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Abstract

Objectives—Investigate clinical and epidemiological factors of pediatric GII.4 norovirus 

infections in children with acute gastroenteritis (AGE) in Nicaragua between 1999 and 2015.

Methods—We retrospectively analyzed laboratory and epidemiologic data from 1,790 children ≤ 

7 years with AGE from 6 hospitals in Nicaragua (n = 538), and 3 community clinics (n = 919) and 

households (n = 333) in León, between 1999 and 2015. Moreover, asymptomatic children from 

community clinics (n = 162) and households (n = 105) were enrolled. Norovirus was detected by 

real-time PCR and genotyped by sequencing the N-terminal and shell region of the capsid gene.

Results—Norovirus was found in 19% (n = 338) and 12% (n = 32) of children with and without 

AGE, respectively. In total, 20 genotypes including a tentatively new genotype were detected. 

Among children with AGE, the most common genotypes were GII.4 (53%), GII.14 (7%), GII.3 

(6%) and GI.3 (6%). In contrast, only one (1.4%) GII.4 was found in asymptomatic children. The 

prevalence of GII.4 infections was significantly higher in children between 7 and 12 months of 

age. The prevalence of GII.4 was lowest in households (38%), followed by community clinics 

(50%) and hospitals (75%). Several different GII.4 variants were detected and their emergence 

followed the global temporal trend.
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Conclusions—Overall our study found the predominance of pediatric GII.4 norovirus infections 

in Nicaragua mostly occurring in children between 7 and 12 months of age, implicating GII.4 as 

the main norovirus vaccine target.
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1. Introduction

Globally, norovirus is a key pathogen associated with nearly a fifth of all cases of acute 

gastroenteritis [Ahmed et al., 2014]. In countries where infant vaccination has reduced the 

incidence of rotavirus disease, norovirus has become the most common cause of pediatric 

gastroenteritis [Bucardo et al., 2014; Payne et al., 2013]. Despite efforts to understand 

norovirus disease epidemiology in low- and middle-income countries (LMIC), there is still 

limited comprehensive epidemiological studies from these areas [Ayukekbong et al., 2015; 

da Silva et al., 2016]. A recent review and meta-analysis from Latin American studies 

showed a norovirus prevalence in acute gastroenteritis (AGE) cases of 15% in the 

community, 14% in outpatient settings, 16% in hospital locations and 8% among 

asymptomatic subjects [O'Ryan et al., 2017].

Viruses belonging to the Norovirus genus in the Caliciviridae family can be divided into at 

least six genogroups (GI to GVI), of which GII viruses cause the majority (> 80%) of 

disease in humans and GI viruses being less common detected(< 11%) [Pringle et al., 2015; 

Vinje, 2015]. By phylogenetic analysis of the major capsid protein VP1, 22 genotypes have 

been recognized in GII and 9 in GI [Kroneman et al., 2013; Vinje, 2015]. Among the GII 

genotypes, GII.4 is the single most common genotype infecting humans worldwide, 

associated with approximately 60% of all reported norovirus outbreaks [Siebenga et al., 

2009] and 70% of sporadic norovirus gastroenteritis in children [Hoa Tran et al., 2013].

Since 1995, six different GII.4 pandemic variants have emerged and each of them replaced a 

previous predominant GII.4 variant. Studies suggest that the antigenic changes in the new 

GII.4 variants result both in loss of neutralizing epitopes as well as changing ligand in the 

host over time, both which may contribute to escape of herd immunity [Lindesmith et al., 

2012]. In late 1995, GII.4 US95_96 emerged causing the first reported norovirus pandemic 

[Fankhauser et al., 2002]. In 2002, GII.4 Farmington Hills viruses emerged followed by GII.

4 Hunter in 2004–2005 in Australia, Europe, Asia and Central America [Bucardo et al., 

2008; Bull et al., 2006; Kroneman et al., 2006; Lopman et al., 2004; Phan et al., 2006]. In 

2006, GII.4 Den Haag emerged and became the predominant variant [CDC, 2007; 

Kroneman et al., 2006; Siebenga et al., 2008] followed by GII.4 New Orleans in 2009 which 

gradually replaced GII.4 Den Haag viruses [Vinje, 2015]. In 2012, GII.4 Sydney viruses 

emerged and became pandemic [Hoa Tran et al., 2013].

The reason why GII.4 is the dominant genotype worldwide is unclear, but a combination of 

host factors and increased virulence of viruses belonging to this genotype have been 

suggested. GII.4 noroviruses infect secretor positive individuals, which express α1,2-linked 

fucose residue on surface epithelial cells of the gut and in body fluids [Le Pendu et al., 
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2006]. Secretors represent ≥80% of several populations worldwide, whereas other genotypes 

could have a more narrow host specificity [Nordgren et al., 2016]. GII.4 strains are 

undergoing antigenic variation at a faster rate as compared to other genotypes, likely in 

response to herd immunity [Bull et al., 2010; Debbink et al., 2013; Lindesmith et al., 2012; 

Lindesmith et al., 2011]. Moreover, observations of increased viral shedding in children 

infected with GII.4 compared to other genotypes, suggest that GII.4 genotypes could have 

higher replication rates and thus higher transmission between individuals [Bucardo et al., 

2008].

