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A binary classification system has been established for group A rotaviruses, with the viral capsid protein VP7
defining G types and VP4 defining P types. At least 15 G types and 21 P types have been isolated globally with
various G and P combinations. Most of the currently circulating human rotaviruses belong to G1P[8], G2P[4],
G3P[8], and G4P[8]. We report a human rotavirus strain (B1711) with a novel genotypic VP7/VP4 combination
of G6P[6]. This unique rotavirus was isolated from a 13-month-old human immunodeficiency virus (HIV)-
negative child of an HIV-seropositive Malian mother that was hospitalized with severe diarrhea in Belgium
after returning from a trip to Mali. The VP7 and VP4 genes of the rotavirus strain were sequenced, and
phylogenetic trees were constructed. Nucleotide and amino acid sequence comparisons with 15 known G
genotypes indicated that the VP7 sequence of strain B1711 was most closely related to an American (Se584) and
an Italian (PA151) human G6 strain (95 to 96% nucleotide and 98% amino acid identity). Comparison of the
VP4 sequence with 21 P types showed the closest similarity to P[6] genotypes, with greatest similarity to a
G8P[6] Malawi strain (mwl131) (97% nucleotide and 98% amino acid identity). The B1711 strain is the first
reported rotavirus isolate with a G6P[6] genotypic combination. The discovery and surveillance of novel
human and nonhuman rotavirus G or P types or of novel G/P combinations is essential for the design of future

rotavirus vaccines and for our understanding of rotavirus diversity and evolution.

Group A rotaviruses are the single most important etiolog-
ical agent associated with gastroenteritis in infants and young
children (2, 40). Rotavirus-associated diarrhea leads to more
than 125 million cases of infantile gastroenteritis and 870,000
deaths each year, primarily in less developed countries (54). In
the United States it also results in $274 million in medical care
costs and a total of $1 billion in societal costs (including indi-
rect cost of lost parental work time) per year (47). Rotaviruses
contain 11 segments of double-stranded RNA within a core
shell and are members of the Reoviridae family. Each segment
encodes a single viral polypeptide, for a total of five nonstruc-
tural and six structural proteins (17). The two outer capsid
proteins VP7 and VP4, which independently elicit neutralizing
antibodies, are the basis of a binary classification system for
rotaviruses: G types (derived from the VP7 glycoprotein) and
P types (derived from the protease sensitive VP4 protein).
Thus far, 15 different G genotypes and 21 different P genotypes
have been reported (2, 26, 31, 48). Because VP4 and VP7 are
encoded by different RNA segments, various combinations of
G and P types can be observed (40). Most G genotypes were
serologically confirmed as serotypes (25). Due to the lack of
appropriate antibody reagents, a dual P-typing system (P se-
rotype and P genotype) has been used (18). Strains sharing
more than 89% sequence identity at the amino acid level are
considered to belong to the same P genotype (17, 27). In the
dual typing system, the P serotype is represented by a number
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immediately after the letter P, and the genotype is denoted by
a number in square brackets (17). Thus, a rotavirus strain
having P serotype 1A and P genotype 8 is abbreviated as
P1A[8]. Nowadays there is a growing trend for naming a rota-
virus strain only by genotypes (like G1P[8]) because no sero-
type has been designated for some of the more recently dis-
covered P genotypes. Whereas only 11 P serotypes have been
characterized, to date, at least 21 P genotypes have been dis-
covered (37, 44, 48, 50).

The four major human G types are G1, G2, G3, and G4, and
the less common types are G5, G8, G9, and G12 (7, 29, 30, 36,
49). G6 and G10 rotaviruses are the two major types isolated
from cattle but have been infrequently encountered in humans.
Until now, no rotavirus strains of G7 (chicken and cattle), G11
(pigs), G13 and G14 (horses), and G15 (cattle) have been
isolated from humans (9, 10, 48). Only a few epidemiological
studies have studied the occurrence of P types. In humans, P[8§]
is the most common genotype detected worldwide, followed by
P[4] and P[6] (20, 40).

