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Running title: Norovirus burden in a family-based study. 

40-word summary:  

Based on prospective, family-based surveillance over 2 years, annual incidence of family AGE 

was 0.77 with low (8%) occurrence of secondary cases. Norovirus was most common (26/169); 

predominantly occurred as sole infection, in children <4 years, with 15% secondary cases. 
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Highlights. 

 Norovirus is one of the leading causes of acute gastroenteritis (AGE) in clinical settings 

and outbreaks, but household-based studies are scarce. 

 In this low-middle income community, annual family AGE incidence was 0.77. 

 Norovirus was the most common agent of AGE, followed closely by EPEC, rotavirus and 

astrovirus.  

 Most cases of norovirus AGE occurred in children and secondary cases were uncommon. 
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Objective. To determine the dynamics of norovirus disease, a major cause of acute 

gastroenteritis (AGE), compared to other relevant etiologies, among families living in a low-

middle income area. Study design. Families with ≥3 members and ≥1 healthy child <24 months 

of age were followed for 1-2 years to detect any AGE. Stools were tested for viral and bacterial 

pathogens and a questionnaire applied to norovirus or rotavirus AGE. Results. Between April 

and June 2016 we enrolled 110 families of which 103 completed ≥12 months of follow up. A 

total of 159 family AGE episodes were detected affecting mostly one individual (92%). We 

detected at least 1 pathogens in 56% (94/169) of samples, of which 75/94 (80%) were sole 

infections. Norovirus was most common (N=26), followed closely by EPEC (25), rotavirus (24) 

and astrovirus (23). The annual incidence of family AGE was 0.77 and 0.12 for norovirus. Most 

norovirus AGE occurred in children <4 years (96%). Only 13/159 (8%) index AGE cases 

resulted in a secondary case, of which 4 were associated with norovirus. The majority of 

norovirus strains were GII (85%), with a mild predominance of GII.4 (9/26; 35%); most 

norovirus isolates (69%) were recombinants. Conclusion. Family incidence of AGE in this low-

middle income community was nearly one episode per year, mostly caused by viruses, 

specifically norovirus closely followed by rotavirus and astrovirus. Norovirus infections 

primarily affected children (<4 years) and secondary cases were uncommon. 

 

 

Keywords: Norovirus, rotavirus, acute gastroenteritis, genotypes. 
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Introduction                                                                                                                             

Acute gastroenteritis (AGE) continues to be a major public health problem worldwide, with 

estimated incidence rates in low- to middle-income countries from 2.3 to 4.1 episodes/year in 

children younger than 5 years of age (1). In middle- to high-income countries incidence ranges 

from 0.1 to 3 episodes/year in this age group (2). Worldwide, norovirus has been associated with 

18% of these episodes (3). In Latin America, norovirus accounts for 14-16% of AGE, based on 

reports in children less than 5 years of age (4) and in medical settings (hospitals, emergency 

rooms and/or outpatient clinics). Few prospective cohort studies following healthy children have 

been performed in order to determine the natural history of norovirus disease, providing 

invaluable information on the dynamics of infection over the first years of life (5–7). Norovirus 

can be acquired through several routes, including person-to-person transmission, in which close 

contact among family members may play a role in intrafamilial spread (8,9); family-based 

studies are nevertheless scarce. One report originally designed to study rotavirus epidemiology 

(10), evaluated stool samples from family contacts of children with norovirus diarrhea obtained 5 

to 9 days after the “primary” AGE including controls and relatives. The infection attack rate 

(iARs) was highest among household contacts of children with norovirus AGE (33%), compared 

to those of other etiology diarrhea cases and healthy controls (8% and 18% respectively). 

Recently, an active family-based study from the Netherlands compared burden and transmission 

of norovirus and rotavirus AGE reporting a secondary attack rate of 15% for norovirus and 28% 

for rotavirus  (11). These studies provides a basis for intra-domiciliary transmission of norovirus.   
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Family-based studies in a different socio-demographic context are required in order to expand 

these findings, allowing for better determination as to the impact of infection within this nucleus 

of transmission.  

The aim of this study was to estimate the burden of norovirus disease among families with at 

least one child <24 months of age living in a semirural, low-middle income area, and to compare 

it with other relevant etiologies. Additionally, we examined the importance of different 

household members (age, relationship) in introducing AGE into the household, the severity of 

norovirus and rotavirus episodes and genotypes of norovirus isolates.  

 

Methods 

Study Design and Population. This was a prospective, active, family-based surveillance 

performed in Colina, a suburban county near the capital city of Santiago (Chile) with ~121,000 

inhabitants, of which 32% live under the poverty line (12). Families were contacted on a first 

come, first serve basis after visiting one of two public Community Health Care Centers in the 

county as part of their routine well-baby medical visits. Families meeting inclusion criteria of at 

least 3 members, including 1 healthy child <24 months of age, and at least 1 responsible adult 

accessible by phone, were invited to participate. Informed consent was requested from one 

responsible adult, and from other adults in the household (and assent in children aged 8 to 18 

years) if they suffered an AGE during the study period. Consecutive enrollment continued until 

110 families were included in the study, in order to reach 100 families followed for a minimum 

of 12 months (estimating a maximum dropout rate of 10%). This protocol was approved by the 

local IRB. Jo
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Surveillance method. An initial baseline questionnaire was applied to the responsible adult, who 

was instructed to call the study nurse if a case of AGE occurred. In addition, study personnel 

contacted families by phone on a weekly basis to enquire whether any member developed AGE 

symptoms.  

