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A total of 215 nontypeable rotavirus samples collected from children <5 years of age by members of the
African Rotavirus Network were characterized using reverse-transcription polymerase chain reaction analysis
and sequencing. The most predominant strain identified was P[8]G1 (46.9%). Genotypes P[8]G10, P[8]GS8,
P[6]G8, and P[7]G5 were also detected at frequencies varying from 0.5% to 2.3%. This study suggests that
reassortment of unusual G types into a background of globally common genotype P[8] strains may be a major
mechanism of generating rotavirus diversity. Nucleotide substitutions at the P[8], P[6], and G1 primer binding
sites accounted for the failure to type these strains initially. Hence, these findings highlight the need for regular

evaluation of rotavirus genotyping methods.

Group A rotaviruses are the most important etiological
agents of severe diarrhea in infants and young children
worldwide. Globally, ~600,000 children die every year
from rotavirus infection, and most deaths are in de-
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veloping countries [1]. Knowledge of strain distribution
has become of increased importance because new ro-
tavirus vaccines have just been licensed, and it will be
critical to assess how effective these are against the di-
versity of strains in circulation.

Rotavirus is classified as a genus within the Reoviridae
family and contains a genome of 11 segments of dou-
ble-stranded RNA that encode 6 structural (VP1-VP4
and VP6-VP7) and 6 nonstructural (NSP1-NSP6) pro-
teins [2]. The 2 outer capsid proteins, VP4 and VP7,
define serotypes P (protease-sensitive protein VP4), en-
coded by gene segment 4, and G (glycoprotein VP7),
encoded by gene segment 7, 8, or 9, depending on the
strain. Both proteins elicit neutralizing antibody re-
sponses and form the basis for classifying group A ro-
tavirus into P and G serotypes and genotypes [2].

To conduct rotavirus strain surveillance for the com-
mon serotypes in circulation, both serologic and mo-

lecular methods have been used. These include im-
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munoassays using monoclonal or polyclonal antibodies [3-5]
and multiplex reverse-transcription (RT) polymerase chain re-
action (PCR)-based assays supported by nucleotide sequencing
[6-8].

With a combination of these methods, a total of 11 G and
12 P genotypes have been recovered from humans [9]. Sero-
types G1-G4 and G9 are frequently associated with diarrhea
in children and, except for serotype G9, they have become
prime targets for vaccine development [10]. Rotavirus serotypes
P1A[8], P2A[6], and P1B[4] are the globally most common P
types that infect humans and P1A[8] is found in licensed vac-
cines. Genotype P[8] is almost always associated with VP7 types
G1, G3, G4, and G9, and genotype P[4] is usually associated
with G2 [10]. Although the ability of rotavirus genes to seg-
regate independently could in theory lead to numerous com-
binations of known G and P serotypes, only 5 strains—
P1A[8]G1; P1A[8]G3; P1A[8]G4; P1A[8]GY and P1B[4]G2—
are thought to be globally common. However, other uncom-
mon G and P types (eg, G5, G6, G8, G10, G12, P[9], P[11],
and P[14]) have been reported in a variety of locations world-
wide [10-12]. Some of these, such as P[6]G8 in Malawi [13],
P[8]G5 in Brazil [14], and P[11]G10 in India [15], are im-
portant causes of diarrhea in countries where they are found.
The impact of these unusual types on rotavirus vaccine devel-
opment is yet to be determined, but such strains may represent
an important route for introduction of new P or G genes into
a naive human population via reassortment events [9, 10, 16].

