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ABSTRACT

The elderly (=65 years of age) are more susceptible to morbidity and mortality from foodborne-induced gastroenteritis than
younger individuals. Several factors contribute to the increased susceptibility to foodborne infections as well as other infections in
elderly populations. These include an age-associated decrease in humoral and cellular immunity, age-related changes in the
gastrointestinal tract (decreased production of gastric acid and decreased intestinal motility), malnutrition, lack of exercise, entry
into nursing homes, and excessive use of antibiotics. Data from foodborne outbreaks associated with nursing homes indicate that
the elderly are more likely to die from foodborne Campylobacter, Clostridium perfringens, Escherichia coli O157:H7,
Salmonella, and Staphylococcus aureus infections than the general population. Infections by Salmonella species are the most
common cause of illness and death in nursing homes with Salmonella enteritidis as the major cause of both morbidity and
mortality. While it is impossible to turn back the clock, practicing a healthy life-style with regular exercise, maintaining a
balanced diet, receiving regular health care, paying attention to personal hygiene, and monitoring food preparation and handling
should lead to a reduced incidence of foodborne and other infections in the elderly.

The frequent occurrence of nursing home foodborne
outbreaks indicates that the elderly are particularly suscep-
tible to gastroenteritis-induced mortality (80, 95). Surveys
reveal that elderly individuals are more vulnerable to
gastroenteritis-induced death. Using 1985 hospitalization
data from a health system database, Gangarosa et al. (51)
found that of 87,181 gastroenteritis cases, 17.0% occurred in
individuals =70 years of age, and 37.9% of the cases were in
individuals aged 1 month to 19 years. There were 514
gastroenteritis-related deaths in the database; 67.5% of the
deaths occurred in the =70-year-old group, whereas only
1.9% of gastroenteritis cases in the younger group ended in
death (51). Analyzing deaths associated with ‘diarrheal
disease in the United States from 1979 to 1987, Lew et al.
(81) found that deaths in the 1-month to 4-year-old group
accounted for approximately 11%, whereas 51% of people
>74 years of age who developed diarrhea subsequently
died.

In addition to gastroenteritis, the elderly are more
susceptible to contracting and/or dying from a large number
of other infectious diseases including urinary tract infec-
tions, pneumonia, tuberculosis, bacteremias, and meningitis
as well as other infections (12, 40, 41). Many of these
infections are preventable if diagnosis and treatment are not
delayed.

Ben-Yehuda and Weksler (12) describe the elderly as
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suffering from age-associated immune deficiency; the weak-
ened immune system may explain, in part, the increased
susceptibility of elderly populations to infections, but un-
doubtedly other factors also play a role. In the present
review, the factors that may contribute to increased suscepti-
bility of the elderly (here defined as those individuals =65
years of age) to foodborne illness are discussed.

FACTORS THAT MAY CONTRIBUTE TO
INCREASED SUSCEPTIBILITY, MORBIDITY,
AND MORTALITY TO FOODBORNE PATHOGENS
IN THE ELDERLY

The elderly represent a very heterogenous population in
terms of health, physiological functions, and susceptibility
to disease. For any given physiological function, the distribu-
tion and heterogeneity of that function becomes more
diverse as the population ages (1/4). A function may decline
at a slow rate in one elderly person but at a faster rate in
another person of the same age. The age at which disability
and increased susceptibility to infections occurs will be
dependent upon the rate of decline in various physiological
functions (114).

Immune system and aging. It would seem logical to
consider the immune system of the healthy young (19 to 39
years of age) as the norm; thus, many of the parameters
listed in Table 1 indicate that the immune status of the
elderly deviates from that norm. Data from healthy individu-
als were used to develop Table 1; however, it is obvious that
there are contradictions within many of the immunological
parameters listed in the table. These discrepancies probably
reflect the high degree of individual differences seen in the



TABLE 1. Comparison of the immune systems of healthy elderly
humans (=65 years of age) and young healthy humans

(19 to 39 years of age)
Status in
elderly compared
Immune characteristic to young References
Number of mature T cells «a (19, 74, 127)
! (76, 101)
Number of immature T cells 1 (76)
Number of helper T cells - (74, 76, 101,
(CD4%) 111, 127)
Number of cytotoxic/sup- l (76, 127)
pressor T cells (CD8%)
- (74, 101)
Number of B cells - (19, 101, 127)
l (103)
Number of natural killer cells - (19, 127)
1 (78)
Number of naive CD4+ T l (19, 64, 74, 101,
cells 111, 125, 127)
Number of memory CD4* 1 (64, 74, 101, 111,
T cells 122, 125, 127)
- (19)
Number of naive CD8*+ T l (19, 127)
cells
Number of memory CD8* T - (74)
cells
i (122, 127)
l (19)
Mitogen-induced T-cell ! (31, 75, 88, 96,
proliferation 122, 124, 125)
Cytotoxic CD8" T-cell l (90)
response against influenza
virus-infected target cells
Production of IL-1 1 (103)
Production of IL-2 l (22, 75, 91, 103,
104, 105, 106,
122)
Production of IL-4 1 (90, 101)
l (3)
- (22, 122)
Production of IL-5 - (22)
Production of IL-6 - (22)
1 (103)
Production of IL-8 l (58)
Production of IL-10 1 (19, 24)
Production of IFN-y l (19, 22, 90, 103)
- (122)
Production of TNF-a - 22)
1 (103)
| (58)
Delayed-type hypersensi- } (34, 113)
tivity reactions
“ (75)
Primary vaccination with 1 (103)
tetanus toxoid
Boosting with tetanus toxoid l (5, 103)
Concentration of serum IgG i (75, 103)
l (29)
i 4)
Concentration of serum IgA 1 (4, 75, 103)
e (29)
Concentration of serum IgM | 4, 29)
- (103)

