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Abstract The surveillance and monitoring of rotavirus (RV)-
related diseases, preferably through the establishment of
sentinel surveillance sites, are essential for assessing the need
for vaccination and the projected results of the vaccine in
terms of reducing the burden of disease. The objective of the
present study was to compare RV strains isolated in Northern
(Ferrara) and Southern (Galatina-LE) Italy. During 2007–
2008, 115 RV-positive stool samples were collected from
children with diarrhea admitted to the hospitals of Ferrara and
Galatina. The specimens were genotyped for VP7 (G-type)
and VP4 (P-type) gene by reverse transcription (RT) and
multiplex polymerase chain reaction (PCR). A subset of 21
RV strains was randomly selected and characterized by
sequence analysis of the VP7 genes. In total, seven G/P
combinations (G1P[8], G2P[4], G4P[8], G9P[8], G2P[8],
G1P[9], and G2P[10]) were identified. Phylogenetic compar-
ison of the VP7 encoding gene of selected strains showed that
there was similarity among RV strains circulating in Northern
and Southern Italy. The observation of nucleotide sequence

diversity contributes to a better understanding of RV spreading
and helps to characterize the various antigenic shifts that could
have an impact on vaccine effectiveness.

Introduction

Human group A rotaviruses (RVs) are widely recognized as
the major etiological agent of serious acute gastroenteritis
in infants and young children throughout the world [22].

The World Health Organization (WHO) estimates that,
globally, 527,000 deaths occur each year among children as
a result of RV infection, mainly in low-income countries
[45]. In Europe, an estimated 3.6 million episodes of RV
gastroenteritis occur in children under 5 years of age each
year, leading to 700,000 outpatient visits, more than 87,000
hospital admissions, and 231 deaths [36]. In Italy, RVs are
responsible for 26% of all cases of pediatric diarrhea and
they are the most common gastrointestinal pathogens [27].

The virus is a member of the family Reoviridae and its
genome is composed of 11 segments of double-stranded
RNA that encode for six structural and six nonstructural
proteins. The outer capsid is composed of two proteins,
glycoprotein VP7 and protease-sensitive VP4 [40]. These
two proteins define the serotype of the virus and are critical
to vaccine development, being the target for neutralizing
antibodies. The typing system consists of both G and P
types; in humans, at least 11 different VP7 (G) types and 11
different VP4 (P) types have been identified. As the
combination of G- and P-types can vary independently, a
binomial typing system has been adopted [7, 13, 15, 16,
43]. Globally, P[8], P[4], and G1 to G4 are the most
common P- and G-types in humans [28], and the data
available indicate that the most common G/P combinations
are G1P[8], G2P[4], G3P[8], and G4P[8], with G1P[8]

T. Grassi : F. Bagordo :M. Guido :A. De Donno (*)
Laboratory of Hygiene,
Department of Biological and Environmental Sciences and
Technology (DiSTeBA), University of the Salento,
Via Prov.le Lecce-Monteroni,
73100 Lecce, Italy
e-mail: antonella.dedonno@unisalento.it

A. Cavallaro :G. Gabutti
Department of Clinical and Experimental Medicine,
Section of Hygiene and Occupational Health,
University of Ferrara,
Ferrara, Italy

C. Malaventura
Department of Clinical and Experimental Medicine,
Pediatric Clinic, University of Ferrara,
Ferrara, Italy

Eur J Clin Microbiol Infect Dis (2012) 31:575–582
DOI 10.1007/s10096-011-1350-7



being the most prevalent RV type detected in most surveys
[11]. The G9P[8] genotype is an important new type
causing acute gastroenteritis in children worldwide [25].

In recent years, other G/P combinations have been found to
be highly prevalent in different areas of the world [34, 39].

The segmented nature of the RV genome provides an
opportunity for genetic reassortment, which plays an
important role in the generation of virus diversity through
genetic shift, as demonstrated by many authors [29, 34].

