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Group A human rotavirus G genotypes were determined by means of reverse transcription-PCR in 170 stool
specimens from children with acute diarrhea admitted to a Paris children’s hospital during a 1-year survey
(1997 to 1998). The isolates all belonged to types G1 to G4, with type G4 predominating (60%).

Group A rotavirus is the main cause of acute gastroenteritis
in children worldwide. The virus possesses a genome of 11
double-stranded RNA segments, each encoding one viral pro-
tein. The G and P serotypes of group A rotavirus are specified
by two outer capsid proteins, respectively designated VP7 (en-
coded by genome segment 7, 8, or 9, depending on the strain)
and VP4 (gene 4 product). Fourteen rotavirus G serotypes
have been described, and 10 have been recovered from humans
(4). Epidemiological studies based on G (VP7) serotyping or
genotyping methods have indicated that serotypes G1 to G4
are the most widespread, and that type G1 is the most preva-
lent (3, 6, 7, 10, 13, 24, 27). Serotypes G1 to 4 are targeted by
a rhesus rotavirus (RRV) tetravalent vaccine recently licensed
by the U.S. Food and Drug Administration (11, 15). The vac-
cine provides moderate protection (;50%) against rotavirus
gastroenteritis of all severities and good to excellent protection
(;80 to 100%) against severe disease (2, 9, 17, 20, 25, 26). The
perspective of using such a vaccine in Europe is attractive, but
a precise knowledge of circulating G serotypes is crucial before
and after vaccine introduction. Unusual G serotypes can be
common in some parts of the world, especially developing
countries, e.g., G9 in India (18) and G5 and G10 in Brazil (12,
21). Moreover, a recent study showed that G9 was the third
most prevalent type in the United States, with an unusually
high detection rate of 7.2% (19). To our knowledge, no data on
G types circulating in France are available. We therefore de-
termined the frequency and temporal distribution of human
rotavirus (HRV) G types among children admitted to a Paris
children’s hospital during a 1-year survey. Type G4 predomi-
nated during this period.

Between September 1997 and August 1998, 356 fecal sam-
ples from children under 5 years of age with acute diarrhea
admitted to Trousseau Pediatric Hospital, Paris, France, were
found positive for rotavirus infection by enzyme immunoassay
(Abbott Diagnostic, Rungis, France) or electron microscopy.
As usually reported in industrialized countries (4), a seasonal
pattern of infection was observed, with the epidemic peak
occurring in December (Fig. 1). At least 40% of each month’s
positive samples were selected for further G-type characteriza-

tion, in order to obtain a selection representative of the epi-
demic distribution. A total of 170 rotavirus-positive samples
were selected; 138 were obtained from children hospitalized
for community-acquired severe acute diarrhea (mean age, 10.6
months; range, 0.1 to 48 months), and 32 were from children
who developed hospital-acquired diarrheal illness more than 3
days after admission (mean age, 6.3 months; range, 0.3 to 52
months).

G types were identified by the reverse transcription-PCR
assay (RT-PCR) described by Gouvea et al. (8) with a few
modifications. Stool suspensions (;10% [wt/vol] in 9‰ NaCl)
were clarified by low-speed centrifugation, and viral RNA was
extracted from 200 ml of supernatant by using the QIAamp
blood kit (Qiagen, Courtaboeuf, France) according to the
manufacturer’s recommendations. Five microliters of the RNA
extract was reverse-transcribed into gene 9 (VP7) full-length
cDNA with the generic primers Beg9 and End9 (8) in a 50-ml
reaction mixture containing 20 mM EDTA, 10 mM dithiothre-
itol, a 0.5 mM concentration of each deoxynucleoside triphos-
phate, a 0.1 mM concentration of each primer, 10 U of RNase
inhibitor (Life Technologies, Cergy, France), 200 U of Super-
Script II (Life Technologies), and 13 SuperScript buffer. After
45 min of incubation at 45°C the reaction was stopped by
adding 1 ml of 0.5 M EDTA and 150 ml of water. Five micro-
liters of cDNA was amplified with a mixture of G1 to G4
type-specific sense primers aBT1, aCT2, aET3, and aDT4 (8)
and a generic antisense primer, EndA, whose sequence is con-
served among G types (nucleotides 922 to 944: 59-ATAGTAT
AAAATACTTGCCACCA-39). The 50-ml reaction mixture
consisted of 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2 mM
MgCl2, a 0.2 mM concentration of each deoxynucleoside
triphosphate, a 0.25 mM concentration of each primer, and
1.25 U of AmpliTaq DNA polymerase (Perkin-Elmer, Ville-
bon, France). Amplification was performed in a Perkin-Elmer
thermocycler (model 9700), under PCR conditions of 35 cycles
at 94°C for 30 s, 50°C for 1 min, and 72°C for 30 s. PCR
products were analyzed by electrophoresis on 1.5% agarose
gels. In this system, the sizes of the type-specific PCR products
were 630 bp (G1), 533 bp (G2), 255 bp (G3), and 464 bp (G4).
Rotaviruses of known G serotypes (strains Wa [G1], DS-1
[G2], SA11 and RRV [G3], and MtB2 [G4]) were used as
controls in each experiment. Negative controls consisted of
rotavirus-negative stool samples. By using this rapid extraction
method and a one-step PCR assay, 128 samples (75%) could
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be G typed. All but three of the negative specimens were
rescued after further RNA extraction with RNA-PLUS (Bio-
probe Systems, Montreuil, France) followed by RT-PCR either
under the same conditions or in a two-step technique. In the
latter case, gene 9 cDNA was first amplified for 25 cycles (94°C
for 30 s, 55°C for 1 min, and 72°C for 30 s) with the generic
primers EndA and BegA (nucleotides 50 to 71: 59-TGTATG
GTATTGAATATACCAC-39) complementary to conserved
sequences located respectively in the 39 and 59 regions of gene
9. The PCR product (2 ml) was then amplified with type-
specific primers as described above.