TABLE 1. (Continued)

Status in
elderly compared

Immune characteristic to young References
Concentration of serum IgE l (3, 103)
Concentration of salivary IgG 1 (4, 29)
Concentration of salivary IgA 1 (4, 29)
Concentration of salivary 1 (4)

IgM

A (29)

Salivary sIgA secretion rate ! (29, 93)
Anti-inflammatory capacity l (54)

of red blood cells?
Natural anti-a-galactosyl 1 (20)

(Gal-a[1 — 3]-Gal) IgG

antibody
Autoantibodies and circu- 1 (20, 59, 112)

lating immune complexes
Monoclonal antibodies 1 (83, 110)

(benign monoclonal)

@ «», Parameter approximately same in both elderly and young; T,
parameter increased in elderly; |, parameter decreased in elderly.

b Red blood cells protect the individual against the inflammatory
consequences of immune complexes and complement activation
in the circulation. The red blood cells acting via the complement
receptor, CR1, function as carriers of immune complexes to the
liver and spleen and as a cofactor for Factor I in cleavage of C3b
resulting in inactivation of complement (54, 84).

elderly population as well as differences in age of the groups
studied and their health status. Variation could be introduced
due to differences in investigative techniques, as well.

T-cell function declines with aging. Mitogen-induced
T-cell proliferative responses, delayed-type hypersensitivity
reactions, and T-cell-dependent antibody production (pri-
mary and booster vaccination with tetanus toxoid, for
example) are decreased (Table 1). Production of interleu-
kin-2 (IL-2) by T cells declines with aging (Table 1), and
IL-2 is a key component of these T-cell-mediated responses
(94). Generation of high-affinity IL-2 receptors after stimula-
tion by mitogen or antigen also decreases with aging (94).

In the elderly, there is a preponderance of antigen-
experienced memory T cells as compared to naive (virgin,
i.e., have not yet encountered antigen) T cells (Table 1). The
T-cell population in the young resembles the naive T cells
that emigrate from the thymus to the peripheral immune
system. With aging, however, there is a shift from naive T
cells to memory T cells (94, 104). Because there is a
decrease in naive, undifferentiated T cells in the elderly,
there is a decreased ability to respond to new antigens, as
well as to new antigens expressed by mutated infectious
agents or to new antigens present in vaccines (46).

Naive T cells preferentially produce IL-2, and the
decrease in naive cells with aging is the explanation for
decreased levels of IL-2 in the elderly (104). Decreased
production of IL-2 and IL-2 receptor may be due to
alterations in signal transduction across the T-cell mem-
brane. Defects in signal transduction pathways involving
calcium mobilization and protein phosphorylation may
explain the failure of IL-2 gene transcription, which leads to



decreased T-cell responses in older individuals (94, 104,
109, 125).

Most antigens invoke antibody synthesis by B cells in a
T-cell-dependent fashion. Cooperation with naive helper T
cells is necessary for naive, undifferentiated B cells to
differentiate and mature into antibody-producing cells when
they respond to T-cell-dependent antigens (94, 103). IL-2 is
involved in B-lymphocyte growth and immunoglobulin
secretion (48). Thus, the decrease in naive T-helper cells and
IL-2 production suggests that there is decreased response by
naive B cells to newly introduced antigens, thereby resulting
in decreased humoral immunity. The increase in autoantibod-
ies, circulating immune complexes, natural antibody (anti-o-
gal), and monoclonal antibodies seen in elderly populations
(Table 1) indicates that aging B cells produce abnormal
antibodies, suggesting that there may be some degree of
derangement in B-cell activity or regulation. It is not clear,
however, if serious consequences result from this perceived
derangement of B cells.

That the elderly are more susceptible to gastrointestinal
infections suggests that the mucosal immune system may be
impaired. Schmucker et al. (121) has recently reviewed the
impact of aging on gastrointestinal mucosal immunity and
concluded that the literature in the field is confusing and
contradictory. The age-increased incidence in gastrointesti-
nal diseases indicates that there is increased need to deter-
mine the relationship between mucosal immunity and dis-
ease in elderly populations (121).

Thus, immunological studies with elderly individuals
do indicate that one manifestation of aging is a gradual
decrease in the efficiency of B-cell- and T-cell-mediated
immune responses. It is probable that the changes in immune
functions listed in Table 1 are more exaggerated in ill elderly
patients. For example, Lesourd et al. (76) demonstrated a
1.6-fold increase in immature T cells in elderly patients who
had a history of recent disease as compared to healthy
patients of the same age. Also, IL-2 production by peripheral
blood mononuclear cells isolated from elderly patients with
urinary tract infections was 2.5-fold lower than that from
cells isolated from healthy age-matched individuals (25).