RV infections have been identified as an important target
for vaccination. Two new, live, oral, attenuated RV vaccines
are available on the market and have been prequalified by
the WHO for the prevention of RV: the monovalent human
RV vaccine (Rotarix™, GlaxoSmithKline) and the penta-
valent bovine–human, reassortant vaccine (RotaTeq™,
Merck). These vaccines are focused on four G-types (G1
to G4) and one P-type (P1A[8]), which account for 95% of
the strains identified in humans globally [44].

Large-scale clinical trials demonstrated a good efficacy
and safety profile for both vaccines; however, it is still
unclear if either of the two vaccines has differential
protective levels for any serotype [26, 42]. These findings
raise the question of whether or not these vaccines will be
effective in parts of the world where strains other than those
included in these vaccines are spreading. Thus, numerous
countries have launched pre- and post-licensure RV strain
surveillance to provide baseline information on the strain
prevalence and to monitor the effectiveness of these
vaccines against this heterogeneous virus family.

Thus, the objective of the present study was to evaluate
the spreading of different G- and P-types in Northern
(Ferrara, Emilia Romagna) and Southern (Galatina, Puglia)
Italy, and to verify the possible co-circulation of viral
strains between the areas considered.

Materials and methods

Stool sample collection and treatment

From January 2007 to December 2008, RV-positive stool
specimens were collected from children under 16 years of
age hospitalized with gastro-enteric symptoms in the
Pediatric Department, “Arcispedale S. Anna” Hospital,
Ferrara, and also in “S. Caterina Novella” Hospital,
Galatina (LE).

RV-positive specimens were collected anonymously, in
compliance with the Helsinki Declaration and with the Law
Decree n. 196/2003, article 24 (Code for the Protection of
Personal Data).

The diagnosis for RV infection was carried out in the
Clinical Virology Laboratories of the hospitals by means of
rapid screening tests currently available on the market, such

as the immuno-chromatographic (CerTest Rota-Adeno
Card, BIOTEC) and latex agglutination (Rotagen, Biokit)
tests. According to the producers, these tests have a
specificity and sensitivity in the range 98–99% and 96.3–
100%, respectively.

The samples were stored at −20°C until transfer to
laboratories at the University of the Salento for virological
analysis by biomolecular techniques.

The fecal samples (0.5–1.0 ml) were suspended in up to
5 ml of 0.89% NaCl, centrifuged for 20 min at 3,000 rpm,
and filtered using a 0.22-μm filter. The resulting super-
natants were divided into aliquots and stored at −80°C until
use for the detection of group A RVs.

Viral genome extraction

The double-stranded viral RNA were extracted using the
QIAampViral RNAMini Kit (Qiagen AG, Basel, Switzerland)
according to the manufacturer’s instructions.

Rotavirus G and P typing

The RNA was retro-transcribed and amplified by real-time
polymerase chain reaction (PCR) (Fastset Rotavirus;
Arrows Diagnostics, Italy).

Positive samples were further analyzed to determine G-
and P-types using semi-nested multiplex PCR, as described
by Iturriza-Gómara et al. [20].

G1, G2, G3, G4, G8, G9, and G10 VP7 types and the P
[4], P[6], P[8], P[9], P[10], and P[11] VP4 types were
defined using consensus and type-specific primers.

Double-stranded RNA was first reverse-transcribed with
random primers. The consensus primers (VP7-F/VP7-R and
con2/con3) were used in the first-round multiplex reactions
and type-specific primers (G and P) were used in the
second-round reactions.

All of the real-time PCRs were performed with viral
RNA extracted from reference samples as G/P-positive
controls and RNase-free water as the negative control.

Real-time PCR fragments were electrophoresed in 2%
agarose gels in Tris-borate-EDTA buffer, along with a 100-
bp DNA ladder (Promega) as a standard marker. The gels
were stained with ethidium bromide and illuminated by an
UV light.

Four separate rooms, for RNA extraction, first amplifi-
cation, second amplification, and gel analysis, were used to
avoid cross-contamination of the samples.