Although monoclonal antibody (MAb) enzyme immuno-
assay (EIA) serotyping and RT-PCR genotyping assays have
been invaluable in defining the importance of individual ro-
tavirus G and P types, recent challenges to the effectiveness of
these typing assays have been identified. For example, with
MADb-EIA serotyping, ~20%—30% or even more of samples
cannot be typed owing to low antigen levels or antigenic var-
iation in MAb binding sites, and some strains cross-react with
>1 serotype-specific MADb [5, 17, 18]. MADb-EIA methods for
P serotyping have been developed but are cross-reactive and
not routinely available [19, 20]. On the other hand, genotype-
specific PCR primers have increasingly failed to amplify the
VP7 and VP4 genes of globally common strains, including those
of the most common strain, P[8]G1 [21-24]. Furthermore,
numerous studies have detected novel human rotavirus G and
P types that are not typeable because genotype-specific primers
are absent from the multiplex primer mixtures [16, 25-28].
Finally, RT-PCR assays infrequently misclassify strains because
of cross-priming of one genotype-specific primer on the nucleic
acid molecule of another genotype. This phenomenon has been
documented in studies from Hungary [22, 23] and Malawi [23].
To try to overcome these issues, new sets of primers or indi-
vidual primers within a primer set have been designed by re-

search groups involved in rotavirus strain surveillance [6, 22—
24, 29]

Two new vaccines from Merck (RotaTeq) and Glaxo-
SmithKline (Rotarix) have at present been licensed in >40 and
>90 countries respectively, and are being introduced into rou-
tine immunization programs in the United States, Europe, Latin
America, and several other countries [30]. RotaTeq is a live,
oral, pentavalent human-bovine reassortant rotavirus vaccine
that contains a mixture of monoreassortments carrying the VP7
genes of human G1, G2, G3, and G4 and VP4 gene of human
P[8] rotaviruses in the background of the genome of bovine
WC3 rotavirus. The reassortants are expected to stimulate se-
rotype-specific protection to these common rotavirus serotypes.
In contrast, Rotarix vaccine is a monovalent, live attenuated
human strain of the most common serotype, P1A[8]G1 and
has been shown to elicit both homotypic and heterotypic im-
mune responses and to cross-protect against different serotypes
[31]. For countries anticipating the introduction of one or both
of these new vaccines into routine immunization programs, it
is vital to establish surveillance to assess their impact on se-
rotype prevalence, monitor for the possible emergence of se-
rotypes that escape vaccine induced immunity, and investigate
the potential of both vaccines to undergo transmission in pop-
ulation or produce reassortants that cause rotavirus
gastroenteritis.

The objectives of the present study were to provide a more
complete picture of rotavirus strain distribution and epide-
miology for Africa in anticipation of rotavirus vaccine intro-
duction, by determining the G and P genotypes of previously
nontypeable strains, and also to investigate why many of these
strains from a study published elsewhere [32] were nontypeable
with primer routinely used in the laboratory [8].

MATERIALS AND METHODS

Rotavirus-positive specimens. As described elsewhere [32],
>3000 rotavirus-positive samples, collected from children <5
years of age in several African countries from 1996-2000, were
analyzed in 3 African rotavirus workshops, organized between
1998 and 2000. Almost 75% of the strains were typed by VP7
MADb-EIA methods [5, 20, 33] or RT-PCR [8], but only half
of the strains were subjected to VP4 genotyping by RT-PCR
[7, 34]. For this present study, a subset of strains (n = 90) that
could not be assigned both G and P genotypes were selected
for further analysis. The analysis included an additional set of
strains (n = 125), collected from 2002 to 2004, which also
could not be assigned any G and P genotypes using the same
approach just described (Table 1).

Genotyping of rotavirus strains. Rotavirus RNA was ex-
tracted from 10% (wt/vol) stool suspensions in phosphate-
buffered saline using a NucliSens automated extractor
(bioMérieux), according to the protocol specified by the man-
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Table 1. Sample Origin and Year of Collection

No. of samples, by year

Country 1996-1998 1999 2000 2002 2004 Total
Nigeria NA 10 5 8 NA 23
Cote d'lvoire NA NA 9 19 7 35
Cameroon 5 NA 30 NA NA 35
Zimbabwe NA NA NA 2 NA 2
Burkina Faso NA 3 NA NA NA

