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Pará, Northern Brazil
Jones Anderson Monteiro Siqueira,1 Alexandre da Costa Linhares,2
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Noroviruses are the leading cause of epidemic,
non-bacterial outbreaks of acute gastroenteritis,
and are also a major cause of sporadic acute
gastroenteritis in infants. The aim of the present study was to identify norovirus infections in
children not infected by rotavirus admitted to
hospital for acute gastroenteritis in Belém. A total of 348 fecal specimens were obtained from
children with diarrhea aged less than 5 years,
all of whom had tested negative for rotavirus,
between May 2008 and April 2010. Fecal samples were screened for norovirus antigen using
enzyme-immunoassay (EIA). Specimens were
subjected to reverse-transcription polymerase
chain reaction (RT-PCR) using the primers
Mon432/434–Mon431/433 for detection of the
GI and GII norovirus strains, respectively.
Based on both methods, the overall norovirus
positivity rate was 36.5% (127/348). Of the 169
samples collected in the ﬁrst year, 44.4%
(n ¼ 75) tested positive for norovirus using
both methods, 35.5% (n ¼ 60) by EIA and
40.8% (n ¼ 69) by RT-PCR. Using RT-PCR as a
reference standard, a sensitivity of 78.3%, speciﬁcity of 94%, and agreement of 87.6% were
recorded. Genome sequencing was obtained
for 22 (31.9%) of the 69 positive samples, of
which 90.9% (20/22) were genotype GII.4d and
9.1% (2/22) were genotype GII.b. Norovirus infection was most frequent in children under
2 years of age (41.5%–115/277). The peak incidence (62.1%) of norovirus-related acute gastroenteritis in these patients (not infected by
rotavirus) was observed in February 2010.
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These ﬁndings emphasize the importance of
norovirus as a cause of severe acute gastroenteritis among children in Belém, Pará, Northern
Brazil. J. Med. Virol. 85:737–744, 2013.
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INTRODUCTION
Acute gastroenteritis is a leading cause of morbidity
and mortality worldwide, especially among children of
up to 5 years of age. Globally, diarrhea causes 1.2 million deaths per year, with the highest numbers being
recorded in developing countries [Black et al., 2010].
Acute gastroenteritis in children is associated with a
variety of infectious agents, such as bacteria, parasites, and viruses, of which the latter are recognized
as being the main cause of endemic and epidemic
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gastroenteritis [Glass et al., 2006]. Acute gastroenteritis in humans has been associated with a number of
different viruses. Of these, rotaviruses (RV), noroviruses (NoV), sapoviruses (SaVs), human astroviruses
(HAstVs), and enteric adenoviruses (EAds) are the
most common causes of sporadic gastroenteritis requiring hospitalization, and together constitute a major burden for public health systems worldwide [Glass
et al., 2000, 2006; Sasaki et al., 2006].
Human caliciviruses (HuCVs) are part of the Caliciviridae family which includes ﬁve genera: Norovirus,
Sapovirus, Vesivirus, Lagovirus, and Nebovirus.
While Norovirus and Sapovirus are known to infect
humans, the other genera are mainly of veterinary interest [Clark et al., 2012].
A number of outbreaks of non-bacterial gastroenteritis in a variety of environments have been attributed
to NoV, due primarily to its marked potential for
transmission and the low dose required to establish
an infection. These environments include hospitals,
day care centers, nursing homes, hotels, cruise ships,
and schools [Borges et al., 2006; Bull et al., 2006;
Sasaki et al., 2006]. Since the 1990s, the use of molecular methods has also highlighted the role of NoV as
a common agent of sporadic, self-limiting episodes of
acute gastroenteritis, which are normally caused by
the consumption of contaminated food or water [Bull
et al., 2006]. Person-to-person transmission of NoV
has occurred mainly through the fecal–oral route. Airborne transmission following contact with contaminated surfaces also appears to be common [CDC,
2011]. Individuals of all age groups are known to be
susceptible to NoV infections [Ribeiro et al., 2008].
