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Abstract
Objectives—To determine the spectrum of
N and G genotypes of respiratory syncytial
virus (RSV) causing respiratory tract
infection and whether particular geno-
types are associated with severity of infec-
tion.
Patients and methods—Nasopharyngeal
aspirates (NPAs) were obtained from 114
infants with acute respiratory tract infec-
tion due to RSV over two seasons. Viral
mRNA was extracted from NPAs or
cultured virus, reverse transcribed, and
the cDNA amplified by the polymerase
chain reaction using primers directed to
parts of the N and G gene respectively.
Amplicons were separately digested with
four diVerent restriction endonucleases
for each gene. The fragments were sepa-
rated by agarose gel, electrophoresis, and
the electrophoretic patterns used to assign
the various genotypes. Disease severity
was assessed as very mild (upper respira-
tory tract signs only), mild (coryza and
signs of lower respiratory tract infection),
moderate (requiring nasogastric or intra-
venous fluids), and severe (requiring oxy-
gen or ventilation).
Results—Five of the six known N geno-
types were detected, but NP4 and NP2
were found most frequently. There was
no association between N genotype and
disease severity. Six G (SHL) genotypes
were detected. Significantly (p = 0.04)
more of the infants infected with the
SHL2 genotype had severe or moderate
disease.
Conclusions—During the seasonal peaks
of RSV respiratory tract infection at least
10 diVerent RSV genotypes cocirculated.
While there is no association between N
genotypes and disease severity, infection
with the SHL2 G genotype appears to
result in moderate to severe disease.
(Arch Dis Child 1997;77:508–511)
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Respiratory syncytial virus (RSV) is the major
cause of acute respiratory tract infection
throughout the world.1 2 Infection is manifest
across a spectrum from mild upper respiratory
tract disease to bronchiolitis and pneumonia.
Studies of urban populations have estimated
that 25 in every 1000 infants will develop RSV
bronchiolitis severe enough to warrant hospital
admission,3 and that about 3% of these develop

respiratory failure and require ventilation.
Although there is evidence that factors such as
pre-existing cardiopulmonary disease,4

prematurity,5 parental smoking,6 and atopy7

may predispose to severe bronchiolitis and
death from RSV infection, the mechanisms by
which this occurs are not understood.

Although RSV poses such a large threat, our
understanding of its pathogenesis and preven-
tion is limited. For example, severe infection
can occur despite the presence of large amounts
of maternally acquired antibody (the peak age
for RSV bronchiolitis is 1–2 months). In
contrast, when high titre RSV antiserum has
been given it has resulted in prevention or
amelioration of infection in infants who are at
high risk of severe RSV disease.8 Unfortunately,
a formalin inactivated whole RSV vaccine did
not protect vaccinees, but augmented the sever-
ity of RSV lower respiratory tract disease during
subsequent natural infection.9 As a result of
this, current work is focused on developing
subunit vaccines.10 RSV is a pneumovirus of the
genus myxovirus. It has an enveloped negative
sense linear RNA genome which encodes 10
genes, including two major surface glycopro-
teins (G and F), two matrix proteins (M1 and
M2), a small hydrophobic protein (SH), and
three nucleocapsid associated proteins (N, P,
and L).11 The G glycoprotein mediates attach-
ment of RSV to the cell it is to infect and the F
(or fusion) glycoprotein mediates subsequent
viral entry into the cell by membrane fusion.
RSV is divided serologically into two major
groups, A and B, but these can be further sub-
divided into genotypes based on nucleotide
sequence variability.12–14 The N (nucleoprotein)
SH and G genes have all been shown to have
variable sequences. The N gene is relatively well
conserved between virus isolates, but the G
gene shows much greater variability. For exam-
ple, between prototype group A and B RSV G
glycoproteins there is only 53% homology at the
amino acid concentration.15 The variation in
these genes has been used to define RSV typing
schemes: N gene diVerences resulting in the
NP1–NP6 genotypes, while limited restriction
mapping and sequencing of the SH gene has
allowed the designation of a series of related
lineage groups termed SHL1–SHL6.12 Variabil-
ity in the G gene sequence has been shown to be
closely linked to these SH lineages.13 Previously,
analysis of an epidemic of RSV in Birmingham
in 1989 revealed that at least six diVerent
genetic lineages were circulating at the same
time.12 13 The purpose of the present study was
to determine whether there is any relation
between RSV genotype and disease severity.
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Subjects and methods
The 114 infants with RSV included in this
study were admitted to the Royal Liverpool
Children’s Hospital, Alder Hey. They had all
been admitted over the period January 1991 to
March 1992 (a period covering two separate
RSV epidemics) with acute respiratory tract
infection.16 These patients represent approxi-
mately half of those admitted to the hospital
with proved RSV infection, and they were
selected as part of a larger study of the immuno-
pathology of bronchiolitis.16 Nasopharyngeal
aspirates (NPAs) and a detailed clinical history
were obtained from each patient on admission.
Initial diagnosis was by immunofluorescence
on part of the NPA sample. The remainder of
the NPA was stored at −20°C until analysed
further.

