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S U P P L E M E N T A R T I C L E

Laboratory Diagnostic Challenges in Case/
Control Studies of Diarrhea in Developing
Countries

Roy M. Robins-Browne1,2 and Myron M. Levine3

1Department of Microbiology and Immunology, The University of Melbourne, 2Murdoch Childrens Research Institute, Royal Children’s Hospital,
Parkville, Victoria, Australia; and 3Center for Vaccine Development, University of Maryland School of Medicine, Baltimore

Case/control studies of acute infectious diarrhea require accurate and dependable laboratory tests to detect
pathogens in samples from both symptomatic patients and healthy control subjects. The methods used to
detect these pathogens have usually been evaluated on patient samples only, and their performance on
samples from control subjects is mostly unknown. Because many pathogens occur at a high overall frequency
in developing countries and thus may be present in a notable proportion of control subjects as well as pa-
tients, the relative ability of a diagnostic test to detect these pathogens in diarrheic and normal stools can
have a profound effect on the interpretation of case/control data.

The laboratory procedures used to detect etiologic
agents in patients with acute infectious diarrhea are
constantly evolving. Nevertheless, the principles un-
derlying the performance and interpretation of these
procedures are well established. As with clinical diag-
nostic microbiology in general, the choice of the tests
used to detect a possible etiologic agent is determined
by clinical relevance, practicability, and cost. For the
most part, this approach is satisfactory, although in
some cases no etiologic agent is identified. This may
be because the diarrhea is not infectious in origin, or
because a particular agent is not identified either
because it was not sought or because the procedures
used to detect it were not sufficiently sensitive and
gave a false-negative result. On the other hand, when a
single pathogen is found, interpretation of the results
is straightforward, insofar as the pathogen is usually
assumed to be responsible for the patient’s symptoms.

In case/control studies, in addition to investigating
diarrheic samples for pathogens, we undertake the far
less familiar task of investigating feces or rectal swabs
from subjects without diarrhea. The detection of a
pathogen in these individuals indicates asymptomatic
carriage, the possible reasons for which are discussed
in the accompanying article by Levine and Robins-
Browne in this supplement.

Analysis of the outcome of a case/control study in-
volves comparing the frequencies of the detection of
pathogens in cases and control subjects, which are
used to determine an odds ratio (OR). As the OR indi-
cates the strength of the association between a patho-
gen and the occurrence of diarrhea, it is used as a
measure of the relative pathogenicity of different path-
ogens. The OR is also one factor in the equation uti-
lized to calculate attributable fraction, which provides
an estimate of the relative contribution of the patho-
gen(s) of interest to the diarrheal disease burden (see
the article by Blackwelder et al in this supplement).
Because the frequency of detection of pathogens
in control subjects can have a profound effect on the
interpretation of case/control data, it is essential to
understand the performance of laboratory tests
in samples from subjects without diarrhea, as well
as those from patients.
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Two key factors that govern the usefulness and reliability of
a laboratory test are its sensitivity and specificity. For almost
all tests, these parameters are first determined by using
“spiked” samples and then evaluated under field conditions,
often in comparison with other tests. A test that is highly sen-
sitive and specific will reliably detect a pathogen in cases with
few false-negative or false-positive results. However, diagnostic
tests are seldom evaluated in control subjects (ie, individuals
without symptoms). In industrialized countries this is seldom
an issue because the prevalence of most pathogens in healthy
subjects is low. In developing countries, however, where sani-
tation is poor and exposure to contaminated food and water is

virtually a daily norm, intestinal pathogens circulate at high
frequency and children are liable to become repeatedly infect-
ed with them. Accordingly, endemic pathogens will be present
at a far higher frequency overall than in industrialized coun-
tries. The ability to detect these pathogens in control subjects
will differ according to the sensitivity of the diagnostic proce-
dures that are used.