Major surgery and immunosuppression. Major sur-
gery can result in a decrease in certain T-cell-mediated
immune functions. Using peripheral blood T cells isolated
from patients (n = 69; age = 65 = 9 years) before, during,
and after major surgery, Hensler et al. (63) demonstrated
marked decreases in cell proliferation and cytokine produc-
tion by the T cells. The affected cytokines included IL-2,
IL-4, interferon (IFN)-+y, and tumor necrosis factor (TNF)-a.
Within 3 to 5 days after the operation, however, the
immunological parameters returned to normal levels (63).
Thus, major surgery leads to a short period of immunosup-
pression during which the patient may be at increased risk
for infections. Elderly patients who have age-induced immu-
nosuppression will be at additional risk for infections after
major surgery as compared to younger patients.

Gastrointestinal tract and aging. Inflammation of the
gastric mucosa (gastritis) and atrophy occur in ~50% of the
population >50 years of age (13). Inflammation and atrophy

escalate with increased age. These alterations of the gastric
mucosa lead to hypochlorhydria (decrease in stomach acid)
and may even lead to achlorhydria (complete loss of
stomach acid) (12, 35, 99). Low gastric acidity may also be
due to drugs (antacids, histamine Hj-receptor antagonists, or
marijuana), gastrectomy (removal of part or all of the
stomach), or malnutrition (17).

Stomach acid production in aged men and women, in
the absence of atrophic gastritis, is similar to that of young
individuals (38, 47, 57, 67, 72). Interestingly, Goldschmiedt
et al. (57) reported that aging was associated with increased
acid production. The reporting of decreased gastric acid
production in the elderly in earlier studies was flawed
because of the inclusion of elderly individuals with atrophic
gastritis or Helicobacter pylori infections (86). The preva-
lence of both H. pylori infection and gastritis with atrophy
leading to reduced acid production increases with age;
howeyver, in healthy elderly individuals without these patholo-
gies, acid secretion does not decrease with age (72). Thus,
aging per se is not responsible for decreased stomach acid
secretion.

Because the stomach plays an important role in limiting
the number of bacteria that enter the small intestine, a
decrease or loss of stomach acidity increases the likelihood
of infection if a pathogen is ingested with food or water (17,
55, 99). Patients with hypo- or achlorhydria are more
susceptible to cholera, salmonellosis, shigellosis, or giardia-
sis (55, 97). Natural gastric juice is lethal to Shigella sonnei
in vitro but there is no lethality when the pH of the juice is
=3 (42). Volunteer studies indicated that the infecting dose
for Vibrio cholerae is ~10® organisms for normal individu-
als; however, neutralization of stomach acid by administra-
tion of bicarbonate lowered the dose to ~10* organisms per
individual (23). In cholera outbreaks that occurred in Israel
and Italy, gastrectomized patients suffered a more serious
disease (56, 119).

Stomach ulcers are treated with drugs such as antacids
that neutralize gastric acid or histamine H,-receptor antago-
nists that block gastric acidity output (13). These drugs lead
to healing of ulcerative lesions; however, they do interfere
with the antibacterial action of gastric secretions. The use of
antacids or histamine H,-receptor antagonists was directly
associated with Listeria monocytogenes infections in pa-
tients during a listeriosis outbreak in Boston hospitals in
1979 (65). Schlech et al. (120) demonstrated that the
reduction of gastric acidity in rats by a histamine Hy-
receptor antagonist decreased the infective dose of L.
monocytogenes. Thus, the drug-related decrease in gastric
acidity in the Boston hospital listeriosis patients obviously
permitted survival of the ingested Listeria. It is clear that
hypo- or achlorhydria is associated with increased infection
by gastroenteritis-causing microorganisms.

Gastrointestinal motility (peristalsis) decreases with
aging (35, 99). Because peristalsis provides a mechanical
means for removal of ingested pathogens, the strong peristal-
sis initiated by an enteropathogen (diarrhea) aids in elimina-
tion of the organism during intestinal infections (50). The
administration of antidiarrheal agents may compound diar-
rheic infections. Humans with shigellosis, when treated with



an antimotility agent, developed a more severe disease with
prolonged carriage of the organisms (44). There is an
increased risk of Escherichia coli O157:H7 infections
progressing to hemolytic uremic syndrome (HUS) in chil-
dren given antimotility agents (/7). In infected children who
did not develop HUS, administration of an antimotility agent
prolonged bloody diarrhea. Tarr (129) did not recommend
treatment of E. coli O157:H7 infections with antimotility
agents or narcotics to relieve diarrheic symptoms because
the drugs delayed clearance of the pathogen from the
intestinal tract with the possibility of increased Shiga-like
toxin absorption. Thus, the use of antimotility agents to
relieve diarrheic symptoms induced by gastrointestinal patho-
gens interferes with the cleansing action of peristalsis and
may lead to worsening of the disease.