Few G6 rotaviruses have been found in human patients. The
first characterized human G6 rotavirus strains, PA151 (G6P[9])
and PA169 (G6P[14]), were isolated in 1987 to 1988 from two
Italian children hospitalized with severe gastroenteritis (23).
Another G6 human rotavirus strain, MG6 (G6P[14]), was iso-
lated in 1993 from a 16-month-old Australian child admitted to
the hospital with acute gastroenteritis (46). During 1996 to
1997, two GO6P[14] rotavirus strains (MG6.01 and AG6.01)
were isolated again in Australia (14). A nucleotide sequence of
a GO6P[9] human rotavirus strain from the United States
(Se584) was recently reported (30).

Go6 types are frequently isolated from cattle (12, 24, 41, 51,
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55). In a study of Japanese cows, 59.1% of the isolates were G6
(45). Bovine G6 strains were reported in many countries to be
combined with P[5], P[2], and P[11] (12, 13, 19). One study on
diarrheic piglets from an outbreak in Italy in 1983 and 1984
reported that all strains isolated were G6P[5], a typical bovine
G/P combination, and pointed out the high frequency of viral
transmission between pigs and cattle (39).

The prevalence of rotaviruses with a P[6] genotype in Eu-
ropean countries like Spain (11), the United Kingdom (34),
Ireland (43), and France (8) was 1 to 5% during the years 1996
to 1999. In Brazil, 12% of the isolates from children were P[6]
in a study during 1997 to 1998 (4). In India (24%) and Bang-
ladesh (24%) a high prevalence of P[6] was found (32, 35, 54).
The P[6] genotype was frequently detected in humans in
African countries like Nigeria (66.7% during 1999 to 2000),
Guinea-Bissau (37.7% during 1996 to 1998), Ghana (25.6%
in 1998), and Malawi (32.6% during 1997 to 1999) (1, 5, 6, 15,
16, 21). In South Africa it was the second most (8%) frequently
isolated P type (52). All these P[6] types were found to be in a
combination with G9, G1, G2, G3, and G8.

We have isolated a unique rotavirus strain from a 13-month-
old child who was admitted to the university hospital in Leu-
ven, Belgium, with severe gastroenteritis. The VP7- and VP4-
encoding genes were sequenced and characterized as GO6P[6].
To our knowledge this is the first reported case of a group A
rotavirus infection with this novel G6P[6] combination.

MATERIALS AND METHODS

Rotavirus antigen detection. Rotavirus antigens were detected in the stool
specimen using the Premier Rotaclone solid-phase sandwich-type enzyme im-
munoassay (Meridian Bioscience, Cincinnati, Ohio). An aliquot of a fecal sus-
pension was added to a plastic microtiter well coated with a monoclonal antibody
directed against the rotavirus group-specific antigen VP6 protein. The solution
was simultaneously incubated with an antirotavirus monoclonal antibody conju-
gated to horseradish peroxidase, resulting in the rotavirus antigen being sand-
wiched between the solid-phase and the enzyme-linked antibodies. After 60 min
of incubation at room temperature, the sample well was washed to remove
unbound enzyme-labeled antibodies. Urea peroxide and tetramethylbenzidine
were added as substrates and incubated for 10 min at room temperature. The
enzymatic reaction that converts the colorless substrate to a blue color was
stopped with 1 N H,SO,, and the absorbance was determined spectrophoto-
metrically. Specimens with absorbances (A44s,) greater than 0.150 were consid-
ered positive.

RNA extraction. Viral RNA was extracted from 140 wl of the feces sample
using the QIAamp viral RNA minikit (Qiagen/Westburg, Leusden, The Neth-
erlands) according to the manufacturer’s instructions.

