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Abstract

After the introduction of the rotavirus vaccine into the Universal Immunization Program in India 

in 2016, relatively few studies have assessed the prevalence and epidemiological patterns of acute 

gastroenteritis (AGE) among hospitalized children ≤5 years of age. We used a uniform protocol to 
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recruit children with AGE as well as standardized testing and typing protocols. Stool specimens 

from children with AGE younger than 5 years of age admitted to six hospitals in three cities 

in India were collected from January 2017 through December 2019. Norovirus was detected 

by real-time reverse transcription-polymerase chain reaction (RT-qPCR) followed by typing 

positive specimens by conventional RT-PCR and Sanger sequencing. Norovirus was detected 

in 322 (14.8%) of 2182 specimens with the highest rate in 2018 (17.6%, 146/829), followed 

by 2019 (14.4%, 122/849) and 2017 (10.7%, 54/504). Rotavirus vaccine status was known for 

91.6% of the children of which 70.4% were vaccinated and 29.6% not. Norovirus positivity in 

rotavirus-vaccinated children was 16.3% and 12% in unvaccinated children. GII.4 Sydney[P16] 

(39.3%), GII.4 Sydney[P31] (18.7%), GII.2[P16] (10%), GI.3[P13] (6.8%), GII.3[P16] (5.9%), 

and GII.13[P16] (5%) accounted for 85.8% (188/219) of the typed strains. Our data highlight the 

importance of norovirus in Indian children hospitalized with AGE.

Keywords

acute gastroenteritis; hospitalized children; India; norovirus

1 | INTRODUCTION

Acute gastroenteritis (AGE) is a major cause of morbidity and mortality in infants and 

young children causing up to 525 000 estimated deaths annually worldwide of which 

viruses account for approximately 70% of the cases.1 After the successful implementation of 

rotavirus vaccines, noroviruses have become the most important cause of viral gastroenteritis 

in many developed countries.2 Globally, the estimated societal economic burden associated 

with norovirus disease is approximately $60 billion, of which disease in children <5 years of 

age is responsible for nearly $40 billion per year.3

Noroviruses belong to the family Caliciviridae and are small non-enveloped positive-sense, 

single-stranded RNA viruses.4,5 The genome is approximately 7.3–8.3 kb in length and is 

organized into three open reading frames (ORF1–ORF3).4,5 ORF1 encodes nonstructural 

proteins including RNA-dependent RNA polymerase (RdRp), whereas ORF2 and ORF3 

encode the major and minor structural proteins VP1 and VP2, respectively.5,6 Based on 

genetic differences in the major capsid protein (VP1), noroviruses have been classified into 

10 genogroups (GI–GX) with genogroup GI, GII, GIV, GVIII, and GIX infecting humans.7 

Of these viruses, GI and GII are associated with the majority of human disease and are 

further subdivided into at least nine GI and 26 GII (capsid) genotypes and 14 GI and 37 GII 

P-types.7

Globally, GII.4 noroviruses are the most frequently detected genotype.4 There are few 

reports on the disease burden of noroviruses among children less than 5 years of age in 

India; these range from 1.2% to 15.1%, depending on the setting which includes hospital-

based, community-based, or in a birth cohort setting.8–13 There are no studies describing 

norovirus disease burden in rotavirus vaccinated children after the introduction of rotavirus 

vaccine into the Universal Immunization Program (UIP) in India in 2016.14
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In this study, we determined the prevalence and genetic diversity of norovirus among 

children ≤5 years of age hospitalized with AGE in six hospitals in Southern and Western 

India after introduction of rotavirus vaccine.

2 | MATERIALS AND METHODS

2.1 | Study sites

The study was conducted during 2017–2019 in six hospitals across three cities in India, with 

two sites in Chennai (Sri Ramachandra Institute of Higher Education & Research [SRIHER] 

and Indian Council for Medical Research-National Institute of Epidemiology [ICMR-NIE]), 

one site in Vellore (Christian Medical College [CMC]), and one site in Pune (Interactive 

Research School for Health Affairs [IRSHA]). Of these, two sites (SRIHER and CMC) 

have a tertiary care hospital set up. IRSHA in Pune received samples from Bharati Hospital, 

Mankar Hospital, and Chinmay Hospital in Pune. ICMR-NIE received samples for norovirus 

testing from the Institute of Child Health and Hospital for Children in Chennai. This was 

a cross sectional study involving sentinel hospital-based surveillance sites having in-patient 

facilities for management of AGE in pediatric populations. The study was approved by the 

institutional review boards/ethics committees of all four sites.