This study aims to demonstrate the long term predominance and clinical severity of pediatric 

gastroenteritis associated with one particular norovirus genotype (GII.4), by obtaining new 

genotypes data of archived specimens and complementing with genotypes data of studies 

published elsewhere [Bucardo et al., 2011; Bucardo et al., 2010; Bucardo et al., 2008].

2. Material and methods

2.1. Subjects and specimens

We retrospectively analyzed laboratory and epidemiologic data from 1790 children ≤ 7 years 

(median = 14; IQR = 8–25) with AGE from 6 hospitals in Nicaragua (n = 538), and 3 

community clinics (n = 919) and households (n = 333) in León, between 1999 and 2015. 

Moreover, 267 asymptomatic children (median age= 18; IQR = 5–30) from community 

clinics (n = 162) and households (n = 105) were also enrolled. Setting data and samples 

were not consistently available from every year, thus, material from the hospital represent 

2002–2013 and from the community 1999–2010 and 2015, with exception of 2007 and 2008 

for both settings. Household represents 2010–2011 and asymptomatic 2005–2006, 2010–

2011. All children with AGE were clinically evaluated by pediatricians or general 

practitioners following the World Health Organization (WHO) strategy for diarrhea 

management. Accordingly, only children with signs of dehydration and not tolerating oral 

rehydration were treated at the hospital, otherwise they were treated at the community 

clinics in the oral rehydration unit. Sampling at the hospital was performed within 24 h after 

admission. All samples were collected following a standard procedure that involved 

collection in sterile plastic containers and transportation at 4 °C to the laboratory of 

Microbiology and the Faculty of Medical Science of UNAN-León. A 10% (wt/vol) 

suspension of the stools was prepared with phosphate-buffered saline (pH = 7.2), and two 

aliquots were frozen at −20 °C for virus analysis.

2.2. RNA extraction and reverse transcription

Viral RNA was extracted from 200 µl of 1:10 stool suspensions using High Pure Viral RNA 

Kit (Roche Diagnostics) following the manufacturer's instructions. A total of 50 µl of RNA 

was collected and stored at −20 °C until reverse transcription. Reverse transcription (RT) 

was carried out as described previously and cDNA was stored at −20 °C until used [Bucardo 

et al., 2008]. RNA from household and asymptomatic samples from 2010 and 2011 were 

purified by using automated RNA purification (either EZ1 robot (QIAGEN) or KingFisher 

magnetic particle processor (Thermo Fisher Scientific).
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2.3. Real-time PCR assays for detection of norovirus

SYBR real-time RT-PCR was used for norovirus screening of samples collected at hospital 

and community between 2009 and 2013 and 2015 from symptomatic children. In brief, 2.5 

µl of cDNA was added to a reaction mixture consisting of 12.5 µl of FastStart Universal 

SYBR Green Master (ROX) (Roche Applied Science, IN, USA), 0.4 pmol of each GII 

primers (NVG2f2 and COG2R) or each GI primers (NVGIF1b and NVG1r) [Nordgren et al., 

2008], and 8 µl of RNAse free water, to final volume of 25 µl. The real-time PCR reactions 

were performed in a 96-well reaction plate using the ABI 7500 Real Time PCR System 

(Applied Biosystems, Foster, CA). PCR was performed under the following conditions: 

95 °C for 5 min, followed by 40 cycles of 95 °C for 15 s, 55 °C for 30 s and 72 °C for 1 min. 

Melting curve analysis, to confirm amplicon specificity, was performed immediately after 

PCR completion. A sample was considered norovirus-positive for GI and/or GII if the Ct 

value was ≤40 and Tm of 76.1 ± 0.6 °C for GI and 77.1 ± 0.6 °C for GII. A Taqman assay 

previously described by Nordgren and coworkers [Nordgren et al., 2013] was used for 

norovirus screening of samples collected at hospital and community between 1999 and 2006 

from symptomatic and asymptomatic children. Household and asymptomatic samples from 

2010 and 2011 were analyzed by using the TaqMan assay previously described Kageyama 

and coworkers [Kageyama et al., 2003].

2.4. Norovirus genotyping

Nucleotide sequencing of the N-terminal and shell (NS) region of the capsid gene was 

performed by Macrogen Inc. (Seoul, South Korea). The sequencing reaction was based on 

BigDye chemistry; NVG1f1b or NVG2f2 forward primers and G1SKR or G2SKR reverse 

primers were used as sequencing primers for norovirus GI (381 bp) or GII (378 bp), 

respectively [Kojima et al., 2002; Nordgren et al., 2008]. Genotypes were determined in 

norovirus positive samples by submitting the sequences to either the Norovirus Genotyping 

Tool Version 1.0 or to CaliciNet, both systems can determine genotype or GII.4 variant upon 

analyzing the NS sequences [Kroneman et al., 2011; Vega et al., 2011].

