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Abstract

Acute gastroenteritis (AGE) is a common illness in both adults and children world-

wide and is caused by several microorganisms including viruses, bacteria, and

parasites. Rotavirus (RV), which is the main cause of AGE, can occur as a mixed

infection with other viruses. The aim of this study is to assess the molecular epi-

demiology of viral enteric viruses and assess RV coinfections with other enteric

viruses and their influence on disease severity before and after RV vaccine in-

troduction in children under 5 years of age. A total of 600 samples collected from

children hospitalized for AGE in five large hospitals in Norway, and were analyzed

for viral gastroenteritis agents by enzyme immunoassay and quantitative real‐time

polymerase chain reaction (qRT‐PCR). Positive results confirmed either by Sanger

sequencing or genotyped by multiplex semi‐nested RT‐PCR. In total, 243 of the 300

(81%) samples, collected from the prevaccine cohort, were positive for at least one

of the four viruses tested in this study. RV was most frequently identified in 82.6%

of the samples. In the postvaccine cohort, 114 of the 300 (38%) samples were

positive for at least one of the viruses tested. RV found in 36.5% of the samples.

Coinfections found less frequently in the postvaccine cohort. Among circulating

enteric viruses in Norway, RV is the most important cause of viral gastrointestinal

infection. As expected, there were fewer RV positive and fewer coinfections after

RV vaccine implementation. The results provide valuable data that can aid in further

evaluation of the vaccine impact.
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1 | INTRODUCTION

Acute gastroenteritis (AGE) in infants and young children is one

of the most common public health problems globally which can be

caused by several infectious agents such as viruses, bacteria, and

parasites.1 Globally deaths caused by diarrhea have decreased

effectively from approximately 2.6 to 1.3 million from 1990 to

2013, and the decline was most observed in children under

5 years of age primarily due to vaccinations.2,3 At least half of all

AGE cases are caused by viruses, especially rotavirus (RV), nor-

ovirus (NoV), human adenovirus (HAdV), and human astrovirus

(HAsV).4,5
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RV is the leading cause of diarrhea in infants and young children

under 5, and RV type A is the most common species causing a large

percentage of AGE worldwide.6 NoV, which is classified into 10

genogroups (GI‐GX),7 is the second most common viral cause of AGE.

GI and GII are assumed to become the most frequent AGE agent in

countries that introduced RV vaccines in the universal childhood

vaccination program.8,9

HAdV is another cause of AGE and is currently considered to be

the third leading cause of nonbacterial diarrhea in children.10 It ty-

pically produces a longer period of watery diarrhea and frequent

vomiting. The genotypes of HAdV which are associated with AGE are

40 and 41, as well as 38 occasionally.11,12 HAsV is also a pathogen

that can cause outbreaks of acute diarrhea which sometimes require

hospitalization, but with much less severe illness than usually asso-

ciated with RV.13,14

There are two oral RV vaccines available worldwide which the

World Health Organization recommends in national routine vacci-

nation programs to reduce the burden of RV disease; a monovalent

human RV vaccine Rotarix (GlaxoSmithKline Biologicals, Rixensart,

Belgium) and a pentavalent bovine‐human reassortant vaccine

RotaTeq (Merck & Co, Inc, Whitehouse Station, NJ).15,16 In Norway, a

two‐dose vaccination program with Rotarix was implemented in

2014 for all children born on or after September 2014. Within the

first year of introduction, vaccination coverage reached 94.75% for

one dose and 87.70% for two doses.16,17

The aim of this study was to map the prevalence of various

enteric viruses before and after RV vaccine implementation, focusing

on RV coinfections to assess their influence on disease severity in

children under 5 in Norway.

2 | MATERIALS AND METHODS

2.1 | Study population

The study population included children under 5 years of age who

were hospitalized for AGE in five large Norwegian hospitals

(Oslo University Hospital Ullevål, St. Olavs University Hospital in

Trondheim, Østfold Hospital Kalnes, Akershus University Hospital,

and Stavanger University Hospital in Stavanger). These hospitals

represent the Norwegian Enhanced Pediatric Immunization Surveil-

lance network which is a sentinel network for vaccine‐preventable
diseases. The active sentinel surveillance established at these five

hospitals has a catchment population covering about 40% of all

Norwegian children less than 5 years of age. Following the in-

troduction of the RV vaccine in Norway, active RV surveillance was

initiated in February 2014 before the national rollout of vaccination

to monitor the impact of the program. All children less than 5 years

of age with AGE who were seeking care in participating hospitals

within 10 days of illness onset as well as the children who received at

least one dose of the RV vaccine at least 14 days prior to hospital

admission were eligible for enrolment. Children with AGE developed

48 hours after hospitalization were excluded from the study.

