Infection (2011) 39:113-119
DOI 10.1007/s15010-011-0102-z

CLINICAL AND EPIDEMIOLOGICAL STUDY

G2 as an emerging rotavirus strain in pediatric gastroenteritis

in southern Italy

E. Finamore - M. Vitiello - A. Kampanaraki -
M. Rao - Massimiliano Galdiero - E. Galdiero -
P. Bevilacqua - M. A. Gallo - Marilena Galdiero

Received: 1 September 2010/ Accepted: 14 February 2011/ Published online: 25 March 2011

© Springer-Verlag 2011

Abstract

Background Human rotaviruses (HRVs) represent a
major cause of acute gastroenteritis in children worldwide.
It is estimated that they are responsible for a large number
of diarrhea-associated hospitalizations in childhood each
year. In Italy, limited data are available on the patterns of
distribution of HRV G and P types. We report here the
results of 2 years of rotavirus strain surveillance among
children with severe gastroenteritis diagnosed in the town
of Portici, Campania, southern Italy.

Methods A total of 421 stool specimens from children
between 6 months and 5 years of age and presenting acute
diarrhea were collected and tested by routine diagnostic
tests for HRV, adenovirus, astrovirus, norovirus, and
common bacterial pathogens.

Results The laboratory results showed that 110 of the 225
(26.1%) virus-positive samples contained HRVs. The dif-
ferent G and P rotavirus genotypes were analyzed by poly-
merase chain reaction (PCR). Among the VP7 genotypes
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identified, G1 and G2 were predominant, with percentages of
48.2 and 30.9%, respectively. G4, G9, and G10 were
detected in a minority of cases. Among the VP4 genotypes,
P[8] occurred the most frequently (56.4%), followed by P[4]
(31.8%), and only a few P[10] and P[11] at percentages of 1.8
and 0.9%, respectively.

Conclusion Our epidemiological data of HRV strains will
contribute to assessing the magnitude of the problem of
HRYV in the south of Italy.

Keywords Human rotavirus - Gastroenteritis -
Rotavirus serotypes/genotypes - Epidemiology

Introduction

Pediatric diarrhea remains one of the major causes of death
among infants. This is especially true in Asia, Africa, and
Latin America, where it causes millions of deaths in the
0-5 years age group. The immediate causes are often of
an infectious nature and include a variety of pathogenic
microorganisms. Several different groups of viruses are
responsible for the high rate of acute viral diarrhea condi-
tion among children during their first years of life.

Human rotaviruses (HRVs) represent the main cause of
gastroenteritis in children worldwide [1]. It is estimated
that they are responsible for a large number of diarrhea-
associated hospitalizations in childhood each year [2].

These infective agents are ubiquitous and about 95% of
children worldwide are infected before 3-5 years of age
[3]. During the first 12 months of life, the risk of severe
forms of infection, which require hospitalization, is par-
ticularly high, due to the high risk of dehydration in infants
and the difficulty in restoring their electrolyte balance.
HRYV infections can affect adults, often in sub-clinical
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forms, and occasionally determine clinically evident cases
in immunodeficient patients, in the elderly, and in travelers
who visit developing countries [4].

HRVs are members of a distinct genus of the Reoviridae
family. They are non-enveloped triple-layered particles,
with a double capsid, a core containing the viral genome,
and two surface proteins, VP4 and VP7. HRVs are classi-
fied into seven serogroups (A—G) on the basis of the anti-
genic properties of shared epitopes on the major structural
protein, VP6 [5].

Groups A—C are found in both humans and animals,
whereas groups D-G have only been found in animals.
Group A rotaviruses have clearly been established as
causing significant diarrheal disease in infants and in the
young of various mammalian and avian species.

Within group A, rotaviruses are classified by a binary
system into at least 23 G types (VP7) and 31 P types (VP4)
[6, 7].

For G types (known as “G types” for “glycoprotein’),
the serotypes and genotypes are generally concordant, so G
types are usually referred to only by their serotype (e.g.,
G1). A lack of readily available typing serum or mono-
clonal antibodies to different VP4 types, however, has
hampered the classification of VP4 (or “P types” for
“protease-sensitive protein”). Instead, the properties of
VP4 have been studied primarily by sequence analysis. P
types are generally referred to by their genotype number,
which is denoted in brackets (e.g., P[8]) [8].

