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Acute diarrhoea in a community cohort of children who
received an oral rotavirus vaccine in Northeast Brazil

Sarah Cristina Fontes Vieira', Ricardo Queiroz Gurgel'/*, Andrew Kirby?, Isis Pinheiro Barreto®,
Liane Desiderio de Souza?, Oderlan Carvalho Oliveira®, Jailson de Barros Correia*,
Winifred Dove?, Nigel A Cunliffe?, Luis E Cuevas®

"Nicleo de Pés-Graduagao em Medicina *Escola de Medicina, Universidade Federal de Sergipe, Aracaju, SE, Brasil
?Institute of Infection and Global Health, Clinical Infection, Microbiology and Immunology °Liverpool School of Tropical Medicine,
University of Liverpool, Liverpool, UK “Instituto de Medicina Integral Professor Fernando Figueira, Recife, PE, Brasil

Rotavirus is an important cause of childhood diarrhoea. A monovalent rotavirus vaccine (Rotarix®) was in-
troduced into the Immunization Program of Brazil in 2006. In this study, we describe the incidence and burden of
disease of rotavirus diarrhoea in two cohorts of children (vaccinated and unvaccinated). We followed two groups
of 250 children under one year old, who were enrolled in December 2006 from a low-income residential area in
Northeast Brazil. The children were monitored every two weeks for two years. Stool samples from children with
diarrhoea were examined for the presence of rotavirus. Rotaviruses were genotyped using real time-polymerase
chain reaction. The mean numbers of all-cause diarrhoea episodes/child (adjusted for age) in the first year were 0.87
and 0.84, in vaccinated and unvaccinated children, respectively. During the second year, the number of episodes/
child decreased to 0.52 and 0.42. Only 16 (4.9%) of 330 stool samples were rotavirus-positive (10 vaccinated and 6
unvaccinated children) and only P[4]G2 rotaviruses were identified. All-cause diarrhoea episodes were more severe
in unvaccinated children in the first year of age (p < 0.05), while vaccinated children had more severe episodes 18
months after vaccination. Rotavirus diarrhoea incidence was very low in both groups.
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Acute diarrhoea is one of the main causes of child-
hood morbidity and mortality worldwide (Bishop 2009).
Although major improvements in sanitation and the avail-
ability of oral rehydration therapy have reduced childhood
diarrhoea mortality in recent decades, Brazil included,
these reductions vary from region to region (Sergio & Leon
2009). Rotavirus is the main cause of severe diarrhoea,
causing 600,000 deaths and two million hospitalizations
annually worldwide (Parashar et al. 2006). Almost all chil-
dren experience at least one episode of rotavirus gastroen-
teritis before reaching five years of age (Valencia-Mendoza
et al. 2008) and the main strategy to control rotavirus diar-
rhoea is the widespread use of vaccines (Bishop 2009).

Brazil was one of the pioneer countries; an oral rota-
virus vaccine was introduced into its National Immuni-
zation Program (EPI) in March 2006. This is in agree-
ment with current World Health Organization guidelines,
which recommend the inclusion of rotavirus vaccines in
the EPI of countries where the vaccine effectiveness sug-
gests a significant impact on public health (WHO 2007).
A study undertaken in the state of Sergipe (SE), located in
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Northeast Brazil, demonstrated that rotavirus vaccination
resulted in a significant decrease in the number of rotavi-
rus-related hospitalizations and consultations (Centenari
et al. 2010); however, it is understood that hospital-based
studies often report a higher incidence of rotavirus than
community-based studies (Patel et al. 2007, Safadi et al.
2010). This over-representation is due to the fact that ro-
tavirus causes more severe disease than other pathogens.
Because of this, vaccine effectiveness is likely to be high-
er in these settings, since rotavirus vaccines consistently
demonstrate higher efficacy against more severe rotavirus
disease outcomes (Soares-Weiser et al. 2010).

No studies have examined the effectiveness of the
rotavirus vaccine on rotavirus infections that are com-
munity-based. In this study, we describe the incidence
of all-cause and rotavirus-derived diarrhoea in a cohort
of children residing in a community-based setting in
Northeast Brazil. These children were vaccinated with
an oral monovalent rotavirus vaccine and the burden of
disease was compared to that of an unvaccinated cohort
of children residing in the same community.

