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Background.  Prolonged enteropathogen shedding after diarrhea complicates the identification of etiology in subsequent epi-
sodes and is an important driver of pathogen transmission. A standardized approach has not been applied to estimate the duration 
of shedding for a wide range of pathogens.

Methods.  We used a multisite birth cohort of children 0–24 months of age from whom diarrheal and monthly nondiarrheal 
stools were previously tested by quantitative polymerase chain reaction for 29 enteropathogens. We modeled the probability of de-
tection of the etiologic pathogen before and after diarrhea using a log-normal accelerated failure time survival model and estimated 
the median duration of pathogen carriage as well as differences in subclinical pathogen carriage 60 days after diarrhea onset in com-
parison to a prediarrhea baseline.

Results.  We analyzed 3247 etiologic episodes of diarrhea for the 9 pathogens with the highest attributable burdens of diarrhea. 
The median duration of postdiarrheal carriage varied widely by pathogen, from about 1 week for rotavirus (median, 8.1 days [95% 
confidence interval {CI}, 6.2–9.6]) to >1 month for Cryptosporidium (39.5 days [95% CI, 30.6–49.0]). The largest increases in sub-
clinical pathogen carriage before and after diarrhea were seen for Cryptosporidium (prevalence difference between 30 days prior and 
60 days after diarrhea onset, 0.30 [95% CI, .23–.39]) and Shigella (prevalence difference, 0.21 [95% CI, .16–.27]).

Conclusions.  Postdiarrheal shedding was widely variable between pathogens, with strikingly prolonged shedding seen for 
Cryptosporidium and Shigella. Targeted antimicrobial therapy and vaccination for these pathogens may have a relatively large impact 
on transmission.
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The application of quantitative molecular diagnostics to studies 
of enteric infections in children in low-resource settings has 
identified a strikingly high prevalence of pathogen carriage 
even in the absence of clinical symptoms [1–3]. This subclin-
ical carriage confounds the assignment of etiology when patho-
gens are detected from diarrheal stools. The incorporation of 
nondiarrheal controls in diarrhea etiology studies has helped 
differentiate clinically relevant detections from pathogen by-
standers [1]. Subclinical enteropathogen infections have been 
associated with poor child growth [4], and some, but not all, 

subclinical enteropathogen carriage is presumed to represent 
postdiarrheal shedding [5]. The relative frequency of persistent 
postdiarrheal carriage may explain differences in the associa-
tion between specific enteropathogens and growth. Finally, the 
duration of post- and even prediarrheal shedding is important 
to characterize since it can be an important driver of human-to-
human pathogen transmission.

Previous estimates of the duration of shedding have come 
from single-pathogen studies from heterogeneous populations 
and study types (eg, controlled challenged models in adults) 
and have used a wide range of diagnostics [6–13]. The dura-
tion of postdiarrheal shedding of the most common enteric 
pathogens in young children in low-resource settings, using a 
consistent diagnostic approach, has not been defined. Precise 
estimation of the relative duration of postdiarrheal carriage 
for a range of common enteric pathogens requires large, pro-
spective longitudinal cohorts with frequent sampling of diar-
rheal and nondiarrheal stools, as well as the use of uniform and 
sufficiently sensitive microbiologic methods. We recently esti-
mated burdens of etiology-specific diarrhea and the association 
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between enteric infections and linear growth using quantitative 
polymerase chain reaction (qPCR) in 8 diverse low-resource 
settings in a multisite birth cohort study, Etiology, Risk Factors, 
and Interactions of Enteric Infections and Malnutrition and the 
Consequences for Child Health and Development (MAL-ED) 
[2, 4]. Here, we estimate the duration of postdiarrheal carriage 
for the leading etiologies of diarrhea in this cohort.

MATERIALS AND METHODS

Clinical Data 

The rationale, methodology, and principal findings of the en-
teric pathogen analyses from MAL-ED have been previously 
reported [2, 4, 14, 15]. In brief, healthy infants were enrolled 
from November 2009 to February 2012 in 8 diverse study sites 
and were followed intensively through 2 years of age, including 
twice-weekly home visits for surveillance of childhood illnesses 
and antibiotic administration. Diarrhea, defined as maternal 
report of ≥3 loose stools in 24 hours, or 1 stool with visible 
blood, was identified through home visits, and diarrheal as well 
monthly nondiarrheal surveillance stools were collected. Stools 
collected within 48 hours before or after a day of study-defined 
diarrhea were considered to be diarrheal stools. Diarrhea for 
<7 days was considered acute, for 7–13 days prolonged, and for 
≥14 days persistent. Appropriate empiric treatment for child-
hood diarrhea was defined as caregiver-reported use of fluor-
oquinolone, macrolide, or cephalosporin antibiotics on at least 
1 day of the diarrhea episode [16].