The introduction of molecular typing methods has
enhanced our understanding of the diversity of HRV
strains, which affects the development of rotavirus
vaccines.

Worldwide surveillance of HRV strains has demon-
strated G1 to G4 serotypes, with P[8] and P[4] genotypes to
be the most commonly circulating HRV [9, 10]. In addi-
tion, infections due to G9 have become more prevalent in
recent years [5, 11, 12]. HRV strains of the G1, G3, G4,
and G9 serotypes are preferentially associated with the P[8]
genotype, whereas G2 serotype strains are most frequently
associated with the P[4] genotype. It has been impossible to
predict which rotavirus type will infect children in any
season or country, because the seasonal and geographic
distributions of rotavirus serotypes have been unpredictable
[10, 12].

In Italy, limited data are available on the patterns of
distribution of HRV G and P types [13-21].

We report here the results of 2 years of rotavirus strain
surveillance among children with severe gastroenteritis
diagnosed in the town of Portici in the Italian region of
Campania. Routine diagnostic tests for HRV, adenovirus
(AdV), astrovirus (HAstV), norovirus (NoV), and common
bacterial pathogens were carried out on all samples.

The aim of this study was to survey enteric viral
infections, with particular regard to HRV in comparison
with other viral agents [22].

Materials and methods
Specimen collection and storage

From January 2007 to December 2008, a total of 421
stool specimens were collected from children ranging
from 6 months to 5 years of age investigated for gastro-
enteric symptoms in the province of Naples, specifically,
in Portici, at the Diagnostic Centre Sanciro srl, National
Laboratory of Research. The children selected in our
study had sought medical assistance after several epi-
sodes of loose or watery stools, in some cases associated
with vomiting. The stool samples were collected using
wide-mouthed sterile plastic containers and stored at
—20°C until the time of assay. All samples underwent
only one cycle of thawing and freezing prior to
characterization.

Viral and bacterial diagnostic screening

All specimens were examined for Salmonella spp. and
Shigella spp. using MacConkey agar and Salmonella—Shi-
gella agar (BD Diagnostic Systems Europe, Becton-Dick-
inson France SA, Le Pont de Claix, France) and an
incubation of 37°C for 18 h. Detection of Campylobacter
spp. was performed on feces within a few hours of emis-
sion using the filter membrane method, and samples were
plated on non-selective blood agar and incubated at 42°C
for 48 h in an atmosphere of 7% CO, and 85% N, (BBL
Campy Pouch; BD Diagnostics Systems, Sparks, MD,
USA). Isolates were identified by using standard bio-
chemical and serological techniques. Yersinia spp. selec-
tive isolation were obtained using the Cefsulodin—-Irgason—
Novobiocin (CIN) Agar formulation of Schiemann (BD
Diagnostic Systems Europe, Becton—Dickinson France SA,
Le Pont de Claix, France) after incubation at a temperature
of 30 & 2°C and observed after 1-24 h or at 22-25°C and
observed after 48 h.

Stool specimens were screened for the presence of
HRV, AdV, HAstV, and NoV by enzyme-linked immu-
nosorbent assay (ELISA) kits distributed by Dako Cyto-
mation Ltd. (UK): Idea K6020 for rotavirus, Idea K6042
for astrovirus, Idea K6021 for adenovirus, Idea K6043
and K6044 for NoV were used for identification in fecal
samples according to the manufacturer’s instructions. The
results were visually read and confirmed by absorbance
measurements.
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Rotavirus strain characterization