Upon detection of an AGE, the study team visited the home, identified affected individuals and 

applied a questionnaire on symptoms. Stool samples were to be obtained from the affected 

individuals within 48 hours of the identification of a case and transported as described below. If 

an AGE occurred in another household member in concordance with the index episode, stool 

samples were requested and tested following the same timeframe.  

Sample collection. Stool samples were collected from diapers or a plastic pot and temporarily 

stored in the home refrigerator until they could be transported in coolers to the Enteric Virus 

Laboratory at the Faculty of Medicine, Universidad de Chile. Stool was aliquoted for RNA, 

immediately extracted by RNA viral QIAamp® Viral RNA Mini Kit (QIAGEN, Germany) and 

stored at -20oC until testing. Another aliquot was stored in RNA-later at -70°C for subsequent 

genotyping. A third aliquot in Cary Blair media was maintained at room temperature for 

bacterial pathogen detection. Viral and bacterial pathogen testing was performed within 24 hours 

of sample reception.  

Sample testing. Norovirus and sapovirus were detected by reverse transcription–polymerase 

chain reaction (RT-PCR), targeting conserved sequences in the polymerase region, by using a 

pool of degenerate primers, 289hi for RT and 290hijk for PCR (13,14). Rotavirus was detected 

by Rotaclone® ELISA (Meridian, Cincinnati, USA), enteric adenoviruses by commercial Rapid 

diagnostic Test, GASTROVIR-Strip (Coris Bioconcept, Gembloux, Belgium) and astrovirus by 

RT-PCR, as previously described (15,16).  Jo
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Salmonella spp., Shigella spp., Campylobacter spp. and Yersinia spp., were cultured in selective 

media. Multiplex polymerase chain reaction was used to determine Escherichia coli pathotypes 

(17). 

Norovirus was confirmed and genogrouped by amplification and sequence analysis of a 544bp 

segment comprising the ORF1/2 junction region by using the following primer pairs, Mon432 

(5’-TGGACICGYGGICCYAAYCA-3’)-G1SKR(5’-CCAACCCARCCATTRTACA-3’) for 

genogroup I and Mon 431(5’-TGGACIAGRGGICCYAAYCA-3’)-G2SKR (5’-

 CCRCCNGCATRHCCRTTRTACAT-3’) for genogroup II, as previously described (18,19). 

Amplicons were purified using EZNA Gel Extraction Kit (OMEGA Bio-tek Inc., Doraville, GA, 

USA) and cloned into plasmid vector pCR™2.1-TOPO™ with TOPO® TA Cloning Kit 

(Invitrogen, Carlsbad, CA, USA) by transformation of E. coli Top10 cells. Vectors were purified 

with Wizard® Plus SV Minipreps DNA Purification System (Promega, USA) and sent to 

Macrogen (Korea) for sequencing. Sequences were assembled by Vector NTI advanced™ 11.0. 

We manually identified and separately analyzed a 213bp region of the 3’-end of RNA dependent 

RNA polymerase gene (ORF1) and a 344bp of the 5’- end of the capsid gene (ORF2). Norovirus 

genotypes were assigned using the MEGA 7.0.21 software to generate a genetic distance tree 

using the maximum-likelihood method, including reference sequences for each genotype (20), 

and using an online genotyping tool (http://www.rivm.nl/mpf/norovirus/typingtool) (21). For  

sequences with recombination in the ORF1-ORF2 overlapping region according to this analysis, 

a recombinant of special interest according to our literature review (see results) was selected and 

further analyzed with SimPlot version 3.5.1. to identify a putative recombination point. SimPlot 

analysis was performed by setting the window width and the step size to 200 bp and 20 bp 

respectively. A consensus sequence obtained from three to four Genebank sequences of each 

Commented [SG1]: Kroneman A, Vennema H, Deforche 

K, Avoort HV, Peñaranda S, Oberste MS, et al. (2011) An 

automated genotyping tool for enteroviruses and noroviruses. 

J Clin Virol 51:121–5. doi: 10.1016/j.jcv.2011.03.006) 
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genotype of the recombinant was used as reference, and a third dataset from a non-recombinant 

genotype was used as negative control. 

Sample size. Based on Fisher et al. and Roy et al. (1,2), we initially estimated 1 to 3 acute 

gastroenteritis family episodes during a 12-month period, for a total of 100 to 300 episodes, of 

which 18% would be due to norovirus, for a total of 18 to 54 family norovirus AGE. We 

estimated that for 100 children followed for one year with AGE rates would be approximately 

1.5/year (1) for a total of 150 episodes, of which 15-20% would be norovirus positive, leading to 

approximately 23 to 30 cases. For families we estimated a median of 3 to 4 members with 1 

acute diarrhea episode per member/year for a total of 300 to 400 additional AGE, of which 10 to 

15% would be due to norovirus for an additional 30 to 60 cases. These numbers were considered 

sufficient to describe the epidemiology of AGE and norovirus AGE in families, responding 

appropriately to the primary objectives. Since findings from the first year were lower than these 

estimates, we continued family surveillance for a second year. 

Data Analysis. Number and incidence of overall family episodes, norovirus and rotavirus AGE, 

number of secondary transmissions and number of individuals affected during a family episode 

are described. We determined the number and incidence of overall AGE and norovirus AGE 

occurring in the different age groups and proportion of norovirus sole infections and coinfections 

with other viral and/or bacterial pathogens. Finally, we compared the severity of norovirus and 

rotavirus AGE in children <4 years of age. 

Statistical differences were established using Pearson’s Chi-squared test or Fisher’s exact test for 

categorical variables, independent sample t-test for normal continuous variables and Mann-

Whitney Test for non-normal continuous variables. Epi Info™ 7 and R Version 3.5.1 were the 

statistical packages used for analysis. Jo
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Definitions  

AGE Episode. Increased frequency of unformed stools, abnormal for the individual, sufficient to 

modify their daily routine with or without vomiting, fever or other symptoms.  

