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Abstract 
 
Symptom and Enteric Pathogen Indicators of Diarrhea After Study Enrollment Among Controls 

in the Vaccine Impact on Diarrhea in Africa Study 

 
By Phong Le 

 
 

There is a high prevalence of pediatric diarrhea in low-to-middle income countries. The Vaccine 

Impact on Diarrhea in Africa (VIDA) study assessed the attributable fraction of pathogen 

etiologies on moderate to severe diarrhea among young children. The objective of this study was 

to assess the prior symptoms and enteric pathogen carriage of Vaccine Impact on Diarrhea in 

Africa (VIDA) study controls in relation to their onset of diarrhea after study enrollment 

(DASE). Understanding the background levels of diarrheal disease, enteric pathogen carriage, 

and symptomatic expression among VIDA reference populations in highly endemic areas would 

allow for the contextualization of analyses among VIDA cases. This analysis of VIDA controls 

indicated that there was a high background level of acute diarrhea (11%) and carriage of enteric 

pathogens (63%) at the Kenya site. Several controls that were free of diarrhea 7 days prior to 

enrollment may have been actively incubating a diarrheal disease. Norovirus GII, sapovirus, and 

ST ETEC were enteric pathogens associated with DASE among VIDA controls in this study as 

well as moderate-to-severe diarrhea (MSD) among VIDA cases in a previous study. As such, 

previous estimates of the importance of these enteric pathogens for MSD, given these previous 

estimates were based on a reference population that was not entirely disease-free, may be 

underestimates. Fever and vomiting presented 7 days prior to enrollment were associated with 

DASE and could serve as proxies for the expression of acute diarrhea soon after study 

enrollment. Fever and vomiting 7 days prior to enrollment should be considered as exclusion 

criteria for disease-free reference populations. These findings related to DASE and enteric 

pathogen detection in VIDA controls further underscored the need for close examination of 

disease-free reference populations. 
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1. Introduction 

An estimated 1.7 billion cases of diarrhea and 525,000 deaths related to diarrhea are reported every year 

among children under the age of five [1]. Pediatric diarrhea is caused by a variety of infectious agents 

including bacteria, viruses, and parasites [6-13]. The main enteric pathogens responsible for diarrheal 

disease vary by region [2] while mortality and morbidity are concentrated in Africa and South Asia [3]. 

Enteric pathogens differ in their expression of symptoms, biological mechanisms of infection, incubation 

period, and duration of disease [14]. WHO has set the standard in defining diarrhea as a 24-hour period 

of 3 or more loose stools [1], but diarrhea can also be further specified by duration and severity [15-16]. 

Because of the variety of endemic enteric pathogens, presentations of disease, and definitions of diarrhea, 

reference populations in studies assessing diarrhea in different countries and regions are not homogenous. 

Understanding the background levels of diarrheal disease, enteric pathogen carriage, and symptomatic 

expression in highly endemic areas is important for the contextualization of analyses of pediatric diarrhea. 

Pediatric diarrhea has been commonly assessed through case-control studies [17-22]. Yet, if reference 

populations are not disease-free, studies of diarrheal etiologies may underestimate the role of certain 

pathogens.   

Diarrhea can lead to severe morbidities and even mortality among children living in low-to-middle income 

countries (LMIC) [2-5]. On average, children under the age of 5 develop 2-3 episodes of diarrhea per year 

[2]. However, children in LMIC can develop up to 3-11 episodes of diarrhea per year [4]. Children in 

LMICs often have poor water and sanitation conditions which elevates the risk of diarrhea [5] and 

malnutrition serves as both a risk factor and outcome of diarrhea [1]. Children earlier in their development 

face the highest risk of exposure to infectious agents of diarrhea [2]. When infants reach developmental 

milestones, such as crawling and weening, they face higher exposure to enteric pathogens due to mouthing 

behaviors [3].  
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Diarrhea can be categorized by its duration and severity. In terms of duration, postprandial diarrhea can 

be defined as a single loose stool after a meal [23], acute diarrhea can be defined as loose stools lasting 

hours to days [15] while persistent diarrhea can be defined as loose stools lasting 14 days or longer [24]. 