All samples were mixed 1:10 with Eagle’s minimum
essential medium, and 10% stool suspensions were used for
nucleic acid extraction using the guanidinium isothiocya-
nate silica particle method [23]. Reverse transcription with
random primers and rotavirus G and P genotyping semi-
nested type-specific multiplex polymerase chain reaction
(PCR) assays were performed as described previously [24,
25]. The PCR assays detect eight G types (G1, G2, G3, G4,
G8, G9, G10, and G12) and six P types (P[4], P[6], P[8],
P[9], P[10], and P[11]), respectively. Amplicons were
subjected to electrophoresis on a 2% agarose gel, stained
with ethidium bromide, and observed under ultraviolet
light. The different G and P genotypes were analyzed by
comparing the size of the second-round PCR products with
a 100-base-pair DNA ladder and PCR products of known
rotavirus strains. Rotavirus ELISA-positive samples that
were negative by the semi-nested type-specific multiplex
PCR assays were analyzed further using a single-step VP6-
specific reverse transcriptase PCR (RT-PCR) according to
the protocol of Iturriza-Gémara et al. [26]. Samples that
were positive by the VP6 RT-PCR were interpreted as non-
typeable rotavirus-positive samples. Water was used as the
negative control and rotavirus-positive samples, including
the five common rotavirus strains verified by sequencing,
were used as the positive controls in each RT-PCR run.

Results

A total of 421 stool specimens from children between
6 months and 5 years of age and presenting acute diarrhea

Table 1 Incidence of pathogens detected in 421 stool samples

were collected and tested for enteric viruses and common
enteric bacteria. A pathogen etiology was confirmed in 287
(68.2%) cases. Monobacterial infections were detected in
65 (15.4%) patients, namely: Salmonella spp. in 37 (56.9%
of bacterial infections), Shigella spp. in 18 (27.7%),
Campylobacter spp. in 6 (9.2%), and Yersinia spp. in 4
(6.2%) (Table 1). Viral infections were found in 225
(53.4%) patients (Table 1). Viral bacterial coinfection was
present in 3 (0.7%) analyzed samples, while viral coin-
fection (Table 1) was present in 68 (16.2%). Bacterial—
viral coinfection was rare and, specifically, two samples
showed a mixed-infection NoV-Salmonella spp. and one
showed an HRV-Salmonella spp.

Laboratory investigation revealed that 110 of the 225
(26.1%) virus-positive samples contained rotaviruses.
Other viruses identified in the present study were NoV in
134 (31.8%) samples, HAstV in 20 (4.7%) samples, and
AdV in 29 (6.9%) samples (Table 1).

Mixed viral infections were quite frequent, accounting
for 30.2% of the total samples where a viral pathogen was
detected, but the majority were due to coinfections with
NoV and HRV. These two viruses were found coinfecting
the same patient in 54 cases out of 68 mixed viral-viral
infections (79.4%). Other viral-viral mixed infections
detected were: norovirus—adenovirus (10.3%), norovirus—
astrovirus (5.9%), adenovirus—rotavirus (2.9%), and astro-
virus—rotavirus (1.5%). In Table 1, data are reported on the
total number of 421 analyzed samples.

Therefore, HRVs were responsible for 26.1% of all of
the acute diarrhea cases diagnosed by the Microbiology
Unit of the Diagnostic Centre Sanciro of Portici, Naples, in
the 2-year period from January 2007 to December 2008.
The major epidemic periods of HRV infection were in

No. of cases (%)

Mixed-infection type

Pathogens 287 (68.2) Viruses No. of cases (%) Viral-viral coinfections No. of cases
HRV 110 (26.1) NoV-HRV 54
AdV 29 (6.9) NoV-AdV 7
HAstV 20 (4.7) NoV-HAstV 4
NoV 134 (31.8) AdV-HRV 2
AdV-HAstV 0
HAstV-HRV 1
Bacteria No. of cases Viral-bacterial coinfections No. of cases
(% of bacterial infection)
Salmonella spp. 37 (56.9) NoV-Salmonella spp. 2
Shigella spp. 18 (27.7) HRV-Salmonella spp. 1
Campylobacter spp. 6 (9.2)
Yersinia spp. 4(6.2)
No pathogen 134 (31.8)

Among the 421 stool specimens analyzed, 71 coinfections were found (68 viral-viral and three viral-bacterial)
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March—-May 2007 (45 cases out of a total of 69 HRV-
positive samples in the relative year) and February—June
2008 (34 cases out of a total of 41 HRV-positive samples in
the relative year). HRV infection was almost absent in the
period August—October of both of the years considered in
the present study (Fig. 1).