Sudan NA NA NA NA 1 1

Ethiopia NA NA NA NA 8 8
Botswana NA NA NA 13 3 16
Ghana NA NA NA 1 NA 1

Tunisia NA 2 8 15 10 35
Kenya 8 10 NA 18 20 56
Total 13 25 52 76 49 215

NOTE. NA, no sample available.

ufacturer. RT-PCR was used to analyze G and P genotypes on
the basis of previously determined conditions [6-8]. For G
genotyping, a new set of primers were used for nested multiplex
PCR; they included plus-sense primer 9conl-L (modified from
9conl) and type-specific primers (9T1-1, 9T1-2, 9T-3P, 9T-4,
and 9T-9B) specific for G1-G4 and G9 [6]. In addition, minus-
sense primer 9T1-Dg specific for G1 was also added to the G
primer pool. For P genotyping, generic primers con3/con2 [7]
were used to produce 876-bp fragments of VP8* of the VP4
gene. The 1T-1 to 5T-1 type-specific primers [7] were used
against the con3 primer in all nested multiplex PCR analyses.
Two additional minus-sense P[8]-specific primers (Jrg237, nu-
cleotides 339-356, 5 CGT GCA ATT GGG TCA TCT 3' [35];
1T1-V, nucleotides 339-356, 5 CGT GCA GCT AGG TCA TCT
3'), based on the sequence of genetically distinct P[8] strains,
were included in the pool of P genotyping primers (unpub-
lished data).

Strains that could not be genotyped by these modified meth-
ods were identified by nucleotide sequencing. For sequence
analysis, a 896-bp length of the VP7 gene and a 876-bp fragment
of the VP8* region of VP4 gene of nontypeable samples, were
generated with the same consensus primers used for seminested
genotyping RT-PCR [6, 7], using a one-step RT-PCR kit (Qia-
gen) according to the manufacturer’s instructions. After de-
naturation of the double-stranded RNA, as described elsewhere
[36], RT was carried out for 30 min at 50°C, followed by 15
min at 95°C to inactivate the reverse transcriptase and activate
the DNA polymerase.

The complementary DNA was then subjected to 30 cycles
of PCR at the following conditions: 30 s at 94°C, 30 s at 50°C,
and 45 s at 72°C, followed by a 7-min extension at 72°C and
a 4°C cooling step. Amplicons were run in a 1% agarose gel,
and the desired band was cut out and purified with the QIA-
quick Gel Extraction Kit (Qiagen), according to the manufac-

turer’s protocol. Cycle sequencing of each amplicon was then
conducted with same consensus primers described above, using
the BigDye Terminator cycle sequencing kit (Applied Biosys-
tems). Cycle sequencing products were purified using Centri-
Sep spin columns (Princeton Separations), dried in a DNA
SpeedVac (Savant Instruments), and reconstituted in 15 uL of
Hi-Di formamide.

Automated separation and base calling of cycle sequencing
products was performed using an ABI 3130 sequencer (Applied
Biosystems). Sequences were aligned with the Sequencher pro-
gram (version 4.8; Gene Codes) and subsequently compared
with other sequences by using the University of Wisconsin
Genetics Computer Group suite of sequencing software (ver-
sion 11.1) [37]. All mixed infections identified during geno-
typing PCR were confirmed by employing VP4- and VP7-spe-
cific probes and methods described elsewhere [38]. An
additional G1-specific probe (G1-P3, nucleotides 152-175; 5'-
ATA GAT CTT TGT TGA TTT ATG TAG-3') based on the
sequence of a variant G1 strain A91A from GenBank (accession
no. M93006), was used for confirmation.

Nucleotide sequence accession numbers. The nucleotide
sequences of the VP7 genes of 17 rotavirus isolates have been
submitted to the GenBank database and assigned accession
numbers for the G10 isolates (6717/2002/ARN, EF218662;
6721/2000/ARN, EF218663; 6730/1999/ARN, EF218664; 6748/
2002/ARN, EF218665; 6755/2002/ARN, EF218666); G5 isolates
(6784/2000/ARN, EF218667); and G8 isolates (6780/2000/ARN,
EF218668; 6782/2000/ARN, EF218669; 6785/2000/ARN,
EF218670; 6786/2000/ARN, EF218671; 6787/2000/ARN,
EF218672; 6804/2000/ARN, EF218673; 6809/2000/ARN,
EF218674; 6810/2004/ARN, EF218675; 6854/2002/ARN,
EF218676; 6862/2000/ARN, EF218677; 6736/2004/ARN;
EF218678).

