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Abstract

Background: Human caliciviruses (HuCV) are emerging enteric pathogens that are a common cause of diarrhea in
humans worldwide. Due to the paucity of information on the molecular characterization of HuCV circulating in
Mexico, the aim of this work was to investigate the diversity and molecular epidemiology of the HuCV infection
associated with acute diarrheal disease in Mexican children aged up to 5 years.

Results: Of the 131/414 (32%) HuCV positive-specimens analyzed, 128 were identified as Norovirus (NoV) and three
as Sapovirus (SaV). Of the NoV positive specimens, 118/128 (92%) were NoV Gl and 10/128(8%) were untypeable
by RT-PCR in both polymerase and capsid genes, whereas one SaV isolate was further confirmed by sequencing as
Gl.2. Phylogenetic analysis based on polymerase partial gene sequences from 89/131 (68%) HuCV isolates showed
that 86/89 (97%) belong to NoV Gll.4 with three main variant clusters of this genotype, 2/89 (2%) to NoV Gll.2, and

and 18 months of age (60%).

this disease.

1/89 (1%) to SaV Gl.2. Furthermore, partial sequencing of the capsid gene VP of 63/131 (48%) strains indicated
that 61/63 (97%) correlated with NoV Gll.4, whereas only 2/63 (3%) clustered to NoV Gll.2. HuCV infections were
detected throughout the year, and the highest number of cases positive for NoV was found in children between 7

Conclusions: This study highlights the usefulness of analyzing both polymerase and capsid genes for molecular
characterization of HUCV and demonstrates the relatedness and predominance of NoV Gll.4 with acute diarrheal
disease in young Mexican children, thus contributing to better understanding of the molecular epidemiology of
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Background

Acute gastroenteritis remains a major public health pro-
blem worldwide. Recently, mortality due to diarrheal
disease has been reported in > 1 million human deaths
annually, with young children comprising the most
important age group affected [1]. Human caliciviruses
(HuCV) include the genera Norovirus (NoV) and Sapo-
virus (SaV); in particular, NoV has been recognized as
the most important cause of nonbacterial, acute gastro-
enteritis in humans of all age groups. Additionally, NoV
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is responsible for at least 50% of all gastroenteritis out-
breaks globally; however, the incidence of this agent is
rarely laboratory-registered in developing countries [2].

NoV are genetically diverse; 35 different genotypes are
now classified within five genogroups (GI-GV) based on
their capsid and/or polymerase genes: 14 genetic geno-
types in GI; 17 in GII; two in GIII; one in GIV, and one
in GV [3,4]. The SaV genus is divided into five gen-
ogroups and at least 16 genetic clusters. Genogroups I,
II, IV, and V infect humans, whereas genogroup III
infects only animals [5]. SaV strains that belong to gen-
ogroup I have been detected predominantly over the last
decade in Japan, whereas NoV GII.4 is the major cause
of acute, nonbacterial gastroenteritis and food-related
outbreaks circulating worldwide [5,6].
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The highly genetic diversity that HuCV exhibit has
made it complicated to develop a universal system for
their classification. Reverse transcription-polymerase
chain reaction (RT-PCR) assays [7], as well as Enzyme-
linked immunosorbent assays (ELISA), have been exten-
sively employed for their detection [8]. Usually, the
genomic region utilized to detect and genotype HuCV
by RT-PCR codify to the polymerase gene (RdRp),
which is relatively conserved in both genera [9]. Never-
theless, the capsid gene has been useful in obtaining
better phylogenetic and genotyping analysis [10].

Some studies have investigated the seroprevalence
[11-13] and the genetic diversity [14] of some HuCV cir-
culating strains in Mexico. Additionally, a few have
reported NoV strain diversity in asymptomatic children
[15] and as causing traveler’s disease [16,17]. Further-
more, a study carried out in three Mexico City hospitals
characterized some HuCV strains [18]. However, little is
known concerning the molecular characterization of
HuCV across the country. Thus, this work provides, to
our knowledge for the first time important information
on the molecular characterization in both genes of NoV
strains of different states throughout Mexico for further
understanding of the genetic diversity and molecular epi-
demiology of HuCV infection associated with acute diar-
rheal disease in Mexican children up to 5 years of age.
Moreover, we also describe the predominance of NoV
GIL4 strains in children with acute diarrheal disease.