Phylogenetic analysis of the VP7 genes

A subset of ten G1, six G2, two G4, and three G9 RV
strains was randomly selected and characterized by se-
quence analysis of the VP7 genes.
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Templates for sequencing were prepared by purification of
the amplified products using a JETQUICK Kit (Genomed,
Oeynhausen, Germany), based on the spin column technique,
and sequenced automatically using the dideoxynucleotide
chain terminator method in an automated sequencer (3130,
Applied Biosystems, Inc., Foster City, CA). The cycling
conditions were set in accordance with the manufacturer’s
instructions.

Sequence similarity was detected using BLAST (http://
www.ncbi.nlm.nih.gov/blast), multiple sequence alignment
was conducted with ClustalW programs (http://www.ebi.ac.
uk/clustalw), and phylogenetic analysis was performed on
partial VP7 nucleotide sequences using version 4 of the
MEGA software package [37]. Genetic distances were
calculated using the maximum likelihood algorithm. The
dendrogram was constructed using the neighbor-joining
method.

Results

A total of 115 stool samples, RV-positive by screening tests,
were collected from children with acute gastroenteritis
hospitalized in Ferrara (n=34) and Galatina (n=81) during
2007–2008.

All samples screened were found to be RV-positive by
real-time PCR. Among these, 15 specimens were non-
typeable (i.e., neither a G nor a P genotype could be
identified) by multiplex PCR. Thirty-three samples were
partially typed (i.e., only one of the two genotypic
specificities was obtained; in 29 samples, no P-type could
be identified, and in four samples, no G-type was
identified). A total of 67 specimens were characterized
according to G and P specificities (61=G and P single
typed and 6=G and P mixed typed) (Table 1).

Molecular analysis of the VP7 gene revealed the
prevalence of three different G genotypes in the Ferrara
area. Among these, the genotype G2 was predominant
(50.0%), whereas G1 and G9 were identified in 20.0% and
10.0% of samples, respectively (Fig. 1). Among the VP4
genotypes, P[4] and P[8] accounted for 13.3 and 36.7% of
the total samples, respectively. Only in this case did we
identify uncommon genotypes, such as P[9] and P[10],
each with a prevalence of 3.3% (1/30) (Fig. 2). Overall, six

G/P combinations were identified in Northern Italy: G1P[8]
was identified in 33.3% of positive samples, G2P[4] in
26.7%, and G9P[8] in 20.0%. The prevalence of atypical
combinations in Ferrara was 6.7% for G2P[8], G1P[9], and
G2P[10] (Fig. 3).

RV genotypes G1 and G2 were observed to be widely
circulating in the Salento area, with overall incidences of
24.3 and 40.0%, respectively. G4 (10.0%) and G9 (8.6%)
strains were less frequently detected (Fig. 1). Among the P-
types, P[4] and P[8] accounted for 25.7 and 51.4% of the
total samples, respectively (Fig. 2). In total, five G/P
combinations were identified in this area; the most common
RV strains were G2P[4], G1P[8], G4P[8], and G9P[8] with
prevalences of 37.0, 30.4, 15.2, and 13.0% of the typeable
RV samples (n=46), respectively. The G2P[8] type was less
common (4.3%) (Fig. 3).

Furthermore, during the period 2007–2008, a low
percentage of mixed infections among G-types was present
in both areas, including 20.0% (6/30) in Northern and
11.4% (8/70) in Southern Italy.

Phylogenetic analysis

Phylogenetic comparison of the VP7 encoding gene of
selected strains belonging to G1, G2, G4, or G9 showed
that there was a similarity among RV strains circulating in
Northern and Southern Italy (Fig. 4).

The RV strain tree can be divided into two clusters.
Cluster 1 can also be subdivided into three subclusters:
the first included G1 strains from Ferrara and Galatina,
the second included only G4 strains from the Salento
area, whereas the third subcluster comprised G9 strains
from both areas. The first subcluster had 96–98%
homology with the reference strains AB534522,
HQ392100, and GU377170, the second subcluster had
98% homology with the strain HQ537525, and the third
subcluster had 97–98% homology with the strains
HQ445973, EF150330, and HM130978. Cluster 2 in-
cluded G2 strains from the whole geographical area and
had 96–99% homology with the strains HQ537513 and
GU288625.