RESULTS AND DISCUSSION

Using these modified RT-PCR procedures we were able to iden-
tify 190 of 215 (88.4%) G genotypes and 193 of 215 (89.8%)
P genotypes. Twenty-five (11.6%) and 22 (10.2%) samples
could not be assigned a G or P genotype, respectively, although
a first-round RT-PCR product was obtained for each using
consensus primers. By nucleotide sequencing and comparison
with previously published sequences in the GenBank database,
these samples were shown to belong to types G10 (5 of 25;
20%), G8 (11 of 25; 44%), G5 (1 of 25; 4%), G9 (2 of 25; 8%),
and G1 (6 of 25; 24%). Among 22 P untypeable samples se-
quenced, 12 genotype P[8] (54.5%) and 10 genotype P[6]
(45.5%) strains were identified by comparison with related
strains in the database.

A total of 13 single G- and P-type combinations, consisting
of 7 different G types and 3 different P types, were identified
(Table 2). This subset of samples showed more variability than
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Table 2. P and G Genotypes Found by Reverse-Transcription Polymerase Chain Reaction, Hybridization,
and Sequence Reaction in 215 Untypeable Rotavirus-Positive Samples from the African Rotavirus Network

(1996-2004)

No. (%) of samples, by G genotype
P genotype G1 G2 G4 G5° Gs® G9 G10° Mixed® Total
Pl4] 0 1 0 0 0 0 0 0 1 (0.5)
Pl6] 3 10 0 0 2 3 1 5 24 (11.2)
P[8] 101 6 2 0 5 16 4 89 173 (80.5)
P[7] 0 0 0 1 0 0 0 0 1 (0.5)
P[6]P[8] 6 4 0 0 4 0 0 2 16 (7.4)
Total (%) 110 (1) 21 (100 2(0.9 1(0.5) 11(61) 19(9 5(23) 46(21.4) 215(100)

@ Detection was done by sequencing.

® Includes 16 samples with G1 plus G2, 14 with G1 plus G9, 2 with G4 plus G9, 2 with G2 plus G9, 5 with G1 plus G4,
2 with G4 plus G3, 2 with G4 plus G2, 1 with G4 plus G1G2, and 2 with G3 plus G4G1.

seen in recent full studies from the African continent, where
7-9 different single G-P combinations were observed [32, 36].
As expected, strain P[8]G1 (46.9%) was predominant among
nontypeable samples. As in other studies [23, 24], the failure
to identify P and G genotypes for many of these strains by
multiplex RT-PCR could be explained by variation in the
primer binding sites of P[8]-, P[6]-, and Gl-specific primers
designed in the early 1990s and based on very few strains [7,
8]. For GI strains, the nucleotide sequence alignment showed
1-3 mutations further away from both the 5 and 3’ ends of
the primer binding sites (data not shown). Moreover, the 6 G1
strains that could not typed with the Das G1-specific primer
showed 2-point mutations in the middle of the primer binding
site. For P[8] and P[6] strains, 3—5 mutations were detected at
the primer binding sites of the specific primers 1T-1 and 3T-
1, respectively (data not shown). However, with the addition
of 2 newly designed P[8]-specific primers (JRG237 and 1T1-
V), >85% of the strains were typed. These mutations at the
primer binding sites of the G1-, P[6]-, and P[8]-specific primers
decrease the affinity of primer binding and may explain the
failure to identify these strains. Failed genotyping or mistyping
and the use of multiple primer sets or newly designed primer
pairs specific for local strains have already been reported from
different parts of the world [21-24, 39, 40]. Because of natural
variation in rotaviral gene sequences, close monitoring of ro-
tavirus genotyping methods are extremely important.