RT-PCR. The extracted RNA was denatured on 97°C for 5 min. G and P
genotyping was performed as previously described by Gouvea et al. (28) and
Gentsch et al. (22), respectively. Reverse transcriptase PCR (RT-PCR) was
carried out using the Qiagen OneStep RT-PCR kit (Qiagen/Westburg). For G
typing, we amplified a 1,062-bp fragment of the VP7 gene with the forward
primer Beg9 (5'-GGCTTTAAAAGAGAGAATTTCCGTCTGG-3'; prototype
strain Wa, GenBank accession number M21843, nucleotides [nt] 1 to 28) and the
reverse primer End9 (5'-GGTCACATCATACAATTCTAATCTAAG-3'; pro-
totype strain SA11, accession number K02028, nt 1062 to 1036). For P typing,
Con3 (5'-TGGCTTCGCCATTTTATAGACA-3’; prototype strain KU, acces-
sion number M21014, nt 11 to 32,) and Con2 (5'-ATTTCGGACCATTTATAA
CC-3'; prototype strain KU, nt 887 to 868) primers were used to amplify an
876-bp fragment of the entire VP8* fragment and the first 40 amino acids of the
VP5* fragment of the rotavirus VP4 gene. The reaction was carried out with an
initial reverse transcription step at 45°C for 30 min, followed by PCR activation
at 95°C for 15 min, 35 cycles of amplification (30 s at 94°C, 45 s at 53°C, 1 min
at 72°C), and a final extension of 7 min at 72°C in a GeneAmp PCR system 9700
thermal cycler (Perkin-Elmer, Foster City, Calif.). PCR products were run on a
polyacrylamide gel, stained with ethidium bromide, and visualized under UV
light.
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TABLE 1. Nucleotide and amino acid sequence similarities of
strain B1711 with VP7 sequences with different
G genotype specificities

Similarity (%)

G type Strain Origin
Nucleotide Amino acid
Gl1 Wa Human 75 82
G2 HUS5 Human 74 76
G3 SAll Simian 76 85
G4 ST3 Human 75 79
G5 OSuU Porcine 77 82
G6 NCDV Bovine 82 90
G6 PA151 Human 95 98
G6 Se548 Human 96 98
G7 Ch2 Chicken 64 61
G8 B37 Human 74 82
GY WI61 Human 77 83
G10 B223 Bovine 75 82
Gl11 YM Porcine 77 83
G12 L26 Human 78 79
G13 L1338 Equine 74 79
G14 F123 Equine 74 80
G15 Hgl8 Bovine 75 82

A multiplex PCR was also performed for different rotavirus non-G6 types (G1,
G2, G3, G4, G8, and G9) (28). Type-specific forward primers derived from
distinct regions of the VP7 gene for G1 (aBT1; 5'-CAAGTACTCAAATCAAT
GATGG-3'; prototype strain Wa, nt 314 to 335), G2 (aCT2; 5'-CAATGATAT
TAACACATTTTCTGTG-3'; prototype strain DS1, accession number M37348,
nt 411 to 435), G3 (aET3; 5'-CGTTTGAAGAAGTTGCAACAG-3'; prototype
strain P, accession number M37355, nt 689 to 709), G4 (aDT4; 5'-CGTTTCTG
GTGAGGAGTTG-3'; prototype strain ST3, accession number M37364, nt 480
to0 498), G8 (aATS8; 5'-GTCACACCATTTGTAAATTCG-3'; prototype strain 69
M, nt 178 to 198) (29), and G9 (aFT9; 5'-CTAGATGTAACTACAACTAC-3';
prototype strain WI61, nt 757 to 776) (29) were combined with a reverse primer
RVGI (5'-GGTCACATCATACAATTCT-3'; prototype strain SA11, nt 1062 to
1044). This primer mix allows the amplification of fragments with a G-type-
specific segment size on polyacrylamide gel electrophoresis. The reaction was
carried out with an initial reverse transcription step at 45°C for 30 min, followed
by PCR activation at 95°C for 15 min, 35 cycles of amplification (30 s at 94°C, 45 s
at 50°C, 1 min at 72°C), and a final extension of 7 min at 72°.

Nucleotide sequencing. The PCR amplicons were purified with the QIAquick
PCR purification kit (Qiagen/Westburg) and sequenced in both directions using
the dideoxy nucleotide chain termination method with the ABI PRISM BigDye
terminator cycle sequencing reaction kit (Perkin-Elmer Applied Biosystems,
Foster City, Calif.) on an automated sequencer (ABI PRISM 3100) at the Rega
Institute core sequencing facility. The Beg9 and End9 RT-PCR primers (for the
VP7 gene) and the Con2 and Con3 primers (for the VP4 gene) were also used
as sequencing primers.

DNA and protein sequence analysis. The chromatogram sequencing files were
inspected using Chromas 2.2 (Technelysium, Helensvale, Queensland, Austra-
lia), and contigs were prepared using SeqMan II (DNASTAR, Madison, Wis.).
Nucleotide and protein sequence similarity searches were performed using the
National Center for Biotechnology Information (National Institutes of Health,
Bethesda, Md.) BLAST (Basic Local Alignment Search Tool) server on Gen-
Bank database release 130.0 (3). Pairwise sequence alignments were performed
using Lipman and Pearson’s ALIGN program on the Southampton Biolnfor-
matics Data Server, and multiple sequence alignments were calculated using
CLUSTALW (53) on the DDBJ (DNA Data Bank of Japan) server. Sequences
were manually edited in the GeneDoc (version 2.6.002) alignment editor (42).

