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In eight successive seasons (2001 to 2009), a total of 726 human respiratory syncytial virus (HRSV)
infections from a total of 1,560 children with acute lower respiratory tract illness were identified. Molecular
analysis of the attachment (G) protein gene confirmed that 52 (7.8%) children were infected more than once
with any of the 3 genotypes of HRSV-A (genotypes GA5, NA1, and NA2) and/or 6 genotypes of HRSV-B
(genotypes BA4, BA5, and BA7 to BA10). Repeated infections in 46 cases (82.1%) occurred in the next season,
and only one case occurred in the same season (10-day interval). First infections were 33 (63.5%) HRSV-A cases
and 19 (36.5%) HRSV-B cases, whereas second infections occurred in 35 (67.3%) HRSV-A cases and 17 (32.7%)
HRSV-B cases. Third infections were attributed to 4 (100.0%) HRSV-A cases. Homologous subgroup reinfec-
tions were detected in 28 cases, 23 HRSV-A cases and 5 HRSV-B cases (P � 0.005), whereas homologous
genotype reinfections were detected only for 5 HRSV-A cases (2GA5 and 3NA2) but not any HRSV-B case.
Heterologous subgroup reinfections were detected in 28 cases, 12 cases from HRSV-A-to-HRSV-B reinfections
and 16 cases from HRSV-B-to-HRSV-A reinfections. Genotypes NA1 and NA2 had higher numbers of heter-
ologous genotype infections than did other genotypes. Our observations suggest that repeated infections occur
more frequently in HRSV-A strains than in HRSV-B strains, and heterologous genotype reinfections occur
more frequently than homologous genotype reinfections, especially in the case of the emerging genotypes NA1
and NA2 of HRSV-A strains that circulated in the community during our study period.

Human respiratory syncytial virus (HRSV), a member of the
genus Pneumovirus within the family Paramyxoviridae, is the
most common cause of acute lower respiratory tract disease
among infants and young children (3). In spite of maternal
antibodies, 50% to 70% of infants are infected with HRSV in
the first year of life, and almost all children are infected by 2
years of age (3). After that period, HRSV causes repeated
infections throughout life, but infections in older children and
adults are usually associated with milder disease, indicating
that HRSV infections induce local immunity (10, 13).

The ability of the virus to reinfect may be due to an inadequate
immune response and/or to strain variability allowing evasion of
the immune response (25). HRSV has been classified into anti-
genic subgroups A and B (HRSV-A and HRSV-B, respectively),
initially on the basis of the reactivity of the virus with monoclonal
antibodies against the attachment glycoprotein (G protein) (1, 5,
14, 18), and have now been classified into genotypes in each
subgroup by genetic analyses (8, 16, 23, 27, 29). The G protein is
one of the main targets for inducing neutralizing and protective

antibodies, and extensive antigenic and genetic diversity within
this protein may facilitate repeated HRSV infections (2–4, 8, 15,
21–23, 26). Reinfections with homologous and heterologous
groups of HRSV have been shown, but most studies of HRSV
reinfection analyzed HSRV by groups and not by genotypes (17,
28). However, the relative contribution of antigenic diversity
and/or inadequate immune responses to the establishment of
reinfections has yet to be elucidated.

We previously reported that the newly identified genotype
NA2 of HRSV-A caused the outbreak in the 2006-2007 season,
while emerging HRSV-B genotypes did not cause an outbreak
in the community (7, 26). In conjunction with data from pre-
vious molecular epidemiological studies, we undertook the
present study to analyze the characteristics of reinfections in
relation to HRSV genetic diversity among children with re-
peated HRSV infections in Japan.

MATERIALS AND METHODS

Study population and clinical samples. This study was conducted for eight
successive seasons from November 2001 through April 2009 at one pediatric
outpatient clinic in Niigata City, Japan. Niigata City is the prefectural capital of
Niigata Prefecture, and its total population is approximately 0.8 million. Children
under 5 years of age with acute lower respiratory tract illness, such as wheezing,
cough, rhinorrhea, and fever, were enrolled in this study. We retained written
informed consent from their guardians and obtained nasopharyngeal aspirate
samples or nasal swabs from the patients. Basic patient data such as registration
number in the clinic, sex, age, date of clinic visit, and date of fever onset were
recorded by a pediatrician at the clinic. The first infection was defined as the first
episode of HRSV infection in children who subsequently had one or more
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HRSV infections. Repeated infection was identified by the unique registration
number of the patient. This study was approved by the Medical Faculty Ethics
Committee of Niigata University. Clinical specimens were kept at 4°C in the
clinic; were transported to the Department of Public Health, Graduate School of

Medical and Dental Sciences, Niigata University, within 5 days of sampling; and
were then kept frozen at �80°C for further examination.