Most comprehensive case/control studies of diarrhea
include culture for bacterial pathogens, such as Salmonella
species, Shigella species, and Escherichia coli. Culture of fecal
samples has an intrinsically low sensitivity to detect patho-
gens, especially in individuals without diarrhea, because the
complex microbiota of healthy individuals makes it difficult to
detect a pathogen among the high background “noise.” The
fact that culture of feces is a useful diagnostic procedure
despite its low sensitivity can be explained partly by the fact
that in patients with diarrhea, the pathogen is generally excret-
ed in far higher numbers and makes up a much greater pro-
portion of the cultivable microbiota than in healthy subjects
who are asymptomatic carriers of the same pathogen. The
odds of finding a pathogen in both cases and controls can be
considerably improved by using selective media with or
without prior enrichment. The use of such media has revolu-
tionized our understanding of the epidemiology of bacterial
enteropathogens such as Campylobacter jejuni in developing
and industrialized countries [1, 2].

To illustrate these points, we will use data from studies we
have undertaken with an animal model of diarrhea caused by
a subtype of enteropathogenic E. coli, known as rabbit-specific
enteropathogenic E. coli (REPEC). Infection of infant rabbits
with REPEC closely parallels infection of human infants with
human-specific enteropathogenic E. coli (EPEC) in terms of
age-related susceptibility, clinical presentation, and associated
intestinal pathology [3, 4].While establishing this model at the
University of Melbourne and determining the median infec-
tious dose of different REPEC strains, the natural course of
infection was charted by observing rabbits for symptoms
of diarrhea and correlating this with quantitative culture of
REPEC on selective media containing antibiotics to which the
challenge strains were resistant. Detailed descriptions of our
methods have been published previously [5].

To investigate the hypothesis that bacteria are present in
greater numbers (and therefore more easily detected) in cases
with diarrhea than in control subjects, we reanalyzed pub-
lished and unpublished data from experiments in which we
infected rabbits with 1 of 3 different wild-type strains of
REPEC of differing virulence. Quantitative culture of fecal
samples from these animals indicated that rabbits with diar-
rhea excrete significantly more bacteria (1.1 × 108 colony-
forming units [CFU] per gram of feces [mean]; 1.6 × 108 CFU
[median]) than rabbits without symptoms (2.8 × 104 CFU

Figure 1. Frequency distribution of the number of the colony-forming
units from 198 fecal samples from rabbits without diarrhea, and 135
samples from rabbits with diarrhea caused by infection with 1 of 3 dif-
ferent rabbit-specific enteropathogenic Escherichia coli strains. Data were
obtained from quantitative cultures of samples on selective agar contain-
ing antibiotics to which the infecting strains were resistant. The data
show that feces from rabbits without diarrhea contain significantly lower
numbers of bacteria than those with diarrhea. Rabbits without diarrhea
included similar numbers of animals with subclinical infection and
animals sampled during the incubation or convalescent periods of symp-
tomatic infection. Abbreviation: CFU, colon-forming units.

Table 1. Results of Hypothetical Case/Control Studies Where
the Frequency of a Pathogen in Patients Is Fixed at 25% and Its
Frequency in Control Subjects Ranges From 0% to 25%

Frequency in
100 Patients

Frequency in 100
Control Subjects Odds Ratio P Valuea

25 0 Infinity <.0001

25 5 6.3 .001
25 10 3 .009

25 15 1.9 .11

25 20 1.3 .5
25 25 1 1

a Fisher exact test, 2-tailed.
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[mean]; 3.9 × 104 CFU [median]; P < .0001) (Figure 1). Our
data indicated that a test with a detection limit of 107 CFU per
gram would be positive in 96% of cases of diarrhea and in
18% of infected, but asymptomatic, individuals (Figure 1). In
contrast, a test with a detection limit of 104 CFU per gram
would be positive in 100% of cases and 80% of infected con-
trols. This analysis exemplifies how increasing the sensitivity
of the test can improve detection limits disproportionately in
control samples compared with samples from patients. The in-
fluence this may have on the interpretation of hypothetical
case/control data is shown in Tables 1 and 2. Our data suggest
that as test sensitivity increases, quantitative assays may be
useful in distinguishing clinical from subclinical infection.
This suggestion has been borne out by a recent report by
Barletta et al [6], who found that the use of quantitative poly-
merase chain reaction (PCR) to diagnose EPEC infection in
children in an endemic setting yielded higher values in pa-
tients than in subjects without diarrhea.

