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Background. Norovirus is an important cause of childhood diarrhea. We present data from a longitudinal, multicountry study
describing norovirus epidemiology during the first 2 years of life.

Methods. A birth cohort of 1457 children across 8 countries contributed 7077 diarrheal stools for norovirus testing. A subset of
199 children contributed additional asymptomatic samples (2307) and diarrheal stools (770), which were used to derive incidence
rates and evaluate evidence for acquired immunity.

Results. Across sites, 89% of children experienced at least 1 norovirus infection before 24 months, and 22.7% of all diarrheal
stools were norovirus positive. Severity of norovirus-positive diarrhea was comparable to other enteropathogens, with the exception
of rotavirus. Incidence of genogroup II (GII) infection was higher than genogroup I and peaked at 6–11 months across sites. Un-
dernutrition was a risk factor for symptomatic norovirus infection, with an increase in 1 standard deviation of length-for-age z score
associated with a 17% reduction (odds ratio, 0.83 [95% confidence interval, .72–.97]; P = .011) in the odds of experiencing diarrhea
when norovirus was present, after accounting for genogroup, rotavirus vaccine, and age. Evidence of acquired immunity was ob-
served among GII infections only: Children with prior GII infection were found to have a 27% reduction in the hazard of subsequent
infection (hazard ratio, 0.727; P = .010).

Conclusions. The high prevalence of norovirus across 8 sites in highly variable epidemiologic settings and demonstration of
protective immunity for GII infections provide support for investment in vaccine development.
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Norovirus is a common cause of childhood diarrhea [1, 2],which
remains the second leading cause of under-5 morbidity and mor-
tality globally [3]. Despite this, few large studies have described
the burden, epidemiology, and natural history of this enteropath-
ogen in the community, particularly in low-resource settings.

Human noroviruses are genetically diverse RNAviruses, with
at least 25 genotypes, predominantly from genogroup I (GI) and
genogroup II (GII), causing disease in humans [4]. This diver-
sity has led to skepticism that vaccine development is a plausible

disease control strategy [5–7]; nonetheless, others argue that an
effective vaccine could significantly reduce diarrheal hospitali-
zations and deaths [1, 5]. The need for cohort studies describing
infection, disease presentation, and immunity has been high-
lighted as crucial to addressing gaps in knowledge and inform-
ing ongoing vaccine efforts [8, 9]. This longitudinal multisite
study describes the epidemiology of asymptomatic and sympto-
matic norovirus infection among children 0–24 months of age
in 8 low- and middle-income countries (LMICs).

METHODS

Study Population
The Etiology, Risk Factors, and Interactions of Enteric Infection
and Malnutrition and the Consequences for Child Health and
Development (MAL-ED) study was conducted in 8 countries
with high rates of diarrheal disease and malnutrition [10].
Sites were located in Bangladesh, Brazil, Pakistan, Peru, South
Africa, Tanzania, Nepal, and India [10]. Healthy infants were
enrolled within 17 days of birth and followed longitudinally

Received 4 September 2015; accepted 22 December 2015; published online 24 March 2016.
aSee Appendix 1 for full list of investigators.
Correspondence: M. N. Kosek, Department of International Health, Johns Hopkins Bloomberg

School of Public Health, Rm E5608, 615 N Wolfe St, Baltimore, MD 21205 (mkosek@jhu.edu).

Clinical Infectious Diseases® 2016;62(10):1210–17
© The Author 2016. Published by Oxford University Press for the Infectious Diseases Society of
America. This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/by-nc-nd/
4.0/), which permits non-commercial reproduction and distribution of the work, in any
medium, provided the original work is not altered or transformed in any way, and that the
work is properly cited. For commercial re-use, contact journals.permissions@oup.com.
DOI: 10.1093/cid/ciw072

1210 • CID 2016:62 (15 May) • Rouhani et al

mailto:mkosek@jhu.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:journals.permissions@oup.com


until age 24 months, between November 2009 and February
2012. All sites received ethical approval and informed consent.
Details of the study design are discussed elsewhere [10].