The decrease in gastric acidity and intestinal peristalsis
seen in elderly populations makes them more susceptible to
gastrointestinal infections. This susceptibility is increased
when elderly patients are dispensed medications that de-
crease stomach acidity or antimotility agents to relieve
diarrheic symptoms.

Nutrition and aging. Under certain conditions, the
elderly can be host to a number of nutritional problems such
as protein-energy undernutrition, vitamin and trace mineral
deficiencies, and malabsorption of nutrients (34). There are
many reasons why a certain portion of the elderly population
is malnourished, and a number of risk factors that can induce
malnutrition are listed in Table 2.

Malnutrition, regardless of age, leads to increased
incidence of infections, delayed wound healing, and poor
clinical outcomes (14, 30, 99). There is a close relationship
between nutrition and immunity, and malnutrition can
adversely affect a number of immune functions (Table 3).
Nutritionally acquired immunodeficiency syndrome (NAIDS)
is the term used to describe immune dysfunction associated
with malnutrition (9, 10). Because the elderly suffer from
age-induced immunodeficiencies (Table 1), NAIDS can
impose an additional strain on the aging immune system
with resultant increased risk of infections.

It has been estimated that the diets of approximately one
third of the elderly are deficient in vitamins and trace

TABLE 2. Risk factors for decreased nutrient intake in the elderly®

. Altered taste and smell (decrease in pleasure of eating)

. Early satiety

. Medication (loss of appetite, nausea, malabsorption)

Changes in emotional state (depression, grief, loneliness)

Change in mental state (dementia, paranoia, mania)

. Digestive disorders (dental problems, dryness of mouth,
difficulty in swallowing, hypo- and achlorhydria, gastroin-
testinal diseases, malabsorption)

7. Chronic illnesses (diabetes, pulmonary diseases, cardiovas-
cular diseases, cancer)
8. Physical disability (difficulty in shopping for and in pre-
paring food)
9. Poverty
10. Living alone; social isolation
11. Cigarette smoking; alcohol abuse

@ Data taken from a variety of references (1, 62, 136, 138, 139).

TABLE 3. Immune functions that may be affected by malnutrition®

1. Decrease in cell-mediated immunity
a. Depression of cutaneous delayed-type hypersensitivity to
both recall and new antigens
b. Suppression of T-cell proliferative response to mitogens
and antigens
c. Reduced antibody synthesis to T-cell-dependent antigens
d. Delay in skin allograft rejection
e. Reduced number of mature T cells with concomitant
increase in immature T cells
f. Decrease in number of CD4* T cells
2. Decrease in humoral immunity
a. Decreased antibody production
b. Decreased response of B cells to mitogens and antigens
c. Reduced secretory IgA level
d. Decreased B cell numbers
e. Decrease in vaccine response
3. Impaired complement activation system
a. Reduction in level of C3 component
b. Reduction in level of factor B (factor B is a component of
alternate complement activation)
4. Reduced macrophage and neutrophil response
5. Atrophy of lymphoid tissue
6. Reduced synthesis and release of IL-2 and y-IFN
2D

ata taken from a variety of references (30, 75, 77, 131).

elements (33). The supplementation of vitamins and/or
minerals to the diet of the elderly has been shown to improve
various immunological parameters. For example, when the
diet of a population of independently living healthy subjects
=65 years of age was supplemented with vitamin E,
Meydani et al. (92) demonstrated enhancement of various
cell-mediated immune functions. There was improvement of
delayed-type hypersensitivity responses and increased syn-
thesis of antibodies to hepatitis B antigen and tetanus toxoid
(both are T-cell-dependent antigens). Vitamin E supplemen-
tation had no effect on nonspecific IgG, IgA, or IgM levels
and had no effect on T- and B-cell numbers (92). The
individuals receiving vitamin E supplementation also re-
ported fewer infections.

There does not appear to be a need for iron supplements
in the diet of most segments of the U.S. population including
the elderly (39). The elderly do not excrete iron as readily as
younger individuals; therefore, iron storage increases with
aging (39, 69). Thus, in the absence of clinical signs of iron
deficiency, such as anemia, iron supplements are not recom-
mended for the elderly (39).

Elderly subjects (>65 years of age), living indepen-
dently and who are apparently healthy, showed significant
improvement in immune status when given optimum amounts
of vitamins and minerals (32). After 12 months of supplemen-
tation, there were increases in the number of CD4" T cells,
improvement in lymphocyte response to mitogen stimula-
tion, increase in the levels of IL-2 and IL-2 receptor, and
increase in natural killer cell activity. In addition, Chandra
(32) showed that nutrient-supplemented individuals had
fewer infections as compared to those individuals receiving
placebo treatment. Similarly, Bogden et al. (15), studying
apparently healthy, independently living subjects aged 59 to
85 years, demonstrated that daily micronutrient (vitamins



and minerals) supplementation, over a 12-month period, led
to a significant improvement in delayed hypersensitivity
skin test responses as compared to the group receiving a
placebo. It is probable that an elderly population that is
obviously malnourished will show improvement of immune
status if their diets are properly supplemented.

