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Human respiratory syncytial virus (HRSV) is the leading viral cause of severe respiratory illness for infants
and young children worldwide. Two major antigenic groups (A and B) of HRSV exist, and viruses from both
subgroups can cocirculate during epidemics; however, their frequencies might differ between seasons. The
subgroup prevalence and genotype distribution patterns of HRSV strains were investigated in a community in
Belgium during 10 successive epidemic seasons (1996 to 2006). A regular 3-year cyclic pattern of subgroup
dominance was observed, consisting of two predominant HRSV-A seasons, followed by a single HRSV-B-
dominant year. HRSV infections with both subgroups were more prevalent among children younger than 6
months and had a peak incidence in December. The most frequently detected genotypes were GAS and GB13,
the latter including strains with the 60-nucleotide duplication in the G gene. Furthermore, GAS remained the
dominant HRSV genotype in two consecutive epidemic seasons twice during the study period. Additional
variability was detected among the GB13 isolates, due to the usage of a novel termination codon in the G gene.
Dual infections with both HRSV subgroups were detected for 9 patients, and subsequent infections with the
heterologous HRSV subgroup were documented for 15 patients. Among five patients with homologous rein-
fections, only one was caused by HRSV-B. Our results support the hypothesis that the overall prevalence of

HRSV-A over HRSV-B could be due to a more-transient subgroup A-specific immune protection.

Human respiratory syncytial virus (HRSV) is the leading
viral cause of pneumonia and bronchiolitis for infants and
young children worldwide (4, 8, 16). It is also recognized as an
important respiratory pathogen for the elderly, individuals with
cardiopulmonary disease, and the immunocompromised (9).
By the age of 2 years, virtually all infants have experienced at
least one HRSV infection. Reinfections are very common
throughout life, and in older children and adults they are
usually associated with milder disease, indicating that HRSV
infections induce only partial immunity (14, 19).

HRSV is an enveloped virus with a nonsegmented, negative-
stranded RNA genome and is classified in the family
Paramyxoviridae (8). Two major subgroups, A (HRSV-A) and
B (HRSV-B), have been initially identified on the basis of
distinct reactivity patterns with panels of monoclonal antibod-
ies (2, 27). Subsequent sequencing data revealed that these
antigenic groups correspond to genetically distinct viruses. The
most extensive antigenic and genetic differences between and
within the two subgroups are found in the attachment G gly-
coprotein (4, 21, 38). The G attachment protein is also one of
the main targets for inducing neutralizing and protective anti-
bodies (29), and it has been suggested that antigenic differ-
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ences within this protein could facilitate repeated HRSV in-
fections (21).

Epidemiological surveys have revealed that strains from
both HRSV subgroups can be present in the same community
during outbreaks; however, their relative proportions may dif-
fer between epidemics (3, 4, 10, 20). HRSV has complex cir-
culation patterns, with multiple genotypes or lineages cocircu-
lating within the same community and replacement of the
predominating genotypes with new ones over successive epi-
demic seasons (1, 5, 6, 13, 18, 33). HRSV genotype distribution
patterns can be distinctive for each community, and it has been
suggested that they are determined by local factors such as the
level of herd immunity to certain strains (1, 5, 32).

A better understanding of the subgroup prevalence shift and
genotype distribution patterns of HRSV infections within the
same community could be important for the prediction of
future outbreak strains and for the development of effective
vaccines or antiviral therapy. The aim of the present study was
to investigate the subgroup prevalence shift and genotype cir-
culation patterns of HRSV-A and -B infections in Belgium
during 10 successive epidemic seasons.

MATERIALS AND METHODS

Patients and clinical specimens. Respiratory samples including nasal swabs,
bronchoalveolar lavage specimens, and nasopharyngeal and tracheal aspirates
were collected from patients with severe respiratory tract illness who were ad-
mitted or who consulted at the Gasthuisberg University Hospital in Leuven,
Belgium. During the period from November 1996 to February 2006, a total of
1,412 specimens, obtained from 1,389 patients, were determined to be positive
for HRSV antigen by using the TestPack RSV (Abbott Laboratories, Abbott
Park, IL) or NOW RSV (Binax) immunoassay and were included in this study.
For 552 (40%) of the samples, HRSV infection was also confirmed by exhibition
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TABLE 1. HRSV-A and -B oligonucleotide primers and probes used in this study

