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Abstract

Norovirus is an important etiologic agent of acute gastroenteritis and has become even more relevant in Brazil after the
implementation of the monovalent rotavirus vaccine in 2006 through the public health system, now representing a sig-
nificant portion of the etiology of acute diarrheal diseases. Although diagnosing acute gastroenteritis caused by norovirus
is a relatively simple process, and the infection tends to be self-limited, the virus can be considerably harmful to vulner-
able populations, such as children, the elderly, and immunocompromised individuals. The spread of norovirus is also
particularly favorable among such groups due to its mode of transmission, favored by cluttered environments such as in
hospitals and densely populated regions. Additionally, norovirus’ ability to spread through water and food creates the need
for measures to ensure adequate sanitation and the development of effective measures to prevent outbreaks and severe
manifestations of the disease. This review aims to address the main reports of human norovirus detected in Brazil over
the years, focusing on clinical-hospital, food-related, and urban conglomerate contexts, including the circulating strains.
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Introduction

Gastroenteritis represents a significant issue worldwide,
constituting a debilitating condition that can lead to fatality
in various circumstances (mainly because of hydroelectro-
lytic losses). The etiology of gastroenteritis is diverse, as
it can have an infectious origin, caused by viruses, bacte-
ria, protozoa, and so forth, as well as non-infectious causes
of diarrhea. Among viral gastroenteritis, norovirus (NoV)
plays a substantial role in the promotion of acute gastro-
enteritis (AGE) outbreaks, alongside rotavirus, adenovirus,
and astrovirus [1].

NoV, belonging to the Caliciviridae family, is a non-
enveloped, positive-sense, single-stranded RNA virus with
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a size of ~7.5 kb. It contains three open reading frames
(ORFs): ORF1 encodes non-structural proteins, includ-
ing RNA-dependent RNA polymerase (RdRp); ORF2 is
responsible for coding the VP1 capsid protein, while ORF3
encodes a smaller protein, VP2 [2]. Phylogenetic studies of
complete amino acid sequences of VP1 have classified NoV
into 10 genogroups (GI - GX), including genogroups GI,
GII, GIV, GVIII, and GIX, which have been identified in
humans (called HuNoV) and can be further divided into 48
genotypes [3].

NoV infection has an average incubation period of 12 to
48 h and usually occurs in early childhood, with most cases
of AGE occurring in children under 5 years of age [4, 5].
These infections can often be asymptomatic, especially in
the pediatric age group [6]. Due to the generally self-limiting
nature of the infection, which rarely lasts more than seven
days, hospitalization is necessary only in cases of low toler-
ance to oral hydration and high fluid losses [7]. Although
less common, seizures with generalized or complex partial
tonic-clonic patterns can occur in the early symptomatic
stage of gastroenteritis and can be a cause for concern [8§].

In Brazil, infectious gastroenteritis and diarrhea represent
a serious issue. In this regard, it is possible to observe that in
the year 2020, the expenses incurred for hospitalizations to
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treat these conditions amounted to R$ 54,441,885.97, accu-
mulated across all regions of the country [1]. Under this
perspective, gastroenteritis represented the primary cause of
hospitalization for conditions sensitive to primary care in
the northern and northeastern regions of the country from
2008 to 2019 [9]. In these regions, some epidemiological
characterization studies highlight a wide range of living
conditions and cultural contexts, including communities
residing in indigenous reserves, and indicate the prevalence
of certain viruses causing AGE (with the highest prevalence
of NoV and human adenovirus, followed by rotavirus) [10].

In this context, in 2006, the rotavirus vaccine was intro-
duced into the Brazilian national vaccination schedule,
leading to a variation in the presentation of different viral
etiologies of AGE, as vaccination rates against rotavirus
had been consistently high since the initiation of the immu-
nobiological in the Brazilian national calendar (82% dur-
ing the 2008-2009 period) [11]. Going back to the years
before the introduction of the rotavirus vaccine in Brazil, a
study conducted in the Brazilian state of Rio de Janeiro was
responsible for showing the presence of three viral patho-
gens in children with AGE (rotavirus, norovirus, and human
astrovirus), which showed again the importance of rotavirus
and norovirus as causative agents of AGE (rotavirus was
detected in 41.9% of 136 children in the study and NoV
got the second place with 30.3%) [12]. Subsequently, some
studies observed that the influence of rotavirus as a cause
of AGE decreased in various regions of Brazil, with NoV
emerging as one of the most prominent causes in the period
following the introduction of this vaccine [10, 11, 13].