PATIENTS, MATERIALS AND METHODS

This was a longitudinal cohort study of children under
two years of age residing in the district of Santa Maria,
on the outskirts of the city of Aracaju (SE). Santa Maria
is a low-income housing state located near the main
metropolitan area; the two are linked with a paved road
and common public services. Three government Health
Centres located within the community serve the area.
Children greater than or equal to four months of age reg-
istered in Santa Maria’s Health Centre vaccination facili-
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ties were visited at home in 2006 and their parents were
invited to enrol their children in the study, independent
of their vaccination status. The parents of the first 250
children who had received two oral doses of the Rotarix®
vaccine (GlaxoSmithKline Biologicals, Rixensart, Bel-
gium) at two and four months of age (vaccinated cohort)
were invited to participate and a further 250 children who
had not received the vaccine comprised the unvaccinated
cohort. Vaccination status was verified using the child’s
vaccination card and the Health Centre’s databases. The
youngest unvaccinated children registered were selected,
despite the fact that the two groups could not be matched
by age, as unvaccinated children had to be ineligible for
vaccination at the time of enrolment, and therefore at
least four months of age. Unvaccinated children serving
as the control group were not offered the vaccine due to
EPI guidelines that exclude children greater than or equal
to four months of age to avoid the risk of intussusception
among older infants (WHO 2007).

After obtaining informed parental consent, all chil-
dren were visited at home for the following two years,
independently of their age at the time of enrolment. Visits
were conducted every two weeks by three trained inter-
viewers who inquired as to whether or not the child had
experienced diarrhoea episodes during the previous two-
week period. If the parent indicated that the child had diar-
rhoea, the interviewer collected information regarding the
date of the episode and clinical presentation. The severity
of the diarrhoea episodes was classified following Ruuska
and Vesikari score (Ruuska & Vesikari 1990), as modified
by Nakagomi et al. (2005). Episodes with scores equal to
or above 12 were classified as severe and analysed accord-
ing to age categories to control for the age differences in
vaccinated and unvaccinated children.

Stool samples were collected for all diarrhoea epi-
sodes encountered during home visits. Acute diarrhoca
was defined as any episode with more than three watery
stools per day and duration of less than 14 days. Parents
were asked to collect the stool samples at home and to
bring the samples to the Health Centres the next day or
to phone the research staff, which would collect the sam-
ples at home if the parent was unable to attend the Health
Centre. Some parents missed collecting samples at the
time of the episodes, which resulted in more diarrhoea
episodes being reported than the number of stool samples
collected. Stools collected were stored in a refrigerator for
amaximum of 24 h and were subsequently stored at -80°C
until analysis. Rotavirus antigen was detected by using
an enzyme-linked immunosorbent assay (ELISA) (Rota-
clone, Meridian Bioscience, Inc, Cincinnati, OH, USA).
Genomic RNA was extracted from positive samples using
previously described protocols (Gentsch et al. 1992) and
the type of rotavirus (G or P) was determined using he-
mi-nested multiplex real time-polymerase chain reaction
with consensus and type-specific primers, as described
previously (Gouvea et al. 1990, Gentsch et al. 1992).

The Ethics Research Committee of the Sergipe
Federal University Hospital and the Research Ethics
Committee of the Liverpool School of Tropical Medi-
cine approved the protocols utilised in 2006 (CAAE
0839.0.000.107-06 and CAAE 009.0.107.000-07).

RESULTS

Fifty-six (11.2%) of the 500 participants enrolled were
lost during follow-up resulting in 222 vaccinated and 222
unvaccinated children being included in the final analy-
sis. Children in the two cohorts had similar housing con-
ditions and access to pipe water and drains. The mean
(SD) age of vaccinated and unvaccinated children was 6.6
(3.1) months and 15.3 (4.9) months at the time of enrol-
ment, respectively (p < 0.001) (Table I). The older age of
the latter was due to the rapid uptake of the vaccine soon
after vaccine introduction, with very few young children
not being vaccinated at the time of recruitment.

The cumulative incidence of diarrhoea was low in
both cohorts, with 87 and 84 episodes per 100 children
reported in the vaccinated and unvaccinated cohorts
during the first year of follow-up and 52 and 42 episodes
per 100 children in the second year, respectively (p <
0.05 for the difference between first and second year of both
cohorts). Diarrhoea incidence was stratified by age to
control for the differences in age, as shown in Fig. 1.
The peak incidence was observed during the second
six-month period of the study in three-12-month-old
vaccinated children and in seven-12-month-old unvac-

TABLE I

Characteristics of study participants

Vaccinated Unvaccinated

(n=222) (n=222)
N ) p

Age (months) [mean (SD)] 6.6 (3.1) 153 (4.9) <0.001
Male 113 (50.9) 109 (49.1) 0.7
Rooms at home [mean (SD)] 5 (1.6) 4.9 (3.6) 0.81
Sewerage

Piped 120 (54.5) 98 (45.4) 0.12

Well 96 (43.6)  115(53.2)