Phylogenetic analysis. Phylogenetic and molecular evolutionary analyses were
conducted using the MEGA version 2.1 software package (38), based on the
different G6 and P[6] rotavirus sequences available in GenBank version 130.0.
Genetic distances were calculated using the Kimura-2 parameter. The dendro-
grams were constructed using the neighbor-joining method.

Nucleotide sequence accession numbers. The nucleotide sequence data re-
ported in this paper were deposited in GenBank using the National Center for
Biotechnology Information BankIt v3.0 submission tool (http://www3.ncbi.nlm
.nih.gov/BankIt/) under accession numbers AF532202 (for the VP7 gene) and
AF532203 (for the VP4 fragment).
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FIG. 1. Neighbor-joining phylogenetic tree based on nucleotide sequences of the VP7-encoding genes for B1711 and other established rotavirus
G types. The VP7 sequences were obtained from published reports and the GenBank database. The strains sequenced (and their GenBank
accession numbers) are as follows: Wa (KO2033), HU5 (A01028), SA11 (K02028), ST3 (X13603), OSU (X04613), NCDV (M12394), PA151
(L20881), Se584 (AJ311740), CH2 (X56784), B37 (J04334), B223 (X57852), YM (M23194), L26 (M58290), L333 (D13549), FI23 (M61876), Hg18
(AF237666). The VP7 sequence of WI61 was obtained from Green et al. (29). Abbreviations: BO, bovine; HU, human; PO, porcine; EQ, equine;

CH, chicken.

RESULTS AND DISCUSSION

Case history and rotavirus antigen detection. Immediately
upon returning from a 1-month vacation to Mali in February
2002, a 13-month-old human immunodeficiency virus-negative
child from a human immunodeficiency virus-seropositive Ma-
lian mother developed gastroenteritis with nausea, vomiting,
and severe diarrhea. After 6 days of passing watery stools,
progressive dehydration necessitated hospitalization for intra-
venous rehydration therapy. A stool specimen (B1711) was
found positive for rotavirus using a commercial rotavirus an-
tigen enzyme immunoassay (Premier Rotaclone). The further

recovery of the child was uneventful, and she was able to leave
the hospital after 3 days.

Multiplex rotavirus RT-PCR. Our routine multiplex RT-
PCR strategy (28) that allows detection and discrimination of
rotavirus G1, G2, G3, G4, G8, and G9Y, failed to yield a type-
specific rotavirus band with the B1711 sample. Since the gen-
eral VP7 primers Beg9-End9 amplified a 1,062-bp rotavirus-
specific band, this pointed to the presence of a non-G1/G2/G3/
G4/G8/GY rotavirus.

VP7 sequence analysis and determination of G type. The
partial nucleotide (1,007 bp) and deduced amino acid se-
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FIG. 2. Phylogenetic tree based on nucleotide sequence of the VP7-encoding gene for B1711 and other G6 rotaviruses in GenBank. The VP7
sequences (and their GenBank accession numbers) are as follows: KN-4 (D12710), VMRI29 (U50332), MC27 (AF162435), C8338 (U14997),
AG6.01 (AF207063), ASG6.02 (AF421183), MG6 (U22011), MG6.01 (AF207062), PA169 (L20880), BRV003 (U62154), B60 (M64680), IND
(U15000), UK (M22306), WC3 (AY050272), NCDV (M12394), RF (X65940), MW333 (AJ278257). The number adjacent to the nodes represent
the percentage of bootstrap support (of 1,000 replicates) for the clusters to the right of the node. Bootstrap values lower than 75% are not shown.