All HRVs were G and P genotyped. The overall results
are shown in Table 2. Among the VP7 genotypes identi-
fied, G1 and G2 were predominant, with percentages of
48.2 and 30.9%, respectively. G4, G9, and G10 were
detected in a minority of cases.

Among the VP4 genotypes, P[8] occurred the most
frequently (56.4%), followed by P[4] (31.8%) and only a
few P[10] and P[11] at percentages of 1.8 and 0.9%,
respectively. The G or P genotype could not be assigned to
7.3 and 9.1% of cases, respectively.

Among the rotavirus strains identified in the present
study, a number of different G and P combinations were

20
FRU
16
E' —+— Year 2007
o 4 —=— Year2008
H 12
g w
S 8
8
£
2
5 B \
J FMAMUJJ A S OND

Months of year

Fig. 1 Monthly distribution of human rotaviruses (HRVs). Distribu-
tion by month of HRVs from January 2007 to December 2008

Table 2 Distribution of rotavirus G and P genotypes detected during
a 2-year period

G or P type No. of cases in 2007 No. of cases in 2008 Total (%)

Gl 35 18 482
G2 20 14 30.9
G4 5 3 7.3
G9 2 1 2.7
G10 1 3 3.6
Gnt* 6 2 7.3
P[4] 24 11 31.8
P[8] 34 28 56.4
P[10] 2 0 1.8
P[11] 1 0 0.9
Pnt® 8 2 9.1

4 nt non-typeable

oGPE] ®CIPH]
OGPH] OG2PE]
BP0 OG4PH]
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e

Fig. 2 HRV G/P combinations detected during the period
2007-2008. The percentage of isolation of predominant HRV G/P
combinations are shown

detected, some of which were very frequent, while others
occurred rarely. The most common combinations were
G1P[8] and G2P[4], which together accounted for 58.2% of
the total strains. These were followed by G2P[8] and
G1P[4] both at 7.3%, while the remaining combinations,
namely, G2P[10], G4P[4], G4P[8], G9P[8], GIP[11], and
G10P[8] accounted for 14.4% altogether (Fig. 2).

Discussion

During a 2-year (January 2007-December 2008) surveil-
lance of enteric infections children, we found a prevalence
rate of HRV infections of 26.1%, in comparison with 4.7%
of single HAstV and 6.9% of AdV infection, while NoV
gastroenteritis had the highest incidence (31.8%) in the age
group selected (from 6 months to 5 years). It is apparent
that norovirus infections were more frequent than rotavirus
infections and this is an interesting finding, confirming data
from the Netherlands, Japan, and Austria [27-29]. Patho-
gens were detected in 68.2% of samples, of which 53.4%
were represented by viruses. Therefore, this result is in
accordance with other reports of similar studies in Europe
[29-31]. A bacterial pathogen was detected in 15.4% of the
analyzed stools, with a great prevalence (56.9%) of Sal-
monella spp. In the remaining samples, we could not find
any pathogen. These data confirm the importance of HRV
as one of the main viral pathogens of enteric disease
in pediatric patients. Dual infections are generally not
expected and often misdiagnosed. In our analyses, virus—
virus coinfections were detected in 16.1% (68 cases) and
HRV-NoV was the most frequently observed viral coin-
fection (12.8%, 54 cases). We could not observe a con-
sistent statistical difference in clinical symptoms between
single and mixed infections. It is difficult to define the
significance of single or mixed viruses in gastrointestinal
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infections, and it may reflect the consequence of earlier
infections; in fact, HRVs can be detected for a long time
after infection, and, in our study, we could detect a high
prevalence of NoV. Thus, HRVs are one of the leading
causes of acute gastroenteritis among young children and
infants [32]. As described in other temperate climate
countries, HRV infection presented a seasonal pattern, with
a major incidence in winter (28.2%, 31 cases) and spring
(65.4%, 72 cases), and with a few cases also being
observed during the summer months.