Our results clearly indicate that RV detected in clinical
samples from both areas are closely related and probably
represent identical strains.

Study area Rotavirus-positive specimens
minus untypeable

G typed only P typed only G and P typed

Single Mixed Single Mixed Single Mixed *

Ferrara 34−4=30 9 4 – – 15 2

Galatina 81−11=70 12 4 4 – 46 4

Total 115−15=100 21 8 4 – 61 6

Table 1 The genotype nature of
rotavirus (RV)-positive speci-
mens. RV-positive specimens
which were G typed and/or P
typed (single or mixed types)
during 2007–2008

*Gmixed-P, G-Pmixed, and
Gmixed-Pmixed

Eur J Clin Microbiol Infect Dis (2012) 31:575–582 577

http://www.ncbi.nlm.nih.gov/blast
http://www.ncbi.nlm.nih.gov/blast
http://www.ebi.ac.uk/clustalw
http://www.ebi.ac.uk/clustalw


Discussions

The distribution of human group A RV serotypes varies
between geographical areas during a RV season and from
one season to the next. Thus, the diversity of RV serotypes
may have significant implications for vaccine development
and successful implementation, especially if strains that are
not targeted by current vaccine candidates emerge as
common types, either globally or regionally. Many authors,
as suggested by the WHO, believe that strains surveillance
should continue long term in countries adopting RV
vaccines, in order to assess the impact of RV immunization
programs on viral serotypes [14]. During our surveillance,
molecular analysis of the VP7 gene revealed the presence
of three different G genotypes in Ferrara and four in the
Salento. In both areas, the most abundant genotypes were

G2 and G1. The G4 genotype, however, has been isolated
only in Galatina.

Our results confirm that all of the RV strains belonged to
the most common G1–G4 types, as observed in most parts
of the European countries [6, 38]. Moreover, our study
confirmed the presence of RV type G9, identified in
Northern and Southern Italy; this genotype was identified
in the Salento since 2004 [17], while there are no previous
data on the circulation of the genotype G9 in Ferrara.

Genotype G9, previously infrequently reported, has
become quite common all over the world [36]. An
increased prevalence of the G9 genotype has also been
noted in other areas of Italy [1, 2]. This result reinforces
the possibility that RV type G9 may represent the fifth
globally important serotype to be considered in vaccination
programs.

Fig. 1 Characterization of the
G-types during 2007–2008.
Distribution of G genotypes (G1
to G4, G9, mixed [Gmix], and
non-typeable) among children
hospitalized with acute rotavirus
(RV) diarrhea in Ferrara and
Galatina
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Fig. 2 Characterization of the
P-types during 2007–2008. Dis-
tribution of P genotypes (P[4], P
[8] to P[10], mixed [Pmix], and
non-typeable) among children
hospitalized with acute RV diar-
rhea in Ferrara and Galatina



Among the VP4 genotypes, four and two different P-
types were identified in Ferrara and in Galatina, respec-
tively. P[8] was the prevalent type in both areas, followed

by P[4], P[9], and P[10]. This study emphasizes the high
frequency of the P[8] strain [3, 32]. Besides, this is the first
report on the detection of the P[9] and P[10] RVs in Ferrara.

Fig. 3 RV G/P combinations
circulating in Northern and
Southern Italy during 2007–
2008. Percentage of isolation of
predominant RV G/P combina-
tions (single types) circulating in
Ferrara and Galatina (LE)

Fig. 4 Neighbor-joining phylo-
genetic tree based on partial
VP7 nucleotide sequences of RV
genotype G1-G2-G4-G9 strains.
The numbers adjacent to the
nodes represent the percentage
of bootstrap support (of 500
replicates) for the clusters to the
right of the node. Percentage
bootstrap values above 50% are
shown at the branch nodes. The
tree also included reference
strains (HQ392100, AB534522,
GU377170, HQ537525,
HQ445973, EF150330,
HM130978, GU288625, and
HQ537515)
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These strains (normally associated with animals) have been
sporadically recovered from humans in various geograph-
ical areas. In particular, the P[9] genotype is responsible for
less than 2.5% of the RV infections among humans
worldwide, while it is common in feline RVs [24].

