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ARTICLE INFO ABSTRACT
Articlﬁ history: Noroviruses are important enteric pathogens involved in non-bacterial gastroenteritis outbreaks world-
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contaminated food or water; indirect contamination is also possible due to the resistance of the virus in
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the environment. Latin American countries as a whole cover a vast North-to-South range, which is highly
heterogeneous in terms of climate, ecosystem, human population distribution (urban areas with high

Key wor ds: human densities versus closed communities), economic development and genetic backgrounds resulting
Norovirus . . . . . . . . . ..

Gastroenteritis from each particular historical context. This review aims to present epidemiological and clinical pat-
Epidemiology terns of human norovirus infections in Latin American countries. Divergent prevalences were observed

Latin america depending on the country and the surveyed population. In particular, a shift in rotavirus/norovirus ratio
in the etiologies of gastroenteritis was detected in some countries and could be attributed partly to
rotavirus vaccine coverage in their infant population. While GIL.4 noroviruses were seen to constitute the
most common genotype, differences in genotype distribution were observed both in the environment
(via sewage sampling proxy) and between genotypes circulating in healthy and diarrheic patients. Due
to high climatic discrepancies, different patterns of seasonality were observed. Accordingly, this conti-
nent may condense the different particular epidemiological features encountered for HuNoV infections
worldwide.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Infectious diarrhea, especially in children, is an important
worldwide health issue, particularly in developing countries [1-3].
In most countries, human noroviruses (HuNoVs) are considered as
the main viral cause of acute gastroenteritis (AGE) outbreaks in
adults and as the second most common viral agent in children after
group A rotaviruses (RVA) [4].

HuNoVs belong to the genus Norovirus, family Caliciviridae
and are non-enveloped viruses with a positive-sense, single-
stranded RNA genome. NoV strains are currently classified into
seven genogroups (G), which are further subdivided into at least
thirty genotypes [5-7]|. Viruses belonging to GI, GII, and GIV
infect humans, while GII, GIII, GIV, GV, GVI and GVII NoVs have
been described in animal species [8-12]. Interestingly, few animal
species share strains with human within the same genogroups (GII
for porcine and GIV for canine and feline).

This review compiles data from Latin American countries and
aims at the description of their particular characteristics of regard-
ing HuNoV infections. In particular, the reviews will focus on main
transmission routes, clinical aspects and (molecular) epidemiol-
ogy. Each aspect will be presented from what is known from other
regions of the world and confronted to the Latin American situation.

2. Transmission

HuNoVs are resistant in the environment and can be transmit-
ted faecal-orally via different routes, notably by the consumption
of contaminated food or water, by contact with contaminated peo-
ple, objects or surfaces, or even via vomit-derived aerosols [13].
Although NoVs have been detected in animal feces, no evidence of
zoonotic transmission has been reported so far [13].

River waters are at risk for HuNoV contamination as they usu-
ally receive effluents of wastewater treatment plants, which are
more efficient for removal of bacteria rather than viruses [14,15].
Several studies throughout the world have detected HuNoV in river
water used for irrigation as well as in drinking water [13]. While in
the Amazon region, HuNoVs have been molecularly detected only
at low frequencies in stream water samples from the city of Man-
aus, they have been shown to be responsible for AGE outbreaks
following consumption of contaminated water from the river, poor
hygienic behavior, or recreational activities in contaminated water
[16]. In Guatemala, an AGE outbreak occurred in a student group
after a school trip and its origin was traced to contaminated water
consumption [17]. HuNoVs have been also detected in water from
Argentinean rivers with 7.7% of positive samples from the Lujan
River and up to 80.8% of positive samples from the Matanza-
Riachuelo River in Buenos Aires [18]. This study also showed that
faecally contaminated waters frequently involve multiple geneti-
cally divergent strains. In the same country, in a study conducted
on eight AGE outbreaks due to HuNoVs, three outbreaks were
attributed to a waterborne origin [19], confirming that HuNoVs can
constitute an issue for safe water supply. Also in Colombia, HuNoVs

have been detected in two samples from freshly treated potable
water [20]. In the region of Antofagasta, Chile, AGE cases have been
reported wherein HuNoVs were found both in stool samples and in
environmental samples, leading to a revision of the rules concern-
ing wastewater usage for irrigation of vegetables, especially those
habitually consumed raw [21]. In Mexico, the virus was detected
during spring in estuary waters [22].

