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Received 1 September 2004/Returned for modification 18 October 2004/Accepted 14 November 2004

A total of 254 serotype GH rotavirus strains were detected in Palermo, Italy, from 1985 to 2003. Out of 38
serotype G4 strains selected for genetic analysis, 14 were recognized by genotyping as type G9. Strains
confirmed to belong to the G4 type showed temporal patterns of genetic evolution in their VP7 and VP4 gene
sequences, and the latest Italian G4 strains were distantly related to the reference vaccinal ST3 strain.

Rotaviruses are the major agents of severe gastroenteritis in
infants and young children throughout the world. On the basis
of the two outer layer proteins, VP4 and VP7, that elicit the
production of neutralizing antibodies, human rotaviruses are
classified into 10 G (VP7-specific) and 11 P (VP4-specific)
types (11). Strains with type G1P[8] are unanimously acknowl-
edged as the most prevalent and ubiquitous type; strains with
types G2P[4], G3P[8], and G4P[8] are ubiquitous, but their
diffusion is temporal and regional (14). Since 1996 the circu-
lation of strains with G9P[8] or G9P[6] type has been widely
reported, while other G types and G/P combinations seem to
be sporadic and only locally relevant (24).

In the whole of Europe, high frequency and marked fluctu-
ation of serotype G4 strains have been reported (6, 13, 15, 19,
23, 28, 29, 32). In Palermo, Italy, serotyping of 1,084 rotavirus
strains recovered from 1985 to 2003 showed an intermittent
pattern of G4 type circulation with frequencies ranging from
33 to 71% for strains recovered from 1990 to 1993, 24 to 37%
for strains recovered from 1999 to 2001, and 39.3% for strains
recovered from 2003. In the intermediate periods, the fre-
quency of detection ranged from 0 to 8.8% (1–4, 17).

It is known that antigenic variation within a serotype is a
mechanism by which variants of rotavirus emerge to escape
host immunity (33) and that antigenic and genetic variation
can occur within the G4 serotype (29, 30, 31). In this study, we
analyze the VP7- and VP4-encoding genes of 38 G4 rotavirus
strains selected from a total of 254 strains exhibiting G4 reac-
tivity to the ST3:1 monoclonal antibody (MAb). In particular,
28 specimens were representative of the years of higher fre-
quency of detection of G4 rotaviruses and 10 samples were
representative of the intermediate periods. All strains be-
longed to subgroup II and exhibited the long RNA pattern
(2–4, 17).

To determine the G and P genotypes, specimens were ana-
lyzed by seminested reverse transcription-PCR strategy with
type-specific primers by the methods of Gouvea et al. (20) and
Gentsch et al. (16), respectively. Gene 9 (VP7) and gene 4
(VP4) were sequenced on reamplified PCR products (10, 16)
(MWG Biotech, Ebersberg, Germany), and the sequences

were aligned by using CLUSTAL W (34). Phylogenetic anal-
ysis of partial VP7 and VP4 sequences (nucleotides [nt] 63 to
880 and 27 to 430, respectively) and deduced amino acid se-
quences (amino acids [aa] 22 to 293 for VP7 and aa 10 to 143
for VP4) was performed by using MEGA version 3.0 software
(26) using the Kimura two-parameter model as a substitution
method and the neighbor-joining method to reconstruct the
phylogenetic tree. The statistical significance of the phylog-
enies inferred was estimated by bootstrap analysis with 1,000
pseudoreplicate data sets.

