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Abstract

The purpose of this article was to review the existing literature to define those groups of
individuals who would be at the greatest risk of serious illness and mortality from water and
foodborne enteric microorganisms. This group was found to include the very young, the elderly,
pregnant women, and the immunocompromised. This segment of the population currently
represents almost 20% of the population in the United States and is expected to increase
significantly by the beginning of the next century, because of increases in life-span and the
number of immunocompromised individuals. More than half of documented deaths from
gastroenteritis and hepatitis A illness occur in the elderly in developed countries. The overall
case fatality ratio for foodborne bacterial gastroenteritis outbreaks in nursing homes is 10 times
greater than the general population. Pregnant mothers suffer from a case fatality ratio from
hepatitis E infections ten times greater than the general population during waterborne disease
outbreaks. Enteric diseases are most common and devastating among the immunocompromised.
Cryptosporidium is a serious problem among patients with acquired immuno-deficiency
syndrome (AIDS). Cancer patients undergoing chemotherapy and transplant patients, are also
at significantly greater risk of dying from enteric viral infections than the general population.
This review indicates the need for consideration of enhanced protection for certain segments
of the population who will suffer the most from food and waterborne pathogens.
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1. Introduction

In assessing the potential impact of food and waterborne disease, it is important
to recognize that certain individuals may be at greater risk of serious illness than
the general population. Individuals who are at increased risk of developing more
severe outcomes from microorganisms are the very young, the elderly, pregnant
individuals, and the immunocompromised (organ transplants, cancer patients,
AIDS patients). This group represents almost 20% of the current population in the
United States (Table 1). The elderly and the immunocompromised are an ever
increasing segment of the population whose numbers are expected to increase in the
years ahead. This article presents an assessment of the increased risk for segments
of the population from enteric pathogens which may be either water or food borne.
A list of the major enteric viruses, bacteria and protozoan parasites considered in
this review are shown in Table 2.

The microorganisms associated with half of all water and food borne outbreaks
in the United States go unidentified. When an agent can be identified bacteria are
most often associated with foodborne illness while protozoa and viruses are most
commonly associated with waterborne illness (Centers for Disease Control, 1990).
The enteric bacteria most commonly associated with food and waterborne infec-
tions are Salmonella, Campylobacter, Shigella, and Escherichia coli. Although more
commonly associated with waterborne outbreaks both Giardia and Cryptosporidium
have been the cause of food related infections (Peterson et al., 1988; Millard et al.,
1994). Norwalk virus is the human enteric virus most often identified in food and
waterborne outbreaks of viral gastroenteritis (Craun, 1991; Herwaldt et al., 1994).
Hepatitis A and E have also been associated with both water and foodborne
infections (Vrati et al., 1992; Caredda et al., 1986). Hepatitis E outbreaks appear to
only be associated with gross contamination limited to the developing world. The
other enteric viruses have largely been associated with waterborne disease outbreaks
(Table 2) (Hawley et al., 1973; Craun, 1991). Rotavirus has been associated with a
number of waterborne disease outbreaks (Lycke et al., 1978; Hopkins et al., 1984;
Solodovnikov et al., 1989). Although commonly isolated from feces and sewage
contaminated waters, enteroviruses are less commonly documented as water or

Table 1

Sensitive populations in the United States

Population Individuals Year
Pregnancies 5657 900 1989
Neonates 4 002 000 1989
Elderly (over 65) 29 400 000 1989
Residences in nursing homes or related care facilities 1 553 000 1986
Cancer patients (non-hospitalized) 2411000 1986
Transplant organ patients (1981-1989) 110270 1981-1989
AIDS patients 142 000 1981-1990

Department of Commerce, 1991.
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Table 2
Enteric microorganisms documented to cause waterborne outbreaks

Viruses

Polio

Coxsackie B

Echo

Norwalk

Astro

Rota

Hepatitis A

Hepatitis E

Adeno*

Bacteria

Salmonella

Shigella
Campylobacter jejuni
Yersina enterocolytica
Escherichia coli 0157:H7
Protozoan parasites
Giardia lamblia
Cryptosporidium

*QOutbreaks associated with swimming.

foodborne. Outbreaks of Coxsackie virus have been associated with lake water
(Hawley et al., 1973) and sharing of water bottles (Moore et al., 1993; Alexander et
al., 1993). An echovirus has been reported to be associated with a foodborne
outbreak (Beckers, 1986).

