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Genotype Circulating in Córdoba, Argentina,
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2Laboratorio de Inmunologı́a y Virologı́a, Departamento de Ciencia y Tecnologı́a,
Universidad Nacional de Quilmes, Roque Saenz Peña, Buenos Aires, Argentina
3Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Buenos Aires, Argentina
4Agencia Córdoba Ciencia/CONICET, Buenos Aires, Argentina

The incidence of human rotavirus G types was
determined over a 25-year period (1979–2003) by
using reverse transcription-PCR (RT-PCR) to
examine 519 stool specimens found to be
positive for rotavirus by enzyme linked immuno-
sorbent assay (ELISA) or polyacrylamide gel
electrophoresis (PAGE). These stool samples
were obtained from children under 3 years old
who had been treated for acute diarrhea at public
hospitals in Córdoba, Argentina. The present
study describes the continued circulation of the
common human G types G1 (53.8%), G2 (10.2%),
G3 (4.4%), andG4 (27%), and also thedetection of
the unusual types G8 (0.5%) and G9 (4.2%).
Genotype G9 was detected during the 1980–
1988 and 1997–2003 periods at relatively low
rates. Rotavirus G types distribution was inde-
pendent of age (1–18 months), gender or out-
patient or in-patient status. Unexpectedly, 44.6%
of mixed infections were detected, involving
common and unusual genotypes. Overall,
95.4% of the typed strains belonged to the most
prevalent human serotypes (G1–G4) but the
detection of G9 infection throughout this study
period highlights the importance of this serotype
as a human pathogen. J.Med. Virol. 78:1113–
1118, 2006. � 2006 Wiley-Liss, Inc.
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INTRODUCTION

Group A rotaviruses have been recognized as the
major etiologic agents of acute gastroenteritis in infants
and young children worldwide [Glass et al., 1996;
Parashar et al., 1998]. These infections are associated

with high rates of mortality in developing countries,
accounting for about 608,400 deaths annually among
children under 5 years of age [Parashar, 2004].

Rotaviruses are non-enveloped, icosahedral viruses of
the family Reoviridae, which possess a genome of 11
double-stranded RNA (dsRNA) segments coding for 12
viral proteins, enclosed ina triple-layered protein capsid
[Estes, 2001]. The surface proteins, VP4 and VP7, are
involved in virus neutralization following natural
infection and are thought to be important for the
development of protective immunity. The antigenic
specificities of VP7 and VP4 are termed G (for glycopro-
tein) and P (for protease-sensitive protein), respectively
[Bishop, 1984; Estes and Cohen, 1989]. At least 14 G
types and 20 P types have been identified among human
and animal strains. Since the severity of disease can be
reduced by vaccination, several vaccines are under
development to provide specific protection against the
most prevalent rotavirusG types,G1–G4 [Bishop, 1993;
Gentsch et al., 1996; Bernstein et al., 1999; Clements-
Mann et al., 1999]. However, previous studies have
shown that patterns of G type distribution appear to
have regional and local particularities, and ‘unusual’ G
serotypes are now detected throughout the world,
especially in developing countries, including G9, G5,
andG10 in Brazil [Leite et al., 1996; Santos et al., 1998],
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G9andG12 inArgentina [Boket al., 2001a;Castello et al.,
2004a], and G9 in India [Ramachandran et al., 1996].
A retrospective study was undertaken in order to

obtain an insight on the human rotaviruses G types
circulating in Córdoba, Argentina, between 1979 and
2003.

MATERIALS AND METHODS

Viruses

Human rotavirus strainsWa (G1P[8]), DS-1 (G2P[4]),
P (G3P[8]), andVA70 (G4P[8]), propagated in cultures of
MA104 cells, were used in this study as reference
rotavirus G types. These prototype strains were kindly
provided byDr. G. Glikmann, Virology lab, Universidad
Nacional de Quilmes, Buenos Aires, Argentina.