Family episode of norovirus AGE: one or more members with a norovirus positive AGE. The 

primary case was the first identified and a secondary or subsequent norovirus AGE case was 

defined if it occurred within 2 weeks. 

AGE severity in children <4 years of age was measured using the Vesikari score (22); a score of 

<7 was considered mild, 7-10 moderate and 11-20 severe. In adapting dehydration to the score, 

we considered a score of 1 if child received rehydration salts and 0 if not. 
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Results 

We enrolled 110 families between April and June of 2016. Seventeen families (15.4%) were lost 

to follow-up before completing 24 months of surveillance (9 moved out of the study area, 1 due 

to poor adherence to the protocol, 4 due to loss of contact, and 3 declined to continue 

participation). Of those families that dropped out, surveillance ranged from 0-19 months. Only 

families with >12 months of surveillance were included in the final analysis (n=103); for these 

families, surveillance ranged from 12-27 months (median: 25, IQR: 24-25). Data represents a 

total of 2,483 months of family surveillance. 

All families consisted of at least a mother and an index child, 83/103 (81%) had a father, 28/103 

(27%) had grandparent(s), and 21/103 (20%) had an additional family member in the household. 

The responsible family member was the mother in 93% of enrolled households (in 5 cases it was 

the grandmother and in 2 cases was the father). All families routinely prepared food at home and 

had a refrigerator. All index children were up to-date on their well-baby visits and vaccines 

included in the National Immunization Program; none of the index children received the 

rotavirus vaccine. Further demographic information is shown in Table 1. There was no 

relationship between attending daycare at enrollment, mother’s education level, whether a 

mother worked outside the home, number of people in the household, people/bed or people/room 

and risk for overall or norovirus AGE.  

The number of participants and months of follow up by age categories were as follows: a) <2 

years of age, n=105 (2 siblings were born after initial family enrollment), months=1,433; b) 2-4 

years old, n=28, months=1,441 (includes index children that changed age category during the 

study); c) 5-17 years old, n=80, months=2,079; d) 18-64 years old, n=245, months=6,157; e) ≥65 Jo
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years old, n=3, months=82. This resulted in a total of 461 individuals under surveillance for 

11,204 person-months. 

Acute gastroenteritis surveillance 

A total of 159 family AGE were detected with a total of 174 individuals affected. The majority 

(146 episodes) affected only one individual (92%), while 11 episodes involved two individuals 

(7%) and 2 episodes three individuals (1%). A total of 169/174 AGE samples were obtained 

(Figure 1).  

We detected one or more pathogens in 94/169 (56%) AGE samples with a total of 115 

pathogens. In 75/94 (80%) samples we detected a sole infection. The distribution of pathogens 

identified is shown in Figure 1 and Table 2. In 64/94 (68%) samples we identified a virus, in 16 

(17%) bacteria and in 14 (15%) a mixed bacterial/viral infection. Norovirus was the most 

common pathogen identified, followed closely by Enteropathogenic Escherichia coli (EPEC), 

rotavirus and astrovirus. All mixed infections involved either norovirus/sapovirus, rotavirus or 

astrovirus. Mixed infections were as follows: 5 norovirus/EPEC, 1 norovirus/sapovirus/EPEC, 1 

norovirus/Salmonella spp, 1 norovirus/astrovirus, 1 norovirus/astrovirus/EPEC, 4 

rotavirus/EPEC, 1 rotavirus/astrovirus, 1 sapovirus/EPEC, 2 sapovirus/astrovirus, 1 

astrovirus/adenovirus and 1 astrovirus/EPEC. 

The annual incidences at family level and by age group for overall AGE, norovirus and rotavirus 

are shown in Table 3. One index child had 3 episodes of norovirus and 3 index children had 2 

cases. Children <2 years old were the age group most infected by norovirus (17/26; 65%), and 

nearly all infections occurred in children <4 years of age (25/26; 96%). Jo
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Secondary symptomatic infections were far less common than expected. Only 13/159 index AGE 

cases (8%) resulted in secondary infection. The majority began in an index child <2 years of age 

(8/13, 62%); 9 (69%) began in a child <4 and 11 (85%) in a child <9 years of age. However, 

there was a significant difference in the occurrence of secondary infection when the primary 

infection occurred in a child ≤4 years of age (9/149; 6%) versus in an individual >4 years of age 

(4/10; 36%; P=0.004). A secondary infection, suggesting household transmission, was identified 

in 5/26 (19%) norovirus-family episodes. In 4/13 (31%) cases with a secondary infection and in 

1/2 cases with a tertiary episode, the agent detected in the index case was norovirus (Figure 2). 

Norovirus genotyping 

Most of the norovirus strains were GII (22/26; 85%), primarily GII.4 (9/26; 35%), according to 

partial ORF2 sequence. Figure 3 shows the genetic distance tree of the isolates determined in this 

study compared to reference sequences, according to both ORF1 and ORF2 partial sequences, 

and Table 4 shows genotype distribution. Isolates from children with recurrent infections had 

different genotypes, suggesting re-infections; 2 of 3 patients with two infections were infected 

with different genogroups by ORF2 (GI.3/GII.1 and GII.1/GI.3, respectively) and the third was 

infected by different genotypes within the same genogroup (GII.7/GII.6). ORF2 genotypes from 

the patient with 3 infections were GII.2, GI.2 and GII.6. For family episodes in which more than 

one member was affected, we only could genotype the isolates in both samples from 1 family 

and both had the same genotype (GII.7). Analysis of both partial ORF1 and ORF2 regions 

showed that 18/26 (69%) norovirus isolates were putative-recombinants (Table 4), with GII.P16-

GII.4 and GII.P7-GII.6 being the most frequent. All recombinant strains except GII.P16-GII.1 

have been previously reported in Latin America (23-25). Therefore, we further analyzed this Commented [SG2]:  
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recombinant using SimPlot (Figure 4), which confirmed the presence of recombination, and 

located the recombination breakpoint in position 294 (nucleotide 5107 – 5113 according to the 

complete genome sequences used as reference), in agreement with the previous reports that 

estimated the recombination point to be located between nucleotides 4981 and 5117 in other 

strains (26-28). 

