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Antigenic and genetic heterogeneities exist within the two major antigenic groups of respiratory syncytial (RS)
virus. We developed a polymerase chain reaction (PCR)-based assay that not only differentiates the two RS virus
groups but allows distinctions within groups on the basis of changes in the nucleotide sequences, as revealed by
restriction fragment analysis. In this assay, viral RNA served as a template for cDNA synthesis with extension
from a synthetic oligonucleotide primer complementary to bases 164 to 186 in the F protein mRNA. For PCR
amplification, two group-specific 5' primers were added. The two primers corresponded to the G protein mRNA
sequence of group B (bases 10 to 30) or group A (bases 247 to 267) RS virus. Agarose gel electrophoresis readily
discriminated the 1.1-kb group B and the 0.9-kb group A virus amplification products. All 47 viruses tested were
assigned to the same group by both PCR and monoclonal antibody reaction pattern analysis. Restriction fragment
analysis of the amplified DNAs revealed 12 restriction patterns for group A viruses and 7 restriction patterns for
group B viruses, while the monoclonal antibody reaction patterns revealed seven patterns for groupA viruses and
3 patterns for group B viruses. Most viruses with the same monoclonal antibody reaction patterns had different
restriction patterns, and some viruses with the same restriction patterns had different monoclonal antibody
reaction patterns. Thus, the results of the PCR assay concurred with the monoclonal antibody reaction pattern
analysis for group classification of RS viruses, while the restriction fragment analysis identified greater diversity
within groups than was seen with the monoclonal antibody analysis.

Respiratory syncytial (RS)-virus is a major cause of acute
respiratory tract infections in infants and young children.
Two interesting and unexplained aspects of the immunobi-
ology of RS virus are that (i) infants may be infected even in
the presence of transplacentally acquired maternal antibody
and (ii) reinfections are the norm and occur throughout life
(18). Antigenic variation among the RS viruses may contrib-
ute to the ability of RS virus to evade the immune system in
these situations. Although previously thought to be a mono-
typic population of viruses, it is now known that there are
two major antigenic classes of RS virus; these are designated
as groups, subtypes, or subgroups (3, 21). The two groups
are delineated by their patterns of reactivity with mono-
clonal antibodies (MAbs), and the greatest differences are
found on the G protein (3, 21). The most extensive amino
acid sequence differences between the groups are also found
on the G protein (17).
The differences between the two major antigenic groups

are reflected in the immune responses of children. Infants
and young children infected with RS virus develop antibody
responses to the attachment glycoprotein G which are pre-
dominantly group specific, and neutralizing antibody re-

sponses to a virus of the homologous infecting group are

greater than those to a virus of the heterologous group (11).
Children previously infected with a virus of one group
appear to be somewhat less susceptible to repeat infections
with a virus of the same group (20, 36). Studies with RS virus
proteins expressed from vaccina virus recombinants suggest
that differences in the G protein are responsible for differ-
ences in cross protection between the two groups (16, 28,
29). In addition to the differences which occur between the
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two groups, there are also differences among strains within
groups. These differences have been identified by MAb
reaction patterns against the G protein (1-3, 10, 12, 13, 19,
21, 26, 33, 35), RNase protection assays on the G protein
gene (8, 27), restriction mapping of N gene polymerase chain
reaction (PCR) products, partial sequence analysis of the SH
gene (5), and nucleotide sequence studies of the G gene (4,
31). Antigenic and genetic studies have each provided im-
portant insights into the differences among individual RS
viruses.
The greatest differences between the two RS virus groups

are seen on the G protein. These differences appear to be
important in the host response to infection and are likely to
be important in vaccine development. For the purposes of
vaccine design, the importance of variations among strains
in the same group has not yet been determined. The ability to
identify strain differences within groups has, however, pro-
vided important information about the epidemiology and
transmission of RS virus (2, 25). In this report we describe a
practical approach to the characterization of genetic differ-
ences among RS viruses on the basis of PCR for amplifica-
tion of DNA corresponding to parts of the RS virus G and F
genes and restriction digests of the PCR products. This assay
not only discriminates between the two major RS virus
groups but also provides an assessment of genetic variability
within the individual groups.

(This study was presented in part at the 32nd Interscience
Conference on Antimicrobial Agents and Chemotherapy,
Anaheim, Calif., 11 to 14 October 1992.

