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Background: Noroviruses (NoVs) cause acute gastroenteritis (AGE) worldwide, affecting children in par- 

ticular. We aimed to estimate the burden of disease due to NoV among children aged < 6 years in Brazil, 

Chile, Philippines and Thailand. 

Methods: This was a prospective, hospital-based, observational study. Children were recruited over one 

year between 2014 and 2017. Four cohorts were analysed: community-acquired AGE outpatients and inpa- 

tients, nosocomial AGE inpatients, and asymptomatic outpatients. We collected demographic and clinical 

data, and a stool sample that was tested for NoV. Positive samples were tested for Rotavirus (RV) and 

NoV-genotyped. Disease severity was assessed by the Vesikari and modified Vesikari scores. Prevalence 

and incidence of NoV-AGE were estimated by cohort and country. 

Results: 1637 participants yielded valid laboratory results. The proportion of NoV-positive cases was 

23.8% (95% CI 20.8-27.2) in the outpatient cohort, 17.9% (15.0-21.3) in the hospital cohort, 21.4% (12.7- 

33.8) in the nosocomial cohort and 9.6% (6.9-13.2) in the asymptomatic cohort. Genotype GII.4 was pre- 

dominant (58%). Less than 4% samples had RV coinfection. In general, NoV-positive subjects had more 

severe presentations than NoV-negative subjects. 

Conclusions: NoV caused AGE with substantial burden throughout the studied settings, with higher rela- 

tive frequency in Brazil where RV vaccination coverage is high. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Acute gastroenteritis (AGE) is one of the leading causes of death 

n children under 5 years of age worldwide. Mortality due to 
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GE has decreased in the past decades, thanks to improved hy- 

iene conditions and rotavirus (RV) vaccination among other inter- 

entions ( GBD 2017 Diarrhoeal Disease Collaborators, 2020 ). How- 

ver, AGE is responsible for significant morbidity and burden on 

ealth services and societies worldwide, including deaths in re- 

ource deprived countries ( GBD 2017 Diarrhoeal Disease Collabo- 

ators, 2020 ). 

Norovirus (NoV) has been identified as the major cause of AGE 

cross all ages and the second most frequent cause, after rotavirus, 
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f AGE in children under 5 years of age ( Lopman et al., 2011 ,

perario et al., 2017 , Pires et al., 2015 ). AGE due to NoV is esti-

ated to cause 699 million illnesses and 219,0 0 0 deaths globally 

very year ( Bartsch et al., 2016 ). Of these, 453 million illnesses and

5,0 0 0 deaths occur in children under 5 years of age. The preva-

ence of NoV infection has been estimated at 18% among all cases 

f AGE, 20% among AGE outpatient cases, and 17% among hospi- 

alized AGE cases ( Ahmed et al., 2014 ). NoVs have been classified 

nto 10 genogroups, although not all infect humans ( Chhabra et al., 

019 ). Although recombinant genotypes are continuously emerg- 

ng, GII genotypes, and specifically the GII.4 Sydney capsid geno- 

ype, remain the most frequent cause of human illness ( de Graaf 

t al., 2016 , Mans, 2019 , van Beek et al., 2018 ). 

Evidence shows that NoV has become the leading cause of 

evere childhood AGE in some countries that have instituted 

idespread RV vaccination, like Finland, the United States, and 

razil ( Hemming et al., 2013 , Payne et al., 2013 , Santos et al., 2017 ).

n low-resource settings, single-site studies show a similar trend 

 Mans, 2019 ), although some multi-site analyses suggest that RV or 

ther pathogens remain the primary source of AGE ( Operario et al., 

017 , Platts-Mills et al., 2018 ). Furthermore, existing studies use 

ifferent case definitions and laboratory methods, and do not give 

 global picture of the disease burden. 

