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Background. To address knowledge gaps regarding diarrheagenic Escherichia coli (DEC) in Africa, we assessed the clinical and
epidemiological features of enteroaggregative E. coli (EAEC), enteropathogenic E. coli (EPEC), and Shiga toxin-producing E. coli
(STEC) positive children with moderate-to-severe diarrhea (MSD) in Mali, The Gambia, and Kenya.

Methods. Between May 2015 and July 2018, children aged 0-59 months with medically attended MSD and matched controls
without diarrhea were enrolled. Stools were tested conventionally using culture and multiplex polymerase chain reaction (PCR),
and by quantitative PCR (qPCR). We assessed DEC detection by site, age, clinical characteristics, and enteric coinfection.

Results. Among 4840 children with MSD and 6213 matched controls enrolled, 4836 cases and 1 control per case were tested
using qPCR. Of the DEC detected with TAC, 61.1% were EAEC, 25.3% atypical EPEC (aEPEC), 22.4% typical EPEC (tEPEC), and
7.2% STEC. Detection was higher in controls than in MSD cases for EAEC (63.9% vs 58.3%, P <.01), aEPEC (27.3% vs 23.3%, P <
.01), and STEC (9.3% vs 5.1%, P <.01). EAEC and tEPEC were more frequent in children aged <23 months, aEPEC was similar
across age strata, and STEC increased with age. No association between nutritional status at follow-up and DEC pathotypes was
found. DEC coinfection with Shigella/enteroinvasive E. coli was more common among cases (P <.01).

Conclusions. No significant association was detected between EAEC, tEPEC, aEPEC, or STEC and MSD using either
conventional assay or TAC. Genomic analysis may provide a better definition of the virulence factors associated with diarrheal
disease.
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While residing in the human intestine as commensal flora,

_ _ strains of Escherichia coli have acquired the ability to cause di-
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arrheal disease via the horizontal transfer of virulence genes
from cohabitating intestinal bacteria [1]. Over time, trans-
formed strains with a survival advantage have propagated with-
in different E. coli phylogenetic lineages to become pathotypes
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(DEC), 5 distinct categories have been identified: enteroaggre-
gative E. coli (EAEC), enteropathogenic E. coli (EPEC), entero-
toxigenic E. coli (ETEC), Shiga toxin-producing E. coli (STEC)/
enterohemorrhagic E. coli, and enteroinvasive E. coli (EIEC).

The pathogenicity of a sixth category, diffusely adherent
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E. coli, remains uncertain [1]. EPEC is further classified as typical
(tEPEC) and atypical (aEPEC) based on the detection of bundle-
forming pilus (bfpA) and/or E. coli attaching and effacing (eae)
virulence genes, as described below [1]. In general, strains within
each pathotype share virulence factors that produce similar clin-
ical manifestations and pathologic features, often with character-
istic host predilections, transmission dynamics, epidemiology,
and disease burden. Together, they are among the leading causes
of diarrhea-associated morbidity and mortality in children aged
<5 years in low- and middle-income countries (LMICs) [3, 4].

Traditionally, laboratory diagnosis of DEC required isolation
of E. coli colonies from stool culture followed by detection of dis-
tinguishing pathotype-associated features using either pheno-
typic assays such as microscopy, serology, and antigen
detection or molecular tests such as gene probe and polymerase
chain reaction (PCR) [5]. The advent of molecular panels such as
the quantitative PCR (QPCR)-based TagMan Array card (TAC)
introduced a tool with many advantages for performing diar-
rheal disease research, including high sensitivity, rapid through-
put, and the ability to contemporaneously test stool samples
directly for a broad array of pathogens. In addition, qPCR allows
determination of pathogen-specific cycle threshold (Ct) values
that can distinguish cases from controls under the assumption
that symptomatic infections have higher pathogen burdens [6].

The Global Enteric Multicenter Study (GEMS), a case-
control study of medically attended moderate-to-severe diar-
rhea (MSD) among children aged <5 years living in LMICs
in Asia and Africa, identified DEC using conventional multi-
plex PCR to test E. coli isolated from stool samples [3]. ETEC
that produced heat-stable toxin with or without heat-labile tox-
in was found to be a major cause of MSD. STEC was the least
frequent DEC in contrast to its predominance in high-resource
settings where it causes diarrhea associated with hemorrhagic
colitis and hemolytic uremic syndrome [7]. Whereas tEPEC
was significantly associated with MSD in children aged <2
years in Kenya and death in infants aged <1 year, aEPEC was
not associated with MSD or death at any site 3, 8]. GEMS re-
ported a high prevalence of EAEC among symptomatic and
asymptomatic children, with inconsistent associations with di-
arrhea [3, 9, 10].