This transition is relevant, especially considering the
challenge represented by the emergence of recombinant
variants of NoV in the ORF1/ORF2 junction region, which
complicates the identification and characterization of gas-
troenteritis outbreaks caused by this virus [14]. Genetic
recombination among circulating strains can result in a wide
range of genotypes, complicating the precise determination
of strains responsible for outbreaks. To effectively address
this diversity generated by recombinant strains, a dual typ-
ing system has been developed. This system considers both
the complete amino acid sequences of the VP1 protein and
sequences from the RdRp region: (ORF1-RdRp=type P,
ORF2 =genotype). As a result, the RdRp designation can
be assigned independently of the VP1 genotype from the
ORF2 region. For example, a strain may be designated as
GIIL.6 [GIL.P7], allowing for a more precise classification of
possible recombinant strains [3].

Under this perspective, NoV is a significant contribu-
tor to this issue, as it can be transmitted via the oral-fecal
route, posing a concern in settings with a high concentra-
tion of people, such as hospitals. Furthermore, transmission
through water and food also represents a crucial means of
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virus dissemination [15]. Thus, considering the foodborne
transmission of this agent, it can be observed that NoV is the
primary pathogen present in this type of infection, empha-
sizing its significance associated with the consumption of
contaminated condiments and in specific contexts such as
hospitals, cruises, and other closed environments with a
high human congregation [16].

Thus, this review aims to address NoV in the Brazilian
context by providing compiled information on reports and
outbreaks that have occurred, its behavior in urban envi-
ronments in Brazil, the impact of NoV on hospitalized and
outpatient patients, and its association with foodborne trans-
mission. Furthermore, it seeks to provide information about
the genotypes and genetic variants that have spread in Bra-
zilian territory over the years.

Human norovirus detection in the Context of
Outpatient clinics and hospitals in Brazil

The significance of HuNoV in the hospital environment
arises from its mode of transmission, primarily through the
oral-fecal route, which is facilitated in crowded settings
with intense interaction among exposed individuals. Fur-
thermore, among the virus’s impacts, the considerable role
of noroviruses as an etiological factor in AGE is evident.

Nosocomial HuNoV infections pose a risk to patients,
particularly to immunocompromised individuals, the
elderly, and children [17]. In this context, an observational
study conducted across four countries (Brazil, Chile, Philip-
pines, and Thailand) highlights the severity of nosocomial
HuNoV infections in children, indicating that 73% of posi-
tive cases in all these countries would be classified as severe
using Vesikari score [18]. Besides that, Brazil exhibited the
highest proportion of positive symptomatic cases in outpa-
tients and hospitalized treatment (31% in ambulatory treat-
ment, 33% with community-acquired infections requiring
hospitalization, and 42% of nosocomial infections) than
the Philippines (16% in outpatients, 15% in community-
acquired infections requiring hospitalization) and Thailand
(18% in outpatients, 9% in community-acquired infections
requiring hospitalization) which did not present nosocomial
infection [18].

HuNoV infections do not exhibit a seasonal pattern, as
described in a study that analyzed epidemiological pat-
terns through data analysis of 1,546 fecal samples from
symptomatic outpatients in 10 states across the Northeast
(24.3% positive for HuNoV), Southeast (34.3% positive for
HuNoV), and South (38.5% positive for HuNoV) regions
of Brazil between 2017 and 2018 [19]. Additionally, in the
same study, it was possible to observe the age distribution of
virus infections, with a higher prevalence among children in
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the age range of 6 to 24 months, along with the distribution
of genogroups (GI with 10.9%, GII with 89.1%, and coin-
fections with 1.4%) [19].

In the northern region of Brazil, a 2016 study first
described the GII.P22/GIL.5 and GII.Pg/GII.1 strains in
South America and detected the GII.P7/GIL.6 strain in
northern Brazil from fecal samples obtained during spo-
radic cases of diarrhea from inpatients who attended pub-
lic health facilities in Manaus [20]. Another study obtained
information from the National Viral Gastroenteritis Sur-
veillance Program, which includes information used in this
study from inpatients attended in states from the Northern
region of Brazil (Amazonas, Para, Roraima, Amapa, and
Tocantins) between 2015 and 2016. This study includes
fecal samples from children under 5 years of age (n=645)
with 208 testing positive for NoV and 95 genotyped. The
genotype GII.17 2014 emerged in 2015 with a frequency
of 12.6%. The GIL.4[P31] genotype was the most prevalent
in the period of the study, present in 48/95 of the genotyped
samples [21].