Even though Bogden et al. (15), Chandra (32), and
Meydani et al. (92) demonstrated that nutrient supplementa-
tion improved immune status in apparently healthy elderly
subjects, it is not clear that these subjects were actually
suffering from NAIDS. It is clear, however, that many
elderly patients in nursing homes do have NAIDS with
concomitant increased medical care expenditures, morbid-
ity, and mortality (62, 99, 139). Malnutrition in nursing
home elderly may result from the risk factors listed in Table
2; however, the nursing home environment also can lead to
malnutrition in these individuals. Loss of privacy, loss of
control over food choices, inappropriate meal timing, inap-
propriate food temperatures, the presence of noisy or
psychotic patients during eating, the need for assisted
feeding, and unattractive eating surroundings may lead to a
decrease in nutrient intake by elderly nursing home patients
(62).

Thompson et al. (132) recommended nutritional therapy
for elderly hospitalized and nursing home patients. In
addition, the apparently healthy, independently living, but
economically straitened elderly should be given protein-
calorie, vitamin, and trace element supplements (132). In the
long run, administration of nutritional therapy to geriatric
populations will decrease medical costs and limit morbidity
and mortality.

Exercise, immunity, and aging. An acute bout of
exercise is immunosuppressive in both the young and
elderly. The effect of chronic (long-term) exercise on
.immune function, however, is less clear because studies in
humans have shown conflicting results (89). However, it is
believed that moderate regular exercise is an important
factor in maintaining good health and immune function in
the elderly. Exercise benefits the skeletal, muscular, cardio-
vascular, respiratory, endocrine, and nervous systems of
elderly individuals (35). Regular exercise also increases
several indices of immune function in the elderly. Lympho-
cyte proliferation upon stimulation by mitogen, natural killer
cell activity, and cutaneous delayed hypersensitivity re-
sponses are significantly increased in elderly subjects en-
rolled in a fitness program (31). In addition, nutritional
supplementation combined with the fitness program had an
even greater positive effect on immune responses (31).
Elderly recreational male runners (mean age 64) showed
increased lymphocyte proliferative responses to mitogen
and increased cytokine production (IL-2, IL-4, and IFN-vy)
as compared to sedentary elderly controls (mean age 66)
(122). However, other immune parameters did not differ
greatly between the two groups.

Long-term regular exercise appears to improve age-
related decline in certain T-cell immune functions and is
probably necessary for maximum efficiency of the immune
system in the elderly (100). An excellent review discussing

the role of exercise and immunity in aged individuals has
recently appeared (134).

Nursing homes and foodborne disease in the elderly.
Elderly nursing home residents have certain characteristics
that make them more susceptible to infectious diseases.
Age-related decreases in immune function, NAIDS, underly-
ing illnesses, diminished physiological functions, immobil-
ity, decreased gastric acidity, and treatments involving
antimicrobial agents make the elderly particularly vulner-
able to foodborne infections (80, 82). Thus, the nursing
home environment is a unique ecological niche in which a
large number of susceptible elderly persons live together and
share institutionally prepared foods. If a breakdown in food
hygiene occurs in the nursing home setting, there is potential
for foodborne outbreaks with high morbidities and mortali-
ties (79).

Levine et al. (80) studied the 115 foodborne outbreaks
(4,944 cases and 51 deaths) that occurred in nursing homes
for the years 1975 to 1987. The causative pathogens were
identified in 52 of the outbreaks and included Bacillus
cereus, Campylobacter jejuni, Clostridium perfringens, E.
coli O157:H7, Salmonella species, Staphylococcus aureus,
and Giardia lamblia. Three pathogens accounted for 40.8%
of the total cases: C. perfringens (10.0%), Salmonella
species (20.3%), and S. aureus (10.5%). Known pathogenic
agents accounted for 92.2% of the 51 deaths that were due to
foodborne disease in nursing homes. Four pathogens ac-
counted for 90.1% of the deaths: C. perfringens (3.9%), E.
coli O157:H7 (7.8%), Salmonella species (74.5%), and S.
aureus (3.9%) (80). In a Canadian nursing home E. coli
0157:H7 outbreak not reported by Levine et al. (80), 55/169
residents were infected (21). Twelve of the infected individu-
als developed hemolytic uremic syndrome with death occur-
ring in 11. Antibiotic treatment was associated with higher
case fatality.

Mishu et al. (95) analyzing Salmonella enteritidis
outbreaks in the United States for the period 1985 to 1991,
found that 11.2% (1,481 cases) of the 13,168 cases of S.
enteritidis infections occurred in nursing homes and hospi-
tals. There were 50 deaths attributed to S. enteritidis, 45 of
which occurred in nursing homes and hospitals. Levine et al.
(80) found that S. enteritidis alone was responsible for
37.3% of the foodborne disease deaths in nursing homes for
the period 1975 to 1987. In 1995, five deaths due to S.
enteritidis were reported, four of those deaths occurred in
nursing home residents (28). Nursing home residents in the
United States, therefore, are at risk for death from foodborne
diseases, particularly those due to Salmonella and E. coli
0157:H7.

