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Introduction

Rotaviruses are the major agents of severe gastroenteri-
tis in infants and young children throughout the world.
It has been well established that virtually every child be-
comes infected at least once by 3 years of age [1]. Ro-
tavirus is a member of the Reoviridae family which in-
cludes seven groups (A-G). A complete virus particle
possesses 11 double-stranded (ds) RNA segments sur-
rounded by three concentric protein layers [2]. On the
basis of the two outer layer proteins, VP7 and VP4, that
elicit the production of neutralizing antibodies, human
rotavirus are classified into G- (VP7-specific) and P-
(VP4-specific) types [3]. There are 14 G serotype,
however, types G1, G2, G3 and G4 are the most com-
mon globally and, therefore, are the targets for current
vaccine development strategies [4]. In recent years, ro-
tavirus genotyping by RT-PCR has provided valuable
information about the diversity of rotaviruses circula-
ting throughout the world, and has revealed much grea-
ter strain diversity than that seen in earlier years throu-
gh the use of serological typing methods [5].
In an epidemiological survey, conducted in 2004, we
observed that rotaviruses were detected in 20.8% of
children admitted to hospital for enteritis in the Paedia-
tric wards of Hospitals in the province of Lecce. In this
study we determined the G-serotype of rotaviruses cir-
culating in the Salento during the same year.

Methods

ROTAVIRUS ISOLATES
A total of 144 stool samples were collected from chil-
dren under 5 years of age with acute diarrhoea detected
during epidemiologic studies in 2004. The diagnosis
for rotavirus infection was carried out in the Clinical
Virology Laboratories of seven Hospitals in the provin-
ce of Lecce (Casarano, Copertino, Galatina, Gallipoli,
Lecce, Scorrano and Tricase) by means of rapid scree-
ning tests currently available on the market, such as la-
tex agglutination, immuno-enzymatic kits and immu-
no-chromatographic tests.
The specimens were stored at -20 °C until tested by
molecular biology techniques.

VIRAL RNA EXTRACTION

The faecal samples were suspended in Phosphate Buf-
fered Saline (PBS) and subsequently decontamination
by adding chloroform in a ratio of 1:10 v/v [6].
The double-stranded viral RNA were extracted using
the method described in Wilde et al. (1990) [7]. Buffer
(Tris-HCl, EDTA, NaCl, SDS and Proteinase-K) was
added to the faecal suspension to bring about the dige-
stion of the protein and subsequently the mixture was
extracted with phenol-chloroform-isoamyl alcohol.
The RNA was then precipitated by means of treatment
with ethanol. The precipitated RNA was then collected
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Rotaviruses are the most common agents of diarrhoeal illness
in infants and young children. Gastroenteritis caused by
rotaviruses is also more likely to be associated with severe dehy-
dration compared to other viral gastroenteritis.
We determined the G-genotype of rotaviruses circulating in the
Salento. During 2004, 144 stool samples were collected from
subjects with a positive screening test and stored at -20 °C until
confirmation could take place using molecular biology tech-
niques. A reverse transcription-polymerase chain reaction (RT-
PCR) assay for the amplification of gene VP7 of rotavirus was
developed and used; G-genotype was determined by sequenc-
ing and phylogenetic analysis.

A total of 101 stool samples were detected positive by RT-PCR
and 35 were sequence analyzed and classified into G1, G2, G4,
G9 and G12 type. The overall relative incidence of G-types in
Salento is different to that of other developed countries. The
most prevalent genotype was G2 while genotype G1 was pre-
sent at low levels. It is also interesting to note the presence of
G9 rotavirus, which is now recognized as the fifth globally
important rotavirus genotype.
In this study, therefore, we demonstrate the usefulness of a sim-
ple method for correctly determining the G genotypes circulat-
ing in a geographic region.
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by centrifugation and resuspended in the desired
amount of diethyl pyrocarbonate (DEPC)-treated water
to be used in RT-PCR.

PRIMERS
To identify the genome of viruses belonging to the Ro-
tavirus genus, the nested-PCR used primers specific to
the region of the VP7 gene, thus indicating group A Ro-
taviruses.
The RNA was retro-transcribed and amplified by PCR
using the method described in Gilgen et al. (1997) [8]
in which were used the two primer pairs RV1/RV2 and
RV3/RV4 (Tab. I). The use of the first primer pair for
RT-PCR produced an expected size of 1,059 bp, while
the use of the second primer pair a fragment of 346 bp.

