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Global prevalence of norovirus in cases of gastroenteritis: 
a systematic review and meta-analysis
Sharia M Ahmed, Aron J Hall, Anne E Robinson, Linda Verhoef, Prasanna Premkumar, Umesh D Parashar, Marion Koopmans, Benjamin A Lopman

Summary
Background Despite substantial decreases in recent decades, acute gastroenteritis causes the second greatest burden of 
all infectious diseases worldwide. Noroviruses are a leading cause of sporadic cases and outbreaks of acute gastroenteritis 
across all age groups. We aimed to assess the role of norovirus as a cause of endemic acute gastroenteritis worldwide.

Methods We searched Embase, Medline, and Global Health databases from Jan 1, 2008, to March 8, 2014, for studies 
that used PCR diagnostics to assess the prevalence of norovirus in individuals with acute gastroenteritis. We included 
studies that were done continuously for 1 year or more from a specifi ed catchment area (geographical area or group 
of people), enrolled patients who presented with symptoms of acute gastroenteritis, and used PCR-based diagnostics 
for norovirus on all stool specimens from patients with acute gastroenteritis. The primary outcome was prevalence of 
norovirus among all cases of gastroenteritis. We generated pooled estimates of prevalence by fi tting linear mixed-
eff ect meta-regression models. 

Findings Of 175 articles included, the pooled prevalence of norovirus in 187 336 patients with acute gastroenteritis was 
18% (95% CI 17–20). Norovirus prevalence tended to be higher in cases of acute gastroenteritis in community (24%, 
18–30) and outpatient (20%, 16–24) settings compared with inpatient (17%, 15–19, p=0·066) settings. Prevalence was 
also higher in low-mortality developing (19%, 16–22) and developed countries (20%, 17–22) compared with high-
mortality developing countries (14%, 11–16; p=0·058). Patient age and whether the study included years of novel strain 
emergence were not associated with norovirus prevalence.

Interpretation Norovirus is a key gastroenteritis pathogen associated with almost a fi fth of all cases of acute 
gastroenteritis, and targeted intervention to reduce norovirus burden, such as vaccines, should be considered.

Funding The Foodborne Disease Burden Epidemiology Reference Group (FERG) of WHO and the Government of the 
Netherlands on behalf of FERG.

Copyright ©2014. World Health Organization. Published by Elsevier Ltd/Inc/BV. All rights reserved.

Introduction
Despite substantial decreases in recent decades, acute 
gastroenteritis (diarrhoea and vomiting) causes the 
second greatest burden of all infectious diseases, 
estimated at 89·5 million disability-adjusted life-years 
(DALYs) and 1·45 million deaths worldwide every year.1,2 
Low-income countries bear the brunt of severe outcomes 
of acute gastroenteritis, with more than 25% of deaths in 
children younger than 5 years being attributable to acute 
gastroenteritis in Africa and southeast Asia.3,4 Although 
some general prevention measures are broadly eff ective 
against enteric infections, targeted control programmes 
need an understanding of the relative burden of individual 
pathogens.

Noroviruses are a leading cause of sporadic cases and 
outbreaks of acute gastroenteritis across all age groups.5-7 
A systematic review8 of the scientifi c literature published 
between January, 1990, and February, 2008, estimated 
that 12% of all cases of sporadic acute gastroenteritis in 
children younger than 5 years and older children and 
adults were associated with norovirus. The review 
identifi ed 31 unique datasets from 22 countries, but only 
11 datasets were from low-income country settings. Thus, 

the role of norovirus in the causes of acute gastroenteritis 
in high-burden, low-income countries could not be 
established.

With the increasing use of molecular diagnostics 
worldwide, the number of studies assessing the causal 
role of norovirus in sporadic acute gastroenteritis in both 
high-income and low-income countries has increased 
substantially in the past 5 years. The availability of these 
new data prompted us to update previous estimates of 
the prevalence of norovirus in patients with acute 
gastroenteritis. This work was part of a broader eff ort 
commissioned by the Foodborne Disease Burden 
Epidemiology Reference Group (FERG) of WHO to 
estimate the global burden of foodborne disease.