2. Outcomes of microbial infection

The outcome of exposure to infectious microorganisms depends on a number of
host factors including preexisting immunity, nutrition, age, ability to elicit an
immune response, and nonspecific host factors. The type and strain of the microor-
ganism will also affect the outcome. Infection occurs when replication of the
organisms within the host takes place. Infection, however, does not mean that the
host will develop clinical illness. Some viruses of low virulence appear to rarely
produce clinical illness (Henigst et al., 1961), but most enteric pathogens will
produce clinically observable illness in 50% or more of the infected individuals
(Blazer and Newman, 1982; Gerba and Rose, 1993). With enteric viruses, age plays
a major role in the probability of developing clinical illness. In the case of children,
clinical illness can vary from 5% in children less than 5 years of age to 75% in
adults (Hung et al., 1984; Ledner et al., 1985). With rotavirus, children are more
likely to develop gastroenteric disease than adults (Hrdy, 1987). If the illness
becomes serious enough, mortality can result. The case fatality ratio for normal
healthy adults is low for most enteric pathogens (0.1% or less). Table 3 summarizes
data for selected enteric pathogens for the likelihood of clinical illness and case:
fatality in the general population.
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3. Pregnancy, neonates, and young children

Women during pregnancy may be at an increased risk from enteric viruses and
may also act as a source of infection for neonates. During the past decade at least
30 outbreaks of hepatitis E have been documented in 17 countries due to contam-
inated water (Craske, 1992) and foodborne outbreaks have been suspected
(Caredda et al., 1986). Although outbreaks of hepatitis E have not been reported in
the United States, cases do occur among tourists returning from developing
countries. Waterborne outbreaks have at times involved thousands of individuals.
Overall, case fatality ratios have ranged from 1-2% during outbreaks, which is
significantly higher than that for hepatitis A virus. However, for pregnant women,
the ratio is generally between 10 and 20%, but can be as high as 40% (Gust and
Purcell, 1987; Craske, 1992).

Infection during pregnancy may also result in the transmission of infection from
the mother to the child in utero, during birth, or shortly thereafter. This appears to
be a common mode of transmission of coxsackie- and echo-viruses. Neonates are
uniquely susceptible to enterovirus infections. This group of viruses are capable of
causing severe disease and death when infection occurs within the first 10—14 days
of life. Acquisition of coxsackie B infections early in life is the most significant risk
factor leading to fatal disease. Most fatal cases caused by this virus are probably
transmitted transplacentally at term (Kaplan et al., 1983). Among 41 documented
cases of fatal infection in infants, 24 of their mothers had symptomatic illness
consisting of fever, symptoms of upper respiratory tract involvement, pleurodynia,
or meningitis. Symptomatic infection occurred between 10 days antepartum and 5
days postpartum. The observed case fatality rate for coxsackievirus in a New
England county in the United States was almost 13%, with a morbidity rate of 50.2
per 100000 live births. Stillbirth late in pregnancy has been reported for the

Table 3
Ratio of clinical to subclinical infections and case fatality rates for enteric microorganisms

Microorganism Frequency of clinical illness (%) Case:fatality Rate %
Viruses
Hepatitis (adults) 75 0.6
Rotavirus 25-60 0.01
Astrovirus (adults) 12.5 -
Coxsackie A16 50 0.12
Coxsackie B 5-96 0.59-0.94
Bacteria
Salmonella 41 0.1
Shigella 46 0.2
Protozoan parasites -
Giardia 50-67 -
Cryptosporidium 71

Rose et al., 1991; Gerba and Rose, 1993; Rose et al., 1995; Evans and Brachman, 1991; Addiss et al,,
1995.
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echoviruses and coxsackie B viruses (Modlin and Kinney, 1987). More recently
coxsackie B viruses have been implicated as a potential important causative agent
in spontaneous abortions (Frisk and Diderholm, 1992). Anomalies (urogenital
system, heart defects, digestive malformation) in children born to infected mothers
coxsackie B viruses have been suggestive in several studies (Modlin and Kinney,
1987).

