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Regional Laboratory of Virology, Baranya County Institute of State Public Health Service, Pécs,1 and
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Between 1992 and 2000, a total of 4,173 rotavirus-positive samples were collected from two areas of Hungary.
Of these, 2,020 specimens (48.4%) were analyzed for G serotype, using monoclonal antibody-based immuno-
assay and reverse transcription-PCR. By the two methods, 1,789 samples were specified as G1 (62%), G2
(12.2%), G3 (1.4%), G4 (6.4%), G6 (1.0%), G9 (2.9%), or mixed infection (2.6%), and the remaining 231 (11.4%)
could not be G typed. The linkage between G and P type, subgroup specificity, and RNA profile was investigated
with a sample subset. Among these specimens, we identified both the four globally common strains (P[8],G1
subgroup II (sgII); P[4],G2 sgI; P[8],G3 sgII; and P[8],G4 sgII) and six uncommon strains (P[6],G4 sgII;
P[9],G3 sgI; P[9],G6 sgI; P[14],G6 sgI; P[8],G9 sgII; and P[8],G9 sgI). All strains with P[8], P[6], P[9], and
P[14] specificities had a long electropherotype, whereas most of those carrying a P[4] specificity were
associated with a short electropherotype. Although once considered to be rare, P[9],G6 and P[8],G9 rotavirus
strains represent potentially important new serotypes in Hungary.

Rotavirus, a member of the family Reoviridae, has an icosa-
hedral, nonenveloped, triple-layered capsid and a genome of
11 double-stranded RNA segments. Rotaviruses are classified
into seven serogroups, A to G. Group A rotaviruses, which are
the single most important cause of severe dehydrating diarrhea
in infants and young children, are responsible for 20 to 40% of
diarrhea-associated hospitalizations worldwide and about 20%
of diarrhea-associated deaths, mostly in the developing coun-
tries (12, 26). Development of an efficacious rotavirus vaccine
is therefore a high priority for developing countries and would
have important socioeconomic benefits for industrialized coun-
tries, as well (31, 44).

Although the mechanism of immunity to rotavirus is not
completely understood, the knowledge that the surface anti-
gens, VP7 and VP4, elicit neutralizing and protective antibod-
ies, respectively (22, 33), had a fundamental impact on vaccine
development (5, 6, 32). VP7 is a glycoprotein and determines
G serotypes, while VP4 is a protease-sensitive protein and
determines P serotypes. On the basis of sequence and antigenic
differences, 15 G types and 21 P types have been described (23,
39). During the last two decades, 10 G types and 11 P types in
at least three dozen different combinations have been recov-
ered in association with human infections (15, 23, 34), but only
a few of these have been demonstrated to be epidemiologically
important. Worldwide, P[8],G1, P[4],G2, P[8],G3, P[8],G4, and
more recently, P[8],G9 and P[6],G9 strains have been shown to
be responsible for most rotavirus infections, although temporal

and geographic variations can be significant (15). Thus, for
example, the prevalence of P[8],G5 and P[6],G8 strains is high
in Brazil and in some parts of Africa, respectively (2, 10, 30),
and G9 strains are very common in India (38).

Because rotaviruses have a segmented genome, many sur-
veillance studies have recently included subgrouping and RNA
profile analysis in addition to G and P typing assays in order to
identify novel strains that can arise from gene reassortment
between different strains. Subgrouping is used to study anti-
genic features of the inner capsid protein VP6, encoded by
gene segment 6, while RNA profile analysis (or electrophero-
typing) is suitable for examining the migration pattern differ-
ences of the rotaviral genome, particularly gene segment 11,
which can lead to “short” and “long” patterns. This complex
approach in epidemiologic surveys is important in order to
identify and trace the geographic and temporal spread of novel
rotavirus strains arising as human-animal and human-human
reassortants (46).