This study extends our knowledge of the circulation of
HRVs in a generally underconsidered but densely popu-
lated area of south Italy, Campania, where epidemiological
studies on viral gastroenteritis have been scarce in the
recent past.

The present study also highlights the high prevalence of
strains of the G1, G2, and G4 types. These findings are in
accordance with the epidemiological data described in
other regions of Italy, in other European countries, and
mainly among most of the developed countries [10, 12, 33,
34]. This study pointed out a relatively high number of
G1P[4] and G2P[8] isolates which are likely to be the
natural reassortant of co-circulating rotavirus strains [35].
In the past, in Italy, G3 HRVs have been detected spo-
radically or at a very low prevalence. However, since 2003,
they accounted for a higher percentage of up to 17% of
gastroenteritis episodes, thus, acquiring an important epi-
demiological role. Increased prevalence of infections by
G3 HRV in children has also been described in recent years
in Ireland and Japan [36, 37].

In our study, limited to 2 years and to only to a single
sample collection site, we could not detect any G3 HRV
type. This finding is of importance considering the high
frequency of G3 detection in Italy, and especially in the
south of the country in recent years, and extends our
understanding of rotavirus diversity in Italy.

On the other hand, we detected almost 3% of G9 HRV
strains. This genotype is a recent presence in Italy; in fact, it
was detected for the first time in 1999 [38]. In 2005, G9
represented the most common isolates in Sicily, accounting
for 60.8% of HRV infections. Likewise, high rates of
detection of G9 strains were reported in Bari, Italy, in
2001-2002 [39], in Hungary in 2002-2003 [40], and in
Belgium in 2000-2001 and 2002-2003 [41]. During the last
decade, the G9 genotype has emerged as one of the five most
common types worldwide [12, 18, 39, 40, 42-45]. A high
prevalence of G9 was detected in France (55%) and Italy
(84%), whereas a lower prevalence was found in Germany
(8%) and the UK (13%) [46]. The surveillance of the G9
genotype is important, because the degree of protection of
current vaccines against this emerging genotype is still
unknown, and notwithstanding the low rate of detection in
Campania, our results confirms its presence in Italy.

Finally, we need to point out a quite high frequency of
G10 strains, generally quite rare genotypes, but common in
bovines, therefore, considering the partial rural environ-
ment surrounding the area selected, it is conceivable to
consider the possibility of a zoonotic spread of some virus
genotypes.

Our epidemiological data of HRV strains in the south of
Ttaly will contribute to assessing the magnitude of the
problem of HRV in different settings and to set priorities
for intervention, such as vaccine-based prevention
strategies.

Continuous monitoring of the HRV genotype distribu-
tion is, therefore, valuable in order to describe the diversity
and changes in the circulating strains that might be found in
different areas, especially after the introduction of rotavirus
vaccination. In Italy, two live, oral rotavirus vaccines,
Rotarix ™ (GlaxoSmithKline Biologicals, Rixensart, Bel-
gium) and RotaTeqTM (Merck & Co., Inc., Whitehouse
Station, NJ, USA), are now licensed. Rotarix™ is based on
a live attenuated human G1P[8] rotavirus strain, while the
pentavalent, live-attenuated human—bovine reassortant
vaccine, RotaTeq™™, is focused on four G types (G1-G4).

Despite the availability of these vaccines, in Italy, the
national vaccination program does not include or suggest
any of the rotavirus vaccines for newborns. It is difficult to
quantify the amount of people vaccinated against rotavirus
in Campania, and, overall, it could be considered as non-
influential on our epidemiologic study. A significant result
of our study is the emergence in southern Italy of the G2
genotype. This result is in line with other reports from
other countries in Europe showing an increase of the
prevalence of G2 strains circulating among non-vaccinated
children.

Since the population under study was naive for rotavirus
vaccination, the high frequency of G2 cannot be explained
by the introduction of the vaccination, but might be due to
the normal fluctuation of co-circulating rotavirus geno-
types. Because diverse rotavirus strains co-circulate in the
human population, it is important to maintain updated
epidemiological data and, when future vaccines are
designed, it should be taken into account the distribution of
different genogroups around the world.

Conflict of interest None.