Results

Detection of human calicivirus infections

During the study period, a total of 414 stool specimens
from pediatric patients with diarrhea, negative to rota-
virus analyzed by PAGE in the National Network of
Public Health Laboratories (RNLSP, its acronym in
Spanish) as well as negative for bacterial and parasitic
enteric pathogens, were analyzed. Rotavirus detection
by ELISA and RT-PCR yielded 9% (39/414) positive
samples employing these assays (data not shown). NoV
(128/414, 31%) and SaV (n = 3/414, 1%) were detected
by RT-PCR with primers targeted toward the RdRp
gene. The samples positive for NoV corresponded to a
DNA fragment of 319 bp, while strains of SaV gave
rise to a DNA fragment of higher molecular size of
331 bp.
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The RT-PCR reaction performed to genotype the 128
NoV-positive samples employing primers targeted
toward the RdRp gene indicated that 72/128 (56%) viral
strains belong to NoV GII, whereas no sample was
amplified for NoV GI or for a combination of GI and
GII. However, of 56 NoV positive samples that were
negative for the RdRp genotyping reaction, it was possi-
ble to identify 46/56 samples for a total of 118/128 for
NoV GII, with primers targeted toward the capsid gene
(Table 1) (Figure 1).

Phylogenetic analysis

Nucleotide sequence and phylogenetic analysis of 89/131
(68%) HuCV amplicons allowed us to construct a phylo-
genetic tree based on a 319 bp region of the RdRp gene
from viral isolates by RT-PCR, revealing 88 NoV GII
and one SaV GI. Of the 88 samples corresponding to
NoV GII, 86 viral isolates clustered as NoV GIIL.4
together with another sequences reported at the Gen-
Bank, whereas the remaining two showed a close rela-
tionship with the Kuenzelsau 3870 and Melksham viral
strains, both of which are NoV GIIL.2. One viral isolate
clustered with the SaV viral strain Parkville 94 GI.2
(Figure 2). Interestingly, NoV GIIL.4 isolates were
arranged in three main variant clusters. On the other
hand, phylogenetic analysis of 63/131 (48%) amplicons
of the VPI capsid partial gene of NoV, indicated that 61
samples belong to genotype NoV GIIL.4 and that two
samples grouped with OsakaNI2004, Point de Roide673
and E397Crete strains reported at the GenBank as NoV
GIIL.2 (Figure 3). VPI phylogenetic tree analysis also
revealed several subcluster variants for the GIIL.4
genotype.

NoV infection was detected all year around; however,
the number of HuCV detected exhibited two peaks:
November-December, and April-June (Figure 4A).
Furthermore, the NoV infection was found mainly in
children within the age range of 7-8 months (60%) and
with low frequency in children from 18 months up to 5
years of age (Figure 4B).

Discussion

Diversity studies on NoV prevalence and the distribu-
tion of genotypes focus on outbreaks [2,3,6]. The aim of
this study was to detect HuCV associated with acute

Table 1 Identification of HuCV detected by RT-PCR associated with acute diarrhea illness in Mexico

Genotyping
Primers Primers Primers  Primers RdRp/
RdRp capsid RdRp capsid
Period of collection of Total Samples positive NoV NoV NoV NoV SaV Gl NoV GII-GI Negatives to
specimens samples for HuCv Gl Gl Gll genotyping reaction
October 2005-December 2006. 414 131 0 0 46 3 0 10
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Figure 1 Genotyping of NoV using the capsid gene. RT-PCR
products of 344 bp correspond to NoV Gll (lanes 4, 7). Lane 1 and 8
are DNA molecular size markers. Lanes 2 and 3 are negative and
positive controls, respectively.

A

diarrheal disease in children using RT-PCR as the prin-
cipal molecular tool for the detection and genotyping of
these viral agents from different Mexico geographic
areas that referred cases of acute gastroenteritis in chil-
dren. Additionally, this assay will be useful at RNLSP to
extend national diagnostic coverage of viral gastroenteri-
tis in Mexico.