Children with more than one episode of AGE during the project

period were only included once.

A questionnaire was administered to collect clinical and de-

mographic data from all included children such as hospitalization

date; unique ID, patient's sex, age, specimen collection date, and

type, onset and duration of gastroenteritis symptoms, and length

of hospital stay. A Vesikari severity score18 was used to assess the

severity of the gastroenteritis symptoms into severe (score of

≥11), moderate (7‐10), or mild (<7). Data were linked to the

National Immunization Registry to ascertain RV vaccination status

for study participants.

2.2 | Specimen collection

A stool specimen was collected from each enrolled child and tested

for enteric viruses at the Norwegian Institute of Public Health. The

total number of hospital admissions due to AGE before and after

the RV vaccine introduction was 1124 admissions (730 before and

394 after vaccine introduction) with at least one sample. For this

study, we randomly selected 600 stool specimens, 300 from the pre‐
and 300 from the postvaccine cohort. Specimens in the prevaccine

cohort were collected between 27 January 2014 and the 4 De-

cember 2017, from children between 0.7 and 59 months in age.

Postvaccine cohort specimens were collected between 20 November

2014 and the 23 December 2017, and the children were between 0.5

and 37 months in age.

The postvaccine cohort was defined as children born after the

1 September 2014, as these children were offered the RV vaccine

through the national childhood vaccination program. The number of

specimens needed to achieve a sufficient study power of 0.4 when

comparing two groups with a prevalence of 17.5% and 23% with a

total of 600 recruited children with AGE was calculated. The pre-

valence of the gastroenteritis virus agents in the study was estimated

based upon our preliminary project data. The largest possible sample

size was used in this study but was limited to the number of cases

that satisfied the inclusion criteria of the study as described

previously.

Specimens were collected either as a bulk stool in a 25mL con-

tainer or by using COPAN Regular FecalSwab (470CE; Copan Italy S.p.a,

Brescia, Italy) and then frozen at −70°C until further processing.

2.3 | Specimen preparation and viral nucleic
acid extraction

For each specimen, a 10% fecal suspension was prepared by

adding approximately 100 μL of thin stool (or approximately

50‐100 mg of solid stool) to a test tube with 900 μL sample dilution

buffer supplied with the RIDASCREEN Kit (R‐Biopharm AG,

Darmstadt, Germany). Specimens were homogenized using a

vortex mixer and subsequently centrifuged at 2000g (13 500 rpm)

for 3 minutes before further testing.

2 | GIBORY ET AL.



Total nucleic acid was extracted using 200 µL of 10% fecal sus-

pension and the Viral NA Small Volume Kit in the MagNA Pure 96

automated nucleic acid extraction instrument according to the

manufacturer's protocol (Roche Applied Science, Penzberg,

Germany). Samples were eluted into 50 μL and stored at −70°C until

further analysis.

2.4 | Enteric virus detection methods

The presence of gastroenteritis virus antigens (RV, HAdV, and HAsV)

in 100 µL of the 10% suspension specimens were analyzed by the

RIDASCREEN enzyme immunoassay (EIA) (according to the manu-

facturer's protocol, and the test was carried out in an automated EIA

system, DS2 [Dynex Technologies Inc, Chantilly, VA]). Screening for

NoV was performed by an in‐house quantitative real‐time poly-

merase chain reaction (qRT‐PCR)19,20 using a RotorGene 6000 in-

strument (QIAGEN, Hilden, Germany).

2.5 | Molecular characterization and confirmation
of enteric virus‐positive samples

All positive results obtained by EIA and qRT‐PCR were confirmed by

Sanger sequencing21,22 with small modifications and genotyping by

multiplex semi‐nested RT‐PCR using previously described proto-

cols.23,24 The sequencing analysis was carried out using a 3500xL

Genetic Analyzer according to the manufacturer's protocol (Thermo

Fisher Scientific Corporation, Waltham, MA).

2.6 | Data analysis

We created four strata for each of the viruses RV, NoV, HAdV, and

HAsV and for each strata, contingency tables were created. Fisher's

exact test was used to analyze the following combinations of vari-

ables: (a) pre‐/postvaccine vs sex, (b) pre‐/postvaccine vs length of

hospital stay, (c) pre‐/postvaccine vs Vesikari severity score, and

(d) pre‐/postvaccine vs age (Table S1). All analyses were performed

using the statistical software STATA, SE15 (StataCorp LP, TX).