References

1. Parashar UD, Hummelman EG, Bresee JS, Miller MA, Glass RI.
Global illness and deaths caused by rotavirus disease in children.
Emerg Infect Dis. 2003;9:565-72.

2. Parashar UD, Gibson CJ, Bresse JS, Glass RI. Rotavirus and
severe childhood diarrhea. Emerg Infect Dis. 2006;12:304—6.



118

E. Finamore et al.

10.

11.

12.

13.

14.

17.

18.

19.

20.

21.

. Parashar UD, Bresee JS, Gentsch JR, Glass RI. Rotavirus. Emerg

Infect Dis. 1998;4:561-70.

. Anderson EJ, Weber SG. Rotavirus infection in adults. Lancet

Infect Dis. 2004;4:91-9.

. Clark B, McKendrick M. A review of viral gastroenteritis. Curr

Opin Infect Dis. 2004;17:461-9.

. Ursu K, Kisfali P, Rigé D, Ivanics E, Erdélyi K, Dan A, Melegh

B, Martella V, Banyai K. Molecular analysis of the VP7 gene of
pheasant rotaviruses identifies a new genotype, designated G23.
Arch Virol. 2009;154:1365-9.

. Schumann T, Hotzel H, Otto P, Johne R. Evidence of interspecies

transmission and reassortment among avian group A rotaviruses.
Virology. 2009;386:334-43

. Estes MK, Kapikian AZ. Rotaviruses. In: Knipe DM, Roizman B,

Howley PM, Griffin D, editors. Fields virology. 5th ed. Phila-
delphia: Wolters Kluwer Health/Lippincott Williams & Wilkins;
2007. 2:1917-1974

. Franco MA, Angel J, Greenberg HB. Immunity and correlates of

protection for rotavirus vaccines. Vaccine. 2006;24:2718-31.
Desselberger U, Wolleswinkel-van den Bosch J, Mrukowicz J,
Rodrigo C, Giaquinto C, Vesikari T. Rotavirus types in Europe
and their significance for vaccination. Pediatr Infect Dis J.
2006;25:S30-41.

Gentsch JR, Laird AR, Bielfelt B, Griffin DD, Banyai K, Ra-
machandran M, Jain V, Cunliffe NA, Nakagomi O, Kirkwood
CD, Fischer TK, Parashar UD, Bresee JS, Jiang B, Glass RI.
Serotype diversity and reassortment between human and animal
rotavirus strains: implications for rotavirus vaccine programs.
J Infect Dis. 2005;192:S146-59.

Santos N, Hoshino Y. Global distribution of rotavirus serotypes/
genotypes and its implication for the development and imple-
mentation of an effective rotavirus vaccine. Rev Med Virol.
2005;15:29-56.

Cascio A, Vizzi E, Alaimo C, Arista S. Rotavirus gastroenteritis
in Italian children: can severity of symptoms be related to the
infecting virus? Clin Infect Dis. 2001;32:1126-32.

Arista S, Vizzi E, Ferraro D, Cascio A, Di Stefano R. Distribution
of VP7 serotypes and VP4 genotypes among rotavirus strains
recovered from Italian children with diarrhea. Arch Virol.
1997;142:2065-71.

. Martella V, Terio V, Arista S, Elia G, Corrente M, Madio A,

Pratelli A, Tempesta M, Cirani A, Buonavoglia C. Nucleotide
variation in the VP7 gene affects PCR genotyping of G9 rotavi-
ruses identified in Italy. J Med Virol. 2004;72:143-8.

. De Grazia S, Giammanco GM, Colomba C, Cascio A, Arista S.

Molecular epidemiology of astrovirus infection in Italian children
with gastroenteritis. Clin Microbiol Infect. 2004;10:1025-9.
Arista S, Giammanco GM, De Grazia S, Migliore MC, Martella
V, Cascio A. Molecular characterization of the genotype G9
human rotavirus strains recovered in Palermo, Italy, during the
winter of 1999-2000. Epidemiol Infect. 2004;132:343-9.

Arista S, Giammanco GM, De Grazia S, Colomba C, Martella V,
Cascio A, Iturriza-Gomara M. G2 rotavirus infections in an
infantile population of the South of Italy: variability of viral
strains over time. J Med Virol. 2005;77:587-94.