NoV infection is normally characterized by mild and
self-limiting acute gastroenteritis. Its most common
symptoms are diarrhea, vomiting, nausea and abdominal pain, which last for about 48 hr after an incubation period of 8–72 hr [Bull et al., 2006; Verhoef et al.,
2008].
The NoV are classiﬁed in ﬁve distinct genogroups.
Two of these—genogroup I (GI) and genogroup II
(GII)—are the most frequently detected in humans.
Each of these groups encompasses a variety of genetic
clusters. A recent study [CDC, 2011] found that the
GI and GII strains contain at least 8 and 21 genotypes, respectively. During the past few years, the
GII.4 genotype has predominated in both outbreaks
and sporadic cases worldwide [Sasaki et al., 2006].
The great genetic diversity of the NoV hampers the
development of a universal detection system capable
of identifying all the different strains. The reverse
transcriptase-polymerase chain reaction (RT-PCR)
and real-time PCR have been used extensively for the
detection and characterization of NoV through the use
of primers designed to target different regions of
the genome, mainly that represented by the RNApolymerase, which appears to be conserved across all
genetic groups. It is important to have a rapid and
conclusive diagnosis of the virus during outbreaks in
order to implement strategies for containment within
J. Med. Virol. DOI 10.1002/jmv
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the shortest possible time, thus minimizing the dispersal of the virus within the population [Jiang et al.,
1999; Koopmans et al., 2002; Borges et al., 2006].
Data from Brazil have shown an increase in the
prevalence of NoV in infants and young children admitted to hospital with acute gastroenteritis. A high
prevalence of NoV infection has been reported from
Rio de Janeiro and other regions of Brazil, with frequencies ranging from 41.6% to 49.8% [Ferreira et al.,
2010; Morillo et al., 2011]. The aim of the present
study was to seek for NoV infection among RV-negative children admitted to hospital for treatment for
acute gastroenteritis in Belém, in northern Brazil, between 2008 and 2010. In addition, the different NoV
strains detected during the study were characterized
using molecular methods.
MATERIALS AND METHODS
Study Area
The present study was based on the monitoring of
cases of community acquired acute gastroenteritis at
a large pediatric hospital in the city of Belém, in the
Northern Brazilian state of Pará, in the Amazon region. An estimated 40% of the cases of children admitted to hospital with acute gastroenteritis in Belém are
referred to this facility. Belém has 1,437,600 inhabitants, and is located close to the equator line, and
thus has a relatively hot and high humid climate (relative humidity generally over 80%). Median monthly
temperatures vary from 25.7 to 27.88C throughout the
year [PMB, 2010; INMET, 2012].
Clinical Samples
Diarrhea is deﬁned as the passage of at least three
looser than normal stools over a 24 hr period. The hospital was monitored between May 2008 and
April 2010, focusing on the children of less than 5 years
of age who were admitted to hospital for acute gastroenteritis. Fecal samples collected within 48 hr of admission were collected and sent to the Evandro
Chagas Institute where they were stored at 208C until testing for the presence of RV and NoV. A total of
2,095 samples were obtained and ﬁrst screened for
group A-RV antigens using a Ridascreen1 Rotavirus
enzyme-immunoassay (EIA; R-Biopharm, Darmstadt,
Germany). A representative sample of 348 of the 1,649
RV negative specimens was selected for NoV testing,
considering a 95% conﬁdence level and a sampling error of 4%. The samples were selected randomly each
month, using the random (non-replacement) statistic
tool of the BioEstat 5.0 software package [Ayres et al.,
2007]. The study was approved by the Research Ethics
Committee of the Evandro Chagas Institute (CEP/
IEC—No. 0023/10–CAAE: 0024.0.072.000-10).
Norovirus Detection
The 348 RV-negative samples were screened for the
presence of NoV antigens using a third generation
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commercial Ridascreen1 Norovirus EIA (R-Biopharm), according to the manufacturer’s instructions.