Mixed infections were also detected in 46 of 215 (21.4%) G
genotypes and 16 of 215 (7.5%) P genotypes. The mixed G
genotypes observed were G1G9 (14 of 215; 6.5%), G1G2 (16
of 215; 7.4%), G4G1 (5 of 215; 2.3%), 2 samples each had
G4G3G1, G4GY9, G2G9, G4G3, G4G2 infections and 1 sample
had G4G2Gl infection. All mixed P genotypes were P[6]P[8].
Southern hybridization assay with VP4 and VP7 genotype-spe-
cific probes was used to confirm that all the mixed G and P
types were true mixed infections (data not shown). The de-

tection rate of mixed infections in the random selection of

nontypeable samples (215 of ~750) reported in this study is
substantially lower than what was reported in Guinea-Bissau
[10, 39]. That study involved a collection of previously incom-
pletely typed rotavirus strains, and mixed G and P types were
detected in 59% and 33% of strains, respectively. High fre-
quencies of mixed infections have been reported in nonselective
studies in various countries, including India [41, 42], Bangla-
desh [43], Vietnam [44], and Brazil [38, 45]. Frequent detection
of mixed infections in diarrheic children may play a significant
role in generating strain diversity.

Several unusual rotavirus genotypes including G10, G8, and
G5 were detected. These strains are commonly found in ani-
mals, particularly cattle and pigs. However, during the past
decade, many reports have documented detection of human
rotavirus strains in close relationship with animal rotaviruses
[46] and high regional diversity among circulating strains [23,
32]. The G10, G8, and G5 strains detected in this study showed
strong relationships to those reported elsewhere or submitted
to the GenBank database. The genotype G10 strains exhibited
the highest similarity (=99%) to the nucleotide and amino acid
sequences of human rotavirus strains 1784CI (accession no.
AY816181) and 3008CM (accession no. AY816182), previously
isolated in Africa and elsewhere, strongly suggesting that they
belong to serotype G10. The G8 strains shared nucleotide and
amino acid homologies of =97% relative to 2 human strains,
SI1-885 (accession no. DQ995179) and HMGS89 (accession no.
X98918), isolated from Slovenia and Nigeria respectively, in-
dicating that they belong to serotype G8. The G5 strain, the
second isolated from the African continent and from the same
location, shared nucleotide (100%) and amino acid (99%) ho-
mologies with human G5 strain MRC3105 (accession no.
AY327107) reported in Cameroon [47], which is more distantly
related to porcine G5 strain OSU (accession no. X04613; 86%
nucleotide and 94% amino acid homologies). A more detailed
analysis of these unusual strains will appear later (unpublished
data).
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Although the modified methods used here allowed us to type
~90% of a collection of strains that were 100% untypeable with
the originally described genotyping procedures, we still found
about 10%-12% of the strains that could not be genotyped
with the modified methods. All of the P genotyping failures
were due to genetic variation in the primer binding site of the
globally most common genotype P[8] strains. Our findings
reinforce the need to develop alternative or modified methods
to genotype rotavirus strains more reliably, and also highlight
the value of using >1 set of genotype-specific primers [10].

The findings reported in this investigation have helped give
a more complete picture of the strains circulating among the
African Rotavirus Network participating countries. Further-
more, the detection of genotypes G10, G8, and G5 reinforces
findings that these strains are globally distributed and strength-
ens the need to continue strain surveillance. Because each of
these strains belonged to genotype P[8], it will be interesting
to investigate whether they represent multiple-gene reassortants
or whether only the VP7 gene reassorted into a genetic back-
ground of typical long electropherotype P[8] strains of the Wa
genogroup during coinfections in vivo.