Another study analyzing 534 stool samples of people
from 6 states (Amazonas, Para, Roraima, Amap4, Tocantins,
and Piaui) treated in the public health system has described
a large number of positive cases (n=170), and children
aged 6—12 months were the most affected age group (45%).
Moreover, nine genotypes of the HuNoV (GII.P31/GII.4,
GIL.P16/GIL.4, GILP17/GI.17, GILP7/GIl.6, GII.P33/
GII.1, GILP21/GII.13, GI.P7/GL.7, GII.P4/NT, GII.7/NT)
were detected in 74 samples in the years of 2015 (n=30)
and 2016 (n=44). In both years, GIL.P31/GIL.4 was the
most frequent genotype detected (63.3% —19/30 in 2015
and 56.8% —25/44 in 2016) followed by GII-P16/GIL.4
[22].

Circulation of HuNoV in the Brazilian Amazon has been
well established since the 1980s when researches were
started involving longitudinal, cross-sectional, random-
ized clinical trials, and case-control studies, especially in
Para State, a strategic entry route into the Amazon, from
other regions of Brazil. In this context, NoV was detected
in hospitalized children between 1998 and 2000 (6.8%),
2003 (9.8%), and 2008-2011 (35.4%), including a nosoco-
mial study conducted between 1992 and 1994 at a pediatric
hospital showing 14.6% of prevalence to this agent. Outpa-
tients were also evaluated between 1990 and 1992 (15.7%),
2001-2002 (10.2%), and 2004-2005 (26%), showing a
broad spectrum of genotypes (more than 30 different types)
including a high prevalence of genetic recombinant events
[23].

In 2016, the Asian variant GII.17_2014 was described for
the first time in Brazil in patients admitted to a large pediat-
ric hospital in Belém (Para State) with 38.5% of the samples
sequenced [24]. In the same year, the GIL.P16/GIL.4 strain

emerged in the Amazon region and was detected in the same
city with 16.9% of AGE cases [25].

Other epidemiological studies involving NoV have
already been carried out in other more remote regions of the
Amazon, such as in a pediatric hospital in Boa Vista (Ror-
aima State) between 2016 and 2017, where the presence of
HuNoV in 38% of the cases of AGE in children under 5
years of age was identified [26]. In Rio Branco (Acre State),
an overall NoV prevalence of 15.8% was observed in symp-
tomatic patients treated in Emergency Care Units and ambu-
latory care centers during the year 2012 [27].

In the Amazonas, the largest state in territorial exten-
sion in Brazil, it was possible to find HuNoV in 35.2% of
children hospitalized with sporadic cases of AGE of all
age groups, showing the highest positivity among the 1-
to 2-year-old group, between 2010 and 2011 [28]. Also in
Amazonas, molecular epidemiology and temporal evolution
of AGE-associated NoV in hospitalized children showed
high rates of recombination, with rapid changing of their
antigenic epitopes in samples collected between 2010 and
2016 25, 29].

Also in the northern region, a more recent study ana-
lyzed stool samples (n=695) collected from patients aged
0 to 70 years in sentinel units of the Viral Gastroenteritis
Surveillance Network (Ministry of Health) from 2018 to
2022 in the Brazilian Amazon. In this study, the majority
of sequenced samples belonged to genogroup GII, account-
ing for 98.1% (52/53) of the cases analyzed. Genogroup GI
was identified in 1.9% (1/53) of the cases. The identified
genotypes were as follows: GIL.P16/GIL4 (56.6% —30/53);
GII.P16/GII.12 (7.5% —4/53); GIL.P7/GIL.6 (5.7% —3/53);
GII.P4/GIL4 (3.8% —2/53); GII.P7/GIL.7, GII.P30/GII.3,
GII.P17/GII.17, and GIL.P13/GL.3 (1.9% —1/53). Among
the samples genotyped by the ORF2 region only, GII.4 was
detected in 17% (9/53) and GII.6 in 1.9% (1/53) [30].