In this multi-country study, including lower- and upper-middle 

ncome countries, we aimed to estimate the burden of AGE due to 

oV infection in outpatient, hospitalized and nosocomial cohorts 

f children less than 6 years of age. Our primary objective was 

o estimate the proportion of AGE cases due to NoV in these co- 

orts. As secondary objectives, we assessed the incidence of NoV 

nfection, clinical presentation of the disease, molecular epidemiol- 

gy, proportion of coinfections with RV and proportion of asymp- 

omatic NoV infections. We expect that these analyses will con- 

ribute to a better understanding of NoV disease burden in child- 

ood and provide information to guide NoV vaccine development 

nd introduction in paediatric populations. 

ethods 

Methods are summarized here and described in detail in Sup- 

lementary Text. 

thical considerations 

Ethical approval was obtained from the local ethical commit- 

ees or institutional review boards. The legal guardians of all par- 

icipants provided signed informed consent to enrol in the study. 

tudy design and site attributes 

This study was a prospective, hospital-based observational 

tudy among children younger than 6 years of age, in nine sites 

n four countries (Brazil, Chile, the Philippines and Thailand). Sites 

ere tertiary or community hospitals in predominantly urban set- 

ings. All sites were public or public-private institutions serving 

ostly middle- and low-socioeconomic strata of the population, 

xcept for Hospital Sabara (Brazil), which is a private hospital serv- 

ng middle to middle-high income populations. RV vaccination was 

ntroduced in the National Immunization Program (NIP) in Brazil 

ince March 2006. The Philippines were in limited rollout phase 

hen the study was conducted, but not in the region where the 

tudy was carried out. In all countries RV vaccination was avail- 

ble in the private sector. 

Recruitment started on 24 November 2014 at the first site, and 

n 06 January 2016 at the last site ( Figure 1 ). 
78 
tudy cohorts, enrolment criteria and case definition 

The study had four main cohorts designated as follows: 

1 Outpatient: Community-acquired AGE outpatient cohort. 

2 Hospital: Community-acquired AGE hospital cohort. 

3 Nosocomial: Nosocomial AGE hospital cohort. 

4 Asymptomatic: Non-AGE, outpatient cohort. 

Subjects in the outpatient and asymptomatic cohorts were re- 

ruited in the emergency or outpatient department of participating 

ospitals, while those in the hospital and nosocomial cohorts were 

ecruited in the paediatric wards. 

Inclusion criteria were age ≥15 days and < 6 years, and resi- 

ence in the reference area of the hospital. For the community- 

cquired cohorts, subjects had to present with any watery or loose 

tools or vomiting in the 24 hours prior to consultation or ad- 

ission. For the nosocomial cohorts, children had acute onset of 

oose stools or vomiting with onset 48 hours after admission. For 

osocomial and asymptomatic cohorts, children had to present to 

he hospital for reasons other than AGE. Children with diagnosis of 

hronic diseases with symptoms of diarrhoea or vomiting, or with 

ny obvious non-infectious cause for AGE symptoms, or with res- 

iratory symptoms in the previous 3 days were excluded. 

The main analysis included only children who complied with 

he following definition of AGE: children with at least three loose 

tools in 24 hours OR vomiting at least three times in 24 hours OR 

iarrhoea or vomiting with two or more additional symptoms (di- 

rrhoea, vomiting, abdominal cramps, abdominal pain, fever, nau- 

ea, blood or mucus in the stool). 

ase identification and data collection 

Cases were identified by the treating physician or study nurse, 

nd by screening admission registries. Per each case recruited to 

he outpatient cohort, an individual of the same age group present- 

ng to the same facility for a reason other than AGE was invited 

o participate in the asymptomatic cohort. Asymptomatic subjects 

ad to be recruited within 2 weeks of the index case. Participants 

ere recruited to AGE and asymptomatic cohorts in parallel, ex- 

ept for one site in Chile where participants were recruited to the 

symptomatic cohort only during the first of two years of the over- 

ll recruitment period. 