Out of the 38 rotavirus strains serotyped as G4, 23 strains
were confirmed by genotyping, while 14 strains recovered in
1999 to 2003 turned out to belong to the G9 serotype. Despite
several attempts, PCR products could not be obtained from
the only available strain from the 1980s, which was therefore
excluded from further evaluation. Comparison of the nucleo-
tide sequences of the VP7-encoding genes of the 14 G9 strains
revealed more than 99% nucleotide identity among these
strains and the G9 strains recovered in Palermo, Italy, since
1999 (5), which were not reactive to the ST3:1 MAb. The
cross-reactivity of the G9 strains with the ST3:1 MAb has
already been observed by other researchers (8, 25, 35), but they
could not demonstrate the molecular reasons for such cross-
reactivity. It has been hypothesized that the VP4 structure
might influence the expression of VP7 epitopes (12). Interest-
ingly, we observed that VP4 sequences of G4 and G9 cross-
reacting strains shared �99% nucleotide and amino acid iden-
tity.

VP7 nucleotide sequence comparison and phylogenetic re-
construction, including the prototype ST3 strain and a selec-
tion of G4 rotaviruses, indicated that our 23 G4 viral strains
could be easily separated into three well-defined groups: (i)
strains collected from 1990 to 1994; (ii) strains collected in
1995; and (iii) strains collected from 1999 to 2003.

As shown in Fig. 1, all three groups of strains belonged to
lineage I, and segregate into three different sublineages,
namely, Ia, Ib, and Ic, as defined by Bok et al. (7). The overall
nucleotide sequence divergence of the Italian strains within
each sublineage was less than 1% for strains of sublineages Ia
and Ic and 1.8% for strains of sublineage Ib. There was no
correlation between electropherotype and sublineage, as
strains virtually identical to each other (100% nucleotide iden-
tity) displayed a wide variety of electropherotypes. The analysis
of the deduced amino acid sequences corresponding to eight of
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the nine variable regions (VRs 2 to 9) of VP7 (Fig. 2) showed
distinctive amino acid substitutions in VRs 3, 4, 6, 7, 8, and 9
of our strains compared to the amino acids of the correspond-
ing domains of reference G4 strain ST3 and other representa-
tive G4 strains. The amino acid sequence alignment revealed
an important substitution in sublineage Ic strains, i.e., the in-
sertion of Asn at position 76, which could increase the hydro-
philicity of the domain. Bok et al. (7) demonstrated that the
increased frequency of G4 rotavirus strains in Argentina in
1998 was due to the emergence of this variant. Interestingly, 1
year later, this emerging strain was also detected in Uruguay.
Note that the same insertion was found in a Finnish strain

(G484) isolated in 1984 (29). The sequences of the Uruguayan,
Argentinean, and Italian strains also exhibited the distinctive
amino acid changes 131-Asp3Glu and 146-Val3Thr. Such
findings support the hypothesis that sublineage Ic G4 strains
were introduced into Italy at the end of the 1990s.

In the past, serotype G4 rotaviruses were divided into two
subtypes, namely, subtype A (ST3-like) and subtype B (VA70-
like) (18, 21). Direct inspection of the amino acid sequence
alignment allowed us to classify all our strains as subtype A.
However, the strains collected from 1990 to 1994 showed a
217-Thr3Ala substitution which is atypical for both subtypes
(subtypes A and B).

FIG. 1. Phylogenetic analysis of partial VP7 nucleotide sequences (nt 63 to 880) of serotype G4 strains. The phylogenetic tree was constructed
using the neighbor-joining method and Kimura two-parameter model. Percentage bootstrap values above 60% are given at branch nodes.
Nucleotide identity (id) within lineages is indicated in parentheses to the right of the sublineage. The number of substitutions per site is indicated
by the scale bar.
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All G4 strains exhibited the P[8] genotype, and the se-
quences of their VP4-encoding genes clustered into two pre-
viously defined lineages (9, 22, 27) (Fig. 3). Chronological
clustering was also observed: P[8] sequences obtained from
1990 to 1994 clustered into lineage P[8]-1 and those obtained
from 1999 to 2003 clustered into lineage P[8]-3. It is also worth
noting that G1 strains collected in Palermo, Italy, from 1989 to
1993 fell within the same lineage P[8]-1 and that G1 and G9
strains recovered from 1995 to 2003 clustered into the lineage
P[8]-3. Nucleotide sequence divergence within each group
ranged from 0 to 2.9% for the Italian strains of lineage P[8]-1,
with the exception of strain PA9 (6.1% nucleotide variation),
and from 0 to 5% for the Italian strains of lineage P[8]-3.