A retrospective etiological reanalysis of a subset of samples
from cases and controls who participated in GEMS using
TAC qPCR demonstrated an
pathogen-specific attributable diarrheal burden from 51.5% us-

increase in the total

ing culture plus multiplex PCR to 89.3% using TAC, suggesting
that conventional methods underestimate the prevalence of
many pathogens [11]. To update our understanding of the ep-
idemiology of DEC among children with and without diarrhea,
with a focus on settings where rotavirus vaccine introduction
may have altered the landscape of enteric pathogens, we exam-
ined data from the Vaccine Impact on Diarrhea in Africa
(VIDA) study, a follow-on study to GEMS at 3 sites in

sub-Saharan Africa [12]. In VIDA, stool samples from children
with MSD and their controls were contemporaneously tested
using both conventional multiplex PCR and TAC, allowing
for a comparison of the associations between DEC pathotypes
and MSD using both diagnostic approaches. In addition, we de-
termined whether DEC coinfection with other enteric patho-
gens increased the severity of disease, as has been reported
elsewhere [13]. We specifically focused on EPEC, EAEC, and
STEC, whose role in diarrheal disease has not been clearly elu-
cidated in Africa. EIEC cannot be distinguished from Shigella
using TAC and so was not included in this analysis. Because
of its considerable burden, ETEC will be the subject of a sepa-
rate article.

METHODS

Study Design and Participants

Three sites (Bamako, Mali; Basse and Bansang, The Gambia;
and Siaya County, Kenya) were selected from African countries
with high childhood mortality [3] that had introduced rotavi-
rus vaccine. VIDA participants resided within a demographic
surveillance system (DSS) catchment area.

For 36 months at each site between May 2015 and July 2018,
children in 3 age strata (0-11 months, 12-23 months, and 24-
59 months) who sought care at health facilities serving the DSS
were assessed for MSD as previously described [3]. MSD was
defined as >3 loose stools within the last 24 hours [14] plus
>1 of the following: sunken eyes, skin tenting, dysentery, re-
quired intravenous rehydration, or hospitalization within
7 days of diarrhea onset. Within 2 weeks of enrolling each
MSD case, 1-3 diarrhea-free controls matched by age, sex,
and neighborhood were randomly selected from the site’s
DSS database and enrolled at home, as described [3]. A follow-
up home visit was made to every enrolled child 50-90 days after
enrollment (average 60).

Demographic, epidemiologic, and clinical data were collect-
ed, and anthropometry was performed for all cases and controls
at the enrollment and follow-up visits as described [15]. To de-
termine the duration of diarrhea, caregivers recorded the oc-
currence of diarrhea daily for 14 days after enrollment using
a simple pictorial memory aid [16] that was reviewed with
the caretaker and collected at the follow-up visit. The total du-
ration of diarrhea was defined as the days with diarrhea prior to
enrollment plus the 14 days post-enrollment recorded on the
memory aid (Supplementary Figure 1).

Sample Collection and Laboratory Analysis

Each case and control provided at least 3 g of fresh whole stool
that was placed in cold storage within 1 hour of production.
The whole stool was swabbed or a rectal swab was obtained if
antibiotics were to be administered [17]. Swabs for culture of
E. coli were placed in Cary-Blair transport media (Oxoid/
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REMEL, Inc, Lenexa, KS) within 6 hours of production and
transported to the microbiology laboratory.

Diarrheagenic E. coli Detection Using Conventional Culture Plus PCR
Methods

Immediately upon arrival at the laboratory, the swab was inoc-
ulated on culture media and incubated aerobically at 35°C-36°
C for 18-24 hours. Three colonies of E. coli from every stool
were pooled for PCR analysis. Primers targeting specific genes
for detection of EPEC, EAEC, and STEC were used as previous-
ly described [17, 18]. In brief, typical and atypical EPEC were
identified by primers targeting bfpA and eae genes and classi-
fied as tEPEC (bfpA detected with or without eae) and as
aEPEC (eae detected without bfpA, stx;, or stx,). EAEC pres-
ence was defined by detection of aaiC and/or aatA. STEC
was defined by amplification of stx; and/or stx, (regardless of
eae) without bfpA.