2.5. Statistical analysis

We first generated descriptive statistics to characterize norovirus infections by genotypes and 

GII.4 variants, stratified by setting and year of collection. We then estimated odds ratios 

(OR) and 95% confidence intervals (CI) to investigate the associations between GII.4 

infections and setting, age group, and quarter using logistic regression. Adjusted Odds ratios 

and 95% CIs (variables setting, age group, and quarter) was calculated using multivariable 

logistic regression in SPSS. Statistical significance of temporal peaks of norovirus incidence 

was determined by logistic multivariate analysis of norovirus incidence by bimester. An 

alpha of 0.05 was used to determine statistical significance. All analyses were performed 

using SPSS (Statistical Program for Social Science version 14.0.0 for Windows; Chicago, 

IL).
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3. Results

3.1. One fifth of pediatric AGE in Nicaragua was associated with norovirus

A total of 338 (19%) of the 1790 symptomatic and 32 (12%) of the 267 asymptomatic 

children tested norovirus-positive (Table 1). The median age for asymptomatic norovirus 

infection was 15 months (IQR = 4–28), as compared to symptomatic infections that was 13 

months (IQR = 8–20). There were no association between norovirus infections and gender. 

A similar prevalence of symptomatic norovirus detection was observed among the different 

settings, but with differences between years. The norovirus yearly prevalence rate ranged 

from 3% to 27% (median= 20%) in hospitalized children to 12% to 43% (median =19%) in 

children attending the community clinics (Table 1) (setting/years with < 30 samples were 

excluded from these analysis). Although norovirus was detected year round, statistically 

well supported (p < 0.01) peak of symptomatic norovirus infections occurred in the rainy 

season (June – July), and a second peak during December– January (early dry season), but 

frequencies of infection were low in this period warranting careful interpretation (Fig. 1).

3.2. Genogroup and genotype distribution

GII noroviruses were more predominant than GI, in both symptomatic (79%, 266/338) and 

asymptomatic (81%, 26/32) norovirus-positive children (Table. 1). GII viruses were detected 

less in the household setting (69%, 47/68) compared to hospital (82%, 77/94) and 

community (81%, 142/176) settings.

In total, 20 different genotypes were determined in 259 of the 370 norovirus-positive 

samples, of which 232 were symptomatic and 27 asymptomatic, all of them collected 

between 1999 and 2015. These included 13 different GII genotypes including a tentatively 

new genotype (KU306738), and 7 GI genotypes. In symptomatic children the distribution of 

genotypes was GII.4 (53%) followed by GII.14 (7%), GII.3 (6%), GI.3 (6%) and other 

genotypes in frequencies ranging from 4% to 0.4% (Fig. 2A). In contrast, in asymptomatic 

children, the most frequently detected genotypes were GII.14 (26%), GII.7 (19%), GII.6 

(15%), GII.2 (15%), with only one sample (1.4%) being GII.4 (Fig. 2B). Of note, only 3 of 

the 24 (12%) GII.14 strains, the second most common genotype in this study, were found in 

hospitalized children. Co-infection with different genotypes (GI.3/GII.14 (n = 2) and GI.3/

GII.8 (n = 1)) were also observed in children with AGE.

3.3. Infections with GII.4 norovirus were associated with age, setting and season of child 
enrolment

Overall, similar prevalence of GII.4 (124/232; 53%) and non-GII.4 (108/232; 47%) were 

observed in children with norovirus AGE, but non-GII.4 genotypes were significantly more 

common in asymptomatic norovirus-positive children (26/27 vs 1/27; OR =30 (95% CI: 5–

623) (Fig. 2B). GII.4 was the most predominant genotype in children enrolled at the hospital 

(75%, OR 4.9 compared to household level p < 0.001), while in community clinics similar 

frequency of GII.4 and non-GII.4 were found which was not significantly different from 

frequencies observed at the household level (OR 1.7 p = 0.12) (Table 2) (Fig. 3). In children 

with AGE enrolled at the household, GII.4 viruses constituted only 38% compared to 62% 

of non-GII.4 genotypes. Symptomatic GII.4 infections occurred with the highest detection 
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rate in children 7 to 12 months of age in all settings (OR 8.2 compared to children > 24 

month of age (Table 2)). The detection frequency decreased significantly in older children, 

which were more frequently infected with non-GII.4 genotypes. Children aged ≤ 18 months 

were significantly more likely to be infected with GII.4 than children ≥ 24 months (Table 2). 

The median age for symptomatic GII.4 compared to non-GII.4 infections was 11 months 

(IQR= 8–16) and 17 months (IQR = 9–27), respectively (p < 0.001). The prevalence of GII.4 

detection varied by season of the year. The proportion of genotype GII.4 was significantly 

higher in the quarters Aug – Oct and Nov – Jan, but not in May – Jul, compared to Feb – 

Apr (OR 3.0, 2.8 and 1.5, respectively, p < 0.05) (Table 2). A multivariate logistic regression 

analysis was performed of the variables associated with symptomatic infections in Table 2 

(setting, age-group and quarter). The adjusted odds ratios did not differ substantially from 

the univariate analysis in most cases, and did not change interpretations of the results. Thus, 

as observed in Table 2, enrollment in the hospital setting between August and January, at an 

age up to 18 months were all associated with a higher likelihood of being infected with the 

GII.4 genotype. For statistical analysis, year of sample collection was not considered 

because genotype data was not consistently available from every year. Of note, GII.4 was 

detected at higher frequencies than non-GII.4 viruses for most years in community and 

hospital, except for 2003 when the GII.3 genotype was more commonly detected than GII.4 

at community (11/34 vs 7/34) and hospital (3/7 vs 2/7) setting.