In Hungary, epidemiologic data on the prevalence of G
serotypes have been collected since the middle of the 1980s. A
large survey demonstrated the predominance of serotypes G1
to G4 during an 8-year period from 1984 to 1991 (42), and we
recently detected novel human G6 rotaviruses circulating in
two regions (3, 4). To provide molecular epidemiologic data
for a future program of vaccination against group A rotaviruses
planned in Hungary, we performed G typing on samples col-
lected between 1992 and 2000. In addition, to examine the
relationship among antigenic and genomic features and to
identify novel reassortant strains, subgrouping and P and G
genotyping were done with a subset of samples selected on the
basis of RNA profile differences.

The survey was performed by screening rotavirus-positive
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stool samples collected from mostly hospitalized (97.6%) chil-
dren with diarrhea who were �14 years of age (range, 0.1 to
14.7 years; mean, 2.3 years; with the preponderance of children
[94.2%] being �5 years). All samples were obtained between
July 1992 and June 2000 from two areas of Hungary: Budapest,
including the metropolitan area (BP), and Baranya County
(BaC), which is located on the Hungarian-Croatian border.
Rotaviruses were identified by latex agglutination (Rotalex;
Orion Diagnostica, Espoo, Finland) both in Budapest (Labo-
ratory for Diagnostic Virology of “St. Laszlo” Central Hospital
for Infectious Diseases, Budapest; BP samples) and in BaC
(Regional Laboratory of Virology, Baranya County Institute of
State Public Health Service, Pécs; BaC samples). Rotavirus-
positive specimens were analyzed by polyacrylamide gel elec-
trophoresis (PAGE) on 10% slab gels (acrylamide/bis-acryl-
amide, 30:0.8) and silver staining (13, 29, 40). If samples were
available in sufficient volume, they were further characterized
by VP7 (G) serotyping monoclonal antibody (MAb)-based en-
zyme immunosorbent assay (MAb-EIA) using antibodies and
procedures described previously (7, 43). In general, MAbs spe-
cific to the G1, G2, G3, and G4 serotypes (19, 35, 43) were
included in the first round, and serotype G6-, G9-, and, in some
instances, serotype G5-, G8-, and G10-specific MAbs (28, 41,
48) were included for those specimens that were reactive with
the type-common VP7-binding MAb but not reactive with G1-
to G4-specific antibodies. A subset of samples that remained
untypeable by this method was subjected to G genotyping,
using G1- to G4-, G6-, and G9-specific typing primers (4, 11,
14) in reverse transcription (RT) followed by seminested mul-
tiplex PCR (11, 14, 17) or, alternatively, RT followed by single-
round multiplex PCR (RT-PCR) (11). Distinct electrophero-
types were subsequently correlated with particular G serotypes.
Representatives of strains with distinct electropherotypes, par-

ticularly those that appeared to be unusual on the basis of their
electropherotype and G type profile, were selected for sub-
grouping and VP4 (P) genotyping to investigate whether they
might represent novel reassortants. VP6 (subgrouping) was
assayed with MAb-EIA (18), but only occasionally, because of
the limited amount of sg I and sg II antibodies. VP4 genotyping
was carried out by multiplex RT-PCR using P[4]-, P[6]-, P[8]-,
and P[9]-specific primers (14).