Microplates sensitized with monoclonal antibodies
(Mab) were provided by the manufacturer. Biotin-conjugated antibodies and streptavidin–peroxidase conjugate were used in successive steps, followed by the
addition of chromogenic substrate and blocking by
sulfuric acid. Samples that yielded an absorbance value equal to or greater than the cut-off value ([absorbance value of the negative control þ 0.150] þ 10%)
were considered positive.
Molecular Characterization
Viral RNA was extracted from the samples collected
during the ﬁrst year of the study (May 2008 to
April 2009) using the isothiocyanate guanidine (silica
method) [Boom et al., 1990]. A random hexamer
(9 A260 units/ml, 3 mM Tris–HCl (pH 7.0), and 0.2 mM
EDTA—Invitrogen, Eugene, OR) were used in the reverse transcription reaction to obtain the complementary DNA (cDNA), and PCR ampliﬁcations were
conducted with a pool of Mon 431/433 and 432/434
primers in order to detect GI and GII, respectively
[Anderson et al., 2001]. Amplicons of the positive samples that presented clear bands were selected and puriﬁed using either the QIAquick1 PCR puriﬁcation
kit or the QIAquick1 gel extraction kit (QIAgen, Science, MD). Sequencing was conducted using capillary
electrophoresis in an ABI Prism 3130XL DNA Sequencer (Applied Biosystems, Foster City, CA) using
the same primers as the RT-PCR reaction and a Big
Dye kit (v. 3.1; Applied Biosystems). The nucleotide
sequences obtained here were aligned and edited using
the BioEdit Sequence Alignment Editor (v. 7.0.9.1)
software and compared with other sequences obtained
from the GenBank database (National Center for Biotechnology Information, US-[www.ncbi.nlm.nih.gov]),
including reference sequences of each genotype. The
dendogram was constructed by the neighbor-joining
method using the MEGA 5 software [Tamura et al.,
2011], supported by bootstrap procedures based on
2,000 replicates. The sequences determined in this
study were submitted to the GenBank under accession
numbers JQ683744–JQ683765.
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Statistical Analysis
Statistical analyses were run in EpiInfo 3.3.2.
(http://www.cdc.gov/epiinfo) and BioEstat 5.0 [Ayres
et al., 2007]. The screening test was performed to assess the sensitivity and speciﬁcity of the results
obtained by EIA in comparison with those of the RTPCR. The kappa test was used to assess the reproducibility of the EIA and the odds ratio (OR) test was applied to evaluate a possible difference in NoV infection
rates between younger (2 years old) and older (>2
years) children. The association between gender and
the proportion of positives results for NoV was calculated by chi-square test. The variation between the
ﬁrst and second years of monitoring on the NoV positivity, as measured by EIA, was analyzed using the
Mann–Whitney test. The Fisher exact test was used
to analyze the positivity rate of the months in which
there was not a similar pattern of monthly ﬂuctuation. A multiple linear regression was used to assess
the relationship between the proportion of NoV-positivity rates and climate parameters. P-values  0.05
were considered to be statistically signiﬁcant.
RESULTS
Between May 2008 and April 2010, an overall NoV
positivity of 36.5% (127/348) was conﬁrmed using both
EIA and RT-PCR. The age distribution of these positive cases is shown in Table I. The observed NoV-positivity was signiﬁcantly higher in children of 2 years
old or less (41.5%; 115/277; 95% CI [1.66–6.05];
OR ¼ 3.1671; P ¼ 0.0005) in comparison with other
age groups. No relationship was found between
the NoV-positivity rates and gender (X2 ¼ 1.539;
P ¼ 0.259). Similarly, no clear relationship was found
between NoV-positivity and climate variables (Fig. 1),
that is, temperature (P ¼ 0.53), rainfall (P ¼ 0.82), or
relative humidity (P ¼ 0.96).
Based on the results of the EIA, NoV-positivity was
35.5% in the ﬁrst year of the study, and 29.0% in the
second year (P ¼ 0.0304). A similar pattern of monthly ﬂuctuation was observed in both years of the study
period (Fig. 2), except for February—18.7% in 2009
versus 62.1% in 2010 (P ¼ 0.0287)—and October, with
27.3% in 2008 and no cases being recorded in 2009