Echoviruses can also be transmitted from the mother to the unborn child or
shortly after birth with a potentially serious outcome (Modlin, 1986). An average
case fatality of 3.4% was observed in 16 documented outbreaks of echovirus in
newborn nurseries. In two outbreaks of coxsackie B virus in nurseries, the infant
mortality rate from myocarditis ranged from 50 to 60% (Modlin and Kinney, 1987).

4. The elderly

The American population is aging. It is projected that from 1980 to 2020, the
number of individuals over 65 will double from 25 to 50 million (Sammons, 1986).
The fastest growing segment of the population will be the over-85 age group, which
is projected to increase from 2.3 to 7.3 million. Infectious diseases are a major
problem in the elderly because the immune function declines with age, antibiotic
treatment is less effective because of a decrease in physiological function, and
malnutrition is more common (Meyers, 1989). As a result outbreaks of gastroenteri-
tis can be devastating in nursing homes resulting in a significantly higher mortality
than the general population (Meyers, 1989).

Mortality from diarrhea shows a binomial curve with the greatest risk of
mortality occurring among the very young and very old. A majority of diarrheal
deaths that occur in the United States are among the elderly (Lew et al., 1991). The
bulk of diarrheal deaths occur among the older than 74 years of age (51%),
followed by adults 55 to 74 years of age (27%), and those younger than 5 years
(11%). These deaths have a distinct clear winter peak that suggests a rotavirus
etiology.

Most epidemiological studies concerning a specific agent in the elderly are’
focused around nursing homes since the impact can be more easily observed as a
confined group of individuals. Case fatality rates for specific enteric pathogens are
10 to 100 times greater in this group than the general population (Table 4). One
documented outbreak of rotavirus in a nursing home was characterized by high
attack rates (66%), with few if any asymptomatic cases (Halvorsrud and Orstavik,
1980). While the number of days of illness was within the range observed for other
age groups (1-35 days), the convalescence was prolonged for some individuals. The
mortality rate was 1%. Gordon et al. (1990) reported a mortality rate of 1.3%
among a retirement community during a foodborne outbreak of the Snow Moun-
tain Agent, a calicivirus. They pointed out that several of the residents sustained
serious injuries from falling because of near-syncopal episodes due to dehydration
from the gastroenteritis. The elderly would be expected to be more prone to such
injuries, because of greater illness severity, than younger adults. Outbreaks of
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Table 4

Case fatality observed for enteric pathogens in nursing homes vs. general population

Organism Case fatality (%) in general Case fatality (%) in nursing
population homes

Campylobacter jejuni 0.1 1.1

Escherichia coli 0157:H7 0.2 11.8

Salmonella 0.1 38

Shigella 0.1 -

Rotavirus 0.01 1.0

Snow Mountain agent * 1.3

From: Levine et al., 1991; Gordon et al., 1990; Halvorsrud and Orstavik, 1980; Bennett et al., 1987;
Ryan et al., 1986.
*Only documented deaths have been in the elderly in nursing homes.

Norwalk-like viruses, and enteric adenoviruses have been reported in nursing
homes, and geriatric wards in hospitals (Kaplan et al., 1982; Reid et al., 1990).
While no mortality was observed during these outbreaks, higher attack rates
occurred among the residents, as well as a more severe, or protracted illness
when compared to the staff (Oshiro et al., 1981; Pether and Caul, 1983). Inter-
estingly no increase in illness severity or attack rates has been observed among
the elderly during outbreaks of Norwalk virus (Kaplan et al., 1982).