RT-PCR and nucleotide sequencing. Briefly, viral RNA was extracted from
100-�l samples of the nasopharyngeal aspirate samples or swabs by using an

FIG. 1. Repeat HRSV infection cases divided by genotypes shown in a timeline from 2001 to 2009. Dashed lines indicate birth to first infection.
Ellipses indicate HRSV-A infections, while rectangles indicate HRSV-B infections. Solid lines mark the interval of infections. Lines with asterisk are cases
with three infections.

TABLE 1. Seasonal genotype distributions of HRSV-A and -B strains in repeated infections from the 2002-2003 to 2008-2009 seasons

Infection and season
(mo/yr)

No. (%) of cases with
repeated infectionsa

No. of isolatesb

HRSV-A HRSV-B

GA5 NA1 NA2 BA4 BA5 BA7 BA8 BA9 BA10

1st
2002–2003 7/60 (11.7) 1 — — — 6 — — — —
2003–2004 3/75 (4.0) 3 — — — — — — — —
2004–2005 6/45 (13.3) 1 4 — 1 — — — — —
2005–2006 18/121 (14.9) — 8 5 — — 5 — — —
2006–2007 12/154 (7.8) — — 9 — — — 2 1 —
2007–2008 6/80 (7.5) 1 — 1 — — 1 — — 3

2nd
2003–2004 3/75 (4.0) 3 — — — — — — — —
2004–2005 3/45 (6.7) 2 — — 1 — — — — —
2005–2006 8/121 (6.6) — 4 2 1 — — — 1 —
2006–2007 20/154 (13.0) — — 14 — — — 5 1 —
2007–2008 9/80 (11.3) 1 — — — — — — 1 7
2008–2009 9/79 (11.4) — 6 3 — — — — — —

3rd
2006–2007 2/154 (1.3) — — 2 — — — — — —
2008–2009 2/79 (2.5) — 2 — — — — — — —

a Percentages were calculated from number of patients who experienced repeated infections divided by the total number of RSV cases detected for the season.
b —, no cases.
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Extragen II kit (Kainos, Tokyo, Japan) according to the manufacturer’s instruc-
tions. Reverse transcription (RT) to create cDNA was performed by using
random primers and Moloney murine leukemia virus reverse transcriptase (In-
vitrogen Corp., Carlsbad, CA) (23).

In accordance with a method previously reported (23), first and heminested PCRs
targeting a 270-nucleotide segment (330-nucleotide segment in the case of
HRSV-B) of the G-protein gene’s second hypervariable region were performed.
Amplified PCR products were purified by using MSB Spin PCRapace (Invitek
GmbH, Berlin, Germany), labeled with a BigDye Terminator (version 3.1) cycle
sequencing kit (Applied Biosystems, Foster City, CA) according to the manufactur-
er’s instructions, and then analyzed with an ABI 3100 automatic DNA sequencer.

Phylogenetic analysis. Multiple-sequence alignments of G genes for HRSV-A
and -B were compiled by using BioEdit, versions 7.0 and 9.0, respectively (12).
Phylogenetic trees of the G-protein gene’s second hypervariable region were
generated by using the neighbor-joining method with MEGA software, version
4.0 (30). Bootstrap probabilities for 1,000 iterations were calculated to evaluate
confidence estimates. All sequences for both subgroup A and B viruses of the
repeated infection cases were included in the phylogenetic analysis. Reference
sequences (BA/100/04, BA/524/04, BA/354/04, and BE/46/03) were downloaded
from GenBank (http://www.ncbi.nlm.nih.gov/). The G-protein gene sequences
newly reported in this paper were deposited in the DDBJ database, and others
were reported previously (7, 23).

Evaluation of repeated infections and statistical analysis. The sequential
infection pattern by subtype or genotype was evaluated between “previous” and
“subsequent” infections. Thus, the first infection was compared to the second,
and the second infection was compared to the third, to evaluate the influence of
immunity from the most recent infections.