Microbiologic Studies 

We tested all available diarrheal and nondiarrheal stool sam-
ples from children who completed 24  months of follow-up 
using custom-designed TaqMan Array Cards (Thermo Fisher, 
Carlsbad, California) that compartmentalized qPCR assays for 
29 enteropathogens [2]. All procedures, including assay valida-
tion, nucleic acid extraction, quantitative PCR setup, and quality 
control have been previously described [17, 18]. Raw stool ali-
quots were stored at −80°C before extraction. Bacteriophage 
MS2 was used as an external control to monitor efficiency of 
nucleic acid extraction and amplification. We included 1 extrac-
tion blank per batch and 1 no-template amplification control 
per 10 cards to exclude laboratory contamination.

Data Analysis 

We used previously developed models to assign diarrhea eti-
ology, classifying etiologic detections of pathogens in diarrhea 
as those with an episode-specific attributable fraction of at least 
0.5, as previously described [2]. For all analyses, we included 
diarrheal and nondiarrheal stools with completely valid results 
for all pathogens with etiologic detections in at least 1% of di-
arrheal episodes. Because an exact estimation of the duration 
of carriage after each episode of diarrhea would require a much 
higher intensity of sampling (eg, daily) after each episode, we 

instead estimated the duration of carriage by modeling the 
probability of pathogen re-detection after diarrhea attributable 
to that pathogen. To do this, we leveraged the fact that diarrhea 
episodes occurred at random intervals before and after sched-
uled collection of monthly nondiarrheal stools. First, we iden-
tified all stool samples collected within a 60-day “incubation 
window” prior to diarrhea onset as well as a 60-day “shedding 
window” after diarrhea onset, with the shedding window ex-
tended to 120 days for Cryptosporidium based on the observed 
long duration of postdiarrheal carriage for this pathogen.

The primary analysis included all diarrheal episodes except 
those that either (1) occurred during the shedding window of an 
episode attributed to the same pathogen or (2) occurred at any 
time after an episode attributed to the same pathogen and all 
stool samples collected between the episodes had the pathogen 
detected. These repeat episodes were excluded to remove cases 
that could have been due to a long, lingering infection rather 
than a new infection; we also assessed the impact of this choice 
with a sensitivity analysis that included all diarrheal episodes.

To estimate the probability of a positive stool as a function of 
time, we used the binary outcome model

P(Yt = 1 | X) = (1 − h)

ï
1 − Φ

Å
log t − βX

σ

ãò
+ h.

� (1)

For each pathogen, this approach was used to model both the 
probability of a positive stool t  days after diarrheal onset, and, 
with a separate model, the probability of a positive stool t  days 
before onset. In the remainder of the model, Yt  is a binary in-
dicator for whether or not the pathogen was detected at t  days 
after (or before) onset; X is a vector whose first entry is 1 (effec-
tively an intercept) and whose remaining entries are covariates 
(eg, age, antibiotic treatment); β is a vector of regression coeffi-
cients; σ is a scale parameter; Φ is the standard normal cumu-
lative distribution function; and h is a “floor” parameter that 
allows for the possibility of an ongoing background rate of car-
riage. Time 0 was fixed as the day of symptom onset. This model 
is, in essence, a log-normal accelerated failure time survival 
model adjusted to allow the percentage of detection to drop to 
a nonzero asymptote [19]. Models were fit by maximum likeli-
hood. Finally, we used nonetiologic pathogens detected in the 
diarrheal stool as negative controls by using splines to model 
the probability of detection of these pathogens during the incu-
bation and shedding windows.

We used model (1) to estimate the probability of pathogen 
detection at any time before, during, or after the episode of 
diarrhea, rather than to estimate time to the end of pathogen 
carriage, as is done with survival analysis. We chose the spe-
cific model form, rather than for example logistic regression, 
because it allows for a 100% positive detection rate at time 0. We 
also considered a modified Weibull model; however, this model, 
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near time 0, is sensitive to the estimated shape parameter, which 
does not seem biologically plausible.