The frequency of HuNoV as the causative agent of AGE
in a hospital setting is described in Brazil through studies
that aim to identify the prevalence rate in these environ-
ments, such as the study conducted in Sergipe that aimed to
rank the causes of AGE cases in pediatric patients observed
in a public hospital, revealing a detection of NoV in 49%
of observed cases, with the GII genogroup being particu-
larly predominant (98% prevalence) [31]. Another older
study also carried out in the Northeast region of Brazil, had
already reported for the first time the incidence of NoV in
children hospitalized with AGE in Sao Luis, Maranhao,
with a 32.6% prevalence in diarrheal patients between 1997
and 1999 [32]. A recent study in the Northeast, analyzing
fecal samples collected between 2014 and 2017 from Per-
nambuco state, detected four norovirus GII genotypes: GII.
Pe-GIL.4, GII.P16-GIL.3, GII.P16-GIl.4, and GII.P4-GI1.4
[33].
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Contributing to the manifestation of viral gastroen-
teritis, the HuNoV is also found in association with other
enteropathogens, as described in a study that analyzed fecal
samples from hospitalized pediatric patients (134 patients
with symptoms of AGE up to 12 years of age) in two differ-
ent health units in the city of Vitoria, in the Brazilian state
of Espirito Santo. This finding came with the observation
of a prevalence of mixed infections in more than half of
the observed cases (51.5% of the detected viral infections)
and a strong association with HuNoV GIIL.4 and rotavirus
A (RVA) (9.7%), as well as a significant correlation with
human adenovirus (HadV) (6.7%), and even a triple infec-
tion with HuNoV GII.4, RVA and HadV (21.6%) [34].

Another study in a pediatric unit, following an AGE out-
break, was also conducted in a hospital in the southeast of
Brazil. This time, it was documented that the initial case
occurred in a member of the hospital’s professional staff.
After this case, the onset of symptoms in the first child
occurred three days later, leading to speculation about
transmission from this staff member to the patients. In this
outbreak, the observed variant is once again GII.4 Sydney,
particularly about the ORF1 variation, GII.P31, which is
one of the primary variants of GII.4 (GIL.4 Sydney[P31])
[35].

A study observed infections with RVA and HuNoV GIIL.4
Sydney variant in a pediatric hospital in Rio de Janeiro. It
was possible to ascertain the high viral load of the HuNoV,
a determining factor in its transmissibility to healthcare pro-
fessionals and patients’ relatives from this hospital. With this
in mind, a high viral load of HuNoV GII.4 Sydney (8.4 x 10
genome copies per gram (gc/g) being the highest detected)
was observed in the patients with AGE symptoms in the
infirmary of pediatrics, which could potentially contribute
to an extended length of hospital stay and, consequently, the
development of severe AGE cases. Additionally, this could
result in a considerable duration of viral shedding and infec-
tion [36].

GII is the most prevalent genogroup detected in the con-
text of HuNoV infections in Brazil. However, in another
study also conducted in the Brazilian state of Rio de Janeiro
it was detected the GIV genogroup by analyzing 316 stool
samples collected from inpatients and outpatients from hos-
pitals and central laboratories in the Brazilian public health
system. In this study, it was possible to observe, for the first
time in a clinical study in Brazil, the presence of the GIV
genogroup in three stool samples. Still, it was not possible
to say that this genogroup was the cause of the AGE in the
affected patients because it was found in association with
the GI and GII genogroups [37].

There is a study conducted in Brazil between Janu-
ary 2015 and July 2016 that aimed to analyze 190 fecal
specimens from children up to 11 years old and quantify
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the norovirus and rotavirus A frequencies. These samples
were obtained in the Brazilian state of Espirito Santo in a
pediatric hospital and a public health facility in the capital
of the state. Besides that, three norovirus-positive samples
were included and they were collected in the state of Rio de
Janeiro, located in the same region of the country. In light
of this, 226.8% (rn=51) of samples were positive for GII
norovirus genogroup and 37 of them were sequenced, in
which 22 were characterized as GI1.4[P16] Sydney variant.
The GII.P16 was the most prevalent polymerase genotype
detected in this context as well (n=22) [38].

A general overview of the different genotypes identified
in infections in the context of Brazilian outpatient clinics
and hospitals can be seen better in Table 1.

Norovirus reports and outbreaks Associated
with contaminated Food Consumption in
Brazil

Foodborne transmission can take place through in situ con-
tamination of food-by-food handlers or during the initial
stages of food production [39]. Unlike bacteria, viruses
cannot grow in food, thus, the viral presence in fresh food
does not affect its degradation, nor does it compromise the
appearance, color, texture, flavor, or smell and, therefore,
are undetectable for consumers and pose a health risk [40,
41].

In this context, outbreaks of HuNoV have been docu-
mented globally due to the consumption of contaminated
oysters and other shellfish [42, 43]. The risk of contracting
illness from the consumption of bivalve molluscan shell-
fish, particularly oysters and clams, can be heightened when
these shellfish are ingested raw or only lightly cooked [44].
In Brazil, Moresco et al. (2012) investigated the presence
of HuNoV in three shellfish-producing regions in southern
Brazil: Sambaqui, Santo Anténio de Lisboa, and Ribeirdo
da Ilha. These regions are situated in Santa Catarina, a state
responsible for over 95% of the national mollusk produc-
tion. Despite HAdV being the most prevalent virus, detected
in 61% of the samples, HuNoV GI was identified in 5% of
the samples, while HuNoV GII was not detected in these
three areas [45].

