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Human respiratory syncytial virus genomic and antigenic variants
isolated in two hospitals during one epidemic, in Santiago, Chile
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bstract

ackground: Human respiratory syncytial virus (HRSV) is a major cause of severe lower respiratory tract infection (LRI) in children. Distinct
ariants of the viruses have been described.
bjective: The objective was to compare the antigenic and genetic variability of HRSV strains recovered from infants admitted to two
ospitals during one epidemic in a big city.
tudy design: We analyzed nasopharyngeal aspirates from 201 infants admitted for LRI to two hospitals during 2002 in Santiago, Chile. The
nalyses were carried out using a panel of monoclonal antibodies against G glycoprotein epitopes (EIA) and RFLP for N and G genes.
esults: No differences in HRSV groups A/B and in N patterns distribution were observed among both hospitals. On the contrary, antigenic

nd genetic G patterns displayed a wide diversity of strains circulating during one epidemic, in one big city.
onclusions: RSV variability assessment depended rather on the tool used for analysis than on the geographical location.

eywords: Human respiratory syncytial virus; RSV molecular epidemiology; RSV diversity; RSV characterization; Chile
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. Introduction

Human respiratory syncytial virus (HRSV) is the principal
ause of acute lower respiratory infections (ALRI) in children
nder 2 years of age (Avendaño et al., 1991; Cane, 2001) caus-
ng yearly winter epidemics. The clinical severity of RSV
nfection has been associated to epidemiological and host
actors (Brandenburg et al., 2000). Variability in viral strains

ight influence in the outcome of the infection. RSV belongs

o the family Paramixoviridae and displays a non-segmented
egative-stranded RNA. The envelope contains glycoproteins

Abbreviations: HRSV, human respiratory syncytial virus; LRI, lower
espiratory tract infection; EIA, enzyme immuno assay; RFLP, restric-
ion fragments length polymorphism; N gene, protein N gene; G gene,
ttachment glycoprotein gene; NP, patterns of N gene; RNA, ribonucleic
cid; Mab, monoclonal antibodies; RR, Roberto del Rio hospital; LCM,
uis Calvo Mackenna hospital; NPA, nasopharyngeal aspirates; IFA, indi-

ect immunofluorescence assay; CPE, cytopathic effect; RT-PCR, reverse
ranscription-polymerase chain reaction; nM, nanomolar.
∗ Corresponding author. Tel.: +56 2 978 6317; fax: +56 2 978 6124.

E-mail address: vluchsin@med.uchile.cl (V. Luchsinger).
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(gpF) and G (gpG) (Cane, 2001), being G the most variable
f the viral proteins. RSV can be divided into two groups, A
nd B, using monoclonal antibodies (Mab) directed against
pF and gpG (Cane, 2001). RSV strains have also been further
ssigned to different antigenic subgroups according to reac-
ivity patterns with Mab panels directed against gpG (Galiano
t al., 2005a). The analysis of RSV genes by restriction
ndonuclease digestion (RFLP) and nucleotide sequencing
ave demonstrated the occurrence of evolutionary intragroup
ineages or genotypes, which have worldwide distribution
Cane and Pringle, 1992; Cane, 2001). Distinct variants of
roups A and B tend to circulate simultaneously in the world,
ith their relative proportions varying both geographically

nd temporally (Cane, 2001; Peret et al., 2000; Sullender,
000). The clinical and epidemiologic significance of RSV
ariability still remains unclear (Brandenburg et al., 2000;
intra et al., 2001; Smith et al., 2002; Walsh et al., 1997).

he majority of epidemiologic studies have compared strains

ecovered in different communities and/or epidemics. Santi-
go, the capital of Chile, has a population of 6 million and its
emperate climate (latitude 33.2◦S) yearly constrains RSV’s

mailto:vluchsin@med.uchile.cl
dx.doi.org/10.1016/j.jcv.2008.03.024
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Table 1
Comparison by RFLP of HRSV gene N restriction patterns of strains recov-
ered from two Children’s Hospitals, Santiago of Chile, 2002

Gene N patterns RR hospital (n = 51) LCM hospital (n = 47) p

RSV Group B
NP1 1 5 0.10
NP3 15 8 0.22
NP11 2 3 0.66
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reatest activity to the winter months (Avendaño et al., 2003).
he aim of this study was to explore the diversity of RSV
trains circulating during one epidemic period in two areas
f a big large city.