MATERIALS AND METHODS

Cells and viruses. Forty-seven RS virus isolates were
grown in HEp-2 cells in Medium 199 (GIBCO/BRL, Life
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Technologies, Inc.) supplemented with 5% fetal bovine
serum with penicillin, kanamycin, and streptomycin. The
majority of these isolates have been described previously
(30, 31). Additional isolates (WV2780, WV5222, WV6973,
WV12342) were generously provided by Maurice Mufson
(Huntington, W.V.).
ETA. A group ofMAbs reactive with distinct epitopes on

the F and G proteins were used to analyze the RS viruses by
enzyme immunoassay (EIA). The MAbs, the performance of
the EIA, and the subgroup classification scheme were de-
scribed previously (2). Briefly, each strain was reacted
against seven RS virus specific MAbs, four against the G
protein and three against the F protein, and one adenovirus-
specific biotinylated MAb in a capture EIA. Immulon-2
96-well microtiter plates (Dynatech Laboratories, Alexan-
dria, Va.) were coated with a broadly reactive G or F
monoclonal capture antibody. Each strain was then reacted
with the capture antibody, the panel of eight biotinylated
MAbs, peroxidase-conjugated streptavidin, and substrate. A
reaction was considered positive if the PIN value was >1.7
and the P - N value was >0.05, where P is the absorbance
of the isolate against the MAb. We used two values for N for
each strain, one for the MAb against HEp-2 cells and one for
the virus strain against the adenovirus MAb. The subgroup
and group patterns were then assigned on the basis of the
positive and negative reaction patterns described previously
(2).

Oligonucleotides. The oligonucleotides used for PCR am-
plification were based on the published sequences of the G
and F genes of the group A and B RS viruses (7, 15, 17, 29,
37). The 3' oligonucleotide F164 was complementary to
bases 164 to 186 in the F protein mRNA of CH18537 (a group
B virus) and had one mismatch to the A2 (a group A virus) F
protein mRNA sequence (GTIAT£ACACTGGTATAC
CAACC; the mismatch site is underlined) (15). We previ-
ously demonstrated that two group-specific oligonucleotides
that were complementary to viral G protein mRNA would
anneal in a nucleic acid hybridization assay only to A or B
group viruses (32). The two 5' oligonucleotides used for PCR
amplification were complementary to these oligonucleotides
and conferred group specificity to the PCR amplification.
The B group 5' primer G32 corresponds to bases 10 to 30 in
the 8/60 RS virus G protein mRNA (GCAACCATGTC
CAAACACAAG) (29). The A group 5' primer G267 corre-
sponds to bases 247 to 267 in the A2 RS virus G protein
mRNA (GATGCAACAAGCCAGATCAAG) (37). The ex-
pected size of the PCR product for group A strains is 0.9 kb,
and that for group B strains is 1.1 kb.
RNA template preparation. The viral RNA to be used as a

template for cDNA synthesis was prepared by a hot phenol
extraction procedure (24). Subconfluent monolayers of
HEp-2 cells in 35-mm dishes were infected with RS virus.
When an extensive cytopathic effect was evident, the cells
were scraped into the medium and transferred to a 1.5-ml
polypropylene tube on ice. The tube was centrifuged at top
speed in an Eppendorf centrifuge (Brinkman Instruments,
Inc.) for 2 min at 4°C. The medium was aspirated, the cell
pellet was resuspended in 1 ml of cold phosphate-buffered
saline and centrifuged for 1 min at 4°C, and the liquid was
aspirated. The pellet was resuspended in 0.4 ml of 20 mM
sodium acetate-1 mM EDTA (pH 8)-0.5% sodium dodecyl
sulfate and frozen at -20°C. The sample was then thawed
and mixed by vortex agitation, and 0.4 ml of liquefied phenol
was added. The tube was shaken for 4 min in a 45 to 55°C
water bath, cooled briefly on ice, and centrifuged for 5 min at
room temperature. The aqueous phase was transferred to a

new tube and extraction with chloroform-isoamyl alcohol
was performed; the aqueous phase was made to 0.1 M with
NaCl and was precipitated with ethanol. Immediately before
use the sample was centrifuged at 14,000 x g for 20 min at
4°C, and the pellet was washed with 70% ethanol and dried
in a Speedvac concentrator (Savant Instruments). The dried
pellet was resuspended in 20,ul of H20, and 5 RI was used in
a first-strand cDNA synthesis reaction. The remaining sam-
ple was reprecipitated in ethanol and stored at -20°C.