Severity of Norovirus compared to Rotavirus AGE 

Table 5 summarizes the severity of norovirus compared to rotavirus AGE episodes in children ≤4 

years of age. Norovirus episodes were less severe than rotavirus based on the Vesikari Score and 

days of fever. In the case of both pathogens, Severity did not differ between those cases that 

resulted in a secondary infection and those that did not for either pathogen (data not shown). 

Two children were hospitalized, one with rotavirus and one with norovirus. 

Discussion 

Over nearly two-years of active, prospective surveillance of 103 families from a semirural, low-

middle income population, almost 0.8 AGE episodes occurred annually per family, a majority of 

which occurred in children <2 years of age. In this age group the number of AGE was nearly one 

per year; this number decreased to nearly 0.4 episodes per year in the 2-4 years age group, with 

very few cases detected in older individuals. Only a few individuals over 65 years lived in the 

households, so no conclusions can be made on this age group. Lower detection rates in adults 

may be attributed to a true lower incidence or under report in those individuals. 

For children, the rates encountered in our population were significantly lower than the roughly 2-

4 episodes per year reported in a meta-analysis of low-middle income countries between 1990 

and 2010 (1) and are similar to those reported in developed countries (2). In China, a more recent 
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family survey-based study estimated a monthly incidence of 12.6% in children 0-4 years of age, 

which implies nearly 1.5 episodes per year (29), which is more similar to our findings. This 

study reports a significant drop in AGE in older individuals, although not to the low levels 

observed in our population, where only 1 in every 30-50 individuals reported an AGE annually. 

Perry et al. described in predominantly Hispanic families living in USA, that there was a 

significantly higher risk of primary and secondary AGE episodes in children <2 years of age, 

with up to 8 fold higher risk than older AGE (30). Quee et al. recently reported in an active 

family-based study in the Netherland, 3.1 AGE per 100 persons per week, predominantly in 

children <2 years of age, with a significant decline in individuals >18 years old (11). Our results 

complement these studies by including a low-middle income population which can most likely 

be extrapolated to similar regions. 

A potential causal microorganism was detected in 56% of AGE of which norovirus, closely 

followed by EPEC, rotavirus and astrovirus were most common. Sapovirus was detected in only 

5% of cases while other pathogens such as enteric adenovirus, and enteric bacteria other than 

EPEC were rarely detected in these Chilean families. Importantly, most norovirus and rotavirus 

cases were detected as sole infections, although detection of more than one pathogen was not 

uncommon (26% and 21% for norovirus and rotavirus respectively, mostly with diarrheogenic E. 

coli). These results may have been somewhat surprising in a country where rotavirus vaccines 

are not routinely used, as in such situations rotavirus has been reported to be 2-3 times more 

common than norovirus (31,32). In countries where rotavirus vaccines are being used, a 

significant drop in rotavirus prevalence has occurred to a relative frequency of 1:1 (or even less) 

compared to norovirus (33,34); however, these findings are mostly reported from hospital or 

emergency room settings, where rotavirus is known to be more common. In outpatient-based Jo
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settings, where less severe AGE are received, even in the absence of rotavirus vaccination, 

rotavirus and norovirus frequencies are similar (4,11). In the Colina families, there was a similar 

incidence rate between norovirus and rotavirus in children <2 years of age, nearly 0.15 episodes 

per child per year; the frequency of rotavirus, but not norovirus, significantly decreased in the 2-

4 years age bracket. Both norovirus and rotavirus were detected in only a few AGE after 5 years 

of age. 

Overall, secondary attack AGE were uncommon in our population and less than expected (35,36) 

with 1 out of every 10 family episodes associated with possible intra-familial transmission. In 

those AGE positive for norovirus, 1 out of 6 (4/26) resulted in an additional AGE within the 

family, suggesting the possibility of intra-familial spread. In Ecuador, 33% of norovirus positive 

cases resulted in more than one secondary case with stool sample positive for norovirus, 

irrespective of symptom status (samples were obtained from individuals both with and without 

diarrhea) (10). It is likely that if stool samples from asymptomatic individuals had been tested in 

our study, we would have found higher intra-familial transmission; however, our goal was to 

identify significant, symptomatic secondary cases. For rotavirus, secondary infections were also 

uncommon (4/23, 17%). In the Netherlands, a household-based study, they found a secondary 

attack rate in symptomatic individuals of 15%, similar to our findings, and 51% for 

asymptomatic norovirus, compared to 28% and 22% for rotavirus respectively (11).  

Norovirus AGE were in general less severe than rotavirus, replicating findings from other studies 

conducted in hospital or emergency room settings (37,38). Nevertheless, 6 out of 10 norovirus 

episodes were moderate to severe, and one child was hospitalized. A possible hospitalization rate 

of 3% is similar to rates observed for rotavirus, which in the early 2000s were estimated to be 

1:65 (39). However, in order to obtain robust confidence intervals on the rate of norovirus Jo
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associated hospitalization, a significantly higher number of families would have to be surveyed. 