Diarrheagenic E. coli Pathotype Analysis Using TAC qPCR

Stool specimens were aliquoted and stored at —80°C until ex-
traction. Total nucleic acid (TNA) was extracted from
200 mg of the whole stool specimen using the QIAamp Fast
DNA stool mini kit (Qiagen, Hilden, Germany) with a modifi-
cation that involved addition of glass beads to weighed stool be-
fore the addition of lysis buffer, then bead-beating to obtain a
homogeneous mixture for TNA extraction [19]. The TNAs
were tested on a real-time qPCR platform using TAC
(Thermo Fisher, Carlsbad, CA), which amplifies nucleic acid
for 30 enteropathogens plus multiple genotypes of several path-
ogens. The amplification curves were analyzed on Vii7 software
(version 1.2.4) [11]. The primer (vide supra) is further

described by Liu et al [19]. Samples with a primer target quan-
tification Ct <35 were considered positive for that pathogen.

Data Analyses

First, we compared the proportion of cases with detection by
conventional and TAC methods for each pathogen in case or
control specimens. The remainder of the analyses only used
the TAC results. We compared the Ct values in cases and con-
trols using a Wilcoxon rank sum test to assess the relative path-
ogen quantities. We calculated the positivity proportions
among cases and controls by demographic characteristics,
site, clinical characteristics, severity, and rates of coinfection
with other enteric pathogens detected using TAC, including
adenovirus 40/41, Aeromonas spp., astrovirus, toxigenic
Bacillus fragilis, Campylobacter spp., Cryptosporidium spp.,
Enterocytozoon bieneusi, Helicobacter pylori, norovirus GI,
norovirus GII, Plesiomonas spp., rotavirus, Salmonella spp.,
sapovirus, Shigella spp./EIEC, and heat stable- or heat
labile-producing enterotoxigenic E. coli. y* tests were used to
compare categorical variables; a P value <.05 was considered
statistically significant.

We analyzed MSD cases to determine whether EPEC, EAEC,
or STEC was associated with stunting, as measured at the en-
rollment and follow-up visit as described in Supplementary
Table 1 and [15]. Stunting was defined as a height/
length-for-age z score >2 standard deviations below the
World Health Organization child growth standard median
[20]. We initially compared stunting at follow-up between pos-
itive vs negative MSD cases using a y” test. Thereafter, we used
propensity score matching to limit potential selection bias from
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the design of the original case/control study (Supplementary
Table 1). We report the average treatment effect for the treated,
that is, the difference in expected growth if those who were in-
fected actually had not been infected with associated 95% con-
fidence intervals and P values estimated via bootstrapping.

Statistical significance was defined as a P value < .05, and all
analyses were performed using Stata/SE version 16.

Ethical Review

This project was approved by the institutional review boards of
the University of Maryland, Baltimore (HP-00062472); the US
Centers for Disease Control and Prevention (CDC), Atlanta,
Georgia (reliance agreement, CDC protocol number 6729);
The Gambia government/Medical Research Council/Gambia
at the London School of Hygiene and Tropical Medicine
(1409); the Comité d’Ethique de la Faculté de Médecine, de
Pharmacie, et d’Odonto-Stomatologie, Bamako, Mali (no num-
ber); and the Kenya Medical Research Institute Scientific and
Ethics Review Unit in Siaya County, Kenya (SSE 2996).
Written informed consent was obtained from the parent or pri-
mary caretaker of each child who met eligibility criteria before
any research activities were performed.

RESULTS

Collectively, 4840 MSD cases and 6213 matched controls were
enrolled across the 3 sites. The characteristics of cases and con-
trols enrolled in the VIDA study are described elsewhere [12].