During the study period, 4,173 rotavirus-positive stool spec-
imens were obtained, of which 2,020 samples (48.4%) were G
serotyped or genotyped at annual rates that varied from 14.8 to
80.2% (BaC specimens) and from 29.9 to 60.7% (BP samples)
due to differences in availability of sufficient amounts of sam-
ple for further testing (Table 1). Common serotypes (G1 to
G4) were found in 87 and 81% of all cases in BaC and BP,
respectively, consistent with previously described findings (23,
42). Serotype G1 rotaviruses were the most prevalent strains
(average prevalence, 62%; range, 18.6 to 100%), followed by
serotype G2 (in BaC, 14.1%; in BP, 11.8%) and serotype G4
(in BaC, 13.1%; in BP, 5.1%) rotaviruses. In certain years,
serotypes G2 and G4, respectively, emerged to become pre-
dominant (G2 in Budapest in 1997-1998, 46.1%; G4 in Baranya
County in 1999-2000, 42.7%), while serotype G3 rotaviruses
circulated at low frequency throughout the study period (BaC,
1%; BP, 1.5%). The highest prevalence of G3 strains (5.8%)
was observed in Budapest in 1995-1996. Serotype G6 rotavi-
ruses were identified at an overall prevalence of 1% (BaC,
1.3%; BP, 1%). Of interest, G6 strains were the second- and
third-most-frequent serotype in certain seasons (BP, 1998-
1999; BaC, 1997-1998). Such prevalence of human G6 rotavi-
ruses has been rarely recognized (27), although single, sporadic
cases associated with serotype G6 infection were reported
from Italy, Australia, and the United States (16, 21, 37). In

TABLE 1. Distribution of rotavirus G types in two areas of Hungary

Area, serotype,
or category

No. (%) of strains positive Total no.
(%) positive1992-1993 1993-1994 1994-1995 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000

BaCa

G1 6 (66.7) 18 (100) 4 (100) 9 (100) 52 (57.8) 46 (66.7) 32 (84.2) 17 (22.7) 184 (59.0)
G2 27 (30.0) 3 (4.3) 1 (2.6) 13 (17.3) 44 (14.1)
G3 1 (1.1) 1 (1.4) 1 (1.3) 3 (1.0)
G4 3 (33.3) 4 (4.4) 2 (5.3) 32 (42.7) 41 (13.1)
G6 3 (4.3) 1 (1.3) 4 (1.3)
G9 5 (6.7) 5 (1.6)
Mixed 9 (13.0) 3 (4.0) 12 (3.8)
Nontypeable 6 (6.7) 7 (10.1) 3 (7.9) 3 (4.0) 19 (6.1)

BPb

G1 95 (67.4) 114 (65.5) 194 (85.9) 119 (57.5) 79 (28.7) 130 (81.8) 141 (78.8) 197 (56.8) 1069 (62.6)
G2 1 (0.7) 12 (6.9) 2 (0.9) 38 (18.3) 127 (46.2) 2 (1.3) 3 (1.7) 17 (4.9) 202 (11.8)
G3 4 (2.8) 1 (0.4) 12 (5.8) 1 (0.4) 1 (0.6) 3 (1.7) 4 (1.1) 26 (1.5)
G4 30 (21.3) 38 (21.8) 12 (5.3) 1 (0.5) 2 (0.7) 2 (1.3) 1 (0.6) 2 (0.6) 88 (5.1)
G6 5 (2.4) 2 (0.7) 1 (0.6) 6 (3.3) 3 (0.8) 17 (1.0)
G9 1 (0.6) 52 (15.0) 53 (3.1)
Mixed 4 (2.8) 5 (2.9) 1 (0.4) 2 (1.0) 6 (2.2) 5 (3.1) 7 (3.9) 11 (3.2) 41 (2.4)
Nontypeable 7 (5.0) 5 (2.9) 16 (7.1) 30 (14.5) 58 (21.1) 17 (10.7) 18 (10.0) 61 (17.6) 212 (12.4)

a For BaC, the total numbers of rotavirus-positive stool samples that were G typed were as follows: for 1992-1993, 9 of 32 (28.1%); for 1993-1994, 18 of 37 (48.7%);
for 1994-1995, 4 of 27 (14.8%); for 1995- 1996, 9 of 24 (37.5%); for 1996-1997, 90 of 141 (63.8%); for 1997-1998, 69 of 86 (80.2%); for 1998-1999, 38 of 109 (34.9%);
for 1999-2000, 75 of 142 (52.8%); and for all years combined, 312 of 598 (52.2%).