Colomba C, De Grazia S, Giammanco GM, Saporito L, Scarlata
F, Titone L, Arista S. Viral gastroenteritis in children hospitalised
in Sicily, Italy. Eur J Clin Microbiol Infect Dis. 2006;25:570-5.
Marsella M, Raimondi L, Bergamini M, Sprocati M, Bigi E, De
Sanctis V, Borgna-Pignatti C, Gabutti G. Epidemiology of rota-
virus-associated hospital admissions in the province of Ferrara,
Italy. Eur J Pediatr. 2009;168:1423-7.

De Donno A, Grassi T, Bagordo F, Idolo A, Cavallaro A, Gabutti
G. Emergence of unusual human rotavirus strains in Salento,
Italy, during 2006-2007. BMC Infect Dis. 2009;9:43—4.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Wilhelmi I, Roman E, Sanchez-Fauquier A. Viruses causing
gastroenteritis. Clin Microbiol Infect. 2003;9:247-62.

Boom R, Sol CJ, Salimans MM, Jansen CL, Wertheim-van Dillen
PM, van der Noordaa J. Rapid and simple method for purification
of nucleic acids. J Clin Microbiol. 1990;28:495-503.
Tturriza-Gémara M, Kang G, Mammen A, Jana AK, Abraham M,
Desselberger U, Brown D, Gray J. Characterization of G10P[11]
rotaviruses causing acute gastroenteritis in neonates and infants in
Vellore, India. J Clin Microbiol. 2004;42:2541-7.

Banerjee I, Ramani S, Primrose B, Iturriza-Gomara M, Gray JJ,
Brown DW, Kang G. Modification of rotavirus multiplex RT-
PCR for the detection of G12 strains based on characterization of
emerging G12 rotavirus strains from South India. J Med Virol.
2007;79:1413-21.

Iturriza-Goémara M, Wong C, Blome S, Desselberger U, Gray J.
Molecular characterization of VP6 genes of human rotavirus
isolates: correlation of genogroups with subgroups and evidence
of independent segregation. J Virol. 2002;76:6596-601.

Svraka S, Duizer E, Vennema H, de Bruin E, van der Veer B,
Dorresteijn B, Koopmans M. Etiological role of viruses in out-
breaks of acute gastroenteritis in The Netherlands from 1994
through 2005. J Clin Microbiol. 2007;45:1389-94.

Harada S, Okada M, Yahiro S, Nishimura K, Matsuo S, Miyasaka
J, Nakashima R, Shimada Y, Ueno T, Ikezawa S, Shinozaki K,
Katayama K, Wakita T, Takeda N, Oka T. Surveillance of
pathogens in outpatients with gastroenteritis and characterization
of sapovirus strains between 2002 and 2007 in Kumamoto Pre-
fecture, Japan. J Med Virol. 2009;81:1117-27.

Huhulescu S, Kiss R, Brettlecker M, Cerny RJ, Hess C, Wewalka
G, Allerberger F. Etiology of acute gastroenteritis in three sen-
tinel general practices, Austria 2007. Infection. 2009;37:103-8.
Simpson R, Aliyu S, Iturriza-Goémara M, Desselberger U, Gray J.
Infantile viral gastroenteritis: on the way to closing the diagnostic
gap. J Med Vir. 2003;70:258-62.

Pang XL, Honma S, Nakata S, Vesikari T. Human caliciviruses in
acute gastroenteritis of young children in the community. J Infect
Dis. 2000;181:S288-94.

Giaquinto C, Callegaro S, Andreola B, Bernuzzi M, Cantarutti L,
D’Elia R, Drago S, De Marchi A, Falconi P, Felice M, Giancola
G, Lista C, Manni C, Perin M, Pisetta F, Scamarcia A, Sidran
MP, Da Dalt L. Prospective study of the burden of acute gas-
troenteritis and rotavirus gastroenteritis in children less than
5 years of age, in Padova, Italy. Infection. 2008;36:351-7.
Iturriza-Gémara M, Kang G, Gray J. Rotavirus genotyping:
keeping up with an evolving population of human rotaviruses.
J Clin Virol. 2004;31:259-65.

