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Diarrheal disease remains one of the top 2 causes of young child mortality in the developing world. Whereas
improvements in water/sanitation infrastructure and hygiene can diminish transmission of enteric pathogens,
vaccines can also hasten the decline of diarrheal disease morbidity and mortality. From 1980 through approx-
imately 2004, various case/control and small cohort studies were undertaken to address the etiology of pediat-
ric diarrhea in developing countries. Many studies had methodological limitations and came to divergent
conclusions, making it difficult to prioritize the relative importance of different pathogens. Consequently, in
the first years of the millennium there was no consensus on what diarrheal disease vaccines should be devel-
oped or implemented; however, there was consensus on the need for a well-designed study to obtain informa-
tion on the etiology and burden of more severe forms of diarrheal disease to guide global investment and
implementation decisions. Accordingly, the Global Enteric Multicenter Study (GEMS) was designed to over-
come drawbacks of earlier studies and determine the etiology and population-based burden of pediatric diar-
rheal disease. GEMS, which includes one of the largest case/control studies of an infectious disease syndrome
ever undertaken (target approximately 12 600 analyzable cases and 12 600 controls), was rolled out in 4 sites
in sub-Saharan Africa (Gambia, Kenya, Mali, Mozambique) and 3 in South Asia (Bangladesh, India, Paki-
stan), with each site linked to a population under demographic surveillance (total approximately 467 000
child years of observation among children <5 years of age). GEMS data will guide investment and help prior-
itize strategies to mitigate the morbidity and mortality of pediatric diarrheal disease.

In the 55 years between the end of World War II and
the close of the 20th century, developing countries, in-
cluding many newly established nations that emerged
from the dissolution of colonial empires, grappled
with growing their economies and improving the
health of their people. While progressive economic de-
velopment ensued in many countries (and was im-
pressive in some), others countries notably lagged. By
the late 1990s, the United Nations (UN) categorized a
subset of approximately 43–50 as the “least developed

countries,” many of which were located in sub-
Saharan Africa and some parts of Asia [1]. These least
developed countries, in particular, were characterized
by extremely low gross national income per capita,
high young child (<age 5 years) mortality, low adult
(particularly female) literacy, and abbreviated adult
life expectancy [2, 3]. Diarrheal diseases, pneumonia,
measles, and malaria were typically among the top
causes of young child mortality. In general, the higher
the infant and young child mortality rate, the larger
the fraction of mortality attributed to diarrheal diseas-
es. Estimates of global young child (<age 5 years) mor-
tality suggest that in the early years of the millennium
an estimated 10.6 million young child deaths occurred
annually [4, 5], with approximately 17%–21% of
deaths due to diarrheal disease [4, 6, 7] and approxi-
mately 70% of all diarrheal mortality localized in
15 countries in Africa and South and Southeast Asia.
Addressing the main causes of young child mortality
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in developing countries, including diarrheal diseases, became
a global priority [8].

MOBILIZATION IN THE NEW MILLENNIUM

Circa 2000, 3 new entities came on the scene that rapidly interre-
lated in a synergistic way to offer extraordinary potential to ac-
celerate the decline of young child mortality in developing
countries, and particularly the component due to diarrheal dis-
eases. In 2000, the 55th Session of the UN General Assembly
adopted the UN Millennium Declaration [9], committing the
countries of the world to mobilize resources to reduce poverty
and improve health and education by 2015, with progress judged
by whether or not certain specific goals were attained. One of
these, Millennium Development Goal #4, aims to reduce young
child mortality by 67% by 2015, compared to the 1990 baseline.