Primer or probe Gene Positions® Sequence (5'—3") Polarity Reference
RT-PCR primers
HRSV-A
G267 G 248-267 ATGCAACAAGCCAGATCAAG + 39
G511 G 511-531 GGGTACAAAGTTAAACACTTC - 15
Fl64 F 164-186 GTTATCACACTGGTATACC AACC - 39
HRSV-B
BGF G 169-192 GCAGCCATAATATTCATCATCTCT + 48
BGR G-F 5637-5658 TGCCCCAGRTTTAATTTCGTTC - 48
qRT-PCR primers
HRSV-A
AFF F 669-695 CTGTGATAGARTTCCAACAAAAGAACA + This study
AFR F 718-745 AGTTACACCTGCATTAACACTAAATTCC - This study
HRSV-B
BNF N 435-458 GGCTCCAGAATATAGGCATGATTC + This study
BNR N 480-508 TGGTTATTACAAGAGCAGCTATACACAGT - This study
MGB probes
HRSV-A, F-TP F 697-715 CAGACTACTAGAGATTACC + This study
HRSV-B, N-TP N 461-477 TATCATCCCACAGTCTG - This study
Sequencing primers
HRSV-A, G599 G 599-619 GCTTGGTGGTGGTTTTCTTTC - 49
HRSV-B
G640 G 640-662 AGAGACCCAAAAACACYAGCCAA + 48
G495 G 495-519 ACAGGGAACGAAGTTGAACACTTCA - 48

“ Nucleotide positions are given according to the gene positions in HRSV-A strain A2 (GenBank accession number M11486) and HRSV-B strain Bl (accession

number AF013254).

of a characteristic syncytial cytopathic effect in HeLa or HEp-2 cell cultures. The
ages of the HRSV-infected patients ranged from 8 days to 78 years (median, 7
months), and the majority (97%) were infants and children younger than 5 years.
The respiratory specimens were stored at —80°C until further use.

RNA extraction and multiplex RT-PCR. RNA was extracted directly from the
respiratory samples or from the supernatants of the cell-cultured specimens by
using the QIAmp viral RNA minikit according to the manufacturer’s manual
(QIAGEN, Benelux, The Netherlands). HRSVs were typed as belonging to
group A or group B by using a multiplex reverse transcriptase PCR (RT-PCR)
assay. RT-PCR was performed with the OneStep RT-PCR kit (QIAGEN) in a
25-pl final volume containing 0.6 pM (each) HRSV-A (G267-G511)- and
HRSV-B (BGF-BGR)-specific forward and reverse primers, 10 U of RNase
inhibitor (RNaseOUT; Invitrogen, Merelbeke, Belgium), and 5 pl of the ex-
tracted RNA (Table 1). Thermocycling was performed on a GeneAmp PCR
system 9600 thermal cycler (Applied Biosystems, Foster City, CA) under the
following conditions: 55°C for 30 min; 95°C for 15 min; 40 cycles of 94°C for 30 s,
60°C for 1 min, and 72°C for 1 min; and a final extension step at 72°C for 10 min.
HRSV-A and -B amplicons had expected sizes of 283 bp and 800 bp, respectively.
For certain samples, the initial results were validated by repeating the RT-PCR
in separate singleplex reactions for subgroups A and B, with annealing temper-
atures of 61°C and 63°C, respectively.

HRSV-A RT-PCR. A 900-bp fragment of the G gene of HRSV-A was ampli-
fied with the OneStep RT-PCR kit (QIAGEN) and the G267-F164 primer set
(Table 1). The reaction was performed in a 50-pl final volume containing 0.6 nM
forward and reverse primers, 20 U of RNaseOUT RNase inhibitor (Invitrogen),
and 10 pl of the extracted RNA (Table 1). Amplification was carried out on a
GeneAmp PCR system 9600 thermal cycler (Applied Biosystems) as follows:
50°C for 30 min; 95°C for 15 min; 40 cycles of 94°C for 30 s, 53°C for 1 min, and
72°C for 1 min; and a final extension step at 72°C for 10 min.