The different stages of the food production (at pre-harvest, har-
vest and post-harvest levels) are at risk for HuNoV contamination
[13]. In Rio de Janeiro, Brazil, HuNoVs were detected in six out
of nine lettuce samples collected from supermarkets, food ser-
vices and restaurants [23], mirroring previous observations in other
countries [24-28]. In Chile, foodborne AGE outbreaks often occur
following consumption of contaminated seafood products [29].
Seafood constitutes a major food supply in Latin American coun-
tries and shellfish, in particular, have been shown to concentrate
HuNoVs in their digestive tissues by filtration and concentration
through specific binding [30,31]. Moreover, an underestimation of
the real burden of foodborne and waterborne HuNoV infections
probably exists due to the frequent absence of an active surveil-
lance system to identify and report HuNoV outbreaks in most Latin
American countries [32].

Due to their low infectious dose and high environmental
stability, HuNoVs are highly transmissible, rendering the person-
to-person transmission route the most efficient, especially in
(semi)-closed communities [13]. Sharing the same contaminated
environment can obviously facilitate the transmission of this virus
as exemplified by an AGE outbreaks with highly efficient person-
to-person transmission reported in Peru [33], in Argentina [34]
and in Brazil [35,36]. Furthermore, the person-to-person transmis-
sion route facilitates geographical extension of outbreaks caused
by contaminated food as observed in Antofagasta, Chile [21], and in
outbreaks involving Latin American travelers [33,37-39]. In Chile,
a prevalence of 12.3% for HuNoVs in AGE outbreaks has been
found, with positive detection in samples from wastewater treat-
ment plants but negative results in potable water samples collected
from households [21]. In this country, several outbreaks caused
by HuNoVs have been reported from closed communities such as
childcare centers, schools and hospitals, while a smaller fraction
was reported to occur in restaurants [29].

3. Clinical aspects

After a short incubation period (1-2 days), the main symp-
toms reported following HuNoV infection, are vomiting, fever,
diarrhea, nausea, abdominal cramps, headache, chills and myal-
gia [4,32,40-42], which are all usually short-term and self-limiting.
Vomiting seems to be the most frequent symptom regardless of
the age of patient [42,43]. Severe AGE cases, although less fre-
quent, usually involve infants and elderly or immunocompromised
patients, and can sometimes require hospitalization [32,41,44-46].
Besides the classical symptoms associated to AGE, HuNoV infec-
tions have in some cases been associated to other non-usual
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symptoms such as seizures [47,48], encephalopathy [49], intestinal
hemorrhage [50] and necrotizing enterocolitis [41,51,52].

HuNoV infections affect all age groups, being the most common
cause of diarrhea in adults [40]. This can be partly explained by the
high antigenic diversity in HuNoV strains, evolving to evade herd
immunity [53-55], and allowing frequent adult reinfections [40].
Among children, a higher incidence rate is observed in under-two
year-old [35,56-62].

In immunocompromised patients, HuNoV infections can consti-
tute an important risk factor of debilitating diarrhea or chronic AGE
with prolonged viral excretion [63]. In Venezuela, HuNoVs were
equally detected in HIV-positive and HIV-negative adults. However,
HIV carrier children had a higher prevalence than HIV uninfected
children [64]. In Brazil, a study performed on stem cell recipients
reported 60% of HuNoV positive stool specimens after transplan-
tation, associated to fever, diarrhea and vomiting in these patients
[65], while another study did not detect HuNoVs in 11-year-old
HIV-positive children [66].