Evaluation of AGE severity is challenging, as it relies on family records, and families are not 

trained to evaluate some of the variables included in severity scores, specifically dehydration. 

Thus, these scores should be considered an approximation and not an exact metric. 

Two out of three norovirus isolates were putative recombinants, stressing the genomic plasticity 

of norovirus; a finding that should be considered in the development of future vaccines. All but 

one recombinant strain had been previously reported in Latin America (23-25). For the new 

recombinant isolate, GII.P16-GII.1, we identified the recombination breakpoint by sequence 

analysis. 

Our study has limitations inherent to complex field studies that rely on the continued and 

relatively intense participation of families. Detection of AGE occurred only if the responsible 

family member notified the event directly or during weekly phone calls. Mild episodes, or 

episodes occurring during vacation periods may have been missed. Nevertheless, we had a high 

yield of weekly family contact by phone (~95%), and we are confident that we captured most of 

the clinically significant AGE. The low rate of AGE among family members older than 5 years 

of age was an unexpected finding (40). After the first year of surveillance we reminded the 

responsible adult during weekly phone calls to notify adult cases; nevertheless, the number of 

cases in older individuals did not increase. Pathogen yield was 56%, and most infections were 

caused by a sole pathogen. Multiplex gene detection based platforms can increase pathogen 

detection, especially for bacteria, but the interpretation of such detection can be difficult (41). 

We are highly confident with our norovirus and rotavirus detection results, as all were 

successfully genotyped.  Jo
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For vaccine purposes, this family-based study indicates that if a successful vaccine program were 

to be implemented in infants within a similar low-middle income population, vaccination of 

approximately 100 infants (within 100 families, most with one and at most three other children) 

could prevent at best 26 norovirus AGE (assuming that norovirus is also the key driver of the 

AGE with mixed infections), 18 of which would be moderate to severe, 1 hospitalization, and 2-

5 secondary cases due to intra-familial transmission. A vaccine including both norovirus and 

rotavirus could potentially prevent 50 AGE, of which 35 would be moderate to severe, including 

2 hospitalizations. 

Ethical Approval. This protocol was approved by the IRB of the Faculty of Medicine of the 

University of Chile. Informed consent was requested from one responsible adult, and from other 

adults in the household (and assent in children aged 8 to 18 years) if they suffered an AGE 

during the study period. 

Acknowledgments 

We are indebted to the families of Colina for their cooperation and participation in this study. 

We thank the Director of the Centro de Salud Familiar (CESFAM) Colina, Carola Ponce 

Madariaga, the Director of the Centro de Salud Familiar (CESFAM) Esmeralda, Claudia Barra, 

and the medical director of the  area of Colina, Jessica Pradenas Toro, for their invaluable 

support of this study. We thanks also to Patricio Meneses for his technical assistance in 

fieldwork.  

Funding 

Supported by Takeda Vaccines through an Investigator-Initiated Sponsored Research Grant 

awarded to MOR.  Jo
ur

na
l P

re
-p

ro
of



 

19 

Declaration of interests 

 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

 

 

References 

1.  Fischer Walker CL, Perin J, Aryee MJ, Boschi-Pinto C, Black RE. Diarrhea incidence in 

low- and middle-income countries in 1990 and 2010: a systematic review. BMC Public 

Health. 2012 Dec;12(1):220.  

2.  Roy SL, Scallan E, Beach MJ. The rate of acute gastrointestinal illness in developed 

countries. J Water Health. 2006;4 Suppl 2:31–69.  

3.  Ahmed SM, Hall AJ, Robinson AE, Verhoef L, Premkumar P, Parashar UD, et al. Global 

prevalence of norovirus in cases of gastroenteritis: a systematic review and meta-analysis. 

Lancet Infect Dis. 2014 Aug;14(8):725–30.  

4.  Riera-Montes M, O’Ryan M, Verstraeten T. Norovirus and Rotavirus Disease Severity in 

Children: Systematic Review and Meta-analysis. Pediatr Infect Dis J. 2018 Jun;37(6):501–5.  

5.  Saito M, Goel-Apaza S, Espetia S, Velasquez D, Cabrera L, Loli S, et al. Multiple Norovirus 

Infections in a Birth Cohort in a Peruvian Periurban Community. Clin Infect Dis. 2014 Feb 

15;58(4):483–91.  

Jo
ur

na
l P

re
-p

ro
of



 

20 

6.  Lopman BA, Trivedi T, Vicuña Y, Costantini V, Collins N, Gregoricus N, et al. Norovirus 

Infection and Disease in an Ecuadorian Birth Cohort: Association of Certain Norovirus 

Genotypes With Host FUT2 Secretor Status. J Infect Dis. 2015 Jun 1;211(11):1813–21.  

7.  OʼRyan ML, Lucero Y, Prado V, Santolaya ME, Rabello M, Solis Y, et al. Symptomatic and 

Asymptomatic Rotavirus and Norovirus Infections During Infancy in a Chilean Birth Cohort: 

Pediatr Infect Dis J. 2009 Oct;28(10):879–84.  

8.  Phillips G, Tam CC, Rodrigues LC, Lopman B. Risk factors for symptomatic and 

asymptomatic norovirus infection in the community. Epidemiol Infect. 2011 

Nov;139(11):1676–86.  

9.  Götz H, Ekdahl K, Lindbäck J, de Jong B, Hedlund KO, Giesecke J. Clinical spectrum and 

transmission characteristics of infection with Norwalk-like virus: findings from a large 

community outbreak in Sweden. Clin Infect Dis Off Publ Infect Dis Soc Am. 2001 Sep 

1;33(5):622–8.  