Nucleotide sequencing. Fifty-six randomly selected HRSV-A-specific ampli-
cons and 21 randomly selected HRSV-B-specific amplicons of 800 bp and 900 bp,
respectively, were purified with the Invitek MSB Spin PCRapace purification kit
(Westburg, Leusden, The Netherlands). The amplicons were sequenced in both
directions by using the ABI PRISM BigDye Terminator cycle sequencing ready
reaction kit (Applied Biosystems). In addition to the RT-PCR primers, subgroup
A (G599)- and subgroup B (G495 and G640)-specific oligonucleotide primers
were used to obtain 629 nucleotides (nt) and 724 nt of the subgroup A and B G

genes, respectively. The chromatogram sequencing files were compiled in contigs
by using SeqMan II (DNAStar, Madison, WI).

Phylogenetic analyses. The sequenced HRSV-A and -B strains were compared
to previously determined sequences of Belgian HRSV isolates (63 subgroup A
and 142 subgroup B isolates). Multiple sequence alignments of HRSV-A and -B
G-genes were obtained with CLUSTAL X, version 1.83 (41), and were manually
edited with the GeneDoc alignment editor, version 2.6.002 (28). Identical se-
quences were identified with the DAMBE program, version 4.2.13 (47). Phylo-
genetic analyses were conducted by using the neighbor-joining method under the
Tamura-Nei parameter model with the MEGA (version 3.0) software package
(22, 40). The statistical support of the dendrograms was evaluated by bootstrap-
ping (1,000 replicates). HRSV strain designations indicate the country of isola-
tion (Belgium [BE]), the laboratory number of the sample, and the epidemic
season (e.g., BE/156/03-04).

Multiplex qRT-PCR assay. Antigen positive, RT-PCR-negative HRSV sam-
ples were further tested for the presence of subgroup A and/or subgroup B
strains by using a multiplex real-time RT-PCR assay. An HRSV-A-specific
primer set and probe containing a 5" reporter dye, 6-carboxyfluorescein, were
developed from the F gene, while an HRSV-B-specific primer set and probe
containing the 5’ reporter dye VIC were designed from the N gene (Table 1).
Qualitative real-time RT-PCR (qRT-PCR) was performed in a final volume of
25 pl using 5 pl extracted RNA, 12.5 pl of Eurogentec One-Step RT qPCR
master mix containing the internal reference dye 6-carboxy-X-rhodamine as a
passive reference, 0.125 pl Euroscript with RT and RNase inhibitor (Eurogentec,
Belgium), 900 nM HRSV-A and -B-specific forward and reverse primers, and
100 nM HRSV-A and -B MGB probes. Real-time RT-PCR was carried out in a
ABI PRISM 7700 sequence detection system (Applied Biosystems) under the
following conditions: an initial reverse transcription at 48°C for 30 min, followed
by PCR activation at 95°C for 10 min and 45 cycles of amplification (15 s at 95°C
and 1 min at 60°C).

Statistical analysis. Statistical analysis for comparison of differences between
two mean values was performed by the ¢ test for independent groups in the SPSS
software package (version 11.5). Differences were considered statistically signif-
icant if the P value of the two-tailed significance was <0.05.

Nucleotide sequence accession numbers. The HRSV nucleotide sequences
determined in this study have been deposited in the GenBank database under
accession numbers DQ985080 to DQY85156.
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TABLE 2. Subgroup distributions of HRSV-A and -B infections in
Belgium during 10 epidemic seasons

No. (%)? of HRSV infections with the

Epidemic No. of No. (%) following subgroup(s):
season samples” (s)zgr;y;)lzg HRSV-A and
HRSV-A  HRSV-B HRSV-B

1996-1997 104 86 (83) 57 (66) 28 (33) 1(1)
1997-1998 129 97 (75) 62 (64) 33 (34) 2(2)
1998-1999 124 102 (82) 26 (25) 76 (75) 0
1999-2000 146 97 (66) 73 (75) 23 (24) 1(1)
2000-2001 136 84 (62) 69 (82) 15 (18) 0
2001-2002 129 86 (67) 13 (15) 73 (85) 0
2002-2003 173 131 (75)  72(55) 59 (45) 0
2003-2004 178 123 (69) 75 (61) 46 (37) 2(2)
2004-2005 132 90 (68)  20(22) 68 (76) 2(2)
2005-2006 141 83 (59) 70 (84) 12 (15) 1(1)

“ Total number of HRSV antigen-positive samples.
b Percentages apply to the total number of typed HRSV antigen-positive
samples for the season.

