manifestations, 226
diagnostic tests, 226, 227
epidemiology, 225
prevention, 227
treatment, 227
vaccination,

clinical relevance, 291
contraindications, 292
effectiveness, 292, 293
formulation, 291, 292
improvement of utilization, 295–297
recommendations, 293

Inoculum, susceptibility in the elderly, 8

Keratitis,
bacterial,

clinical manifestations, 185
diagnostic tests, 185, 186
epidemiology, 184, 185
prevention, 186
treatment, 186

fungal,
clinical manifestations, 189
diagnostic tests, 189, 190 ,
epidemiology, 189
prevention, 190
treatment, 190

viral,
clinical manifestations, 187, 188
diagnostic tests, 188
epidemiology, 186, 187
treatment, 188, 189

Lacrimal system infection, see Canaliculitis;
Dacrocystitis
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carbapenems, 23, 24

-Lactams (cont.),
cephalosporins, 23
extended-spectrum -lactamases, 266–
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-lactamase inhibitor combinations, 23

penicillins, 2
resistant staphylococci, 258
safety, 22
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antibiotic resistance, see Multi-drug resis-
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antimicrobial therapy, 26, 27
case definitions for clinical infectious

syndromes, 248, 250, 251
epidemic detection and control, 254, 255
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infection control program, essential ele-

ments, 246, 247
isolation precautions,

airborne precautions, 249, 252
contact precautions, 249, 253, 254
droplet precautions, 249, 253
standard precautions, 248, 249, 252

risk factors for infection, 245
skin infection prevalence, 139, 144
surveillance for infection, 246, 248
trends in infection, 5, 6

LTCF, see Long-term care facility

Macrolides, overview , 24, 25
Malnutrition, see Nutrition
Meningitis, see Bacterial meningitis
Mesenteric infarction, see Acute mesenteric

infarction
Methicillin resistant Staphylococcus aureus

(MRSA),
criteria, 258, 259
epidemiology and clinical significance,

259
mechanism, 260
molecular fingerprinting, 260
prevention, 259, 260
sites of colonization, 259

MRSA, see Methicillin resistant Staphylococ-
cus aureus

Mucormycosis,
clinical manifestations, 214, 215
diabetic infections, 278, 279
diagnostic tests, 216
epidemiology, 211, 213
treatment, 218

Multi-drug resistance,
aminoglycoside-resistant Gram-negative

bacteria, 265, 266
control guidelines, 269, 270
erythromycin-resistant pneumococci, 265
extended-spectrum -lactamases, 266–268

-lactam-resistant staphylococci, 258
mechanisms, 257, 258
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mechanism, 260
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Gram-negative bacteria, 266
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aureus,
criteria, 260
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prevention, 261

vancomycin-resistant enterococci,
epidemiology, 262–264
mechanism, 263
phenotypes, 263
prevention, 264, 265
risk factors, 263

Natural killer (NK) cell, aging changes, 10, 11
Necrotizing soft-tissue infection,

clinical presentation, 142–144
diabetic infections,

deep necrotizing, 283
superficial necrotizing, 282, 283

pathogens, 140, 143, 144
risk factors, 143

NK cell, see Natural killer cell
Norepinephrine, sepsis treatment, 46
Nursing home, see Long-term care facility
Nutrition,

clinical manifestations of malnutrition,
301, 303

convalescence therapy, 309
diagnostic tests, 303
immune system interactions, 299, 300
infection intervention therapy, 308, 309
malnutrition epidemiology and clinical

significance,
deficient nutrients in the elderly, 301
global malnutrition, 299–302
micronutrients, 302, 303

malnutrition risks in the elderly, 301, 302
supplementation therapy in prevention,

cautions, 308
clinical trials, 303–306
guidelines, 309, 310
vitamin A, 305, 308
vitamin E, 305, 307, 308
zinc, 306, 307

