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Abstract

Background: Sapovirus is increasingly recognized as an important cause of acute gastroenteritis 

(AGE) in children. We identified risk factors and characterized the clinical profile of sapovirus 

AGE in a birth cohort in León, Nicaragua.

Methods: We conducted a case-control study nested within a birth cohort (n=444). Fieldworkers 

conducted weekly household AGE surveillance. AGE stools were tested for sapovirus by RT-

qPCR. For each first sapovirus episode, we selected two healthy age-matched controls and 

estimated independent risk factors of sapovirus AGE using conditional logistic regression. We 

compared clinical characteristics of sapovirus AGE episodes with episodes associated with other 

etiologies, and identified co-infections with other enteric pathogens.
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Results: From June 2017 to July 2019 we identified 63 first sapovirus AGE episodes and 

selected 126 controls. Having contact with an individual with AGE symptoms and vaginal delivery 

were independent risk factors for sapovirus AGE. All cases experienced diarrhea, lasting a median 

6 days; 23% experienced vomiting. Compared to children with AGE due to another etiology, 

sapovirus AGE was similar in severity, with less reported fever. Most cases experienced co-

infections, and were more likely than controls to be infected with diarrheagenic E. coli or 

astrovirus.

Conclusions: Sapovirus was a commonly-identified AGE etiology in this Central American 

setting, and symptoms were similar to AGE associated with other etiologies. The association 

between vaginal delivery and sapovirus is a novel finding. Gut microbiome composition might 

mediate this relationship, or vaginal delivery might be a proxy for other risk factors. Further 

investigation into more specific biological mechanisms is warranted.
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Introduction

Sapovirus, a genus in the Caliciviridae family, is increasingly recognized as an important 

cause of childhood acute gastroenteritis (AGE). Studies in high- and low-income countries 

have detected sapovirus in 3-17% of childhood AGE episodes [1–4]. Notably, the 

Malnutrition and Enteric Disease Study (MAL-ED), a cohort study with eight sites in sub-

Saharan Africa, Asia, and South America, identified sapovirus as the second greatest 

contributor to the diarrhea burden in children under two years of age [5]. Furthermore, while 

earlier reports describe sapovirus AGE as less severe than norovirus and rotavirus AGE 

[6,7]. recent studies have shown that sapovirus infections can result in hospitalizations and 

severe dehydration [3,8].

Despite this high disease burden, little is known about risk factors for sapovirus AGE to 

guide prevention efforts. Unlike norovirus infection, sapovirus infection is not associated 

with host histo-blood group antigen phenotypes [3,9,10]. However, like norovirus, sapovirus 

is transmitted via the fecal-oral route, including foodborne transmission [11]. Household 

crowding is another reported risk factor for sapovirus AGE [2]. Thus, sapovirus is likely 

transmitted directly via close contact and indirectly via food, water, contaminated objects, or 

environmental surfaces [12]. One study reported an increased odds of disease following 

contact with a person with gastroenteritis inside (OR=4.4) or outside the household 

(OR=2.8) in the week prior to symptom onset [13].

The primary goal of this study was to identify risk factors for sapovirus AGE using a large 

population-based cohort of children. As no therapeutic agents or vaccine for sapovirus exist, 

identifying risk factors for sapovirus AGE may inform control efforts to reduce disease 

burden. Another goal of this study was to characterize the clinical profile of sapovirus AGE 

as compared to AGE associated with other etiologies. We can best represent the true 

spectrum of disease using active household AGE surveillance, avoiding biases associated 

with analysis of health care utilization data.
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Methods

Study Design

The Sapovirus-Associated Gastro-Enteritis (SAGE) study is a population-based birth cohort 

study in León, Nicaragua with a nested case-control component. The recruitment period 

spanned from June 12, 2017 to July 31, 2018, during which mothers of all live-born 

singleton infants living in 14 contiguous health sectors in the Perla Maria Norori Health 

District (Perla) were offered study participation. Exclusion criteria included estimated 

gestational age <36 weeks, birthweight <2,000g, known chronic health condition, plans to 

move during the study period, known immune disorder or blood transfusion in the infant or 

mother within the past 9 months, or another household member already enrolled in the birth 

cohort. The study population included high-income families in the city center and low-

income families in peri-urban neighborhoods, creating a scientifically-informative gradient 

to evaluate socioeconomic and environmental risk factors for sapovirus AGE. Informed 

consent for study participation was required of the child’s mother or legal guardian. The 

study was approved by the Institutional Review Boards of the National Autonomous 

University of Nicaragua, León (UNAN-León, acta No. 45, 2017) and the University of North 

Carolina at Chapel Hill (Study #: 16-2079).