Abbreviations: BO, bovine; HU, human.

quences of the VP7-encoding gene of the B1711 strain were
determined (GenBank accession number AF532202), and
compared with VP7 sequences of prototype strains belonging
to Gl to G15 (Table 1 and Fig. 1). Sequence comparison
indicated that the VP7 sequence of strain B1711 was most
closely related to the VP7 of the G6 prototype strains, such as
the American human G6 strain Se584 (96% identity at the
nucleotide sequence level and 98% identity at the amino
acid sequence level), the Italian human G6 strain PA151
(95% nucleotide and 98% amino acid similarity) and the
bovine G6 NCDV strain (82% nucleotide and 90% amino
acid similarity). Rotavirus strains representing other G types
exhibited much less nucleotide and amino acid similarity

(64 to 78% nt and 61 to 85% amino acid similarity) with our
B1711 strain.

A more detailed phylogenetic analysis (Fig. 2) that included
all known G6 VP7 sequences that were available in the Gen-
Bank database (release 130.0) confirmed that our B1711 strain
clustered with the American human G6P[9] Se584 strain and
the Italian human G6P[9] PA151 strain in a cluster of human
G6 strains (cluster G6-I) that is related to a bovine cluster
(cluster G6-11) of G6P[11] strains. Since the G6 sequence of
the B1711 strain is located in a human cluster of the G6
phylogenetic tree, it is likely that the infection was the result of
human-to-human transmission, rather than a recent bovine-to-
human interspecies transmission event.
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FIG. 3. Neighbor-joining phylogenetic tree based on the nucleotide sequences of the VP8* fragments of the VP4 genes for B1711 and other
established rotavirus P types. The VP4 sequences (and their GenBank accession numbers) are as follows: AS (D13395), SA11 (X14204), HCR3
(L19712), RV5 (M32559), UK (M22306), mw131 (AJ427322), Se585 (AJ311737), ST3 (L33895), Gottfried (M33516), OSU (X13190), Wa
(L34161), AU1 (D10970), 69 M (M60600), KK-3 (D14367), H2 (L04638), MDR13 (L07886), Mc35 (D14032), Lp14 (L11599), Eb (L18992), 993/83
(D16352), L338 (D13399), 4F (L10359), EHP (U08424), Hgl8 (AF237665). Abbreviations: BO, bovine; HU, human; PO, porcine; EQ, equine;

CH, chicken; SI, simian; OV, ovine; MU, murine.

Since G6 rotaviruses are the most prevalent genotype in
cattle worldwide and are only rarely encountered in humans, it
is likely that the G6 genotype is originally of bovine origin.
Genetic analysis of the human PA151 isolate showed that at
least 7 of the 11 RNA segments were of bovine origin (33).
Other characterized G6 strains cluster in a separate human
cluster G6-11I (including G6P[14] PA169) and a bovine cluster
G6-1V (including G6P[1] NCDV). It seems likely that there

were two major natural bovine-human transmission events that
led to the perpetuation of G6 strains in human populations.
Since bovine and human G6 strains did not occur interspersed
in the same cluster, this also suggested that interspecies trans-
mission between bovines and humans is relatively uncommon.
Since the isolates from the same cluster were found in different
geographical regions on different continents (e.g., B1711 in
Belgium-ex-Mali, Se584 in the United States, PA151 in Italy),
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FIG. 4. Phylogenetic tree based on nucleotide sequences of VP8* fragments of VP4 genes for 1711 and other human P[6] rotaviruses. The VP4
sequences (and their GenBank accession numbers) are as follows: AC3/6 (U32619), Sc143 (AJ293721), US1205 (AF079356), mw23 (AJ278253),
mwo63 (AJ427320), Neo25 (AJ407319), Neo7 (AJ427318), GR630/86 (AF161825), GR1107/86 (AF161830), NB187/86 (AF161827), NB123/86
(AF161828), S12/85 (AF076925), RV3 (U16299), MtB2 (L25267), HN221 (L20878), M37 (L20877), HN336 (20879), 429np (U32166), TES6
(AF183869), CH619 (AF183867), CH83 (AF183864), CH96 (AF183865). The numbers adjacent to the nodes represent the percentage of
bootstrap support (of 1,000 replicates) for the clusters to the right of the node. Bootstrap values lower than 75% were not shown. Abbreviations:

BE, Belgium; IN, India; US, United States; MW, Malawi; SA, Republic of South Africa; UK, United Kingdom; AU, Australia; VE, Venezuela;
BA, Bangladesh; TW, Taiwan.