Hepatitis A virus usually causes a mild and often asymptomatic infection in
children. However, in adults the illness typically produces clinical illness that can
lead to death (Ledner et al., 1985). Waterborne outbreaks are often characterized
by high attack rates with all or most of the infected individuals exhibiting
clinical illness (Bowen and McCarthy, 1980). The case fatality ratio of hepatitis
A increases significantly with age. In a recent eight-year review of hepatitis A
cases from England, Wales, and Ireland, the case fatality rate of hepatitis A for
patients of less than 55 years of age was 0.02-0.03%, 0.9% at 55-64 years of
age, and 1.5% for older patients. The median age of those dying from hepatitis
A is over 60 in the United Kingdom (Gust, 1990).

The elderly also experience higher mortality rates from enteric bacterial gas-
troenteritis (Table 4). The overall case fatality ratio for foodborne outbreaks in
nursing homes 1975 to 1987 was 1.0%, compared to 0.1% for outbreaks at other
locations (Levine et al., 1991). For domestically acquired cases of typhoid, the
case fatality rate is higher among individuals 55 years or older (Ryan et al,
1989). In a developing country the highest risk of complications and death were
children from birth through one year of age and adults greater than 31 years of
age (Butler et al., 1991).
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5. Immunocompromised

Infections in the immunocompromised host constitute a relatively new and severe
problem magnified by the current AIDS epidemic and by the escalation in organ
and tissue transplantations. Enteric pathogens are among the many agents that take
advantage of their impaired or destroyed immune system to set up persistent and
generalized infections in the immunocompromised host. Such infections are difficult
to treat, tend to be long term, add to the burden of the debilitation in the patient,
and can result in a significant higher mortality than immunocompetent persons.

The impact of acquired immuno-deficiency syndrome (AIDS) epidemic has
increased the number of diarrheal deaths in the 25 to 54 year-old age group (Lew
et al, 1991). Enteric diseases are among the most common and devastating
problems that affect persons with AIDS. The majority of AIDS patients (50—90%)
suffer from chronic diarrheal illnesses, the effects which can be fatal (Janoff and
Smith, 1988). Many studies have shown that the rates of diarrheal disease among
HIV-infected persons in developing countries are higher than rates in developed
countries, probably reflecting more frequent exposure to enteric pathogens by
contaminated food and water (Janoff and Smith, 1988). Adenoviruses and rotavirus
are the most common enteric viruses isolated in the stools of AIDS infected persons
(Cunningham et al., 1988). A comprehensive study of Australian men showed that
54% of diarrheal illnesses in AIDS patients were caused by viruses and that 37% of
the viral diarrheas were adenovirus-related (Cunningham et al., 1988). Overall, it is
estimated that 12% of the AIDS patients with clinical symptoms suffer from
adenovirus infections and that 45% of these cases result in death within two months
(Hierholzer, 1992). The other enteric viruses do not appear to be a significant
problem in AIDS-associated gastroenteritis (Gorbach et al., 1992).

Enteric bacterial infections are more severe in AIDS patients. For example,
patients with Salmonella, Shigella, and Campylobacter often develop bacteremia
(Baine et al., 1982; Gorbach et al., 1992). Although patients with AIDS may not
have more severe illness with Giardia, they do exhibit impaired immune response to
the parasite (Mandell et al., 1990).

Cryptosporidium is a serious problem among AIDS patients. A severe and
protracted diarrhea results with fluid losses of several liters per day in some cases.
Symptoms may persist for months, resulting in severe weight loss and mortality.
Mortality rates of 50% have been reported for this organism (Clifford et al., 1990).

Cancer patients undergo intensive chemotherapy with cytotoxic and immunosup-
pressive drugs and often radiation treatment in attempts to destroy the neoplastic
growth. These measures also attack the immune system, leaving the patient with
little defense against opportunistic pathogens. For example, in cancer immunosup-
pressed patients the fatality rate for adenovirus infection is 53% (Hierholzer, 1992).