Data were collected from information routinely recorded in 

he medical records and through direct report from site staff

nd the parent/guardian of patients using a patient diary. Data 

ere collected for all patients on demographics, medical history 

including RV vaccination status), clinical examination, and AGE 

ymptoms. Data on AGE symptoms were used to calculate AGE 

everity using the original and modified Vesikari scoring systems 

 Freedman et al., 2010 , Ruuska and Vesikari, 1990 ), as described in

upplementary text, pages 8-9. 

Stool samples were collected for all subjects within 72 hours 

f enrolment, processed at the study sites, and shipped to a cen- 

ral analytical laboratory (Naval Health Research Center, San Diego, 

A) to detect NoV by real time RT-PCR analysis. Briefly, viral RNA 

as extracted using QIAGEN QIAamp® Viral RNA Mini Kit and sub- 

ected to the Norovirus Duplex Real-time (TaqMan®) RT-PCR As- 

ay, using the Applied Biosystems 7500 Fast DX Real-time PCR sys- 

em (Thermo Fisher Scientific, USA). NoV-positive samples (cycle 

hreshold ≤40) were tested for RV using the xTAG® Gastrointesti- 

al Pathogen Panel (GPP) (luminexcorp.com), and genotyped tar- 

eting open reading frame 1 and 2 (regions B and C) if sufficient 

aterial was available (Supplementary text, pages 4-5). A follow 

p contact via phone call or visit was scheduled approximately 

wo weeks after consultation or discharge (except for the asymp- 

omatic cohort), to collect the patient diary with information on 
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Figure 1. Recruitment sites and periods. 
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2  
utcomes and illness duration. Numbers of children in the catch- 

ent areas were derived from official census/statistics sites (Sup- 

lementary text, pages 6-7). 

ample size and data analysis 

Sample size was estimated aiming to achieve 95% confidence 

ntervals with a half-width of 6% for certain anticipated frequen- 

ies. The anticipated frequencies were derived from the literature 

see Supplementary text, page 7). The total sample sizes deter- 

ined were: 800 children for each of the community-acquired co- 

orts (200 per country), 200 children for the nosocomial cohort 

50 per country), and 400 children for the asymptomatic cohort 

100 per country). 

Data were entered directly into an electronic data capture (EDC) 

ystem. The number of cases in the study cohorts was derived 

rom the clinical information in the EDC system. Analyses were 

erformed for all countries pooled, for each country separately and 

tratified by case definition, age group and cohort. 

Descriptive analyses (summary and frequency statistics) were 

one to explore the qualitative and quantitative nature of the 

ata collected. Proportions for the study objectives were calcu- 

ated and presented with a 95% confidence interval (CI), to allow 

omparisons between NoV-positive and NoV-negative AGE subjects 

Supplementary text, page 8). Categorical variables were tested by 

eans of Chisquare test or Fisher’s exact test and continuous vari- 

bles via Mann-Whitney U test (Wilcoxon test). Two-sided p-values 

ere considered significant if < 0.05. Incidence of AGE was calcu- 

ated overall (not by age group) using the number of children in 

he catchment area as denominators (Supplementary text, page 6). 

ncidence of AGE caused by NoV was calculated by multiplying the 

stimate of AGE incidence by the estimate of the proportion of AGE 

aused by NoV (further details in Supplementary text, page 9). 

To account for fluctuations due to seasonality, the primary anal- 

sis was repeated weighted by the number of cases of AGE seen 

er week at the recruitment site divided by the total number of 

ases of AGE seen during the study period. Statistical analyses were 

arried out using SAS© version 9.3 or higher (SAS Institute Inc., 

ary, NC, USA.). 