3.4. Emergence, selection and replacement of norovirus GII.4 variants

During the study period of 1999 to 2015, 9 different GII.4 variants were observed to 

circulate in children with AGE in Nicaragua. Each variant predominated for 1 to 4 years 

until it was replaced by a new variant; the replaced variant was subsequently not detected in 

the following years (Table 3). Thus, Farmington Hills circulated in 2002 and co-circulated 

with Lanzou in 2003, Hunter was the only variant detected in 2005, Den Haag appeared in 

2009 and co-circulated with New Orleans in 2010, which was detected until 2013. The 

Sydney variant was detected in samples collected in 2012, had a higher prevalence in 2013, 

and was the only GII.4 variant detected in 2015. Other less common GII.4 variants such as 

Osaka and Yerseke were also detected at low frequencies (≤4%) in 2006 and 2010, 

respectively.

3.5. Detection and characterization of a novel genotype

Between April and June 2005, 5 symptomatic children (4 from the community and 1 from 

the hospital) with ages ranging from 5 to 25 months were infected with a GII norovirus of 

unknown genotype, according to preliminary sequence analysis of the regions C 

(EU780736), D and P2 (KR075984) of the capsid gene. Near full genome sequence (7233 

nt) analysis of one of these strains was obtained by next generation sequencing and 

submitted to GenBank (KU306738). The VP1 protein sequences were compared with the 

existing norovirus reference sequences and based on the criteria to assign new genotypes 

could be tentatively classified as a new genotype after revision by the international norovirus 

working group [Kroneman et al., 2013].
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3.6. Norovirus re-infections

During the cohort study carried out from 2010 to 2011 to examine the incidence of 

infectious causes of childhood diarrhea at the household level in Nicaragua a total of 8 of 68 

norovirus-positive children were found to experience secondary norovirus re-infections, 

mainly symptomatic, and one child experienced an asymptomatic tertiary norovirus 

infection. The shortest and longest periods for re-infection were 28 and 256 days (median = 

98), respectively. Of note, half of these children were re-infected with norovirus of the same 

genogroup but of different genotype, with exception of one child who experienced two 

consecutive symptomatic infections with GI.3.

4. DISCUSION

The current study highlights the significant contribution of genotype GII.4 norovirus 

infections to the burden of pediatric AGE in the period of 1999 to 2015 in Nicaragua. We 

found a significant association between setting of the children with norovirus gastroenteritis 

and proportion of GII.4 viruses, with a lower prevalence found at the household level (38%), 

which represent mainly mild AGE, followed by 50% in children at the community clinics, 

which represent mild to moderate AGE, and 75% in hospitalized children (OR = 4.9 

compared to children enrolled at household), which represent mainly AGE cases who 

required intravenous rehydration. Moreover, while genotype GII.4 viruses predominated in 

symptomatic infections, they were virtually non-existent in asymptomatic cases. These 

results strengthen previous data that GII.4 noroviruses are associated with higher clinical 

severity as compared to other norovirus genotypes [Huhti et al., 2011]. Similar suggestions 

have been proposed for patients involved in GII.4 outbreaks [Friesema et al., 2009; Mai et 

al., 2013; Trivedi et al., 2012]. Possible explanations are host genetic factors or, as of yet 

unknown virulence factors or higher replication rates of the GII.4 genotypes [Bucardo et al., 

2008; Nordgren et al., 2016]. We have previously observed that children infected with GII.4 

viruses who required intravenous rehydration, shed the highest viral load as compared with 

children infected with other genotypes [Bucardo et al., 2008], suggesting a link between 

viral load and clinical severity.

Several others studies have shown that GII.4 viruses are more common in hospital settings. 

Data from Finland, Thailand, Israel, Italy, Malawi, Iraq, Brazil, Bolivia and Guatemala also 

describe GII.4 as the most common genotype found in hospitalized children [Al-Mashhadani 

et al., 2008; Estevez et al., 2013; Huhti et al., 2014; Kittigul et al., 2010; Leshem et al., 

2015; McAtee et al., 2016; Medici et al., 2006; Trainor et al., 2013; Victoria et al., 2007]. 

The high prevalence of GII.4 genotypes in hospitalized children is however seemingly a 

relatively recent phenomenon. For example, GII.3 and not GII.4 viruses were the most 

prevalent genotype for 34 years (1974–1991) in children seeking care at the Children's 

Hospital in Washington, USA [Bok et al., 2009]. Also, the global spread of norovirus GII.17 

between 2014 and 2016 have raised concern about the potential of this emerging genotype to 

replace GII.4[Chan et al., 2017].