When case and control children evaluated using both TAC
(n=9672)
(Figure 1), the proportion who had pathogens detected using

and conventional assays were compared
TAC was more than 2-fold higher than the proportion detected
using conventional methods. Moreover, nearly all individual
DEC pathotypes that were positive by conventional methods
were also positive by TAC. Specifically, the proportion positive
by conventional methods who had negative TAC results was
only 4.4%, 1.3%, and 0.1% for EAEC, aEPEC, and STEC, re-
spectively, among cases and 3.8%, 2.4%, and 0.1%, respectively,
among controls (Supplementary Table 2). The exception was
tEPEC, for which 5.7% of cases and 8.3% of controls were pos-
itive by conventional methods but negative by TAC.
Nonetheless, the increased ability to detect DEC was harmoni-
ous across cases and controls, so that the relative isolation rates
among cases and controls were similar regardless of method
(Table 1). Likewise, the distribution of the Ct values for specific
DEC pathotypes was similar in both cases and controls with the
exception of tEPEC, which had significantly lower Ct values in
cases than in controls (P=.0001; Supplementary Figure 2,
Supplementary Table 3).

The distribution of EAEC, EPEC, and STEC pathotypes overall
and by site, age, and sex according to case vs control status is pre-

sented in Table 2. EAEC was the most common pathotype

Table 1. Detection of Diarrheagenic Escherichia coli Pathotypes Using
Quantitative Polymerase Chain Reaction (PCR) and Conventional Culture
Plus Multiplex PCR From Moderate-to-Severe Diarrhea Cases and Their
Matched Controls

Quantitative
Polymerase

Chain Reaction ~ Conventional

No. No. Fold-Rise in

Pathotype Positive (%) Positive (%) Detection®
Enteroaggregative Escherichia coli

Cases (n=4719) 2817 (69.7) 755  (16.0) 3.7

Controls (n=4733) 3088 (65.2) 866 (18.3) 3.6
Typical enteropathogenic E. coli

Cases (n=4790) 10756 (22.4) 496  (10.4) 2.2

Controls (n=4795) 1086  (22.6) 554 (11.6) 2.0
Atypical enteropathogenic E. coli

Cases (n=4788) 1127 (23.5) 101 2.1) 11.2

Controls (n=4789) 1318 (27.5) 139 (2.9 9.5
Shiga toxin—producing E. coli

Cases (n=4792) 247 (5.2) 4 (0.1) 61.8

Controls (n=4786) 451 9.4) 5 0.1) 90.2

?Calculated as the number detected using quantitative polymerase chain reaction divided by
the number detected using the conventional assay, according to cases or control status, by
pathotype.

detected (61.1%) followed by EPEC (aEPEC 25.3% and tEPEC
22.4%), with STEC being the least common (7.2%). The propor-
tions of EAEC, aEPEC, and STEC were significantly lower in cases
than in controls (58.3% vs 63.9%, 23.3% vs 27.3%, and 5.1% vs
9.3%, respectively; all P <.001). In contrast, tEPEC was similar
in both cases and controls (22.3% vs 22.5%, P> .05). When eae
was included in the definition of STEC, 3.3% of cases and 7.0%
of controls met the TAC definition of positive, so the lack of asso-
ciation with MSD was unchanged (Table 2, Supplementary
Table 4). The frequencies of stx; and stx, were similar within
the case and control groups, and both genotypes were similar or
less common in cases compared with controls. Among both cases
and controls, the prevalence of EAEC and tEPEC declined with
age, while the proportion of children with aEPEC was similar
across ages and the prevalence of STEC increased with age.
STEC frequency appeared to peak in MSD children aged 12-30
months (Figure 2).

Caretaker report of the presence of ruminant animals (cows,
goats, or sheep) in the child’s compound was explored as a po-
tential source of infection with STEC. STEC positivity in the
child’s stool was significantly associated with ruminant expo-
sure (P <.01) for both cases and controls across all age groups.
More than 73% of STEC-positive case and control children had
a ruminant animal present in their domiciles compared with
60% for STEC-negative cases and controls (Table 3).

Of the 4840 MSD cases enrolled in VIDA, 223 had missing
length/height measurements and 14 had implausible values, re-
ducing the analytical dataset to 4603 children with MSD for the
stunting analysis. Although crude unadjusted analyses showed
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Proportions of EAEC, tEPEC, aEPEC, and STEC detected using TAC among case and control children aged <5 years. Abbreviations: aEPEC, atypical enteropatho-

genic E. coli; EAEC, enteroaggregative E. coli; STEC, Shiga toxin—producing E. coli; tEPEC, typical enteropathogenic E. coli; TAC, TagMan Array card.

several significant associations (Supplementary Table 5), no
DEC pathotype was associated with linear growth faltering at
the follow-up visit 2-3 months after enrollment when propen-
sity score matching was used (Supplementary Tables 6 and 7).