REVERSE TRANSCRIPTION
Ten µl of RNA were reverse transcribed by incubation
for 60 min at 41 °C followed by 5 min at 95 °C. In a fi-
nal volume of 20 µl, reaction conditions were 50 mM
Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgCl, 10 mM
DTT, 0.5 mM each dNTP, 1.25 mM antisense primer
(RV1), 10 U RNasin (Promega, Madison, WI) and 100 U
M-MLV reverse transcriptase (Promega). RNA used for
rotavirus RT was denatured for four min at 94 °C in the
presence of 5% DMSO and chilled on ice for ten min.

POLYMERASE CHAIN REACTION
The completed RT reaction (20 µl) was mixed with 80
µl of PCR mixture (final concentration: 10 mM Tris-
HCl (pH 8.8), 50 mM KCl, 0.1% Triton-X-100, 2 mg
ml BSA, 200 mM each dNTP, 2 U of Taq Polymerase
(Promega), 0.25 mM of the first primer pair (RV1/RV2)
and 1.5 mM of MgCl2. Two µl of the first reaction we-
re used as a template for the second round of PCR,
using 0.5 mM of the second primer pair (RV3/RV4) and
3.5 mM of MgCl2. Cycling was done on a Mastercycler
(Eppendorf, Hamburg, Germany) with one min at 94
°C, followed by 25 cycles at 94 °C for 30 sec, annea-
ling at 55 °C for 60 sec, 72 °C for 60 sec for the first
round and 40 cycles with the same cycling profile for
the second nested PCR. In addition, an end extension
step was performed at 72 °C for three min after the fir-
st PCR and ten min after the second PCR.

All the RT-PCRs were performed with viral RNA ex-
tracted from reference samples as positive controls and
water as negative control.
Four separate rooms, for RNA extraction, first amplifi-
cation, second amplification, and gel analysis, were
used to avoid cross-contamination of samples.

ELECTROPHORESIS
RT-PCR fragments were analyzed by gel electrophore-
sis. Twenty µl of the amplification products were
analyzed on 2% agarose gels in Tris-borate-EDTA buf-
fer with a 100-bp DNA ladder (PROMEGA). After
electrophoresis at 120 V for 50 min, the gel was photo-
graphed under UV light.

SEQUENCING
Templates for sequencing were prepared by purifica-
tion of the amplified products (1059 or 346 bp), ran-
domly selected, by using a JETQUICK Kit (Genomed)
based on spin column technique and sequenced auto-
matically using the dideoxynucleotide chain terminator
method in an automated sequencer (3130, Applied Bio-
systems, Inc. Foster City, Calif.). The cycling condi-
tions followed product manufacturer instructions.

PHYLOGENETIC ANALYSES
The nucleotide sequences obtained were aligned with
the reference sequences available in the GenBank data-
base by using BLAST (NCBI) and CLUSTAL W (EBI)
programs. Phylogenetic tree was constructed by the
neighbor-joining method. Phylogenetic tree was drawn
using the program TreeView for Windows version 1.6.6
(Roderic D.M. Page).

Results

Of the total of 144 stool samples collected from chil-
dren with acute gastroenteritis, 101 (70%) turned out to
be rotavirus positive by RT-PCR (Fig. 1).
Thirtyfive positive samples were sequence analyzed
and classified in G genotype. Results of alignment and
phylogenetic analysis of both fragments (1059-bp and
346-bp) were in agreement, allowing correct G genoty-

Tab. I. Primer oligonucleotides used throughout this study.

Oligonucleotide Sequence 5’→ 3’ Polarity Localization

First Primer pair 

RV1 GTCACATCATACAATTCTAATCTAAG – 1061-1036
RV2 CTTTAAAAGAGAGAATTTCCGTCTG + 3-27

Second Primer pair

RV3 TGTATGGTATTGAATATACCAC + 50-71
RV4 * ACTGATCCTGTTGGCCAWCC – 395-376

* Mixed base in degenerated primer: W = A/T
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ping of all sequences by examination of only the 346-
bp PCR product.
The most prevalent G genotype was G2 (37.1%), fol-
lowed by G4 (34.3%), G9 (14.3%), G1 (8.6%) and G12
(5.7%) (Tab. II).
The results of the phylogenetic sequence analysis of so-
me positive samples are displayed in Figure 2.
Phylogenetic analysis of the nucleotide sequences re-
vealed that the CO04-30 clustered with G2 reference
strains, CO04-15 with G4, CO04-07 with G1, CA04-14
with G12 and CA04-21 with G9 and were separated
from G3, G5, G6, G8 and G10 strains.