esults 

ubject attrition 

1800 children were screened to participate in the study, of 

hom 1702 were included in the analysis ( Table 1 ). 
79 
aseline characteristics 

Mean/median ages across all countries were similar in the out- 

atient, hospital and asymptomatic cohorts, with younger sub- 

ects in the nosocomial cohort. Most subjects recruited were in 

he 12-23 months age group. A history of chronic disease was 

enerally most frequent in the nosocomial cohorts. The propor- 

ion of RV vaccinated subjects was highest in Brazil, where RV 

accination has been part of the NIP since March 2006, com- 

ared with the other countries where RV vaccination was ei- 

her not in the NIP (Chile, Thailand) or was in limited roll-out 

hase (Philippines). Globally, most parents/guardians had com- 

leted secondary school studies. Brazil and Thailand had the high- 

st proportion of parents/guardians with university-level education 

 Table 2 ). 

revalence and Incidence of NoV infection 

1637 subjects had a valid laboratory result ( Table 1 ). Overall, 

he proportion of AGE cases that tested positive for NoV was 23.8% 

n the outpatient cohort (95%CI 20.8-27.2; 27.7% when adjusted by 

easonality), 17.9% in the hospital cohort (95%CI 15.0-21.3; 19.3% 

hen adjusted by seasonality), 21.4% in the nosocomial cohort 

95%CI 12.7-33.8; 19.7% when adjusted by seasonality), and 9.6% 

95%CI 6.9-13.2) in the asymptomatic cohort. 

Brazil had the highest proportion of NoV-positive cases in all 

ymptomatic cohorts. Chile had a similar proportion as Brazil in 

he outpatient cohort, while Thailand and Philippines had lower 

roportions of NoV-positive cases in all cohorts. There were no 

ases of nosocomial AGE due to NoV collected in the Philippines 

nd Thailand. The proportion of asymptomatic NoV infection was 

owest in Brazil (6.6%; 95%CI 2.6-15.7) and around 10% in the other 

ountries ( Figure 2 ). 

Globally, the 12-23 months age group had the highest propor- 

ions of NoV-positive cases (31.4 [95%CI 25.6-37.8] in the outpa- 

ient cohort and 28.7% [95%CI 22.3-36.0] in the hospital cohort). 

ince the younger age groups had very small sample sizes and 

ielded large confidence intervals (see Global table – Supplemen- 

ary material), these were combined into a single age group (15 

ays – 11 months) for the final analysis. The proportion of NoV- 

ositive samples in this age group was 18.0% [95%CI 13.1; 24.3] 

n the outpatient cohort and 15.4% [95%CI 11.0; 21.2] in the hos- 

ital cohort. The proportion of NoV-positive cases in the asymp- 

omatic cohort was similar across age groups, ranging from (5.9% 

95%CI 2.5; 13.0] in the 3-5 years age group to (12.3% [95%CI 6.1; 

3.2] in the 2 years age group ( Figure 2 ). The small sample size of
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Table 1 

Study flow of participants per cohort and country 

Brazil Chile Philippines Thailand All 

Outpatient 

Screened 176 208 184 200 768 

Enrolled (case definition 1) 175 208 184 200 767 

Included in the analysis (case definition 2) 154 205 171 175 705 

Provided stool sample 140 197 171 175 683 

Valid laboratory result 139 195 171 175 680 

Hospital 

Screened 190 129 84 199 602 

Enrolled (case definition 1) 189 129 84 199 601 

Included in the analysis (case definition 2) 183 126 82 189 580 

Provided stool sample 165 124 82 189 560 

Valid laboratory result 164 124 82 188 558 

Nosocomial 

Screened 25 22 4 17 68 

Enrolled (case definition 1) 25 22 4 17 68 

Included in the analysis (case definition 2) 19 18 4 15 56 

Provided stool sample 19 18 4 15 56 

Valid laboratory result 19 18 4 15 56 

Asymptomatic 

Screened 73 102 87 100 362 

Enrolled 73 102 87 100 362 

Included in the analysis 73 101 87 100 361 

Provided stool sample 61 101 87 100 349 

Valid laboratory result 61 97 87 98 343 

Table 2 

Demographic characteristics of the study population, per cohort and country. 