TABLE I. Frequency by Age Group of the Positive for NoV Cases Detected by PCR and/or EIA Methods, in Fecal Samples
of Children Admitted to Hospital With Acute Gastroenteritis in Belém, Pará, Brazil, from May 2008 to April 2010
Age group (months)
0–6
6–12
12–24a
24–36
36
Not informedb
Total

Positive/total tested (%)

Odds ratio

95% confidence interval

5/22 (22.7)
46/102 (45.1)
64/153 (41.8)
8/46 (17.4)
3/17 (17.6)
2/8 (25.0)
128/348 (36.8)

0.4854
1.6429
1.4719
0.3193
0.3531
___
___

0.1747–1.3488
1.0252–2.6327
0.9491–2.2827
0.1440–0.7081
0.0995–1.2532
___
___

Norovirus infection was more frequent in children aged <2 years (41.5%; 115/277; OR ¼ 3.1671; 95% CI [1.66–6.05]).
Patients whose information about the date of birth or date of collection of fecal samples was not provided.

a
b
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Fig. 1. Correlation between monthly NoV-positivity rates and humidity, precipitation and temperatures recorded in Belém, Pará, Brazil, from May 2008 to April 2010.

(P ¼ 0.0047). The highest monthly value was that of
February 2010 (62.1%).
Of the 169 samples collected during the ﬁrst year of
the study, 44.4% (75/169) were positive for NoV, with
40.8% (69/169) being conﬁrmed by RT-PCR and 35.5%
(60/169) by EIA. There was an 87.6% (148/169) agreement between the two approaches, indicating excellent reproducibility (Kappa ¼ 0.7, P < 0.0001). If RTPCR is considered to be the ‘‘gold standard,’’ EIA
yielded a sensitivity of 78.3% and speciﬁcity of 94%,
with a positive predictive value (PPV) of 90% and a
negative predictive value (NPV) of 86.2% (Table II).
Twenty-two (31.9%) of the 69 positive samples for
NoV were sequenced using the same pair of PCR primers that target the RNA polymerase region. Of
these, 20 (90.9%) were classiﬁed as GII.4d and 2
(9.1%) as GII.b (Fig. 3).
DISCUSSION

Fig. 2. Monthly distribution of NoV infection detected by EIA in
348 fecal specimens collected from children admitted to hospital
with acute gastroenteritis in Belém, Pará, Brazil: (a) May 2008 to
April 2009; (b) May 2009 to April 2010.
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In the present study, the rate of NoV positivity
recorded by both techniques (36.5%) was similar to
those recorded in other regions of Brazil, such as
Espı́rito Santo state (39.7% in 2004–2006), and in
Germany 49% in 2002–2008 [Ribeiro et al., 2008;
Spackova et al., 2010]. However, the positivity-rate
recorded in Belém was much higher than those
reported from hospitals and emergency departments
in this city in previous years, 14.6% in 1992–1994,
8.9% in 1998–2000, and 12.5% in 2003 [Nakamura et
al., 2006; Aragão et al., 2010, unpublished data].
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TABLE II. Comparison of the Results Obtained by EIA and
RT-PCR for 169 Fecal Specimens Collected From Children
With Diarrhea Admitted to Hospital in Belém, Pará, Brazil,
From May 2008 to April 2009
RT-PCR
EIA
Positive
Negative
Total

Positive

Negative

Total

54
15
69 (40.8%)