The presentation of blood in diarrhea reflects an episode of dysentery [14]. It is not uncommon for a study 

to assess diarrhea using a definition specific to its needs. For example, the Global Enteric Multicenter 

Study defined moderate-to-severe diarrhea as the presence of diarrhea in addition to an exhibition of 

sunken eyes, loss of skin turgor, a need for intravenous rehydration, dysentery, or hospitalization [16]. 

Criteria for moderate-to-severe diarrhea represented characteristics associated with the highest morbidity 

and mortality related to pediatric diarrhea. The study of moderate-to-severe diarrhea allows for the 

prioritization of strategies addressing pediatric diarrhea’s most serious complications.  

Although most enteric pathogens can cause severe episodes of diarrhea depending on host factors, their 

presentation of symptoms vary according to the biological mechanism causing disease symptoms [24]. 

The incubation period for enteric pathogens range from 1-7 days [6-13]. Noninflammatory diarrhea is the 

result of an enteric pathogen interfering with the absorption of water and nutrients in the gastrointestinal 

system [14]. Examples of enteric pathogens that cause this include heat-stable enterotoxigenic Escherichia 

coli (ST ETEC), norovirus, and rotavirus [6,10-12]. Often, loose (watery) stools are the predominant 

symptom of noninflammatory diarrhea [14]. On the other hand, inflammatory diarrhea occurs through the 

invasion of the intestinal epithelium and release of cytotoxins in the colon [14]. Campylobacter spp., 

Salmonella spp., and Shigella spp. can all release this cytotoxin [8-9,17]. Symptoms presented during 

inflammatory diarrhea include diarrhea as well as abdominal cramping, fever, vomiting, and blood in stool 

[14-15]. Given the varied presentation of symptoms, it is challenging to define a disease-free individual 

and demonstrates the need to thoroughly study reference populations.  

Correct categorization of children into proper disease states (e.g., diarrhea or disease-free) is critical to 

appropriately understand dominant etiologies of disease-causing pathogens. Case-control studies are often 

performed to assess etiological factors associated with severe forms of diarrhea [6-13]. Matching 

commonly occurred in these studies to ensure a similar number of cases and controls in the various strata 
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of confounders [25-26]. For studies assessing diarrhea, cases are typically deemed eligible if they 

exhibited the clinical indicators of diarrhea during a specified amount of time before enrollment [17-22]. 

Controls are usually matched on known confounders of diarrhea such as age and sex, were then chosen 

based on the absence of diarrhea prior to enrollment [21]. Controls are enrolled to be disease-free to 

juxtapose the distribution of exposures among cases [25]. In LMIC, these controls are drawn from 

reference populations with various levels of background diarrhea and enteric pathogen carriage. Given 

high levels of enteric infection in LMIC, controls who are free of diarrheal symptoms at and before 

enrollment may have had an infection with an enteric pathogen still in its incubation period and went on 

to experience diarrhea soon after enrollment. Diarrhea after enrollment is rarely an exclusion criterion for 

controls because operationally, it would be difficult to enroll then subsequently unenroll a control [25]. 

Due to the high prevalence of pediatric diarrhea in LMIC and difficulty in identifying disease-free 

individuals, the objective of this study was to assess the incidence of diarrhea, enteric pathogen carriage, 

and symptom presentation within a reference population for the Vaccine Impact on Diarrhea in Africa 

(VIDA) study. The VIDA study assessed the attributable fraction of pathogen etiologies on moderate-to-

severe diarrhea among young children. In VIDA, information regarding loose stools in the days following 

enrollment was collected. This novel collection of data on controls presented an opportunity to 

characterize controls by whether they experienced diarrhea soon after enrollment and make inferences on 

background levels of diarrhea. Understanding the background levels of diarrhea, enteric pathogen 

carriage, and symptomatic expression among VIDA reference populations in highly endemic areas would 

allow for the contextualization of analyses among VIDA cases. 
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2. Methods 