None 4(1.8) 3(1.4)
Toilet

With flusher 158 (73.8) 165 (76.4)  0.51

Without flusher 49 (22.9) 42 (194)

Latrine 3(1.4) 1(0.5)

None 4 (1.9) 8(3.7)
Water source (Public) 214 (98.6) 213 (99.1) 0.76
Piped water

Inside 215(96.8) 213(96.4) 094

Outside 4(1.8) 52.3)

None 3(1.4) 3 (1.3)
House type

Brick 215(97.7) 215097.7) 1.0

Other 5(2.3) 5(2.3)
Open sewerage

In front of house 102 46.1) 101 (46.1)  0.91

Far from house 41 (18.6) 44 (20.1)

None 78 (35.3) 74 (33.8)
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cinated children. The incidence of diarrhoea was higher
during the rainy season, but the overall number of cases
decreased in the second year (Fig. 2).

A total of 581 episodes were documented to calcu-
late the severity score. Of these, 273 (47%) occurred in
vaccinated and 308 (53%) in unvaccinated children. The
mean severity score of all-cause diarrhoea stratified by
age group is shown in Table II. Children who had been
recently vaccinated (7-12 months-old) had lower mean
severity scores than the unvaccinated controls [means
(SD) of 5.6 (2.8) and 8.9 (4.2), respectively, p < 0.046].
This difference disappeared in children aged 13-24
months, with vaccinated children having similar all-
cause severity scores to the unvaccinated controls. The
difference was reversed in children older than 24 months
with vaccinated children having more severe episodes
than the unvaccinated controls [means (SD) 7.9 (4.7) and
6.2 (4.2), respectively, p = 0.02].

A total of 327 stool samples were collected and tested
for rotavirus (180 from vaccinated and 147 from unvac-
cinated children). Sixteen (4.8%) samples were rotavi-
rus-ELISA positive, 10 of which (5.5%) occurred in vac-
cinated and six (4%) occurred in unvaccinated children
(p > 0.5). The proportion of severe episodes (score >
12) was analysed by comparing rotavirus-positive and
rotavirus-negative children based on their vaccination
status. Among vaccinated children, the proportion of di-
arrhoea episodes with a score > 12 was similar in rotavi-
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Fig. 1: incidence of acute diarrhoea in vaccinated (A) and unvacci-
nated (B) children during the 24-month follow-up period by age.

rus-positive and rotavirus-negative cases [5 (59%) of the
10 rotavirus-positive and 12 (27.1%) of the 170 rotavirus-
negative, respectively, p = 0.15]. However, among unvac-
cinated children, the proportion of diarrhoea episodes
with a score > 12 was higher in the rotavirus-positive
cases than in rotavirus-negative cases [(4, 67%) of 6 ro-
tavirus-positive and 23 (16.3%) of 11 rotavirus-negative,
respectively, Fisher exact test (p = 0.001)].

The rotavirus P[4]G2 genotype was identified in
seven of the 10 vaccinated children and three of the six
unvaccinated children. The remaining strains were rota-
virus non-typeable (NT); with three PINT]GNT rotavi-
rus strains recovered from vaccinated children and two
from unvaccinated children. One P[NT]G2 sample was
identified in an unvaccinated child.

DISCUSSION

This is the first description of a cohort of children
vaccinated with an oral rotavirus vaccine, followed up in
a low-income community setting, in the context of rou-
tine childhood immunization in Brazil. Surprisingly, the
overall incidence of all-cause diarrhoea was lower than
expected and was similar between vaccinated and un-
vaccinated children, after stratifying by age. Addition-
ally, the incidence decreased with time in all age groups
and the total number of episodes decreased from 2007-
2008. According to Aracaju’s Public Health Department
(www.datasus.gov.br), acute diarrhoea incidence in the
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Fig. 2: number of stool samples collected and proportion of samples

with rotavirus in vaccinated and unvaccinated children, Santa Maria,
Aracaju, Sergipe, Brazil, December 2006-November 2008.

TABLE II

Mean severity score of all-cause diarrhoea by vaccination
status and age group

Age (months) Vaccinated Unvaccinated p
Mean (SD) Mean (SD)
n score n score
0-6 1 3(0) 6 6.5 (4.1) 0.5
7-12 7 5.6 (2.8) 70 8.9 4.2) 0.05
13-18 44 8.8(4.2) 109 8.9 (4.6) 0.18
19-24 90 8.1(4.3) 69 8.9 4.8) 0.2
>24 129 7.9 (4.7) 54 6.2 (6.2) 0.02
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study area decreased from 59.8-52.5 episodes per 1,000
children during the two years this study was conducted
and the higher incidence observed among the cohorts is
likely reflects the increased sensitivity of active house-
hold surveillance, which identified mild cases that were
managed at home, as previously described (Banerjee et
al. 2006, Vernacchio et al. 2006).