Discussion

Our research provides data on enteritis caused by ro-
tavirus in children admitted to hospital for acute
diarrhoea in the Salento, thus contributing to the un-
derstanding of the epidemiological framework of this
disease in Italy. In general, rotaviruses were detected
by means of rapid screening tests in 20.8% of chil-
dren admitted to hospital for enteritis in the Paedia-
tric wards of Hospitals in the province of Lecce. Da-
ta obtained are in line with the results observed in

Spain (24%) [9], Finland (26%) [10] and England
(29%) [11].
The successful determination of the G-serotype by se-
quencing and phylogenetic analysis of a partial frag-
ment has been reported previously in Baggi and Peduz-
zi (2000) [12]. Their study demonstrated the efficiency
of the nucleotide sequence analysis of 189 bp at the 5’
end of the VP7 gene for correctly determining the G
genotypes. The fragment considerated in our work in-
cludes the same nucleotide sequence.
Molecular analysis of the VP7 gene revealed the presen-
ce of five different G-genotypes in the Salento. Sequen-
cing results showed G2 genotype be predominant. This
doesn’t correspond to the usual distribution described in
the literature where G1 is described as the most common
genotype. The high percentage of G4-genotype, instead,
is in agreement to several studies conducted in Europe
which have reported high frequency and marked fluc-
tuation of genotype G4 [13-16].
Of note, no G3 rotavirus strains, the most common
worldwide after G1 and G2, was detected during the
period of observation in the Salento.

Fig. 1. Typical PCR results from samples containing rotaviruses.
Lane 1: PCR positive control; lane 2: PCR negative control; lane 3:
sample negative for rotavirus; lane 4-6: samples positive for ro-
tavirus showing the expected amplicon of 346 bp; lane 7: mole-
cular weight marker (100 bp ladder).

Tab. II. Results of the characterisation of the G-types, reference
strains used for comparison with GenBank accession numbers.

Samples VP7 Reference strains
G type (GenBank accession number)

1 G1 AB081799 - Japan
1 G1 D16325 - Japan
1 G1 AF260950 - Cina
1 G2 AY261346 - Africa
10 G2 AY261349 - Africa
1 G2 AY261358 - Africa
1 G2 AF409087 - India
12 G4 AF480280 - Uruguay
5 G9 AF274969 - Brazil
2 G12 AB071404 - Thailand

Fig. 2. Phylogenetic tree built with partial sequences (346 bp)
from prototype strains and from representative samples for ea-
ch of the G-genotypes obtained in our study (CO04-30, CO04-07,
CA04-14, CA04-21, CO04-15). The scale bar represents 5% nu-
cleotide difference.
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Five G9-genotype samples were detected. This result
confirms the emergence and wide geographic distri-
bution of this serotype, detected, since 1995, in seve-
ral countries including India, Italy, the United States,
Bangladesh, Malawi, the United Kingdom, Australia,
France, Ireland, Japan, Thailand, The Netherlands,
Libya, and Kenya and also in Latin American coun-
tries, such as Brazil, Argentina, and Cuba [17-21].
This result reinforces the possibility that rotavirus ty-
pe G9 may represent the fifth globally important se-
rotype to be considered in vaccination programs [20
21].
Detection of two strains with G12 (5.7%) specificity is
very significant since is a rare genotype. G12 was first

detected in Philippines in 1990 [22] and in the United
States [23], Thailand [24] and India [25] in 2002. This
observation implies that G12 may be an emerging
strain.

Conclusion

In conclusion, the present study, confirmed the useful-
ness of a simple method for correctly determining the
G genotypes circulating in a geographic region of inte-
rest, allowing rapid epidemiological surveys of rotavi-
ruses in clinical samples.
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