A striking example of how improved detection of intestinal
pathogens can influence data obtained from a case/control
study comes from the comprehensive English Infectious Intes-
tinal Disease Study (1993–1996). By using PCR for 8 groups
of pathogens to investigate 4627 archived fecal samples from
2422 cases and 2205 controls in the original study (which did
not use PCR-based detection of enteropathogens), Amar et al
[7] increased the detection rate of at least 1 agent (or toxin)
from 53% in the original study to 75% in cases, and from 19%
to 42% in controls. Furthermore, the use of PCR-based diag-
nosis for 8 groups of pathogens increased the number of cases
in whom >1 pathogen was detected from 272 to 993 (a 73%
increase), and from 32 to 280 (a 89% increase) in controls.
The greatest increase in detection rates that resulted from the
use of PCR was for rotavirus and norovirus.

For example, in children aged <1 year the detection rate of
rotavirus in cases went from 29 of 144 (20%) detected by
enzyme immunoassay (EIA) and/or electron microscopy (EM)

to 70 of 144 (49%) detected by PCR and EM. In controls the
increase in diagnostic yield using PCR was even greater: from
3 of 183 (2%) to 53 of 183 (29%). In this age group, the OR
before PCR was 15.1 (95% confidence interval [CI], 4.5–78.8);
and with the PCR data included it was 2.3 (95% CI, 1.4–3.7).
Despite the fall in OR, the attributable fraction (discussed in
the article by Blackwelder et al in this supplement) increased
from 19% using the original detection method to 28% using
PCR. This can be explained by the significantly increased de-
tection of rotavirus in cases. Also, in the original study, noro-
virus was detected by using EM in 14 of 144 (10%) cases <1
year old and in 2 of 183 (1%) age-matched controls (OR, 9.7
[95% CI, 2.2–89.3]). Together, however, EM and PCR revealed
norovirus in 70 of 144 cases (49%) and 57 of 183 (31%) con-
trols (OR, 2.1 [95% CI, 1.3–3.4]). In this case, the attributable
fraction increased from 9% using the original method to 25%
using more sensitive detection. These data, albeit from an
industrialized country, clearly indicate how using a test with
enhanced sensitivity can influence the major outcomes of a
case/control study. Amar et al [7] also reported that quantita-
tive PCR for norovirus may permit asymptomatic carriage to
be distinguished from symptomatic infection, a finding that
was subsequently confirmed by other researchers [8]. Similar
findings linking the number of virus particles in feces to
disease severity have also been reported for rotavirus [9, 10].

Although mucosal immunity will account for some instances
of asymptomatic carriage of particular pathogens, the presence
of mucosal antibodies may also interfere with the ability to
detect pathogens when using EIA. In the case of rotavirus, for
example, the most common method of diagnosis is a type of
“sandwich” EIA, in which an immobilized antibody is used to
capture a rotavirus antigen from feces, after which the captured
antigen is revealed by using a second, labeled antibody. Tests of
this type are capable of detecting between 105 and 106 rotavirus
particles per milliliter [11]. However, the sensitivity of this assay
may fall during the course of the illness, as patients develop im-
munity to rotavirus and secrete mucosal antibodies that coat the
virus and interfere with its detection by EIA [11, 12]. By con-
trast, PCR using reverse transcription to amplify rotavirus RNA
is able to detect as few as 1000 virus particles per milliliter [11],
and is unaffected by mucosal immunity. In a study of children
hospitalized for diarrhea with rotavirus, PCR-based diagnosis
revealed that 11 of 37 (30%) children were still infected with
rotavirus >3 weeks after hospitalization compared with only 2
of 37 (5%) when EIA was used to detect the virus [11]. These
data indicate that the EIA for rotavirus is more likely to be posi-
tive in patients experiencing their first infection with a particular
virus than in children who are convalescing from an acute infec-
tion or are reinfected with a strain of rotavirus they have en-
countered previously. By contrast, the EIA for Giardia lamblia
is extremely sensitive and can be used to identify asymptomatic