Bone-marrow transplantation is an effective therapy in patients with servere
aplastic anemia or acute leukemia. However, because of a very weakened immune
system they are very susceptible to infection. The mortality rate among bone-mar-
row transplants with enteric viral (rotavirus, coxsackie, adeno) infection was
observed to be 59% in one study (Yolken et al., 1982). Of eight patients with
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rotavirus infections five of eight individuals died. The case fatality rates for
adenoviruses for bone-marrow patients ranges from 53 to 69% depending on
subgenus (Hierholzer, 1992). Coxsackie Al, which seldom appears to cause di-
arrhea in healthy individuals, resulted in the deaths of six of seven bone marrow
patients in one outbreak (Townsend et al., 1982).

Hypogammaglobulinemic patients are at increased risk of chronic meningoen-
cephalitis from enteroviruses (Rubin and Young, 1988). Chronic meningoencephali-
tis is most frequently associated with echovirus infection but it has occasionally
been reported in association with Coxsackie B infection.

In contrast to many of the other enteric viruses, Norwalk virus nor hepatitis A
virus do not appear to be associated with a greater severity or chronic illness in the
immunocompromised (Rubin and Young, 1988).

6. Exposure

Another factor potentially enhancing the risk of acquiring a serious infection
from water is the degree of exposure. It has been reported that daily intake of
tapwater increases significantly with age (Roseberry and Burmaster, 1992), with
persons over 65 ingesting more than twice that of children. The mean intake of
tapwater during pregnancy is not significantly greater, while in lactating women it
slightly higher (Ershow et al., 1991). However, the percentage of individuals
ingesting greater than 2 liters per day was greater among pregnant women (10% of
the controls and 15% of the pregnant women).

7. Conclusions

It is apparent from this review that certain segments of our population are at
increased risk of serious illness and mortality from microbial food and waterborne
disease. These include the young, elderly, immunocompromised, and the pregnant.
Risks of increased severity and mortality are greater for many of these water and
foodborne disease microorganisms. This group of individuals currently represents
almost 20% (Table 1) of the population of the United States, and is expected to
increase significantly in the years ahead. Infectious diseases are a major problem in
the elderly because the immune function declines with age, antibiotic treatment is
less effective because of decrease in physiological function, and malnutrition is
more common (Meyers, 1989). As a result outbreaks of gastroenteritis can be
devastating in nursing homes resulting in a significantly higher mortality (10 to 100
times greater) than the general population. To ensure adequate protection of this
group will require a better understanding of the occurrence of the agents in
drinking water and food and the effectiveness of current technology for their
control.

Infections in the immunocompromised host constitute a relatively new and severe
problem magnified by the current AIDS epidemic and by the escalation in organ
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and tissue transplantations. Enteric pathogens are among the many agents that take
advantage of the impaired or destroyed immune system to establish persistent and
generalized infections in the immunocompromised host. Such infections are difficult
to treat, tend to be long term, add to the burden of the debilitation in the patient,
and can result in a significant higher mortality (as great as 50% of those clinically
ill) than immunocompetent persons. These sensitive populations may need special
protection from water and foodborne microorganisms.

References

Addiss, D.G., Mackenzie, W.R., Hoxie, N.J., Gradus, M.S., Blair, K.A., Procter, M.E., Kazmierczak,
V.J., Schell, W. L., Oswew, P., Frisby, H., Cicerello, H., Cordell, R.L., Rose, J.B. and Davis, J.P.
(1995). Epidemiological features and implications of the Milwaukee cryptosporidrosis outbreak. In:
W. B. Betts, D. Casemore, C. Fricker, H. Smith, and J. Watkins (editors), Protozoan Parasites in
Water. Royal Soceity of Chemistry, Cambridge, United Kingtdom, pp. 17-25.

Alexander, J.P., Chapman, L.E., Pallansch, M.A., Stephanson, W.T., Trole, T.J. and Anderson, L.J.
(1993). Coxsackie virus B2 infection and and aseptic meningitis: a focal outbreak among members of
a high school football team. J. Infect. Dis. 167, 1201-1205.

Baine, W.B., Gangarosa, E.J., Bennett, J.V. (1982). Institutional salmonellosis. J. Infect. Dis. 128,
357-682.