4. Epidemiological aspects

In absence of an active surveillance, most data result from epi-
demiological studies performed in the field [32]. The samples used
for diagnosis are usually stool specimens, less frequently rectal
swabs and, in rare cases, blood samples. RT-PCR is considered as
the gold standard for detection and typing of HuNoVs [67]. Cur-
rently, real time RT-PCR is generally used for higher sensitivity
and quantification benefits [40]. Enzyme immunoassays (EIA) are
commercially available for HuNoV detection, sometimes allowing
the differentiation between GI and GII infections, and are widely
used in outbreak investigations [67]. Fumian et al. [41] suggest
that HuNoVs can spread beyond the intestine to reach the blood-
stream, and viral detection in blood could correlate with longer
hospitalizations.

In a systematic review on AGE cases, regardless of patients’
ages, a global HuNoV prevalence of 18% was estimated [68]. HuNoV
prevalences in some Latin American countries, reported in Table 1,
appear to lie in the same range, even if higher prevalences have
been reported for cities with high population densities and/or poor
health and socioeconomic conditions.

4.1. Prevalence in hospitalized children

Young children represent a population where incidence rates of
HuNoV infections are elevated. In Ecuador, 66% of children under
three years-of age experienced at least one HuNoV infection and
40% have had two [69]. Prevalences of HuNoV infections in children
hospitalized for AGE constitute an accurate even slightly biased
proxy for comparison between countries or regions in epidemiolog-
ical studies. Indeed, data are easy to record and samples diagnosed
for a large set of pathogens but only the more severe cases are
registered. In a systematic review, the proportion of HuNoVs in
hospitalized children with AGE ranged from 3% to 31% worldwide
[70]. In Latin America, it ranged from 2.2% up to 43%. The highest
prevalence (43%) was reported in 2004-2005 in Paraguayan chil-
dren less than five year-old, hospitalized with AGE and negative for
both bacteria and rotavirus [71]. The lowest proportion (2.2%) was
reported in Argentina, in Mendoza, among hospitalized children
less than two year-old [72]. High prevalences were found in regions
with high population densities. In Buenos Aires, 24.2% of children
under three years of age, hospitalized with symptoms of AGE were
HuNoV positive [60], while in Sdo Paulo, a HuNoV prevalence of 33%
was found in a similar group (<3 year-old) from four hospitals of
the metropolitan region of Sdo Paulo [73]. Similar prevalences were
recorded in the city of Vitéria, Brazil, in AGE hospitalized children

Table 1

Apparent prevalences of Human Norovirus infections in Latin America.

References

Apparent prevalence (%)

Number of norovirus
positive samples

Number of analyzed
samples (persons)

Type of diagnostic

test

Age group Type of sample

Region Population Period

Country

Asymptomatics

Symptomatics

22

characteristics

41

9.

RT-PCR, EIA
RT-PCR
RT-PCR

EIA

Stools

years
years
years

<2

1995-1998

Children’s Hospital

Mendonza

Argentina

242
7.8
71

16
46

66
591

Stools

<3

1997-1998

2010-2012

Children’s Hospital

Buenos Aires
Ronddnia

Stools

=<6

Children’s Hospital

Shantytown
2 hospitals

Brazil

96

420(135)

406
319
397

Serum
Stools

years

<4

1989-1993

Northeastern

7.6
17
9.2

31

RT-PCR

<3 years

2000-2004
2003-2004

2007-2009

Mato Grosso do Sul

Espirito Santo
Espirito Santo

13

52
16

RT-qPCR
PCR

Stools

years
<11

<3

Children’s Hospital

Quilombola
comunity

1.5

Stools

years

(72]
[126]
[81]

78 33 36.4

234

RT-PCR
RT-PCR

Stools

<3 years
Children
<15

1995-1999
2010-2011

Sdo Paulo 4 hospitals

Sdo Paulo
Santiago

100

Stools

Day care unit

126 57

26

years Stools ELISA, RT-PCR 3106 (198)

2006-2008

Metropolitan

Region

Chile

[83]