. Methods

We studied previously healthy children under 1 year of
ge, admitted for the first ALRI episode (bronchiolitis and/or
neumonia) in two pediatric hospitals, from May to Octo-
er 2002, including the hole epidemic RSV season. Roberto
el Rio (RR) and Luis Calvo Mackenna (LCM) hospitals
ttend to middle-low class populations and are located in
ifferent areas of the city. Nasopharyngeal aspirates (NPA)
ere obtained within the first 48 h after admission and pro-

essed for viral isolation and indirect immunofluorescence
ssay (IFA). Samples were inoculated into HEp-2 cells and
bserved for cytopathic effect (CPE); confirmatory IFA for
SV were performed for cultures with and without CPE,
s previously described (Avendaño et al., 2003). The RSV
trains obtained from cultures were further submitted to anti-
enic and genetic characterization.

The antigenic characterization was made by EIA as previ-
usly described (Galiano et al., 2005a). Sixteen Mabs (kindly
rovided by Dr. J.A. Melero, Spain) directed against lin-
al epitopes of gpG and gpF were evaluated: three Mabs
gainst gpG and gpF conserved epitopes in groups A and

(47F, 021/1G and 021/21G); three against group A spe-
ific epitopes (2F, 021/2G and 021/19G); two against group

specific epitopes (B1G and B2G); and eight against vari-
ble epitopes (021/5G, 021/7G, 021/8G, 021/9G y 25G, 59G,
3G, 68G, 78G). The strains were considered “reactive” if
he absorbance was ≥25% greater than the absorbance of
he reference strains (RSV-A: Mon 3/88 and Long; RSV-B:
H18537). The “antigenic patterns” were defined according

o the reactivity to the eight Mabs directed against variable
pitopes (Galiano et al., 2005a).

The genetic characterization was done by RT-PCR
nd RFLP. RNA was extracted from infected HEp-2
ells using a Chomckzynski-phenol solution (Winkler®)
nd chloroform (Chomckzynski and Sacchi, 1987);
everse transcription was performed with primer F844
′TGTCTAACTATTTGAACA3′ (López et al., 1998), 200 �l
everse transcriptase (M-MLV, Promega®), PCR solution
×, 1 mM of dNTPs (Promega®), 5 �l of RNA and water in a
nal volume of 20 �l. The mixture was incubated for 60 min
t 37 ◦C, followed by 5 min at 95 ◦C in a Gene Amp PCR Sys-
em 2400 thermocycler (PerkinElmer®). Fragments of the
enes N (nucleotides 858–1135) and G (nucleotides 1–584)
ere amplified as described previously (Cane and Pringle,
992). PCR products were purified by columns (Qiagen®)

nd their genetic variability was analyzed by restriction frag-
ents length polymorphism (RFLP) as previously described

Cane and Pringle, 1992). N gene products were digested
ith Hind III, PstI, BglI, HaeIII and RsaI enzymes, and G

4

n

SV Group A
NP2 9 12 0.48
NP4 24 19 0.64

ene products, which include the most variable part of the
ene, were digested with AluI, TaqI, MboI and MseI enzymes
New England Biolabs®), grouping was done in patterns.
he enzymes used for the gene G analysis were selected with

eference to the group A RSV G gene nucleotide sequence.
Chi-square or Fisher tests were carried out when nec-

ssary, using the software Epi-Info 6.04 (2001, Center for
iseases Control and Prevention, World Health Organiza-

ion, Statistical Analysis Software, Geneva, Switzerland).
-Values lower than 0.05 were considered as signifi-
ant.

. Results

We analyzed 217 NPA obtained from RR hospital and
74 from LCM hospital. HRSV was isolated in 118/217 and
3/174, respectively. We achieved genetic characterization
n 51/118 strains and antigenic characterization in 22/118
trains from RR hospital, and in 47/83 and 12/83 strains from
CM hospital, respectively. Only those strains that amplified
atisfactory or that grew well enough to provide good pro-
ein extracts were included. The HRSV strains reacted with

abs directed against conserved epitopes of the G and F gly-
oproteins. The genetic and antigenic classification of RSV
solates into A/B group showed a similar distribution in both
ospitals (2/3 A and 1/3 B, p = 0 .93). A total of 11 differ-
nt antigenic patterns were found, 7 in RR and 5 in LCM
ospitals (Fig. 1). Only one pattern was common to both
ospitals and accounted for 40.9% (9/22) and 16.6% (2/12)
f the RR and LCM strains, respectively. The genetic char-
cterization of N gene made by RFLP showed five patterns:
P2 and NP4 among RSV group A and NP1, NP3 and NP11

orresponding to group B. They were present in both hos-
itals in similar proportions (Table 1). The variability of the

gene restriction patterns found was very high, suggesting
hat each strain constitutes an unique pattern; furthermore,
ome restriction patterns obtained have not been previously
escribed (Table 2).
. Discussion