Using a primer mix [14] targeted toward the RdRp
region that contains relatively conserved sequences in
both genera, we found HuCV in 32% of the total sam-
ples analyzed. These results are in agreement with pre-
vious studies carried out in Brazil and Argentina [19,20].
We even utilized a set of primers designed for genotyp-
ing the RdRp gene in NoV GI and NoV GII, the most
common genogroups of NoV; we found samples nega-
tive for the first genotyping reaction, and a second set
of primers targeted toward the capsid gene was utilized
to identify NoV GI and NoV GII specimens. This assay
permitted us to increase detection up to a total of 118/
128 (92%) of NoV GII. These results indicate the conve-
nience of analyzing RdRp and VPI capsid genes routi-
nely to genotype NoV GI and NoV GII strains.
Moreover, this could aid in identifying new recombina-
tion strains circulating worldwide and to evidence the
highly genetic diversity that these viruses exhibit in
Mexico. However, we were unable to genogroup 10
samples in both genes, suggesting the presence of other
genogroups of NoV in the country. In this study, we
tested all 414 samples by ELISA for rotavirus and found
39/414 (9%) positive samples, among which only two
samples co-infected with NoV GII 2/414 (0.4%); this
rate was much lower than that found in other previously
reported studies in Mexico in which the rate of co-
infection included 35-75% of samples with other enteric
pathogens in international traveler’s diarrhea [16,17].
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Other studies of HuCV incidence in Mexico have been
reported; however, these were carried out in rural com-
munities near Mexico City or in Mexico City hospitals
[11,13,18], but limited information existed at the time
on molecular epidemiology throughout the country. A
few years ago, Garcia et al. found NoV GI and NoV GII
in asymptomatic infections in children by utilizing cap-
sid gene amplification [15] without considering cases
associated with acute diarrheal disease. Additionally, the
frequency of NoV GI as a cause of traveler’s diarrhea in
international travelers who visited Mexico has been
reported as the second most commonly identified
enteric pathogen after the enterotoxigenic Escherichia
coli [16,17]. In this work, 32% of HuCV, specifically
NoV GII (31%) and SaV (1%), were found. These data
correlate with previous studies that showed a higher
proportion of NoV GII than of NoV GI strains in out-
breaks and sporadic cases worldwide [21,22]. To our
knowledge, this is the first report indicating the fre-
quency of HuCV related with acute diarrheal disease in
children up to 5 years of age throughout Mexico and
the first time to our knowledge that both genes have
been analyzed by sample. Moreover, it proves the need
for suitable molecular tools to obtain better understand-
ing of this viral infection to prevent spreading as soon
as the disease breaks out.

At present, NoV GII is divided in 17 genotypes, with
GIIL.4 the genotype most commonly associated with
many global epidemics of acute gastroenteritis. Out-
breaks implicating this genotype have been reported
throughout the last decade in several countries all over
the world [20,22-25]. Moreover, variants of this geno-
type were also reported in New Zealand and Australia
[26,27]. In accordance with these findings, many reports
describe that GII.4 is also the cause of sporadic cases of
pediatric gastroenteritis worldwide [21,23,27,28]. These
events support the global impact that NoV GIL4 exerts
on five continents. The explanation concerning the
increased number of NoV outbreaks worldwide could be
the rapid evolution of the major capsid protein of GIL.4
strains, resulting in new epidemic strains with altered
antigenicity. These changes occur mainly on the distal
surface of the P2 subdomain, the site involved in virus
attachment prior entry into the host cells, and these
strains have proven to evolve under the pressure of
population immunity [6].

In this study, we detected 32% of HuCV-positives; this
could be explained by the ease with which NoV is trans-
mitted by water, food, direct contact, airborne droplets,
and vomit, persistence in the environment as a source
of contamination, the low infectious dose required to
cause illness, and viral resistance to the disinfection pro-
cess on surfaces, as well as to management and disease
prevention in the community [29,30].
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Figure 2 Phylogenetic tree based on partial RdRp gene sequence from 89 human calicivirus (HuCV) isolates identified in this study.
The numbers on the branches indicate the bootstrap values for clusters, indicated as % of 1,000 replicates using the neighbor-joining method
with the p-distance model. The distance scale in nucleotide substitutions per position is shown.
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Figure 3 Phylogenetic tree based on partial VP17 capsid gene sequence from 63 Norovirus (NoV) isolates identified in this study. The
numbers on the branches indicate the bootstrap values for clusters, indicated as % of 1,000 replicates using the neighbor-joining method with

the p-distance model. The distance scale in nucleotide substitutions per position is shown.
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Figure 4 Seasonality and frequency of human calicivirus
(HuCV) infection. A) Monthly distribution of HuCV-associated with
acute gastroenteritis in Mexico from October 2005 to December
2006. B) Frequency of infection of HuCV in Mexican children of

different age groups.