We assessed the prior symptoms and enteric pathogen carriage of Vaccine Impact on Diarrhea in Africa 

(VIDA) study controls in relation to their onset of diarrhea after study enrollment (DASE). VIDA was a 

36-month case-control study assessing the causes and burden of childhood moderate-to-severe diarrhea 

(MSD) in sub-Saharan African sites including Mali, Kenya, and The Gambia [27]. VIDA was a follow-

on study of the previous Global Enteric Multicenter Study (GEMS) which also assessed childhood MSD 

[16]. Unlike GEMS, VIDA encompassed populations that had been vaccinated against rotavirus [27]. 

Study Site  

This analysis focused on the Siaya County, Kenya site. This site is a rural location situated near the western 

border of Kenya, on the shores of Lake Victoria [28]. This site was chosen for VIDA because of its lower-

middle income class and moderate-to-high under 5 mortality rates [29]. Data were collected between 2015 

and 2018 among 2,095 controls [29]. The overall study methods are found here [29].  

Inclusion Criteria for Controls 

Cases were identified via sentinel health centers where children sought care for MSD. MSD was defined 

as diarrhea in addition to an exhibition of sunken eyes, loss of skin turgor, a need for intravenous 

rehydration, dysentery, or hospitalization [16]. Children were defined as those 0-59 months old. For each 

case, 1-3 controls were selected matched on age, sex, residence, and time. Age matching was defined as 

being within 2 months to the age of the case. Residence matching was defined as being in the same or 

nearby village. Time matching was defined as identifying a control within 14 days of identifying a case 

of MSD. Any control that reported having diarrhea in the 7 days prior to enrollment was disqualified. For 

this analysis, only controls from the Kenya site were included. Any controls in which the memory aid data 



 

10 

 

was unavailable were excluded from the study. Laboratory data regarding pathogen detection was 

available for all controls included in the analyses; controls with any missing pathogen data were excluded 

from this analysis.  

Enrollment  

At enrollment, an assessment was performed on all cases and controls [29]. Unlike the cases who were 

assessed at a health center, controls were assessed at their home. Information sought in this assessment 

include identifying, demographic, clinical, epidemiologic, anthropometric, and vaccine information. From 

the demographic information, sex and age were assessed. From the clinical information, the presentation 

of fever or vomiting in the 7 days prior to enrollment was assessed. Vaccination status was confirmed via 

vaccination card or a verified date of vaccination. A sample of feces was collected at enrollment in the 

home to test for enteric pathogens.  

Enteric Pathogen Detection 

Enteric pathogen detection was performed by researchers in Kenya using TaqMan® probe-based real-

time reverse transcriptase (RT) polymerase chain reaction (PCR) assays. The TaqMan® Array 

microfluidic Card (TAC) was found to be specific and sensitive to the detection of enteric pathogens such 

as rotavirus and is considered a gold standard [30]. Nucleic acids were extracted from a 200 mg aliquot 

of stool to assess for a TAC panel of 26 enteric pathogens. Enteric pathogens of interest in this study were 

pathogens previously determined to be significantly associated with MSD among VIDA cases. These 

enteric pathogens included astrovirus, Campylobacter spp., Cryptosporidium spp., H. pylori, genotype II 

norovirus (norovirus GII), rotavirus, Salmonella spp., sapovirus, Shigella spp., and ST ETEC 

[Unpublished VIDA findings]. These pathogens were considered and referred to throughout this paper as 
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“MSD pathogens”. Pathogen detection was represented as a binary variable based off a cycle threshold 

value of 35 for detection [29].  