3 | RESULTS

In the prevaccine cohort, 81% (243/300) were positive for at least

one of the four viruses tested in this study with RV being the most

frequently identified virus in 82.6% (213/258) of the positive sam-

ples, followed by NoV: 8.5% (22/258), HAdV: 7.4% (19/258), and

HAsV: 1.5% (4/258), respectively (Figure 1).

On the other hand, in the postvaccine cohort, 38% (114/300)

were positive for at least one of the viruses tested. RV was found in

36.5% (42/115) of the positive samples, followed by NoV: 33% (38/

115), HAdV: 29.6% (34/115), and HAsV: 0.9% (1/115), respectively

(Figure 1).

F IGURE 1 Distribution of viral AGE agents for the pre‐ and postvaccine cohorts. RV was most prevalent in the prevaccine cohort with 82.6%
positive, followed by NoV with 8.5%, HAdV with 7.4%, and HAsV with 1.5%. In the postvaccine cohort, the prevalence of RV decreased to 36.5%

while NoV increased to 33%, HAdV to 29.6%, and HAsV slightly decreasing to just 0.9%. AGE, acute gastroenteritis; GE, gastroenteritis;
HAdV, human adenovirus; HAsV, human astrovirus; NoV, norovirus; RV, rotavirus
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In the prevaccine cohort, single virus infections were identified in

74.6% (224/300) of the samples, whereas mixed infections were

identified in 6.3% (19/300) of the samples. In the postvaccine cohort,

on the other hand, single virus infections were identified in 36%

(108/300), and mixed infections were found in just 2.6% (8/300),

showing a substantial decrease in the overall prevalence of single and

mixed infections after implementation of RV vaccination. Coinfec-

tions with RV/NoV were the most common combination and were

found in 4% (12/300) of the samples, followed by RV/HAsV in 1.3%

(4/300) and RV/HAdV in 1% (3/300).

Coinfections detected in samples obtained from the postvaccine

cohort were as follows—RV/NoV: 1% (3/300), RV/HAdV: 1% (3/300),

and NoV/HAdV: 0.6% (2/300). A decrease in mixed infections was

observed for the combinations RV/NoV and RV/HAsV when com-

paring to prevaccine samples, although not statistically significant.

Cases with coinfections were separated into four age groups for

the pre‐ and postvaccine cohorts and coinfections were found to

occur most frequently in children over 1 year of age (Table 1).

In the postvaccine cohort, 88.6% (266/300) of children received

at least one dose of the Rotarix (RV oral vaccine) at least 14 days

before hospital admission. Of 226 vaccinated children, 15.8%

(42/266) were positive for RV by using both EIA and multiplex semi‐
nested RT‐PCR methods. We further tested these samples for the

presence of RV vaccine strain and found that 9 of 42 samples (21.4%)

were positive for the Rotarix vaccine strain. These nine positive

samples were excluded from the total wild RV‐positive results.

Genotypes for the 33 wild RV‐positive cases in the vaccinated chil-

dren were varied and covered 16 different genotypes. The most

frequent groups were: G1P[8], G3P[8], and G9P[4].

In the four virus strata, there were no significant associations

between pre‐/postvaccine cohorts and the variables for sex or length

of hospital stay. However, among children with positive RV samples,

we found a significant association between pre‐/postvaccine cohorts

and the Vesikari severity score (P = .019). There was a significant

reduction in the severity of cases for children with RV‐positive
samples in the postvaccine cohort, while symptom scores for the

children with RV‐negative samples in the pre‐/postvaccine cohorts

remained equal. Additionally, in two strata (children with positive RV

or NoV samples), there was a significant association between

pre‐/postvaccine cohorts and age (P = .000 and P = .001, respec-

tively). Age could, therefore, be a confounding factor with the Vesi-

kari severity score, thus when estimating the Mantel‐Haenszel odds

(stratified by age group for children with positive RV or NoV), the

P value was increased to .54 and .76, respectively.

4 | DISCUSSION

This is the first study mapping the prevalence of the four most

common enteric viruses before and after RV vaccine implementation

in Norway with a focus on RV coinfections, to assess the impact on

gastroenteritis in children under 5 years of age.