6
94
100

60 (35.5%)
109
169

Children 2 years old and younger who were not
infected with RV were three times more likely to develop acute gastroenteritis caused by NoV than those of
other age groups, with a positivity-rate of 41.5%. Similar results were obtained previously in Belém and also
in Vitória, the capital of Espı́rito Santo, in Southeast
Brazil [Ribeiro et al., 2008; Aragão et al., 2010]. However, in a study involving children less than 3 years of
age in the Brazilian Midwest, Borges et al. [2006]
found no signiﬁcant difference between age groups, nor
any difference in relation to the gender, which is consistent with the results of the present study in Belém.
Most studies of seasonal patterns have described
winter peaks of NoV infection (both outbreaks and sporadic cases) in temperate countries [Fretz et al., 2005].
In tropical regions, however, NoV tends to be detected
year-round, with no clear seasonal pattern of occurrence. In Southeastern Brazil, for example, Soares
et al. [2007] found no marked seasonal variation over
an 8-year period (1998–2007). In the subtropical Brazilian Midwest, however, while Borges et al. [2006]
also recorded NoV infections throughout the year, a
peak was observed during the more humid rainy season, from September to March. This is consistent with
the results of EIA in the present study, in which a
peak of NoV infection was recorded in February 2010,
the middle of the local rainy season. Victoria et al.
[2007] recorded biphasic peaks in Rio de Janeiro in
2004, with the highest rates of NoV gastroenteritis being observed between March and May, and in September and October. Overall, these results indicate the
need for a long-term and more systematic analysis of
possible seasonal patterns in NoV infection.
While overall positivity rates were relatively high,
during the ﬁrst year of the present study, a similar
pattern of variation was observed in both years, except
for February and October. No clear relationship was
found between positivity rates and any of the climatic
variables analyzed (temperature, rainfall, or relative
humidity). It is important to note that, as Belém is located close to the equator line, climatic variables, especially temperature, tend to be relatively constant
throughout the year [PMB, 2010; INMET, 2012].
The EIA presented an agreement of 87.6% when
compared to the NoV RT-PCR, which was similar to
the values of 85.9% and 90.7% reported for children
with diarrhea from Venezuela and Japan, respectively
[Okitsu-Negishi et al., 2004; González et al., 2006].
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In the present study, GII.4 was predominant, accounting for over 90% of the strains identiﬁed. This
genotype has been circulating in Belém since 1998
(unpublished data). In a review of the available longterm data (1990–2008) for a number of different
regions, including Latin America, Patel et al. [2008]
concluded that this genotype was responsible for 75–
100% of all cases of NoV-related gastroenteritis. This
study also recorded a marked diversity of GII.4 variants, highlighting the potential for genetic variability
in the strains of this virus worldwide [Okada et al.,
2007; Johansen et al., 2008]. Fioretti et al. [2011]
recorded a number of different GII NoV genotypes in
a Brazil-wide survey of NoV-related gastroenteritis,
but found a predominance of GII.4 (78%). Future
studies are being planned, targeting at the capsid region (ORF 2) which may yield a more accurate genotyping of these samples.
The primers used in the present study targeted the
RNA polymerase (ORF1), which is known to be a
highly conserved region of the NoV genome. Two samples were classiﬁed as genotype GII.b. Bull et al.
[2007] assign the isolated clusters GII.a, GII.b, GII.c,
and GII.d, to unclassiﬁed polymerases, suggesting
possible recombinations. These types of recombinants,
especially those of GII.b (polymerase region) and
GII.3 (capsid region), have recently been identiﬁed as
the cause of outbreaks in Europe, Australia, and Asia
[Chhabra et al., 2010]. The ORF1 amino acid sequence of the two GII.b samples detected in the present study was 100% identical to that of the Paris
Island prototype strain (AY652979). Conﬁrmation of
the presence of a recombination would nevertheless