RESULTS

HRSYV typing and subgroup prevalence. Twenty samples
that were reactive in the antigen assay were determined to be
negative for HRSV RNA by using the RT-PCR and qRT-PCR
assays. These samples were considered to be HRSV antigen
false positives and were therefore excluded from further anal-
ysis, resulting in a total number of 1,392 HRSV antigen-posi-
tive samples. HRSV strains were characterized as subgroup A
or subgroup B for 979 (70%) of the samples, of which 608
(62%) were subtyped by multiplex RT-PCR, 166 (17%) were
subtyped by multiplex qRT-PCR, and 205 (21%) strains had
been previously subtyped by RT-PCR and sequencing analyses
as described elsewhere (48, 49). As a result, 537 (55%) speci-
mens had subgroup A strains, 433 (44%) had subgroup B
strains, and in 9 (1%) specimens both HRSV-A and HRSV-B
were identified. The proportion of typed HRSV antigen-posi-

120

_.
o)
T

o0
T

. ‘ |

l
N lll\m |||I|k 1..,.; 1.‘“»_

JASONDJIFMAMJIJASONDJ " JJASONDJEF ‘ JJIASONDJ.

1996/1997  1997/1998  1998/1999  1999/2000

b
T

[\
i

|

Number of HRSYV infections
8

J |I o o JI } Nl l}r J.Il,,L 1

JJ SOND-

2000/2001

J. CLIN. MICROBIOL.

tive samples from each epidemic season ranged from 59% to
83% (Table 2). The majority of the typed HRSV strains were
obtained directly from the clinical samples. Due to the lack of
sufficient sample material and the absence of the respective
cell cultured virus strain, we were not able to analyze all HRSV
antigen-positive samples.

HRSV-A and -B strains cocirculated during all 10 epidemic
seasons. Subgroup A viruses were predominant during seven
epidemic seasons, while subgroup B strains prevailed during
the epidemic seasons of 1998 to 1999, 2001 to 2002, and 2004
to 2005. A regular pattern of subgroup predominance replace-
ment was observed, consisting of two consecutive seasons of
HRSV-A dominance followed by a single intervening season of
HRSV-B dominance.

Monthly and age distributions of HRSV infections. HRSV
outbreak activity in Belgium was high during the months of
November, December, and January and had a peak incidence
in December (Fig. 1). HRSV strains from both subgroups were
isolated at higher frequencies during the peak outbreak
months. Sixteen sporadic HRSV infections were observed dur-
ing the period from May to September. The distributions of
HRSV-A and -B infections were similar for the four age
groups defined in this study. HRSV infections with both sub-
groups were significantly more frequent (P < 0.05) for children
younger than 6 months (Fig. 2).

Phylogenetic analyses and genotype distribution patterns.
Phylogenetic analyses were conducted on a total of 119
HRSV-A and 163 HRSV-B Belgian G gene sequences, includ-
ing those of the 56 HRSV-A and 21 HRSV-B strains whose
amplicons were processed previously as described above (see
Materials and Methods) (48, 49) (Fig. 3A and B). Two major
HRSV-A genotypes (GA2 and GAS) and eight HRSV-B ge-
notypes (GB2, GB3, GB6, GBS, and GB10 to GB13) were
detected among the Belgian HRSV strains during the 10-year
study period. Multiple identical sequences were identified, the
majority of which were from strains isolated during the same
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FIG. 1. Seasonal frequency of antigen-positive HRSV infections (curves) and monthly distribution of typed HRSV-A (white bars) and HRSV-B
(black bars) infections among hospitalized patients in Belgium (1996 to 2006). Initial letters of months are given along the y axis, beginning with

July for each season.
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FIG. 2. Age distributions of HRSV-A and -B infections among
hospitalized patients in Belgium from 1996 to 2006.

