
JOURNAL OF CLINICAL MICROBIOLOGY, Aug. 2003, p. 3960–3963 Vol. 41, No. 8
0095-1137/03/$08.00�0 DOI: 10.1128/JCM.41.8.3960–3963.2003
Copyright © 2003, American Society for Microbiology. All Rights Reserved.

Detection of the Emerging Rotavirus G9 Serotype at
High Frequency in Italy
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Group A human rotavirus strains belonging to the unusual serotype G9 were detected at high frequency in
stool specimens from infected children with acute diarrhea in Bari, Italy, during a 15-month survey from
March 2001 to June 2002. This may signify a local reemergence of the G9 rotaviruses detected in Italy in the
early and mid-1990s or may be related to the global emergence of G9 rotaviruses in recent years.

Rotaviruses are the major etiologic agents of infantile diar-
rhea worldwide and are responsible for up to 3.3 million child
deaths per year in developing countries (10, 13). Rotaviruses
are nonenveloped and possess a trilaminar capsid containing
11 segments of double-stranded RNA (7). The two proteins
constituting the outer capsid, VP7 and VP4, elicit a neutraliz-
ing antibody response and bear the G and P serotype specific-
ities, respectively. At present, 10 G serotypes and 7 P serotypes
have been identified in humans (10, 13). Epidemiological stud-
ies have demonstrated that rotavirus serotypes G1, G2, G3,
and G4 are the most common types associated with disease
globally (more than 90% of all the G serotypes detected), and
therefore they are the targets of vaccine development (10, 13).
Regarding P type specificity, P1A[8] is the most common P
serotype detected worldwide, followed by P1B[4] and P2A[6]
(10). G serotypes 1, 3, and 4 are most commonly associated
with P type P1A[8], whereas G serotype 2 segregates prefer-
entially with P type 1B[4] (10).

Recently, two unusual rotavirus serotypes, G5 and G8, have

been described in association with diarrhea in various parts of
the world (10). The detection of rotaviruses with the G9 spec-
ificity has been reported in the Asian (12, 19), American (2, 6,
17), African (6), and Australian (16) continents at either low or
high frequency. In Europe, G9 rotaviruses have been detected
sporadically in the United Kingdom, Ireland, France, and Italy.
Moreover, a prolonged nosocomial outbreak caused by a
P2A[6],G9 strain has been recently reported in Holland (1, 3,
4, 5, 15, 20). Because of the increasing number of reports, there
is evidence for an apparently expanding distribution, on a
global scale, of G9 rotaviruses, and currently the G9 serotype
is considered the fifth most common type worldwide. In the
present note we describe the detection at a high frequency in
Bari, Italy, of rotaviruses belonging to the emerging G9 sero-
type. Thirty rotavirus-positive stool samples were collected be-
tween March 2001 and June 2002 from children under 5 years
of age who presented with acute diarrhea to the Policlinico
Hospital in Bari. The presence of rotavirus in those samples
was determined by an immunochromatographic assay (Rota-

TABLE 1. G and P type distribution of the rotavirus strains
detected in Bari in 2001-2002a

No. of
sample VP7 G type VP4 P type and

lineage
VP6

genogroup

13 G9 P[8] Malawian-like II
1 G9b P[8]b II
2 G9b ND ND
5 G1 P[8] Japanese-like II
7 G1 P[8] American-like II
1 G1 � G9b P[8]b ND
1 ND P[8]b ND

a Thirty samples positive by a quick diagnostic test were subjected to molecular
analysis. ND, not determined. Of the 30 samples, 29 were typed for VP7 6 type,
28 were typed for VP4 p type and lineage, and 26 were typed for VP6 genogroup.

b The VP7 and VP4 specificities were determined by a typing assay based on
a heminested PCR with type-specific primers, since poor amplification of the
first-round PCR did not allow sequence analysis.

* Corresponding author. Mailing address: Dipartimento di Sanità e
Benessere Animale, Facoltà di Medicina Veterinaria di Bari, S.p. per
Casamassima km 3, 70010 Valenzano, Bari, Italy. Phone: 39 (0)80
4679833. Fax: 39 (0)80 4679843. E-mail: v.martella@veterinaria.uniba.it.

TABLE 2. Temporal distribution of the G9 and G1 strains detected
in Bari during 2001-2002

Yr, mo
No. of strains

G9 G1

2001, March 2
2001, April 2
2001, May 1
2001, June 1 1
2001, July 2
2001, August 1
2001, September 2
2001, October 1
2001, November 1
2001, December
2002, January 1a 3 � 1a

2002, February
2002, March 1 3
2002, April
2002, May 3 1
2002, June 1 2

a Mixed infection, G9 � G1.
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FIG. 1. Consensus tree based on the VP7 genes of a wide selection of G9 rotaviruses. The tree was elaborated by the neighbor-joining method
and by calculating the distances with the Kimura two-parameter algorithm and supplying a statistical support by bootstrapping over 1,000
replicates. Bootstrap values lower than 50% are not shown. The branches of the tree are not drawn to scale. The tree is rooted using the VP7 gene
of simian strain RRV MMU 18006, P5B[3],G3.
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screen dipstick; Microgen Bioproducts, Camberley, United
Kingdom). Rotavirus double-stranded RNA was extracted
from the stool samples by adsorption on cellulose CF11 (21)
and analyzed by reverse transcription-PCR and sequence anal-
ysis for determination of the G (VP7) and P (VP4) specificity,
as well as of the subgroup specificity (VP6) (8, 9, 11). The PCR
products obtained from the VP7, VP4, and VP6 genes were
purified through Ultrafree-Da columns (Millipore, Bedford,
Mass.), and the sequences were determined using the BigDye
sequencing kit (Applied Biosystems, Foster City, Calif.) and an
ABI 377 automatic DNA sequencer (Applied Biosystems).
Phylogenetic analysis was conducted using the MEGA soft-
ware package, version 2.1 (14).