Fisher’s exact test was used to evaluate statistical significance for 2-by-2 tables
in homologous and heterologous subtype infections and that among homologous
and heterologous genotype infections (SPSS, version 11.0). A P value of �0.05
was considered statistically significant.

Nucleotide sequence accession numbers. The G-protein gene sequences newly
reported in this paper were deposited in the DDBJ database under accession
numbers AB603443 to AB603484 (http://www.ddbj.nig.ac.jp/index-e.html).

RESULTS

Study population and demographic details. For eight suc-
cessive seasons, from November 2001 through April 2009,
1,560 cases were screened in Niigata City, Japan. A total of 726

HRSV samples were positive by PCR. All HRSV-positive sam-
ples were sequenced and further analyzed for genotypes by the
gene analysis of the attachment (G) protein gene of HRSV.
Three genotypes of HRSV-A, GA5, NA1, and NA2, and 6
genotypes of HRSV-B, BA4, BA5, BA7, BA8, BA9, and BA10,
were identified (7, 23, 26). The yearly distribution of positive
cases varied from 33 to 154 depending on the season, with the
highest positivity rate being observed for the 2006-2007 season
(Table 1).

State of repeat infections. Typing of HRSV confirmed that
52 children (7.8%) had repeated HRSV infections. First infec-
tions included 33 (63.5%) HRSV-A cases and 19 (36.5%)
HRSV-B cases, whereas second infections occurred in 35
(67.3%) HRSV-A cases and 17 (32.7%) HRSV-B cases. Third
infections were attributed to 4 (100.0%) HRSV-A cases. Ge-
notypes were comprised of genotypes GA5, NA1, and NA2 for
HRSV-A and/or genotypes BA4, BA5, and BA7 to BA10 for
HRSV-B (Fig. 1 and 2 and Table 1). Four of these patients
were infected with HRSV three times (Fig. 1). All patients had
no underlying conditions and did not show any serious condi-
tions for hospitalization.

The average ages of the first (primary), second, and third
infections were 10.6 � 7.9, 25.8 � 11.5, and 33.6 � 7.6 months,
respectively (Table 2). The average age upon the second in-
fections was higher for patients with genotypes NA1, NA2,
BA8, BA9, and BA10 than for patients with other genotypes.
Repeated infections in 46 (82.1%) cases occurred in the next
season, and only one case had a repeated infection in the same
season (10-day interval). The average interval period for rein-
fection was 14.6 � 8.8 months (range, 10 days to 50 months).

Upon the first infection, 33 cases were infected with 3 ge-
notypes of HRSV-A strains, genotypes GA5 (6 cases), NA1 (12
cases), and NA2 (15 cases), while 19 cases were infected with

FIG. 2. Phylogenic trees of HRSV-A and HRSV-B nucleotide sequences based on the second variable region of the G-protein gene (270 and/or
330 bp) using the neighbor-joining method with MEGA software, version 4.0. Reference sequences of group B genotypes from other studies were
included in the analysis of respective group comparisons. The scale bars show the proportions of nucleotide substitutions per site, and the values
at the nodes are bootstrap values for 1,000 iterations. Only bootstrap values greater than 70% are shown.

TABLE 2. Numbers and average ages of patients with HRSV-A and HRSV-B infections divided by genotypea

Genotype

Total 1st infection 2nd infection 3rd infection

No. of
cases

Mean avg age
(mo) � SD

No. of
cases

Mean avg age
(mo) � SD

No. of
cases

Mean avg age
(mo) � SD

No. of
cases

Mean avg age
(mo) � SD

HRSV-A
GA5 12 11.6 � 6.4 6 8.3 � 6.1 6 14.9 � 4.8 —
NA1 24 19.0 � 12.5 12 12.1 � 8.1 10 27.5 � 11.8 2 38.6 � 7.7
NA2 36 21.2 � 13.6 15 12.2 � 9.8 19 28.2 � 13.0 2 28.7 � 3.4

HRSV-B
BA4 3 17.0 � 6.5 1 9.7 2 20.8 � 4.8 —
BA5 6 6.8 � 7.9 6 6.8 � 7.9 — —
BA7 6 9.6 � 8.3 6 9.6 � 8.3 — —
BA8 7 26.5 � 12.2 2 17.0 � 7.0 5 30.4 � 12.0 —
BA9 4 22.8 � 10.4 1 8.4 3 27.6 � 7.2 —
BA10 10 16.8 � 12.5 3 11.3 � 4.9 7 23.3 � 11.4 —