Brazil Chile Philippines Thailand All 

Outpatient 

All patients, N 154 205 171 175 705 

Age at informed consent, mean (median), months 28.7 (24.5) 22.2 (17) 25.8 (21) 23.8 (17) 24.9 (19) 

Gender, % male 48.7 54.1 52.6 56 53 

Parental education, % complete university level 46.1 9.3 9.9 41.7 25.5 

History of chronic disease, % 0.6 6.8 0 14.9 5.8 

RV vaccination received, % 89.0 0.5 1.2 16.6 24.0 

Hospital 

All patients, N 183 126 82 189 580 

Age at informed consent, mean (median), months 23.2 (19) 18.3 (14) 22.5 (14.5) 24.2 (19) 22.3 (17) 

Gender, % male 59.6 64.3 54.9 49.7 56.7 

Parental education, % complete university level 38.8 15.1 11.0 26.5 25.7 

History of chronic disease, % 9.3 14.3 0 13.2 10.3 

RV vaccination received, % 89.6 0.8 0 16.4 33.8 

Nosocomial 

All patients, N 19 18 4 15 56 

Age at informed consent, mean (median), months 17.3 (15) 8.7 (5.5) 7.5 (4.5) 15.1 (13) 13.3 (11) 

Gender, % male 52.6 55.6 100 66.7 60.7 

Parental education, % complete university level 31.6 16.7 0 20 21.4 

History of chronic disease, % 5.3 44.4 0 26.7 23.2 

RV vaccination received, % 89.5 0 25.0 13.3 35.7 

Asymptomatic 

All patients, N 73 101 87 100 361 

Age at informed consent, mean (median), months 32.2 (30) 23.3 (19) 23.1 (20) 22.8 (18.5) 24.9 (20) 

Gender, % male 46.6 55.4 51.7 46.0 50.1 

Parental education, % complete university level 46.6 11.9 12.6 21 21.6 

History of chronic disease, % 6.8 21.8 0 37 17.7 

RV vaccination received, % 91.8 3 3.4 12.0 23.5 

RV = Rotavirus 

t
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he nosocomial cohort did not allow an analysis by age group and 

ountry in this cohort (Global table – Supplementary material). 

Incidences were estimated for the different cohorts by coun- 

ry and collectively. The values obtained differed between coun- 

ries by up to one order of magnitude, with the highest values in 

razil and the lowest values in the Philippines. The overall inci- 

ence of AGE associated with NoV infection leading to a medical 

isit was estimated at 0.9/100 person-years (1.0/100 person-years 

hen adjusted by seasonality) and it was highest in Brazil and 

hile. The overall incidence of AGE hospitalizations associated with 

oV was estimated at 0.10/100 person-years (0.11/100 person- 

ears when adjusted by seasonality) and it was highest in Brazil. 
s

80 
he overall incidence of nosocomial AGE associated with NoV 

as estimated at 0.14/100 person-years (0.13/100 person-years 

hen adjusted by seasonality), and it was higher in Chile than in 

razil. 

linical Presentation 

In all cohorts, vomiting and nausea were more frequent in NoV- 

ositive than NoV-negative children. This difference was significant 

or vomiting in the outpatient (88% vs 57%, p < 0.0 0 01) and hos-

ital cohorts (95% vs 74%, p < 0.0 0 01). As expected due to inclu-

ion criteria, diarrhoea was very frequent in the NoV-positive and 
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Figure 2. Proportion of NoV positive AGE cases in the different cohorts, overall, by country and by age group. Black dots are the observed percentages, grey lines and dots 

show the 95% CI estimate. 
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egative children in all cohorts, but less NoV-positive than NoV- 

egative children had diarrhoea in the outpatient cohort (83% vs 

4%, p < 0.0 0 01). In the hospital and nosocomial cohorts, abdomi- 

al pain or cramps were more frequent in NoV-positive children 

han in NoV-negative children. Conversely, fever was less frequent 

n NoV-positive children than in NoV-negative children in the out- 

atient and hospital cohorts. However, not all these comparisons 

ere significant ( Table 3 ). 
81 
The Vesikari and modified Vesikari AGE severity scores 