require the molecular characterization of the ORF 2
in order to differentiate this strain from the more
common GII.3 strains [Buesa et al., 2002; Chhabra
et al., 2010].
While it was only possible to test by EIA and RTPCR 21% of the 1,649 specimens collected during the
present study, they appear to constitute a representative sample of the study population. As mixed infections involving RV are relatively rare, the omission of
samples that were positive for RV may have inﬂuenced the rates of NoV-positivity recorded in the present study, leading to a possible overestimation. This
sampling criterion is standard practice in Brazil and
other countries [Soares et al., 2007; Andreasi et al.,
2008; Le et al., 2010; Mahar and Kirkwood, 2011].
The testing of samples by EIA only in the second
year of the current study may have underestimated
overall prevalence. The chi-square test (data not
shown) indicated a highly signiﬁcant difference
(P ¼ 0.004) between the positivity rates obtained for
ﬁrst and second years: 44% (75/169) and 29% (52/179),
respectively. This can be considered to be a weakness
of the present study.
In the post-RV vaccine era, it may be worth reinforcing the monitoring of other potential agents of gastroenteritis, such as NoV, in particular, to assess a
possible increase in the incidence of these agents
J. Med. Virol. DOI 10.1002/jmv
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Fig. 3. Dendrogram showing the genetic classiﬁcation of the samples that tested positive for NoV
obtained from children with diarrhea admitted to hospital in Belém, Pará, Brazil, from May 2008 to
April 2009. The codes representing the positive samples are organized as follows: study area (Pará)/
sample number/country of collection (Brazil)/month–year of collection.
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following the introduction of the RV vaccine in Brazil’s
National Immunization Program in 2006. In the present study, the incidence of NoV-related acute gastroenteritis in RV-negative patients appears to be higher
than that recorded in previous studies in Belém, prior
to the implementation of the RV vaccination program
[Nakamura et al., 2006; Aragão et al., 2010, unpublished data]. A similar trend appears to have occurred
in Rio de Janeiro (49.8%) and other Brazilian states
(41.6%) following the introduction of universal RV
vaccination [Ferreira et al., 2010; Morillo et al., 2011].
Similar results were obtained in the city of León, Nicaragua, where a reduced incidence of RV and high prevalence of NoV were found in the local wastewater
following the introduction of the pentavalent RotaTeqTM vaccine (RV5-Merck1) in October 2006 [Bucardo
et al., 2011].
Finally, it is planned to expand this study to cover a
third year of surveillance, and perform the molecular
analysis of ORF 1 and ORF 2 regions, in order to
achieve a broader molecular and epidemiological characterization of these data. The gathering of further robust data on the epidemiology of NoV infection in
Northern Brazil may provide an important baseline
for future studies into potential NoV vaccines.
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González GG, Liprandi F, Ludert JE. 2006. Evaluation of a commercial enzyme immunoassay for the detection of norovirus antigen
in fecal samples from children with sporadic acute gastroenteritis. J Virol Methods 136:289–291.
INMET. Climatologia. Available in: http://www.inmet.gov.br/html/
clima.php?lnk¼http://www.inmet.gov.br/html/clima/graﬁcos/
index4.html. Accessed: January 15, 2012.
Jiang X, Espul C, Zhong WM, Cuello H, Matson DO. 1999. Characterization of a novel human calicivirus that may be a naturally
occurring recombinant. Arch Virol 144:2377–2387.
Johansen K, Mannerqvist K, Allard A, Andersson Y, Burman LG,
Dillner L, Hedlund K, Jönsson K, Kumlin U, Leitner T, Lysén M,
Thorhagen M, Tiveljung-Lindell A, Wahlströmg C, ZweygbergWirgart B, Widell A. 2008. Norovirus strains belonging to the
GII.4 genotype dominate as a cause of nosocomial outbreaks
of viral gastroenteritis in Sweden 1997–2005. Arrival of new

J. Med. Virol. DOI 10.1002/jmv

744
variants is associated with large nation-wide epidemics. J Clin
Virol 42:129–134.
Koopmans M, von Bonsdorff CH, Vinjé J, Médici D, Monroe S. 2002.
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