2.2 | Enrollment criteria

Children ≤5 years of age were enrolled if (i) they presented to one of the participating 

hospitals for treatment of AGE, or (ii) were hospitalized for at least 6h and were given 

supervised oral, or intravenous (IV) rehydration. Enrollment of all eligible children was 

done after obtaining written informed consent from the parents/guardian. AGE was defined 

as having ≥3 episodes of diarrhea (stools of a less formed character than usual) and/or ≥1 

episodes of vomiting within a 24 h period, less than 7 days before hospital visit, which 

was not explained by an underlying medical condition. Exclusion criteria included: children 

>60 months of age, blood in stool (dysentery), or <3 episodes in a 24 h period. Detailed 

clinical information on onset and duration of diarrheal and/or vomiting episodes, duration 

of fever, degree of dehydration, and treatment provided was collected for all enrolled 

children. Rotavirus vaccination data and other sociodemographic information was also 

collected during enrollment. One diarrheal stool sample was collected from each child after 

enrollment. Stool specimens were transported on ice packs to the testing laboratory within 2 

h of collection. Specimens were aliquoted and stored at −70°C until testing was performed. 

All the staff and faculties in this project were trained on collection of clinical data and 

norovirus testing. The four sites involved in this surveillance used a uniform protocol 

for recruitment of cases, norovirus testing using real-time reverse transcription-polymerase 

chain reaction (RT-qPCR), and sequence-based genotyping.

2.3 | RNA extraction and molecular characterization

Viral RNA was extracted from 140 μL of a 10% stool suspension with a QIAamp Viral 

RNA Mini Kit (QIAGEN) according to the manufacturer’s instructions. RNA samples were 

tested for GI/GII norovirus by a multiplex RT-qPCR targeting the ORF1/ORF2 overlap 

region using an Ag-Path One-Step RT-PCR Kit.15,16 For GI and GII norovirus real-time 

results, cycle threshold (Ct) cutoff values of 35 and 37 were used as the limits of detection, 
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respectively.16 Positive samples were dual typed by conventional RT-PCR targeting a 579 

bp product for GI viruses or a 570 bp product for GII viruses followed by PCR product 

purification and Sanger sequencing as described previously.17 Genotypes were assigned 

using an online human calicivirus typing tool (https://calicivirustypingtool.cdc.gov/).7,18

2.4 | Statistical analysis

Data were analyzed to determine the prevalence, seasonal variation, and genetic diversity 

of norovirus. Demographic and clinical characteristics between children testing norovirus 

positive versus negative was compared. STATA 16 (Stata Corp.) was used to calculate 

p-value using Fisher’s exact test. A p-value of <0.05 was considered statistically significant.

3 | RESULTS

During the three surveillance years (January 2017 to December 2019), 2182 children were 

enrolled (Table 1). Of these, 53.1% (1158/2182) were 0–12 months old, 28% (610/2182) 

were 13–24 months old, while 18.9% (414/2182) children were 25–60 months old.

The overall norovirus positivity across the four sites was 14.8% (322/2182) ranging from 

13.3% in SRIHER, Chennai to 16.5% in CMC, Vellore (Table 1). There was variation in 

norovirus positivity across the years, with the highest positivity occurring in 2018 (17.6%, 

146/829), followed by 2019 (14.4%, 122/849) and 2017 (10.7%, 54/504). Of the 322 

children with norovirus gastroenteritis, 57.8% (186/322) were male and 42.2% (136/322) 

female (Table 2). 55.9% (180/322) of the children with norovirus gastroenteritis were 0–12 

months old, 32% (103/322) were 13–24 months old, while the remaining 12.1% (39/322) 

were 25–60 months. Norovirus gastroenteritis was observed throughout the year at all sites 

with a higher prevalence during December to May (Figure 1). Of the 322 specimens, 282 

(87.6%) tested positive for GII norovirus, 33 (10.2%) for GI norovirus, and 7 (2.2%) for 

both GI and GII noroviruses (Table 1).