 Freedman et al., 2010 , Ruuska and Vesikari, 1990 ) had higher 

ean and median values in the NoV-positive subjects in all co- 

orts. Both scales yielded similar results, with a tendency for 

lightly lower scores in the modified Vesikari score (1 point out 

f a 20-point scale). NoV-positive cases had significantly higher 

esikari scores for both the outpatient and hospital cohorts. Higher 

roportions of NoV-positive subjects than NoV-negative were clas- 
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Table 3 

Frequency of symptoms by cohort and NoV infection status (positive or negative). 

Outpatient Hospital Nosocomial 

NoV positive NoV negative p-value ∗ NoV positive NoV negative p-value ∗ NoV positive NoV negative p-value ∗

N 162 518 100 458 12 44 

n % n % n % n % n % n % 

Diarrhoea 134 83 487 94 < 0.0001 98 98 444 97 0.749 12 100 44 100 1.000 

Vomiting 142 88 294 57 < 0.0001 95 95 338 74 < 0.0001 8 67 12 27 0.018 

Fever 61 38 241 47 0.058 61 61 348 76 0.002 3 25 10 23 1.000 

Mucous in stools 8 5 84 16 0.0004 20 20 95 21 0.868 5 42 7 16 0.105 

Abdominal pain 31 19 110 21 0.642 31 31 92 20 0.017 2 17 4 9 0.599 

Nausea 19 12 34 7 0.049 21 21 48 10 0.004 2 17 2 5 0.198 

Abdominal cramps 10 6 22 4 0.425 11 11 35 8 0.269 3 25 3 7 0.105 

Blood in stools 2 1 18 3 0.186 6 6 49 11 0.153 0 0 1 2 1.000 

Other symptoms 18 11 83 16 0.159 27 27 124 27 0.988 0 0 5 11 0.574 

Percentages are based on N in each column. ∗P-value for the comparison between NoV positive and NoV negative in each cohort. Statistical test used was Fisher’s 

exact test if cells had n ≤5 or Chisquare test otherwise. 

Figure 3. AGE disease severity in each cohort as assessed by the Vesikari and Modified Vesikari scores. Values are % of N in each column. Values lower than 5% are not 

labelled. Asterisks ( ∗) denote significant difference between NoV positive and NoV negative cases (p < 0.05). 
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ified as severe in all cohorts, but this difference was statistically 

ignificant only in the outpatient cohort (p = 0.0028). In the out- 

atient cohort, over 50% of NoV-positive subjects were classified 

s severe ( Figure 3 , Supplementary table 3). No deaths were regis- 

ered among the study participants. 

Seasonality evaluation was limited to the one-year length of the 

tudy, and no clear patterns were visible in any of the countries 

data not shown). 

o-infection with RV 

The proportion of NoV-positive cases who also tested positive 

or RV was 4% (7 out of 162) in the outpatient cohort and 3% (3

ut of 100) in the hospital cohort. All cases of co-infection were 

bserved in Chile, except one hospitalized case that occurred in 

he Philippines. 

olecular epidemiology 

Of 307 NoV-positive samples, typing failed in 108, mostly be- 

ause the sample was insufficient or the cycle threshold value was 

ver 30. The 199 samples typed belonged to the 4 cohorts: 109/162 
82 
67%) in the outpatient cohort, 68/100 (68%) in the hospital cohort, 

/12 (75%) in the nosocomial cohort and 13/33 (39%) in the asymp- 

omatic cohort. 