epidemic season. Exceptions to the latter observation included
three HRSV-A strains with sequences identical to those of
strains that were circulating 5 to 7 epidemic seasons earlier and
eight HRSV-B strains with sequences identical to those of
strains obtained 1 to 3 epidemic seasons earlier. The HRSV-A
and -B genotype distributions during each epidemic season are
shown in Table 3. Two to seven genotypes were identified in a
single outbreak, and the dominant HRSV genotype shifted in
every 1 to 2 following seasons. HRSV-A genotypes prevailed
for 1 to 3 successive epidemic seasons, whereas HRSV-B ge-
notypes predominated for 1 to 4 consecutive seasons. GAS was
the prevailing subgroup A genotype during 7 epidemics and
was the only HRSV genotype to dominate in consecutive sea-
sons (1999 to 2000 and 2000 to 2001; 2002 to 2003 and 2003 to
2004). GA2 was the dominant HRSV genotype in 1997 to 1998
and the prevailing subgroup A genotype during the epidemic
seasons of 2001 to 2002 and 2004 to 2005. GAS strains had
deduced G proteins of 298 amino acids (aa), while the GA2
genotype also included strains with G proteins of 297 aa. The
most frequently isolated HRSV-B genotypes were GB12 and
GB13, which were observed in 7 and 6 epidemic seasons, re-
spectively, and were also the prevailing subgroup B genotypes
in 5 and 4 outbreaks, respectively. GB13, which included
strains with the 60-nt duplication, was the dominant HRSV
genotype during the two subgroup B-prevalent outbreaks
(2001 to 2002 and 2004 to 2005) and was also the only sub-
group B genotype observed during the last three seasons (2003
to 2004, 2004 to 2005, and 2005 to 2006). In addition to the five
different predicted protein lengths (282, 312, 315, 317, and 319
aa) that we have previously reported among Belgian GB13
strains (48), we identified for the first time strains with pre-
dicted proteins of 310 and 316 aa. The 310-aa HRSV-B strains
had a 6-nt deletion and used the termination codon at nucle-
otide position 877, while the 316-aa strains had a stop codon-
inducing nucleotide substitution at position 890 (TCA—TAA)
(according to the numbering of strain B1 [GenBank accession
number AF013254]). GB13 strains of different deduced G pro-
tein lengths were dominant in different seasons. In 1999 to
2000, two 315-aa strains were detected. In 2001 to 2002, the
predominant strains were 319 aa long; these were replaced by
315-aa strains in 2002 to 2003. During the subsequent 2 epi-
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demic seasons (2003 to 2004 and 2004 to 2005), the prevailing
strains had 317 aa, and in 2005 to 2006, only 310-aa strains
were detected (Fig. 3B).

Patients with repeated HRSV infections. Twenty-two pa-
tients tested positive for HRSV antigen more than once during
the study period within a time interval ranging from 10 to 70
months. Eight of these patients had underlying conditions such
as asthma (two patients), spastic diplegia, simultaneous tri-
somy 4p and monosomy 5p, pyelonephritis, mitral insufficiency,
epilepsy, and quadriplegia. Another five children were born
prematurely with a gestational age of <37 weeks. The anti-
genic groups for both infections were determined for 20 pa-
tients, including also a third infection experienced by one
patient, resulting in a total of 21 infections. Heterologous-
subgroup reinfections were observed for 15 patients, of whom
8 had their first infection with an HRSV-A strain and 7 with an
HRSV-B strain. Homologous reinfections were detected for
five patients; four of these reinfections were caused by
HRSV-A and one by HRSV-B (Table 4). One patient had an
initial dual infection with both HRSV subgroups and was re-
infected with a subgroup A strain after 11 months. More than
two infections were detected for each of the two asthmatic
patients. One of them had four HRSV infections over 5 years.
The first infection (not typed) was encountered at the age of 4
months; the second infection occurred after 13 months and was
caused by HRSV-B, followed by two more infections caused by
HRSV-A, encountered, respectively, after 24 and 60 months.
The G gene sequences of the two HRSV-A strains (BE/14807/
98-99 and BE/14616/03-04) from this patient clustered within
genotype GAS and differed at 16 (2.5%) nucleotide positions,
resulting in 6 (3%) differences on the deduced amino acid
level. The second asthmatic child experienced three infections
during 3 subsequent epidemic seasons; the initial infection was
not typed, and the following two infections were caused by
HRSV-A. The homologous HRSV-B infections identified for
one patient occurred 70 months apart and were caused by a
GB12 strain (BE/1054/97-98) and a GB13 strain with the 60-nt
duplication and 6-nt deletion (BE/12963/03-04). The numbers
of genetic differences identified between the two subgroup B
strains were 83 (11%) on the nucleotide level and 30 (12%) on
the deduced amino acid level.