277 18 93

RT-qPCR

Stools

1-5 years

Day care unit 2009

Chia and Cuidad

Bolivar

Colombia

[92]

EIA 522 388 72.4

Serum

years

Rural drea 1999 <3

San Juan

Guatemala

Sacatepequez
Santa Rosa,

[73]

2403 341 14

RT-qPCR

Stools

Children and adults

2007-2010

2 hospitals

Quetzaltenango

Mexico
Ledén

[82]

12

12
73

181 (140)
694

RT-PCR

Stools

years
children and adults

=2

1989-1991

Peri-urban

Mexico

[105]

ELISA, RT-PCR, EIA,

RT-qPCR
RT-PCR
RT-PCR

Stools, serum, saliva

2005-2006

Community and

hospital

Nicaragua

43

161
39

378
224

Stools

years
2 months-2 years
<2

<5

2004-2005 <

Private hospital

Peri-urban
Peri-urban

Asuncion
Lima

Paraguay
Peru

174

Stools

2006-2008

228 13

607

RT-qPCR 5185 (498)

Stools

years

2007-2011

Las Pampas de San

Juan de Miraflores

Montevideo

1]

34

59

Stools 1C

<5 years

2010-2011

Private hospital

(high

Uruguay

socioeconomic

level)

[74]

480 61 12.7

EIA, gqRT-PCR

Stools

years

<5

2003
RT-PCR: Reverse Transcription Polymerase Chain Reaction; EIA: Enzyme-immunoassay; RT-qPCR: Real Time Polymerase Chain Reaction after reverse transcription; qRT-PCR: Real Time Reverse Transcription Polymerase Chain

Children’s Hospital
Reaction; IC: Qualitative lateral immunochromatography.

Valencia

Venezuela

_
_
w
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under three years of age (17% in 2003-2004 [42]), in Guatemala
(14% in ambulatory patients from the regions of Santa Rosa and
Quetzaltenango between 2007 and 2010 [74]), and in children hos-
pitalized with sporadic AGE during a study conducted in Valencia,
Venezuela (12.7% in 2003 [75]). Despite regional differences, low
detection rates have been reported in children hospitalized with
AGE living in households of high socioeconomic levels in Uruguay
[1] and in Brazil [76,77].

4.2. Asymptomatic infections

Asymptomatic infections are common in children under five
years of age [78]. In asymptomatic Latin American populations,
detection rates can vary from 3.5% among Chilean children in
2007-2008 [59], to 13.3% in 2007-2011 in Peru [79], and up
to 49.2% in Mexico during a study performed in 1998 [80]. In
Brazil, this ratio reached 36.4% in children less than 3 years-old
[73] while in Nicaragua, 11.7% of asymptomatic infections were
reported among children [81]. In the metropolitan area of Santiago,
Chile, the highest HuNoV prevalences were found in asymptomatic
patients compared to symptomatic ones HuNoV [82]. In peri-urban
areas, prevalences among asymptomatic patients ranged from 5% in
Mexico [83]to 13%in Peru[79], however lower than those observed
in symptomatic patients from the same region. Similarly, a lower
prevalence was observed in asymptomatic than in symptomatic
patients from a day care center in Colombia [84] and from a Brazil-
ian children’s hospital [42].

4.3. Detection in the environment

An average prevalence of 25.4% was found in Argentinean rivers
while regional prevalences ranged from 7.7% to 80.8% [18]. In the
same country [18,85] and also in Nicaragua [86], HuNoVs have also
been detected in effluents and in both raw and treated sewage. In
particular, in Nicaragua, HuNoV prevalence detected in raw sewage
and industrial water treatment plants reached 44%, and 32.1%,
respectively, suggesting that HuNoVs, or at least their genomes,
may persist even after treatment [85,86]. In Mexico, detection rates
of 70% have been reported from estuary waters [22]. In Colombia, a
low detection rate of 2.9% has been observed in treated water [20].
On the Uruguay River, HuNoVs were detected together with human
rotaviruses and astroviruses in sewage dumped directly from four
Uruguayan cities, showing the highest detection rate, 51%, among
environmental samples from Latin American countries [87].