During the initial household visit at 10-14 days since birth, trained female fieldworkers 

collected information on infant characteristics (e.g. sex, birth history, nutritional status), 

family characteristics (e.g. age, education, and employment of household members), and 

household characteristics (e.g. water sources, sanitation system, floor type). Subsequently, 

fieldworkers visited children in their households every seven days to assess for AGE, 

defined as the onset of diarrhea and/or vomiting, following at least three symptom-free days. 

Diarrhea was defined as an increase in stool frequency of at least three stools per 24-hour 

period or a substantial change in stool consistency (bloody, very loose, watery). Stool 

samples were requested from children for each AGE episode that occurred during the study. 

Detailed clinical characteristics were collected for each episode from the child’s caregiver, 

including maximum number of stools within 24 hours, fever, vomiting, blood in stool, and 

health care utilization for the episode. Additionally, information on recent potential risks or 

protective factors (e.g. breastfeeding, consumption of uncooked produce, consumption of 

seafood, eating outside the home, caregiver handwashing practices, attending social 

gatherings, contact with an individual inside or outside the household experiencing AGE 

during the past week) were collected at the time of the episode. Each month, field workers 

collected routine stool samples from each child, measured and weighed each child, and 

collected more extensive risk factor data, including factors that were unlikely to change on a 

weekly basis (e.g. water treatment measures, water storage, presence of animals in the 

household).

Stool samples were tested for sapovirus within 24 hours of collection using reverse 

transcription quantitative PCR (RT-qPCR). Within 48 hours, field workers returned to the 

households of any sapovirus-positive children and collected stools from 1) each parent, 2) 

the child’s caregiver (if different than the parent), 3) anyone who prepares food in the 

household, 4) any child age 12 years or under, and 5) anyone reporting AGE. For each first 
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sapovirus case, we randomly selected two controls from within the SAGE cohort with no 

history of laboratory-confirmed sapovirus AGE, matched on age (+/− three months of the 

age of the case). We collected 1) AGE risk factor data from household contacts of the 

control children, and 2) stool samples from household contacts for one of the two control 

households. Stool samples from household contacts were analyzed for evidence of enteric 

infection. For control children, we did not collect stools at the time of onset of the case; 

rather, the most recent routine stool collected during monthly SAGE study visits was 

analyzed for evidence of asymptomatic infections (See Figure Supplemental Digital Content 

1).

Specimen Collection and Laboratory Methods

Stool specimens were collected in the household within two hours of defecation, and 

transported in a sterile plastic container or in a soiled diaper at 4° C to the Microbiology 

Department of UNAN-León for analysis. A 10% (wt/vol) suspension of stool was prepared 

using phosphate-buffered saline (pH=7.2) and viral RNA extraction was performed using the 

QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany), according to manufacturer’s 

instructions. Extracted viral RNA from stool suspensions was analyzed by reverse 

transcriptase quantitative polymerase chain reaction (RT-qPCR) for sapovirus as previously 

described [14]. Briefly, RT-qPCR was performed with the AgPath-ID OneStep RT-PCR Kit 

(Thermo Fisher Scientific, Waltham, MA, USA) using a 7500 Real-Time PCR System. A 

sample was considered sapovirus-positive if the Ct value was ≤ 35. To control for RT-PCR 

inhibitors, each stool sample was spiked with an internal control (MS2 phage, cat. ATCC 

15597-B1). The expected Ct value ranged from 26 to 29. If inhibitors were detected, the 

samples were re-examined by diluting the RNA (1:10, 1:100 and 1:1000).

All case samples and half of the control samples were tested by qPCR for 12 other common 

enteric pathogens using oligonucleotide primers described by Liu. et 2014 in the multiplex 

qPCR platform [15]. These included adenovirus, astrovirus, norovirus GI/GII, rotavirus, 

Campylobacter jejuni/C. coli, Salmonella spp., Shigella spp./enteroinvasive Escherichia coli 
(EIEC), enteroaggregative E. coli (EAEC), enterotoxigenic E. coli (ETEC), 

enteropathogenic E. coli (EPEC), Cryptosporidium spp., and Giardia lamblia.