Clinical Samples

Between 1979 and 2003, a total of 2,047 stool samples
were collected from children under 3 years of age who
had been treated at different Public Hospitals in
Córdoba city, Argentina. Five hundred and nineteen
fecal samples were found to be positive for rotavirus
infection by enzyme linked immunosorbent assay
(ELISA) or polyacrylamide gel electrophoresis (PAGE)
analysis of dsRNA. Stool specimens were prepared as
10% homogenates in 0.02M Tris-HCl (pH 7.2) and were
stored at�208Cuntil theywere typed. The records of the
timebetween the onset of the illness and collection of the
samples was available for 114 of 519 (22%) samples
examined, the patient ages were provided for 325 of 519
(62.62%) and the gender was provided for 438 of 519
(84.4%) patients. Details of the patients’ attendance at a
general practice or admission to a hospital were
available for 325 of 519 (62.62%) of the patients included
in this study.

RNA Extraction

Viral dsRNAwas extracted from fecal suspensions by
the phenol-chloroform method followed by alcohol
precipitationaccording to standardprocedures [Herring
et al., 1982]. After drying, the pellets were diluted in
20 ml of sterile distilled water for reverse transcription-
PCR (RT-PCR).

RT-PCR

Extracted RNA in volumes of 3 ml was reverse-
transcribed into gene 9 (VP7) full-length cDNA with
thegeneric primersBeg9 (RA1) [Gouvea et al., 1990;Das
et al., 1994] andEnd9 (RA4) [Gouvea et al., 1990] (0.5mM
each). This solution was heated 5 min at 958C to
denature the RNA, and quickly chilled on ice for 2–
5 min. A reverse-transcriptase (RT) mixture was then
added containing 1 mM of each dNTP (Invitrogen,
Carlsbad, California), 6% dimethyl sulfoxide (DMSO),
3 U of cloned AMV RT (Invitrogen), 2 mM dithiothreitol
(DTT), and AMV buffer (Invitrogen): 50 mM Tris-
acetate (pH 8.4), 75 mM potassium acetate, 8 mM
magnesium acetate and stabilizer, in a total volume of

10 ml and incubated 2hr at 458Cand 15min at 858C.One
microliter of cDNA was mixed with a PCR reaction
mixture containing 0.25 mM of each primer (Beg9,
End9), 1.5 mM MgCl2, 0.1 mM dNTPs, 0.5 U Taq DNA
polymerase (Invitrogen) and the buffer provided by the
manufacturer (Invitrogen): 20 mM Tris-HCl (pH 8.4),
50 mM KCl, in a volume of 10 ml. Amplification was
performed under PCR condition of one cycle at 948C for
1 min, 30 cycles at 928C for 10 sec, 458C for 15 sec and
728C for 1 min, and 1 cycle at 728C for 5 min, using a
Biometra UNO II thermo-cycler.

As templates for a secondamplification round, 0.4ml of
the PCR products from the above RT-PCR were used in
combination with two cocktails of type-specific forward
primers. The cocktails were as follows: G1 (aBT1), G2
(aCT2), and G3 (aET3), in one mixture, and G4 (aDT4),
G8 (aAT8), and G9 (aFT9), in the second one and a
generic reverse primer, End9, whose sequence is
conserved among G types. These primers combinations
amplify variable regions of the VP7 gene. The 10 ml
reaction mixture consisted of 0.25 mM of each type-
specific primer, 0.5 mM of primer End9 (RA4), 3 mM
MgCl2, 0.2 mM dNTPs, 0.5 U Taq DNA polymerase
(Invitrogen), and a buffer provided by themanufacturer
(Invitrogen). Conditions for the multiplex PCR were
otherwise the same as those for the first amplification
round. Fivemicroliters of thefinal productwas analyzed
by electrophoresis on 10% polyacrylamide gel. In this
system, the sizes of the type-specific PCR products were
749bp (G1), 652bp (G2), 374bp (G3), 583bp (G4), 885bp
(G8), and 306bp (G9).

PAGE

Equal volumes of 5 ml of the nested-PCR products and
Phyndia buffer (0.02 M Tris-HCl pH 7.4, 0.3 M NaCl,
0.01 M MgCl2, 0.1% SDS, 5 mM EDTA, 4% sucrose,
0.04% bromophenol blue) [Laemmli, 1990] were mixed
and electrophoresed on 10% polyacrylamide gel in
running buffer pH 8.9 (0.3% Tris, 1.44% Glicine, 0.1%
SDS) along with a 100 bp DNA ladder (PB-L Productos
BioLogicos, Buenos Aires, Argentina). Fragments were
visualized after silver staining according to data
published elsewhere [Pereira et al., 1986].