Stool Collection and Microbiology
Routine stool collection was conducted monthly from age 1 to
12 months, and at 15, 18, 21, and 24 months of age. Homes were
visited twice weekly for active surveillance of diarrhea and other
symptoms, including fever, vomiting, cough, and appetite, to
generate a continuous illness history. Diarrhea was defined as
≥3 loose stools in a 24-hour period and separated by at least
2 diarrhea-free days. Children experiencing moderate to severe
diarrhea were referred to local health services.

Nucleic acid extraction was performed with the QIAamp
viral RNA (Qiagen, Valencia, California), and real-time reverse
transcriptase polymerase chain reaction was used to detect gen-
ogroups [11]. The presence of other enteropathogens was as-
sessed per previously reported microbiologic methods [11].

Norovirus testing was performed on all diarrheal stools col-
lected in the study. Additionally, 10% of children at each site
were randomly selected by identification number to have their
routine stool samples tested for norovirus. Longitudinal analy-
ses were performed using this subsample, whose symptomatic
and asymptomatic history of infection was captured. Additional
analyses were performed on diarrheal stools from the full study
population to describe coinfection and disease severity.

Data Description and Definitions
Birthdate, sex, birth weight, and anthropometrics were recorded
at enrollment. Data on anthropometrics and breastfeeding were
collected monthly. Length-for-age z score (LAZ) was calculated
according to World Health Organization’s Multicentre Growth
Reference Study Group guidelines [12]. Duration of exclusive
breastfeeding (EBF) was defined as time from birth until age
at which any clear liquid, solid food, milk, or milk formula
was first given. Rotavirus vaccination in national immunization
programs was included as a binary variable by country.

Other factors considered were diarrheal severity, incidence,
cycle time as a surrogate for norovirus load, and coinfection
with >40 other pathogens (full list available in [2, 10, 11]). Severity
was calculated using a Community Diarrheal Assessment
(CODA) score [13], with episodes assigned a severity score out of
15 points based on maternally reported presence and duration of
fever, vomiting, anorexia, liquid stools, and themaximum number
of stools in a 24-hour period at any time during the episode.

In the subsample of children, a new episode was defined as a
positive stool sample separated by ≥1 negative sample from the
previous episode. For wider analyses of only diarrheal stools, dis-
tinct norovirus episodes were defined as positive samples preceded
by either a norovirus-negative diarrheal stool sample or a 14-day
lag from the previous norovirus-positive sample. Viral load was
estimated in each genogroup using the cycle time, with lower val-
ues denoting greater pathogen loads. Coinfection was considered a

nominal categorical variable describing infection with neither, ei-
ther, or both pathogens.

Statistical Analyses
Longitudinal analyses were conducted on the subsample of
infants selected for routine and diarrheal norovirus testing.
Kaplan–Meier survival analysis was conducted to estimate
time to first GI/GII infection. Incidence rates were calculated
using survival analysis allowing for multiple failures per child.
A Cox proportional hazards model was used to model immuni-
ty against infection, using the Breslow method for ties and a ro-
bust variance estimate to account for within-child clustering.
We used the adjusted attributable fraction to incorporate differ-
ences in norovirus prevalence and associations between detec-
tion and diarrheal symptoms across sites and to estimate the
norovirus-specific burden of diarrhea in the population [2, 14,
15]. To model associations between norovirus detection and di-
arrheal symptoms at each site, we used generalized estimating
equations specifying a binomial distribution to obtain odds ra-
tios (ORs) adjusted for age and sex. The relationship between
norovirus infection and subsequent child growth was explored
using mixed-effects linear regression, specifying a random effect
at the child level to account for within-child correlations.
Growth models were adjusted for age and age squared, LAZ
at the time of infection, and site.