However, there are limited data on the norovirus genotype distribution at the household or 

community level. Interestingly, our data showed that the prevalence of non-GII.4 noroviruses 

increased from 25% in the hospitalized children to 49% in community clinics and 62% in 
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households, a trend inversely correlated to clinical severity. Huhti and coworkers also found 

that non-GII.4 genotypes were predominant (54%) at the community level in Finland 

between 1998 and 2007, but important variations were observed over time [Huhti et al., 

2014]. Similarly, Bruggink and coworkers found a predominance of non-GII.4 viruses 

(65/87) during a community-based study of sporadic gastroenteritis incidents in Australia 

[Bruggink et al., 2015]. Non-GII.4 viruses were also found predominantly in birth cohort 

studies (children up to 3 years of age) from Bolivia (75%), Peru (59%) and India (47%) 

[Lopman et al., 2015; Menon et al., 2016; Saito et al., 2014]. Moreover, in our study non-

GII.4 noroviruses were predominantly detected in asymptomatic children and more common 

in symptomatic children ≥ 18 months of age. Our results add to other data that suggest that 

non-GII.4 infections are associated with milder clinical symptoms and also suggest that 

might be more often found in symptomatic older children [Huhti et al., 2011].

In our study, all age groups up to 18 month of age were significantly more likely to have GII.

4 NoV compared to children > 2 years of age; with the highest prevalence in children 

between 7 and 12 months of age (OR = 8.2 compared to > 24 month of age), which coincide 

with weaning. In Nicaragua, breastfeeding is highly prevalent (approximately 97%) during 

the first 6 months of life, therefore breastfed children could be either protected by maternal 

norovirus IgA or virus decoying human milk oligosaccharides [Colombara et al., 2015; 

Khodayar-Pardo et al., 2014; Weichert et al., 2016]. After weaning, children might both be 

more exposed to norovirus infections, and have less protection, factors that might explain the 

high GII.4 burden in that age group.

A multivariate analysis of setting, age group and season was performed which yielded 

similar results as univariate analysis (Table 2). The model thus shows that the hospital 

setting, an age of ≤18 month and infection in the time of August to January in Nicaragua are 

factors associated with GII.4 NoV infections, with highest odds ratios observed for the 

hospital setting and in the age-group 7–12 month of age.

Early human challenge studies with Norwalk virus (genotype GI.1) have demonstrated that 

many subjects were susceptible to re-infections, pre-challenge norovirus antibodies were not 

protective and short-term resistance lasted for about 6 months after challenge [Johnson et al., 

1990; Parrino et al., 1977]. Data from recent birth cohort studies have shown that re-

infection can occur in up to 40% of children during the first 3 years of life [Lopman et al., 

2015; Menon et al., 2016]. In the current study, 8 (12%) of the 68 norovirus-positive 

children from the household cohort were found to experience re-infections, some of them 

with the same genogroup but only 1 out 8 with the same genotype (GI.3). Despite 

differences in study design, repeated norovirus infections with the same genotype were also 

rare in a birth cohort of Peruvian children, but repeated infections by viruses from the same 

genogroup were common [Saito et al., 2014]. Our observations strengthen the hypothesis 

that immunity, at least against symptomatic infection, induced by natural norovirus 

infections is type-specific and of short duration, at least in young children [Debbink et al., 

2012].

Rapid antigenic changes in predominant strains may be another factor for the increased 

persistence of GII.4 in our pediatric population since new variants emerge under the 
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influence of population immunity and each variant is replaced within 3–4 years by a new 

GII.4 variant [Siebenga et al., 2009]. Studies of the antigenic properties of contemporary 

GII.4 Sydney viruses compared to previously circulating GII.4 strains suggest that the 

emergence of new pandemic GII.4 variants correlates with escape from herd immunity 

[Debbink et al., 2013].

This study has several limitations. First, the data analyzed originated from different settings 

(hospital, health clinic, households) over a long time-period without a uniform and 

systematic sampling strategy for cases and matching controls. For example, there were only 

55 cases of AGE in children < 7 years old enrolled from community clinics in 2002 and 

none in 2004 asymptomatic sampling was performed in only two time frames (2005–2006 

and 2010–2011).Therefore, our data should be interpreted with caution and no definitive 

conclusions can be drawn. Furthermore part of the samples were tested with SYBR real-time 

PCR while others were tested by TaqMan PCR, might also be considered a limitation. 

However, both used the same primers for the same region, so likely differing little in 

sensitivity and no tendencies of differences in frequencies of norovirus were observed at 

time frames (1999–2006) when TaqMan was used compared to 2009–2015 when SYBR 

green was used (Table 1). The major strengths of this study include a long observation 

period which allowed the investigators to monitor genotypes distribution from 1999 to 2015. 

Further, this study contributes to the evidence for the high prevalence and severity of GII.4 

infections, implicating this genotype as a primary target for pediatric norovirus vaccine 

development.

In summary, we retrospectively analyzed norovirus laboratory data and available 

epidemiologic data from children with AGE and for some years from healthy controls from 

children < 7 years of AGE in the hospital, clinics and the community. Our data demonstrate 

the predominance and clinical severity of pediatric GII.4 norovirus infections in Nicaragua 

with the majority of infections occurring in children between 7 months and 2 years of age. 

Our results also show that re-infection with the same genotype is uncommon, which together 

with a low prevalence of GII.4 genotype in older children indicate type specific immunity.