First-strand cDNA synthesis and amplification. Viral RNA
prepared from infected cell lysates as described above was
used as a template for cDNA synthesis. A 25-,u reaction
volume contained 5 pA of cell lysate RNA, 200 U of Moloney
murine leukemia virus reverse transcriptase (GIBCO/BRL,
Life Technologies, Inc.), 20 U of RNase inhibitor (RNasin;
Promega, Madison, Wis.), 20 pmol of primer F164 in 0.8 mM
deoxynucleoside triphosphates (dGTP, dATP, dTTP, and
dCTP; Pharmacia, Inc., Piscataway, N.J.), 50 mM Tris-HCl
(pH 8.3), 75 mM KCl, 3mM MgCl2, and 10mM dithiothreitol.
Synthesis was performed for 45 min at 37°C (9). For amplifi-
cation by PCR (23), the following were added: 50 pmol each of
primers F164, G32, and G267 and 2.5 U of Taq polymerase
(Promega) in 75 pA of buffer (50 mM KCl, 10 mM Tris-HCI
[pH 8.8], 1.5 mM MgCl2, 0.1% Triton X-100; supplied by
Promega). The sample was covered with mineral oil, and
thermal cycling was performed in a thermal cycler (Perkin-
Elmer Cetus, Emeryville, Calif.) at 94°C for 1 min, 60°C for 1
min, and 72°C for 1 min for 35 cycles and then 72°C for 7 min;
the sample was then held at 4°C. A 5-,ul volume of each
reaction-mixture was analyzed by electrophoresis in a 0.7%
agarose gel, and the DNA was visualized by ethidium bro-
mide staining. Annealing temperatures needed to be de-
creased to improve the yields from some strains (see below).
If additional DNA was needed, a reamplification was per-
formed with the initial double-stranded DNA as a template.
The samples were cleaned by spun column chromatography
(Sephacryl S400HR [Sigma] or Chromaspin 400 [Clontech
Laboratories Inc., Palo Alto, Calif.]). Sephacryl S400HR has
a DNA exclusion limit of 271 bp, and Chromaspin 400
removes fragments of less than 400 bp. Thus, smaller extra-
neous PCR products were removed, and the samples were
precipitated with ethanol, dried, and resuspended in 100 pA of
10 mM Tris-HCl (pH 8)-i mM EDTA.

Analysis of PCR products. First-strand synthesis from
primer F164 yielded a cDNA that extended into the G RNA
sequence when the primer annealed to either a polytran-
script or to a positive-sense replicative intermediate viral
RNA (6). The group-specific 5' oligonucleotides annealed at
different sites in the G protein cDNA sequence. The A and B
group G gene-derived PCR products were of different
lengths, 676 bases for the A group PCR products and 917
bases for the B group PCR products. The group A products
spanned the region coding for most of the G protein
ectodomain and included the variable regions described by
Cane et al. (4) for the A group G proteins. The group B
products included the regions coding for the cytoplasmic
tail, transmembrane domain, and the entire ectodomain, and
thus included the variable regions of the B group G proteins
(31). Additional PCR product length was derived from the
intergenic region (52 nucleotides) and part of the F gene (186
nucleotides). Thus, the DNAs encompassed various lengths
of the G cDNA and then the intergenic and partial F cDNAs
of the same length (14, 15). The products of the B viruses
were 1.1 kb in length and those of the A viruses were =0..9
kb in length (Fig. 1). Agarose gel electrophoresis allowed a
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FIG. 1. Locations of primers and sizes of amplified DNAs. A
linear representation of a positive-sense RNA transcript coffe-
sponding to the region of amplification is shown. The G protein (G),
intergenic, and partial F protein (F) RNAs and the major domains of
the G protein are indicated. The relative locations of the group
A-specific (G267), group B-specific (G32), and group cross-reactive
(F164) oligonucleotides are shown, and the product lengths (in
kilobases of DNA) are shown.

group designation to be made on the basis of the size of the
DNA fragment.
The PCR products (10 to 20 RI) were subjected to restric-

tion endonuclease digestion and then agarose gel electro-
phoresis to assess the genetic variability within each group.
The restriction endonucleases were chosen after analysis of
both A and B group RS virus G gene nucleotide sequences
(17, 31, 31a, 37). Enzymes which cut once or only a few
times in the cDNA were chosen; the enzymes were readily
available commercially. For each antigenic group and each
enzyme, designations of the different restriction fragment
patterns were made.