The predominant genotype in all AGE cohorts was GII.4 (58%), 

ollowed by GII.17B (11%), GII.2 (5%) and GII.3 (5%). GII.4 was more 

requent in hospital (68%) and nosocomial (89%) cohorts than in 

utpatient (50%) and asymptomatic (23%) cohorts. The asymp- 

omatic cohort was more heterogeneous, with a low proportion of 

II.4 samples and higher proportions of other genotypes ( Figure 4 ). 

The proportions of the predominant genotypes were similar 

cross age groups, except for the 3 to 5 years age group, which 

ad less GII.4 (32% vs over 60% in other groups) and no cases 

f GII.17B. Given the small sample size, we do not present the 

nalysis of NoV genotype distribution per age group for each 

ountry. 

GII.4 was the predominant genotype in all countries, although 

ore frequent in Brazil (62%) and Chile (65%) than in the Philip- 

ines (45%) and Thailand (46%). GII.17B was more frequent in Brazil 

18%) than in the other countries (6-10%). GII.3 was frequent in the 

hilippines (10%) and Thailand (16%), but not in Chile (2%) or in 

razil (0%). GII.6 was the second most frequent genotype in the 

hilippines (20%) while it only represented 1 to 3% of the isolates 
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Figure 4. Distribution of NoV strains across cohorts. Values are the absolute number of cases observed in each category. 
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n the other countries (Genotypes global table – Supplementary 

aterial). 

iscussion 

We carried out a multi-country study on two continents to es- 

imate the proportion of AGE caused by NoV in children younger 

han 6 years of age in four cohorts: community-acquired outpa- 

ient and hospital AGE, nosocomial AGE and asymptomatic chil- 

ren. Between November 2014 and March 2017, 1798 children were 

nrolled, of whom 1637 yielded valid laboratory results. 

NoV was frequently associated with AGE in all cohorts and set- 

ings: 23.8% (95%CI 20.8-27.2) of all AGE presenting to an outpa- 

ient facility and 17.9% (95%CI 15.0-21.3) of all AGE hospitalizations 

ere NoV-positive. 9.6% (95%CI 6.9-13.2) of asymptomatic children 

ested positive for NoV. Recent meta-analyses in Latin America and 

n developing countries have estimated similar values across the 

ifferent cohorts ( Nguyen et al., 2017 , O’Ryan et al., 2017 ), and our

alues are in line with those reported previously in a global re- 

iew ( Ahmed et al., 2014 ). In the nosocomial cohort, 21.4% (95%CI 

2.7-33.8) of AGE cases were NoV-positive. Literature on nosoco- 

ial NoV infections in children is scarce, and the sample size was 

mall, but this proportion is in the same range as that observed in 

he hospital cohort. 

The impact of NoV infection was highest in Brazil for both 

ymptomatic cohorts and in Chile for the outpatient cohort. The 

roportion of NoV-positive children was similar across countries 

or the asymptomatic cohorts. The magnitude of the difference 

n prevalence of NoV infection between outpatient and asymp- 

omatic cohorts was larger in Brazil (30.9 vs 6.6%) and Chile (30.3 

s 10.3%) than in the Philippines (16.4 vs 10.3%) or Thailand (18.3 

s 10.2%). High prevalence of NoV infection in asymptomatic co- 

orts has been associated with NoV hyper-endemic settings, where 

he burden is higher ( Lopman et al., 2016 ). However, the high NoV

requency observed in Brazil for the symptomatic cohorts likely re- 

ects the impact of the RV vaccination program implemented in 

006 with over 90% coverage ( Santos et al., 2017 ). 