In addition to the study of the overall frequency of 
norovirus in cases of acute gastroenteritis, we aimed to 
assess prevalence by age group, disease severity, and 
level of under-5 mortality in the country where the study 
was done. In view of the diversity of norovirus 
genotypes, and the known occurrence of global 
pandemics of norovirus associated with the emergence 
of novel norovirus strains,9–15 we assessed diff erences in 
burden in pandemic versus non-pandemic seasons.
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Methods
Search strategy and selection criteria
We did a systematic review16 of Embase, Medline, and 
Global Health databases of studies published between 
Jan 1, 2008, and March 8, 2014, with the search terms 
“norovirus,” “Caliciviridae,” and related terms. The 
appendix shows the full search strategy. Two 

independent reviewers screened titles and abstracts for 
relevance. Original articles were obtained and assessed 
in detail for inclusion. Studies had to meet all three of 
the following criteria for inclusion: done continuously 
for 1 year or more from a specifi ed catchment area 
(geographical area or group of people); enrolled 
patients who presented with symptoms of acute 
gastroenteritis; used PCR-based diagnostics for 
norovirus on all stool specimens from patients with 
acute gastroenteritis. We excluded studies that did 
not report the number of patients with acute 
gastroenteritis, the number of norovirus-positive cases, 
or percentages that allowed these raw numbers to be 
calculated. We also excluded reports that did not have 
abstracts in English. We added data for the period 
before January, 2008, from the previous systematic 
review by Patel and colleagues,8 and extracted data for 
additional variables as needed.

Data extraction and bias assessment
The following information was extracted for each study 
when provided: fi rst author, title, journal, year of 
publication, country, start date, end date, diagnostic 
method used, case defi nition of acute gastroenteritis, 
number of cases tested, number of cases positive for 
norovirus (by genogroup when presented), number of 
controls (ie, patients without acute gastroenteritis) tested 
(if included), and number of positive controls (ie, 
patients without acute gastroenteritis with norovirus 
detected in their stool). Data for age and setting 
(community, outpatient, or inpatient) were also 
extracted; we stratifi ed data from studies that reported 
multiple settings or age groups.

We included specimens with both norovirus and 
another pathogen detected (eg, rotavirus) as norovirus 
positives, so as not to introduce a bias against studies 
that did not test specimens for other pathogens. For 
studies that tested only for norovirus among patients 
who were alternate pathogen negative (eg, bacteria-
negative and rotavirus-negative), we used the total 
number of cases of acute gastroenteritis, rather than 
alternate pathogen-negative cases, as the denominator, 
thereby conservatively assuming that norovirus co-
infections with other pathogens were negligible.

Data were stratifi ed by age, setting of surveillance, 
development index, and strain-year (pandemic vs non-
pandemic). After stratifi cation, some studies provided 
data for more than one strata (eg, two age groups 
reported), so the total number of data points sometimes 
exceeded the number of studies. For age, we grouped 
studies into three categories: younger than 5 years, 
5 years and older, and mixed (studies that did not report 
age stratifi ed at age 5 years). We considered other age 
groupings (appendix), but because of inconsistencies in 
each study’s inclusion criteria and the age stratifi cations 
in which they were reported, we restricted the main 
analysis to these three age groups.

Number of studies 
(N=175)

Median number cases tested per 
study (N=457; range) 

Cases tested 
(N=187 336)

Age

<5 years 78 431 (44–10 600) 69 040

≥5 years 20 369 (23–2382) 14 749

Mixed 94 522 (30–10 030) 103 547

Setting

Inpatient 113 434 (23–10 600) 106 499

Outpatient 35 421 (44–5091) 28 249

Community 16 479 (30–4727) 14 490

Other 23 528 (49–10 030) 38 098

Development index

High mortality developing 26 241 (44–1941) 15 113

Low mortality developing 79 411 (47–10 600) 93 658

Developed 70 570 (23–6231) 78 565

Included pandemic period

Yes 61 465 (30–7002) 95 398

No 114 457 (30–7002) 91 938

 Table: Distribution of data among various strata

5399 records identified through database searching
 1950 Embase
 1565 Medline
 1884 Global Health