14-Day Memory Aid Form Administration  

Memory aid cards were administered at enrollment to record whether the child experienced diarrhea in 

the 14 days after enrollment (Figure 1). Both cases and controls were provided with a memory aid. Parents 

were provided writing supplies to ensure they had the capability to fill out the card. Memory aids were 

illustrated with 28 checkmark boxes (binary choices for 14 days) to determine if a child had loose stools 

on any respective day. Illustrations were used to ensure that the card was accessible to those that may be 

illiterate. A day of loose stools was defined as having at least 3 loose stools within the span of 24 hours 

[1]. Memory aids were collected at 60-day follow up.  

Defining the Outcome: Diarrhea After Study Enrollment   

Diarrheal episodes were measured by identifying consecutive days of loose stools on the memory aid. 

When a day of no loose stools was marked, the diarrheal episode was considered to have ended. 

Diarrhea after study enrollment (DASE) was defined as the occurrence of a diarrheal episode with a 

length of at least 2 consecutive days of diarrhea within the first week after enrollment. The definition of 

DASE was specified to meet the requirements of acute diarrhea as defined by WHO [1]. An episode of 

DASE was also considered an episode of acute diarrhea. Only the first week after enrollment was 

considered for DASE because the incubation periods for the included enteric pathogens were often less 

than 7 days [6-13]. 
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Figure 1: Example of memory aid 

 

 

It was unlikely that diarrhea beginning after the first 7 days of follow up may be attributable to enteric 

pathogens detected at enrollment. A sensitivity analysis was performed to assess what impact varying 

definitions of DASE had on associations between enteric pathogen detection and DASE [31]. Alternative 

definitions of DASE included (a) at least one consecutive day of loose stools and (b) at least three 

consecutive days of loose stools.  

Statistical Analysis 

Statistical analyses were performed using R version 4.0.3 [32]. This study treated the controls of the VIDA 

study as a separate cohort with two time points: (1) at enrollment and (2) 14-days past enrollment. 

Independent variables analyzed include symptoms experienced within the past 7 days of enrollment and 

enteric pathogens tested in stool samples at enrollment. The outcome of the analysis was DASE. 

Descriptive analyses were performed to provide a summary of demographic data from the VIDA control 
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enrollment surveys as well as to describe the distribution of symptoms reported 7 days prior to enrollment 

and enteric pathogen detection.  Descriptive analyses were also performed to describe the distribution and 

temporality of diarrheal episodes by day of onset. Risk ratios were estimated via log binomial regression 

models to measure the associations of symptoms reported 7 days prior to enrollment/ enteric pathogens 

detected at enrollment and DASE, adjusted for sex and age. Sensitivity analyses were conducted to assess 

risk ratios using the two defined alternate definitions of DASE to measure the robustness of results. In the 

sensitivity analysis, separate risk ratios were estimated using presentation of symptoms and enteric 

pathogen carriage as inputs and varying definitions of DASE as outcomes.  

3. Results 

Demographics, Symptoms, and Detection of Enteric Pathogens 

At the VIDA Kenya site, there were 2,095 controls. Among those, 2,009 (96%) had memory aid data 

available, and among those, 1,433 (71%) had TAC data available for the MSD pathogens assessed in this 

study and were included in this analysis. Over half (55%) were male, 38% were between 0-11 months old, 

34% were between 12-23 months old, and 29% were between 24-59 months old (Table 1).  There were 

differences across age groups in frequencies of children experiencing DASE. Of the controls that 

experienced DASE, 45% were between 0-11 months old while only 33% and 22% of controls that 

experienced DASE were between 12-23 months and 24-59 months respectively (Table 1). At least one 

MSD pathogen was detected in 63% of controls in this study (Table 1). The most prevalent pathogens 

detected included campylobacter (20%), ST ETEC (19%), and Shigella (16%) (Table 1). In terms of 

reported clinical symptoms 7 days prior to enrollment, 27% of controls reported fever and 3% of controls 

reported vomiting (Table 1).  
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Table 1: Descriptive analysis of demography, symptoms 7 days prior to enrollment, and enteric pathogen detection 

stratified by DASE (n = 1433) 

 

 
a DASE: Diarrhea After Study Enrollment 
b Pathogens associated with MSD among VIDA cases [Unpublished VIDA findings] 

 

 

Analysis of Diarrheal Incidence 

Of 1433 controls, 297 (21%) controls experienced DASE. Among controls that experienced DASE, 159 

(54%) episodes occurred in the first week while 138 (46%) episodes occurred in the second week. 