10.  Gastañaduy PA, Vicuña Y, Salazar F, Broncano N, Gregoricus N, Vinjé J, et al. 

Transmission of Norovirus Within Households in Quininde, Ecuador: Pediatr Infect Dis J. 

2015 Sep;34(9):1031–3.  

11.  Quee FA, de Hoog MLA, Schuurman R, Bruijning-Verhagen P. Community burden and 

transmission of acute gastroenteritis caused by norovirus and rotavirus in the Netherlands 

(RotaFam): a prospective household-based cohort study. Lancet Infect Dis [Internet]. 2020 

Feb [cited 2020 Apr 28]; Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S147330992030058X Jo
ur

na
l P

re
-p

ro
of



 

21 

12.  Ministry of Social Development and Family. CASEN Survey 2017 [Internet]. [cited 2020 

Jan 15]. Available from: http://observatorio.ministeriodesarrollosocial.gob.cl/casen-

multidimensional/casen 

13.  Jiang X, Huang PW, Zhong WM, Farkas T, Cubitt DW, Matson DO. Design and evaluation 

of a primer pair that detects both Norwalk- and Sapporo-like caliciviruses by RT-PCR. J 

Virol Methods. 1999 Dec;83(1–2):145–54.  

14.  O’Ryan ML, Mamani N, Gaggero A, Avendaño LF, Prieto S, Peña A, et al. Human 

caliciviruses are a significant pathogen of acute sporadic diarrhea in children of Santiago, 

Chile. J Infect Dis. 2000 Nov;182(5):1519–22.  

15.  Belliot G, Laveran H, Monroe SS. Detection and genetic differentiation of human 

astroviruses: phylogenetic grouping varies by coding region. Arch Virol. 1997;142(7):1323–

34.  

16.  Finkbeiner SR, Holtz LR, Jiang Y, Rajendran P, Franz CJ, Zhao G, et al. Human stool 

contains a previously unrecognized diversity of novel astroviruses. Virol J. 2009 Oct 

8;6:161.  

17.  Vidal R, Vidal M, Lagos R, Levine M, Prado V. Multiplex PCR for diagnosis of enteric 

infections associated with diarrheagenic Escherichia coli. J Clin Microbiol. 2004 

Apr;42(4):1787–9.  

18.  Kojima S, Kageyama T, Fukushi S, Hoshino FB, Shinohara M, Uchida K, et al. Genogroup-

specific PCR primers for detection of Norwalk-like viruses. J Virol Methods. 2002 

Feb;100(1–2):107–14.  Jo
ur

na
l P

re
-p

ro
of



 

22 

19.  Anderson AD, Garrett VD, Sobel J, Monroe SS, Fankhauser RL, Schwab KJ, et al. 

Multistate outbreak of Norwalk-like virus gastroenteritis associated with a common caterer. 

Am J Epidemiol. 2001 Dec 1;154(11):1013–9.  

20.  Kumar S, Stecher G, Tamura K. MEGA7: Molecular Evolutionary Genetics Analysis 

Version 7.0 for Bigger Datasets. Mol Biol Evol. 2016;33(7):1870–4.  

21.  Kroneman A, Vennema H, Deforche K, Avoort HV, Peñaranda S, Oberste MS, et al. (2011) 

An automated genotyping tool for enteroviruses and noroviruses. J Clin Virol 51:121–5. doi: 

10.1016/j.jcv.2011.03.006 

22. Ruuska T, Vesikari T. Rotavirus disease in Finnish children: use of numerical scores for 

clinical severity of diarrhoeal episodes. Scand J Infect Dis. 1990;22(3):259–67.  

23.  Fajardo Á, Tort FL, Victoria M, Fumian TM, Miagostovich MP, Leite JP et al.  

Phylogenetic analyses of Norovirus strains detected in Uruguay reveal the circulation of the 

novel GII.P7/GII.6 recombinant variant. nfect Genet Evol. 2014 Dec;28:328-32. doi: 

10.1016/j.meegid.2014.10.026. Epub 2014 Nov 4. PMID: 25445648. 

24. Barreira DMPG, Fumian TM, Tonini MAL, Volpini L., Santos RP, Ribeiro A, et al. 

Detection and molecular characterization of the novel recombinant norovirus GII.P16-GII.4 

Sydney in southeastern Brazil in 2016. PLoS One. 2017;12(12):e0189504. Published 2017 

Dec 13. doi:10.1371/journal.pone.0189504 

25. Hernandez JDM, Silva LDD, Sousa EC Junior, Lucena MSS, Soares LDS, Mascarenhas 

JDP, et al. Analysis of uncommon norovirus recombinants from Manaus, Amazon region, 

Brazil: GII.P22/GII.5, GII.P7/GII.6 and GII.Pg/GII.1. Infect Genet Evol. 2016 Apr;39:365-

371. doi: 10.1016/j.meegid.2016.02.007. Epub 2016 Feb 6. PMID: 26861619. Jo
ur

na
l P

re
-p

ro
of



 

23 

26. Bull RA, Hansman GS, Clancy LE, Tanaka MM, Rawlinson WD, White PA. Norovirus 

recombination in ORF1/ORF2 overlap. Emerg Infect Dis. 2005 Jul;11(7):1079-85. doi: 

10.3201/eid1107.041273. PMID: 16022784; PMCID: PMC3371806. 

27. Fumian TM, Aragão GC, Mascarenhas JD, Kaiano JH, Siqueira JA, Soares LS, et al. 

Detection of a novel recombinant strain of norovirus in an African-descendant 

community from the Amazon region of Brazil in 2008. Arch Virol. 2012 

Dec;157(12):2389-92. doi: 10.1007/s00705-012-1428-2. Epub 2012 Aug 8. PMID: 

22872050. 