In other regions of Brazil, HuNoV GII has also been
detected in shellfish, such as Rio de Janeiro (42,3%) [46]
and Espirito Santo (27%) [47]. In another study that aimed
to evaluate the presence of astrovirus and HuNoV GII in
mussels (Mytella falcata) and oysters (Crassostrea brasili-
ana) collected from the Cananéia Lagoon Complex, Sdo
Paulo State, HuNoV GII was detected in 21 samples (14%),
with 8 mussel samples (38%) and 13 oyster samples (62%).
Considering that Cananéia is one of the most important
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oyster-producing areas in S@o Paulo, this finding under-
scores the imperative need for virological surveillance ini-
tiatives to ensure the quality and safety of shellfish intended
for human consumption [48, 49].

Furthermore, in southern Brazil, outbreaks of HuNoV
associated with ice pop consumption have been docu-
mented. Through the investigation conducted by Fumian
et al. (2021), HuNoV contamination in ice pops was ascer-
tained via the collection of ice pops and fecal samples from
symptomatic patients. Five clinical samples tested positive
for HuNoV GII. This outbreak affected over 200 individuals
across nine municipalities in 2020. Additionally, this study
marked the first identification of the recombinant form of
norovirus GII.12 [P16] in Brazil [50].

Andrade et al. (2018) investigated an AGE outbreak
that occurred after a celebration lunch carried out at Belo
Horizonte. Five stool samples of individuals who attended
a celebration party and who presented symptoms the day
after lunch were collected. Analysis revealed the presence
of HuNoV in all of the collected stool samples, with a spe-
cific strain, the Asian variant GII.17, linked to the outbreak.
All affected individuals exhibited more than two episodes of
vomiting and two episodes of diarrhea per day [51].

The occurrence of HuNoV outbreaks associated with
cruise ships and the provided food is also important. Morillo
et al. (2017) analyzed food and fecal samples collected dur-
ing an outbreak on a cruise ship that traveled along the Bra-
zilian coast in February 2014. NoV was detected in orange
mousse samples. Among the 12 clinical samples analyzed,
HuNoV GII.Pe (ORF 1) was identified in five, with the gen-
otype matching that of the contaminated food [52].

Another cruise ship-associated case was reported by Gab-
bay et al. [53], who described an outbreak of NoV among
passengers and crew members aboard a cruise ship that
sailed from Rio de Janeiro with stops in the cities of Belém
and Manaus, located in the Amazon region, in March 2011.
In this case, all seven rectal swabs collected were positive
for HuNoV GII. Affected passengers exhibited symptoms
of mild to moderate AGE, and only one patient required
intravenous rehydration. Seven passengers experienced 10
to 20 episodes of daily evacuations, while two of them had
10 to 20 vomiting episodes [53]. These findings underscore
the importance of careful monitoring for NoV outbreaks on
cruise ships.

In Brazil, studies have been conducted to evaluate viral
and bacterial contamination in typical Brazilian cheeses.
Regarding HuNoV, Melgago et al. (2018) analyzed 90
cheese samples (Minas, Prato, and sliced Prato) commer-
cially obtained in the Greater Metropolitan Region of the
State of Rio de Janeiro. These cheeses were randomly
acquired in primary packaging from various commercial
establishments. HuNoV GI and GII were detected in one
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sample each of Prato and Minas cheeses at concentrations of
1.5% 1076 gc/g and 7.3 X 10”5 gc/g, respectively [41]. Silva
et al. (2021) sought to estimate the prevalence of HuNoV
and HAdV in 100 samples of Brazilian artisanal raw milk
cheeses (Minas and Coalho), each obtained from different
producers in four regions in the states of Minas Gerais and
one in Piaui. They found 26 strains of HuNoV GI, while
HuNoV GII strains were not detected in any cheese samples
[54].

Nevertheless, some studies have been produced show-
casing the absence of HuNoV in shellfish, such as the study
that analyzed 233 mollusks samples at 9 coast cities in
Pernambuco (Goiana, Itapissuma, Itamaracd, Sirinhaém,
Recife, Cabo de Santo Agostinho, Paulista, Ipojuca, Taman-
daré). After the testing (GI and GII), they discovered that no
samples were contaminated with HuNoV [55].