Odontogenic infection, see also Dental caries;
Periodontal disease,

clinical manifestations,
dental caries, 153
gingivitis, 154
orofacial space infections, 155
osteomyelitis, 155
overview, 152, 153
periapical abscess, 153, 154
pericoronitis, 154, 155
periodontal abscess, 154
periodontitis, 154
pulpitis, 153, 154

diagnostic tests,
imaging, 157
specimen collection and processing,

155, 157
prevention, 160
treatment,

osteomyelitis, 160
suppurative infections, 158, 159

Ogilvie’s syndrome, 96
Orbital infection,

orbital cellulitis,
clinical manifestations, 193
diagnostic tests, 193, 194
epidemiology, 193
prevention, 194
treatment, 194

preseptal cellulitis,
clinical manifestations, 193
diagnostic tests, 193
epidemiology, 192, 193
prevention, 193
treatment, 193

Orofacial infection,
antimicrobial therapy,

candidiasis, 159
herpes labialis, 159

clinical manifestations,
aphthous ulcer, 151, 152
candidiasis, 152
mucositis in immunocompromised

patients, 152
overview, 150
sialadenitis, 152
suppurative parotitis, 152
vesiculobullous gingivostomatitis, 151

pain management, 159, 160
prevention, 160
viral pathogens, 151, 152

Osteomyelitis,
classification, 125
clinical manifestations, 128
diagnostic tests,

blood culture, 129
erythrocyte sedimentation rate, 127,

128, 131
imaging, 127–129
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Osteomyelitis (cont.),
jaw disease,

manifestations, 155
treatment, 160

pathogenesis,
contiguous focus osteomyelitis, 126
etiology, 125
hematogenous osteomyelitis, 126–128
inflammatory response, 126
secondary to vascular insufficiency, 128

prevention, 132
treatment,

antibiotics, 130, 131
revascularization, 132
surgery, 131, 132

Otitis externa,
classification, 163
clinical manifestations, 163, 164
diabetic infections, 279, 280
diagnostic tests, 164, 165
epidemiology, 163
pathogens, 163
prevention, 165
treatment, 165

Otitis media,
clinical manifestations, 166, 167
diagnostic tests, 167
epidemiology, 165, 166
pathogens, 166
prevention, 168
treatment, 167, 168

Pacemaker infection,
clinical manifestations, 208
epidemiology, 208
pathogenesis, 197
prevention, 209
treatment, 208

Parainfluenza virus (PIV),
clinical manifestations, 229
diagnostic tests, 230
epidemiology, 229
treatment, 230

Periodontal disease,
antimicrobial therapy, 157, 158
clinical manifestations,

gingivitis, 154
periapical abscess, 153, 154
periodontal abscess, 154
periodontitis, 154

microbial etiology, 149
predisposing factors in elderly, 147, 149, 150
prevalence in the elderly, 147, 148
prevention, 160

Peritonitis,
continuous ambulatory peritoneal dialysis

association,
clinical manifestations, 199
diagnostic tests, 199

Peritonitis (cont.),
continuous ambulatory peritoneal dialysis

association (cont.),
epidemiology, 199
microbiology, 199
prevention, 201
treatment, 199–201

pathogenesis, 197
PHN, see Postherpetic neuralgia
PIV, see Parainfluenza virus
Pneumonia,

case definitions in long-term care, 250
clinical manifestations, 57
diagnostic testing, 57, 58
epidemiology, 55, 56
erythromycin-resistant pneumococci, 265
nursing home-acquired pneumonia, 56, 57
pathogens, 56, 57
penicillin-resistant pneumococci, 56, 261,

262
risk factors, 56
treatment,

antibiotic therapy,
ciprofloxacin comparison with novel

fluoroquinolones, 60, 61
duration of intravenous therapy, 62
guidelines for empiric therapy, 59, 60
onset of treatment, 62

decisions in management, 58
discharge decision, 62
follow-up, 62, 63
intensive care unit admission guide-

lines, 59
site of care, 58, 59

vaccination against pneumococci,
clinical relevance, 293
formulation, 293, 294
improvement of utilization, 295–297
recommendations, 294, 295
side effects, 294