Second, in 1999 the nascent Bill & Melinda Gates Founda-
tion entered the arena of global health and brought zeal, com-
mitment, and passionate advocacy, as well as substantial new
financial resources, to improve the survival of young children
in developing countries. Finally, at the World Economic
Forum in February 2000, the Global Alliance for Vaccines and
Immunization (GAVI, now called the GAVI Alliance) was
launched. The GAVI Alliance is a consortium that consists of
UN agencies (World Health Organization [WHO], United
Nations Children’s Fund [UNICEF], World Bank) involved
with immunization, vaccine supply, and vaccine financing;

developing and donor countries; the vaccine industry (in both
industrialized and developing countries); technical and re-
search institutes; civil society; and the Bill & Melinda Gates
Foundation and other private philanthropic foundations. In its
decade of existence, GAVI has been highly successful in
strengthening the delivery of immunization services and in in-
troducing life-saving new vaccines into the Expanded Pro-
gramme on Immunization of many of the poorest countries of
the world, including those in sub-Saharan Africa. In 2002,
GAVI established and funded 2 Accelerated Development and
Introduction Plans (ADIPs), one for rotavirus vaccine and the
other for pneumococcal conjugate vaccines. The fundamental
aims of the rotavirus ADIP were (1) to provide information
(eg, documentation of the safety, immunogenicity, and efficacy
of rotavirus vaccines in infants in developing countries) that
enables evidence-based decisions regarding the use of rotavi-
rus vaccines, and (2) to accelerate the availability of new rota-
virus vaccines appropriate for use in developing countries.

GEOGRAPHIC FOCUS

In order to intervene in a strategic way to accelerate the
decline of young child mortality globally, efforts must be con-
centrated in 2 main geographic areas: sub-Saharan Africa,
where 33 of the 35 countries with world’s highest young child
mortality rates are located [2, 3, 10–12], and South Asia, where
the size of the young child population is enormous, leading to

Table 1. The 5 Main Clinical Syndromes of Diarrheal Disease Seen Among Infants and Young Children Presenting to Health Centers
and Hospitals in Developing Countries

Clinical
Syndrome Characteristic Signs and Symptoms

Proportion of Pediatric Diarrhea
Patients Presenting to Health
Facilities Who Exhibit This

Syndrome
Some Etiologic Agents

Associated With This Syndrome

Simple
gastroenteritis

Loose stools (often with mucus but no blood),
occasional vomiting, anorexia, low-grade
fever, malaise

80%–85% Rotavirus, ETEC, EPEC,
Cryptosporidium, norovirus GI
and II, enteric adenovirus types
40 & 41

Dysentery Gross blood in loose stools (that may be quite
scanty), fever (sometimes high), abdominal
cramps, tenesmus; many dysentery patients
appear clinically toxic

5%–15% Shigella, Campylobacter jejuni,
Entamoeba histolytica,
nontyphoidal Salmonella

Profuse purging Passage of copious watery stools that may
resemble “rice water”; fever, if present, is
typically low grade; signs of overt dehydration
(diminished skin turgor, sunken eyes, dry
mucous membranes) may be present

<5% Vibrio cholerae O1 & O139, ETEC

Persistent
diarrhea

The same signs and symptoms as simple
gastroenteritis but diarrhea continues
unabated for at least 14 days

<5% Giardia lamblia, EPEC

Acute vomiting Acute onset of nausea and repetitive vomiting
with little or no diarrhea

∼1%–2% Norovirus

See Kotloff et al in this supplement for precise clinical definitions used in the GEMS study.

Abbreviations: EPEC, enteropathogenic Escherichia coli; ETEC, enterotoxigenic Escherichia coli; GEMS, Global Enteric Multicenter Study.
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a large number of deaths, despite the mortality rates being
lower than in sub-Saharan Africa [2, 3, 10–12].