4.4. Seasonality

In the Northern hemisphere, a clearly defined seasonal-
ity for HuNoV has been described with the large majority
of the clinical cases occurring in winter [88], which gave
rise to the infection’s old name of ‘Winter Vomiting Disease’
[68,88]. Although some studies failed to detect such seasonality
[32,42,58,83,89-93], HuNoV infections have been shown to fre-
quently occur mainly from June to October in temperate South
American countries, namely Argentina, Chile, Uruguay, South-
ern Brazil and Paraguay [18,21,43,59,60,85,94-96], similarly to
the seasonality observed in Oceania [88,97], and mainly from
January to April in temperate countries of the Northern hemisphere
[32,44,57,98,99]. These infections tend to predominantly occur in
association with the rainy season in tropical Latin American regions
[62,74,75,77,79,81,100-102]. Seasonality could be less apparent
in cities with high population density [18] and could depend on
the geographical area and the ethnic group, e.g. in the Brazilian
‘Quilombola’ community most HuNoV infections took place during
the months of the school holidays (January, February and July) and

coincided with family trips out of the village [103]. Environmental
samples from Manaus (Brazil) also showed the same pattern [104].

4.5. Prevalence in rural versus urban areas

HuNoV infections can occur continuously in populations from
large cities with higher densities, while in rural populations they
can be more sporadic [105] and depend on hygienic conditions.
A very high prevalence of 71% was observed in children with
AGE living in a shantytown in the Northeastern region of Brazil
between 1989 and 1993 [106] while peri-urban areas of Mexico
and Peru presented a much lower prevalence in children with AGE
[79,83,89]. In Guatemala, the HuNoV prevalence reached 72.4% in
a rural area with poor sanitary conditions and high AGE rates [93].
In Nicaragua, a prevalence of 11% has been observed in patients
with AGE [107], similar to the prevalence found in the metropolitan
region of Santiago, Chile [82]. In the North of the Brazilian Espirito
Santo state, studies performed on children less than 11 years-old
from the ‘Quilombola’ community and from rural areas, showed
lower prevalences for HuNoV infections in symptomatic (9.2%) and
asymptomatic patients (1.5%)[108] than studies performed on chil-
dren under three years from the same community but from urban
areas (17% and 13% in symptomatic and asymptomatic patients,
respectively)[42].InPeru, this pattern was less marked, with preva-
lences of 21.3% and 8% in symptomatic and asymptomatic five
year-old children, respectively, in a rural community in the Ama-
zonregion [61],and of 17.4% in diarrheic children from a peri-urban
community of Lima [89], similar to the prevalences of 22.8% and
13.3% on symptomatic and asymptomatic patients, respectively,
from a shantytown community in Lima [79].

4.6. Correlation between increased human norovirus detection
and rotavirus vaccination

The burden of pediatric rotavirus infections declined signifi-
cantly following the implementation of rotavirus vaccine coverage
[109] and many studies correlated it with a significant increase
in HuNoV detection rates [110-112]. In Nicaragua, prevalence of
detected HuNoV infections increased after the onset of rotavirus
vaccination, starting from 11-12% in 2005-2006 and reaching 24%
in 2009-2010 [62,81,102]. Similarly, HuNoV detection in environ-
mental waters significantly increased at the same time [86]. In
Santiago, Chile, these prevalences started from 8% for calicivirus
infections (both HuNoV and sapovirus) in 1997-1999 [113] and
reached 18% in 2006-2008 [95]. These increased detection rates
could be either associated to a true shift in etiologies or associated
to the concomitant development of both awareness and diagnosis
methods for HuNoVs.

5. Molecular epidemiology

HuNoV genotyping currently relies on sequencing and phylo-
genetic relationships of both complete (preferentially) or partial
sequences of the capsid protein coding gene [114]. HuNoV
genogroups GI, GII and GIV have been described in Latin America
with GIV detected for the first time in 2004 during an AGE outbreak
in Argentina [19] and later in environmental water samples from
the city of Belém in Brazil [115]. There is a wide variety in geno-
types circulating in Latin America, revealing the viral diversity in
this region [32,42,103,116] (Fig. 1).