Postherpetic neuralgia (PHN), presentation
and treatment, 236, 237

Preseptal cellulitis, see Orbital infection
Primary pyoderma,

clinical presentation, 140, 141
pathogens, 139, 140

Prosthetic device infection, see  Pacemaker
infection; Peritonitis; Prosthetic
joint infection; Prosthetic valve
endocarditis; Shunt infection; Vas-
cular graft infection

Prosthetic joint infection,
clinical manifestations, 201
diagnostic tests, 201, 202
epidemiology, 201
pathogenesis, 197
prevention, 203
septic arthritis risk, 135, 136
treatment, 202, 203
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Prosthetic valve endocarditis (PVE), see also
Infective endocarditis,

clinical manifestations, 203
diagnostic tests, 203, 204
epidemiology, 203
pathogenesis, 197
prevention and antimicrobial prophylaxis,

88, 160, 161, 204, 206, 207
treatment, 204, 205

PVE, see Prosthetic valve endocarditis

Quinolones, 24, 268

Respiratory syncytial virus (RSV),
clinical manifestations, 228
diagnostic tests, 228
epidemiology, 227, 228
prevention, 229
treatment, 229

Respiratory tract infection, see also specific
infections,

case definitions in long-term care, 250
diabetic infections,

external otitis, 279, 280
pneumonitis, 278
rhinocerebral mucormycosis, 278, 279
tuberculosis, 278

prospects for research, 324
Retinal infection, see Endophthalmitis
Rhinovirus,

clinical manifestations, 230
diagnostic tests, 230
epidemiology, 230
treatment, 230

Risk factors, infection in the elderly, see also
Epidemiology,

antibiotic resistance, 8
host defense alterations in aging,

immune response, 9–11, 35
mucosal defense, 9

inoculum, 8
virulence factors, 7, 8

Rotavirus,
epidemiology, 235
vaccination, 235

RSV, see Respiratory syncytial virus

Sepsis,
aging effects in organ systems and clinical

outcome,
cardiovascular, 36
gastrointestinal, 37
hematologic and immune system, 35,

37–39
hepatobiliary, 37
neurological, 36
pancreas, 37
pulmonary, 36
renal, 37

Sepsis (cont.),
definition, 33, 34
diagnosis,

blood culture, 43
chest film, 43
imaging, 43
markers, 43, 44
sputum examination, 43

differential diagnosis, 44
epidemiology, 34, 35
immunotherapy trials, 47, 48
pathophysiology, 35, 39
prevention, 47
prognostic factors, 44
prospects for research, 324
sources and pathogens, 42
symptoms and signs, 39–42
treatment,

antimicrobial therapy, 44, 45
hemodynamic support, 45–47
nutrition, 46
overview, 44
ventilation, 46, 47

Septic arthritis,
clinical manifestations, 132, 133
diagnostic tests, 133
microorganisms, 132
prevention, 137
prosthetic joint infection, 135, 136
rheumatoid arthritis association, 136
treatment,

antibiotics, 136, 137
joint immobilization, 136
surgery, 136

types,
gonococcal arthritis, 133, 134
Gram-negative bacilli, 134
rare forms, 134, 135
staphylococcal arthritis, 134
streptococcal arthritis, 134

Sexually-transmitted disease (STD), see also
Chlamydia; Gonorrhea; Herpes
simplex virus type II; Human im-
munodeficiency virus; Syphilis;
Vaginitis,

epidemiology, overview, 313, 314
sexual activity in the elderly, 313

Shunt infection,
clinical manifestations, 198
diagnostic tests, 198
epidemiology, 197, 198
microbiology, 198
pathogenesis, 197
treatment, 198, 199

Sigmoid volvulus,
clinical manifestations, 95, 96
diagnostic tests, 96
risk factors, 95
treatment, 96
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Sinusitis,
clinical manifestations, 169
diagnostic tests, 170, 171
differential diagnosis, 170
epidemiology, 168, 169
pathogens, 169
prevention, 172, 173
treatment, 171, 172