CLINICAL SYNDROMES OF PEDIATRIC
DIARRHEAL DISEASE IN DEVELOPING
COUNTRIES

As seen by clinical health providers at fixed healthcare facili-
ties in developing countries, almost all cases of pediatric di-
arrheal illness can be conveniently characterized as falling
into 1 of 5 clinical syndromes [13] (Table 1). Approximately
80%–85% of patient episodes present as “simple gastroenteri-
tis” with the subject passing loose or watery stool (often with
mucus but not with blood), low-grade fever, occasional vom-
iting, anorexia, and apparent malaise (Figure 1). Approxi-
mately 5%–15% of children present with overt dysentery
(gross blood in the diarrheic stools) (Figure 2), often accom-
panied by fever (sometimes high); many dysenteric patients
appear clinically toxic. A small proportion of cases in older chil-
dren present with profuse watery diarrhea, passing such volumi-
nous “rice water” stools that even older children can rapidly
become severely dehydrated (Figure 3). Another few percent of
pediatric cases present with a history of apparent simple gastro-
enteritis that began 14 or more days previously but did not

abate [14]; this defines “persistent diarrhea,” a syndrome that
particularly can have adverse nutritional consequences [15].
Finally, a few percent of children are brought by caretakers for
care because of vomiting rather than diarrhea as the main com-
plaint. Few reports have described expanded etiologic analyses
in relation to these clinical syndromes.

THE INTERRELATIONSHIP BETWEEN
NUTRITIONAL STATE AND DIARRHEAL
DISEASE

It has long been recognized that there is an intimate relation-
ship between diarrheal disease and undernutrition in pediat-
ric populations in developing countries [16, 17]. Diarrheal
disease, with its injury to the gut, can lead children to fall off
their growth curve. Conversely, more extreme forms of
chronic malnutrition predispose young children to diarrhea-
related mortality. For example, moderate and severe stunting
is a strong risk factor for death from diarrheal disease [18].

LESSONS FROM THE EARLY 20TH CENTURY
IN NORTH AMERICA AND EUROPE

Mortality from diarrheal disease is currently extremely low in
industrialized countries, but it was a vexing public health
problem a century ago when populations in current industrial-
ized countries lived in conditions resembling those endured
by people in developing countries today [19–23]. In fact,
wherever populations live in crowded conditions marked by

Figure 1. An infant who presented with diarrheal dehydration conse-
quent to simple gastroenteritis that was not treated promptly or effec-
tively. Loss of turgor of skin over the abdomen is visible as “tenting,”
following pinching. Simple gastroenteritis caused by many etiologic
agents in young infants in developing countries can lead to dehydration.
The fundamental reason is that per kilogram of body weight, the daily
water and electrolyte requirements of young infants are substantially
greater than those of older children. Thus, abnormal losses from diar-
rhea, vomiting, and fever, accompanied by inadequate fluid intake and
lack of prompt and appropriate replacement (as with glucose/electrolyte
oral rehydration solution), can lead to moderate and severe dehydration
and death. This photograph was kindly provided by Dr Dipika Sur of the
National Institute of Cholera and Enteric Diseases, Kolkata, India.

Figure 2. Dysentery is diagnosed clinically as the presence of gross
blood in diarrheal stools. Dysentery stools can be quite scanty and com-
posed mainly of mucus and blood (shown here). Bacillary dysentery is
typically preceded by 18–24 hours of watery diarrhea, accompanied by
high fever and toxemia, before the loose stools become scanty and
bloody. Dysentery indicates substantial damage to the mucosa of the
colon and terminal ileum.
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widespread fecal contamination, lack of treated water supplies
and sanitation to remove human fecal waste, and lack of re-
frigeration to preserve food, the transmission of bacterial,
viral, and protozoal enteric pathogens is enhanced and pediat-
ric diarrheal disease can rage rampant. A shared vision of the
Millennium Declaration is that all countries will undergo ac-
celerated development such that with improved housing, pro-
vision of sanitation and safe water, enhanced food safety, and
access to primary health care, diarrheal disease and pneumo-
nia mortality will plummet. While that is the ultimate aim, it
may be possible to accelerate markedly the decline in diarrheal
disease mortality by certain cross-cutting general interventions
(such as improved treatment of diarrhea and focused water/
sanitation/hygiene improvements) and by immunizing infants

and young children against the major etiologic agents respon-
sible for clinically severe and fatal forms of diarrheal disease.