Beckers, H.J. (1986). Incidence of foodborne illness in the Netherlands: annual summary (1981). J. Food
Protect. 49, 924-931.

Bennett, J.V., Holmber, S.D., Rogers, M.F. and Solomon, S.L. (1987). Infectious and parasitic diseases.
Am. J. Prev. Med. 3.

Blazer, M.J. and Newman, L.S. (1982). A review of human salmonellosis. I. Infective dose. Rev. Infect.
Dis. 4, 1096-1106.

Bowen, G.S. and McCarthy, M.A. (1983). Hepatitis A associated with a hardware store water fountain
and a contaminated well in Lancaster County, Pennsylvania 1980. Am. J. Epidemol. 117, 695-705.

Butler, T., Islam, A., Kabir, 1. and Jones, P.K. (1991) Patterns of morbidity in typhoid fever dependent
on age and gender, review of 55 hospitalized patients with diarrhea. Rev. Infect. Dis. 13, 85-90.

Caredda, F., Antinori, S., Re, T., Pa Stecchia, T. and Moreni, M. (1986) Acute non-B hepatitis after
typhoid fever. Br. Med. J. 292, 1492.

Centers for Disease Control (CDC) (1990) Waterborne and foodborne disease outbreaks. Morbid.
Mortal. Week. Rep. 39, 1-57.

Clifford, C.P., Crook, D.W.M_, Conlon, C.P., Fraise, A.P., Day, D.G. and Peto, T.E.A. (1990) Impact
of waterborne outbreak of cryptos poridiosis on AIDS and renal transplant patients. Lancet 1,
1455-1456.

Craske, J. 1992. Hepatitis C and non-A non-B hepatitis revisited: hepatitis E, F and G. J. Infect. 25,
243-250.

Craun, G.F. (1991). Causes of waterborne outbreaks in the United States. Water Sci. Techol. 24, 17--20.

Cunningham, A.L., Grohman, G.S., Harkness, J., Law, C., Marriott, D., Tindall, B. and Cooper, D.A.
(1988) Gastrointestinal viral infections in homosexual men who were symptomatic and seropositive
for immunodeficiency virus. J. Infect. Dis. 158, 386-391.

Department of Commerce (1991) Washington, DC.

Ershow, A.G., Brown, L.M. and Cantor, K.P. (1991) Intake of tapwater and total water by pregnant
and lactating women. Am. J. Public Health 81, 328-334.

Evans. A. S. and Brachman, P.S. (1991) Bacterial Infections of Humans. Epidemiology and Control.
Plenum Press, New York, p. 856.

Frisk, G. and Diderholm, H. (1992) Increased frequency of coxsackie B virus IgM in women with
spontaneous abortion. J. Infect. 24, 141-145.



122 C.P. Gerba et al. | Int. J. Food Microbiology 30 (1996) 113-123

Gerba, C.P. and Rose, J.B. (1993) Estimating viral disease risk from drinking water. In: C.R. Cothern
(editor), Comparative Environmental Risk Assessment. Lewis Publishers, FL. pp. 117-135.

Gorbach, S.L., Gorbach Bartlett, J.G. and Backlow, N.R. (1992) Infectious Disease. W.B. Saunders,
New York.

Gordon, S.M., Oshiro, L.S., Jarvis, W.R., Donenfeld, D., Ho, M., Taylor, F., Greenberg, H.B., Glass,
R., Madore, H.P., Dolin, R. and Tablan, O. (1990) Foodborne Snow Mountain agent gastroenteritis
with secondary person-to-person spread in a retirement community. Am. J. Epidemiol. 131,
702-710.

Gust, 1. (1990) Design of hepatitis A vaccines. Brit. Med. Bull. 46, 319-328.

Gust, I. and R.H. Purcell (1987) Report of a workshop: waterborne non-A non-B hepatitis. J. Infect.
Dis. 156, 630-635.

Halvorsrud, J. and Orstavik, 1. (1980) An epidemic of rotavirus-associated gastroenteritis in nursing
home for the elderly. Scand. J. Infect. Dis. 12, 161-164.