Total 108 18.5 � 12.5 52 10.6 � 7.9 52 25.8 � 11.5 4 33.6 � 7.6

a —, no cases.
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6 genotypes of HRSV-B strains, genotypes BA4 (1 case), BA5
(6 cases), BA7 (6 cases), BA8 (2 cases), BA9 (1 case), and
BA10 (3 cases) (Table 1 and Fig. 2). Genotypes GA5 and BA5
were the predominant genotypes in the repeated infections
from the 2002-2003 season to the 2003-2004 season, and the
predominance shifted to genotypes NA1 and NA2 from the
2004-2005 season (Table 1). Furthermore, the number of re-
peated infection cases increased in the 2005-2006 and 2006-
2007 seasons, perhaps due to the circulation of the emerging
genotypes NA1, NA2, and BA7 (7, 26).

Upon the second infection, 35 cases were infected with 3
genotypes of HRSV-A strains, genotypes GA5 (6 cases), NA1
(10 cases), and NA2 (19 cases), while 17 cases were infected
with 4 genotypes of HRSV-B strains, genotypes BA4 (2 cases),
BA8 (5 cases), BA9 (3 cases), and BA10 (7 cases) (Table 2).
The proportion of reinfected cases over total HRSV cases had
increased since the 2006-2007 season, due mainly to emerging
genotypes NA1, NA2, BA8, and BA10 (Table 1 and Fig. 1).

Upon the third infection, 4 cases were reinfected with 2
strains each of genotypes NA1 and NA2 (Table 2 and Fig. 2).
Overall, for three-time infections one patient was infected with
HRSV-A of different genotypes, and one was infected once
with HRSV-B followed twice by infection with HRSV-A. The
other two cases were repeatedly infected with HRSV-B, and it
changed to HRSV-A in the third infection (Table 3). There
were no homologous genotype infections with the four cases.

Throughout all seasons, homologous subgroup reinfec-
tions were detected in 28 cases: 23 HRSV-A cases and 5
HRSV-B cases. Homologous HRSV-A infections occurred
more frequently (65.7%) than homologous HRSV-B infec-
tions (23.8%), with statistical significance (P � 0.005) (Ta-
ble 4 and Fig. 2). Homologous genotype reinfections were
detected in 2 repeated genotype GA5 cases (interval, 14.4
and 14.9 months) and 3 repeated genotype NA2 cases (in-
terval, 11.9, 12.7, and 13.7 months) with HRSV-A but not
any case with HRSV-B, including the third infection.
Among HRSV-A strains, heterologous genotype reinfec-
tions were detected in 18 cases: 2 cases (genotype GA5 to
genotype NA1), 11 cases with a change from genotype NA1
to genotype NA2, 1 case with a change from genotype NA2
to genotype GA5, and 4 cases with a change from genotype
NA2 to genotype NA1 (Tables 3 and 5). Among HRSV-B
strains, heterologous genotype reinfections were detected in
5 cases: 1 case with a change from genotype BA5 to geno-
type BA8, 1 case with a change from genotype BA7 to
genotype BA8, 2 cases with a change from genotype BA8 to
genotype BA10, and 1 case with a change from genotype
BA9 to genotype BA10.

Heterologous subgroup reinfections were detected in 28 cas-
es: 12 cases of HRSV-A-to-HRSV-B reinfections and 16 cases

of HRSV-B-to-HRSV-A reinfections (Tables 3 and 4 and Fig.
1). For the HRSV-A-to-HRSV-B group, heterologous geno-
type reinfections were detected in one case each of a change of
genotype GA5 to genotype BA4 and genotype GA5 to geno-
type BA9; one case each of genotype NA1 to genotype BA4,
genotype NA1 to genotype BA8, and genotype NA1 to geno-
type BA9; 2 cases of genotype NA2 to genotype BA8; one case
of genotype NA2 to genotype BA9; and 4 cases of genotype
NA2 to genotype BA10 (Table 5). For the HRSV-B-to-
HRSV-A group, heterologous genotype reinfections were de-
tected in one case of a change of genotype BA4 to genotype
NA1; 3 cases of genotype BA5 to genotype GA5, one case each
of genotype BA5 to genotype NA1 and genotype BA5 to ge-
notype NA2, one case of genotype BA7 to genotype NA1, 4
cases of genotype BA7 to genotype NA2, one case of genotype
BA8 to genotype NA1, and 2 cases each of genotype BA10 to
genotype NA1 and genotype BA10 to genotype NA2 (Table 5).