In the early years of the millennium, other than vaccines
against rotavirus, there was not a broad consensus on what
other diarrheal disease vaccines should be high priority for
development and accelerated introduction, given the limited
resources and supply issues pertinent at the global level. One
must also recognize that for rotavirus vaccines there were
mature industrialized country markets waiting to reward com-
panies that invested in rotavirus vaccines and achieved licen-
sure for their products in North America, Europe, and
Australia. This guaranteed the development of these vaccines,
a situation not operative for pathogens prevalent in developing
countries but uncommon in industrialized countries (eg,
Shigella species, enterotoxigenic Escherichia coli [ETEC]).

WHY KNOWLEDGE OF THE SPECIFIC ETIOLOGY
OF PEDIATRIC DIARRHEAL DISEASE IN
DEVELOPING COUNTRIES IS IMPORTANT

In developing country pediatric populations, it has long been
recognized that there is a striking association between measles,
diarrhea, and mortality [24, 25], and measles vaccine in such
populations has been referred to as the first diarrheal disease
vaccine [26]. The impressive and precipitous decline of
measles as a cause of global young child mortality consequent
to repetitive mass immunization campaigns with measles
vaccine [27], particularly in sub-Saharan Africa, has led many
to hypothesize that a sizable reduction of diarrheal disease
mortality might be achievable if the specific major offending
diarrheal pathogens were clearly elucidated and if vaccines
existed and could be delivered to populations at high risk.
And if licensed vaccines against those pathogens did not exist,
advocacy could be undertaken to accelerate or initiate their de-
velopment. Regrettably, as discussed below, as of the first years
of the millennium, these data were not available with the pre-
cision necessary to drive investment decisions and to establish
implementation priorities. In the 1980s and 1990s, in the
absence of a robust evidence base, a Steering Committee on
Diarrheal Diseases of WHO, following Delphian deliberations,
proposed that the highest priority vaccines needed to prevent
diarrheal diseases in developing countries were ones against
rotavirus, ETEC, Shigella species, and Vibrio cholerae O1.

EARLY STUDIES INVESTIGATING THE
ETIOLOGY OF SEVERE AND FATAL FORMS
OF DIARRHEAL DISEASE IN YOUNG CHILDREN
IN DEVELOPING COUNTRIES

Studies attempting to define the etiology of pediatric diarrheal
disease in developing countries have been carried out for

Figure 3. A Bangladeshi child with cholera is shown who experienced
copious purging of rice water stools prior to presenting with severe dehy-
dration. The child, with deeply sunken eyes, is lying on a cholera cot
with his watery stools being collected in a bucket for measurement of
volume (to guide replacement therapy). After rapid replacement of the
child’s fluid and electrolyte deficits with intravenous fluids, the health
worker is attempting to transition the child to oral rehydration fluids
administered by his caretaker, under supervision.
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many decades. In the 1950s and early 1960s these studies were
hampered by the fact that only a relatively few diarrheal path-
ogens were recognized and they were recovered from only a
small proportion of diarrhea cases [28–33]. Thus, in that
period the urgent need was to identify the etiologic agents.
The 1970s and 1980s ushered in an age in which a plethora of
new enteric pathogens were described including ETEC, rotavi-
rus, Campylobacter jejuni, enteric adenovirus serotypes 40 and
41, what came to be known as noroviruses, astrovirus, enter-
oaggregative E. coli (EAEC), enteroinvasive E. coli (EIEC), en-
terohemorrhagic E. coli (EHEC), diffuse adherence E. coli, and
Cryptosporidium species, to name some. In early studies, some
of these agents were detected in a proportion of cases of pedi-
atric diarrhea in developing countries.