Hawley, H.B., Morin, D.P., Geraghty, M.E., Tomkow, J. and Phillips, C.A. (1973) Coxsackievirus B
epidermic at a boys’ camp. J. Am. Med. Assoc. 226, 33-36.

Henigst, W.W., Gelfand, H.M., LeBlanc, D.R. and Fox, J.P. (1961) ECHO virus type 7 infections in a
continuously observed population group in southern Louisiana. Am. J. Trop. Med. 10, 759-766.

Herwaldt, B.L., Lew, J.F., Moe, C.L., Lewis, D.C., Humphrey, C.D., Monroe, S.8., Pon, E-W. and
Glass, R.I. (1994) Characterization of a variant strain of Norwalk virus from a food-borne outbreak
on a cruise ship in Hawaii. J. Clin. Microbiol. 32, 861-866.

Hopkins, R.S., Gaspard, G.B., Williams, F.P., Karlin, R.J., Cukor, G. and Blacklow, N.R. (1984) A
community waterborne gastroenteritis outbreak: evidence for rotavirus as an agent. Am. J. Public
Health 74, 263-265.

Hierholzer, J.C. (1992). Adenoviruses in the immunocompromised host. Clin. Microbiol. Rev. 5,
262-274.

Hrdy, D. B. (1987). Epidemiology of rotaviral infection in adults: 1987. Rev. Infect. Dis. 9, 461-469.

Hung, T., Chen, G., Wang, Z. Yao, H., Fang, Z., Chao, T., Chou, Z. Ye, W., Chang, X, Den, S.,
Liong, X., and Chang, W. (1984). Waterborne outbreak of rotavirus diarrhea in adults in China
caused by a novel rotavirus. Lancet ii, 1140-1142.

Janoff, E.D. and Smith, P.D. (1988) Perspectives on gastrointestinal infections in AIDS. Gastroent. Clin.
North Am. 17, 451-463.

Kaplan, J.E., Schonberger, L.B., Varano, G., Jackson, N., Bied, J. and William, G. (1982). An outbreak
of acute nonbacterial gastroenteritis in a nursing home. Am. J. Epidemiol. 116, 940-948.

Kaplan, M.H., Klein, S.W., McPhee, J. and Harper, R.G. (1983) Group B coxsackievirus infections in
infants younger than three months of age: a serious childhood illness. Rev. Infect. Dis. 5, 1019-1032.

Ledner, W.M., Lemon, S.M., Kirkpatrick, J.W., Redfield, R.R., Fields, M.L. and Kelly, P.W, (1985)
Frequency of illness associated with epidemic hepatitis A virus infections in adults. Am. J.
Epidemiol. 122, 226—233.

Levine, W.C., Smart, J.F., Archer, D.L., Bean, N.H., Tauxe, R.V. (1991) Foodborne disease outbreaks
in nursing homes, 1975 through 1987. J. Am. Med. Assoc. 266, 2105--2109.

Lew, J.F., R. Glass, Gangarosa, R.E., Cohen, L.P., Bern, C. and Moe, C.L. (1991) Diarrheal deaths in
the United States, 1979 through 1987. J. Am. Med. Assoc. 265, 3280-3284.

Lycke, E., Bloomberg, G., Berg, G., Ericksson, A., and Madsen, L. (1978) Epidemic diarrhea in adults
associated with infantile gastroenteritis, Lancet ii, 1056-1057.

Mandell, G.L., Douglas, R.G. and Bennett, J.E. (1990) Principles and Practices of Infectious Diseases.
Churchill Livingstone, New York.

Meyers, B.R. (1989) Infectious diseases in the elderly: an overview. Geriatrics 44, 4-6.

Millard, P.S., Gensheimer, K.F., Addis, D.G., Sosin, D.M., Beckeyt, G.A., Jonkoski, A.H. and Hudson,
A. (1994) An outbreak of cryptosporidiosis from fresh-pressed apple cider. J. Am. Med. Assoc. 272,
1592--1596.