Incidents in residential homes (95% of which were
homes for the elderly) accounted for 282 of the 1,275
outbreaks of infectious intestinal diseases in England and
Wales for the period of 1992 to 1994 (117). Foodborne
transmission accounted for 58/282 (20.6%) of outbreaks;
25/58 (43.1%) of the foodborne outbreaks were due to
Salmonella infections and 23/58 (39.7%) were due to C.
perfringens. Unfortunately, Ryan et al. (117) do not discuss
the number of cases involved in the foodborne outbreaks but
did say that 26 deaths resulted from the 282 residential home



TABLE 4. Deaths from foodborne disease in the United States:
comparison between nursing home population and general population

Deaths per thousand cases
General Nursing home
Pathogen population population?
Campylobacter 2.1% 11.1
Clostridium perfringens 0.46° 4.0
Escherichia coli O157:H7 21.8-26.8¢ 117.6
Salmonella species 1.5% 37.8
Staphylococcus aureus 0.0* 39

4 Levine et al. (80) (data for 1975 to 1987).
b Bean et al. (7, 8) (data for 1983 to 1992).
¢ Buzby et al. (18) (table 10, estimates for 1993).

outbreaks; 18 of the deaths were due to Salmonella species.
Similarly to reports from the United States, Salmonella
species caused most of the foodborne outbreaks and deaths
in England and Wales residential homes. However, food-
borne disease from C. perfringens in residential homes
appears to be more common in England and Wales than in
the United States.

Nursing home residents are more likely to die from
foodborne infections than the population at large. The data
presented in Table 4 indicate that residence in a nursing
home increased the risk of death from infections caused by
the foodborne pathogens, Campylobacter, C. perfringens, E.
coli O157:H7, Salmonella, and S. aureus.

The use of antibiotics by the elderly. Antimicrobial
compounds are among the most frequently prescribed phar-
maceuticals in nursing homes and may account for at least
40% of prescribed medication (99). Antibiotic treatment in
nursing homes was often initiated in the absence of a
physician’s examination and microbial culture information
(73, 137). Antibiotics were often prescribed for infections in
which antibiotics are not considered to be effective. In other
cases, a certain antibiotic was prescribed even though a less
expensive and more effective one would have been more
appropriate (71, 107, 137). The intensity of antibiotic use
combined with inappropriate usage leads to the potential for
emergence of resistant microorganisms as well as an in-
crease in health care costs.

SUSCEPTIBILITY OF THE ELDERLY TO SPECIFIC
FOODBORNE PATHOGENS

C. jejuni. Campylobacter is the most common diar-
rheic bacterial pathogen isolated in the United States. The
most frequently isolated species is C. jejuni (18). The
majority of cases of C. jejuni diarrhea are sporadic. Food-
borne outbreaks due to the organism are relatively uncom-
mon with only about 1% of the total foodborne disease
outbreaks in the United States being due to campylobacterio-
sis (7). In the United States and other developed countries,
the incidence of campylobacteriosis is highest in the <1-year-
old group with the next highest incidence occurring in the
20- to 40-year-old group. The elderly, as a group, do not
appear to be particularly susceptible to C. jejuni infections
(130). Levine et al. (80), in their review of foodborne disease

outbreaks in nursing homes, reported that two outbreaks
involving 90 individuals and one death were due to food-
borne C. jejuni during the period 1975 to 1987.

For the period 1985 to 1991, there were 7,366 estimated
cases of Guillain-Barré syndrome (GBS) in the United
States with 37.7% of the cases occurring in the =65 age
group (108). During that time period, there were 3,770
estimated deaths attributed to GBS; 66.0% of those deaths
occurred in the =65 age group. C. jejuni infections played
an important role in the GBS deaths because ~29% of GBS
cases have their origin in C. jejuni gastroenteritis (123).
Although the elderly do not have increased susceptibility to
campylobacteriosis, sequelae of Campylobacter infections
such as GBS occur at a higher rate in older individuals.

Cryptosporidium. Neonatal rodents, calves, and lambs,
in comparison with adult animals, are highly susceptible to
oral infections due to Cryptosporidium. Similarly, cryptospo-
ridiosis is much more common in young children than in
adults (140). The susceptibility of elderly humans to Crypto-
sporidium infection is not clear. However, one report does
indicate that the elderly are more susceptible to infections by
the parasite. In the waterborne outbreak of Cryptosporidium
that occurred in Milwaukee in the spring of 1993, the
likelihood of infection was increased 2.6-fold in individuals
=60 years of age as compared to those 0 to 11 years of age
and was increased 1.6-fold in comparison to individuals 12
to 59 years of age (36).

Bannister and Mountford (6) discussed severe Crypto-
sporidium diarrhea in three elderly subjects (ages 69, 70, and
78) and suggested that the elderly, due to their immune-
deficient status, may be at increased risk for cryptosporidial
infections, and the disease may be more severe. Hospitalized
elderly patients (mean age = 77) with chronic diseases were
shown to have a high morbidity for cryptosporidial infection
(98). It is known that malnutrition predisposes to a more
prolonged and severe cryptosporidiosis (2); thus, elderly
patients suffering from NAIDS may be at increased risk for
infection by the parasite.