Statistical Analysis

This analysis covered the observation period from June 12, 2017 to July 31, 2019. First, we 

compared the clinical presentation of sapovirus AGE episodes to episodes in which 

sapovirus was not detected from the full cohort. We estimated the relative odds of 

experiencing clinical symptoms with binary responses (yes/no, present/absent), and 

differences in group means for clinical symptoms with continuous or count responses. The 

clinical severity of sapovirus AGE episodes was described using a scale of 0-15, in which 

points were assigned based on symptom severity (Diarrhea lasting 1-2 days = 1 point; 3-4 

days = 2 points; 5+ days = 3 points. Vomiting lasting 1-2 days = 1 point; 3-4 days = 2 points; 

5+ days = 3 points. Maximum of 4-5 stools per day = 1 point; 6-7 stools = 2 points; 8+ 

stools = 3 points. Presence of fever = 3 points. Received intravenous fluid for dehydration = 

3 points). We used generalized estimating equations models to account for clustering within 
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children who experienced multiple AGE episodes, and adjusted for the number of prior 

episodes reported.

Next, we investigated risk factors for sapovirus AGE episodes by comparing characteristics 

of cases and control children. We restricted this analysis to the first sapovirus AGE episode 

experienced by each child; the seven secondary episodes were analyzed separately. For each 

of the 63 first cases of sapovirus AGE, we selected two controls (n=126), for a final analytic 

sample of 189. In 177 case and control households, a total of 690 child contacts provided 

data on their history of sapovirus risk factors in the past week. Among those, 244 were 

contacts of a case child, and 446 were contacts of a control child. RT-qPCR analysis was 

performed on 160 stool samples from contacts of cases, and 125 from contacts of controls. 

Weight-for-age Z-scores (WAZ) and length-for-age Z-scores were calculated using WHO 

standards [16]. For categorical predictors, we used the Cochran-Mantel-Haenszel Chi-

squared test and the Fisher’s exact test for cell sizes <5. For continuous predictors, we used 

the Student’s T-test to compare means between independent samples. Characteristics 

associated with sapovirus AGE below the α=0.1 level were included in a conditional logistic 

regression model to estimate odds ratios (OR) and 95% confidence intervals (CI) for 

individual characteristics, conditioning on the case-control matching structure.

Finally, we described the co-infections that were detected in the symptomatic stools of 

sapovirus cases and in the routinely-collected asymptomatic stools of half of the controls. 

We compared the proportions of cases and controls infected with other viruses, bacteria, and 

parasites using the Mantel-Haenszel chi-squared test. All analyses were conducted using 

SAS 9.4 (SAS Institute, Cary, North Carolina) software.

Results

Staff at local public health posts identified 991 women residing in Perla who were expected 

to give birth during the recruitment period, of whom 742 were successfully contacted in the 

home by SAGE fieldworkers. Of these, 20 reported spontaneous abortion or stillbirth; 137 

met exclusion criteria; and 141 declined to participate. In total, 444 children were enrolled in 

the birth cohort.

During the observation period from June 12, 2017 to July 31, 2019, 358 children 

experienced 1,122 AGE episodes over 561.5 child-years. Stool samples were collected and 

analyzed for 971 (87%) of these episodes. Seventy (7.2%) of the stool samples among 63 

children tested positive for sapovirus by RT-qPCR, for a crude incidence rate of 12.2 

sapovirus AGE episodes/100 child-years. After performing a multiple imputation procedure 

for the missing stool samples, we estimated an adjusted incidence rate of 13.3 sapovirus 

AGE episodes/100 child-years (95% CI: 10.6, 16.8).

Sapovirus AGE cases had a median of six days of diarrhea and a maximum of six stools per 

day. One-quarter of cases reported vomiting (Table 1). Compared to AGE episodes 

associated with other known etiologies among all cohort participants (n=896), duration of 

symptoms, severity of episodes, and receipt of treatment for the episodes was similar 

between sapovirus and non-sapovirus episodes. Notably, fever was 48% less common in 
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sapovirus AGE episodes compared to non-sapovirus episodes (OR: 0.52, 95% CI: 0.31, 

0.91) (Table 1). Bloody stool was less common among sapovirus cases, while care-seeking 

in the emergency department was more common among sapovirus cases; however, the low 

prevalence of these outcomes led to imprecise estimates. Approximately one-third of 

children received zinc in accordance with local and international AGE treatment guidelines 

[17,18]. The most frequently-prescribed treatments for episodes of sapovirus and non-

sapovirus etiologies were antibiotics, probiotics, and symptom-relieving agents. Sapovirus 

infections were less likely to be treated with antibiotics (OR: 0.76, 95% CI: 0.38, 1.55), and 

more likely to be treated with probiotics (OR: 1.49, 95% CI: 0.80, 2.80) than non-sapovirus 

infections, but it is unknown how treatment decisions were made at the point of care.