THE AFRICAN ROTAVIRUS NETWORK

Members of the African Rotavirus Netwrok who were invovled
in this study and are authors of this report are as follows:
Veronique Akran Agbaya, Maryam Aminu, George Armabh,
John Dewar, Mathew Dioh Esona, Annelise Geyer, James Nyan-
gao, Nicola Page, Ina Peenze, Theresia Sebunya, Duncan Steele,
Abdelhalim Trabelsi, and Bizuneh Tsion.

Acknowledgments

The postdoctoral fellowship of Dr Esona was provided through the Ro-
tavirus Vaccine Program, a collaboration between the Program for Appro-
priate Technology in Health, the World Health Organization, and the Cen-
ters for Disease Control and Prevention. Our sincere thanks also go to all
the staff of the Medical Research Council Diarrhoeal Pathogens Research
Unit, University of Limpopo, and the Gastroenteritis and Respiratory Vi-
ruses Laboratory Branch at the Centers for Disease Control and Prevention,
Atlanta, for their immense assistance.

References

1. Parashar UD, Gibson CJ, Bresee JS, Glass RI. Rotavirus and severe
childhood diarrhea. Emerg Infect Dis 2006; 12:304-306.

2. Estes ME, Kapikian AZ. Rotaviruses. In: Knipe DM, Howley PM, Grif-
fin DE, et al, eds. Fields virology. 5th ed. Vol 2. Philadelphia, PA:
Lippincott Williams & Wilkins, 2007:1917-1974.

3. Beards GM, Campbell AD, Cottrell NR, et al. Enzyme-linked immu-
nosorbent assays based on polyclonal and monoclonal-antibodies for
rotavirus detection. ] Clin Microbiol 1984; 19:248-254.

4. Coulson BS, Unicomb LE, Pitson GA, Bishop RE. Simple and specific
enzyme-immunoassay using monoclonal-antibodies for serotyping hu-
man rotaviruses. ] Clin Microbiol 1987;25:509-515.

5. Taniguchi K, Urasawa T, Morita Y, Greenberg HB, Urasawa S. Direct
serotyping of human rotavirus in stools by an enzyme-linked-immu-

nosorbent-assay using serotype 1-specific, 2-specific, 3-specific, and 4-
specific monoclonal-antibodies to VP7. ] Infect Dis 1987;155:
1159-1166.

6. Das BK, Gentsch JR, Cicirello HG, et al. Characterization of rotavirus
strains from newborns in New-Delhi, India. ] Clin Microbiol 1994;
32:1820-1822.

7. Gentsch JR, Glass RI, Woods P, et al. Identification of group-a rotavirus
gene-4 types by polymerase chain-reaction. J Clin Microbiol 1992;30:
1365-1373.

8. Gouvea V, Glass RI, Woods P, et al. Polymerase chain-reaction am-
plification and typing of rotavirus nucleic-acid from stool specimens.
J Clin Microbiol 1990;28:276-282.

9. Martella V, Ciarlet M, Banyai K, et al. Identification of a novel VP4
genotype carried by a serotype G5 porcine rotavirus strain. Virology
2006; 346:301-311.

10. Gentsch JR, Laird AR, Bielfelt B, et al. Serotype diversity and reas-
sortment between human and animal rotavirus strains: implications
for rotavirus vaccine programs. J Infect Dis 2005; 192:5146—S159.

11. Desselberger U, Iturriza-Gomara M, Gray JJ. Rotavirus epidemiology
and surveillance. Novartis Found Symp 2001;238:125-152.

12. Santos N, Hoshino Y. Global distribution of rotavirus serotypes/ge-
notypes and its implication for the development and implementation
of an effective rotavirus vaccine. Rev Medical Virol 2005;15:29-56.

13. Cunliffe NA, Gondwe JS, Broadhead RL, et al. Rotavirus G and P types
in children with acute diarrhea in Blantyre, Malawi, from 1997 to 1998:
predominance of novel P[6]G8 strains. ] Med Virol 1999;57:308-312.

14. Gouvea V, Decastro L, Timenetsky MD, Greenberg H, Santos N. Ro-
tavirus serotype-G5 associated with diarrhea in Brazilian children. J
Clin Microbiol 1994;32:1408—1409.