In 2022, a study that evaluated commercial mussels and
oysters purchased from a producer and a few local markets
in the state of Rio de Janeiro for the presence of enteric
viruses found that norovirus was the most frequent contami-
nant throughout the 12-month period during which the sam-
ples were collected. Out of 134 samples, 54 (40.3%) tested
positive for NoV, of which 4 were identified as belonging to
the GI genotype (2.9% out of the 134 collected), 27 samples
(20.1%) to the GII genotype, and 23 samples (17.2%) tested
positive for both GI and GII genotypes. Further genetic
analysis was attempted on the 27 samples that contained
only GII viruses, of which 13 (48.1%) were successfully
sequenced [56].

The most prevalent genotype was GII.17, identified in
58.3% (7 out of 13) of the samples, followed by GII.2 and
GII.6, both found in 4 samples each and lastly GII.9 and
GII1.27, found in a single sample each. This study concluded
that bivalves can be an important source of contamination,
allowing not only human infections but also the introduc-
tion of new variants into human communities due to the
high variety of strains that tend to accumulate inside oysters
and mussels, as evidenced by the rise in outbreaks caused by
GII.17 variants, which was the most common genotype in
bivalves from Rio de Janeiro [56].

An overview of the different norovirus genotypes identi-
fied in reports and outbreaks associated with the consump-
tion of contaminated food in Brazil can be better seen in
Table 2.

Norovirus Detection in the context of
Brazilian Urban communities

HuNoV outbreaks have been reported, by several studies,
in crowded environments, such as daycare centers [57, 58],
nursing homes [59], prisons [60], and cruise ships [53].
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Table 2 — genotypes of human norovirus in reports and outbreaks associated with contaminated food consumption in Brazil

References

Region of Brazil

Collection
period

Sample type

Viral variants

Dual norovirus
genotyping

Genotyping
(ORF 1)

(ORF 2)

Capsid types

Polymerase types

GII.P4

Gabbay et al. (2014) [53]

Andrade et al. (2018)

[51]

North

2011

Rectal swab

stool

Southeast

2016

GIL17 (Kawasaki_2014)

Fumian et al. (2021) [50]
do Nascimento et al.

(2022) [46]

Southeast
Southeast

2020

Ice pops, stool.

GIIL.12 [GII.P16]
GIIL.12 [GIL.P16]

2018-2020

Mussels, oysters.

Cantelli et al. (2024)

2022 Southeast
[56]

Mussels, oysters.

GIIL.17a, GII.17b.

GIIL.2, GIL.6, GIL.9,
GII.17, GIL.27.

Morillo et al. (2017) [52]

Brazilian coast

2014

Stool, orange mousse.

GII.Pe

Viral spread can be facilitated in such environments due
to the virus’ transmission modes which include person-to-
person contact, fecal-oral route, fomites, or ingestion of
contaminated water and food [60]. Consequently, urban
communities are particularly vulnerable to the spread of
pathogens due to their great population density and the fact
that a significant portion of the inhabitants rely on the same
sources of water and food. Especially when considering the
phylogenetic variety of the circulating strains detected in
the northern territory of Brazil, particularly with the emer-
gence of new variants such as GIL.2[P16]. The detection of
this emerging strain in the northern region of the country is a
warning sign for potential spread to other areas [61]. There-
fore, investigating the presence of HuNoV samples in urban
environments and its role in AGE outbreaks is paramount to
the development of effective strategies to combat infections.

Corroborating the possibility that urbanization favors
HuNoV dissemination, a study analyzing the presence of
enteric viruses on Engenho Novo River's water alongside
its course throughout the transition zone between native
forest and urbanized regions in the metropolitan region of
Rio de Janeiro city has found that, although there was no
observed change in the physicochemical properties of the
samples (except for a slight increase in turbidity in the urban
areas), only those collected in points adjacent to inhabited
areas were found to be contaminated with HuNoV [62].

The important role that waters play as a transmission
mean for HuNoV in urban environments is reiterated by the
finding of HuNoV in 8% of the rainwater samples collected
after contact with rooftops in low-income densely populated
communities in Rio de Janeiro [63]. In the same city, a simi-
lar study conducted in high-income neighborhoods did not
find either HuNoV GI or GII strains in any of the 48 samples
analyzed, which were obtained from faucets that dispensed
rainwater from a collection system that gathered water after
it had been in contact with rooftops, gutters, balconies, and
indoor floors [64].