DEC pathotypes were found more often in MSD episodes in
which there was a mixed infection with another enteric patho-
gen than when they were the sole pathogens (Supplementary

Table 8). Mixed infections with each DEC pathotype were sig-
nificantly more common in cases than in controls for all path-
otypes (EAEC, 96.0% vs 94.2%, P=.0018; tEPEC, 98.1% vs
97.5%, P=.0069; and aEPEC, 97.6% vs 94.6%, P=.0003).
When trends were apparent, symptoms tended to be more
marked when the DEC pathotype was part of a coinfection
(Table 4). All deaths were reported in cases with coinfection.

$82 « CID 2023:76 (Suppl 1) « Ochieng et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad035#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad035#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad035#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad035#supplementary-data

Table 3. Proportion of Shiga Toxin—Producing Escherichia coli Among Children Living With and Without Ruminant Animals in the Compound by Case/

Control Status and by Age

Cases

STEC-Positive STEC-Negative

Controls

STEC-Positive STEC-Negative

n=247 n=4552 P Value n=451 n=4342 P Value®
No. (%) positive or negative for STEC, case/control status, with ruminants living in the compound (cow, goat, or sheep)
Ruminants present 187 (75.7%) 2728 (569.9%) <.001 332 (73.6%) 2644 (60.9%) <.001
Age group, mo
0-11 31/38 (81.6%) 1040/1670 (62.3%) .024 80/108 (74.1%) 962/1592 (60.4%) .005
12-23 64/84 (76.2%) 934/1592 (58.7 %) .002 129/161 (80.1%) 943/1520 (62.0%) <.001
24-59 92/125 (73.6%) 754/1290 (58.4%) .001 123/182 (67.6%) 739/1230 (60.1%) 0.067

Positive defined as Ct <35; negative defined as Ct >35.
Abbreviation: STEC, Shiga toxin—producing E. coli; Ct, cycle threshold.

2y? tests were used to estimate P values; significant values are shown in bold.

The frequency of coinfections was further evaluated to deter-
mine the dominant pair of a DEC pathotype and any of the
most common enteric pathogens in cases and controls
(Figure 3). In this analysis, coinfection with Shigella/EIEC
was predominant and was consistently higher in cases (38%-
48%) than in controls (28%-30%, P <.01). Notably, bloody di-
arrhea was not seen in any of the 6 episodes with STEC alone,
35 (31.3%) of the episodes with STEC plus Shigella/EIEC, and
26 (50%) of the episodes with Shigella/EIEC as the sole patho-
gen. Bloody diarrhea was observed more often when any of
the other pathotypes was accompanied by Shigella vs those
without concomitant Shigella, as follows: EAEC 289 (27.7%)
vs 8 (7.1%), tEPEC 116 (27.1%) vs 1 (5%), and tEPEC 114
(27.4%) vs 2 (7.4%).

DISCUSSION

Testing the stool samples in VIDA using both conventional
and TAC assays provided an opportunity to directly deter-
mine whether TAC enhanced the ability to detect pathogenic
DEC strains among children with MSD participating in a
large, controlled study in settings with high diarrheal disease
burden. Our findings indicate that although the 3 DEC path-
otypes evaluated were found far more commonly using TAC
than the conventional assays, the fold-increase was similar
among cases and controls. Neither method identified a signifi-
cant association between a DEC pathotype and MSD. In fact,
EAEC, aEPEC, and STEC were detected using TAC signifi-
cantly more often in controls compared with cases, while
the difference for tEPEC was insignificant. These findings
also highlight the importance of using controls in studies of
diarrhea etiology.

Numerous controlled studies have indicated that tEPEC is an
important cause of community-acquired diarrhea in children
from LMICs, particularly among infants aged <12 months liv-
ing in Latin America [21-26]. Therefore, it was surprising that
we did not detect an association between tEPEC and MSD at

any site or in any age group. Particularly unexpected was the
finding among infants at the Kenyan site, where a few years pre-
viously an association with MSD had been observed in GEMS
using the same TAC qPCR assay and general geographic area
[8, 12]. Nonetheless, other controlled studies have also failed
to show a significant difference in the frequency of tEPEC in
cases and controls, and some have suggested that the preva-
lence of tEPEC may be declining [10, 27-29], thus creating
an incongruent picture of the role of tEPEC as a cause of diar-
rhea in LMICs.