Analysis of diarrheal samples was conducted to estimate pro-
portions of pathogen-negative diarrhea, GI and GII norovirus,
and coinfections. Mixed-effects linear regression was used to
explore associations between age, coinfection, pathogen load,
genogroup, LAZ, and diarrheal severity score. Age, EBF, LAZ,
rotavirus vaccination, and norovirus load were included in
adjusted models if associated with the outcome at P < .1. All
analyses were conducted using Stata software, version 13 (Stata-
Corp, College Station, Texas).

RESULTS

Longitudinal Analysis
A total of 1457 infants participated in the study, 199 of whom
were randomly selected for routine norovirus testing. This sub-
sample contributed 2598 surveillance stools and 770 diarrheal
stools. Norovirus status was available for 3077 of the 3368 sam-
ples. Quality assurance review resulted in exclusion of anthro-
pometrics from Pakistan. The numbers of participants and
samples in the cohort are shown in Table 1.

Eighty-six percent of children in the subsample had least 1 nor-
ovirus infection by 12 months, increasing to 89% by the end of the
second year. Of these 199 children, 107 (53.8%) had at least 1 GI
infection during follow-up, and 31 (15.6%) experienced at least 1
diarrheal episode with GI present. Likewise, 168 (84.4%) children
had at least 1 GII infection and 72 (36.2%) experienced at least 1
GII diarrheal episode in the first 2 years of life. Across sites, 71.1%
of infections and 81.8% of all norovirus-positive diarrhea
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occurred after 6 months of age. Cumulative incidence and prev-
alence were higher for GII across sites and age groups (Figure 1
and Figure 2). Incidence rates for GI and GII in routine and di-
arrheal stools peaked at 6–12 months of age (Table 2). Patterns
of carriage and disease presentation varied markedly between
sites. Overall prevalence of asymptomatic carriage was 19.0%,
ranging from 2.2% in Nepal to 30.4% in South Africa. Norovi-
rus was detected in 23.5% of diarrheal stools, ranging from 7.1%
in Tanzania to 32.8% in Peru. The adjusted attributable fraction
was 5.1 (95% confidence interval [CI], 1.2–8.3).

Viral load, genogroup, anthropometry, and coinfection with
any other of the 40 enteropathogens were assessed as risk factors
for symptomatic infection. Viral load was higher in GII samples

than GI samples, but was not associated with the presence (GI:
P = .176; GII: P = .695) or severity (GI: P = .691; GII: P = .813) of
diarrhea. After adjusting for EBF, rotavirus vaccine, LAZ, and
age, GII-positive samples had 85% increased odds of being
symptomatic relative to GI (OR, 1.85 [95% CI, 1.12–3.08];
P = .017), and 42% increased odds relative to other pathogen-
positive samples (OR, 1.42 [95% CI, 1.09–1.86]; P = .010).

Undernutrition was a risk factor for symptomatic infection. An
increase in one LAZ was associated with a 17% reduction (OR,
0.83 [95% CI, .72–.97]; P = .011) in the odds of experiencing diar-
rhea when norovirus was present, accounting for genogroup, ro-
tavirus vaccine, and age. The relationship between undernutrition
and symptomatic infection was not affected by genogroup

Table 1. Participants, Person-time, and Stool Samples Included in Analysis, by Country

Longitudinal Subsample Full Cohort

Country
No. of
Children

Child-months
Contributed

Stool Samples
No. of
Children

Diarrhea
Stool Samples

CollectedDiarrhea Surveillance Total

Asia

Bangladesh 25 488.75 146 296 442 239 1525

India 24 530.95 81 318 399 195 615

Nepal 24 535.76 82 325 407 214 860

Pakistan 27 574.01 227 272 499 259 1793

Africa

South Africa 26 451.81 18 250 268 106 172

Tanzania 25 524.18 14 324 338 110 171

South America

Brazil 21 361.42 7 188 195 71 98

Peru 27 551.32 195 334 529 263 1843

Total 199 4018.19 770 2307 3077 1457 7077

Table 2. Incidence Rates of Norovirus Genogroup I and II Detection Among 199 Children, by Age Group and Site

Age Group and Site
Total Episodes With a
GI Sample Associated

Total Episodes With a
GII Sample Associated GI/GII Coinfections

GI Incidence
(95% CI)