During the past 5 years, many strains that clustered
with the NoV GII.4 genotype using the sequence of the
capsid gene or the RdRp gene, including several recom-
binant strains, have been reported in numerous studies
[31-33]. Sequence analysis of short amplicons of the
RARp gene showed that the majority of the samples ana-
lyzed in this work, 86/89 (97%), belong to NoV GIIL.4,
confirming that the frequency of this genotype in Mex-
ico is in agreement with that of other studies worldwide.
In particular, a 63-sequence group, clustered together
with Mosonmagyarovar2594, Njimegen115, DenHaag54,
Yerseke38, Terneuzen70, and Langenl061 strains,
belongs to a cluster of Farmington Hills NoV GIL4 var-
iants, while another 23-sequence group showed high
similarity (94-98%) with Sidney348 and 10 additional
sequences that have been reported in Mexico City-based
hospitals [18], suggesting a close phylogenetic relation-
ship with the Camberwell GII.4 variant that emerged in
the 1980s and that likely remained as one of the most
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predominant groups for several decades [34]. Only two
samples collected from Chiapas state exhibited high
similarities (90-99%) with the Melksham and Kuenzelsau
3870 GIL.2 reference strains, indicating that at least two
different NoV genotypes are circulating in Mexico. In
this report, SaV was sequenced in one sample that was
collected in the state of Tamaulipas, and its phylogenic
analysis showed 92% similarity with the viral strain
Parkville 94, which belongs to genotype GI.2 of SaV,
confirming previous reports that SaV circulates in Mex-
ico [18]. Interestingly, our RdRp phylogenetic tree (Fig-
ure 2) showed differences in two strains previously
reported to be genotyped as NoV GII.4 and SaV GI.2
[18]. Overall, these results suggest a more extensive ana-
lysis with larger DNA fragments or the simultaneous
analysis of different genomic regions to discern this
disparity.

The phylogenetic tree generated with short amplicons
of the VPI partial gene indicated that 61 samples clus-
tered with Terneuzen70, NZ327, Yerseke38, Sidney348,
DenHaag54, NSW696T, Nijmegen115, and Mosonma-
gyarovar2594 strains of NoV, which belong to genotype
GIL4. Although the percentage of similarity was highly
among these (92-100%), several subclusters were found
in this genotype, indicating a pronounced genetic varia-
bility in the VPI gene. Moreover, two strains designated
InDRE2691 and InDRE 2872 clustered with Point de
Roide673 and E397Crete strains, which are classified as
genotype NoV GIL.2, showed a similarity of 89-91%.
This phylogenetic analysis confirms the results obtained
with the RdRp dendrogram, in which these samples also
clustered with Melksham and Kuenselzau strains, both
belonging to genotype GIL.2 of NoV, and demonstrate
that the VPI gene of NoV strains GIL.4 clusters with
pandemic strains such as Sydney348, NZ327/06, and
NSW696T/06 [35].

Tamaulipas showed the highest sample number asso-
ciated with HuCV infection, with 52 (40%) samples posi-
tive for NoV and one (1%) for SaV, due to the high
frequency of acute gastroenteritis in children in these
states during the period of study.

Despite the limited number of positive samples to
determine seasonality, distribution of HuCV infection
occurred mainly during two periods: November-Decem-
ber, and April-June, in contrast with Brazil, where infec-
tion has been reported along the entire year without a
seasonal pattern [36]. Interestingly, the age group most
affected with HuCV infection (7, 18 months) corre-
sponded to the group most commonly affected by rota-
virus, with a median age of 12 months.

Some difficulties in establishing the diagnosis of NoV
infection have been the lack of a rapid and sensitive
diagnostic method for use in public health laboratories
and hospitals; moreover, no specific surveillance system,
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such as the Rotavirus Surveillance Network, exists in
Mexico for HuCV infection or for NoV outbreaks. Con-
sequently, the frequency of HuCV infections is underes-
timated. However, although the RT-PCR test for
diagnosis of these HuCV is the gold standard, it is not
routinely performed on all stool specimens negative for
rotavirus, despite that NoV are a common cause of
infectious gastroenteritis.

Due to that acute diarrhea remains a major public
health problem in Latin America, detection of the NoV
infection could improve the diagnostic coverage of viral
gastroenteritis in children < 5 years of age, because this
is the major age group affected by this disease [1].

Conclusions

This study highlights the usefulness of analyzing both
the RdRp and capsid genes for molecular characteriza-
tion of HuCV and demonstrates the relatedness and
predominance of NoV GIL4 with acute diarrheal disease
in young Mexican children. Moreover, it reveals the
importance of future studies concerning the surveillance
and molecular epidemiology of gastroenteric viruses and
to our knowledge is likely to represent the first global
view on the frequency of HuCV infection across Mexico.

Methods

Specimen collection

Fecal samples were taken from a collection of specimens
obtained through the RNLSP, from different geographi-
cal regions of Mexico (North, Central, and South). Stool
samples were from children up to 5 years of age with
acute gastroenteritis between October 2005 and Decem-
ber 2006, and these were subsequently sent to the Gas-
trointestinal Viruses Laboratory at the Institute of
Epidemiological Diagnosis and Reference (InDRE, its
acronym in Spanish) for the intentional search for
HuCV and other enteropathogens.