E. coli O157:H7 (EHEC). In the United States, the
mean infection rate per 100,000 for EHEC in the age group
<5to 19 years is 4.5 (range 3.1 to 6.1) and 0.9 (range 0.5 to
1.2) for age group 20 to 59 years. The mean infection rate
increases to 1.7 (range 1.6 to 1.8) for those >60 years of age
(18). In the summaries of notifiable diseases in the United
States, 11.4% of the 1,420 cases of EHEC reported in 1994
were in individuals =60 years (26) and 12.4% of the 2,139
cases of EHEC reported in 1995 occurred in individuals
=65 years of age (27).

Ryan et al. (116) reporting a nursing home outbreak
found that 11.8% of 34 EHEC-infected patients (all were
>80 years of age) died. Similarly, Carter et al. (21) found
that 34.8% of 55 EHEC-infected nursing home patients died.
The mean age of the nursing home residents in the report of
Carter et al. (21) was 83.5 = 10.8 (range 39 to 101). Thus,
the elderly, particularly those in nursing homes, are vulner-
able to EHEC infections and suffer high mortality.



L. monocytogenes. U.S. data from 1980 to 1982 indi-
cated that listeriosis was more common at the extremes of
age. The attack rate for infants <1 month of age was
57/100,000, whereas it was 1/100,000 for individuals >70
(37). Mortality was 17.1% for infants <1 month of age but
was more than 30% in the >70 group. Bula et al. (16)
discussed 57 cases of listeriosis in adult (18 years of age)
nonpregnant patients from Switzerland for 1983 to 1987.
Those patients >65 years of age comprised 54.4% (31/57)
of the cases. In addition, mortality was highest in the elderly;
45.2% (14/31) of the patients >65 died compared to 15.4%
(4/26) in the <65 age group (16). Two hundred and
twenty-five cases of listeriosis occurred in nonpregnant
French patients in 1992: 4.1%, 24.3%, and 71.6% of cases
occurred in the 1 to 29, 30 to 59, and =60 age groups,
respectively (60). The immunocompromised elderly were
particularly at risk. Of the elderly patients discussed by
Goulet and Marchetti (60), 84.8% had immunosuppressive
risk factors such as dialysis treatment, types I and II
diabetes, alcoholism, hepatic failure, malignancies, acquired
immune deficiency syndrome (AIDS), organ transplants,
immunosuppressive therapy, etc. While the incidence of
listeriosis has decreased in the United States (128), it is still
necessary to exercise vigilance to protect the elderly from
this potentially fatal disease.

Salmonella species. Using 1986 data obtained in United
States populations, Hargrett-Bean et al. (61) found the rate
of Salmonella infection was ~15 cases/100,000 in the 15 to
60-year age group but was higher in the =65 age group.
Data obtained from foodborne outbreaks in nursing homes
for the period 1975 to 1987 (80) indicated that Salmonella
species accounted for 23.5% of foodborne outbreaks, 20.3%
of the foodborne cases, and 74.5% of the deaths due to
foodborne illnesses. The elderly appear to be particularly
susceptible to Salmonella infections and Salmonella-
induced death.

Shigella. The mean number of cases/year of shigellosis
for the United States for the years 1988 to 1995 was 28,029
(range 23,548 to 32,198). Children <5 years of age ac-
counted for 28.5% of the cases; 23.2% occurred in children
aged 5 to 14 years. However, individuals =65 years of age,
accounted for only 2.0% of cases (27). Thus, it would appear
that the elderly may be less susceptible to Shigella infections
or have lower probability of being exposed.

Toxoplasma gondii. Aged mice are significantly more
susceptible to 7. gondii infection with higher mortality than
young mice (45, 52, 68). At similar infective doses, aged
mice had a severalfold increase in brain tissue cyst burden
when compared to young mice (53). Aged mice studies
would indicate that older humans should be more suscep-
tible to T. gondii infection and disease but there are no
supporting data. However, the prevalence of 7. gondii
seropositivity increases with increasing age in humans (43,
135).

In immunocompromised populations (AIDS, transplant,
or cancer patients), toxoplasmosis generally represents reac-
tivation of a prior infection (49). However, there is a paucity

of data concerning parasite reactivation in healthy 7. gondii-
seropositive elderly individuals who are merely immunocom-
promised by age. A recent report by Johnson et al. (70)
suggests that reactivation of toxoplasmosis may occur in
older individuals. Some of the cases of atypical severe
toxoplasmic retinochoroiditis that were observed in seven
elderly (ages 69 to 82) individuals appeared to have been the
result of reactivation of a preexisting infection. Even though
there are few supporting data, it is probable that elderly
humans are more susceptible to infection by 7. gondii or to
reactivation of latent toxoplasmosis. Many cases may not be
detected because symptoms of toxoplasmosis may not be
readily recognized by geriatricians.

Yersinia enterocolitica. The largest number of cases
and highest incidence of Yersinia infection are seen in
children <5 years of age (66, 102, 126). Only about 10% of
the cases are seen in individuals >60 years of age (102,
118); the incidence of infection in the elderly is similar to
that seen in the 20 to 59 age group (102). It would appear
that the elderly are no more susceptible to Yersinia infections
than young adults.