GII Incidence
(95% CI)

Age group

0–5 mo 41 98 6 3.86 (2.77–5.11) 8.99 (7.38–10.96)

6–11 mo 57 153 10 5.01 (3.86–6.49) 13.43 (11.47–15.74)

12–17 mo 39 61 6 4.88 (3.57–6.68) 7.64 (5.94–9.82)

18–24 mo 20 34 1 2.02 (1.30–3.13) 3.43 (2.45–4.80)

Country

Asia

Bangladesh 34 49 7 6.96 (4.97–9.74) 10.03 (7.58–13.27)

India 31 54 1 5.84 (4.11–8.30) 10.17 (7.79–13.28)

Nepal 1 16 1 1.87 (.03–1.33) 2.99 (2.83–4.88)

Pakistan 18 52 1 3.14 (1.98–4.98) 9.06 (6.90–11.89)

Africa

South Africa 23 43 5 5.09 (3.38–7.66) 9.52 (7.06–12.83)

Tanzania 6 40 0 1.14 (.51–2.55) 7.63 (5.60–10.40)

South America

Brazil 14 21 1 3.87 (2.29–6.54) 5.81 (3.79–8.91)

Peru 30 71 7 5.44 (3.81–7.78) 12.88 (10.21–16.25)

Incidence expressed as number of detections per 100 child-months. All detections, whether asymptomatic or diarrheal, were considered episodes for the calculation of incidence rates.
Incidence rates for GI and GII groups were inclusive of coinfection.

Abbreviations: CI, confidence interval; GI, norovirus genogroup I; GII, norovirus genogroup II.
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(P = .531). Of 619 stools in which norovirus was detected, 464
(75%) were coinfected with other enteropathogens. Most common
coinfections included Campylobacter (37.6%), enteroaggregative
Escherichia coli (30.9%), andGiardia (13.6%). However, no differ-
ence in the odds of symptomatic infection was seen comparing
coinfected stools to those with norovirus alone (P = .767).

Protection associated with prior infection was adjusted for
duration of EBF. Prior GI infection was not associated with
subsequent infection (hazard ratio [HR], 0.973 [95% CI, .682–
1.388]; P = .880) or clinical episodes (HR, 1.25 [95% CI, .703–
2.22]; P = .447). Children with any prior GII infection had a
27% reduction in the hazard of subsequent infection (HR,
0.727 [95% CI, .571–.926]; P = .010) and a 26% reduction in
the hazard of subsequent GII diarrhea (HR, 0.761 [95% CI,
.504–1.150]; P = .195). Although not statistically significant,
there was a decreasing trend in hazards of subsequent sympto-
matic infections among children with 1 or more prior infections
(HR, 0.798 [95% CI, .524–1.215]; P = .293) and ≥2 prior infec-
tions (HR, 0.668 [95% CI, .381–1.172]; P = .159) (Table 3).

The association between norovirus and subsequent growth
was explored adjusting for age squared, study site, and LAZ at
the time of infection. No significant impact on growth was de-
tected 3, 6, or 9 months postinfection for GI (P = .792, P = .552,
and P = .724, respectively) or GII (P = .531, P = .219, and
P = .848, respectively) infection.

Analysis of Symptomatic Stools
Further analyses were conducted on 7707 diarrheal stools collect-
ed from 1457 children in the subsample and the wider cohort
(Table 1). Campylobacter species (41.1%), enterovirulent E. coli
(39.7%), and norovirus (22.7%) were the most prevalent patho-
gen detected in diarrheal stools across sites. The proportion of
stools with detectable norovirus is shown by country and gen-
ogroup in Figure 3. Of 1607 stools with norovirus present,
1248 (77.7%) also tested positive for other viral, bacterial, or par-
asitic enteropathogens (Table 4).