Modlin, J.F. (1986) Perinatal echovirus infection: insights from a literature review of 61 cases of serious
illness and 16 outbreaks in nurseries. Rev. Infect. Dis. 8, 918-926.

Modlin, J.F. and Kinney, J.S. (1987) Prenatal enterovirus infections. Adv. Pediatr. Infect. Dis. 2, 57-78.

Moore, A.C., Herwaldt, B.L., Craun, G.F., Calderon, R.L., Highsmith, A.K. and Juranek, D.D. (1993)
Surveillance for waterborne disease outbreaks— United States, 1991-1992. MMWR 42, No. 55-5.



C.P. Gerba et al. | Int. J. Food Microbiology 30 (1996) 113-123 123

Oshiro, L.S., Halet, C.E., Roberto, R.R., Riggs, J.L., Croughan, M., Greenberg, H. and Kapikian, A.
(1981) A 27-nm virus isolated during an outbreak of acute infectious nonbacterial gastroenteritis in
a convalescent hospital: a possible new serotype. J. Infect. Dis. 143, 791-795.

Peterson, L.R., Cartter, M.L. and Hadler, J.L. (1988). A food-borne outbreak of Giardia lamblia. J.
Infect. Dis. 157, 846—848.

Pether, J.V.S. and E.O. Caul. (1983). An outbreak of foodborne gastroenteritis in two hospitals
associated with a Norwalk-like virus. J. Hyg. Camb. 91, 343-350.

Reid, J.A., Breckon, D. and Hunter, P.R. (1990) Infection of staff during an outbreak of viral
gastroenteritis in an elderly persons’ home. J. Hosp. Infect. 16, 81-85.

Rose, J.B., Haas, C.N. and Regli, S. (1991) Risk assessment and control of waterborne giardiasis. Am.
J. Public Health 81, 709-713.

Rose, J.B., Haas, C.W. and Regli, S. (1995). Linking microbiological criteria for foods with quantitative
risk assessment. J. Food Saf. 15, 121-132.

Roseberry, A.M. and Burmaster, D.E. (1992) Lognormal distributions for water intake by children and
adults. Risk Anal. 12, 99-104.

Rubin, R.H. and Young, L.S. (1988) Clinical Approach to Infection in the Compromised Host. Second
Edition. Plenum Press, New York.

Ryan, C.A., Tauxe, R.V., Hosek, G.W., Wells, J.G., Stoesz, P.A., McFadden, H.W., Smith, P.W.,
Wright, G.F. and Blake, P.A. (1986). Escherichia coli 0157:H7 diarrhea in a nursing home: clinical,
epidemiological, and pathological findings. J. Infect. Dis. 154, 631-638.

Ryan, C.A., Hargrett-Bean, N.T. and Blake, P.A. (1989) Salmonella typhi infections in the United States
1975-1984: increasing role of foreign travel. Rev. Infect. Dis. 11, 1-8.

Sammons, J.H. (1986). AMA insights. J. Am. Med. Assoc. 256, 3085.

Solodovnikov, 1.P., Nechiporenko, N.G., Tregub, A.V., Kuz’muna, N.A. and Balandin, A.I. (1989) The
epidemiology of rotavirus gasteroenteritis. Zh. Mikrobiol. Epidemiol. Immunobiol. 10, 43-48.
Townsend, T.R., Yolken, R.H., Bishop, C.A., Santos, G.W., Bolyard, E.A., Beschorner, W.E., Burns,
W.H. and Saral, R. (1982) Outbreak of coxsackie Al gastroenteritis, a complication of bone-marrow

transplantation. Lancet 1, 820-823.

Vrati, D.K., Giri Parida, S.K. and Talwar, G.P. (1992) An epidemic of non-A, non-B hepatitis in South
Delhi: epidemiological studies and transmission of the disease to rhesus monkeys. Arch. Virol. 125,
319-329.

Yolken, R.H., Bishop, C.A., Townsend. T.R., Bolyard, E.A., Barlett, J., Santes, G.W. and Saral, R.
(1982) Infectious gastroenteritis in bone marrow recipients. N. Engl. Med. 306, 1009-1012.