b For BP, the total numbers of rotavirus-positive stool samples that were G typed were as follows: for 1992-1993, 141 of 266 (53.0%); for 1993-1994, 174 of 582
(29.9%); for 1994-1995, 226 of 481 (47.0%); for 1995-1996, 207 of 341 (60.7%); for 1996-1997, 275 of 476 (57.8%); for 1997-1998, 159 of 474 (33.5%); for 1998-1999,
179 of 351 (50.9%); for 1999-2000, 347 of 604 (57.5%); and for all years combined, 1,708 of 3,575 (47.7%).
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contrast, the emergence of G9 rotaviruses has recently been
demonstrated worldwide (1, 9, 20, 24, 36, 45). In Hungary, the
first case associated with this serotype was identified in 1998,
and in the 1999-2000 season G9 strains represented the sec-
ond- and fourth-most-prevalent serotypes in the two areas (BP,
15%; BaC, 6.7%), respectively. The emergence of G9 rotavi-
ruses in 1999-2000 raised questions on whether this new strain
had the capability of evading the immunity of older children, as
was reported recently by Cubitt et al. from the United King-
dom (8), or, as we found with G6 strains in Hungary (3), there
were age differences among cases. Thus, we studied the age
distribution of children infected with G9 strains, as well. How-
ever, we found that the ages of children infected with G9
strains was similar to the ages we determined for all rotavirus-
infected children (serotype G9 cases [mean age, 2.2 years;
range, 0.1 to 6.8 years] versus all rotavirus positive cases [mean
age, 2.3 years; range, 0.1 to 14.7 years]).

Mixed infections were found in 2.6% of all specimens. A
total of 378 samples (18.7%) were nontypeable by MAb-EIA.
Because it was not feasible to further characterize all these
untypeable strains, 155 specimens were selected for VP7 geno-
typing. Each specimen shared RNA profile identity with those
samples for which a G serotype could previously be assigned.
Of these 155 specimens, 147 (94.8%) could be serotyped as G1
(32.2%), G2 (12.9%), G3 (0.6%), G4 (10.3%), G6 (7.1%), G9
(24.5%), and mixed infections (7.1%), reducing the overall
rate of G-nontypeable samples to 11.4%. Since the remaining
223 untyped strains had ratios of the individual electrophero-
types similar to those of the 147 genotyped strains and to those
of the 1,642 MAb-EIA serotyped strains (Fig. 1), these results
strongly suggest that their G type prevalence profile would be
similar. Thus, had we been able to genotype these remaining
untypeable strains by RT-PCR, it is likely that the final per-
centage of untyped strains would have been as low as 1% based
on extrapolation from the percentage of the 155 strains that
could be genotyped by RT-PCR (94.8%). The lack of type-
specific reactivity with the MAb panel used in this study may be
due to antigenic drift of the common VP7 serotypes (25, 45) or,
in a few cases, to the circulation of novel G type specificities.
Both possibilities would need to be confirmed by molecular
analysis. Of the 11 mixed infections we identified by RT-PCR
among the MAb-EIA-nontypeable samples, only 1 specimen
had extra double-stranded RNA bands identifiable by PAGE.
The inability to identify multiple infections by PAGE for the
remaining 10 samples is consistent with the high sensitivity of
RT-PCR compared to the sensitivity of PAGE.

We then examined the results of genotyping, subgrouping,
and electropherotyping together (Table 2). From each season,
30 to 44 samples, (284 total samples, 39 from BaC and 245
from BP) were subjected to both G and P genotyping, with the
sample selection based in part on our intention of character-
izing samples representative of each different RNA pattern to
gain insight into strain diversity. This approach helped us iden-
tify unusual strains, although with this selection bias, it was not
suitable for describing the true prevalence of the VP4 geno-
type. Common genotypes included P[8],G1, P[8],G3, P[8],G4,
P[8],G9, and P[4],G2 combinations, of which P[8] strains were
usually associated with sg II specificity and the long (L) elec-
tropherotype, whereas P[4] strains were usually linked to sg I
specificity and the short (S) electropherotype. A variety of