Severity was measured using a continuous score with 15
points denoting maximum diarrheal severity. Scores were calcu-
lated for 5568 stool samples. Mean severity associated with

norovirus episodes was 3.1, equal to the mean severity across
all pathogen-associated episodes in the population. The final
model included terms for norovirus infection, age, rotavirus
vaccination, and EBF. Each additional month of life was associ-
ated with a mean reduction in diarrheal severity of 0.05 points
(95% CI, −.054 to −.035; P < .001) and in norovirus-
positive diarrheal severity of 0.06 points (95% CI, −.081 to
−.033; P < .001). Severity of all diarrhea was found to decrease
significantly by 0.004 points with each additional month of EBF
(95% CI, −.005 to −.002; P < .001) in the adjusted model. This
association was similar in magnitude, but the effect was not sig-
nificant among norovirus-positive diarrheal stools (β = −.003
[95% CI, −.005 to .000]; P = .075). Children in countries with
rotavirus campaigns experienced mean severity scores 0.87
lower points in diarrheal episodes, and 0.79 points lower in nor-
ovirus-positive episodes after adjustment. No univariate associ-
ations between LAZ and diarrheal severity score were observed
(P = .153), which remained consistent after adjustment for age,
EBF, and vaccination.

Age, rotavirus vaccine, and EBF were included in multivari-
able models to evaluate associations between norovirus, coinfec-
tion, and diarrheal severity. No difference was observed in
severity between genogroups (P = .925 and P = .224 for GII
and GI/GII coinfection, relative to GI infection). Norovirus
was associated with a mean increase of 0.44 points relative to
pathogen-negative diarrheal stools (95% CI, .24–.64; P < .001)
in the adjusted severity model. While increased severity was ob-
served in norovirus/rotavirus coinfection, this was explained by
the increased severity associated with rotavirus alone. Mean se-
verity during coinfection (4.32) was not significantly greater
than rotavirus (4.19) in the adjusted model (P = .678).

DISCUSSION

This study highlights the significant burden of norovirus at 8
sites in variable epidemiologic settings using a unified protocol
and sensitive diagnostic methods. Norovirus was the third most
prevalent pathogen in 7077 diarrheal stools collected from 1457
children worldwide. More than half of the 199 children in the

Table 3. Protection Associated With Genogroup II Norovirus

Genogroup II Prior Detection

Hazard Ratio (95% Confidence Interval)

Subsequent Episodes Subsequent Diarrheal Episodes

Prior detection None (Reference)

Any 0.727 (.571–.926)
P = .010

0.761 (.504–1.150)
P = .195

No. of prior episodes 0 (Reference)

1 0.820 (.628–1.069)
P = .142

0.798 (.524–1.215)
P = .293

≥2 0.830 (.600–1.147)
P = .259

0.668 (.381–1.172)
P = .159

Adjusted for duration of exclusive breastfeeding. Items in bold were statistically significant at a threshold of P < .05.
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longitudinal cohort experienced at least 1 GI infection and
>80% experienced at least 1 GII infection in the first 2 years
of life. This adds to the growing evidence of the high prevalence
of norovirus in the community among children living in
poverty.

We observed heterogeneity between countries with regard to
infection and disease presentation. Norovirus diarrhea incidence
rates ranged from 3 episodes per 100 child-months in Nepal to 18
per 100 child-months in Peru. Factors determining asymptomatic
or symptomatic disease presentation also differed by site. We re-
port an overall attributable fraction of 5.1%, but in some sites nor-
ovirus detection in stool was not significantly associated with
diarrheal disease. For example, although asymptomatic carriage
was highest in South Africa, only 4 children in this cohort

experienced norovirus-positive diarrhea in their first 2 years of
life. In contrast, nearly all children in Peru experienced at least
1 episode of norovirus-positive diarrhea before 2 years of age.
This heterogeneity was also noted in the GEMS study, and sug-
gests important differences in either circulating norovirus geno-
types, host susceptibility among populations, or both. Evidence
suggests that specific binding to histo-blood group antigens [16]
and expression of α(1,2) fucosyltransferase “secretor status” [17]
alters the susceptibility of individuals to some but not all geno-
types. Lopman et al reported that in Ecuador, GII.4 infections
were only observed in secretor-positive children; however, secre-
tor-negative children actually had a higher incidence of other ge-
notypes, such that the overall incidence of norovirus infection was
the same in both groups [7]. Viral genotyping (ongoing) and the