Sixteen of 30 samples (53.3%) were typed as rotavirus ge-
notype G9, while 12 (40.0%) were G1 rotaviruses and one was
a mixed infection (Table 1). The G9 strains were detected over
the entire period of observation, even if there was apparently
a higher frequency of detection of G9 rotaviruses at the be-
ginning of 2001 and of G1 in late 2001 and early 2002 (Table
2). Sequence analysis of VP7 revealed high genetic similarity
among the G9 strains detected (about 100%). Nucleotide vari-
ation from several G9 strains of recent identification in various
parts of the world (Brazil, India, Japan, United States, Malawi,
South Africa, and United Kingdom) ranged from 0.6 to 2.4%,
with the highest identity (99.4% at the nucleotide and 98.4% at
the amino acid level) being to the Brazilian G9 strain R136.
Nucleotide variation from Vietnamese and Japanese G9
strains was more than 3 and 5%, respectively. Conversely,
genetic relatedness was much lower to old G9 rotaviruses. For
instance, there was a nucleotide and amino acid sequence
similarity of about 89.6 and 91.4%, respectively, to the Indian
strain 116E, isolated in 1985. In the phylogenetic tree (Fig. 1),
the Italian strains segregated in a large group encompassing
Asian, North and South American, African, and European G9
strains, which was clearly different (bootstrap value � 95%)
from the Vietnamese and Japanese strains and from the “old”
G9 strains 116E and AU32.

Analysis of the VP4 gene revealed that both the G1 and G9
strains belonged to the P type P1A[8]. However, by sequence
and phylogenetic analysis it was possible to distinguish three
different P[8] lineages, resembling the VP4 of a Malawian
rotavirus for G9 strains and of either a Japanese or an Amer-
ican strain for G1 rotaviruses (data not shown). The G9 strains
displayed the highest degree of genetic similarity to the
P[8],G1 Malawian strain OP351 (more than 99%). The VP6 of
all the strains analyzed was characterized as genogroup II.

Thus far, rotavirus serotype G9 has been associated with
VP4 genotype P[4], P[6], P[8], P[11], or P[19] (3, 15, 18).
Analysis of a global collection of G9 viruses showed that strains
from different geographic locations may share the same con-
stellation of genes and be virtually identical, while strains from
the same country may have a highly conserved VP7 gene but a
diverse assortment of other genes (18). Here we found G9
rotaviruses bearing the P[8] genotype and subgroup II speci-
ficity. In Italy, rotavirus strains bearing P1A[8],G9 and sub-
group II specificity have been previously described but at very
low frequency (from 0.7 to 1.7%) in two surveys conducted in
the early and mid-1990s in Palermo, Sicily (1, 4). Of note, no
G2, G3, or G4 rotavirus strains, the most common worldwide
after G1 rotaviruses, were detected during the 15-month pe-

riod of observation in the hospital in Bari. This was particularly
surprising since those G types accounted for about 26 to 50%
of the strains typed in Palermo in the 1990s, with G1 always
being highly frequent (40.9 to 50.6%) (1, 4). This might be
explained as a geographical variation of the serotype distribu-
tion or as a temporal variation occurring in recent years in
Italy. However, it may be possible that a correlation exists
between the spread of the G9 serotype strains and the relevant
influxes of immigrants from countries with poor sanitation who
have traveled through the region of Puglia and the town of Bari
since the early 1990s. The Malawian-like P[8] lineage identified
in VP4 and the high genetic relatedness in VP7 with G9 rota-
viruses recently identified throughout the world seem to give
support to the latter hypothesis.

To our knowledge, this is the first report describing the
detection of rotavirus with the unusual G9 specificity with such
remarkable frequency (about 53%) among diarrheic patients
in the European continent. The outbreak of G9 serotype in-
fection in Bari suggests that such a rotavirus serotype is an
emerging pathogen in Italy and that the presence of G9 rota-
viruses in Europe, as in other regions (2, 12, 17), does not
always follow a sporadic pattern. From this perspective, it will
be important to continue and extend rotavirus strain surveil-
lance to determine whether a similar phenomenon occurs in
the other parts of Italy and Europe. The results described here
emphasize the role of rotavirus G9 as an epidemiologically
important serotype and the need to include G9 specificity in
candidate rotavirus vaccines.

Nucleotide sequence accession number. The sequence of the
VP7 gene of the G9 Italian rotavirus strains is available in
GenBank under accession number AY184813.

We thank Donato Narcisi for his expert technical assistance and
L. E. Carmichael for encouragement throughout the study.
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