The results show that the prevalence of RV infections decreased

substantially, from 82.6% to 36.5% after RV vaccine implementation,

while NoV and HAdV increased from 8.5% to 33% and from 7.4% to

29.6%, respectively (Figure 1). This is in line with previous studies,

which also found an increase in the frequency of other causes of

gastroenteritis after widespread RV vaccination.25,26 The NoV gen-

otyping results can be found in Table S2.

The prevalence of coinfections in this study is 6.3% (19/300) in

the prevaccine cohort vs 2.6% (8/300) in the postvaccine cohort,

and the decrease of both the RV prevalence and the RV coinfections

after the implementation of the vaccine indicates the potential

influence of RV vaccination on AGE in general.

The Vesikari severity score (combined mild and moderate cases)

in both the pre‐ and postvaccine cohort was similar for both single

and mixed infections (61% vs 52% and 19.7% vs 20%), respectively,

despite the fact that coinfection cases are usually more serious than

single infections due to a higher viral load.27‐29

Shedding of the Rotarix vaccine strain was found in this study in

21.4% (9/42) of the total RV‐positive cases. Other studies found that

RV vaccine shedding, similarly to other live‐attenuated virus vac-

cines, can occur from the second day after the first dose to several

weeks after, and can be transmitted from vaccinated to unvaccinated

children. This mainly happens in younger children, primarily at the

age when the RV vaccine is given, and corresponds well with the

results obtained from this study.30,31 When conducting routine

testing in infants suffering from gastroenteritis, it is important to

TABLE 1 RV coinfections by age in pre‐ and postvaccine cohorts

Age

Prevaccine cohort Postvaccine cohort

RV/
NoV (%)

RV/
HAdV (%)

RV/
HAsV (%)

NoV/
HAdV (%)

RV/
NoV (%)

RV/
HAdV (%)

RV/
HAsV (%)

NoV/
HAdV (%)

0‐5mo 0 0 0 0 0 0 0 0

6‐11mo 2 (0.6%) 0 0 0 1 (0.3%) 0 0 1 (0.3%)

1‐2 y 6 (2%) 0 2 (0.6%) 0 2 (0.6%) 2 (0.6%) 0 1 (0.3%)

>2‐4 y 4 (1.3%) 3 (1%) 2 (0.6%) 0 0 1 (0.3%) 0 0

Total 12 (4%) 3 (1%) 4 (1.3%) 0 3 (1%) 3 (1%) 0 2 (0.6%)

Abbreviations: HAdV, human adenovirus; HAsV, human astrovirus; NoV, norovirus; RV, rotavirus.
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check their vaccination history to see if RV vaccination was recently

given, and consider if testing for the vaccine strain is indicated.

Commercial kits used for detecting gastroenteritis agents will not

distinguish between RV wild type and vaccine strains, thereby over

diagnosing RV infection in infants.

We found no significant association between RV coinfections

with sex or length of hospital stay. However, there was a significant

association with the Vesikari severity score among RV‐positive cases

in the postvaccine cohort, and a significant association between pre‐/
postvaccine and age group distribution among RV‐ and NoV‐positive
cases, but no significant association among HAdV and HAsV cases.

There are only a limited number of studies regarding RV coin-

fections and the effect of RV vaccination on the outcome of gas-

troenteritis. Different methods or limited numbers of samples were

used in these studies, making comparisons difficult,29,32 but some

studies indicate that RV vaccination could reduce the severity of

gastroenteritis in the context of coinfections.33,34

Our findings highlight the distribution of viral pathogens in the

etiology of AGE and their prevalence after RV vaccine implementa-

tion in Norway, showing that RV was the most frequent cause of viral

AGE followed by NoV despite the extreme decrease in RV cases after

vaccine introduction. Furthermore, the results show a relatively high

frequency of cases positive with the Rotarix vaccine virus strain

which was detected in more than one‐fifth of all RV‐positive cases.

A possible limitation to this study may be the sample size, which

was calculated to have a power of 0.4 when comparing two groups

(prevalence 17.5% and 23%) with a total of 600 recruited children

with AGE (Table S1). The largest possible sample size was used in this

study, but was limited to the number of cases that satisfied the in-

clusion criteria of the study as described previously. It is therefore

possible that the number of coinfections in our study is

underestimated.

There is a lack of studies regarding RV coinfections and the possible

association with RV vaccination due to a limited observation time after

vaccine implementation. Therefore, additional data are needed, as it is

important to continue monitoring patterns of viral AGE in Norway to

evaluate RV vaccine effectiveness, as well as to assess the vaccine im-

pact in the context of coinfections over a longer period.
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