it is likely that the two bovine-human transmission events are VP4 sequence analysis and determination of P type. The
not of recent origin. Further molecular evolutionary studies partial VP4-encoding gene sequence (835 bp; accession num-
might yield insights in the phylogenetic dating of these trans- ber AF532203) of strain B1711 was compared with other
mission events. established P genotypes (Table 2 and Fig. 3). Strain B1711
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TABLE 2. Nucleotide and amino acid sequence similarity of strain
B1711 with VP4 sequences with different P genotype specificities

Similarity (%)

P type Strain Origin
Nucleotide Amino acid

P[1] A5 Bovine 65 62
P[2] SAll Simian 64 59
P[3] HCR3 Human 65 61
P[4] RV5 Human 70 68
P[5] UK Bovine 63 58
P[6] mwl31 Human 97 98
P[6] Ses585 Human 96 98
P[6] Gottfried Porcine 80 81
P[7] OSU Porcine 65 58
P[8] Wa Human 72 70
P[9] AUl Human 63 70
P[10] 6OM Human 66 70
P[11] KK-3 Bovine 60 55
P[12] H2 Equine 66 61
P[13] MDRI13 Porcine 63 55
P[14] Mc35 Human 62 54
P[15] LP14 Ovine 66 61
P[16] Eb Murine 60 52
P[17] 993/83 Bovine 58 42
P[18] L338 Equine 68 61
P[19] 4F Porcine 71 72
P[20] EHP Murine 64 59
P[21] Hgl8 Bovine 65 61

showed the highest similarity to rotavirus P[6] types, with the
greatest identity to Malawi strain mw131 (97% nucleotide and
98% amino acid identity). Non-P[6] rotavirus strains showed
only 58 to 72% nucleotide similarity or 42 to 72% amino acid
similarity with the B1711 strain in the VP4 region.

In a phylogenetic analysis of all known P[6] VP4 sequences
that were available in the GenBank database (release 130.0)
(Fig. 4), all human P[6] sequences clustered together and were
only distantly related to the porcine Gottfried P[6]G4 strain.

Origin of the G6P[6] rotavirus strain. The most-related
VP7 sequences of the Belgian-ex-Mali G6P[6] B1711 strain are
two G6P[9] strains from Italy and the United States (Fig. 2),
and the most-related VP4 sequences are four Malawi G8P[6]
strains (Fig. 4). G6P[6] rotaviruses might therefore be the
result of a natural reassortment event between a G6P[9] strain
with a G8P[6] strain, although reassortment between other G6-
and P[6]-bearing rotaviruses cannot be ruled out.

Our patient had traveled to Mali in West Africa, and devel-
oped the rotavirus diarrhea immediately upon returning to
Belgium. Rotavirus P[6] strains are currently a common P
genotype in humans in African countries such as Guinea-Bis-
sau, Nigeria, Ghana, Malawi, and South Africa but are uncom-
mon in European countries such as France (1.3% during 1997
to 1998) (1, 6, 8, 16, 21, 52). These findings support the hy-
pothesis that an African P[6] strain may be the donor of the
VP4 gene of our strain.

Domestic animals and humans live closely together in many
African rural regions and often share the same source of water,
increasing the chance of animal-human transmission and
mixed rotavirus infections. Bovine rotavirus G6 strains are the
predominant genotype in African cattle and may have been the
presumed donor of the VP7 gene in the G6P[6] strain that our
patient carried to Belgium. It is most likely that, although
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isolated in Belgium, the B1711 isolate is a bona fide African
rotavirus strain.

A study undertaken in Guinea-Bissau between 1996 and
1998, reported that 30% of the P[6] strains could not be G
genotyped by the multiplex RT-PCR with primers that would
have amplified G1, G2, G3, G4, G8, and G9 genotypes (21). It
is possible that G6 rotaviruses constituted a major portion of
these P[6] strains. Therefore, G6P[6] might already be preva-
lent in West Africa. It would be of interest to further charac-
terize these nontypeable human West African strains.

The B1711 isolate is to our knowledge the first G6P[6] ro-
tavirus described. Continued surveillance of rotavirus strains in
both developed and developing countries, and in both humans
and animals, will provide novel insights into the interspecies
transmission processes of rotaviruses. Such molecular epide-
miological studies will also be necessary in the planning, intro-
duction, and postmarketing surveillance of rotavirus vaccines.
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