0 additional records identified 
 through other sources

2941 records after duplicates 
 removed

2941 titles and abstracts screened

408 full-text articles assessed 
 for eligibility

150 studies added via update28 studies from 
 original Patel 
 and colleagues’ 
 article that 
 specifically report 
 norovirus 178 studies originally eligible 

 for inclusion

175 studies included in 
 quantitative synthesis 
 (meta-analysis)

2 duplicate data
1 genogroup-specific only

2533 titles and abstracts excluded

258 full-text articles excluded
         64 no data
         43 outbreak or laboratory report
         43 foreign language
         30 not PCR diagnosed
         28 not full year
          3 already in original Patel and 
           colleagues’ paper
          9 could not obtain pdf
         38 miscellaneous

Figure 1: Study profi le
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We stratifi ed data into four setting categories as an 
indicator of severity: inpatient, including emergency 
department or patients in hospital (severe disease); 
outpatient, including outpatients at hospitals, primary 
care clinics, or dispensaries (moderate disease); 
community, including community cohort studies (mild 
disease); and other settings, including studies in which 
setting was not described or in which a mixture of 
settings was included but stratifi ed data were not 
reported. Community-based studies capture the full 
range of disease severity; however, because most 
individuals with norovirus do not seek care, and care-
seeking is associated with severity, we assumed that 
community cases of acute gastroenteritis were, on 
average, less severe than were individuals with acute 
gastroenteritis who were medically attended.

As an indicator of development and epidemiological 
context, we used WHO mortality stratum.17 This 
development index is “defi ned by geography, state of 
economic and demographic development, and mortality 
patterns” of children and adults.17 WHO produces three 
broad groupings of development: high-mortality 
developing, low-mortality developing, and developed. We 
grouped data into one of these three strata on the basis of 
the country in which cases were enrolled.

We also hypothesised that norovirus prevalence might 
have increased in years when a new variant of genotype 
GII.4 emerged. A study was designated as including a 
pandemic period if the study dates included Dec 1, 2002, 
to Jan 31, 2003, or Dec 1, 2006, to Jan 31, 2007. This 
defi nition was selected to maximise the chance of 
detection of an increase in prevalence concurrent with 
the new variant. Shifts in the prevalent GII.4 virus have 
happened about seven times during the past 2 decades; 
we selected the two periods of geographically widespread 
reports of heightened activity.13,14,18

Statistical analysis
We generated pooled estimates of prevalence by fi tting 
linear mixed-eff ect meta-regression models. Prevalence 
was the outcome, and we used the restricted maximum-
likelihood estimator for residual heterogeneity, a 
random eff ect for study, and the Knapp-Hartung 
adjustment for random eff ects. We fi tted four separate 
models for age, setting, development index, and 
pandemic years. The signifi cance of these variables was 
tested in the bivariate models on the basis of the F 
statistic (omnibus test of a variable under the Knapp-
Hartung adjustment). We reported the amount of 
residual heterogeneity with the t² statistic, and used the 
Q statistic to test for residual heterogeneity.

Role of the funding source
The funder of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had 
full access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
We identified 5399 articles. Of these, 2941 were unique 
records, from which 2533 records were excluded based on 
their titles and abstracts (fi gure 1). We assessed the 
eligibility of 408 full-text articles. From these, 64 did not 
report usable data (eg, full time-series of data not presented, 
no denominator data presented), 43 reported outbreak or 
laboratory data alone (rather than endemic disease 
surveillance data), 43 were in a foreign language and either 
did not have an English abstract or had insuffi  cient 
information in an English abstract to meet the inclusion 
criteria, 30 did not use PCR diagnostics, 28 were less than 
one consecutive year long, three were already identifi ed by 
Patel and colleagues, nine articles could not be obtained, 

1–3
4–7
8–15
16–32

Number of studies

Figure 2: Heat map of unique datasets from each country
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and 38 were excluded for other miscellaneous reasons (eg, 
reported traveller’s diarrhoea, discussed laboratory 
methods, reported other caliciviruses). Thus, 150 articles 
met the inclusion criteria and full data were extracted. Of 
these, one article only presented data for a specifi c 
genogroup, and was excluded in the overall analysis, and 
two articles were excluded for presenting data already 
accounted for in another, more inclusive article.