RESULTS

Distribution of G Types

From the 519 rotavirus-positive stool samples, 386
(74.4%)were genotyped. The specimens that could not be
genotyped did not produce amplification products of the
VP7 gene. In order to test whether these samples were
VP7 gene negative (i.e., no first amplification product
visualized) because of the presence of contaminating
inhibitors of RT-PCR enzymes or viral dsRNA degrada-
tion, approximately 15% of them (n¼20) were analyzed
by PAGE. Of the total, four samples (20%) were positive
by PAGE, which indicates the presence of contaminating
inhibitors of RT-PCR enzymes in these samples.

Rotavirus types circulating in Córdoba, Argentina,
from 1979 to 2003 are shown in Table I. Mixed G types
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reflecting multiple infections were detected in 44.6% of
the samples; most of the cases were infections with two
rotavirus genotypes (77.3%), but some were infections
with three genotypes (22.7%). Due to the high rate of
mixed infections, 10% of these samples were submitted
to individual RT-PCR reactions using primers specific
for each genotype involved in the co-infection. The
results obtained in all the tests confirm the genotypes
originally statedwith the cocktail of primers:G1 (aBT1),
G2 (aCT2), and G3 (aET3), in one mixture, and G4
(aDT4), G8 (aAT8), and G9 (aFT9), in the second one.
In order to examine the rotavirus genotype distribu-

tion, these mixed infections were considered as inde-
pendent (each genotype added separately), so that the
total number of genotypes was 597. The percentage
figures in Table I refer to this total number.
As shown by the results in Table I, the four major

humanGtypeswere represented in this survey.Overall,
G1 was the main type detected and was responsible for
53.8% of the rotavirus infections. G4 was the second
most common being responsible for 27% of the infections
and, the G2 and G3 rotavirus types were detected in
10.2% and 4.4% of the infections, respectively. Unex-
pectedly, a significant number of G9 strains was found
since 1980 with a total rate of 4.2% similar to that of G3
(4.4%).
The temporal distribution showed that prevalence of

rotavirus types differed from year to year (Table I). G1
was themost frequent rotavirus type throughout the 25-
year study, followed by G4 and G2. The genotypes G3
and G9 were uncommon since 1979 and 1980, respec-
tively, and occurred sporadically year-to-year. The
uncommon strainG8was only detected in three samples
(0.5%) during 1997, 1998, and 2002.

Rotavirus Genotypes Distribution by
Age and Gender

Most of the rotavirus infections (98.6%) were in
children under 18 months old. The age distribution of
G types among this cohort did not show data of

significant interest, since every genotype was almost
equally represented in each of these age groups (Fig. 1).
Rotavirus G types were neither significantly different
among male nor female patients.

Mixed Infections in Patients Attending at
General Practice Compared With Those

Admitted to a Hospital

The number of out-patients who were infected with
more than one rotavirus strain was slightly lower than
the number of patients who required hospitalization
(40% vs. 48%), but this difference was not significant
(P>0.05).

DISCUSSION

Rotavirus G-types circulating in a specific geographi-
cal area (Córdoba) in a well-defined target population of
children under 3 years old are described.

The G typing results showed that more than 95% of
the genotypes corresponded to common G types (G1–
G4) distributed worldwide [Santos and Hoshino, 2005].
Consistent with findings from numerous other studies,
G1 (53.8%)wasby far themost commongenotype during
the sampling period, followed by G4 (27%), G2 (10.2%),
andG3 (4.4%).Although the total rate of the typeG4was
higher than that of G2, sample fluctuations in both
frequencieswere observed over the 25years of studyand
G2 or G4 were alternatively the second most prevalent
genotype during several years (Table I). Studies on the
distribution of rotavirus types in several countries have
identified important regional variations and temporal
changes in G and P types [Leite et al., 1996; Ramachan-
dran et al., 1996; Unicomb et al., 1999; Argüelles et al.,
2000]. The present study, in agreement with others
[Bishop et al., 1991; Noel et al., 1991; Buesa et al., 2000;
Kolsen Fischer et al., 2000; Bok et al., 2001b; Castello
et al., 2004b; Sánchez-Fauquier et al., 2004], shows that
major changes in the predominant rotavirus types can
occur like the rise of G2 in 2003.