Although different HRSV variants may circulate simulta-
eously during an epidemic, the clinical and epidemiological



Fig. 1. Antigenic patterns of HRSV isolates obtained from children admitted
to two hospitals in Santiago of Chile, 2002. Antigenic patterns were defined
by the combination of reactivities with the strain-specific Mabs, according
to Galiano et al. (2005a). Reactivity was defined as reactive (�) >25% and
no reactive (�) <25% of OD values compared with the prototype strain.
Mon/3/88 was the prototype strain for Mabs with prefix 021 and Long was
for Mabs 25G, 59G, 63G and 68G.

Table 2
RFLP gene G restriction patterns of HRSV group A strains recovered from
infants admitted for ALRI in two Children’s Hospitals, Santiago of Chile,
2002

Restriction
enzymes

Patterns RR hospital
(n = 34)

LCM hospital
(n = 30)

p

Alu I A 4 6 0.49
B 0 2 0.21
C 4 5 0.72
E 0 1 0.46
Fa 26 16 0.092

Taq I A 10 3 0.10
B 12 16 0.23
Ea 11 8 0.82
Fa 0 3 0.09
Ga 1 0 1

Mbo I B 4 0 0.11
D 1 0 1
H 22 30 0.001
Ja 2 0 0.49
Ka 3 0 0.24
La 2 0 0.49

Mse I B 3 2 1
C 0 1 0.46
D 3 1 0.61
E 27 16 0.05
G 1 10 0.003

a These restriction patterns were not previously described.
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ignificance of this diversity has not been elucidated
Brandenburg et al., 2000; Cintra et al., 2001; Smith et al.,
002; Walsh et al., 1997).

In this study, the analysis of the variability of isolates
howed the circulation of many distinct strains in two geo-
raphical areas of a big city in one epidemic period.

We did not find differences in the HRSV group A/B distri-
ution among the two hospitals located in different areas of
he city, as it has been reported (Hendry et al., 1986). How-
ver, we detected a wide diversity among the strains using
ethods with progressive more discriminatory ability.
Actually, the N gene characterization allowed us to

emonstrate the circulation of six genetic patterns previously
escribed (Cane and Pringle, 1992), having similar distri-
ution among both hospitals. The gpG antigenic analyses
xhibited a wide variability, detecting only one common pat-
ern for both centers. On the other side, the G gene RFLP
tudy showed so many variants, that there were no com-
on strains among both hospitals. Furthermore, new patterns
ere obtained, probably on account of the time variability of
RSV, considering that reference patterns were described

nalyzing isolates from 1988 to 1992 (Cane and Pringle,
992).

The antigenic characterization by EIA is cumbersome,
ime consuming and requires the viral isolation. Therefore,
t limits the analysis to only those strains that grew well in
ell culture, an inherent bias of this technique. Likewise, the
reat variety of antigenic variants found suggests that this
ethod is not useful for comparing individual strains. Since

orrelation has been described among genetic and antigenic
haracterizations (Galiano et al., 2005b), for HRSV strain
tudies we rather recommend genetic analysis by RFLP or
equencing. The HRSV genetic analysis is commonly made
y sequencing the variable portion of G protein (Cane, 2001;
aliano et al., 2005b; Peret et al., 2000). We think it is a

ool with intermediate discriminatory ability that could be
omplemented with the inclusion of other markers for a bet-
er comprehension of local epidemiological pattern, as it has
een recently shown in influenza viruses analyzing variabil-
ty of other genes instead of the classical H and N (Nelson et
l., 2006).

We conclude that HRSV outbreaks might be conformed
y local rather than community patterns. Different strains of
RSV circulate during one season in two areas within a big

ity. The diversity of HRSV found might be strongly influ-
nced by the discriminatory ability of the techniques used for
train characterization and it must be carefully considered in
he study design.

cknowledgements
We thank Marı́a Inés Espinoza, Inés Orellana, Luis Tor-
es and Cristian Moreno for technical assistance; Marianella
áneo for sample collection; and Felipe Piedra for helping
ith English language.



g

R

A

A

B

C

C

C

C

G

G

H

L

N

P

S

S

Grant support: This work was supported by FONDECYT
rant 1010630 and European Commission grant 980347.

eferences
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