Occurrences of loose stools that started on days 4-6 represented 36% of episodes (Figure 2). Among the 

controls reporting any loose stools, the average length of the diarrheal episode was 2.41 days and the 

average number of diarrheal episodes was 1.65 days.  

  

Attribute No DASE
 a

 DASE
 a

 Total 

Sex    

Male 692 (54.3) 96 (60.4) 788 (55.0) 

Female 582 (45.7) 63 (39.6) 645 (45.0) 

Age Group    

0-11 Months 465 (36.5) 75 (47.2) 540 (37.7) 

12-23 Months 433 (34.0) 51 (32.1) 484 (33.8) 

24-59 Months 376 (29.5) 33 (20.8) 409 (28.5) 

Symptoms in Past 7 Days    

Fever 311 (24.4) 73 (45.9) 384 (26.8) 

Vomit 30 (2.4) 13 (8.2) 43 (3.0) 

Pathogen
 b

    

Astrovirus 29 (2.3) 2 (1.3) 31 (2.2) 

Campylobacter 241 (18.9) 38 (23.9) 279 (19.5) 

Cryptosporidium 133 (10.4) 19 (11.9) 152 (10.6) 

H Pylori 96 (7.5) 12 (7.5) 108 (7.5) 

Norovirus GII 118 (9.3) 29 (18.2) 147 (10.3) 

Rotavirus 37 (2.9) 4 (2.5) 41 (2.9) 

Salmonella 21 (1.6) 2 (1.3) 23 (1.6) 

Sapovirus 96 (7.5) 22 (13.8) 118 (8.2) 

Shigella 198 (15.5) 27 (17.0) 225 (15.7) 

ST ETEC 235 (18.4) 41 (25.8) 276 (19.3) 

Any MSD Pathogen 783 (61.5) 117 (73.6) 900 (62.8) 
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Figure 2: Distribution and temporality analyses of diarrheal incidence 14 days after enrollment
 
 

Symptoms by Diarrhea After Study Enrollment 

It was found that there was an association between the reporting of fever 7 days prior to enrollment and 

DASE (Risk Ratio [RR] 2.36, 95% Confidence Interval [CI] 1.77 – 3.15); (Table 3). This association with 

DASE was also seen between the reporting of vomiting and DASE (RR 2.95, 95% CI 1.73 – 4.48); (Table 

3). In the sensitivity analyses, it was found that these associations between fever/vomiting and DASE were 

robust across varying definitions of DASE (Table 4).  

Tables 3: Risk ratios measuring association between self-reported symptoms 7 days prior to enrollment and DASE 

  DASE
 a

 

Symptom RR b (95% CI) 

Fever 2.36 (1.77, 3.15) 

Vomiting 2.95 (1.73, 4.48) 
 
Bold indicates significance over 5%  
a DASE: Diarrhea After Study Enrollment 
b Adjusted for age and sex 
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Tables 4: Sensitivity analysis of risk ratios measuring association between self-reported symptoms 7 days prior to enrollment 

and alternate definitions of DASE
 a

 

 

  

Consecutive Days of Loose Stools Marked During  

First 7 Days of Follow Up 

  1+ Days 3+ Days 

Symptom RR
 b

 (95% CI) RR
 b

 (95% CI)  

Fever 1.80 (1.44, 2.24) 2.54 (1.68, 3.81) 

Vomiting 2.19 (1.39, 3.11) 2.96 (1.31, 5.49) 
 

Bold indicates significance over 5%  
a DASE: Diarrhea After Study Enrollment 
b Adjusted for age and sex 

 

Enteric Pathogen Detection by Diarrhea After Study Enrollment 

There was an association between DASE status and the detection of norovirus GII (RR 1.82, 95% CI 1.24 