DISCUSSION

HRSVs from both subgroups were cocirculating during each
of the 10 epidemic seasons investigated in Belgium; however,
HRSV-A strains were isolated more frequently and were pre-
dominant during 7 seasons. The monthly distributions of
HRSV-A and -B infections was similar, with a high prevalence
during the winter months (November to January) and a peak
incidence in December. These findings indicate that viruses
from the two subgroups have similar temporal occurrences.
The occasional isolation of HRSV in May to September sug-
gests that the virus is present in the community continuously
throughout the year. HRSV is highly transmissible and is
spread either via respiratory secretions by close contact with
infected individuals or indirectly, through exposure to contam-
inated surfaces (17). Thus, the very low incidence of HRSV
infections during the summer months is probably due to less
indoor crowding, which can limit further spread of the virus.
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FIG. 3. Unrooted neighbor-joining phylogenetic trees of the G genes of 119 HRSV-A (A) and 163 HRSV-B (B) strains obtained in Belgium
from 1996 to 2006. Only bootstrap values above 75% are shown. The italicized numbers in parentheses at the terminal nodes correspond to the
numbers of identical sequences. Brackets on the right delimit the HRSV-A and HRSV-B genotypes. The predicted length of the G protein is given
in boldface after the genotype and, for exceptions, after the strain designation or grouping. The nomenclature is based on phylogenetic clustering
with sequences previously assigned to specific genotypes. HRSV-A genotypes GA2 and GAS are designated according to the classification systems
of Peret et al. (32, 33) and Venter et al. (45). HRSV-B genotype designation GB2 represents the classification systems of Peret et al. (32) and
Venter et al. (44, 45), while GB3, GB6, GBS, and GB10 to GB13 are based on the classification of Zlateva et al. (48).
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TABLE 3. Genotype distributions of HRSV-A and -B strains isolated in Belgium during 10 consecutive epidemic seasons, 1996 to 2006

No. (%) of genotyped HRSV isolates

Epidemic season

GA2 GAS GB2 GB3 GB6 GBS GB10 GBI11 GB12 GB13
1996-1997 4 (44) 5(56) 1(11) 3(33) 3(33) 1(11) 1(11)
1997-1998 7 (70) 3(30) 1(8) 9(69)
1998-1999 5 (42) 7(58) 2(17) 10 (83)
1999-2000 7 (26) 20 (74) 1(5) 3(16) 1(5) 5(26) 7(37) 2(11)
2000-2001 9 (41) 13 (59) 4 (40) 2(20) 4 (40)
2001-2002 5(83) 1(17) 1(3) 1(3) 9 (24) 1(3) 25 (68)
2002-2003 2 (20) 8 (80) 1(3) 3(9) 19 (54) 12 (34)
2003-2004 10 (100) 10 (100)
2004-2005 3(75) 1(25) 15 (100)
2005-2006 2(22) 7(78) 3(100)

“ Percentages are calculated separately for HRSV-A and -B strains in each epidemic season.

Infections with both subgroups were more prevalent in chil-
dren younger than 6 months.

More-frequent detection of HRSV-A strains during out-
breaks has been observed worldwide (4, 12, 26, 31). In a com-
munity, a shift in the HRSV subgroup dominance can occur at
different time intervals, and different patterns of subgroup A
and B prevalence have been described. In Finland, the HRSV
subgroup dominance changed every 2 years over 10 consecu-
tive years (46), while in Rochester, NY, a cyclic pattern, con-
sisting of 1 to 2 consecutive years of high subgroup A domi-
nance followed by a single intervening year of subgroup B
dominance or by codominance of both subgroups, was ob-
served over a 15-year period (18). Similar subgroup occurrence
patterns have been seen in Kenya, Uruguay, and the United
States, where HRSV-B became predominant after 2 consecu-
tive seasons of high subgroup A prevalence (3, 7, 37). During
the 10 successive epidemic seasons investigated in Belgium, a
regular 3-year cyclic pattern of subgroup occurrence was ob-
served. It consisted of 2 consecutive HRSV-A-predominant
seasons, followed by a single HRSV-B-predominant season.
Multiple genotypes were circulating simultaneously in the Bel-
gian community during the study period. However, the sub-
group A genotype GAS and the subgroup B genotype GB13,
which included strains with the 60-nt duplicated region (42),
were isolated more frequently during the study period and
were identified as the predominant HRSV genotypes in 5 and
2 epidemic seasons, respectively. Interestingly, GB13 strains
with different predicted G protein lengths were prevalent dur-
ing these 2 seasons. Previous investigations have reported that

TABLE 4. Subgroup occurrence and timing of HRSV reinfections
for hospitalized patients in Belgium

No. of HRSV reinfections”