Figure 1. Cumulative incidence of norovirus infection, by genogroup (GI and GII) and country: Abbreviations: BGD, Bangladesh; BRF, Brazil; INV, India; NEB, Nepal; PEL, Peru;
PKN, Pakistan; SAV, South Africa; TZH, Tanzania.
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characterization of HBGA polymorphisms thus warrant more at-
tention in future studies of norovirus epidemiology and immunity
in endemic settings. Nevertheless, it is important that in this
study, nutritional status of the host was also a significant

determinant of disease, demonstrating that improving nutrition
among children in developing countries can have an important
impact on disease burden reduction.

Our findings are consistent with other recent work in LMICs
emphasizing the ubiquity of norovirus in the community setting
and its considerable contribution to endemic childhood

Figure 2. Prevalence of norovirus genogroup I (GI) and genogroup II (GII) in routine and diarrheal stool samples, by month of age. Blue: diarrheal stools; red: surveillance
stools.

Figure 3. Proportion of norovirus genogroup I (GI) and genogroup II (GII)–positive
stools. Blue: GI; red: GII; green: GI/GII coinfection. Abbreviations: BG, Bangladesh;
BR, Brazil; IN, India; NP, Nepal; NRV, norovirus; PE, Peru; PK, Pakistan; SA, South
Africa; TZ, Tanzania.

Table 4. Norovirus Coinfections in Diarrheal Stools Across Sitesa

Pathogen Norovirus-Positive Stools(n = 1607) All Stools(N = 7077)

Rotavirus 56 (3.5) 435 (6.2)

Adenovirus 71 (4.4) 295 (4.2)

Astrovirus 98 (6.1) 394 (5.6)

Aeromonas 53 (3.3) 224 (3.2)

Campylobacter 692 (43.1) 2838 (40.1)

EAEC 390 (24.3) 1664 (23.5)

Atypical EPEC 92 (5.7) 343 (4.9)

Typical EPEC 74 (4.6) 307 (4.3)

ETEC 187 (11.6) 751 (10.6)

Cryptosporidium 112 (7.0) 487 (6.9)

Giardia 300 (18.7) 1291 (18.2)

Data are presented as No. (%).

Abbreviations: EAEC, enteroaggregative Escherichia coli; EPEC, enteropathogenic
Escherichia coli; ETEC, enterotoxigenic Escherichia coli.
a Enteropathogens with >3% prevalence in norovirus-positive stools included in table.
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diarrhea [5, 7, 18]. Furthermore, this work contributes to the ev-
idence refuting the notion that norovirus causes mild disease [1,
19]. Using a well-validated severity score and a broad diagnostic
platform, we found no evidence that norovirus-positive diar-
rhea caused milder disease than other enteropathogens, with
the exception of rotavirus. This contrasts findings in the
GEMS study [20], which did not point to norovirus as a key
contributor to moderate to severe diarrhea. The difference in
these findings may be somewhat explained by study design;
whereas the GEMS study relied on health centers for the recruit-
ment of cases, we captured symptomatic disease in the house-
hold and therefore detected more mild to moderate cases of
disease. Thus, it is possible that norovirus diarrhea in the hos-
pital setting is indeed rare, but that the cumulative burden of
norovirus causes significant morbidity. Considering that se-
verity of norovirus-positive diarrhea in the community was
comparable to that of other important enteropathogens, but
the prevalence was considerably higher, we argue that it be pri-
oritized accordingly.