For some years practical, robust, economical tests to detect
even relatively common etiologic agents, such as ETEC, en-
teropathogenic E. coli (EPEC), rotavirus, EAEC, and norovi-
rus, remained unavailable. Thus, for some agents, animal
models [34], electron microscopy [35], laborious fecal concen-
tration followed by acid fast, Giemsa, or fluorescent staining
and direct examination by a skilled light microscopist [36–38],
or complicated competitive enzyme-linked immunosorbent
assays [39] were required, making large-scale comparisons im-
practical. However, with time, improved (often commercial)
diagnostics became available to detect some of these patho-
gens with a high degree of standardization, thus enabling
comparisons of etiology across geographic sites and over time.
In particular, the advent of nucleic acid-based testing revolu-
tionized the landscape, initially with DNA hybridization
probes [40–43], then with iterations of polymerase chain reac-
tion (PCR) (including multiplex techniques) [44–46; Pancha-
lingam et al, this supplement] and quantitative reverse
transcriptase PCR (to detect RNA viruses). Advances were
also made in diagnostic methods to detect protozoal entero-
pathogens such as Cryptosporidium species and Entamoeba
histolytica, including highly standardized, practical commercial
immunoassay kits [47, 48].

MODERN STUDIES OF THE ETIOLOGY
OF DIARRHEA IN YOUNG CHILDREN
IN DEVELOPING COUNTRIES

By reviewing studies carried out since 1980, one identifies a
number that employed tests for many of the “modern” etio-
logic agents. One might assume, therefore, that one can derive
a clear landscape of the major enteric pathogens responsible
for diarrheal disease of a severity that might lead to death in
the geographic areas of highest mortality risk for young chil-
dren. In fact, while there are indeed reports, most have notable
shortcomings that limit their utility to address the question at
a global level. For example, while there have been many

studies of the etiology of pediatric diarrhea, relatively few have
been performed in sites with very high or high young child
mortality [49–78], as defined by UNICEF [79]. In particular,
very few studies were carried out in sub-Saharan Africa [51–
54, 57–59, 64–67]. Although a number of studies enrolled sub-
jects at several sites within a single country, a multinational
study such as that sponsored by WHO and reported by
Huilan et al was a rare exception [55]. Most studies examining
the etiology of pediatric diarrhea limited enrollment to infants
and toddlers <24 months of age [61, 66, 74, 75, 80–84] or occa-
sionally to children up to 35 months of age [49, 55, 56, 85].
Few studies enrolled children through 59 months of age,
which could capture pathogens such as V. cholerae O1 or
O139, which are more heavily represented in older preschool
children with severe diarrhea (who comprise a potential target
group for prevention).

Because the transmission of many diarrheal pathogens is
highly seasonal and since there may also be considerable year-
to-year variation in the relative frequency with which they cir-
culate, it is important that studies of the etiology of pediatric
diarrhea take this into account and be performed over a
period of at least 2 and preferably 3 years. Some studies en-
rolled for <6 calendar months [57, 65, 66, 69, 82, 86], others
for 6–24 months [50–56, 58–60, 62, 63, 67, 68, 71–75, 80, 81,
84, 87–97]. A few studies proceeded for 24–36 months [49, 81,
83, 85, 98–100] and 3 studies enrolled for >36 calendar
months [70, 74, 97].

Approximately one-half of the studies investigating the eti-
ology of pediatric diarrhea in developing countries mentioned
above also sought pathogens in matched or relevant control
subjects [49, 50, 52, 55, 57–60, 62, 63, 65, 68, 69, 73, 82, 84, 85,
87–97, 100, 101]. Some case/control studies were linked to a
large defined population that had undergone a detailed recent
census or that was under prospective demographic surveil-
lance so that population-wide incidence rates could potentially
be calculated; some cohort studies were also nested within
such defined populations to allow potential extrapolations of
incidence to the larger population. However, no case/control
study recorded a baseline survey to estimate the healthcare
seeking patterns and preferences of the larger population
served by the hospitals, health centers, or other sites where
enrollment of patients was carried out.