Our data from Nicaragua suggest that a future vaccine formulation should at least include a 

GII.4 strain and the first immunization should be offered before 6 months of age to prevent 

the majority of pediatric norovirus AGE cases and reduce epidemic cycles. In the same line 

Bruggink and coworkers suggest that vaccination before the age of one would appear to be 

the most efficacious and Shioda and coworkers suggest that an immunization schedule 

completed by 6 months could have the potential to prevent about 85% of pediatric norovirus 

cases [Bruggink et al., 2017; Shioda et al., 2015].
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Fig. 1. 
Seasonal distribution of pediatric norovirus AGE at different settings in Nicaragua between 

1999 and 2015. In the X axis, the number in parenthesis indicates the total of AGE cases 

enrolled by each month. In the Y axis, each marker present the proportion of AGE that was 

norovirus positive in each setting.
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Fig. 2. 
Distribution of norovirus genotypes in symptomatic (2A) and asymptomatic (2B) children 

from Nicaragua. 1999–2015. The numbers in brackets represent frequencies and percentages 

for each genotype respectively.
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Fig. 3. 
Distribution of norovirus genotypes found in children with gastroenteritis at the hospital, 

community clinics and household, respectively from Nicaragua, between 1999 and 2015.

Bucardo et al. Page 16

Infect Genet Evol. Author manuscript; available in PMC 2018 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bucardo et al. Page 17

Ta
b

le
 1

Fr
eq

ue
nc

y 
of

 a
sy

m
pt

om
at

ic
 a

nd
 s

ym
pt

om
at

ic
 n

or
ov

ir
us

 in
fe

ct
io

ns
 a

m
on

g 
ch

ild
re

n 
<

 7
 y

ea
rs

 o
f 

ag
e 

at
 d

if
fe

re
nt

 s
et

tin
gs

 in
 N

ic
ar

ag
ua

, 1
99

9–
20

15
.

C
lin

ic
al

 s
ta

tu
s/

Y
ea

r/
se

tt
in

g
N

o.
 o

f 
ch

ild
re

n
N

or
ov

ir
us

 s
cr

ee
ni

ng
 b

y 
P

C
R

 n
(%

)e
G

en
og

ro
up

s 
n 

(%
)

G
en

ot
yp

es
 n

 (
%

)

G
I

G
II

G
I:

G
II

N
o.

 o
f 

ge
no

ty
pe

d
sa

m
pl

es
f

A
ny

 G
I

ty
pe

G
II

.4
O

th
er

 G
II

ty
pe

s

A
sy

m
pt

om
at

ic
a

  2
00

5
58

4 
(7

)
1

3
0

4
1

1
2

  2
00

6
10

4
14

 (
13

)
4

9
1

11
4

0
7

  2
01

0
4

3 
(7

5)
0

3
0

3
0

0
3

  2
01

1
10

1
11

 (
11

)
0

11
0

9
0

0
9

  A
ll 

ye
ar

s
26

7
32

 (
12

)
5 

(1
6)

26
 (

81
)

1 
(3

)
27

5 
(1

9)
1 

(4
)

21
 (

78
)

Sy
m

pt
om

at
ic

  H
ou

se
ho

ld

   
 2

01
0

32
2

67
 (

21
)

17
46

4
62

15
23

24

   
 2

01
1

11
1 

(9
)

0
1

0
1

0
0

1

   
 B

ot
h 

ye
ar

s
33

3
68

 (
20

)
17

 (
25

)
47

 (
69

)
4 

(6
)

63
15

 (
24

)
23

 (
36

)
25

 (
40

)

  C
om

m
un

ity
b

   
 1

99
9

38
5 

(1
3)

2
3

0
2

1
0

1

   
 2

00
2

55
8 

(1
5)

2
5

1
4

2
1

1

   
 2

00
3

11
2

48
 (

43
)

10
31

7
34

10
7

17

   
 2

00
5c

39
2

48
 (

12
)

5
43

0
21

2
12

7

   
 2

00
6

17
5 

(2
9)

0
5

0
4

0
4

0

   
 2

00
9

59
16

 (
27

)
0

16
0

6
0

5
1

   
 2

01
0

14
2

27
 (

19
)

5
22

0
19

2
12

5

   
 2

01
5

10
4

19
 (

18
)

1
17

1
15

0
12

3

   
 A

ll 
ye

ar
s

91
9

17
6 

(1
9)

25
 (

14
)

14
2 

(8
1)

9 
(5

)
10

5
17

 (
16

)
53

 (
50

)
35

 (
33

)

  H
os

pi
ta

ld

   
 2

00
2

63
2 

(3
)

1
0

1
2

2
0

0

   
 2

00
3

40
8 

(2
0)

1
7

0
7

0
2

5

   
 2

00
4

48
4 

(8
)

3
0

1
3

3
0

0

Infect Genet Evol. Author manuscript; available in PMC 2018 April 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bucardo et al. Page 18

C
lin

ic
al

 s
ta

tu
s/

Y
ea

r/
se

tt
in

g
N

o.
 o

f 
ch

ild
re

n
N

or
ov

ir
us

 s
cr

ee
ni

ng
 b

y 
P

C
R

 n
(%

)e
G

en
og

ro
up

s 
n 

(%
)

G
en

ot
yp

es
 n

 (
%

)

G
I

G
II

G
I:

G
II

N
o.

 o
f 

ge
no

ty
pe

d
sa

m
pl

es
f

A
ny

 G
I

ty
pe

G
II

.4
O

th
er

 G
II

ty
pe

s

   
 2

00
5

12
8

26
 (

20
)

6
20

0
13

2
10

1

   
 2

00
6

7
0 

(0
)