The study included 14/31 states throughout Mexico
(Chihuahua, Nuevo Leé6n, Tamaulipas, Nayarit, Colima,
Michoacan, the Mexico City Federal District, Hidalgo,
Puebla, Veracruz, Chiapas, Campeche, Yucatdn, and
Quintana Roo). All stool samples included in this study
were tested previously by the RNLSP against rotavirus
by polyacrylamide gel electrophoresis (PAGE) and for
other enteric pathogens (data not shown), and were
referred for their quality assurance and reference by
ELISA (ProSpecT™ Rotavirus, Oxoid Ltd, UK) and RT-
PCR for rotavirus at the InDRE Gastrointestinal Viruses
Laboratory. According the differential algorithm to
acute diarrheal illness (EDA, its acronym in Spanish),
the samples were tested for NoV diagnosis by ELISA
(IDEIA™ Norovirus, Oxoid Ltd, UK) and further geno-
typing by RT-PCR.
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RNA extraction and RT-PCR

Viral RNA was extracted from 150 pL of 10-20% stool
suspensions in phosphate-buffered saline with the
QIAmp Viral RNA Kit (Qiagen GmbH, Hilden, Ger-
many) according to the manufacturer’s instructions.
RNA was stored at -20°C until its use. To determine the
presence of HuCV, one RT-PCR was performed using
the Titan One Tube RT-PCR System (Roche Applied
Science, Mannheim, Germany) in a 50 pL reaction mix-
ture with a primer set that targeted the RNA polymerase
gene reported by Farkas et al. [14]. Afterward, all
HuCV-positive samples were further characterized by
RT-PCR employing a specific second primer set for
detection of NoV GI and NoV GII with primers targeted
toward the capsid gene, as has been previously reported
[37,38].

DNA sequencing and data analysis

Amplification products were purified and sequenced
from both directions on an ABI PRISM® 3100 Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA)
service supplied by the Laboratory of Genome Patho-
gens-InDRE. Consensus sequences were obtained by
comparing forward and reverse electropherograms uti-
lizing ChromasPro version 1.5 software (Technelysium
Pty, Ltd). Database searches were performed employing
the Basic Local Alignment Search Tool (BLAST) service
supplied by the National Center for Biotechnology
Information (NCBI, Bethesda, MD, USA) web server.
Both multiple sequence alignments by Clustal W pro-
gram version 2 [39] and phylogenetic trees with boot-
strap analyses from 1,000 replicas and generated by the
neighbor-joining method and p-distance as substitution
model were performed with MEGA version 5.04 soft-
ware [40].

The GenBank accession numbers included in the phy-
logenetic analysis of the RdRp of HuCV were the follow-
ing: AB039781; AF145896; AF182760; AJ011099;
AJ249939; AY134748; AY228235; AY032605; AY485642;
AY502023; DQ078829; EF126962-EF126964; EF126966;
EF363139; EF187497; EF684915; EU096512; F]537134-
FJ537138; GU229659-GU229670; L07418; M87661;
U04469; U07611; U22498; X76716; X86557; X86560;
X81879; U95643, and U73124, whereas the accession
numbers included in the phylogenetic analysis for the
VP1 gene of NoV strains were the following: AB039778;
AB039780; AB039781; AB074893; AB212306; AF145896;
AF397156; AY038599; AY485642; AY502023;
AY588132; AY682549-AY682550; AY682552; AY845056;
AY919139; DQ366347; EF126962-EF126964; EF126966;
EF187497; DQO078829; EF684915; EU096512; U46500;
AY032605; FJ537134-F]J537138; U07611; U22498;
X76716 and X86557. The nucleotide sequences obtained
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in this study were submitted to GenBank with accession
numbers FJ214619-FJ214658, JQ082391-JQ082439 and
JQ182643-JQ182705.

Abbreviations

HuCV: Human caliciviruses; NoV: Norovirus; SaV: Sapovirus; RT-PCR: Reverse
transcription polymerase chain reaction; NoV Gll: Genogroup Il of norovirus;
Gl.2: Genogroup | genotype 2; GI-GV: Genogroup | to Genogroup V; ELISA:
Enzyme linked immunosorbent assay; VP1: Capsid gene; RdRp: Polymerase
gene; PAGE: Polyacrylamide gel electrophoresis; EDA: Acute diarrheal iliness;
BLAST: Basic Local Alignment Search Tool; NCBI: National Center for
Biotechnology Information; INDRE: Instituto de Diagndstico y Referencia
Epidemiologico

Acknowledgements

We thank the National Network of Public Health Laboratories in Mexico for
supplying the biological samples analyzed in this study, the Laboratory of
Pathogens Genome-InDRE for technical assistance in the sequencing of RT-
PCR products, and Celia Alpuche-Aranda for the revision of and comments
on the manuscript. We are grateful for financially supported by Consejo
Nacional de Ciencia y Tecnologia (CONACyT) Grant number 113740 (to HG-
L) and CENAPRECE/DGE-INDRE. HL-G and RMR-A are grateful for support for
this work from InDRE-SSA, and SIP-IPN-México grants number 20101151 and
20113197. RMR-A is a recipient of COFAA-IPN and EDD-IPN fellowships. FG-S
thanks CONACyT-México and PIFI-IPN-México for graduate studies
fellowships.