– 2.57), sapovirus (RR 1.79, 95% CI 1.16 – 2.62), ST ETEC (RR 1.45, 95% CI 1.03 – 1.99), and any of 

the listed MSD pathogens (RR 1.59, 95% CI 1.15, 2.25) in stool at enrollment (Table 5). Sensitivity 

analyses revealed no associations between MSD pathogens and DASE were statistically significant across 

all definitions of DASE (Table 6). In the sensitivity analyses using the definition of DASE measuring at 

least one consecutive day of loose stools, it was found that the association with the detection of norovirus 

GII and Any MSD Pathogen remained statistically significant (Table 6). There was an association between 

the detection of campylobacter and at least one consecutive day of loose stools (RR 1.43, 95% CI 1.11 – 

1.82); (Table 6). In the other sensitivity analyses using the definition of DASE measuring at least three 

consecutive days of loose stools, it was found that the association with the detection of sapovirus remained 

statistically significant (Table 6).  
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Tables 5: Risk ratios measuring association between enteric pathogen detection at enrollment and DASE 

 

  DASE
 a

 

Pathogen RR
 b

 (95% CI) 

Astrovirus 0.54 (0.09, 1.58) 

Campylobacter 1.20 (0.84, 1.66) 

Cryptosporidium 1.11 (0.69, 1.69) 

H Pylori 1.03 (0.56, 1.70) 

Norovirus GII 1.82 (1.24, 2.57) 

Rotavirus 0.83 (0.27, 1.83) 

Salmonella 0.74 (0.13, 2.09) 

Sapovirus 1.79 (1.16, 2.62) 

Shigella 1.15 (0.76, 1.67) 

ST ETEC 1.45 (1.03, 1.99) 

Any MSD Pathogen 1.59 (1.15, 2.25) 
 

Bold indicates significance over 5%  
a DASE: Diarrhea After Study Enrollment 
b Adjusted for age and sex 
 
Tables 6: Sensitivity analysis of risk ratios measuring association between enteric pathogen detection at enrollment and 

alternate definitions of DASE
 a

 

 

  

Consecutive Days of Loose Stools Marked During  

First 7 Days of Follow Up 

  1+ Days 3+ Days 

Pathogen RR
 b

 (95% CI) RR
 b

 (95% CI)  

Astrovirus 1.22 (0.56, 2.14) 1.02 (0.17, 2.99) 

Campylobacter 1.43 (1.11, 1.82) 1.08 (0.64, 1.73) 

Cryptosporidium 1.12 (0.79, 1.54) 1.33 (0.70, 2.29) 

H Pylori 0.89 (0.54, 1.35) 0.45 (0.11, 1.18) 

Norovirus GII 1.42 (1.03, 1.89) 1.32 (0.69, 2.27) 

Rotavirus 0.92 (0.41, 1.66) 0.76 (0.13, 2.28) 

Salmonella 1.38 (0.60, 2.47) 0.68 (0.04, 2.84) 

Sapovirus 1.30 (0.89, 1.80) 1.99 (1.09, 3.35) 

Shigella 1.16 (0.85, 1.53) 1.01 (0.54, 1.73) 

ST ETEC 1.17 (0.89, 1.51) 1.53 (0.95, 2.38) 

Any MSD Pathogen 1.57 (1.22, 2.04) 1.39 (0.90, 2.23) 
 

Bold indicates significance over 5%  
a DASE: Diarrhea After Study Enrollment 
b Adjusted for age and sex 
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4. Discussion 

We conducted an analysis of controls in the VIDA study to better understand background levels of diarrhea 

by measuring the incidence of DASE and its association with symptom presentation and enteric pathogen 

carriage. We found that there was a high occurrence of DASE among VIDA controls (11%). Since DASE 

fulfilled the requirements to be considered acute diarrhea [15], this implied there was a substantial 

background level of acute diarrhea occurring at the Kenya site among controls. We found considerable 

background carriage of any MSD pathogens detected in the stool of controls at enrollment (63%).  GII 

noroviruses, sapovirus, and ST ETEC were associated with DASE/ acute diarrhea. These enteric 

pathogens were also associated with MSD when analyzing VIDA cases [Unpublished VIDA findings] 

which allowed for the opportunity to contextualize these findings. As a result, previous estimates of the 

importance of norovirus GII, sapovirus, and ST ETEC for MSD among VIDA cases, given these previous 

estimates were based on a reference population that was not entirely disease-free, may be underestimates 

[16].  