This work builds on that of birth cohorts conducted by
O’Ryan et al in Chile [6], Saito et al in Peru [5], and Lopman
et al in Ecuador [7] describing norovirus carriage and associated
disease in young children. O’Ryan et al observed increased in-
cidence of infection in children aged 7–12 month, at a rate of 8.4
per 100 child-months. Similarly, a peak incidence of 6.3 among
6- to 11-month-olds was reported in Ecuador, and an even
higher incidence of 15.7 was observed in Peru. We report a con-
siderable range of incidence rates in this age group, with 5 of our
8 sites vastly exceeding these previous estimates. We did not
observe any evidence of growth insults at 3, 6, or 9 months
after infection with GI or GII. This finding conflicts with
those elsewhere in Peru, although we when reproduced Saito
et al’s methods, we did observe an association between cumula-
tive infections and reduced mean LAZ at 6 and 18 months of
age. Our approach controls for LAZ at the time of each infection
to allow for the temporality of the infection and growth to be
resolved for improved causal inference.

We observed protective immunity within the GII genogroup,
similar to work in Peru and Chile. Although there was a trend
toward a decrease in the incidence of symptomatic disease fol-
lowing prior infection (HR, 0.76 [95% CI, .50–1.15]), the pro-
tection was not significant. Evidence suggested a dose-response
in acquired immunity, as children with ≥2 prior infections ex-
hibited greater protection to symptomatic episodes (33%) com-
pared with children with only 1 prior infection (20%). However,
these findings were not statistically significant. Across sites,
there was no evidence of protective immunity conferred by
GI infection. Importantly, 81% of all symptomatic infections
occurred after 6 months of age. Given that peak incidence of in-
fection and disease is occurring at 6–11 months, this work sup-
ports the recent finding by Shioda et al that immunization
schedules completed by 6 months would be preferable to 12-

month schedules [21]. Using the attributable fraction of 5.7%
among children aged >6 months, and based on the estimate
by Walker et al [22] of 1.731 billion episodes of diarrhea annu-
ally, we estimate that an effective vaccine could avert approxi-
mately 99 million episodes of diarrhea among children aged
6–24 months. However, the attributable fraction risks underes-
timating this figure in high-transmission settings [23], and met-
rics assigning diarrheal disease to a single pathogen should be
treated with caution when estimating the impacts of specific in-
terventions [2].

We report a high prevalence of coinfection, illustrating the
challenge of attributing diarrhea to a single pathogen in studies
employing broad diagnostic platforms with sensitive detection of
multiple enteropathogens. However, there was no evidence of in-
teraction between pathogens in determining symptoms or disease
severity; therefore, this should not discredit our findings.

This work is an important contribution to the limited num-
ber of studies longitudinally describing norovirus infection and
disease, particularly outside of clinical trials or hospital settings.
To our knowledge, the data presented here comprise the most
extensive multisite description of norovirus epidemiology
among children in countries with high diarrheal morbidity
and mortality. Incidence, asymptomatic carriage, and disease
presentation exhibited vast heterogeneity by country and re-
gion, underscoring the need for more community-based epide-
miologic studies in LMICs to inform appropriate prevention
and control. Nonetheless, this work demonstrates the clear bur-
den of norovirus in early childhood, particularly GII, and evi-
dence for natural immunity, thus providing strong impetus for
ongoing vaccine development.
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APPENDIX

The MAL-ED Investigators are as follows (numbers correspond
to the institutional affiliations listed at the end of the Appendix):
Maribel Paredes Olotegui,1 Cesar Banda Chavez,1 Dixner Re-
ngifo Trigoso,1 Julian Torres Flores,1 Angel Orbe Vasquez,1

Silvia Rengifo Pinedo,1 Angel Mendez Acosta,1 Imran
Ahmed,2 Didar Alam,2 Asad Ali,2 Zulfiqar A. Bhutta,2 Shahida
Qureshi,2 Muneera Rasheed,2 Sajid Soofi,2 Ali Turab,2 Aisha K
Yousafzai,2 Anita K. M. Zaidi,2 Ladaporn Bodhidatta,3 Carl
J. Mason,3 Sudhir Babji,4 Anuradha Bose,4 M. Steffi Jennifer,4