0
0

0
0

0
0

0

   
 2

00
9

2
1 

(5
0)

0
1

0
0

0
0

0

   
 2

01
0

16
0

36
 (

23
)

2
33

1
26

1
24

1

   
 2

01
1

30
5 

(1
7)

0
5

0
2

0
1

1

   
 2

01
2

30
8 

(2
7)

1
7

0
7

0
7

0

   
 2

01
3

30
4 

(1
3)

0
4

0
4

0
4

0

   
 A

ll 
ye

ar
s

53
8

94
 (

17
)

14
 (

15
)

77
 (

82
)

3 
(3

)
64

8 
(1

3)
48

 (
75

)
8 

(1
2)

   
 A

ll 
sy

m
pt

om
at

ic
17

90
33

8 
(1

9)
56

 (
17

)
26

6 
(7

9)
16

 (
5)

23
2

40
 (

17
)

12
4 

(5
3)

68
 (

29
)

a A
sy

m
pt

om
at

ic
 n

or
ov

ir
us

 c
as

es
 w

er
e 

no
t a

na
ly

ze
d 

by
 s

et
tin

g 
du

e 
to

 lo
w

 s
am

pl
e 

si
ze

.

b C
om

m
un

ity
 r

ef
er

s 
to

 e
nr

ol
m

en
t a

t p
ri

m
ar

y 
ca

re
 h

ea
lth

 f
ac

ili
tie

s 
at

 th
e 

co
m

m
un

ity
.

c H
os

pi
ta

l a
nd

 c
om

m
un

ity
 n

or
ov

ir
us

 f
re

qu
en

ci
es

 b
et

w
ee

n 
20

05
 a

nd
 2

01
0 

ha
ve

 b
ee

n 
pu

bl
is

he
d 

el
se

w
he

re
.

d H
os

pi
ta

l r
ef

er
s 

to
 e

nr
ol

m
en

t a
t e

ith
er

 th
e 

em
er

ge
nc

y 
or

 th
e 

pe
di

at
ri

c 
w

ar
d 

of
 th

e 
ho

sp
ita

l.

e Pe
rc

en
ta

ge
s 

of
 n

or
ov

ir
us

, g
en

og
ro

up
s 

an
d 

ge
no

ty
pe

s 
w

er
e 

ca
lc

ul
at

ed
 p

er
 li

ne
 in

 th
e 

ta
bl

e;
 th

us
 f

or
 th

e 
to

ta
l n

um
be

r 
of

 c
hi

ld
re

n,
 f

or
 th

e 
to

ta
l n

or
ov

ir
us

, f
or

 th
e 

to
ta

l g
en

og
ro

up
s 

an
d 

fo
r 

th
e 

to
ta

l g
en

ot
yp

ed
 

sa
m

pl
es

, r
es

pe
ct

iv
el

y.

f D
ue

 to
 lo

w
 P

C
R

 p
ro

du
ct

 o
r 

ba
d 

qu
al

ity
 s

eq
ue

nc
es

, t
he

 g
en

ot
yp

e 
w

as
 n

ot
 e

st
ab

lis
he

d 
a 

su
bs

et
 o

f 
11

1 
no

ro
vi

ru
s-

po
si

tiv
e 

sy
m

pt
om

at
ic

 (
n 

=
10

6)
 a

nd
 a

sy
m

pt
om

at
ic

 (
n 

=
 5

).

Infect Genet Evol. Author manuscript; available in PMC 2018 April 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bucardo et al. Page 19

Ta
b

le
 2

Pr
ed

ic
to

rs
 o

f 
G

II
.4

 in
fe

ct
io

n 
in

 s
ym

pt
om

at
ic

 c
hi

ld
re

n 
by

 s
et

tin
g,

 a
ge

 g
ro

up
, a

nd
 ti

m
e 

of
 y

ea
r 

in
 L

eo
n,

 N
ic

ar
ag

ua
, 1

99
9–

20
15

 (
N

 =
 2

32
).

P
ar

am
et

er
G

en
ot

yp
ed

 s
tr

ai
ns

O
R

 (
95

%
 C

·I
)

P
-v

al
ue

A
dj

us
te

d 
O

R
a  

(9
5%

 C
·I

)

A
ll 

ge
no

ty
pe

s
G

II
.4

 (
%

)
N

on
-G

II
.4

 (
%

)

Se
tti

ng

H
os

pi
ta

l
64

48
 (

75
)

16
 (

25
)

4.
9 

(2
.3

–1
0)

<
 0

.0
01

6.
4 

(2
.4

–1
7)

C
om

m
un

ity
10

5
53

 (
50

)
52

 (
49

)
1.

7 
(0

.9
–3

.1
)

0.
12

1.
0 

(0
.5

–2
.1

)

H
ou

se
ho

ld
63

24
 (

38
)

39
 (

62
)

1

To
ta

l
23

2
12

5 
(5

4)
10

7 
(4

6)

A
ge

 g
ro

up
s 

(m
on

th
s)

≤ 
6

33
19

 (
58

)
14

 (
42

)
3.

8 
(1

.4
–1

0)
<

 0
.0

1
2.

8 
(0

.9
–8

.5
)

7 
to

 1
2

71
53

 (
75

)
18

 (
25

)
8.