A B
1 3 5 7 9 11 13 15 17 19 2123 252729
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

FIG. 2. Discrimination of RS virus antigenic groups by subgroup
specific PCR. First-strand cDNAs were amplified by PCR with a
common 3' primer (F164) and by including two potential 5' primers,
G267, which is group A specific, and G32, which is group B specific,
using an annealing temperature of 60°C. The products were cleaned
by spun column chromatography and were analyzed by electro-
phoresis in a 0.7% agarose gel, with an ethidium bromide-stained gel
shown. Lane 1 is a bacteriophage X DNA BstEII digestion size
marker, with the sizes (in base pairs) shown to left of the gel. The
solid line across the top indicates the two antigenic groups. The lane
numbers and designations of the group A viruses are as follows: 2,
A2; 3, 2139-4; 4, 2045-4; 5, 2045-12; 6, 2045-16; 7, 2045-33; 8,
2045-32; 9, 2045-25; 10, 1836; 11, 2012-8; 12, Al; 13, 1935; 14,
159/59; 15, 2040-35; 16, WV5222; 17, WV2780; 18, WV12342; 19,
WV6973. The lane numbers and designations of the group B viruses
are as follows: 20, 9320; 21, 2045-4; 22, 2040-23; 23, CH18537; 24,
1776; 25, 1842; 26, 2040-1; 27, 8/60; 28, 1355; 29, WV15291; 30,
WV4843.

FIG. 3. Discrimination of RS virus antigenic groups by sub-
group-specific PCR. Amplification of first-strand cDNAs was per-
formed as described in the legend to Fig. 2; however, the PCR
annealing temperatures were decreased to improve the DNA yield.
The A and B group viruses are indicated at the top, and lane 1 is a
bacteriophage DNA BstEII digest size marker, with sizes (in base
pairs) indicated to the left of the gel. The lanes, virus designations,
and annealing temperatures for the group A viruses were as follows:
2, A2, 600C; 3, 9324, 400 (lanes 4 to 6 represent 30°C annealing
temperature controls, including viruses which were successfully
amplified at 60°C); 4, A2, 30°C; 5, 2045-12, 30°C; 6, 2045-25, 30'C.
The lanes, virus designations and annealing temperatures for the
group B viruses were as follows: 7, 8/60, 60°C; 8, 2045-41, 40°C; 9,
2045-5, 30°C; 10, 2040-21, 30°C; and 11, WV10010, 30°C.

RESULTS

PCR group classification. The PCR product size deter-
mined by gel electrophoresis distinguished all 19 antigenic
group A isolates from the 15 antigenic group B isolates (Fig.
2 and 3). These isolates demonstrated the expected size
characteristics of 0.9 kb for A group viruses and 1.1 kb for B
group viruses (Fig. 1). Five viruses (9324, 2045-41, 2045-5,
2040-21, and WV10010) yielded inadequate products at the
initial 60°C annealing temperature but produced satisfactory
products of the expected size when lower annealing temper-
atures were used (Fig. 3). Extraneous smaller bands were
present at the lower temperatures. These extraneous bands
might have interfered with the analysis of the restriction
fragments described below. However, they were limited in
number and were easily discounted when making restriction
fragment comparisons. Uninfected cell extracts processed in
an identical manner produced no amplification products.

Restriction endonuclease digestion of amplified DNAs re-
vealed genetic heterogeneity. The PCR-amplified DNAs were
subjected to restriction endonuclease cleavage, and the
resulting fragments were analyzed by agarose gel electro-
phoresis. After analysis of each of the isolates (Tables 1 and
2), composite figures were constructed to provide examples
of the restriction patterns observed (Fig. 4 and 5). Since the
PCR products were of different sizes and the sequences
varied extensively for the G gene between the two groups,
the restriction fragment patterns were different for the A and
the B group viruses. We assigned a lowercase letter to each
reaction pattern for the different enzymes to simplify com-
parisons among isolates. We used the first half of the
alphabet for the group A patterns and the second half of the
alphabet (beginning with the letter n) for the group B viruses.
The letters assigned within each restriction digestion are
independent of the letters assigned to the other digestions,

A
1 9O A

B

1 ,264'b

702 s
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TABLE 1. Date and place of isolation of group A RS viruses and demonstration of antigenic and genetic heterogeneities