C. perfringens and S. aureus. Two foodborne patho-
gens that appear to be more common in nursing home
populations than in the general population are C. perfringens
and S. aureus. For the period 1988 to 1992, C. perfringens
comprised 1.6% of the outbreaks, 4.9% of cases, and 1.4%
of deaths seen in foodborne outbreaks in the United States
(7). Levine et al. (80) found that in nursing home foodborne
disease outbreaks, C. perfringens caused 5.2% of the
outbreaks, 10.0% of cases, and 3.9% of the deaths. For S.
aureus, U.S. foodborne disease outbreak data indicated that
the organism caused 2.1% of outbreaks, 2.2% of cases, and

TABLE 5. Factors that play a role in the morbidity and mortality of
the elderly to foodborne illnesses

1. Age-induced decrease in stomach acid production allows
ingested pathogens to enter the intestinal tract.

2. Age-induced decrease in cellular and humoral immunity due
to decreased T-cell activity decreases resistance to patho-
gens.

3. Age-induced decrease in peristalsis (as well as use of anti-
motility drugs) does not allow the speedy elimination of
enteric pathogens. The resulting proliferation of pathogens
in the gut allows toxin formation and/or attachment and
damage to the intestinal wall.

4, Decreased food consumption and poor nutrition leads to
nutritionally acquired immunodeficiency syndrome
(NAIDS); NAIDS combined with the normal age-related
decrease in immune function places an additional strain on
the immune system’s ability to fight pathogens.

5. The nursing home environment, the morbid condition(s) of
nursing home clientele, intense use of antibiotics in nursing
homes, and the poor personal hygiene practiced by some
nursing home residents facilitates spread of infections.

6. Even though the percentage of =65-year-old individuals
who are below the poverty level has decreased from 24.6%
in 1970 to 11.7% in 1994 (133), there is still a high per-
centage of elderly who are too poor to have adequate nutri-
tion and medical care.



no deaths (7). However, nursing home foodborne disease
outbreak data indicated that S. aureus caused 10.4% of
outbreaks, 10.5% of cases, and 3.9% of deaths (80). The
elderly in nursing homes appear to be at risk for C.
perfringens and S. aureus foodborne illnesses.

While the elderly are considered to be a segment of the
immunocompromised population, the invoking of an age-
induced decrease in cellular and humoral immunity does not
completely explain the increased morbidity and mortality
due to foodborne diseases (and other infections) seen in the
elderly. Therefore, foodborne infections in aged populations
probably are due to a combination of factors acting in
concert with age-decreased immune function (Table 5).

PERSPECTIVE

Prevention of infections in the elderly is a matter of
adhering to a healthy life-style including regular exercise, a
balanced diet, adequate and regular health care, a regular
vaccination schedule, and careful attention to personal
hygiene. Prevention of foodborne diseases requires, in
addition, careful monitoring of foods, e.g., where the food is
eaten, which foods are consumed, how foods are prepared
and served, etc. However, the elderly who are afflicted with
chronic diseases, are functionally impaired, are on medica-
tions, and who reside in nursing homes are at risk for
foodborne infections as well as other infections because they
have less control over their environment and life situation.

The population of the United States is aging: in 1995,
individuals =65 years of age comprised 12.8% of the United
States population, but by 2040, the elderly population is
expected to increase to 20.3% (133). In addition, the number
of individuals in the =85-year age group is expected to
increase approximately threefold by 2040 (133). The current
trend of aging of the U.S. population suggests that more of
the elderly, particularly those in the =85-year-old group,
‘will be cared for in nursing homes because many of them
will be impaired and less able to care for themselves. For
these elderly individuals in nursing homes, health care
professionals must be aware of their increased susceptibility
to infections and must place greater emphasis on decreasing
the incidence of both foodborne and nonfoodborne infec-
tions.

It is interesting that chronic disability rates in the U.S.
elderly have been declining since 1982. There are approxi-
mately 1.4 million fewer disabled individuals in the =65 age
group today than would be expected on the basis of the
health status of the elderly in 1982 (87, 115). This improve-
ment in health status in the elderly will probably continue
and will make an important contribution to decreased
medical costs. However, with the expected increase in the
numbers of =85 aged individuals, who are more likely to be
frail and disabled, resources such as nursing homes, health
care personnel, medical care, infection control programs,
and funds needed to care for these individuals should be
expanded substantially. Nicolle et al. (99) indicate that
geriatric care resources will be more restricted in the future
than they are currently. Health care professionals who
specialize in geriatric care will be faced with the challenge
of developing programs that will provide optimal and

cost-efficient care to ever-increasing elderly populations
while at the same time, the budgets for such care will be
decreasing.

The dilemma of dealing with an increase in elderly
populations is not limited to the United States and other
developed countries because the number of individuals >60
years of age is increasing throughout the entire world. The
world’s population of individuals >60 will increase from
9.5% today to 20% by the year 2050. By the year 2100, 27%
of the world’s population will be >60 (85). Therefore, the
economic and social implications of a population of increas-
ingly older individuals must be confronted by all countries,
whether developed or underdeveloped.
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