Author details

'Laboratorio de Virus Gastrointestinales, Departamento de Virologfa del
Instituto de Diagnostico y Referencia Epidemioldgicos (INDRE), Secretaria de
Salud (SSa), Carpio 470, Col. Santo Tomas, 11340 México, DF, Mexico.
?Laboratorio de Produccién y Control de Bioldgicos. Departamento de
Microbiologfa, Escuela Nacional de Ciencias Bioldgicas (ENCB), Instituto
Politécnico Nacional (IPN), Mexico City, Mexico.

Authors’ contributions

The original concept and design described in the manuscript were
performed in equal contributions by FG-S, RMR-A, and HG-L. FG-S and RMR-
A performed experiments, sequence alignments, and sequence analyses;
both contributed equally and should be considered as first authors. RMR-A
and HG-L supervised the overall project, providing essential guidance. FG-S,
RMR-A, and HG-L drafted and edited the manuscript. All authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 5 May 2011 Accepted: 23 February 2012
Published: 23 February 2012

References

1. World Health Organization: Diarrhoeal Diseases (Updated February 2009).
[http//www.who.int/vaccine_research/diseases/diarrhoeal/en/index.html].

2. Hall AJ, Vinjé J, Lopman BA, Park GW, Yen C, Gregoricus N, Parashar U:
Update norovirus outbreak management and disease prevention
guidelines. MMWR Recomm Rep 2011, 60:1-18.

3. Hoffmann D, Seebach J, Foley BT, Frosner G, Nadas K, Protzer U,

Schétzl HM: Isolated norovirus GII.7 strain within an extended Gll.4
outbreak. J Med Virol 2010, 82:1058-1064.

4. Wang QH, Costantini V, Saif LJ: Porcine enteric caliciviruses: genetic and
antigenic relatedness to human caliciviruses, diagnosis and
epidemiology. Vaccine 2007, 25:5453-5466.

5. Dey SK, Phathammavong O, Nguyen TD, Thongprachum A, Chan-It W,
Okitsu S, Mizuguchi M, Ushijima H: Seasonal pattern and genotype
distribution of sapovirus infection in Japan, 2003-2009. Epidemiol Infect
2011, 4:1-4.

6. Lindesmith LC, Donaldson EF, Baric RS: Norovirus Gll.4 strain antigenic
variation. J Virol 2011, 85:231-242.

20.

22.

23.

24.

25.

26.

27.

28.

Page 8 of 9

Jiang X, Wang J, Graham DY, Estes MK: Detection of Norwalk virus in stool
by polymerase chain reaction. J Clin Microbiol 1992, 30:2529-2534.

de Bruin E, Duizer E, Vennema H, Koopmans MP: Diagnosis of Norovirus
outbreaks by commercial ELISA or RT-PCR. J Virol Methods 2006,
137:259-264.

Jiang X, Huang PW, Zhong WM, Farkas T, Cubitt DW, Matson DO: Design
and evaluation of a primer pair that detects both Norwalk- and
Sapporo-like caliciviruses by RT-PCR. J Virol Methods 1999, 83:145-154.
Chhabra P, Walimbe AM, Chitambar SD: Molecular characterization of the
three novel intergenotype Norovirus Gll recombinant strains from
western India. Virus Res 2010, 147:242-246.

Jiang X, Matson DO, Veldzquez FR, Calva JJ, Zhong WM, Hu J, Ruiz-
Palacios GM, Pickering LK: Study of Norwalk-related viruses in Mexican
children. J Med Virol 1995, 47:309-316.

Farkas T, Jiang X, Guerrero ML, Zhong W, Wilton N, Berke T, Matson DO,
Pickering LK, Ruiz-Palacios G: Prevalence and genetic diversity of human
caliciviruses (HuCVs) in Mexican children. J Med Virol 2000, 62:217-223.
Peasey AE, Ruiz-Palacios GM, Quigley M, Newsholme W, Martinez J,

Rosales G, Jiang X, Blumenthal UJ: Seroepidemiology and risk factors for
sporadic Norovirus/Mexico strain. J Infect Dis 2004, 189:2027-2036.