In this research, only four of the most common G/P
combinations were identified (no G3P[8] was found), repre-
senting 80.3% of the typeable RV samples. However, G1P[8]
was the most prevalent combination in Ferrara, while G2P[4]
was the most predominant in Galatina. Moreover, G2P[8] is a
new and unusual G/P combination that, in recent years, has
been detected at a relatively high frequency fromdifferent parts
of the world [34]. Also in our study, it has been identified in
both areas (6.7% in Ferrara and 4.3% in Galatina).

The detection of other novel and unusual strains, such as
G1P[9] and G2P[10] is noteworthy. P[9] strains have been
previously identified with a low prevalence in some
researches. In detail, 0.2% of 1,316 RVs in the United
States (1996–1999) [18] and 3.8% of 282 RVs in Israel
(1991–1994) [35] were P[9] strains. Usually, P[9]-specific
strains are associated with G3 or G1 types [21, 35].

Furthermore, as reported in the international literature,
the P[10] RV genotype is predominantly found in humans.
Thus far, few P[10] RV strains have been reported [23].
However, each of these P[10] RV strains carried different
G–P genotype combinations. It was identified that a G4P
[10] strain, two G8P[10] [9] strains, and two other strains
found in Ghana were G9P[10] genotypes [4]. Only one
strain, G2P[10], was identified in South Korea during a
surveillance study conducted in 2000–2001 [30].

Of note, this is the first appearance in Ferrara of rare
combinations that include G2P[10] and G1P[9], while these
genotypes were absent in Galatina but were isolated in the
Salento area in an earlier study conducted in 2006–2007 [8].

The analysis of G1–G9 trees clearly shows a low
variability of the isolates. The similarity of RV strains in
Ferrara and Galatina, as demonstrated by phylogenetic
analysis, confirms the ubiquitous circulation of RV in
Northern and Southern Italy.

Finally, according to the multiplex PCR results, a lot of
mixed infections, especially in the G-types, were identified.
These mixed infections most likely represent naturally
occurring reassortment among RV strains [5, 29, 34]. In
any case, the use of multiplex PCR in the identification of
mixed infections should be handled with caution. The
possibility of unspecific primer binding has to be taken into
consideration. Furthermore, in mixed infections, the RV
strains might be present at different concentrations, result-
ing in an uneven degree of PCR amplification, making the
interpretation of the gel band pattern difficult [10, 31].

The analysis of G and P RV genotypes in circulation is
crucial in order to evaluate the appropriateness of the mass
vaccination of children worldwide.

Available rotaviral vaccines have been shown to confer
protection against gastroenteritis caused by genotypes
homologous to those present in their formulations [33, 42]
and, in some settings, a lower degree of protection against
genotypes not included in vaccines [19, 33]. For example,
even if the vaccine formulations do not include the G9
antigen, both available products have shown to be
protective against this genotype. This protection could be
related to the fact that G9 has been generally associated
with P8, an antigen that is included in the vaccine
formulations [41, 42]. However, protection against rare or
novel strains has yet to be determined.

Post-marketing surveillance studies are needed to mon-
itor the vaccine impact on circulating strains in order to
evaluate the immunological pressure obtained by vaccina-
tion, to identify if strain replacement occurs, and to measure
the extent of cross-protection against different RV geno-
types. The presence of unusual strains often occurs in
developing countries and is likely to be related to human
contact with animals [11, 12].

In addition, the increasing data on the onset of animal-like
RV strains in the human population has demonstrated the
importance of direct interspecies transmission of animal
strains to humans and genetic reassortment between human
and animal RV strains. Therefore, information on the
distribution of RV G and P genotypes among humans and
various animal species is important for understanding RV
ecology and the mechanism by which RVs evolve to cross
species barriers, exchange their genes through reassortment
event, and the accumulation of single-point mutations and/or
via genetic rearrangements.

This possible change in RV genotypes prevalence over
time reinforces the need for rotaviral surveillance studies
while vaccination programs are ongoing.
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