Conflicting findings have also been reported concerning the
association between MSD and the remaining DEC, aEPEC,
EAEC, and STEC. The lack of a relationship that we observed
in VIDA corroborates negative findings from recent studies
that included Etiology, Risk Factors, and Interaction of
Enteric Infections and Malnutrition and the Consequences
for Child Health and Development project (MAL-ED) [10]
and others [3, 10, 25, 30]. Among the 7 sites and 3 age strata
in GEMS [23], EAEC was only associated with endemic MSD
in children aged 12-23 months from Bangladesh [31-33]. In
contrast, other studies have found an association with endemic
diarrhea in children, especially prolonged episodes, for both
aEPEC [23, 31-33] and EAEC [26, 34]. Although we have iden-
tified a reservoir among humans and ruminants, as seen in
high-income countries [5], STEC was the least common path-
otype, which is consistent with previous observations in LMICs
[35, 36]. Moreover, STEC was not associated with MSD or
hemorrhagic colitis, presentations seen in high-income set-
tings, using stx; and/or stx, with or without inclusion of eae
as a marker. The conflicting results for tEPEC, aEPEC,
EAEC, and STEC raise questions about whether the gene tar-
gets currently used to identify these pathogens include some
strains capable of causing diarrhea, but that additional factors
must be present for full expression of disease.

Indeed, recent investigations have begun to uncover poten-
tial factors that may help to explain the drivers of DEC patho-
genicity [37]. Genomic analyses of EPEC and EAEC have
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Table 4. Clinical Characteristics and Severity of Moderate-to-Severe Diarrhea Children With Either the Single Diarrheagenic Escherichia coli (DEC)
Pathotype Detected or the Single DEC Pathotype Coinfected With Another Enteric Pathogen

tEPEC + aEPEC aEPEC + STEC STEC +
EAEC Only? EAEC +Any®  tEPEC Only® Any? Only? Any? Only? Any?®
Clinical Characteristic n=112 n=2639 n=20 n=1023 n=27 n=1070 n=6 n=235
Duration of diarrheal episode, 6 (4-8) 5 (4-8) 4 (3-6.25) 5 (4-8) 4 (2-6) 5(3-8) 6.5 (4.5~ 5 (3-8)
median (Q1-Q3), d 8.5)
Maximum number of stools per day on worst day
8 37 (33.0%) 630 (23.9%) 5 (25.0%) 272 (26.6%) 9 (33.3%) 250 (23.4%) 2 (33.3%) 6 (23.8%)
4-5 62 (55.4%) 1556 (69.0%) 10 (50.0%) 590 (67.7%) 14 (61.9%) 641 (569.9%) 4(66.7%) 136 (57.9%)
6-10 13 (11.6%) 429 (16.3%) 4 (20.0%) 152 (14.9%) 3(11.1%) 171 (16%) 0 7 (15.7%)
>10 0 4 (0.9%) 1(5.0%) 9(0.9%) 1(3.7%) 8(0.7%) 0 6 (2.6%)
Persistent diarrhea (>14 d) 13(11.6%) 242 (9.2%) 1(5.0%) 90 (8.8%) 1(3.7%) 104 (9.7 %) 0 26 (11.1%)
Blood in stool 8(7.1%) 422 (16.0%) 1(5.0%) 162 (15.8%) 2 (7.4%) 176 (16.4%) 0 47 (20%)
Maximum number of vomiting episodes on worst day
None 65 (58.0%) 1415 (53.6%) 1(55.0%) 560 (54.7%) 15 (65.6%) 594 (65.5%) 5(83.3%) 131 (55.7%)
1 14 (12.5%) 229 (8.7%) 0 93 (9.1%) 1(3.7%) 6 (8.0%) 0 3(9.8%)
2-4 27 (24.1%) 847 (32.1%) 7 (35.0%) 313 (30.6%) 8(29.6%) 339 (31.7%) 0 9 (29.4%)
>5 6 (5.4%) 148 (5.6%) 2 (10.0%) 57 (56.6%) 3(11.1%) 1(4.8%) 1(16.7%) 2 (5.1%)
Fever 24(21.4%) 657 (24.9%) 3(15.0%) 227 (22.2%) 3(11.1%) 252 (23.6%) 2 (33.3%) 0(29.8%)
Oral rehydration solution (given or 112 (100.0%) 2569 (97.3%) 20 (100.0%) 987 (96.5%) 27 (100.0%) 1046 (97.8%) 6(100%) 226 (96.2%)
prescribed)
Intravenous fluids (given or 4 (3.6%) 186 (7.0%) 3(15.0%) 70 (6.8%) 3(11.1%) 72 (6.7%) 0 15 (6.4%)
prescribed)
Hospitalized 9 (8.0%) 165 (6.3%) 1(5.0%) 62 (6.1%) 3(11.1%) 54 (5.0%) 0 21 (8.9%)
Died 0 30 (1.1%) 0 12 (1.2%) 0 6 (0.6%) 0 2 (0.9%)