Based on clinical features, progression of
disease and therapeutic interventions, disease
severity was assessed retrospectively as (1) very
mild (upper respiratory tract signs only), (2)
mild (coryza and lower respiratory tract signs),
(3) moderate (as (2) but also requiring
nasogastric or intravenous fluids), and (4)
severe (as (3) but requiring supplementary
oxygen or ventilation). The severity score was
taken when the infant was most seriously
aVected.16

RSV mRNA was extracted either directly
from NPA samples or from NPA infected tissue
culture cells (MA104 cell line) by phenol chlo-
roform extraction as described previously.17

RSV cDNA was synthesised by reverse tran-
scription in reaction mixtures (50 µl) contain-
ing 1mM of each dNTP, 0.1mM dithiothreitol,
one unit of reverse transcriptase (Life Tech-
nologies UK) and 0.15 µg poly T primer.15

Reactions were carried out at 41°C for one
hour. Polymerase chain reaction (PCR) ampli-
fication of parts of either the N gene (between
nucleotides 858 and 1135) or the G gene
(between nucleotides one and 584) using
specific primers,12 13 was performed on 5 µl
aliquots of cDNA in reaction mixtures (30 µl)
containing 250 mM of each dNTP, 1 mM
magnesium chloride, 0.4 µg of each primer and
one unit taq DNA polymerase. PCR pro-
grammes for N gene amplification were 94°C
for five minutes and then 40 cycles of 94°C for
35 seconds, 55°C for 35 seconds, 74°C for 35
seconds, and finally 74°C for two minutes. For

the G gene amplifications, the annealing
temperature was increased to 56°C. The
amplicons were separately digested with the
restriction endonucleases HindIII, PstI, BglI,
HaeII, and RsrI for N gene typing and AluI,
MboI, MseI, and TaqI for G gene typing. Diges-
tion products were separated by electrophore-
sis on 2% (w/v) agarose gels. N and G gene lin-
eages were defined from the restriction
patterns described previously.12–14

Results
All 114 infants were confirmed as being
infected with RSV by direct amplification of
the N gene from NPAs or from NPA infected
tissue culture cells. The amplicon from each
sample was subjected to restriction endonucle-
ase digestion with the appropriate enzymes fol-
lowed up with agarose gel electrophoresis.
Overall, the majority were in N genotypes NP2
and NP4, these being detected in 36 and 66
patients respectively (table 1). In the first
epidemic, which lasted from January to July
1991, the NP2 and NP4 genotypes were evenly
distributed (31 and 34 patients respectively).
In the second epidemic, however, (September
1991 to March 1992) the majority were NP4
(32 cases) with the minority being NP2 and
NP3 genotypes. No NP6 genotypes were
detected in either epidemic. There was no
association between NP genotype and disease
severity (table 1). Group B RSV fall into NP
genotypes 1, 3, and 6, and these represent 10 of
the isolates. There was no association between
RSV group and disease severity.

The G gene PCR primers amplify group A
RSV only, and 104 (91%) of the RSV isolates
fell into this group. On reverse transcription
PCR, 82 (79%) produced an amplicon of the
correct size. For the remaining 22, no
amplicon was detected despite repeated at-
tempts on NPA and cultured virus. Each of the
82 amplicons fell into one of four distinct SHL
lineages (G genotypes) on restriction endonu-
clease digestion (table 2). All the NP2
genotypes fell into three closely related
lineages (SHL1, 3, 4), indistinguishable under
the electrophoresis conditions used. The NP4
types fell into two lineages (SHL2 and SHL6).
In the first epidemic, SHL2 and SHL6 were
found in equal numbers, but in the second
almost all were SHL2. On comparing the dis-
tribution of G genotypes with the diVerent
gradings of disease severity (table 2), it was
found that those infants infected with the
SHL2 G genotype were more likely to suVer
moderate or severe disease (p = 0.04, Fisher’s
exact test). Of the 40 infants infected with
SHL2, 26 (65%) had severe or moderate RSV
disease, whereas only three (30%) of those
infected with SHL6 had moderate disease and
none had severe disease.