Another study conducted in Rio de Janeiro’s Wastewater
Treatment Plant between 2013 and 2014 analyzed sewage
samples and characterized the HuNoV presentation in this
environment. The specimens (156 samples) were collected
before and after water treatment and tested for HuNoV. In
total, GI genogroups were found in 42 samples, and GII in
103. Though samples from all stages of treatment tested
positive for NoV, in final effluent water samples (water that
had undergone the complete treatment process) NoV was
only found in 1 out of 52 (GI) and 3 out of 52 (GII) samples.
The study analyzed raw sewage samples for GII genetic
diversity and detected 13 different GII capsid genotypes of
which were the most prevalent in the following 6 genotypes,
listed from most recurrent to least so: GII.4, GII.17 (Kawa-
saki variant), GILS, GII.2, GIL.3 and GII.1 [65].

@ Springer
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In Sao Paulo, the biggest city in Brazil, HuNoV cases
were found in children under 5 years of age in the north,
south, east, west, and southwest zones, as well as in neigh-
boring towns [66].

In the context of urbanization and its impact on the fre-
quency of HuNoV in populations, it is possible to observe
the presence of these agents even in semi-isolated commu-
nities. A study carried out with children under 10 years of
age, with and without AGE, reveals the presence of HuNoV
only in the diarrheal group, with a frequency of 19.7%, pro-
viding epidemiological and molecular information on the
circulation of this agent in Afro-descendant communities
(quilombola population) in Northern Brazil, between 2008
and 2010 [67]. This research showed different genotypes
from those previously detected in studies carried out in the
urban area of the metropolitan region of Belém, probably
due to the dynamics of entry and exit from the community,
which is naturally different from what is observed in easily
accessible urban centers.

Although a clear seasonal pattern in the incidence of
HuNoV cases has not been established, human behavior
must be considered in the epidemiology of this agent. In
a study carried out in the warmer months in Rio Branco,
Acre, AGE was associated with an increase in the incidence
of NoV cases due to a drought that forced inhabitants to
hoard their consumption water, often stored in inadequate
containers [27].

Other studies in the region reinforce the importance of
different types of water for HuNoV dissemination. About
9.4% of the raw sewage and water samples collected at dif-
ferent points such as a river, a bay, or a stream, in Belém,
Para tested positive for HuNoV GIV.1 in a study published
in 2015 [68]. These aquatic environments can be used for
water consumption, but also for recreation, as demonstrated
in the study by Deus et al. (2019), with recreational waters
from four estuarine beaches located on Mosqueiro Island,
also in the city of Belém, during two years of monitoring
(2012 and 2013), showing HuNoV in 37.5% of surface
waters [69].

Still in the Amazon Region, a study carried out in 2017
and 2018 on water samples from three rivers located in a
mangrove forest, during periods of greater and lesser pre-
cipitation, showed no presence of human enteric viruses,
including HuNoV [70]. These rivers are known for the
community’s aquaculture activities along the mangrove
coast, including oyster farming. The absence of pathogenic
viruses reveals the small impact of local communities on the
region’s rivers, demonstrating a directly proportional cor-
relation between low population density and little environ-
mental impact in river pollution, highlighting the context of
urban impact.

@ Springer

In another context of population density, in the city of
Vitoria, southeastern Brazil, researchers found that 49% of
the 134 children diagnosed with AGE in two public health
unities between September 2011 and August 2011, who
resided in low-income communities in which mangrove
waters were used for recreation and fishing, tested positive
for HuNoV GIIL.4 [34].

Moreover, researchers conducted a study in the Brazilian
state of Sergipe, in which they analyzed 1432 stool samples
collected from children presenting AGE during two periods
of time (October 2006 to September 2009 and July 2011
to January 2013). In this study, they detected the HuNoV
in 280 of the samples, especially from July 2011 to 2013
(23.9% of the samples collected in this period). They also
identified the infants (<12 months) as the group of chil-
dren more likely to be infected with HuNoV in this study
(167/190 of them). At last, they successfully sequenced
188 of the positive samples and detected GII as the most
frequent genogroup (n=176) followed by GI (n=12) and
GIlL.4 and GII.2 as the most prevalent genotypes (149/188
and 6/188 respectively) [71].

A study conducted in the country showed the behavior
of the HuNoV infections during the COVID-19 pandemic.
This study was conducted in three Brazilian regions (south-
ern, southeastern, and northeastern) and analyzed 2913 stool
samples collected from January 2019 to December 2022
from outpatients presenting AGE symptoms. The norovirus
was detected in 37.2% of the samples and they successfully
sequenced the HuNov in 602 of the positive samples. More-
over, the most affected age group was the 12 to 24-month-
old patients (48.5% of the samples) [72].