Studies originally identifi ed by Patel and colleagues 
were appended to our search. However, three of the 
31 studies reported human calicivirus prevalence, and 
did not distinguish norovirus from sapovirus. These 
were excluded, leaving 28 additional articles (appendix). 
Therefore, our updated review included 175 studies 
(table). 20 of these studies also included data for healthy 
controls.

The fi nal dataset included data from 48 countries, with 
generally only a few studies from each represented 
country (fi gure 2). More studies from Japan (13) and 
China (31) than other countries were included, but these 
tended to be small studies. Only 26 of the 175 studies 
were from high-mortality developing indexed countries. 
Most of these data either represented patients younger 
than 5 years, or of mixed ages, and were from inpatient 
settings (severe disease). 32 of the 175 studies allowed 
for vomiting-only (without diarrhoea) in the case 
defi nition of acute gastroenteritis. Most studies were 
case-only; 20 (11%) presented data for healthy controls 
and six (3%) were based on community cohorts with 
prospective follow-up.

Of 175 studies, norovirus prevalence in cases of acute 
gastroenteritis was estimated at 18% (95% CI 17–20; 
t²=0·013; p<0·001 test for heterogeneity). By age, 
prevalence was similar in patients with acute 
gastroenteritis younger than 5 years (18%; 15–20) 
5 years or older (18%; 13–24), and of mixed ages 
(19%, 17–21; p=0·758; heterogeneity p<0·001). By 
setting, prevalence was higher in cases of acute 
gastroenteritis in the community (24%, 18–30) and 
outpatient settings (20%, 16–24) compared with 
inpatient settings (17%, 15–19; p=0·066; heterogeneity 
p<0·001). Prevalence was also higher in low-mortality 
developing (19%, 16–22) and developed countries 
(20%, 17–22) compared with high-mortality developing 
countries (14%, 11–16; p=0·058; heterogeneity p<0·001). 
Prevalence was similar in studies that included 
pandemic periods (19%, 16–22) compared with those 
that did not (18%, 16–20; p=0·59; heterogeneity 
p<0·001; fi gure 3 and appendix).

In the 20 studies that included data for both cases of 
acute gastroenteritis and a healthy control group, 
norovirus was detected in 20% (16–24, heterogeneity 
p<0·001) of cases of acute gastroenteritis and 7% (3–10; 
heterogeneity p<0·001) of controls. In this small subset, 
we found no signifi cant diff erence in prevalence amongst 
controls by age, setting, development index, or strain-
year (fi gure 3).

Of the 175 unique studies, 79 did not provide a clear 
defi nition of acute gastroenteritis. Of these, prevalence of 
norovirus was 17% (95% CI 15–19; heterogeneity 
p<0·0001). Norovirus can cause vomiting without 
diarrhoea. Of the studies that provided a clear defi nition 
of acute gastroenteritis, 64 did not allow vomiting-only in 
their defi nition of acute gastroenteritis; these studies had 
a norovirus prevalence of 20% (17–23; heterogeneity 
p<0·0001). The remaining 32 studies with a reported 
defi nition of acute gastroenteritis that did allow vomiting-
only for enrolment (diarrhoea not a requirement) had a 
norovirus prevalence of 19% (15–23; heterogeneity 
p<0·0001). When analysis was restricted to studies that 
lasted 1 year, the overall norovirus prevalence estimate did 
not markedly change (17%, 5–20; heterogeneity p<0·001), 
n=59 studies).