Most studies looked for an array of enteric pathogens that
by that time were widely regarded as being associated with pe-
diatric diarrhea in developing countries, such as rotavirus,
ETEC, EPEC, EAEC, Shigella species, nontyphoidal Salmonel-
la, C. jejuni, V. cholerae (usually in Asian studies), Cryptospo-
ridium species, and Giardia species. In addition, some tested
for 1 or more of the following: EIEC, diffusely adherent E.
coli, EHEC, Aeromonas hydrophila, Plesiomonas shigelloides,
enterotoxigenic Bacteroides fragilis, Clostridium difficile toxin,
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noroviruses, enteric adenoviruses, E. histolytica, Cyclospora
cayetanensis, Strongyloides stercoralis. Many studies character-
ized ETEC isolates by toxin types, that is, those that elaborate
heat-stable or heat-labile enterotoxin only, or those that
produce both; a proportion of studies serogrouped Shigella
isolates. However, few reports characterized ETEC by the fim-
brial colonization factors that they express or fully serotyped
Shigella isolates. Such information is important to guide
vaccine development.

Among the post-1980 case/control reports of the broad eti-
ology of pediatric diarrhea in developing countries, none
related etiology to the different clinical syndromes of diarrheal
disease and none described a follow-up visit (or visits) after a
period of 1–2 months to ascertain whether the child was still
alive and whether overt sequelae were evident. Few studies en-
rolled enough subjects to assure reasonable statistical power to
detect significant differences in the rate of isolation in cases
versus controls and to allow the calculation of odds ratios to
assess the degree of pathogenicity by the strength of association.

THE GENESIS OF THE GEMS

Despite the many publications on the etiology of pediatric di-
arrheal disease, the recognition in the first years of the millen-
nium of the existence of so many different potential diarrheal
pathogens, the limitations of most of the studies and the great
variation in results and conclusions made it impossible to set
priorities on what enteric vaccines or other specific interven-
tions were most needed to control morbidity and mortality in
developing countries. A consensus emerged in the enteric
disease research and disease control communities on the need
for a definitive multicenter study that would attempt to

address all the limitations of previous studies. An exhortation
was made to design, organize, and undertake a large, well-
powered, case/control study of the etiology and burden of pe-
diatric diarrheal disease in multiple sites of high mortality,
particularly in sub-Saharan Africa and South Asia [13]. It was
proposed that the study should use state-of-the-art microbio-
logical methods to detect a wide array of pathogens in patients
whose clinical syndromes of presentation were carefully docu-
mented [13] and to perform the study in a defined population.
It was also urged that a novel design be utilized that included
a follow-up visit to case and control households 1–2 months
after enrollment to ascertain whether there was mortality that
occurred beyond the peri-enrollment period [13].

In 2004 the Bill & Melinda Gates Foundation made a strate-
gic decision to expand its portfolio of projects in the area of
enteric diseases, recognizing that these illnesses were one of
the major killers of young children. At the behest of the Foun-
dation, the Center for Vaccine Development of the University
of Maryland School of Medicine submitted a proposal to un-
dertake a definitive, multicenter, 3-year, highly-powered case/
control study to determine the diarrheal pathogens that exact
the highest burden of morbidity, mortality, and nutritional
consequences in 3 different pediatric age strata (0–11, 12–23,
and 24–59 months) in multiple sites in sub-Saharan Africa
and South Asia (Table 2), with each site linked to a defined
population under ongoing demographic surveillance (total of
approximately 467 000 child-years of observation over 36 cal-
endar months among the 7 sites) so that population-based in-
cidence rates could be calculated, and to link etiology to
clinical syndrome. The project, which was funded in 2006,
would utilize optimal clinical and laboratory methods stan-
dardized across the different study sites. Officially designated

Table 2. Several Salient Features of the 7 Field Sites of the Global Enteric Multicenter Study

Country Collaborating Institution Field Site Setting

Annual Young Child (<5 y)
Population Under

Demographic Surveillancea

The Gambia Medical Research Council Unit, The Gambia Basse (Upper River
Division)