Overall, there was no significant difference in the mean age (±standard deviation) of 

children tested positive for norovirus (14.9 ± 10.6 months), compared to those who tested 

negative for norovirus (16.2 ± 12.9 months) (Table 2). However, norovirus positivity was 

significantly lower in children >2 years of age compared to the youngest age groups (p < 

0.05). Between cases positive for norovirus and those who tested negative, there was no 

significant difference in magnitude of fever, frequency of vomiting, level of dehydration, and 

duration of illness (Table 2). A significantly higher proportion of norovirus negative cases 

received IV fluids compared to norovirus positive cases (p < 0.05).

Rotavirus vaccination status was obtained for 1999 (91.6%) children enrolled in the study. 

Of these, 1407 (70.4%) were either fully or partially vaccinated, while 592 (29.6%) were 

not vaccinated. Norovirus positivity in rotavirus-vaccinated children was 16.3% (229/1407) 

and 12% (71/592) in unvaccinated children. In the 229 rotavirus-vaccinated children with 

norovirus gastroenteritis, 89.1% (204/229) of the specimens tested positive for GII, 8.7% 

(20/229) for GI, and 2.2% (5/229) for both GI and GII. Of the 71 unvaccinated children who 

tested positive for norovirus, 90.1% (64/71) of the specimens tested positive for GII, 7.0% 

(5/71) positive for GI, and 2.8% (2/71) positive for both GI and GII.
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3.1 | Diversity of norovirus genotypes

Typing information was successfully obtained for 219/322 (68%) norovirus strains (Table 

3). GII.4 Sydney was detected in 130 (59.4%) specimens followed by GII.2 (10%, 22/219), 

GII.3 (5.9%, 13/219), and GII.13 (5.9%, 13/219). GI.3 was the most common GI genotype 

accounting for 17 (74%, 17/23) of all GI noroviruses, and 7.8% (17/219) of the total 

dual-typed sequences detected. The remaining 24 (11%) strains included GI.1, GI.4, GI.5, 

GII.6, GII.7, GII.9, GII.10, GII.12, GII.14, GII.20, and GII.21. The GII.4 Sydney viruses (n 
= 130) were associated with 3P types: GII.P16 (86/219, 39.3%), GII.P31 (41/219, 18.7%), 

and GII.P4 (3/219, 1.4%). P16 was the P-type for all (n = 35) GII.2 and GII.3 viruses. GII.13 

viruses (n = 13) were found in combination with GII.P16 (84.6% [11/13]) and GII.P21 

(15.4% [2/13]). For GI.3 viruses, the P-types were GI.P13 (88.2% [15/17]) and GI.P10 

11.8% (2/17) (Table 3).

The six most detected dual types were GII.4 Sydney[P16], GII.4 Sydney[P31], GII.2[P16], 

GI.3[P13], GII.3[P16], and GII.13[P16], which accounted for 85.8% (188/219) of all typed 

strains (Figure 2). The remaining 14.2% (31/219) viruses were composed of 17 other 

dual types, each accounting for <3% of all sequences (Figure 2). More than 10 different 

types were detected in Vellore and in the two sites from Chennai (Table 3) while the 

genotype diversity was less in Pune (six types detected). Rarely reported dual types such as 

GII.20[P20], GII.21,16 and GII.21[P21] were also detected.

4 | DISCUSSION

Between January 2017 and December 2019, norovirus prevalence in children ≤5 years of age 

hospitalized with AGE ranged from 13.3% to 16.5% across four sites in India. Norovirus 

positivity was 16.3% in rotavirus-vaccinated children compared to 12% in non-vaccinated 

children. GII.4 Sydney was the predominant (59.4%) genotype.

To date, few studies from India have reported the prevalence of norovirus gastroenteritis 

in children ≤5 years hospitalized for AGE with positivity rates ranging from 1.2% to 

15.1%.8–12,19,20 Most of these studies were conducted before the introduction of oral 

rotavirus vaccine into the UIP in India.14 In contrast to our study, these studies used 

conventional RT-PCR to detect norovirus, which has been shown to be less sensitive than 

real-time RT-PCR.21 Our data show a slight increase of norovirus prevalence in rotavirus-

vaccinated children compared to unvaccinated children which is expected as numerous 

countries have seen an increase in the proportion of AGE due to norovirus after rotavirus 

vaccine introduction because norovirus makes up an increased proportion of the AGE that 

is remaining.2,22 Similarly, studies in several countries reported a higher proportion of 

norovirus in children that had been vaccinated for rotavirus.23–29

Globally, GII.4 Sydney is the most common genotype causing norovirus disease in 

hospitalized children with AGE.30 In our 3-year study, GII.4 Sydney was detected in 59.4% 

of the cases while in a recent study from eastern India, GII.4 Sydney was associated with 