Zuccotti G, Meneghin F, Dilillo D, Romano L, Bottone R,
Mantegazza C, Giacchino R, Besana R, Ricciardi G, Sterpa A,
Altamura N, Andreotti M, Montrasio G, Macchi L, Pavan A,
Paladini S, Zanetti A, Radaelli G. Epidemiological and clinical
features of rotavirus among children younger than 5 years of age
hospitalized with acute gastroenteritis in Northern Italy. BMC
Infect Dis. 2010;10:218

Iturriza-Gémara M, Isherwood B, Desselberger U, Gray J. Re-
assortment in vivo: driving force for diversity of human rotavirus
strains isolated in the United Kingdom between 1995 and 1999.
J Virol. 2001;75:3696-705.

De Grazia S, Ramirez S, Giammanco GM, Colomba C, Martella
V, Lo Biundo C, Mazzola R, Arista S. Diversity of human ro-
taviruses detected in Sicily, Italy, over a 5-year period
(2001-2005). Arch Virol. 2007;152:833-7.

De Grazia S, Martella V, Colomba C, Cascio A, Arista S,
Giammanco GM. Genetic characterization of G3 rotaviruses
detected in Italian children in the years 1993-2005. ] Med Virol.
2009;81:2089-95.



Human rotavirus infection in children

119

38.

39.

40.

41.

42.

Arista S, Vizzi E, Migliore MC, Di Rosa E, Cascio A. High
incidence of G9P[8] rotavirus infections in Italian children during
the winter season 1999-2000. Eur J Epidemiol. 2003;18:711-4.
Martella V, Terio V, Del Gaudio G, Gentile M, Fiorente P, Barbuti S,
Buonavoglia C. Detection of the emerging rotavirus G9 serotype
at high frequency in Italy. J Clin Microbiol. 2003;41:3960-3.
Banyai K, Gentsch JR, Schipp R, Jakab F, Bene J, Melegh B,
Glass RI, Sziics G. Molecular epidemiology of human P[8],G9
rotaviruses in Hungary between 1998 and 2001. J Med Microbiol.
2004;53:791-801.

Rahman M, Matthijnssens J, Goegebuer T, De Leener K, Van-
derwegen L, van der Donck I, Van Hoovels L, De Vos S, Azim T,
Van Ranst M. Predominance of rotavirus G9 genotype in children
hospitalized for rotavirus gastroenteritis in Belgium during
1999-2003. J Clin Virol. 2005;33:1-6.

Cubitt WD, Steele AD, Iturriza M. Characterisation of rotaviruses
from children treated at a London hospital during 1996:

43.

44,

45.

46.

emergence of strains G9P2A[6] and G3P2A[6]. ] Med Virol.
2000;61:150-4.

Laird AR, Gentsch JR, Nakagomi T, Nakagomi O, Glass RI.
Characterization of serotype G9 rotavirus strains isolated in the
United States and India from 1993 to 2001. J Clin Microbiol.
2003;41:3100-11.

Reidy N, O’Halloran F, Fanning S, Cryan B, O’Shea H. Emer-
gence of G3 and G9 rotavirus and increased incidence of mixed
infections in the southern region of Ireland 2001-2004. J Med
Virol. 2005;77:571-8.

Sanchez-Fauquier A, Montero V, Moreno S, Solé M, Colomina J,
Iturriza-Gomara M, Revilla A, Wilhelmi I, Gray J. Human
rotavirus G9 and G3 as major cause of diarrhea in hospitalized
children, Spain. Emerg Infect Dis. 2006;12:1536-41.

Van Damme P, Giaquinto C, Maxwell M, Todd P, Van der
Wielen M. Distribution of rotavirus genotypes in Europe,
2004-2005: the REVEAL Study. J Infect Dis. 2007;195:517-25



	G2 as an emerging rotavirus strain in pediatric gastroenteritis in southern Italy
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Specimen collection and storage
	Viral and bacterial diagnostic screening
	Rotavirus strain characterization

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