Reinfection Total no. of

interval (mo) reinfections A-A B-B A-B B-A A/B-A
10-12 12 3 5 3 1
13-24 3 2 1
25-36 2 2
37-48 1 1
49-60 2 1 1
61-72 1 1

¢ The first letter of each designation is the HRSV subgroup responsible for the
first infection, and the second letter is the subgroup responsible for the second
infection. For example, A-B represents a first infection with HRSV-A and rein-
fection with HRSV-B. A/B indicates coinfection with both subgroups.

a replacement of the predominating HRSV genotype occurs
each year (5, 11, 33). However, we did not identify such an
annual shift of the prevailing genotype among hospitalized
patients in Belgium. GAS remained the dominant HRSV ge-
notype in 2 consecutive epidemic seasons twice during the
study period. This genotype was reported to be predominant
among HRSV-A strains during 3 consecutive seasons in a
community in Japan (35) and in India (30) and has been the
most frequently detected HRSV-A genotype in Sweden (34)
and New Zealand (24) in recent years. Higher antigenic diver-
sity among the GAS strains is most likely responsible for the
ability of this genotype to persist and prevail more frequently
in certain communities (3, 30). This study included only one
hospital in Belgium, and the majority of patients were inhab-
itants of the Flemish part of Belgium. Nevertheless, taking into
account the facts that Belgium is a small country with a dense
population and that people frequently commute to another city
for work, we believe that our findings on HRSV subgroup and
genotype distribution patterns are likely to be representative
for the whole country.

It has been speculated that the global prevalence of
HRSV-A is due to a higher degree of divergence among vi-
ruses from this antigenic subgroup (7). However, recent stud-
ies have demonstrated that subgroup B viruses have a greater
potential for divergence by accumulating substantial modifica-
tions in their attachment G protein genes, such as 60-nt dupli-
cations, 6-nt and 3-nt deletions and insertions, frameshift mu-
tations, and premature stop codons (24, 42, 43, 48). Additional
diversity among the subgroup B viruses is accomplished by the
usage of three alternative termination codons (23, 43, 48). This
is the major mechanism responsible for the high degree of G
protein length polymorphisms observed among the Belgian
GBI13 strains possessing the 60-nt duplicated region. More-
over, we identified a new stop codon position at the C-terminal
end of the G protein gene in two GB13 strains from the
epidemic season 2004 to 2005, resulting in a predicted G pro-
tein of 316 aa. The increased genetic variability observed
among the HRSV-B GB13 strains and their recent prevalence
in the Belgian community imply that this genotype is probably
evolving under stronger selective pressure than other HRSV-B
genotypes. This is consistent with the increased average sub-
stitution rate reported for HRSV-B strains possessing the 60-nt
duplication (43).

Another possible explanation for the more frequent occur-
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rence of subgroup A is that subgroup B may elicit a more
complete and/or long-lasting subgroup-specific immune re-
sponse than subgroup A and therefore may cause disease less
often (18). In support of this speculation, only one of the five
homologous HRSV reinfections observed in this study was
caused by subgroup B viruses. This is in accordance with the
findings of previous studies, in which more subgroup A than
subgroup B homologous reinfections have been detected (25,
31, 35, 36). Most of the repeated infections observed in this
study occurred in two consecutive epidemic seasons and were
caused by strains of different subgroups. In addition, we iden-
tified nine patients who were coinfected with HRSV-A and -B
strains. Interestingly, one (amino acid position 117) and three
(amino acid positions 223, 247, and 258) of the amino acid
changes identified between the subgroup A and B strains that
caused homologous infections, respectively, were at positions
that have been determined to be under positive selection pres-
sure (48, 49).

In summary, a regular 3-year periodic cycle of HRSV sub-
group occurrence was observed among hospitalized patients in
a community in Belgium during 10 successive epidemic sea-
sons. This pattern consisted of 2 seasons in which HRSV-A
was prevalent, followed by a single season of HRSV-B pre-
dominance. Multiple genotypes were cocirculating during each
epidemic, and successful genotypes predominated for more
than one season. Higher genetic and antigenic diversity among
GAS and GB13 strains is most likely responsible for the abil-
ities of these genotypes to prevail for a prolonged period in the
Belgian community. We speculate that the observed overall
prevalence of HRSV-A over HRSV-B strains could be due to
more-transient subgroup A-specific immune protection rather
than to higher HRSV-A genetic diversity as has been previ-
ously suggested.
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