15. Tturriza Gomara M, Kang G, Mammen A, et al. Characterization of
G10P[11] rotaviruses causing acute gastroenteritis in neonates and in-
fants in Vellore, India. J Clin Microbiol 2004; 42:2541-2547.

16. Banyai K, Gentsch JR, Griffin DD, Holmes JL, Glass RI, Szucs G.
Genetic variability among serotype G6 human rotaviruses: identifica-
tion of a novel lineage isolated in Hungary. ] Med Virol 2003;71:
124-134.

17. Coulson BS, Gentsch JR, Das BK, Bhan MK, Glass RI. Comparison of
enzyme immunoassay and reverse transcriptase PCR for identification
of serotype G9 rotaviruses. ] Clin Microbiol 1999;37:3187-3193.

18. Urasawa S, Urasawa T, Taniguchi K, et al. Survey of human rotavirus
serotypes in different locales in Japan by enzyme-linked immunosor-
bent-assay with monoclonal-antibodies. J Infect Dis 1989; 160:44-51.

19. Coulson BS. Typing of human rotavirus VP4 by an enzyme-immu-
noassay using monoclonal-antibodies. ] Clin Microbiol 1993;31:1-8.

20. Padillanoriega L, Wernereckert R, Mackow ER, et al. Serologic analysis
of human rotavirus serotypes P1A and P2 by using monoclonal-an-
tibodies. J Clin Microbiol 1993;31:622-628.

21. Adah MI, Rohwedder A, Olaleyle OD, Werchau H. Nigerian rotavirus
serotype GS could not be typed by PCR due to nucleotide mutation
at the 3’ end of the primer binding site. Arch Virol 1997; 142:1881-1887.

22. Banyai K, Forgach P, Erdelyi K, et al. Identification of the novel lapine
rotavirus genotype P[22] from an outbreak of enteritis in a Hungarian
rabbitry. Virus Res 2005;113:73-80.

23. Cunliffe NA, Gondwe ]S, Graham SM, et al. Rotavirus strain diversity
in Blantyre, Malawi, from 1997 to 1999. ] Clin Microbiol 2001;39:
836-843.

24. Tturriza-Gomara M, Green J, Brown DWG, Desselberger U, Gray JJ.
Diversity within the VP4 gene of rotavirus P[8] strains: implications
for reverse transcription-PCR genotyping. J Clin Microbiol 2000; 38:
898-901.

25. Cooney MA, Gorrell RJ, Palombo EA. Characterisation and phyloge-
netic analysis of the VP7 proteins of serotype G6 and G8 human
rotaviruses. ] Med Microbiol 2001; 50:462—467.

26. Iturriza-Gomara M, Kang G, Gray J. Rotavirus genotyping: keeping
up with an evolving population of human rotaviruses. ] Clin Virol
2004; 31:259-265.

27. Santos N, Lima RCC, Pereira CFA, Gouvea V. Detection of rotavirus

Unusual G Types of Rotavirus Strains * JID 2010:202 (Suppl 1) * S53

1T0Z ‘T Arenuer uo esiun e Blo sjeulnolpiofxo’pil woly papeojumod


http://jid.oxfordjournals.org/

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

types G8 and G10 among Brazilian children with diarrhea. J Clin
Microbiol 1998;36:2727-2729.

Rahman M, Matthijnssens J, Nahar S, et al. Characterization of a novel
P[25],G11 human group A rotavirus. J Clin Microbiol 2005;43:
3208-3212.

Simmonds MK, Armah G, Asmah R, et al. New oligonucleotide primers
for P-typing of rotavirus strains: Strategies for typing previously un-
typeable strains. J Clin Virol 2008;42:368-373.

Glass RI, Parashar UD, Bresee JS, et al. Rotavirus vaccines: current
prospects and future challenges. Lancet 2006; 368:323-332.