SIRS, see Systemic inflammatory response
syndrome

Skin infection, see Cellulitis; Erysipelas;
Necrotizing soft-tissue infection;
Primary pyoderma; Ulcer infection

STD, see Sexually-transmitted disease
Syphilis,

diagnosis, 314, 315
epidemiology, 314
treatment, 315, 316

Systemic inflammatory response syndrome
(SIRS), definition, 33, 34

T-cell,
aging changes, 10, 11, 35, 38
functional overview, 10

Tetanus–diphtheria toxoid,
clinical relevance, 287–289
contraindications, 289
formulation, 289
improvement of utilization, 289–291
recommendations, 289, 290

Tracheobronchitis, case definitions, 250
Training and education, 325
Trichomoniasis, vaginitis, 319, 320
Trimethoprim/sufamethoxazole,

overview , 25
resistant Gram-negative bacteria, 266

Tuberculosis,
antimicrobial therapy, 25, 26, 72–74
clinical manifestations, 67
diabetic infections, 278
diagnostic tests,

histology, 72
nucleic acid amplification tests, 72
sputum examination, 71, 72
tuberculin skin test, 71, 74, 75

epidemiology, 67, 68
forms,

genitourinary tuberculosis, 70, 71
miliary tuberculosis, 70
miscellaneous sites of involvement, 71
pulmonary tuberculosis, 69, 70
skeletal tuberculosis, 70
tuberculous meningitis, 70

immune response, 68, 69
pathogenesis, 68, 69
prevention, 74, 75

environmental control, 74
surveillance, 74, 75

prospects for research, 324

Ulcer infection,
pathogens, 140, 144
treatment, 144

Urinary tract infection,
antimicrobial therapy,

asymptomatic infection indications, 106,
107

drug selection, 107, 108
duration, 109
symptomatic infection, 107

bacteriology, 101, 102
clinical manifestations, 103, 104
definition, 99
diabetic infections,

bacteriuria, 281
emphysematous cystitis, 281
emphysematous pyelonephritis, 281
fungal infection, 282
papillary necrosis, 282
perinephric abscess, 281

diagnostic tests,
markers, 106
pyuria, 106
urine culture, 105, 106

epidemiology, 99, 100, 245
morbidity and mortality, 102
pathogenesis, 100, 101
prevention, 109, 110
prospects for research, 324
sex differences, 13, 99, 100
sites of infection, 106
urethral catheter risks, 103, 110

Vaccination, see also specific diseases and
pathogens,

improvement of utilization, 289–291
indications for the elderly, 287, 288
prospects for research, 324

Vaginitis,
bacterial, 319
candidiasis, 317
etiology, 319
trichomoniasis, 319, 320

Vancomycin, overview , 25
Vancomycin-intermediate Staphylococcus

aureus (VISA),
criteria, 260
epidemiology, clinical significance, 260
prevention, 261

Vancomycin-resistant enterococci (VRE),
epidemiology, 262–264
mechanism, 263
phenotypes, 263
prevention, 264, 265
risk factors, 263

Varicella zoster,
epidemiology, 236
postherpetic neuralgia, 236, 237
vaccination, 237
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Vascular graft infection,
clinical manifestations, 205
diagnostic tests, 205, 206
epidemiology, 205
pathogenesis, 197
prevention, 206, 207
treatment, 206

Viral infection, see specific viruses
Virulence factors, susceptibility in the eld-

erly, 7, 8

VISA, see Vancomycin-intermediate Sta-
phylococcus aureus

Vitamin A, supplementation, 305, 308
Vitamin E, supplementation, 305, 307, 308
Vitreal infection, see Endophthalmitis,
VRE, see Vancomycin-resistant enterococci

War, infection as major mortality cause, 3

Zinc, supplementation, 306, 307
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