J. Med. Virol. DOI 10.1002/jmv

Fig. 1. Age distribution of patients with rotavirus gastroenteritis detected in Córdoba, Argentina,
during 1979–2003.
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Uncommon genotypes were found during the period
examined including, G9 detected since 1980, being
almost as common as G3 type, andG8, which was rarely
found. Since the introduction andwider use ofmolecular
biology-based typing methods over the last 10 years,
unusual rotavirus types have been reported increas-
ingly in different parts of theworld. G9 rotaviruses have
also been described in Australia [Palombo et al., 2000],
India [Ramachandran et al., 1996; Jain et al., 2001],
Bangladesh [Unicomb et al., 1999], Malawi [Cunliffe
et al., 1999], the United States [Ramachandran et al.,
1998], Brazil [Santos et al., 2003], United Kingdom
[Cubitt et al., 1996; Iturriza-Gómara et al., 2000], Spain
[Sánchez-Fauquier et al., 2004], France [Gault et al.,
1999], and Argentina [Bok et al., 2001a,b] at rates of
detection between 0.4% and 28%. Nevertheless, some
retrospective studies failed to find any evidence of G9
type prior to themid 1990s inArgentina, although using
the G9 primers. This study defined that G9 strains have
been circulating in Córdoba, Argentina, since at least
1980, longbefore the increase inprevalence described by
the National Surveillance Network in 1999 [Bok et al.,
2001a]. Since three different sub-lineages were defined
for the G9 genotype [Ramachandran et al., 2000; Bok
et al., 2001a] which have a rough correspondence with
year of isolation, it will be extremely interesting to
sequence the VP7 gene of representative samples from
our collection.

Two modifications were introduced to the genotyping
methods used commonly: First, the type-specific reac-
tions with similar molecular weight products (G2/G4
and G3/G9) were separated into two independent
multiplex-PCR reactions and second, PAGE followed
by silver staining was used for PCR-product analysis,
which has a higher resolution and sensitivity level than
agarose gel electrophoresis and ethidium bromide.
These modifications could have improved at some point
our capabilities for detection and discrimination of
genotypes. This may suggest that unusual genotypes,
such as G9, are more common than thought previously
and were probably misdiagnosed in other studies.
Although every sample found positive for VP7 gene
couldbegenotyped, it cannot be ruled out that atypicalG
types that havenot been included in this study, likeG12,
could be co-circulating with the G types detected here.

The great majority of rotavirus mixed infections was
co-infection with the most frequent G types, G1 and G4
(72%), detected during the period of this study. These
mixed infections occurred at high rates in the present
survey as described also in other developing countries
like India (11%) [Jain et al., 2001] and Brazil (29%)
[Timenetsky et al., 1994]. Conversely, the prevalence of
mixed infections found in the United States was
considerably lower (2.3%) [Ramachandran et al.,
1998]. High prevalence of mixed infections may provide
a good environment for this segmented virus to form
reassortants and thus evolve. It is likely that inCórdoba,
virus evolution will be related more closely to that of
regionswith similar epidemiological characteristics like
India and Brazil, where mixed infections are common

[Timenetsky et al., 1994; Leite et al., 1996; Ramachan-
dran et al., 1996; Jain et al., 2001].

No significant differences in age distribution or
gender were found among the children suffering from
acute diarrhea caused by different genotypes. Although
the number of patientswithmixed infections in children
admitted to hospital was slightly higher than the
number of ambulatory cases, no significant differences
were detected between these two group of patients
(P> 0.05) suggesting that mixed infections are not
responsible for more severe forms of the illness.

Since Córdoba and Buenos Aires are themost densely
populated cities in Argentina, the epidemiological data
from these provinces are representative at both local
and regional levels. In this context, the detection of G12
serotype in Buenos Aires between 1999 and 2002
[Castello et al., 2004a], and the circulation of G9 in
Córdoba since 1980, imply that there are at least two
unusual genotypes circulating in the region. The
detection of rotavirus G9 in almost all periods of study
in Córdoba and in several other countries during
different years of study [Ramachandran et al., 1996;
Unicomb et al., 1999; Bok et al., 2001a], suggests that
this type should be incorporated into candidate rota-
virus vaccines and/orG9 type should be used tomeasure
heterotypic immunity.

In view of the results obtained in this study, it will be
of particular interest to examine the P-types (VP4
analysis) of the strains in this collection. In addition,
in order to further study rotavirus evolution, sequencing
and phylogenetic analyses of the genome of the positive
strains will be carried out.
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