We observed the highest proportion of NoV-positive AGE in the 

2-23-month age group, and only one case in the under 1 month 

ge group (Thailand hospital cohort). This falls within the peak 

ge-range for norovirus infections identified in a global systematic 

eview, although the authors highlight that lower-income countries 

nd inpatient settings have younger age distributions ( Shioda et al., 

015 ). However, we did not see any difference in age distribution 

etween the countries in the study. Some authors suggest breast 

ilk may confer protection against NoV by blocking NoV binding 

o human antigens, or by providing maternal antibodies to infants 

ged under 6 months ( Jiang et al., 2004 , Saito et al., 2014 ). How-

ver, information on breastfeeding was not collected in this study. 
o

83 
The overall incidence of AGE caused by NoV was 0.9/100 

erson-years in the outpatient cohort. This value is slightly lower 

han that reported in outpatient populations under 5 years of age 

n the U.K. and U.S. ( Grytdal et al., 2016 , O’Brien et al., 2016 ,

ayne et al., 2013 ), but our study also includes children between 5 

nd 6 years of age, although they represented less than 7% of the 

ample size in the outpatient cohort. Furthermore, the estimated 

ncidences differed to up to one order of magnitude across coun- 

ries. These discrepancies may be partially explained by the dif- 

culty in obtaining fully reliable denominators in some countries 

Brazil, the Philippines) for the incidence calculations. 

In line with previous reports, GII.4 was the most frequent geno- 

ype detected ( Hoa Tran et al., 2013 , Mans, 2019 , van Beek et al.,

018 ). GII.4 genotypes were more frequent in hospital and noso- 

omial settings, and less frequent in the outpatient and asymp- 

omatic cohorts. This distribution supports reported associations of 

II.4 strains with more severe AGE ( Harris et al., 2019 , Huhti et al.,

011 , Mathew et al., 2019 ). Furthermore, the observed higher pro- 

ortion of GII.4 genotypes in Brazil and Chile is consistent with 

 reported higher prevalence of histo-blood antigen secretors in 

eso-American populations ( Nordgren and Svensson, 2019 ). The 

lobally emerging genotype GII.17B was also more frequent in 

razil and Chile while GII.3 was more frequent in Thailand and the 

hilippines. The GI genotype was nearly absent from the cohorts 

n this study. 

NoV-positive children had higher mean and median Vesikari 

nd modified Vesikari scores than NoV-negative subjects, and a 

igher proportion of subjects classified as severe. Although the 

ifference in scores was small (1-2 points in a 20-point scale), 

his contradicts the traditional perception that NoV could cause 

ess severe infections than other enteric pathogens, and is in line 

ith recent studies suggesting that NoV may be as severe as RV 

 Operario et al., 2017 , Riera-Montes et al., 2018 , Rouhani et al., 

016 ). Furthermore, NoV disease was severe in an important pro- 

ortion of cases requiring hospitalization (94%), and more than half 

54%) of NoV positive children from the outpatient cohort were 

lso classified as severe. 

The present study has the strength and uniqueness of includ- 

ng a parallel evaluation, with equal epidemiological and labora- 

ory methods across nine sites, in four countries and two conti- 

ents. The main limitation of this study is that the sample size 

chieved was lower than that proposed in the protocol, affecting 

he precision of our estimates. This is particularly relevant for the 

osocomial cohort and for specific age groups, for which the re- 

ults should be interpreted with caution. Furthermore, the samples 

chieved in each country differ from the overall population in the 

roportion of parents with university-level education ( The World 

ank Group, 2020 ). Other limitations were the difficulty in delim- 

ting the catchment area to calculate the incidence, and the short 

ime span of the project in each site, which limits the evaluation 

f seasonality. We also did not assess co-infection with pathogens 
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ther than RV, which may limit the usefulness of our data in esti- 

ating the potential number of cases averted when evaluating the 

ntroduction of NoV vaccines. Finally, NoV epidemiology may be 

nfluenced by regional factors, and generalization should be done 

autiously, particularly for rural settings or countries other than 

he ones included in this study. 

To conclude on the relevance of this study, we should note that 

oung children are considered one potential priority target group 

or NoV vaccination. The results of this prospective study estimat- 

ng the burden of NoV disease among children less than 6 years of 

ge from four middle-income countries in two continents will be 

mportant to inform on public health policies related to the devel- 

pment and introduction of norovirus vaccines. 
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