Rural 29 076

Kenya CDC/Kenya Medical Research Institute (KEMRI)
Research Station

Nyanza Province Rural 21 603

Mali Centre pour le Développment des Vaccins du
Mali (CVD-Mali)

Djikoroni Para and Banconi
quartiers, Bamako

Urban 31 768

Mozambique Centro de Investigação em Saúde de Manhiça (CISM) Manhiça District Rural 15 380

Bangladeshm International Center for Diarrheal Disease Research,
Bangladesh (ICDDR,B)

Mirzapur Sub-District,
Tangail District

Rural 25 560

India National Institute of Cholera and Enteric
Diseases (NICED)

Wards 14, 31, 34, 58, &
59

Urban 13 416

Pakistan Aga Khan University Coastal settlements 20
km south of Karachi

Periurban 25 659

a Median No. of children <5 years of age in the population at each GEMS site based on multiple rounds of demographic surveillance.
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“Diarrheal Disease in Infants and Young Children in Develop-
ing Countries,” the project came to be known as the Global
Enteric Multicenter Study (GEMS). The keystone component
of GEMS is one of the largest case/control studies ever carried
out of an infectious disease syndrome, with a target enroll-
ment of 600 analyzable cases of moderate-to-severe diarrhea
(defined by Kotloff et al in this supplement) per each of 3 age
strata (0–11, 12–23, and 24–59 months), per each of 7 sites,
over 3 years (total of approximately 12 600 analyzable cases)
and a similar number of matched controls. Additional
subaims of the GEMS include the identification of water/sani-
tation/hygiene risk factors for specific pathogens, quantifica-
tion of the economic burden of pediatric diarrhea on poor
households in sub-Saharan Africa and Asia, full serotyping of
Shigella isolates, elucidation of the fimbrial colonization factor
antigen types of ETEC strains, and genotypic or further char-
acterization of other major enteropathogens identified. This
initial 3-year case/control study of moderate-to-severe diarrhea
has been coined GEMS-1. A subsequent 1-year follow-on
study in the same 7 sites that is investigating the etiology of
less severe diarrhea, as well as moderate-to-severe diarrhea, is
referred to as GEMS-1A.

In this supplement, contributing papers describe basic as-
sumptions that guided the GEMS-1 study design (Farag et al);
the selection of the 7 GEMS-1 sites and the clinical and epide-
miologic methods (Kotloff et al); the biostatistical strategies to
analyze the data (Blackwelder et al); the data management
methods needed to handle the enormous quantities of data
(Biswas et al); and an innovative approach that uses the
cohorts of cases and controls prospectively followed for approx-
imately 60 days after enrollment into GEMS-1 and weighted
generalized linear model regression to estimate the association
between exposures recorded during the case/control compo-
nent and outcomes detected during the follow-up (Sommerfelt
et al). Additional papers provide a detailed review of the pub-
lished literature accompanied by meta-analyses to examine the
association between Giardia lamblia and acute and persistent
diarrhea (Muhsen and Levine); the standardized laboratory
methods used to identify diarrheal pathogens (Panchalingam
et al); factors that explain the excretion of enteric pathogens by
persons without diarrhea (Levine and Robins-Browne); labora-
tory diagnostic challenges in case/control studies of diarrhea in
developing countries (Robins-Browne and Levine); and analy-
ses of the economic burden of diarrheal disease at 6 of the 7
GEMS sites in Africa and Asia just prior to initiation of the
case/control studies (Rheingans et al).

It is anticipated that the GEMS data will help to guide in-
vestment and implementation decisions in the area of diar-
rheal diseases on the global level. The GEMS consortium can
also serve as a platform in the future to evaluate various inter-
ventions against diarrheal diseases (vaccines, water/sanitation

hygiene improvements, novel therapies, diagnostics) at multi-
ple sites, simultaneously. In this way the time required to
obtain definitive answers can be diminished.
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