The median durations of pre- and postdiarrheal carriage were 
estimated as the time in days before and after symptom onset 
when there was a 50% chance of pathogen detection. Median 
durations of postdiarrheal carriage were also estimated for de-
fined subgroups by including additional dichotomous covariates 
in the model and defining the model-predicted probabilities for 
each level of the covariate. The prevalence difference between 
60 days after diarrhea onset and 30 days prior to diarrhea onset 
was calculated as the difference in the model-predicted prob-
ability of detection at those time points. Confidence intervals 
(CIs) were estimated by bootstrapping at the subject level. All 
analyses were performed using R version 3.6.0 software (R 
Foundation for Statistical Computing, Vienna, Austria, 2019).

RESULTS

There were a total of 42 488 samples from 1715 children. Of 
these, 40 976 (96.4%) had valid qPCR results for all of the patho-
gens included in this analysis, including 6687 diarrheal and 
34 289 monthly nondiarrheal stools. Nine pathogens were iden-
tified as etiologic in at least 1% of episodes, led by Shigella (736 
etiologic episodes [11.0% of episodes]), rotavirus (554 [8.3%]), 
sapovirus (535 [8.0%]), heat-stabile toxin-producing enterotox-
igenic Escherichia coli (ST-ETEC) (452 [6.8%]), and adenovirus 
40/41 (404 [6.0%]) (Table 1). In total, there were 3551 etiologic 
episodes for these 9 pathogens, of which 3247 met criteria for 
inclusion in the analysis. Of the excluded episodes, 284 (8.0%) 
occurred during the shedding window of a prior etiologic epi-
sode for the same pathogen and 20 (0.6%) had no negative stool 
tests for the etiologic pathogen between the incident episode 
and a preceding episode. Between 94.4% (Cryptosporidium) 
and 68.4% (adenovirus 40/41) of included episodes were the 
first identified episode for that pathogen for that child. The 
mean child age at the time of diarrhea ranged from 11.2 months 
for Campylobacter to 16.5 months for Shigella. The majority of 
episodes had a duration of ≤7 days for all pathogens, ranging 
from 92.9% of rotavirus episodes to 84.8% of Shigella episodes 
(Table 1).

First, we examined the prevalence and detection quantity 
of etiologic pathogens before and after each etiologic episode 
(Figure  1). There was a clearly asymmetric higher prevalence 
of etiologic pathogens in the shedding window compared to 
the incubation window and a declining prevalence and quan-
tity of detection over the course of the shedding window. 
Pathogen prevalence in nondiarrheal stools in the 30 days prior 
to the onset of diarrhea ranged from <5% for rotavirus to ap-
proximately 25% for adenovirus 40/41, Campylobacter jejuni/
Campylobacter coli, and ST-ETEC. For all etiologies, the etio-
logic pathogen was re-detected from the majority of stool sam-
ples obtained within 5 days after the onset of diarrhea.

Among etiologic episodes for each pathogen, we then mod-
eled the probability of the detection of all pathogens during the 
incubation and shedding windows (Figure  2). The remaining 
8 nonetiologic pathogens served as negative controls for each 
model, with no clear evidence of an increased probability of de-
tection of nonetiologic pathogens before, during, or after the 
etiologic episode, and no obvious trends in pathogen detection 
probability across the interval. The median duration of carriage 
after diarrhea onset varied from 8.1 (95% CI, 6.2–9.6) days for 
rotavirus to 39.5 (95% CI, 30.6–49.0) days for Cryptosporidium 
(Figure 2). Other pathogens with a median duration of carriage 
>14 days were astrovirus (17.7 [9.3–20.6] days), norovirus GII 
(18.1 [15.4–20.8] days), sapovirus (22.9 [20.5–25.0] days), and 
Shigella (14.1 [9.9–18.2] days). The results of the sensitivity 
analysis, which included all diarrheal episodes, were very sim-
ilar with the exception of adenovirus 40/41, where the median 
duration of carriage increased from 9.2 (95% CI, 1.0–14.2) days 
when excluding repeated episodes within 60  days or without 
an intervening negative test to 12.4 (95% CI, 6.4–16.8) days 
when all episodes were included; no other estimates changed 
by >1.4 days.