Seven children experienced two sapovirus AGE episodes. Relative to first sapovirus AGE 

episodes, second episodes lasted half as long and a lower proportion experienced vomiting 

(14.3%); none reported fever or bloody stool, and none required emergency treatment. The 

overall severity score was lower for the second sapovirus AGE episode compared to the first 

(see Table, Supplemental Digital Content 2).

The first sapovirus AGE episode occurred at a mean age of 12.5 months (median: 10.7 

months).

Sapovirus cases were more likely than controls to have been delivered vaginally versus by 

Cesarean delivery (p=<0.0001); to have a mother who completed primary education or less 

(p=0.04); to have a pig (p=0.06) and/or “other” animals (i.e. horses and ducks, p=0.01) in 

the household; and were twice as likely to have had contact with an person with AGE 

symptoms in the past week (p=0.06) (Table 2). Among 57 cases and 115 controls for which 

stool samples were collected from household contacts, cases had five contacts who tested 

positive for sapovirus whereas controls had none (p=0.002) (Table 2). Characteristics 

pertaining to socioeconomic status, household sanitation, personal hygiene, nutrition, 

interpersonal contact, and AGE risk factors were comparable between cases and controls.

The conditional logistic regression model adjusted for all bivariate predictors below the 

α=0.1 level and residual age difference between cases and controls after age-matching. 

Because none of the control children had a sapovirus-positive household contact, we could 

not include this variable in the adjusted model. While presence of “other” animals was 

higher among cases than controls, we deemed this category too heterogeneous to be 

informative in the multivariable analysis. In the adjusted model, vaginal birth (adjusted OR: 

5.03 [95% CI: 2.14, 11.80]) and having had contact with a person with AGE symptoms in 

the past week (adjusted OR: 3.23 [95% CI: 1.12, 9.28]), remained associated with increased 

odds of sapovirus AGE at α<0.05 (Table 3).

Most sapovirus AGE cases (n=58, 92%) were co-infected with another enteric pathogen, 

including 21 (33%) with viral co-infections and 54 (86%) with bacterial co-infections 

(Figure 1, see Table, Supplemental Digital Content 3). The most common co-infections were 

observed with diarrheagenic E. coli (n=49), including EAEC (n=29), EPEC (n=22), and 

ETEC (n=21), and EIEC (n=4) (see Table, Supplemental Digital Content 3). Infections with 

these pathogens were less prevalent among asymptomatic children, affecting 36 (60.0%) of 
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the controls. Prevalence of sapovirus (100.0% vs. 8.3%, p<0.0001), astrovirus (19.1% vs. 

5.2%, p=0.03), and diarrheagenic E. coli (77.8% vs. 53.3%, p=0.004) were higher among 

cases than controls (see Table, Supplemental Digital Content 3).

Discussion

We found a high burden of sapovirus AGE in this population-based birth cohort of young 

children. Approximately one in seven children experienced an AGE episode associated with 

sapovirus over one year. Also, the clinical severity of the sapovirus AGE episodes was 

similar to AGE episodes in which sapovirus was not detected. This study adds to the 

growing body of literature describing the clinical presentation and risk factors for sapovirus 

gastroenteritis to aid in treatment and prevention efforts.

Relative to studies of childhood sapovirus AGE in Japan and Peru [6,19], the duration of 

symptoms was slightly longer in our study, which may reflect the longer duration of the first 

episodes of sapovirus AGE that we included in our analyses. Our findings concur with those 

from South Africa demonstrating 7.7% detection of sapovirus in diarrheal stools of 

hospitalizing children [2], but one study from Burkina Faso detected sapovirus in 18% of 

children under the age of five in a community-based study [3]. In our study and others, 

sapovirus more commonly detected in children older than six months of age [2–5], and 

feature diarrhea in all episodes and vomiting in a minority of episodes [6]. Due to a small 

number of sapovirus reinfections (n=7), the current analysis was restricted to understanding 

risk factors for the first sapovirus episode. Extended follow-up through 36 months of age is 

ongoing for children enrolled in the SAGE cohort, allowing us to capture a larger number of 

reinfections. A future publication will describe the molecular epidemiology of sapovirus 

infections, and elucidate the potential for type-specific reinfection.