Farkas T, Zhong WM, Jing Y, Huang PW, Espinosa SM, Martinez N,

Morrow AL, Ruiz-Palacios GM, Pickering LK, Jiang X: Genetic diversity
among sapoviruses. Arch Virol 2004, 149:1309-1323.

Garcfa C, DuPont HL, Long KZ, Santos JI, Ko G: Asymptomatic norovirus
infection in Mexican children. J Clin Microbiol 2006, 44:2997-3000.

Chapin AR, Carpenter CM, Dudley WC, Gibson LC, Pratdesaba R, Torres O,
Sanchez D, Belkind-Gerson J, Nyquist I, Karnell A, Gustafsson B, Halpern JL,
Bourgeois AL, Schwab KJ: Prevalence of norovirus among visitors from
the United States to Mexico and Guatemala who experience traveler’s
diarrhea. J Clin Microbiol 2005, 43:1112-1117.

Ko G, Garcia C, Jiang ZD, Okhuysen PC, Belkind-Gerson J, Glass R,

DuPont HL: Noroviruses as a cause of traveler's diarrhea among students
from the United States visiting Mexico. J Clin Microbiol 2005,
43:6126-6129.

Gutiérrez-Escolano AL, Veldzquez FR, Escobar-Herrera J, Lopez-Saucedo C,
Torres J, Estrada-Garcia T: Human caliciviruses detected in Mexican
children admitted to hospital during 1998-2000 with severe acute
gastroenteritis not due to other enteropathogens. J Med Virol 2010,
82:632-637.

Castilho JG, Munford V, Resque HR, Fagundes-Neto U, Vinjé J, Racz ML:
Genetic diversity of norovirus among children with gastroenteritis in Sao
Paulo State, Brazil. J Clin Microbiol 2006, 44:3947-3953.

Gomes KA, Stupka JA, Gémez J, Parra GI: Molecular characterization of
calicivirus strains detected in outbreaks of gastroenteritis in Argentina. J
Med Virol 2007, 79:1703-1709.

Ferreira MS, Xavier MP, Fumian TM, Victoria M, Oliveira SA, Pena LH,

Leite JP, Miagostovich MP: Acute gastroenteritis cases associated with
noroviruses infection in the State of Rio de Janeiro. J Med Virol 2008,
80:338-344.

Lee BE, Preiksaitis JK, Chui N, Chui L, Pang XL: Genetic relatedness of
noroviruses identified in sporadic gastroenteritis in children and
gastroenteritis outbreaks in Northern Alberta. J Med Virol 2008,
80:330-337.

Colomba C, Saporito L, Giammanco GM, De Grazia S, Ramirez S, Arista S,
Titone L: Norovirus and gastroenteritis in hospitalized children, Italy.
Emerg Infect Dis 2007, 13:1389-1391.

Al-Mashhadani MN, Nakagomi O, Dove W, Ahmed H, Nakagomi T, Hart CA,
Cunliffe NA: Norovirus gastroenteritis among children in Iragi Kurdistan. J
Med Virol 2008, 80:506-509.

Nurminen K, Blazevic V, Huhti L, Rdsdnen S, Koho T, Hytdnen VP, Vesikari T:
Prevalence of Norovirus Gl.4 antibodies in Finnish children. J Med Virol
2011, 83:525-531.

Tu ET, Bull RA, Greening GE, Hewitt J, Lyon MJ, Marshall JA, Mclver CJ,
Rawlinson WD, White PA: Epidemics of gastroenteritis during 2006 were
associated with the spread of norovirus Gll.4 variants 2006a and 2006b.
Clin Infect Dis 2008, 46:413-420.

Bull RA, Tu ET, Mclver CJ, Rawlinson WD, White PA: Emergence of a new
norovirus genotype Il.4 variant associated with global outbreaks of
gastroenteritis. J Clin Microbiol 2006, 44:327-333.

Siebenga JJ, Vennema H, Zheng DP, Vinjé J, Lee BE, Pang X, Ho EC, Lim W,
Choudekar A, Broor S, Halperin T, Rasool NB, Hewitt J, Greening GE, Jin M,


http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=FJ214619
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=FJ214658
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=JQ082391
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=JQ082439
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=JQ182643
http://www.ncbi.nih.gov/entrez/query.fcgi?db=Nucleotide&cmd=search&term=JQ182705
http://www.who.int/vaccine_research/diseases/diarrhoeal/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/22108587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22108587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20419822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20419822?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17234307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17234307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17234307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20980508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20980508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1383265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1383265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16901556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16901556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10598092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10598092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10598092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19941918?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19941918?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19941918?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8636696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8636696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11002251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11002251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15143470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15143470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15221533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15221533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16891526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16891526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15750070?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15750070?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15750070?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16333110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16333110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20166189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20166189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20166189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16943348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16943348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17854042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17854042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18098155?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18098155?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18098165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18098165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18098165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18252118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18205231?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21264875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18177226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18177226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16455879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16455879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16455879?dopt=Abstract