0·00 0·07 0·15 0·22 0·30

Proportion norovirus positive (95% CI)

0·00 0·07 0·15 0·22 0·30

Under 5 (n=78)
Over 5 (n=20)
Mixed (n=94)

Inpatient (n=113)
Outpatient (n=35)
Community (n=16)
Other (n=23)

HMD (n=26)
LMD (n=79)
Developed (n=70)

Pandemic (n=61)
Endemic (n=114)

Overall (n=175)

0·18 (0·15 to 0·20)
0·18 (0·13 to 0·24)
0·19 (0·17 to 0·21) 

0·17 (0·15 to 0·19)
0·20 (0·16 to 0·24)
0·24 (0·18 to 0·30) 
0·19 (0·14 to 0·25)

0·14 (0·11 to 0·16)
0·19 (0·16 to 0·22)
0·20 (0·17 to 0·22)

0·19 (0·16 to 0·22)
0·18 (0·16 to 0·20)

0·18 (0·17 to 0·20) 
 

A

Under 5 (n=13)
Over 5 (n=1)
Mixed (n=8)

Inpatient (n=9)
Outpatient (n=5)
Community (n=5)

HMD (n=4)
LMD (n=8)
Developed (n=8)

Pandemic (n=4)
Endemic (n=16)

Overall (n=20)

0·08 (0·01 to 0·14)
0·10 (0·09 to 0·12)
0·04 (0·00 to 0·07) 

0·09 (0·00 to 0·19)
0·02 (–0·01 to 0·06)
0·08 (–0·01 to 0·17) 

0·07 (–0·02 to 0·16)
0·19 (–0·01 to 0·14)
0·06 (0·00 to 0·12)

0·08 (–0·10 to 0·26)
0·07 (0·02 to 0·11)

0·07 (0·03 to 0·10) 
 

B

Figure 3: Forest plots of proportion of patients positive for norovirus with 
acute gastroenteritis and individuals without acute gastroenteritis
(A) Patients with acute gastroenteritis and (B) individuals without acute 
gastroenteritis. n values show the number of unique studies included in each 
stratum. Because studies report diff erent numbers of strata, stratum-specifi c n 
values do not sum to overall n value. Taiwan and Hong Kong are not offi  cially 
WHO member states. For this analysis, we regarded Taiwan a low-mortality 
developing location, and Hong Kong a developed location. HMD=high-mortality 
developing. LMD=low-mortality developing.
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Discussion
The rapidly expanding scientifi c literature on norovirus 
shows that this pathogen contributes substantially to the 
global burden of acute gastroenteritis across all settings 
and age groups. Our systematic review and meta-analysis 
included more than fi ve times as many studies from 
almost twice as many countries than did a similar review8 
based on the data available less than 5 years ago. This 
increased body of evidence leads us to an updated and 
more precise estimate that norovirus is associated with 
18% (95% CI 17–20) of all cases of acute gastroenteritis.

We noted a gradient of decreasing prevalence from 
community to outpatient to inpatient groups, which 
supports the notion that norovirus is a more common 
cause of mild acute gastroenteritis. However, although 
norovirus proportionally makes a greater contribution to 
acute gastroenteritis in community and outpatient 
settings, outcomes including hospitalisation and death 
arise, with roughly 70 000 and 800, respectively, every 
year in the USA.19,20 Thus, the sheer frequency of illness 
results in a large burden of severe disease.

Norovirus was found in a lower proportion of cases of 
acute gastroenteritis in high-mortality countries (about 
14%), than in lower mortality settings (about 20%). This 
fi nding should not be interpreted as norovirus causing a 
smaller burden in these settings. Rather, overall 
incidence of acute gastroenteritis is increased because of 
a wider diversity of bacterial and parasitic pathogens in 
low-income settings, so that among cases of acute 
gastroenteritis, norovirus might be less prevalent. Thus, 
low prevalence in low-income settings might suggest a 
more prominent role for other pathogens that are largely 
controlled through water and sanitation improvements 
in high-income settings. Few studies have been done in 
high-mortality settings, and more data from these areas 
would help improve our understanding of the precise 
role of norovirus. Our fi ndings are broadly consistent 
with those of Lanata and colleagues,21 which showed that 
norovirus was associated with 13·8% (11·8–17·6) of 
children younger than 5 years needing hospitalisation, 
behind only rotavirus (38·3%) and enteropathogenic 
Escherichia coli (15·3%). In some countries that have 
introduced universal rotavirus vaccination, such as the 
USA, norovirus is the most common cause of medically-
attended gastroenteritis in children.22,23

Norovirus prevalence was similar in studies that included 
pandemic years (2002–03 and 2006–07) compared to those 
that did not. Novel variants of GII.4 viruses emerged 
during these periods and increases in outbreak activity 
have been recognised in many countries.13,14 This part of 
our analysis was limited in a number of ways. We used a 
non-specifi c outcome (norovirus cases amongst all cases of 
gastroenteritis) and a non-specifi c categorisation, whereby 
all studies that included the 2002–03, or 2006–07, winters 
were considered pandemic.