5.1. Genogroup Il genotype 4 viruses
Strains genetically related to GIl.4 are the most commonly

detected worldwide [78] and have also been reported in Latin
America by several studies [21,40,58,117-119]. Despite differences
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Gll.17

Gl.3 GL.7 GL.8
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Gll.2 GII3 G4 GIL5 Gll.6
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Gll.17 Gll.22
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Gll.7 GIL.8 GII.9 GI.12 GIL13
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Gl.1 GI.3 Gl.4 GL.5 G1.6 GI.8
Gll.1 GIl.2 GII.3 GlL4 GII.6 GIL.7
Gll.13 GIL17

Fig. 1. Molecular epidemiology of Human Norovirus in Latin America: genotypes circulating in the different countries (references in Supplementary Table 1).

in HuNoV prevalences between rural and urban communities, GIL.4
remains the most frequent in both cases. Furthermore, this geno-
type has frequently been detected in several environmental studies
involving sewage, rivers and surface waters in Argentina [85],
treated sewage in Rio de Janeiro, Brazil [121], a sewage treatment
plant in Florianopolis, Brazil [122], and wastewater in Nicaragua
[86]. Additionally, an ability for global spread has been revealed by
different studies [21,43,58,86,123-125].

5.2. Other genogroup Il viruses

In addition to GIL4, several other GII genotypes have been
detected from Latin American hospitals and asymptomatic patients
[42,71,74,75,81,99,103]. A study performed on surface waters from
Argentinean rivers reported that genotype diversity is directly
related to the size of the cities [18]. Similarly, studies have
demonstrated a notable genetic diversity of GII HuNoVs in chil-
dren living in peri-urban and shantytown communities in Mexico
and Peru [79,80]. GIL.3 has been detected at high frequencies in
many regions, in both symptomatic and asymptomatic patients
[32,42,43,74,79,118,126] as well as in the environment [86,122].
It is difficult to associate a particular genotype to an exacer-
bated virulence, with a possible exception for GIL.4. Interestingly, if
GI.17HuNoVs have been regularly detected in Latin America, out-
breaks related to the potentially emerging GII.17 strain [127] has
not been yet reported from Latin America.

5.3. Genogroup I viruses

frequently detected,
diversity in Latin
11 and 14

Although GI strains are less
they also present a wide genetic
America, with the detection of GIL1-5, 7-8,
[32,56,71,73-75,79-81,103,108,121,122].

5.4. Recombinant viruses

A consequence of the wide genetic diversity in circulating
genotypes is the possibility of co-infections, which may further
result in recombination events [128,129]. In Latin America, dif-
ferent combinations in recombinant strains have been reported:
GILP7/GIL6 [130]; GIL.P7/GIL.20 [131], GILP2/GIL3 and GLP2/GL6
[58], GIL.P4/GIL.1 [123].

6. Conclusion

Latin American countries present a wide diversity in climatic
conditions, demography, medical and sanitary development, eth-
nic and economic conditions. Accordingly, this continent may
condense the different particular epidemiological features encoun-
tered for HuNoV infections worldwide. Of particular interest,
epidemiological patterns seem to be tightly linked to the com-
munity type (closed versus high density). This review highlights
the need for a coordinated subcontinental surveillance network
(molecular data sharing and emerging HuNoV detection) at both
the clinical and food safety levels. Even though a huge genetic diver-
sity has been detected, GII.4 remains the most prevalent circulating
genotype, echoing the worldwide epidemiological situation. Future
emerging genotypes could find their source from either the local
genotype collection or from imported ones in a globalization con-
text. If person-to-person is still the main transmission route, the
hazard associated to HuNoV distribution in the environment, espe-
cially in waters designated for agriculture or consumption, should
be particularly considered in the risk assessment for Latin America.
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