In addition to the low incidence of all-cause diar-
rhoea, very few children had documented rotavirus-
borne diarrhoea during the two years this study was con-
ducted. This observation is in agreement with the lower
incidence of rotavirus infections reported in SE after the
vaccine was introduced (Gurgel et al. 2009) and may also
reflect the location of the study, as the proportion of rota-
virus cases in community-based studies is characteristi-
cally lower than in hospital-based studies (Vernacchio
et al. 2006, Gurgel et al. 2008b). Interestingly, all-cause
gastroenteritis in young children and rotavirus episodes
in children of all ages were less severe in children who
had recently received the rotavirus vaccine (i.e., children
< 12 months old), while older children who had received
the vaccine 18 or more months earlier (i.e., more than
24 months old) had more severe episodes than the un-
vaccinated controls. The low incidence in young, vac-
cinated children may reflect some degree of protection,
reducing the severity of breakthrough infections; while
the increased severity in older children may result from
waning vaccine immunity, as has recently been report-
ed from Recife, Pernambuco (Correia et al. 2010). The
beneficial effects of the vaccine in young children have
also been observed in Australia and Mexico (Macartney
et al. 2011, Quintanar-Solares et al. 2011) and our data
suggest that these benefits may extend to older children.
When interpreting our data, however, it is important to
consider that vaccinated children were younger than
unvaccinated children. Although the stratified analysis
suggests that the vaccine had better protective effect in
younger children, this might still be due to the effect
of the higher proportion of young children in the vac-
cinated group that was unaccounted for by the stratified
analysis (Quintanar-Solares et al. 2011).

Given the low overall rotavirus incidence rate, non-
vaccinated children may have been protected from ro-
tavirus disease (herd protection), as this effect is well
described in other oral vaccines administered for other
diseases, such as oral polio (Conyn-Van Spaendonck et
al. 2001, Ebrahim 2001). This effect may account for the
pattern of rotavirus disease observed following national
immunization in the United States of America, where
children too old to have received the rotavirus vaccine
were found to have a reduced incidence of rotavirus
disease (Tate et al. 2009). Anderson (2008) recently re-
ported that rotavirus vaccines can be transmitted from
recently vaccinated to unvaccinated children, although
it is not established whether these secondary immuniza-
tions would have resulted in immunological protection,
as a decreased circulation of the virus in the environ-
ment could alternatively explain this effect.

As expected, diarrhoea incidence was higher in
younger children (Raul Velazquez et al. 1993, Fernandes
et al. 2000, Carneiro et al. 2005, Fischer et al. 2007, Gi-

aquinto & van Damme 2010). Similar results have been
reported by Ratl Velazquez et al. (1993), who observed
an incidence of 3.2 episodes/child/year in a cohort of
Mexican children followed from birth, with the highest
incidence occurring between seven-nive months of age,
and by O’Ryan et al. (2009), who reported incidences of
0.26 and 0.57 episodes per child in the first and second
six months of life, respectively, in Chile.

Similar to hospital-based reports from this region (Gur-
gel et al. 2007, 2009), P[4]G2 was the only genotype iden-
tified. It remains unclear whether the continued predomi-
nance of this strain can be attributed to vaccine-induced
selective immune pressure or to the well-understood natu-
ral fluctuation in rotavirus genotypes (Gurgel et al. 2008a).

Leite et al. (2008) reviewed eight recent studies that
reported that the predominance of P[4]G2 and P[NT]G2
is not homogeneous across the country. Furthermore, the
high prevalence of G2 reported from countries in this
region (Esteban et al. 2010), where rotavirus vaccine has
not been introduced, and the reported 77% efficacy of
Rotarix® against G2 in Northeast Brazil indicates that
natural fluctuation of the viral genotypes may be respon-
sible for the G2 type predominance, but a longer period
of surveillance will be necessary to fully understand this
phenomenon (Correia et al. 2010).

In conclusion, this study suggests that the proportion
of acute diarrhoea cases caused by rotavirus were low
and that the incidence of rotavirus diarrhoea decreased
over the study period in both vaccinated and unvacci-
nated children. The all-cause diarrhoea episodes and the
few rotavirus episodes observed were less severe in vac-
cinated young children. Rotavirus P[4]G2 was the only
type of rotavirus identified. The vaccine may play a key
role in decreasing rotavirus-borne diarrhoea in the com-
munity and its introduction in the immunization pro-
gram is a welcome development.
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