Noroviruses can commonly be detected in healthy 
controls.24–26 Of the 20 studies included in our analysis 

that tested a control group, norovirus could be detected 
in about 7% of healthy individuals, less than half the 
detection rate in corresponding case groups. Possible 
reasons for presence of virus in stools of individuals 
without diarrhoea include long-term shedding from a 
previous symptomatic episode, true asymptomatic 
infection, and transient passage of ingested non-
replicating virus through the gut.27 Burden of disease 
studies should carefully consider attribution in view of 
detection in controls. The recent Global Enteric 
Multicenter Study,24 the largest systematic assessment of 
the cause of childhood diarrhoea in developing countries, 
generally noted norovirus in controls at similar frequency 
as in cases of moderate to severe diarrhoea. These 
fi ndings are not consistent with those of our Article in 
which case prevalence was higher than control 
prevalence. Additionally, we posit that simple subtraction 
or ratios of prevalence in cases and controls might 
underestimate the role of norovirus, especially in settings 
where exposures and reinfection arise frequently.28

This systematic review has some important limitations. 
First, age grouping was highly variable in published 
reports, which made it diffi  cult to categorise study 
populations into fi nite age categories. We were restricted 
to two broad age groups stratifi ed at age 5 years, and were 
unable to estimate prevalence separately in older children, 
younger adults, and elderly people. We tried an alternative 
age stratifi cation scheme and noted similar results 
(appendix). We would have liked to quantify the role of 
norovirus in older ages (eg, >65 years); however, few 
studies reported data specifi cally for this age category. 
Second, some individuals with norovirus do not have 
diarrhoea and present with vomiting only, with or without 
other symptoms such as fever or abdominal cramps. 
However, most studies included in this Article did not 
capture vomiting-only cases or did not provide a defi nition 
of acute gastroenteritis (143 of 175 [82%] studies). 
Therefore, extrapolations from the burden of diarrhoeal 
disease to number of norovirus cases probably 
underestimates the burden of norovirus because this 
method would not account for vomiting-only norovirus 
cases. Third, categorisation of studies on the basis of 
three mortality strata probably does not fully capture the 
variation of water and sanitation access, health-care 
availability, and local epidemiology. The fourth limitation 
is general publication bias and incomplete geographical 
representation. Although this Article includes many 
more locations than included by Patel and colleagues,8 

high-mortality developing countries are still under-
represented (26 of 175 studies). A clear data gap remains 
for norovirus prevalence in developing country settings; 
high quality studies in those settings are crucial to 
improve burden of disease estimates. Fifth, the 
emergence of new GII.4 variants has prompted more 
intense study, so the pandemic years of 2002–03 and 
2006–07 might be over-represented, potentially leading to 
a small overestimate of the overall prevalence. Finally, the 
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Q statistic for all models was highly signifi cant, 
suggesting that other factors that we did not consider 
might aff ect norovirus prevalence.

In conclusion, the fi ndings of this systematic review 
show that norovirus is a key pathogen worldwide, causing 
both mild and severe acute gastroenteritis across age 
ranges. Partly because of diagnostic challenges, norovirus 
has not been included in some key burden of disease 
studies.1,2 The prevalence estimates from this study can be 
used to develop estimates of the global burden of 
norovirus gastroenteritis, including foodborne disease. 
To that end, studies are needed that consider norovirus in 
the context of other key enteric pathogens (eg, like Lanata 
and colleagues21) and that attribute to specifi c modes of 
transmission, including foodborne disease. Other data 
sources, including outbreak surveillance risk-factor 
studies and expert solicitation, will be needed. This 
knowledge could be used to target future interventions 
and inform vaccine development.29
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