Table 2. Results of Hypothetical Case/Control Studies Where
the Frequency of a Pathogen in Patients Ranges From 10% to
30%, and the Difference in Its Frequency in Patients and Control
Subjects Is Fixed at 10%

Frequency in
100 Patients

Frequency in
100 Control Subjects Odds Ratio P Valuea

10 0 Infinity .001
15 5 3.4 .03

20 10 2.3 .07

25 15 1.9 .11
30 20 1.7 .14

a Fisher exact test, 2-tailed.
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carriers of this pathogen, for example, during the investigation
of outbreaks of giardiasis in industrialized countries [13].

Apart from test sensitivity, another factor that may influence
the comparison of laboratory data from cases and control subjects
in case/control studies of diarrhea is the nature of the samples
that are investigated. In an ideal case/control study, the diagnostic
samples that are collected from patients and controls should be
the same. In case/control studies of diarrhea, however, this is
generally not the case, because in patients with diarrhea, espe-
cially watery diarrhea, much of the sample will have originated
in the small intestine, and the normal microbiota of the large
intestine will have been purged or significantly diluted, whereas
in controls, the fecal samples or rectal swabs that are investigat-
ed will reflect the microbiota of the distal large intestine.

Although this difference may not matter in some instances,
in others it could be important. For example, some bacteria
only cause disease in the small intestine. An example is entero-
toxigenic E. coli (ETEC), in which enterotoxins that are re-
sponsible for diarrhea act predominantly in the small intestine
[14]. Furthermore, studies with EPEC infection in adult volun-
teers have shown that these bacteria are virulent only when in-
gested by mouth and not when they are inoculated directly
into the large intestine [15]. This may be explained by the fact
that environmental signals required to activate virulence gene
expression are absent from the large intestine [16]. Given that
E. coli is well adapted to persist in the large intestine as part of
the normal microbiota, it is conceivable that strains of patho-
genic E. coli, including ETEC, EPEC, and enteroaggregative E.
coli, may colonize the large intestine of healthy people or con-
valescent patients and behave as nonpathogens, whereas the
same bacteria isolated from the small intestine would be of
considerable diagnostic significance. Similar circumstances may
apply to other enteric pathogens that also differ in their ability
to cause disease depending on their site of intestinal coloniza-
tion. On the other hand, diarrheic stools may contain com-
mensal microorganisms, which normally reside mainly in the
proximal intestine and are not readily detectable in formed
stools. In this case, the association of the agent with diarrhea
may lead to the false conclusion that it is a causative agent.

As detailed in the article in this supplement by Nataro et al,
the methods used to detect and identify pathogens in The
Global Enteric Multicenter Study (GEMS) were state-of-the-
art. Nevertheless, the relative ability of these methods to detect
pathogens in cases and control subjects in developing coun-
tries is not known. For a thorough understanding of case/
control data, especially when comparing the relative contribu-
tion of different pathogens to the overall burden of disease, we
need a more thorough understanding of the performance of
diagnostic procedures as used on samples from cases and con-
trols. Some possible areas of further study could include the
quantitative analysis of patients’ samples (particularly when

there is >1 pathogen), and examination of virulence gene ex-
pression to indicate if a putative etiologic agent is behaving as
a pathogen or commensal.
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