Isolation Restriction patterns within group A'
Virus Subgroup

Year Place AluI PstI RsaI HincII

2045-16 1984-1985 Minnesota A/1 a c a b
2045-25 1985-1986 Minnesota A/1 a c a b
2045-33 1985-1986 Minnesota A/1 a a a b
1836a 1985 Georgia A/1 a c a b
159/59 1959 Sweden A/2 d a d c
9324 1977 Massachusetts A/2 c b c a
WV2780 1979 West Virginia A/2 c b a a
2045-1 1984-1985 Minnesota A/2 b b a a
2045-32 1985-1986 Minnesota A/2 c b b a
2045-12 1984-1985 Minnesota A/3 c b b a
2012-8 1986 West Virginia A/3 a a a a
WV5222 1981 West Virginia A/4 e c b a
WV12342 1984 West Virginia A/4 f a e a
1935a 1985 Washington State A/4 a c a b
A/1 1961 Australia A/5 a a a a
A/2 1961 Australia A/5 a a a a
2045-35 1985 Washington State A/6 a c a a
2139-4 ? West Virginia A/7 a b a a
WV6973 1982 West Virginia A/7 a b a a

a Restriction patterns among the individual A group viruses as determined from Fig. 4 and as described in the text. The subgroup classification is described
in the text.

except that the letter a represents the prototype A2 strain
and the letter n represents the prototype 8/60 strain for each
digestion. The group A viruses (Fig. 4) yielded six patterns
after digestion with AluI, three patterns after digestion with
PstI, five patterns after digestion with RsaI, and three
distinct patterns after digestion with Hincll. The group B
viruses (Fig. 5) produced four patterns after digestion with
AluI, four patterns after digestion with RsaI, and two
patterns after digestion with HincIl but were not cleaved by
PstI (data not shown).
The restriction fragment patterns observed in the present

study agreed with the restriction fragment patterns predicted
from analysis of the A2 RS virus G gene, intergenic region,
and F gene nucleotide sequences (14, 15, 37). The enzymes
and the predicted A2 fragments were as follows: AluI, 800,
58, and 57 bp; PstI, 494, 299, and 122 bp; RsaI, 293, 281, 179,
and 162 bp; and HincII, 775 and 140 bp. Fragments of these

approximate sizes were observed (Fig. 4), although the
smaller fragments were less well visualized. The G gene
nucleotide sequences have been determined for the group A
viruses WV2780 and WV5222 (31a). The restriction fragment
sizes from the G gene-derived sequences were as expected
for these isolates. Nucleotide sequence variability within the
intergenic and F gene regions of these isolates was revealed
by changes in the lengths of fragments which, by comparison
with the A2 fragments, originated from the intergenic and F
gene regions.
The predicted restriction fragment sizes may be compared

for the group B isolates. The complete G gene, intergenic,
and F gene sequences are available for the 18537 virus (14,
15, 17). The restriction enzymes and the predicted fragments
for 18537 were as follows: AluI, 833 and 322 bp; PstI, did not
cut; RsaI, 1,043 and 112 bp; and HincIl, 852 and 303 bp.
Except for RsaI, the patterns were identical for 18537 and

TABLE 2. Date and place of isolation of group B RS viruses and demonstration of antigenic and genetic heterogeneities

Isolation Restriction patterns within group B0
Virus Subgroup

Year Place AluI PstI RsaI Hincll

8/60 1960 Sweden B/1 n n n n
9320 1977 Massachusetts B/1 o n o o
1776 1984 Georgia B/1 o n o o
1842 1985 Georgia B/1 n n p o
2040-23 1985 Washington State B/1 q n q o
WV4843 1980-1981 West Virginia B/2 o n o o
WV10010 1983 West Virginia B/2 q n o o
2045-4 1984-1985 Minnesota B/2 p n o o
2045-5 1984-1985 Minnesota B/2 n n p 0
2045-41 1985-1986 Minnesota B/2 o n o o
2040-1 1985 Washington State B/2 o n o o
2040-21 1985 Washington State B/2 q n q o
NM1355 1989 New Mexico B/2 p n o o
18537 1962 District of Columbia B/3 n n o n
WV15291 1985 West Virginia B/3 q n o o

a Restriction patterns among the individual B group viruses as determined from Fig. 5 and as described in the text. The subgroup classification is described in
the text.
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FIG. 4. Restriction fragment analysis of amplified DNAs of group A viruses. The PCR products of the viruses listed in Table 1 were each
digested with AIuI, PstI, RsaI, and HincIl and were separated by agarose gel electrophoresis. Each different restriction pattern was assigned
a lowercase letter designation, and examples of each of these patterns are shown after electrophoresis in a 3% agarose gel. The first lane in
each section is a 123-bp size marker (GIBCO/BRL, Life Technologies, Inc.), the restriction endonucleases, the assigned lowercase letters,
and viruses are as follows: for HincII, a, A2; b, 1836; and c, 159/59; for RsaI, a, A2; b, WV5222; c, 9324; d, 159/59; and e, 12342; for PstI,
a A2; b, 9324; and c, WV5222; and for Alul, a, A2; b, 2045-1; c, 9324; d, 159/59; e, WV5222, and f, 12342.