Because it was possible that despite a shorter median du-
ration of carriage, a subset of children could have prolonged 
shedding, we also estimated the difference in pathogen carriage 
from baseline (30 days before the onset of diarrhea) to 60 days 
after the onset of diarrhea (Table 2). The prevalence of pathogen 
carriage 60  days after the onset of diarrhea was at least 10% 
higher than the prevalence of pathogen carriage 30 days before 
the onset of diarrhea for Cryptosporidium (0.30 prevalence dif-
ference [95% CI, .23–.39]), Shigella (0.21 [95% CI, .16–.27]), 
and C. jejuni/C. coli (0.10 [95% CI, −.01 to .19]).

To interrogate factors associated with the duration of car-
riage, we estimated the median durations of carriage stratified 
by age in years, first or repeat etiologic episode for each child, 
treatment with appropriate empiric antibiotics, and the quantity 
of the etiologic pathogen in the diarrheal stool (Figure 3). There 
was evidence of a reduced duration of carriage in the second 
year of life for norovirus GII (−8.7 [95% CI, −13.6 to −3.8] days) 
and sapovirus (−8.5 [95% CI, −13.7 to −3.7] days), as well as 
with subsequent diarrhea episodes of norovirus GII (−5.3 [95% 
CI, −10.2 to .5] days), sapovirus (−8.7 [95% CI, −14.3 to −2.9] 
days), rotavirus (−5.3 [95% CI, −7.4 to −3.1] days), and Shigella 
(−10.4 [95% CI, −17.0 to −1.7] days). There was a small but 
non–statistically significant reduction in the duration of car-
riage of Shigella and C. jejuni/C. coli for episodes treated with 
appropriate empiric antibiotics. As expected, the quantity of 
pathogen detected during diarrhea was positively associated 
with the duration of postdiarrheal carriage.

Because of the temporal symmetry of both the available 
data (ie, monthly nondiarrheal samples were collected both 
before and after each etiologic episode), we also estimated the 
median duration of infection prior to the onset of diarrhea, 
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that is, the incubation period (Table  3). As expected, the 
median probabilities of pathogen infection prior to each 

etiologic episode were substantially shorter. While the me-
dian duration of prediarrheal infection was 3 days or fewer 

Figure 1.  Proportion of stools positive (top) and box and whisker plots of the cycle threshold distribution of pathogen detections (bottom) for the top 9 causes of diarrhea 
in the Etiology, Risk Factors, and Interactions of Enteric Infections and Malnutrition and the Consequences for Child Health and Development (MAL-ED) cohort study in stools 
collected from 5-day intervals during the incubation (prediarrheal) and shedding (postdiarrheal) windows. Day 0 is the first day of study-defined diarrhea identified by active 
surveillance, thus, the proportion is 100% by definition. Abbreviations: C. jejuni/C. coli, Campylobacter jejuni/Campylobacter coli; GII, genogroup II; ST-ETEC, heat-stabile 
toxin-producing enterotoxigenic Escherichia coli.
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for most pathogens, we found Cryptosporidium to have the 
longest duration of infection prior to the onset of diarrhea, 
with a median duration of almost 5 days, followed by adeno-
virus 40/41 and ST-ETEC.

DISCUSSION

Using a large, multisite birth cohort study, with intensive sur-
veillance for incident diarrhea and regular collection of diar-
rheal and nondiarrheal stools tested with quantitative molecular 
diagnostics, we were able to systematically estimate the dura-
tion of postdiarrheal shedding of common enteropathogens 
among children in low-resource settings. These data provide a 
reference for the duration of shedding in these high-morbidity 
populations. There was a wide variation in the median dura-
tion of postdiarrheal enteropathogen shedding, ranging from 
approximately 1 week to >1 month. Many of the estimates are 

consistent with expectations—for example, the long duration of 
postdiarrheal carriage of Cryptosporidium and the caliciviruses 
and the longer incubation periods for Cryptosporidium and ad-
enovirus 40/41 [6, 8, 9, 20, 21]. It is also notable that 3 diarrheal 
enteropathogens strongly implicated in child growth shortfalls, 
namely Cryptosporidium, Campylobacter, and Shigella, were 
most clearly associated with persistent shedding in this analysis 
[4, 22].