Sushil John,4 Gagandeep Kang,4 Shiny Kaki,4 Beena Koshy,4

Jayaprakash Muliyil,4 Mohan Venkata Raghava,4 Anup Rama-
chandran,4 Anuradha Rose,4 Srujan L. Sharma,4 Rahul
J. Thomas,4 William Pan,5,6 Ramya Ambikapathi,6 Danny Car-
reon,6 Vivek Charu,6 Leyfou Dabo,6 Viyada Doan,6 Jhanelle
Graham,6 Christel Hoest,6 Stacey Knobler,6 Dennis Lang,6,7

Benjamin McCormick,6 Monica McGrath,6 Mark Miller,6

Archana Mohale,6 Gaurvika Nayyar,6 Stephanie Psaki,6 Zeba
Rasmussen,6 Stephanie A. Richard,6 Jessica C Seidman,6 Vivian
Wang,6 Rebecca Blank,7 Michael Gottlieb,7 Karen H. Tountas,7

Caroline Amour,8 Estomih Mduma,8 Buliga Mujaga Swema,8

Ladislaus Yarrot,8 Rosemary Nshama,8 Tahmeed Ahmed,9

A. M. Shamsir Ahmed,9 Fahmida Tofail,9 Rashidul Haque,9

Iqbal Hossain,9 Munirul Islam,9 Mustafa Mahfuz,9 Dinesh
Mondal,9 Ram Krishna Chandyo,10 Prakash Sunder Shrestha,10

Rita Shrestha,10 Manjeswori Ulak,10 Robert Black,11 Laura
Caulfield,11 William Checkley,11,6 Ping Chen,11,6 Margaret
Kosek,11 Gwenyth Lee,11 Pablo Peñataro Yori,11 Laura
E. Murray-Kolb,12 Barbara Schaefer,12,6 Laura Pendergast,13

Cláudia Abreu,14 Alexandre Havt,14 Hilda Costa,14 Alessandra
Di Moura,14 Jose Quirino Filho,14,6 Álvaro Leite,14 Aldo
Lima,14 Noélia Lima,14 Ila Lima,14 Bruna Maciel,14 Milena
Moraes,14 Francisco Mota,14 Reinaldo Oriá,14 Josiane Quetz,14

Alberto Soares,14 Crystal L Patil,16 Pascal Bessong,17 Cloupas
Mahopo,17 Angelina Maphula,17 Cebisa Nesamvuni,17 Emanuel
Nyathi,17 Amidou Samie,17 Leah Barrett,18 Jean Gratz,18 Rich-
ard Guerrant,18 Eric Houpt,18 William Petri,18 Rebecca
Scharf,18 James Platts-Mills,18 Binob Shrestha,19 Sanjaya
Kumar Shrestha,19 Tor Strand,19,15 Erling Svensen20,8.

Institutions: 1A.B. PRISMA, Iquitos, Peru; 2Aga Khan Uni-
versity, Naushahro Feroze, Pakistan; 3Armed Forces Research
Institute of Medical Sciences, Bangkok, Thailand; 4Christian
Medical College, Vellore, India; 5Duke University, Durham,
North Carolina; 6Fogarty International Center/National Insti-
tutes of Health, Bethesda, Maryland; 7Foundation for the Na-
tional Institutes of Health, Bethesda, Maryland; 8Haydom
Lutheran Hospital, Haydom, Tanzania; 9icddr,b, Dhaka,
Bangladesh; 10Institute of Medicine, Tribhuvan University,
Kathmandu, Nepal; 11Johns Hopkins University, Baltimore,
Maryland; 12Pennsylvania State University, University Park;
13Temple University, Philadelphia, Pennsylvania; 14Universi-
dade Federal do Ceará, Fortaleza, Brazil; 15University of Bergen,
Norway; 16University of Illinois at Chicago; 17University of
Venda, Thohoyandou, South Africa; 18University of Virginia,
Charlottesville; 19Walter Reed/Armed Forces Research Institute
of Medical Sciences Research Unit, Kathmandu, Nepal; and
20Haukeland University Hospital, Bergen, Norway.
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