Discussion
This is the first description of an association
between RSV genotype and severity of infec-
tion. Although RSV infection varies across a
spectrum from asymptomatic to life threaten-
ing, it is unclear why this should be. There is
some evidence that severity of illness is related

Table 1 Distribution of N genotypes according to severity
of disease

Severity NP1 NP2 NP3 NP4 NP5 Total

Very mild 1 1 0 5 0 7
Mild 0 12 3 22 1 38
Moderate 0 10 1 17 0 28
Severe 1 13 4 22 1 41
Total 2 36 8 66 2 114

Table 2 Distribution of G genotypes of group A RSV according to severity of disease

Severity SHL1, 3, 4 SHL2 SHL5 SHL6
NP2 not
G typable

NP4 not
G typable Total

Very mild 1 1 0 3 0 1 6
Mild 10 13 1 4 2 5 35
Moderate 9 9 0 3 1 5 27
Severe 10 17 1 0 3 5 36
Total 30 40 2 10 6 16 104
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to the host’s response to the virus. Recipients of
a formalin killed RSV vaccine developed severe
disease during subsequent natural RSV
infection,9 18 suggesting a role for specific
immunity in disease severity. Furthermore, in a
murine model passive transfer of CD4+ and
CD8+ T lymphocytes caused RSV infected
animals to become ill and lose weight.19

Others have examined the possibility that
disease severity might vary with the strain of
RSV. RSV can be subdivided into two major
antigenic subgroups (A and B) on the basis of
their reactions with monocloncal and polyclo-
nal antisera.20 Although some reports have
indicated that subgroup A RSV was associated
with more severe disease,21–24 others have found
the converse.25 Some groups have detected no
significant diVerence in severity between sub-
group A and subgroup B RSV infection.26 27 In
the present study, we have examined the
possibility that there might be variations in dis-
ease severity among RSV isolates of diVering
genotype.

Five of the six previously described N
genotypes were found among our 114 RSV
isolates. As described previously in other
settings, subgroup B RSV (which corresponds
to N genotypes NP1, 3, and 6) was found in
the minority of infections (10 out of 114;
9%).21–27 There was no significant association
among either RSV N type or subgroups A and
B and disease severity. The RSV G genotyping
primers amplify only subgroup A RSV. It was
surprising that 22 of the subgroup A isolates
(21%) did not produce an amplicon despite
the fact that virus was culturable and N genes
detectable. Although the G gene primers are
directed to conserved regions, it is possible
that variations could have occurred in the
primer binding sites thus preventing PCR
amplification. Of the 82 isolates that produced
amplicons, four distinct G genotype lineages
were detected (SHL1, 3, and 4 and SHL2, 5,
and 6). These together with the N geno-
typing confirm previous reports that RSV epi-
demics are not homogenous, rather several
diVerent RSV strains cocirculate at the same
time.28 29 Similar RSV G types were circulating
in Birmingham and Liverpool in the 1991
epidemic,28 but in 1992 SHL6 strains
were found far more frequently in
Birmingham, indicating that diVerent
RSV strains may circulate in diVerent parts of
the country during the same epidemic
period.

In contrast with this lack of association
between either RSV subgroup or N geno-
type and disease severity, there was a
statistically significant association between
infection with the SHL2 RSV G genotype and
the occurrence of moderate to severe disease.
As all the children studied were admitted to
hospital, the distribution of severity was
skewed towards children with severe disease in
contrast with the spectrum normally found in
the community. Therefore only a small
proportion (6%) of our patients had very mild
disease. Nevertheless, that an association may
exist is biologically plausible as the G
glycoprotein is expressed on the virus surface

and the surface of virus infected cells and is
thus important in immunogenicity. Further-
more the G glycoprotein mediates the first
step in RSV pathogenesis, namely attach-
ment to the host cell. These early findings
need further confirmation by large prospec-
tive studies encompassing a higher proportion
of patients with very mild infection.
Delineation of virus strains that are associated
with severe disease will not only aid our
understanding of RSV pathogenesis, but may
help in designing appropriate subunit vac-
cines.
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