28. Fajardo Á, Tort FL, Victoria M, Fumian TM, Miagostovich MP, Leite JP, et al. 

Phylogenetic analyses of Norovirus strains detected in Uruguay reveal the circulation of 

the novel GII.P7/GII.6 recombinant variant. Infect Genet Evol. 2014 Dec;28:328-32. doi: 

10.1016/j.meegid.2014.10.026. Epub 2014 Nov 4. PMID: 25445648. 

29. Chen Y, Yan W-X, Zhou Y-J, Zhen S-Q, Zhang R-H, Chen J, et al. Burden of self-reported 

acute gastrointestinal illness in China: a population-based survey. BMC Public Health. 2013 

Dec;13(1):456.  

30. Perry S, de la Luz Sanchez M, Hurst PK, Parsonnet J. Household transmission of 

gastroenteritis. Emerg Infect Dis. 2005 Jul;11(7):1093–6.  

31.  Shen X, Qiu F, Li G, Zhao M, Wang J, Chen C, et al. A case control study on the prevalence 

of enterovirus in children samples and its association with diarrhea. Arch Virol. 2019 

Jan;164(1):63–8.  Jo
ur

na
l P

re
-p

ro
of



 

24 

32.  Bányai K, Estes MK, Martella V, Parashar UD. Viral gastroenteritis. The Lancet. 2018 

Jul;392(10142):175–86.  

33.  Bucardo F, Reyes Y, Svensson L, Nordgren J. Predominance of norovirus and sapovirus in 

Nicaragua after implementation of universal rotavirus vaccination. PloS One. 

2014;9(5):e98201.  

34.  Challappa R, Saito M, Mejia C, Bern C, Webman R, Pajuelo M, et al. Burden of Norovirus 

and Rotavirus in Children After Rotavirus Vaccine Introduction, Cochabamba, Bolivia. Am J 

Trop Med Hyg. 2016 Jan 6;94(1):212–7.  

35.  Mughini-Gras L, Pijnacker R, Heusinkveld M, Enserink R, Zuidema R, Duizer E, et al. 

Societal Burden and Correlates of Acute Gastroenteritis in Families with Preschool Children. 

Sci Rep. 2016 Feb;6(1):22144.  

36.  Heusinkveld M, Mughini-Gras L, Pijnacker R, Vennema H, Scholts R, van Huisstede-

Vlaanderen KW, et al. Potential causative agents of acute gastroenteritis in households with 

preschool children: prevalence, risk factors, clinical relevance and household transmission. 

Eur J Clin Microbiol Infect Dis. 2016 Oct;35(10):1691–700.  

37.  OʼRyan ML, Peña A, Vergara R, Díaz J, Mamani N, Cortés H, et al. Prospective 

Characterization of Norovirus Compared With Rotavirus Acute Diarrhea Episodes in 

Chilean Children: Pediatr Infect Dis J. 2010 Sep;29(9):855–9.  

38.  Pringle K, Lopman B, Vega E, Vinje J, Parashar UD, Hall AJ. Noroviruses: epidemiology, 

immunity and prospects for prevention. Future Microbiol. 2015 Jan;10(1):53–67.  Jo
ur

na
l P

re
-p

ro
of



 

25 

39.  Parashar UD, Hummelman EG, Bresee JS, Miller MA, Glass RI. Global illness and deaths 

caused by rotavirus disease in children. Emerg Infect Dis. 2003 May;9(5):565–72.  

40.  Sacri AS, De Serres G, Quach C, Boulianne N, Valiquette L, Skowronski DM. Transmission 

of Acute Gastroenteritis and Respiratory Illness From Children to Parents: Pediatr Infect Dis 

J. 2014 Jun;33(6):583–8.  

41.  Calderaro A, Martinelli M, Buttrini M, Montecchini S, Covan S, Rossi S, et al. Contribution 

of the FilmArray ® Gastrointestinal Panel in the laboratory diagnosis of gastroenteritis in a 

cohort of children: a two-year prospective study. Int J Med Microbiol. 2018 Jul;308(5):514–

21.  

 

 

 

  

Jo
ur

na
l P

re
-p

ro
of



 

26 

Figure legends 

Figure 1. Etiology of 159 family acute gastroenteritis episodes. 

 

Figure 2. Cases of Norovirus infection that spread to other family members. The number within 

each shape indicates the age of each family member (in years). 

 

Figure 3. Genetic distance tree of 26 norovirus isolates detected in individuals with acute 

gastroenteritis from a cohort of families from a low-middle income area in Chile. The sequence 

of a segment of ORF1/2 junction region of isolates identified in this study was compared to 

reference sequences of different genotypes. The results obtained using partial ORF1 region from 

213bp of 3’-end of the RNA dependent RNA polymerase (RdRp) gene and partial ORF2 region 

from 344bp of 5’- end of the capsid gene (Vp1), are shown in (A) and (B), respectively. Strains 

isolated in Chile are shown by circles (RdRp) and squares (Vp1) with respective accession 

numbers.  

 

Figure 4: Simplot Analysis of recombinant GII.P16-GII.1. The x-axis represents the base 

position and the y-axis represents the similarity between the sample sequence (putative-

recombinant norovirus strain of GII.P16-GII.1) and the reference sequences (GII.P16-GII.16, 

GII.P1-GII.1, GII.P7-GII.7). Genbank accession number of sequences used as reference: 

[AY772730 / AY682551 / GU292831 / KF920739] for GII.P16-GII.16, [U07611 / JX289822 / 

AF414421] for GII.P1-GII.1 and [AB258331 / MN038126 / MH279830] for GII.P7-GII.7. Jo
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Table 1. Demographic information of 103 families, index children and mothers under 

surveillance for acute gastroenteritis. 