2 
(3

.4
–2

0)
<

 0
.0

01
5.

6 
(2

.0
–1

5)

13
 to

 1
8

51
30

 (
59

)
21

 (
41

)
4.

0 
(1

.6
–1

0)
<

 0
.0

1
3.

1 
(1

.2
–8

.3
)

19
 to

 2
4

29
13

 (
45

)
16

 (
55

)
2.

3 
(0

.8
–6

.4
)

0.
12

1.
8 

(0
.6

–5
.5

)

>
 2

4
38

10
 (

26
)

28
 (

74
)

1

M
is

si
ng

 a
ge

10
0 

(0
)

10
 (

10
0)

To
ta

l
23

2
12

5 
(5

4)
10

7 
(4

6)

Q
ua

rt
er

M
ay

 –
 J

ul
13

0
69

 (
53

)
61

 (
47

)
1.

5 
(0

.8
–2

.9
)

0.
22

1.
4 

(0
.6

–3
.0

)

A
ug

 –
 O

ct
26

18
 (

69
)

8 
(3

1)
3.

0 
(1

.1
–8

.2
)

0.
03

2.
9 

(0
.9

–9
.1

)

N
ov

 –
 J

an
25

17
 (

68
)

8 
(3

2)
2.

8 
(1

.0
–7

.8
)

0.
04

2.
7 

(0
.8

5–
8.

5)

Fe
b 

– 
A

pr
49

21
 (

43
)

28
 (

57
)

1

M
is

si
ng

 c
ol

le
ct

io
n 

da
te

2
0 

(0
)

2 
(1

00
)

To
ta

l
23

2
12

5 
(5

4)
10

7 
(4

6)

a M
ul

tiv
ar

ia
bl

e 
lo

gi
st

ic
 r

eg
re

ss
io

n 
ad

ju
st

ed
 f

or
 a

ll 
ot

he
r 

va
ri

ab
le

s 
in

 th
e 

ta
bl

e.

Infect Genet Evol. Author manuscript; available in PMC 2018 April 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bucardo et al. Page 20

Ta
b

le
 3

Fr
eq

ue
nc

ie
s 

of
 n

or
ov

ir
us

 G
II

.4
 v

ar
ia

nt
s 

in
 c

hi
ld

re
n 

w
ith

 g
as

tr
oe

nt
er

iti
s 

fr
om

 th
e 

ho
sp

ita
l, 

co
m

m
un

ity
 c

lin
ic

s 
an

d 
ho

us
eh

ol
d 

fr
om

 N
ic

ar
ag

ua
 b

et
w

ee
n 

20
02

 

an
d 

20
15

 (
N

 =
 1

26
).

G
II

.4
 V

ar
ia

nt
Y

ea
rs

 o
f 

no
ro

vi
ru

s 
su

rv
ei

lla
nc

e,
 n

 (
%

)

20
02

20
03

20
05

20
06

20
09

20
10

20
11

20
12

20
13

20
15

A
ll 

ye
ar

s 
(%

)

Fa
rm

in
gt

on
_H

ill
s_

20
02

1 
(1

00
)

4 
(4

4)
5 

(4
)

L
an

zo
u_

20
02

4 
(4

4)
1 

(5
)

5 
(4

)

O
xf

or
ds

hi
re

-L
ik

e
1 

(1
1)

1 
(1

)

H
un

te
r_

20
04

21
 (

95
)a

21
 (

17
)

O
sa

ka
_2

00
7

4 
(1

00
)

4 
(3

)

D
en

_H
aa

g_
20

06
b

5 
(1

00
)

38
 (

62
)

1 
(1

00
)

3 
(4

3)
47

 (
37

)

N
ew

_O
rl

ea
ns

_2
00

9
22

 (
36

)
3 

(4
3)

1 
(2

5)
26

 (
21

)

Y
er

se
ke

_2
00

6a
1 

(2
)

1 
(1

)

Sy
dn

ey
_2

01
2

1 
(1

4)
3 

(7
5)

12
 (

10
0)

16
 (

13
)

A
ll 

va
ri

an
ts

1
9

22
4

5
61

1
7

4
12

12
6

a In
 to

ta
l, 

on
ly

1 
G

II
.4

 w
as

 o
bs

er
ve

d 
in

 a
sy

m
pt

om
at

ic
 c

hi
ld

re
n 

an
d 

it 
as

 H
un

te
r_

20
04

.

Infect Genet Evol. Author manuscript; available in PMC 2018 April 23.


	Abstract
	1. Introduction
	2. Material and methods
	2.1. Subjects and specimens
	2.2. RNA extraction and reverse transcription
	2.3. Real-time PCR assays for detection of norovirus
	2.4. Norovirus genotyping
	2.5. Statistical analysis

	3. Results
	3.1. One fifth of pediatric AGE in Nicaragua was associated with norovirus
	3.2. Genogroup and genotype distribution
	3.3. Infections with GII.4 norovirus were associated with age, setting and season of child enrolment
	3.4. Emergence, selection and replacement of norovirus GII.4 variants
	3.5. Detection and characterization of a novel genotype
	3.6. Norovirus re-infections

	4. DISCUSION
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1
	Table 2
	Table 3