Gomez-Santiago et al. Virology Journal 2012, 9:54
http://www.virologyj.com/content/9/1/54

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Duan ZJ, Lucero Y, O'Ryan M, Hoehne M, Schreier E, Ratcliff RM, White PA,
Iritani N, Reuter G, Koopmans M: Norovirus illness is a global problem:
emergence and spread of Norovirus Gll.4 variants, 2001-2007. J Infect Dis
2009, 200:802-812.

Widdowson MA, Monroe SS, Glass RI: Are noroviruses emerging. £Emerg
Infect Dis 2005, 5:735-737.

Duizer E, Bijkerk P, Rockx B, De Groot A, Twisk F, Koopmans M: Inactivation
of caliciviruses. Appl Environ Microbiol 2004, 70:4538-4543.

Nataraju SM, Pativada M, Chatterjee D, Nayak MK, Ganesh B,

Bhattacharya MK, Ramamurthy T, Ganguly S, Saha DR, Rajendran K,

Ghosh M, Kobayashi N, Krishnan T: Molecular epidemiology of norovirus
infections in children and adults: sequence analysis of region C indicates
genetic diversity of NVGII strains in Kolkata, India. Epidemiol Infect 2011,
139(6):910-918.

Vidal R, Roessler P, Solari V, Vollaire J, Jiang X, Matson DO, Mamani N,
Prado V, O'Ryan ML: Novel recombinant norovirus causing outbreaks of
gastroenteritis in Santiago, Chile. J Clin Microbiol 2006, 44:2271-2275.
Phan TG, Kaneshi K, Ueda Y, Nakaya S, Nishimura S, Yamamoto A, Sugita K,
Takanashi S, Okitsu S, Ushijima H: Genetic heterogeneity, evolution, and
recombination in noroviruses. J Med Virol 2007, 79:1388-1400.

Bok K, Abente E, Realpe-Quintero M, Mitra T, Sosnovtsev S, Kapikian A,
Green K: Evolutionary Dynamics of Gll.4 Noroviruses over a 34-Year
Period. J Virol 2009, 83(22):11890-11901.

Bull R, Eden JS, Rawlinson WD, White P: Rapid evolution of Pandemic
Noroviruses of the Gll.4 lineage. PLos Pathog 2010, 6(3):21000831.

Soares CC, Santos N, Beard RS, Albuquerque MC, Maranhdo AG, Rocha LN,
Ramirez ML, Monroe SS, Glass Rl, Gentsch J: Norovirus detection and
genotyping for children with gastroenteritis, Brazil. Emerg Infect Dis 2007,
13:1244-1246.

Yuen LK, Catton MC, Cox BJ, Wright PJ, Marshall JA: Heminested multiplex
reverse transcription-PCR for detection and differentiation of Norwalk-
like virus genogroups 1 and 2 in fecal samples. J Clin Microbiol 2001,
39:2690-2694.

Kojima S, Kageyama T, Fukushi S, Hoshino FB, Shinohara M, Uchida K,
Natori K, Takeda N, Katayama K: Genogroup-specific PCR primers for
detection of Norwalk-like viruses. J Virol Methods 2002, 100:107-114.
Thompson JD, Higgins DG, Gibson TJ: CLUSTAL W: improving the
sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight matrix
choice. Nucleic Acids Res 1994, 22:4673-4680.

Tamura K, Dudley J, Nei M, Kumar S: MEGA4: Molecular Evolutionary
Genetics Analysis (MEGA) software version 4.0. Mol Biol Evol 2007,
24:1596-1599.

doi:10.1186/1743-422X-9-54

Cite this article as: Gomez-Santiago et al: Molecular characterization of
human calicivirus associated with acute diarrheal disease in mexican
children. Virology Journal 2012 9:54.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/19627248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19627248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15294783?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15294783?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20642869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20642869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20642869?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16757638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16757638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17607779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17607779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19759138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19759138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20360972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20360972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17953103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17953103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11427598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11427598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11427598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11742657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11742657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7984417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7984417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7984417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7984417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17488738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17488738?dopt=Abstract

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Detection of human calicivirus infections
	Phylogenetic analysis

	Discussion
	Conclusions
	Methods
	Specimen collection
	RNA extraction and RT-PCR
	DNA sequencing and data analysis

	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