The understanding of analyses regarding MSD among VIDA cases was further explored by understanding 

DASE among controls. The high incidence of DASE among controls (11%) suggested that there may have 

been a large subset of controls that were actively incubating a diarrheal disease at enrollment. DASE could 

be considered acute diarrhea but it could not be considered MSD as data regarding the clinical presentation 

of diarrhea was unavailable from memory aids alone [29]. It would be incorrect to state that controls that 

experienced DASE were misclassified [25].  

An objective of the VIDA study was to ensure controls were disease-free rather than free of MSD. That 

is why VIDA controls that exhibited diarrhea 7 days prior to enrollment were disqualified despite 

potentially not presenting signs of MSD [29]. Because VIDA controls were meant to be free of disease, 
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the results of an analysis using controls only free of MSD may bias associations towards the null [33]. 

Performing a sensitivity analysis where VIDA cases are compared against (1) controls that are free of 

MSD and (2) controls that are free of MSD and DASE would reveal whether analyses regarding MSD 

among VIDA cases remain robust while maintaining a disease-free reference group [31].  

Our findings regarding symptoms reported 7 days prior to enrollment could aid in the enrollment criteria 

of future case-control studies assessing acute diarrhea. Use of a memory aid after enrollment to assess the 

incidence of diarrheal disease among controls may not be feasible for every study [17-22], but it would 

be feasible to inquire about fever or vomiting prior to enrollment. Unlike detection of enteric pathogens 

which requires time to transport and test stool specimens in a laboratory setting [34], ascertaining the 

previous presentation of symptoms provides immediate insight as to whether a control may later develop 

DASE. The collection of memory aid among VIDA controls provided a unique opportunity to study 

symptomatic indicators of DASE. We found that there was an association between experiencing fever or 

vomiting 7 days prior to enrollment and DASE. Both these associations were robust and remained 

statistically significant in all sensitivity analyses. Although fever and vomiting have been documented to 

have occurred with no known cause [35], there is a strong case that these symptoms represented 

inflammatory diarrhea in which fever and vomiting are common [14]. This was an indication that fever 

and vomiting might serve as a useful proxy for DASE. It would be useful and feasible for future case-

control studies studying acute diarrhea to exclude controls experiencing fever or vomiting in the 7 days 

prior to enrollment. 

Associations between enteric pathogen carriage and DASE status may depend on the number of 

consecutive days of loose stools defining DASE. Sensitivity analyses were performed to understand how 

sensitive associations with DASE were to varying durations of loose stools [31]. A definition of at least 

one consecutive day of loose stools was included in the sensitivity analysis since the WHO definition of 
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acute diarrhea specifies 3 or more loose stools within 24 hours [1]. Only one consecutive day of loose 

stools would meet this definition. Caretakers were trained to only mark days that met the WHO definition 

of diarrhea. However, the illustrated memory aid provides no visual reminder that there must be a 

minimum of three loose stools. Caretakers who did not follow the training definition may have marked a 

full day on the memory aid for a sudden occurrence of postprandial diarrhea which ended after one bowel 

movement [23]. As a result, the definition of at least two consecutive days of diarrhea was used as the 

study’s definition of DASE to be more conservative and account for this type of misclassification. The 

definition of at least three consecutive days of loose stools was included in the sensitivity analysis as the 

most conservative definition. However, given enteric infections can commonly resolve before the third 

day, a definition this conservative may have excluded certain infections [15]. The associations between 

the detection of some viruses in stool and DASE only remained statistically significant under certain 

definitions of DASE. An association with DASE and norovirus GII was only significant using a definition 

of 1+ consecutive days. This may be because norovirus infections usually don’t result in more than 3 days 

of diarrhea [12]. When considering sapovirus, an association was only significant using a definition of 3+ 

consecutive days, which may result from the fact that diarrheal symptoms of sapovirus can last as long as 

6 days [13]. The sensitivity of these measures of association suggested the need to align definitions of 

diarrhea to the specific disease durations of enteric pathogens.   