Abbreviations: aEPEC, atypical enteropathogenic E. coli; EAEC, enteroaggregative E. coli; STEC, Shiga toxin—producing E. coli; tEPEC, typical enteropathogenic E. coli.

2"Only” denotes children with moderate-to-severe diarrhea (MSD) who had only this pathogen detected using TagMan Array Card system quantitative polymerase chain reaction (TAC qPCR).
“Any" denotes children with MSD who had the diarrheagenic Escherichia coli pathogen and any of the following detected using TAC gPCR: adenovirus 40/41, Aeromonas spp., astrovirus,
toxigenic Bacillus fragilis, Campylobacter spp., Cryptosporidium spp., Enterocytozoon bieneusi, Helicobacter pylori, norovirus Gl, norovirus Gll, Plesiomonas spp., rotavirus, Salmonella spp.,
sapovirus, Shigella spp./Enteroinvasive E. coli, heat stable- or heat labile-producing enterotoxigenic E. coli.

demonstrated considerable diversity in both core virulence loci
and virulence plasmids, even within the same phylogenomic
lineage, suggesting that these pathotypes have continued to ac-
quire genetic changes since their initial acquisition of their de-
fining features [38, 39]. New targets associated with disease
severity that have not been included in current assays have
been found [39, 40]. Expression of virulence factors is under
the control of complex regulatory mechanisms derived from
the host (eg, age, nutritional status [41], and genetic factors
[37]), the organism, and environmental milieu such as intesti-
nal microbiota, nutrients, and oxygen tension [39, 41, 42].
Correlations of these findings with isolate-specific clinical man-
ifestations are being explored [43].

There is evidence to suggest that DEC induce intestinal in-
flammation that can lead to growth and nutritional faltering
even in the absence of diarrheal disease [8, 25, 44-50], particu-
larly during the first 2 years of life. In addition, both tEPEC and
EAEC were associated with an increased risk of death in GEMS
within 2-3 months after onset of the MSD episode [51]. Despite
these observations, no DEC pathotype in VIDA was signifi-
cantly associated with stunting among cases reexamined 2-3
months after enrollment. Cases with DEC were not more likely
to die or to exhibit more pronounced illness when fever, blood
in stool, duration of diarrhea, and vomiting were examined.

DEC pathotypes were identified much more often in mixed
infections with other enteric pathogens than as the sole patho-
gen. Compared with sole infection, coinfection with other
pathogens did not significantly enhance the symptomatology
in MSD cases as has been reported elsewhere, with the excep-
tion that Shigella increased the occurrence of blood in stools
for all pathotypes [13]. Of note, coinfection with Shigella was
consistently high, especially among MSD cases.

A significant limitation in this study is that because TAC
was performed directly on stool samples, DEC that meet
criteria for multiple virulence targets may be identifying
the genes on different microorganisms. Another limitation
is that the high frequency of asymptomatic carriage and
coinfections make it challenging to attribute clinical
findings to DEC, and associations with MSD disease may
be obscured.

In conclusion, we did not identify a role for EAEC, EPEC, or
STEC in causing MSD at sites in sub-Saharan Africa. Given the
diversity of the DEC strains, it is likely that particular strains or
subtypes may cause disease. Future genomic analysis and inves-
tigations into the factors that regulate expression of virulence
factors during diarrhea will be necessary to gain insight into
the role of DEC in diarrheal disease in the African setting
and elsewhere.
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