strains with unusual linkages were identified, such as
P[6],G4 sg II L, P[8],G9 sg I L, P[9],G3 sg I L, P[4],G2 sg I
L, P[9],G6 sg I L, and P[14],G6 sg I L. Genotype P [14] was
determined by nucleic acid sequencing (4). In this list of
unusual genotype combinations, a subgroup was assigned
only for those specimens for which there was clear reactivity
with one subgroup-specific MAb and low reactivity with the
other subgroup-specific MAb (i.e., samples that met the defi-
nition of a subgroup-specific reaction). Thus, samples that re-
acted with both sg I and sg II MAbs or with neither sg I nor sg
II MAbs were specified as subgroup nontypeable until further
characterization. With the exception of the single P[14],G6
strain and eight P[8],G3 strains detected in the BP area, each
surface antigen combination was identified in both regions.

Eleven different mixed infections were identified:
P[8]�P[4],G1; P[8]�P[4],G2; P[8]�P[4],G4�G2; P[8],G1�G3;
P[8],G1�G4; P[8],G1�G9; P[8],G2�G4; P[9],G2�G6;
P[4],G1�G2; P[4],G2�G3; and P[4],G2�G4. Mixed infec-
tions are significant because they may contribute to the gen-
eration of unusual antigen combinations by means of gene
reassortment in vivo. Such novel surface antigen combinations
may allow rotaviruses to escape preexisting immunity and thus
cause infections in immunologically naive populations. It has
been postulated that the high rates of mixed infections found
in most developing countries may be responsible for the in-
creased strain diversity compared with that in developed coun-
tries, where, in general, a lower rate of mixed infections and
less strain diversity can be detected (15). Exceptions to this
observation have been recently reported; for example, 15 and

FIG. 1. A set of RNA profiles of the 147 MAb-EIA-untypeable
strains for which VP7 genotyping was successfully done (A) in com-
parison with RNA profiles of some of those remaining 223 MAb-EIA-
untypeable strains for which we did not determine the G type speci-
ficity (B). Identities can be seen among strains in lanes 1, 2, 5, and 6
(short profile), in lanes 3 and 7, and in lanes 4 and 8 (long profile). The
VP7 genotype profiles of strains in panel A were G2 (lanes 1 and 2),
G1 (lane 3), and G9 (lane 4).
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12 different P-G combinations were recovered from Great
Britain and the United States, respectively, despite the fact
that the relative frequency of mixed infections was virtually as
low as that observed in the present study (20, 21, 24). This
variability was due primarily to the identification of unusual
combinations of common VP7 and VP4 specificities rather
than to the extraordinary diversity of serotypes.

Before the 1990s, MAb-EIA was the most important tool for
collecting data on the distribution of rotavirus G serotypes.
Studies from that era demonstrated that four serotypes (G1 to
G4) were responsible for most rotavirus-associated hospital-
izations worldwide (15, 47), and other serotypes were rarely
detected, often in association with animal strains discussed in
numerous studies. In this period, data on P type distribution
was incomplete due to the lack of reliable type-specific MAbs
to P serotypes suitable for MAb-EIA assays. With the devel-
opment and use of nucleic acid-based genotyping methods
(e.g., RT-PCR genotyping and probe hybridization), however,
our knowledge about the molecular epidemiology of rotavi-
ruses has been considerably enhanced. G and P types consid-
ered previously to be unusual were found to be present and
even predominant in several countries. Most important in our
study is the fact that we identified six G types and five P types
in nine individual combinations. In addition to the globally
important strains, P[8],G1, P[4],G2, P[8],G3, and P[8],G4 that
were also shown to be common in Hungary, we found P[9],G6
strains to be endemic and P[8],G9 rotaviruses to be emerging
in the recent years, suggesting that these strains may have the
potential to become epidemiologically important in our coun-
try. Despite limitations of the current study, such as the inclu-