The long median durations of both pre-and postdiarrheal 
shedding of Cryptosporidium is consistent with historical studies 
using microscopy to identify oocyst excretion, in which the in-
cubation period was 1 week, the duration of illness was close to 
2 weeks, oocyst excretion continued for approximately 1 week 
after illness cessation, and a subset of patients had months of on-
going oocyst excretion [20]. The duration of shedding would be 
expected to be prolonged in immunocompromised individuals, 

Figure 2.  Estimated probability of pathogen detection from 30 days prior to the onset of diarrhea until 60 days after the onset of diarrhea for episodes of etiologic-specific 
diarrhea for each pathogen. The median duration of carriage and 95% confidence intervals are shown in parentheses after each pathogen. Abbreviations: C. jejuni/C. coli, 
Campylobacter jejuni/Campylobacter coli;  GII, genogroup II; qPCR, quantitative polymerase chain reaction; ST-ETEC, heat-stabile toxin-producing enterotoxigenic Escherichia 
coli.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/72/11/e806/5919800 by guest on 08 N

ovem
ber 2022



e812  •  cid  2021:72  (1 June)  •  McMurry et al

including children with malnutrition [23]. A number of novel 
treatment strategies for Cryptosporidium have been identi-
fied, which, in addition to reducing the morbidity of an epi-
sode of cryptosporidiosis, may also help reduce the substantial 

reservoir of postdiarrheal shedding [24] and in turn the high 
observed rate of household transmission [25].

The duration of postdiarrheal shedding for C.  jejuni/C. coli 
was relatively short, considering the strikingly high rates of sub-
clinical carriage with this pathogen [26]. This suggests that the 
high subclinical prevalence is driven by (1) a high force of infec-
tion, much of which is not associated with clinical disease [27], 
and/or (2) chronic carriage in a subset of children, a described 
phenomenon that is thought to be facilitated by host adaptation 
[28, 29]. Although the estimate was imprecise, the high preva-
lence difference for pathogen carriage at the end of the shedding 
window in comparison to baseline, a difference that was out of 
proportion to the observed median duration of carriage, could 
be consistent with chronic carriage in a subset of children. 
However, it is difficult to estimate the relative contribution of 
this chronic carriage to the total burden of subclinical infection, 
and the force of infection is also likely high in these settings.

Similarly, we found that, despite a relatively short median 
duration of shedding, approximately 1 in 5 children had per-
sistent Shigella shedding 2 months after the onset of diarrhea. 

Figure 3.  Estimated median duration of carriage stratified by age, infection order, use of an appropriate antibiotic, and pathogen quantity during diarrhea. Absolute differ-
ences between the estimates for each stratum are also shown. Abbreviations: ABx, antibiotic; CI, confidence interval; GII, genogroup II; ST-ETEC, heat-stabile toxin-producing 
enterotoxigenic Escherichia coli.

Table 2.  Difference in the Model-predicted Probability of Detection 
of the Etiologic Pathogen 60 Days After Compared to 30 Days Prior to 
Diarrhea Onset

Pathogen
Prevalence Difference  

(95% CI)

Adenovirus 40/41 0.07 (.01–.15)

Astrovirus −0.00 (−.05 to .12)

Campylobacter jejuni/Campylobacter coli 0.10 (−.01 to .19)

Cryptosporidium 0.30 (.23–.39)

Norovirus GII 0.06 (−.00 to .15)

Rotavirus 0.01 (−.02 to .04)

Sapovirus 0.04 (.00–.10)

Shigella 0.21 (.16–.27)

ST-ETEC 0.03 (−.04 to .08)

Abbreviations: CI, confidence interval; GII, genogroup II; ST-ETEC, heat-stabile toxin-
producing enterotoxigenic Escherichia coli.
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Persistent clinical shigellosis has been described, as well as 
long-term asymptomatic carrier states [11, 30]. A number of 
characteristics of the pathogen may facilitate this state, in-
cluding its ability to evade and subvert the immune response 
during intracellular growth [31]. Our analysis suggests that 
persistent subclinical carriage with Shigella occurs in a size-
able minority of children in these settings. This highlights the 
need for control strategies, whether appropriate antibiotic 
therapy or vaccines, that could help reduce pathogen trans-
mission. Shigella vaccine development is now primarily fo-
cused on subunit vaccines that would be introduced later in 
the first year of life, such that indirect protection from reduced 
transmission may be critical for reducing the disease burden 
in infants [32]. The findings that the duration of postdiarrheal 
shedding was reduced by appropriate empiric antibiotic 
therapy as well as in nonprimary episodes of shigellosis, sug-
gesting an impact of natural immunity, support the potential 
efficacy of such strategies.