There was more than 94 and 95% amino acid identity among

the strains in lineages P[8]-3 and P[8]-1, respectively (Fig. 4).
However, compared to strain Wa, which is representative of
lineage P[8]-1, two patterns of amino acid substitutions (1A
and 1B) could be described. Six patterns (3A to 3F) were
distinguished with regard to strain OP351 representative of
lineage P[8]-3.

In the United Kingdom, Iturriza-Gòmara et al. (22) found
that most of the G4 strains belonged to the P[8]-2 lineage and,
with much lower frequency, to the P[8]-3 lineage, while only
G1 strains were found in the P[8]-1 lineage. In Finland, G4
strains were identified belonging to the lineages P[8]-1 and
P[8]-2, while no G4P[8]-3 strains were found (27). These data
show that different G4P[8] strains have been circulating in
northern and southern Europe in the past 10 years. Immigra-

FIG. 2. Comparison of amino acid sequences of VP7 VRs 3, 4, and 6 to 9. Amino acids different from those in the ST3 reference vaccinal strain
are shown. Conserved amino acids are indicated by periods. The codons discriminating between subtype A (ST3-like) and B (VA75-like) (21) are
indicated (�).
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FIG. 3. Phylogenetic analysis of partial VP4 nucleotide sequences (nt 29 to 449) of type P[8] strains. The phylogenetic tree was constructed
using the neighbor-joining method and Kimura two-parameter model. Type P [9] PA28 sequence was used as an outgroup. Percentage bootstrap
values above 60% are given at branch nodes. Nucleotide identity (id) within lineages is indicated in parentheses to the right of the lineage. The
number of substitutions per site is indicated by the scale bar.
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tion into southern Europe has probably caused some of the
variety in strains.

Over the last 13 years in Palermo, Italy, two different pop-
ulations of G4P[8] rotavirus strains have been infecting the
infant population. The detection of G1P[8]-3 lineage strains in
Palermo, Italy, in 1995 suggests that the new G4P[8] strains
may have emerged after the reassortment between the newly
introduced G4P[8] strains and the more frequently cocirculat-

ing G1P[8] strains and that the VP4 gene of the P[8]-3 lineage
might confer a replicative advantage to G4 strains over other
P[8] lineages. However, in contrast to what we observed with
VP7 gene sequences, a lower nucleotide identity was found
within each P[8] lineage, determining different patterns of
amino acid substitutions. Considering the role of anti-VP4
neutralizing antibodies in rotavirus immunity (36), such vari-
ability could influence their continuous circulation in the infant

FIG. 4. Comparison of conserved amino acids between residues 10 and 143 of VP4. Conserved amino acids are indicated by periods. Amino
acids different from those in the Wa reference vaccinal strain are shown. Amino acids related to P[8] lineage specificity according to Maunula et
al. (27) and Cunliffe et al. (9) are indicated (�).
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population and should be taken into consideration for vaccinal
strategies.

In conclusion, we have evidence that the latest serotype G4
Italian rotavirus strains are more closely related to recent iso-
lates from other countries than to the reference strains ST3,
isolated in the 1970s and included in the vaccine, and VA70,
subtype 4B, isolated in 1975 and apparently no longer circu-
lating. Since vaccination can reduce the severity of rotavirus
disease and several vaccine formulations are being developed
to obtain specific protection, it is important to surveil the
circulating strains to anticipate possible antigenic changes that
might affect the effectiveness of the vaccine. However, epide-
miological surveys based only on serological methods should
take into consideration the risk of cross-reaction between G9
and G4 types.
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