Vesikari T, Karvonen A, Prymula R, et al. Efficacy of human rotavirus
vaccine against rotavirus gastroenteritis during the first 2 years of life
in European infants: randomised, double-blind controlled study. Lancet
2007;370:1757-1763.

Steele AD, Ivanoff B. Rotavirus strains circulating in Africa during
1996-1999: emergence of G9 strains and P[6] strains. African Rotavirus
Network. Vaccine 2003;21:361-367.

Shaw RD, Stonerma DL, Estes MK, Greenberg HB. Specific enzyme-
linked immunoassay for rotavirus serotype-1 and serotype-3. J Clin
Microbiol 1985;22:286-291.

Gentsch JR, Glass RI, Woods P, et al. Identification of group A rotavirus
gene 4 types by polymerase chain reaction. J Clin Microbiol 1992; 30:
1365-1373.

Freeman MM, Kerin T, Hull J, McCaustland K, Gentsch J. Enhance-
ment of detection and quantification of rotavirus in stool using a
modified real-time RT-PCR assay. ] Med Virol 2008; 80:1489-1496.
Fischer TK, Steinsland H, Molbak K, et al. Genotype profiles of ro-
tavirus strains from children in a suburban community in Guinea-
Bissau, Western Africa. J Clin Microbiol 2000; 38:264-267.

Devereux J, Haeberli P, Smithies O. A Comprehensive set of sequence-
analysis programs for the VAX. Nucleic Acids Res 1984; 12:387-395.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Leite JPG, Alfieri AA, Woods PA, Glass RI, Gentsch JR. Rotavirus G
and P types circulating in Brazil: characterization by RT-PCR, probe
hybridization, and sequence analysis. Arch Virol 1996; 141:2365-2374.
Fischer TK, Page NA, Griffin DD, et al. Characterization of incom-
pletely typed rotavirus strains from Guinea-Bissau: identification of G8
and G9 types and a high frequency of mixed infections. Virology
2003;311:125-133.

Rahman M, Sultana R, Podder G, et al. Typing of human rotaviruses:
nucleotide mismatches between the VP7 gene and primer are associated
with genotyping failure. Virol ] 2005; 2:5.

Kang JO, Kilgore P, Kim JS, et al. Molecular epidemiological profile
of rotavirus in South Korea, July 2002 through June 2003: emergence
of G4P[6] and G9P[8] strains. J Infect Dis 2005; 192:S57-S63.

Jain V, Das BK, Bhan MK, Glass RI, Gentsch JR. Great diversity of
group A rotavirus strains and high prevalence of mixed rotavirus in-
fections in India. J Clin Microbiol 2001;39:3524-3529.

Ahmed MU, Urasawa S, Taniguchi K, et al. Analysis of human rotavirus
strains prevailing in Bangladesh in relation to nationwide floods
brought by the 1988 monsoon. J Clin Microbiol 1991;29:2273-2279.
Doan LTP, Okitsu S, Nishio O, Pham DT, Nguyen DH, Ushijima H.
Epidemiological features of rotavirus infection among hospitalized chil-
dren with gastroenteritis in Ho Chi Minh City, Vietnam. ] Med Virol
2003;69:588-594.

Santos N, Soares CC, Volotao EM, Albuquerque MCM, Hoshino Y.
Surveillance of rotavirus strains in Rio de Janeiro, Brazil, from 1997
to 1999. J Clin Microbiol 2003;41:3399-3402.

Gouvea V, Santos N, Timenetsky M. Identification of bovine and por-
cine rotavirus-G types by PCR. J Clin Microbiol 1994;32:1338-1340.
Esona MD, Armah GE, Geyer A, Steele AD. Detection of an unusual
human rotavirus strain with G5P[8] specificity in a Cameroonian child
with diarrhea. J Clin Microbiol 2004;42:441-444.

S54 « JID 2010:202 (Suppl 1) * Esona et al

1T0Z ‘T Arenuer uo esiun e Blo sjeulnolpiofxo’pil woly papeojumod


http://jid.oxfordjournals.org/