Overall, we observed more homologous genotype infections
with HRSV-A (14.3%) than with HRSV-B (0%) over heterol-
ogous genotype infections but without statistical significance
(Table 5).

DISCUSSION

We found that the number of reinfections with the HRSV-A
subgroup was significantly higher than that with the HRSV-B
subgroup. This finding is different from data from other re-
ports showing that children initially infected with an HRSV-A
strain appeared more likely to experience reinfection with an
HRSV-B strain (17). The higher prevalence of reinfections
among HRSV-A subgroups may indicate that the subgroup has
sufficient antigenic divergence to allow escape from an indi-
vidual’s immune response. Another possible explanation for
the more frequent occurrence of homologous HRSV-A rein-
fections is that HRSV-B strains elicit a more complete and/or
long-lasting subgroup-specific immune response than do
HRSV-A strains (17, 32), and thus, HRSV-B may cause re-
peated infections less often.

We previously reported several genotypes for each HRSV
subgroup, genotypes GA5 and GA7 and emerging genotypes
NA1 and NA2 for HRSV-A and genotypes GB3 and SAB3,
and emerging genotypes BA4 to BA10 for HRSV-B, during
eight successive seasons from 2001 to 2009 (7, 23, 26). Large
outbreaks of HRSV in the community were observed upon the
emergence of newly identified HRSV-A genotypes (genotypes
NA1 and NA2) but not upon the emergence of newly identified
HRSV-B genotypes. Our study showed that the repeated in-

TABLE 3. Genotypes attributed to HRSV infections three times

Patient
Genotype

1st infection 2nd infection 3rd infection

19 GA5 NA1 NA2
22 BA7 NA1 NA2
27 BA7 BA8 NA1
41 BA8 BA10 NA1

TABLE 4. Total number of repeated HRSV infection cases divided
by subtypes of HRSV-A and -B

Previous infection

No. (%) of cases of subsequent
infection witha:

HRSV-A HRSV-B

HRSV-A (n � 35) 23 (65.7)* 12 (34.3)
HRSV-B (n � 21) 16 (76.2) 5 (23.8)*

a An asterisk indicates that a statistically significant difference in the number
of homologous subtype reinfection cases was shown between HRSV-A and -B
over hetrologous subtype infection (P � 0.005). The P value was tested by a
two-tailed Fisher’s exact probability test.
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fections were attributed to 3 genotypes of HRSV-A (genotypes
GA5, NA1, and NA2) and 6 genotypes of HRSV-B (genotypes
BA4, BA5, and BA7 to BA10). The overall distribution of
genotypes of HRSV in the first and repeated infections in each
season was similar to the prevalence of genotypes that circu-
lated in the season (7, 26).

Among the reinfection episodes, repeat infections in 46
cases (82.1%) occurred in the succeeding season, and only one
case was a heterologous genotype reinfection in the same sea-
son (10-day interval). This case eventually had another geno-
type reinfection with HRSV-A in the following season. It is
known that following primary infection, some infants lose
strain-specific immunity after 7 to 9 months (between epidem-
ics) and group-specific immunity in 2 to 4 months (within an
epidemic period) (24). This information is relevant in trying to
elucidate the nature of immunity to reinfection by HRSV in
children in relation to the primary infecting and reinfecting
variants.

Protective immunity to the virus of the homologous sub-
group can be short-lived in some individuals. Our study clearly
indicated that homologous subgroup reinfections occurred
more frequently in HRSV-A than in HRSV-B strains (23 ver-
sus 5 events). Furthermore, we demonstrated that homologous
genotype reinfections were detected in 5 HRSV-A cases but
not were detected in any case of HRSV-B infection. These
findings strongly suggest that a stronger immune response
against HRSV-B itself might had led to a lower rate of homol-
ogous reinfections with HRSV-B in general.