The grouping of MSD pathogens derived from the analysis of VIDA cases drove instances of DASE 

among VIDA controls. Analyses involving the Any MSD Pathogen variable allowed for a high-level 

understanding of this grouping of pathogens and revealed an association between detection of known 

MSD enteric pathogens and DASE. The reason this association was statistically significant under a 

definition of DASE involving 1+ days of loose stools but not 3+ days of loose stools may be because some 

enteric pathogens in this grouping such as norovirus do not often present diarrhea for more than 3 days 
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[12]. MSD pathogens were characterized as such because they were less frequent in VIDA controls than 

VIDA cases. Given this, the association between MSD pathogens and DASE among VIDA controls 

underscored the idea that the importance between MSD pathogens and VIDA cases may have been 

underestimated.  

This study presented several limitations. The VIDA study controls were not intended to be analyzed as an 

independent cohort that is representative of a pediatric population in Kenya [25]; therefore, the results 

should not be seen as generalizable to the Kenyan population [26]. Second, the grouping of MSD 

pathogens used in this study is specific to the VIDA study’s cases [Unpublished VIDA results]. This 

grouping may not be relevant to all case-control studies on diarrheal disease. Although MSD pathogens 

were intended to be interpreted as a generalized grouping, different enteric pathogens may have been 

driving its association with DASE depending on the definition of DASE used. For example, norovirus GII 

may have driven the association between Any MSD Pathogen and DASE defined as at least 1 consecutive 

day of loose stools while sapovirus may have driven this association between Any MSD Pathogen and 

DASE defined as at least 3 consecutive day of loose stools. This added implications as to how 

encompassing this Any MSD Pathogen variable may have been when it was being driven by a few key 

enteric pathogens.    

In the future, it would provide further insight to set up a range of diarrheal follow-up specific to each 

enteric pathogen included instead of the overall 1 week follow up in this analysis. This would allow for 

an analysis that was specifically designed to capture the various incubation periods of those respective 

enteric pathogens. In this analysis, enteric pathogens were assessed separately while only holding age and 

sex constant as confounders. However, in order to better understand which pathogens of interest retain or 

gain associations with DASE in the presence of co-detections with other enteric pathogens, future analyses 

should consider approaches including all assessed enteric pathogens in the same multivariate model. 
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Lastly, the enteric pathogens included in this analysis were ones indicated to be significantly associated 

with MSD among VIDA cases [Unpublished VIDA findings]. It would be interesting in future renditions 

of this study to group pathogens by whether they cause inflammatory or non-inflammatory diarrhea. This 

would provide more insight into the associations tied to fever and vomiting prior to enrollment since these 

symptoms are more characteristic of inflammatory diarrhea [14].   

Conclusion 

This analysis of VIDA controls found that there was a high background level of acute diarrhea at the 

Kenya site. Several controls that were free of diarrhea 7 days prior to enrollment may have been actively 

incubating a diarrheal disease. There were several MSD pathogens associated with DASE among VIDA 

controls. Therefore, the understanding of their role in severe pediatric diarrhea may have been 

underestimated. Symptoms presented 7 days prior to enrollment were associated with DASE and could 

serve as proxies for the expression of acute diarrhea soon after study enrollment [15]. Fever and vomiting 

7 days prior to enrollment could be considered as exclusion criteria for controls in future studies. These 

findings related to DASE and enteric pathogen detection in VIDA controls further underscored the need 

for close examination of disease-free reference populations. 
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