The same study exhibited the lowest rate of detection in
the same period of the interventional measures to control the
spread of SARS-CoV-2, followed by a peak of infection and
AGE cases in the second half of 2021 with a HuNoV detec-
tion rate of 72.9% in September 2021, which is the year
with the highest detection rate (55.4%). In addition, the GII
genogroup was the most predominant (92.9%), followed by
GI (6%) and GIL.4 Sydney[P16] (57.3%) and GIL.2[P16]
(14.8%) as the most prevalent genotypes. Besides that, they
detected six GI polymerase types (GI.P2, GI.P3, GI.P4,
GL.P5, GL.P7, and GI.P13) and eight GII polymerase types
(GIL.P4, GII.P7, GIL.P12, GII.P15, GII.P16, GIL.P17, GII.
P21 and GII.P31) [72].

During another study investigating gastroenteritis out-
breaks occurring between 2004 and 2011 in the southern
region of Brazil, specifically in the state of Rio Grande do
Sul, partial phylogenetic analysis of the ORF1 and ORF2
regions revealed that about 85% of the 27 non-GII.4 sam-
ples exhibited recombinant NoV genotypes. The identified
genotypes included GIIP.g/GII.12, GII.P16/GIL.3, GII.Pe/
GIIL.17, GIL.P7/GIIL.14, GII.P13/GIIL.17, GII.P21/GIL.3, and
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GIL.P21/GII.13. In contrast, the analyzed GII.4 strains did
not show recombination, with only the GII.4 variants Den
Haag 2006b and New Orleans 2009 being observed [73].

The effect of weather changes on norovirus’ spread can
be attributed to several individual variables, such as tem-
perature, humidity, and human behavior [74], the latest
being well illustrated by previous examples of contamina-
tion through flood waters and poorly stored water during a
drought. Furthermore, weather changes can also affect the
amount of time people tend to spend inside and in contact
with others which can in turn influence norovirus circula-
tion and host immunocompetence [75].

In Brazil, the occurrence of floods may exacerbate out-
breaks of norovirus. A study conducted in 2023 investigated
an outbreak in Santa Catarina, Brazil, which was linked to
storm events that likely increased the discharge of contami-
nated wastewater and stormwater into bodies of water, such
as rivers and beaches. The study identified several uncom-
mon norovirus genotypes among the GI strains, GL.1[P1],
GL.4[P4], GL.7[P7], and GI.3[P13] were detected. For GII,
the study detected GII.17[P17], GIL4[P16], GIL.2[P16],
GIL.3[P12], GIL.7[P7], and GII.8[P8&]. The co-circulation of
various norovirus genotypes among acute diarrheal disease
cases possibly suggests multiple sources of viral infection
potentially related to sewage and contaminated water trans-
mission. This demonstrates how norovirus outbreaks are
influenced by heavy rainfall and frequent flooding, which
can undermine healthcare systems and sanitation infrastruc-
ture [74].

In conclusion, despite the lack of concrete evidence
for norovirus seasonality in equatorial regions [75], the
changes brought up by global warming on its circulation
inside national territory should not be discarded, as extreme
weather events and changes in climatic factors are major
conditioning factors for both human behavior and the patho-
gen’s interaction with the environment.

An overview of the different norovirus genotypes
detected in infections in the context of Brazilian urban com-
munities can be better seen in Table 3.

Conclusion

HuNoV is a highly relevant viral pathogenic agent in Bra-
zil. For years, it caused (and still causes) outbreaks in the
country, and its mode of transmission is crucial, especially
in crowded environments. Despite this, community trans-
mission through contaminated water and food also plays
a significant role in sustaining this problem. These trans-
mission routes can have a wide reach, especially affecting
low-income populations in urban and semi-isolated envi-
ronments. In the context of outbreaks, the importance of

the GII genogroup in these episodes is evident. However,
other genogroups (GI and GIV) were also detected, show-
casing even more genogroups that further complicate global
control of the virus. The significance of this pathogen in
the described hospital environments is evident, particu-
larly among children and immunocompromised popula-
tions. Furthermore, foodborne transmission is an important
route for the spread of HuNoV in Brazil and can involve a
variety of foods, including shellfish, popsicles, cheese, and
foods served on cruise ships. Therefore, the production of
new studies on HuNoV is necessary to fully understand the
behavior of this agent in different regions of Brazil, which
can be achieved by improving surveillance systems across
the country.
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