The G type was determined for 167 of the 170 rotavirus-
positive specimens (98%), all of which belonged to conven-
tional G types 1 to 4 (Table 1 and Fig. 1). Surprisingly, rota-
virus type G4 was the most prevalent during the survey (n 5
102; 60%). Type G4 was highly predominant during and after
January 1998, when it accounted for 66 of the 90 typed cases
(73%). Type G1 was detected at a lower frequency (n 5 49;
29%) and was mainly found at the beginning of the epidemic,
when it accounted for 43% of cases. Type G2 was infrequent
(n 5 11; 6.5%) and was only isolated at the beginning and end
of the epidemic. G2 strains had short electropherotypes when
analyzed by polyacrylamide gel electrophoresis (PAGE) (data

not shown). Type G3 was detected sporadically, in only three
of the specimens (1.8%). Two mixed G-type infections were
detected (1.2%), and both were dual infections with G1 plus
G4. These mixed infections occurred during the epidemic peak
in December, when the prevalence of G1 strains was similar to
that of G4 strains. The G-type distribution was not age depen-
dent and was not associated with the hospital- or community-
acquired nature of the infection (Table 1). This indicated that
nosocomial rotavirus infection was probably due to continuous
introduction of community strains, as previously observed (5,
23). Only 3 of the 170 rotavirus-positive samples could not be
typed with the G1 to G4 primers. These samples were negative
when analyzed by PAGE and were also negative when tested
with the G8 (aAT8) and G9 (aFT9) type-specific primers de-
scribed by Gouvea et al. (8). In addition, the generic primers
repeatedly failed to amplify the full-length gene 9 in any of
these samples. We considered that these strains were untype-
able (because of RT-PCR failure due to a low amount of viral
RNA or to the presence of strong inhibitors) rather than be-
longing to unconventional G types. Thus, no rotavirus strains
of types other than G1 to G4 were identified in this survey, and
their frequency could not have exceeded 1.8%.

This 1-year survey in a Paris children’s hospital provides the
first data on G types circulating in France shortly before the
proposed introduction of a rotavirus vaccine. We showed that
all the rotavirus strains analyzed belonged to the most common
types, G1 to G4, a situation encountered in the majority of
industrialized countries (3, 6, 13, 24, 27), including European
states (7, 16). We only detected three type G3 strains, in
keeping with previous reports that type G3 infection is rela-
tively uncommon in Europe (1, 7, 14, 16); alternatively, type
G3 strains may produce a less severe illness, as our survey
focused on children who were sufficiently ill to be admitted to
a hospital. One interesting finding was the high prevalence of
rotavirus type G4. Type G1 is usually the predominant strain
worldwide (4, 6), and few epidemics associated with a predom-
inant G4 strain have been recorded (1, 3, 14, 16). Whether or
not the predominance of type G4 in our survey was restricted
to the Paris area or to the 1997 to 1998 epidemic remains to be
established. Additional long-term surveys conducted as part of
a strain surveillance system will be needed to monitor the
strains circulating in France, as data from a particular site or
epidemic cannot be used as an indicator of what is happening
throughout the country. In addition, such epidemics associated
with a predominant G4 strain raise concerns over vaccine ef-
ficacy; indeed, the candidate rotavirus vaccine, RRV tetrava-
lent vaccine, was mainly evaluated in trials in which serotype
G1 (2, 9, 17, 20) or G3 (22) predominated.
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FIG. 1. Monthly distribution of rotavirus G types from September 1997 to
August 1998. The solid line indicates the total number of rotavirus-positive
samples. The G types of at least 40% of the rotavirus-positive samples obtained
each month were determined.

TABLE 1. Distribution of HRV G types during the 1997 to 1998 epidemic in Paris, France

HRV strain category No. of
strains tested

No. (%) of strains belonging to type: No. of
nontypeable

strainsG1 G2 G3 G4 Mixeda

Community acquired 138 38 (27.5) 10 (7.2) 3 (2.2) 83 (60.1) 1 (0.7) 3b

Hospital acquired 32 11 (34.4) 1 (3.1) 0 19 (59.4) 1 (3.1) 0
Total 170 49 (28.8) 11 (6.5) 3 (1.8) 102 (60) 2 (1.2) 3 (1.8)

a Mixed rotavirus infections were dual infections with G1 plus G4.
b All the nontypeable strains were negative when analyzed by PAGE and were also negative when tested with G8 and G9 type-specific primers.
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