sion of only two areas, the high percentage of untyped speci-
mens, and the varying annual rate of specimens that were G
typed, we believe that these findings contribute to our under-
standing of rotavirus epidemiology in Hungary and have im-
plications for a future vaccination program. The first licensed
human rotavirus vaccine (RotaShield rhesus rotavirus tetrava-
lent vaccine) and the bovine reassortant vaccines currently in
clinical trials were developed to protect against the four glo-
bally distributed G type specificities (G1 to G4) and one or
more P type specificities (5, 6, 32). It remains unclear whether
these vaccines would prevent disease caused by serotypes other
than those included in the vaccine strains. Thus, after intro-
duction of these vaccines, continuous strain surveillance will be
required to monitor changes in serotype prevalence and to
detect the emergence of novel rotavirus strains that could
cause nationwide epidemics. If this happened, it would suggest
that the vaccine strains did not evoke sufficient heterotypic
protection against novel strains not present in the vaccine and
would indicate the need to incorporate these specificities in
additional reassortants to increase vaccine efficacy.
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TABLE 2. Linkage among P and G genotype, electropherotype, and subgroup specificities of 284 rotavirus strains circulated between 1992-
1993 and 1999-2000 in Hungarya

Strain type RNA
profile

No. of samples in category or
with subgroup specificityb Season(s) of detectionc

I II Non-
groupable

Not
done 1992-1993 1993-1994 1994-1995 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000

Usual strains
P[8],G1 Long 100 6 27 � � � � � � � �
P[4],G2 Short 25 17 1 � � � � � � �
P[8],G3 Long 6 2 � � � �
P[8],G4 Long 21 3 8 � � � � �

Unusual strains
P[4],G2 Long 1 1 � �
P[6],G4d Long 5 1 3 � � � �
P[9],G3 Long 2 3 � � � �
P[9],G6 Long 11 4 � � �
P[14],G6 Long 1 �
P[8],G9 Long 3 6 3 7 � �

Mixed infections
(n � 17)e

NAf NA NA NA NA � � � � � �

a Please note that due to our sample selection, data in this table do not reflect a true P type prevalence; also, there is a strong bias toward the prevalence of less
frequent G types, such as G3, G6, and G9.

b Subgroup was assigned only for those specimens where there was clear reactivity with one sg MAb and low reactivity with the other sg MAb. Those specimens that
reacted with both sg I and sg II MAbs or with neither sg I nor sg II MAb were specified as nongroupable.

c Seasons when strains with the indicated P-G combinations circulated are marked with a plus sign.
d All patients infected with P[6],G4 strains developed symptoms and were of an age (mean age, 2.0 years; range, 0.3 to 5.8 years) similar to that described for all

rotavirus infected patients in this study (mean age, 2.3 years; range, 0.1 to 14.7 years; see the text). These data contrast with early reports, in which P[6],G4 strains were
isolated from neonates without symptoms of gastroenteritis.

e P[8]�P[4],G1; P[8]�P[4],G2; P[8]�P[4],G4�G2; P[8],G1�G3; P[8],G1�G4; P[8],G1�G9; P[8],G2�G4; P[9],G2�G6; P[4],G1�G2; P[4],G2�G3; P[4],G2�G4;
all combinations were represented by one or two specimens.

f NA, not applicable.
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3. Bányai, K., J. R. Gentsch, R. I. Glass, and G. Szücs. 2003. Detection of
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24. Iturriza-Gómara, M., J. Green, D. W. G. Brown, M. Ramsay, U. Dessel-
berger, and J. J. Gray. 2000. Molecular epidemiology of human group A
rotavirus infections in the United Kingdom between 1995 and 1998. J. Clin.
Microbiol. 38:4394–4401.
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