The long duration of postdiarrheal shedding for these 
pathogens also has implications for the design and analysis of 
etiologic studies of diarrhea, in particular the impact of the 
definition of a nondiarrheal control and the incorporation of 
pathogen quantity [33]. We have previously demonstrated that 
the progressive restriction of nondiarrheal controls to those 7, 
14, and 28 days remote from diarrhea increases the attribution 
for some pathogens, most notably for Cryptosporidium, noro-
virus, and sapovirus, the 3 pathogens with the longest median 
durations of postdiarrheal carriage in the present analysis [2]. 
The more stringent definition presumably reduces the detec-
tion of the etiologic pathogen in the control stools, increasing 
pathogen attribution when detected in diarrhea. Interestingly, 
however, these restrictions did not change estimates of Shigella 
diarrhea burden, suggesting that persistent Shigella carriage 
occurs at a sufficiently low quantity to not obscure the infer-
ence to etiology when detected in higher quantities in diarrheal 
stools. This supports the value of the incorporation of pathogen 

quantification for etiologic studies of diarrhea in settings with 
high carriage [1, 2].

Similar to estimates of postdiarrheal shedding, prior es-
timates of pathogen incubation periods come from hetero-
geneous sources. The long duration of prediarrheal carriage 
identified for Cryptosporidium in this study is consistent with 
a volunteer study of adults in which the median incubation 
period was 1 week [20]. It is also one of the only enteric patho-
gens for which presymptomatic shedding has been described 
[34]. Among viral etiologies, adenovirus 40/41 diarrhea had 
the longest prediarrheal duration of infection, which is con-
sistent with a report of an outbreak among young children 
in the United Kingdom, where the median incubation pe-
riod was 8–10 days [21]. Meanwhile, the median duration of 
infection of heat-stabile toxin-producing E.  coli of 4 days is 
longer than is typically described in natural infection [35] or 
challenge studies in adults [36]. The short duration of infec-
tion prior to diarrhea onset for most pathogens is consistent 
with expectations that infections causing diarrhea represent 
new exposures and also supports the validity of the estimates 
of postdiarrheal durations of carriage predicted by the same 
modeling approach.

The estimates in this study come from the modeled probability 
of pathogen detection, taking advantage of the random intervals 
between diarrhea onset and prior and subsequent stool collec-
tions. Because we had relatively few postdiarrheal stools available 
for each episode, we could not estimate the duration of shedding 
for each episode and thus explicitly describe postdiarrheal car-
riage for each diarrhea episode. This would require more frequent 
postdiarrheal stool collection, which is unlikely to be available 
from a single study across a wide range of etiologies. Second, detec-
tion of enteric pathogen nucleic acid by qPCR cannot distinguish 
viable pathogen shedding. Thus, if used to infer the duration of 
shedding that can be directly implicated in pathogen transmission, 
these results are likely overestimates. However, we would presume 
that the relative duration of shedding of viable pathogens would be 
consistent with our findings here. Finally, we could not clearly dis-
tinguish postdiarrheal shedding from repeat exposure and infec-
tion during the shedding window. However, the clear asymmetry 
between pre- and postdiarrheal pathogen detection, the specificity 
of re-detection to the etiologic pathogen, and the consistency of the 
findings with prior single-pathogen studies all support that many 
of the postdiarrheal detections represent ongoing shedding after 
the diarrhea episode.

In summary, we were able to estimate the duration of 
postdiarrheal carriage of a broad range of enteropathogens. In 
the setting of strikingly high rates of subclinical carriage for 
some pathogens, clinical disease still represents a sentinel ac-
quisition event that is associated with a substantial pathogen 
reservoir. Interventions targeted to identify and treat these epi-
sodes may help reduce transmission and other sequelae of sub-
clinical infection.

Table 3.  Median Duration of Detection of the Etiologic Pathogen Prior to 
Diarrhea Onset

Pathogen

Median Prediarrheal  
Detection, d  

(95% CI)

Adenovirus 40/41 4.7 (2.4–6.4)

Astrovirus 3.0 (.4–4.4)

Campylobacter jejuni/Campylobacter coli 3.0 (.2–3.7)

Cryptosporidium 4.9 (2.1–7.8)

Norovirus GII 2.3 (.8–3.3)

Rotavirus 0.0 (.0–2.7)

Sapovirus 2.4 (.3–3.6)

Shigella 2.5 (.6–3.8)

ST-ETEC 4.0 (.7–5.0)

Abbreviations: CI, confidence interval; GII, genogroup II; ST-ETEC, heat-stabile toxin-
producing enterotoxigenic Escherichia coli.
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