Our study clearly indicated that homologous (28 cases) and
heterologous (28 cases) subgroup reinfections occurred with
the same frequency, although previous studies indicated that
children infected with one antigenic group were more likely to
be reinfected with the heterologous group than with the ho-
mologous group, although the numbers examined were small

(17). In the case of heterologous subgroup infections, HRSV-
B-to-HRSV-A reinfections occurred more frequently than did
HRSV-A-to-HRSV-B reinfections. These findings may be the
result of the higher rate of circulation of emerging genotype
NA1 and NA2 strains than of other strains in the community at
the time of infection. However, during our study period, we
found several emerging genotypes for each HRSV group: ge-
notypes NA1 and NA2 for HRSV-A and genotypes BA4, BA5,
and BA7 to BA10 for HRSV-B (7, 26). The genetic diversity in
the second hypervariable region of these strains was within the
range of what we reported previously (7, 26). Of note, geno-
type NA2 was associated with an increase of infection and
reinfection cases in the 2006-2007 season (26), whereas newly
identified genotype BA10, as the most prevalent type of
HRSV-B in the 2007-2008 season, did not increase the number
of reinfections in the 2007-2008 season. Furthermore, the pro-
portion of reinfections among the circulating strains in our
study(7.8%) was higher than those reported previously (19, 20,
23, 25), probably due to the newly identified genotypes NA1
and NA2. Thus, our observations lead us to surmise that even
newly identified genotypes, such as genotype NA2, which
played an important role in increased infection and reinfec-
tion, may not elicit a complete and/or long-lasting genotype-
specific immune response compared to other genotypes. This
remains to be confirmed by serological studies, and further
investigation of the role of genotype NA2 in repeat infections
is warranted. We also consider the point of view that the
observed overall prevalence of HRSV-A over HRSV-B strains
during the epidemic could be due to more transient subgroup
A-specific immune protection rather than to higher HRSV-A
genetic diversity, as was previously suggested (6, 32).

We found cases infected with HRSV three times during the
study period. To our knowledge, this is the first report to
elaborate the shift of HRSV genotypes in multiple infections,

TABLE 5. Total number of repeated HRSV infection cases divided by genotypes of HRSV-A and -B in first and second infections

Genotype of previous
infection

Total no. of
cases of
previous
infection

No. of cases of subsequent infectiona
No. (%) of
homologous

genotype
reinfection cases

HRSV-A HRSV-B

GA5 NA1 NA2 BA4 BA8 BA9 BA10

HRSV-A
GA5 6 2 2 0 1 0 1 0 2 (33.3)
NA1 14 0 0 11 1 1 1 0 0 (0)
NA2 15 1 4 3 0 2 1 4 3 (20.0)

Subtotal 35 3 6 14 2 3 3 4 5* (14.3)

HRSV-B
BA4 1 0 1 0 0 0 0 0 0 (0)
BA5 6 3 1 1 0 1 0 0 0 (0)
BA7 6 0 1 4 0 1 0 0 0 (0)
BA8 3 0 1 0 0 0 0 2 0 (0)
BA9 1 0 0 0 0 0 0 1 0 (0)
BA10 4 0 2 2 0 0 0 0 0 (0)

Subtotal 21 3 6 7 0 2 0 3 0* (0)

Total 56 6 12 21 2 5 3 7 5 (8.9)

a An asterisk indicates that statistical significance was not shown for the number of homologous genotype reinfection cases between HRSV-A and -B over
heterologous genotype infections (P � 0.145). The P value was tested by a two-tailed Fisher’s exact probability test.
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although one paper in the past reported three-time infections
with serotype HRSV F and G proteins (31). Of note, homol-
ogous subgroup infections with HRSV-A occurred three times
in one patient, but no other patients had serial HRSV-B in-
fections three times, which also suggests a short-lived immunity
to HRSV-A.

This study was implemented at one outpatient clinic where
children consistently visited for years. Samples were collected
mainly from children less than 5 years of age with acute lower
respiratory tract symptoms, such as wheezing, cough, rhinor-
rhea, and fever. It is well known that there is a reduction in
the severity of clinical illness upon reinfection (9–11, 13). Since
we could not obtain disease or severity scores in this study, we
could not discuss the differences in the clinical pictures at the
time of repeated infections. In addition, a limitation of the
study is that there is a possibility of missing cases due to no visit
to the clinic because of mild symptoms.

We demonstrated the antigenic variability of the G protein
between and within the two major HRSV antigenic groups that
may be related to reinfection by evading the preexisting host
immune response. Further study will be required to character-
ize the relationship between genomic variants and primary
and/or repeat infections for the development of effective
HRSV vaccines.
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