Most children with sapovirus AGE were co-infected with another enteric pathogen, and 

other studies of gastroenteritis etiologies conducted in low- and middle-income countries 

have made similar findings. The MAL-ED study identified an average of 3.4 pathogens (SD 

2.0) in diarrheal stools and 2.5 pathogens (SD 1.8) in non-diarrheal stools [5]. We found that 

sapovirus was rarely detected in control stools, supporting the association of sapovirus 

infection with clinical symptoms. However, several of the co-infections, such as EAEC, 

EPEC, and ETEC, have been previously found to be equally present in diarrheal and non-

diarrheal stools in this setting, raising questions about the relative importance of each 

pathogen in causing disease [20]. Poorly-understood synergistic interactions between 

pathogens might be associated with clinical manifestations [21,22].

We identified two independent risk factors for infection. Not surprisingly, having contact 

with an individual with diarrhea or vomiting in the past week was associated with increased 

odds of sapovirus AGE. The authors further hypothesize that sapovirus transmission occurs 

frequently within households, and that the detection of sapovirus in the stools of household 

members would be strongly positively associated with the odds of sapovirus in the children 

under observation. However, incomplete stool collection from household members (160/244 

cases and 125/446 controls) precluded the assessment of this variable as a predictor of 

sapovirus risk. We were most surprised to find that being born by vaginal delivery was 
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associated with an increased odds sapovirus AGE. We conducted sensitivity analyses to 

understand if vaginal delivery may be a marker of increased socioeconomic status or of 

having contact with multiple children in the household, factors that might be associated with 

sapovirus AGE risk. In these models, vaginal delivery remained an independent risk factor 

for sapovirus AGE. It is well-established that the gut microbiome differs in infants born by 

vaginal vs. Cesarean delivery, with vaginal bacteria predominating in infants born vaginally, 

and skin bacteria predominating in infants born by Cesarean delivery [23,24]. Furthermore, 

maternal defecation that occurs during vaginal delivery may introduce other bacterial species 

to the newborn, leading to perturbations in the gut microbiome and causing the newborn to 

have gut microbiome composition similar to that of the mother [25,26]. The influence of 

delivery mode on the infant’s gut microbiome composition may persist for several years 

after birth [27]. The differences in the gut microbiome may result in differences in the 

development of infant’s immune system, that may alter an infant’s susceptibility to viral 

enteric infections [28,29]. Furthermore, in animal models there is evidence that norovirus 

infection is enhanced in the presence the human gut microbiome, suggesting that 

interactions between norovirus and gut microbiota facilitate infection [30]. Further research 

is needed to elucidate biological mechanisms that mediate sapovirus AGE risk, including the 

potential role of the infant gut microbiome.

This study is the first to suggest that presence of pigs was associated with increased odds of 

sapovirus AGE; however, the estimate from the conditional logistic regression model was 

imprecise, and the data are also compatible with a null association. It is possible that the 

presence of pigs may be an indicator of decreased hygiene in the household. Study 

participants were more frequently recruited from peri-urban households than from urban 

households, and cases were more frequent in peri-urban households. Consequently, our 

study might be underpowered to assess risk factors associated with urbanicity. Analyses of 

geographical factors associated with sapovirus AGE risk are ongoing.

Our study demonstrated the burden and severity of sapovirus AGE in this setting. Efforts to 

further reduce the burden of childhood AGE after the global roll-out of rotavirus vaccines 

should, in addition to norovirus, target sapovirus. Our risk factor analysis suggested the 

importance of limiting contact with symptomatic individuals both inside and outside the 

household to avoid disease transmission, and suggests future investigation to understand a 

possible role of household animals in mediating risk. While we found an association 

between vaginal delivery and sapovirus AGE risk, avoidance of vaginal delivery is not 

recommended because of to the overwhelming benefits of vaginal delivery to the mother and 

newborn [35]. However, this finding might indicate future studies to understand sapovirus 

pathogenesis and, potentially, interventions to modify gut microbiome composition that may 

prevent sapovirus AGE in children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Viral, bacterial and parasitic co-infections among sapovirus cases and controls in a birth 

cohort of children on León, Nicaragua.

The Venn diagrams depict the combinations of enteric pathogens that were detected in the 

stools of A) sapovirus cases (n=63), and B) age-matched asymptomatic controls (n=60; 

complete RT-qPCR results were missing for 3 controls). Escherichia coli (E. coli) species 

include Shigella spp./enteroinvasive E. coli, enteroaggregative E. coli, enterotoxigenic E. 
coli, and enteropathogenic E. coli. Pathogens marked with an asterisk (*) are more prevalent 

in cases compared with controls at α=0.05 (sapovirus: p<0.0001; astrovirus: p=0.03; any E. 
coli strain: p=0.004).
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