83.3% of the norovirus positive cases.19 GII.4 Sydney[P16] was the most common strain 

in our study followed by GII.4 Sydney[P31]. In a recent study on global genotype trends 

among children with norovirus gastroenteritis, GII.4 Sydney[P16] and GII.4 Sydney[P31] 
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viruses comprised more than 50% of the strains.30 In our study, GI viruses were detected in 

10.2% of the norovirus positive cases, which is higher than reported in other studies from 

India.8–12,19

Our study had several limitations. With six hospitals from three cities in south (Chennai, 

Vellore) and west (Pune) India, our data cannot be generalized to the entire country. In 

addition, we did not test for other gastroenteritis viruses as they have been frequently 

reported as coinfections in specimens from low and middle income countries.31 Time of 

enrollment varied across the sites with two sites enrolling cases between January 2017 and 

December 2019, whereas the remaining two sites (ICMR-NIE, Chennai and IRSHA, Pune) 

started enrollment 7 month later (August 2017 to December 2019), and 1 year later (January 

2018 to December 2019), respectively.

In conclusion, we conducted a post rotavirus vaccine hospital-based surveillance of 

norovirus gastroenteritis in Indian children that were eligible for rotavirus vaccination 

using a uniform protocol for recruitment of cases, norovirus detection, and genotyping. 

Future studies on the molecular norovirus surveillance in India should ideally include 

multiple different geographic sites across the country to enhance our understanding of 

the epidemiology and strain distribution of norovirus disease. Such data will help guide 

introduction of pediatric norovirus vaccines that are currently in clinical trials.
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FIGURE 1. 
Temporal distribution of norovirus positive cases in children <5 years of age hospitalized 

with acute gastroenteritis in six hospitals in three cities in India, 2017–2019.
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FIGURE 2. 
Genotype distribution of pediatric norovirus cases in India, 2017–2019. Number to the right 

of each bar indicates the number of sequences detected during the surveillance (the six most 

detected dual types are shown above in the figure, while the less common dual types are 

shown below).
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TABLE 3

Distribution of norovirus genotypes in six hospitals in three cities of India, 2017–2019.

Dual genotypes SRIHER CMC ICMR-NIE IRSHA Total (%)

GI.1[P1] 2 0 0 0 2 (0.9)

GI.3[P10] 2 0 0 0 2 (0.9)

GI.3[P13] 9 4 2 0 15 (6.8)

GI.4[P4] 0 1 0 0 1 (0.5)

GI.5[P5] 1 0 0 0 1 (0.5)

GI.5[P12] 2 0 0 0 2 (0.9)

GII.2[P16] 7 5 10 0 22 (10)

GII.3[P16] 5 1 5 2 13 (5.9)

GII.4 Sydney[P4] 0 0 3 0 3 (1.4)

GII.4 Sydney[P16] 26 21 29 10 86 (39.3)

GII.4 Sydney[P31] 5 22 11 3 41 (18.7)

GII.6[P7] 0 1 4 1 6 (2.7)

GII.7[P7] 0 2 0 0 2 (0.9)

GII.9[P7] 0 0 1 0 1 (0.5)

GII.10[P16] 0 0 1 0 1 (0.5)

GII.12[P16] 0 0 2 0 2 (0.9)

GII.12[P33] 1 0 0 0 1 (0.5)

GII.13[P16] 0 5 5 1 11 (5)

GII.13[P21] 0 2 0 0 2 (0.9)

GII.14[P7] 0 1 0 0 1 (0.5)

GII.20[P20] 0 1 0 0 1 (0.5)

GII.21[P16] 0 0 1 1 2 (0.9)

GII.21P[21] 1 0 0 0 1 (0.5)

Total sample genotyped 61 66 74 18 219 (68)

J Med Virol. Author manuscript; available in PMC 2024 February 19.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study sites
	Enrollment criteria
	RNA extraction and molecular characterization
	Statistical analysis

	RESULTS
	Diversity of norovirus genotypes

	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	TABLE 1
	TABLE 2
	TABLE 3