Variables N (%) 

Families  

House (vs. apt), n (%) 85 (83) 

Homeowner, n (%) 65 (63) Jo
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Public water system, with their own water meter, n 

(%) 

100 (97) 

Public sewage system*, n (%) 97 (94) 

Number of people in household, median (IQR) 4 (3-9) 

People per bedroom, median (IQR) 2 (0.8-5) 

People per bed, median (IQR) 1.5 (0.8-4) 

Index Children   

Age at enrollment (m), median (range) 8 (0-21) 

Male, n (%) 50 (49) 

Attends daycare, n (%) 37/88 (42)** 

Age of admission (m), mean (range) 20 (13-28) 

Mothers  

Age at enrollment (yrs), median (IQR) 27 (18-45) 

Education level, n (%)  

Elementary School 29 (28) 

High School 61 (59) Jo
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Technical Degree 10 (10) 

Some University 2 (2) 

Completed University 1 (1) 

Works outside the home, n (%) 22 (22) 

       Type of employment: Employee, n (%) 18/22 (82) 

       Type of contract: permanent, n (%) 20/22 (91) 

       Hours a week, median (IQR) 44 (20-60) 

 

m: months; yrs: years; IQR: interquartile range. *versus septic (1 family has no bathroom). 

**this question was added after the start of the study, due to loss of follow-up we have data for 

88/103 index children. 

Table 2. Pathogen distribution in samples collected from AGE over 24 months of family 

surveillance. 

 
Samples Positive 

for indicated 

pathogen, n (%) 

(n=169)* 

% of all pathogens 

detected 

(n=94) 

Samples Positive 

only for the 

indicated 

pathogen, n (%) 

(n=169) 

% of specific 

pathogen that 

were sole 

infections 
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Norovirus 26 (15) 23% 17 (10) 65% 

Rotavirus 24 (14) 
21% 

19 (11) 79% 

Astrovirus 23 (14) 20% 16 (9) 70% 

Sapovirus 
8 (5) 7% 4 (2) 50% 

Enteric adenovirus 4 (2) 3% 3 (2) 75% 

Diarrheogenic E. 

coli**  

28 (17) 24% 15 (9) 54% 

Campylobacter 1 (1) 1% 1 (1) 100% 

Salmonella 1 (1) 1% 0 0 

Shigella 0 0 0 0 

Yersinia 0 0 0 0 

Negative for all 

pathogens 

75 (44) - 
- 

- 

 

* The sum of all positive detections exceeds the number of positive samples due to some samples 

testing positive for more than one pathogen. 

** 25 were enteropathogenic, 2 were Shiga toxin producing, 1 was enterotoxigenic. Jo
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Table 3. Number, percent, and annual individual-level incidence of overall, norovirus and 

rotavirus AGE occurring by age group.  

 Families Age groups (in years) (n=174) 

<2 2-4 5-17 18-64 

n (%) AI n (%) AI n (%) AI n (%) AI n (%) AI 

Norovirus 24 (19) 0.12 17 (65) 0.14 8 (31) 0.07 0 (0) 0 1 (4) 0.00 

Rotavirus 21 (13) 0.10 17 (71) 0.14 3 (12) 0.02 1 (4) 0.01 3 (12) 0.01 

All AGE 159 (100) 0.77 109 (63) 0.91 45 (26) 0.37 4 (2) 0.02 16 (9) 0.03 

 

AI: annual incidence 

Note: There were no diarrhea episodes in adults ≥ 65 years of age.  
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Table 4: Norovirus Genotypes according to ORF1-ORF2 and putative recombinants.*= 

Recombinants 

 

 

 

 

 

N % 

GII.P16-GII.4* 6 23% 

GII.P7-GII.6* 6 23% 

GII.P7-GII.7 3 11,5% 

GII.Pe-GII.4* 3 11,5% 

GI.P3-GI.3 3 11,5% 

GII.Pg-GII.1* 2 7,7% 

GI.P2-G1.2 1 3,8% 

GII.P16-GII.1* 1 3,8% 

GII.P2-GII.2 1 3,8% 
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Table 5. Severity of AGE episodes caused by norovirus or rotavirus in children ≤4 years of age. 

Variables, median (IQR) Norovirus Rotavirus Mixed norovirus 

infections 

P^ 

N 25 20 13  

Vesikari score, mean (range) 7.2 (2-12) 9.6 (3-17) 7 (2-11) 0.017 

Mild, n (%) 11 (44) 4 (20) 6 (46) 

0.070 Moderate 11 (44) 8 (40) 5 (38) 

Severe 3 (12) 8 (40) 2 (15) 

Days of Diarrhea 6 (4-7) 6 (3.75-6.5) 5 (2-7) NS 

Maximum episodes of 

diarrhea per day 

4 (4-5) 6 (4-7.25) 4 (4-5) 0.073 

Days of Vomiting 1 (0-2) 2 (1-2.25) 1 (0-1) NS 

Maximum episodes of 

vomiting per day 

2 (0-3) 2 (1.75-3) 1 (0-2) 0.097 

Days of Fever 0 (0-0) 0 (0-1) 0 (0-1) 0.050 

Maximum temperature* 39.4 (38.95-39.45) 38.5 (38-38.63) 38.95 (38.25-39.43) NS 

Used dehydration salts, n (%) 7 (28) 10 (50) 3 (23) NS 

Hospitalized, n (%) 1 (4) 1 (5) 0 (0) NS Jo
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NS: not significant. 

^ comparison between norovirus and rotavirus. 

*temperatures ≥ 38oC were considered fever, any temperature < 38oC was not recorded. 
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