8/60; after the RsaI digestion, the largest 8/60 fragment was
smaller than the 18537 fragment, which is in agreement with
the existence of a RsaI site in the 8/60 but not the 18537 G
gene cDNA sequence. The G gene sequences have also been

Hl i'cl1 R ool
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FIG. 5. Restriction fragment analysis of amplified DNAs of
group B viruses. The PCR products of the viruses listed in Table 2
were each digested with AluI, PstI, RsaI, and HincII and were

separated by agarose gel electrophoresis. Each different restriction
pattern was assigned a lowercase letter designation, and examples of
each of these patterns are shown after electrophoresis in a 3%
agarose gel. The PstI digestion is not shown because it did not
cleave the group B products. The first lane in each section is a

123-bp size marker; the restriction endonucleases, the assigned
lowercase letters, and viruses are as follows: for HincII, n, 8/60, and
o, 2040-23; for RsaI n, 8/60; o, 1776; p, 1842; and q, 2040-23; and for
AluI n, 8/60; o, 9320; p, 2045-4; and q, 2040-23.

determined for the group B viruses 9320, WV4843,
WV10010, WV15291, and NM1355 (31). The fragment sizes
agreed with the predicted fragments on the basis of these
sequences. Like for the group A viruses, some group B virus
restriction patterns revealed changes in the lengths of frag-
ments derived from the intergenic and F gene regions. The
sequences described above also confirmed that the differ-
ences between the AluI and RsaI n and o patterns (for the
8/60 and 9320 viruses, respectively) were correct. The dif-
ferences among these large fragments were better appreci-
ated on lower-concentration agarose gels (data not shown)
than on the 3% agarose gels used for Fig. 5. The band slightly
larger than 246 bp in the HincII lane (lane o, Fig. 5) was
present in the original PCR product and was not a restriction
digestion product.
The restriction patterns for the group A and B viruses are

summarized in Tables 1 and 2. Most of the viruses from the
same antigenic subgroup gave different restriction patterns.
The number of restriction patterns among each subgroup
was as follows. The four A/1 viruses had two restriction
patterns, the five A/2 viruses had five, the two A/3 viruses
had two, the three A/4 viruses had three, the two A/5 viruses
had one, the one A/6 virus had one, and the two A/7 viruses
had one; there was only one A/6 virus. The five B/1 viruses
had four restriction patterns, the eight B/2 viruses had five,
and the two B/3 viruses had two. In a few instances, the
MAb reaction patterns revealed differences that were not
seen with the restriction patterns. For example, the group A
viruses 1836a (subgroup A/1) and 1935a (subgroup A/4) had
the same restriction patterns, and the group B viruses
2040-23 (subgroup B/1) and 2040-21 (subgroup B/2) had the
same restriction patterns.

Antigenically similar isolates from a single epidemic are
genetically heterogeneous. Thirteen group A RS viruses iso-
lated during a single epidemic period (1989) at the University
of New Mexico Hospital were also analyzed (30). Twelve
isolates were antigenic subgroup A/2 and one was antigenic
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TABLE 3. RS viruses from New Mexicoa

Restriction pattern
Virus Subgroup

TaqI AvaIl

A2 A15 a a
89-937 A/2 a b
89-1103 A/2 a b
89-4928 A/2 a b
89-1249 A/2 a b
89-804 A/2 a b
89-318 A/4 a a
89-743 A/2 a b
89-1243 A/2 a b
89-1325 A/2 b a
89-1226 A/2 b a
89-384 A/2 a b
89-1051 A/2 a b
89-1006 A/2 a b

a Group A viruses from New Mexico that were isolated in 1989 (30), with
the prototype A2 virus included as a control.

b Restriction pattern designations were assigned as described in the text.
The subgroup classification is described in the text.

subgroup A/4. Thus, the 12 A/2 subgroup viruses were
antigenically identical in their reactivities with the MAbs
tested. All 13 viruses yielded the expected 0.9-kb fragment
upon group-specific PCR amplification, with 10 isolates
producing the best products after amplification with an
annealing temperature of 30°C (data not shown). The ampli-
fied DNAs were subjected to restriction endonuclease cleav-
age (data not shown); the results are summarized in Table 3.
The one A/4 isolate was distinct from the 13 A/2 isolates.
Although digestion with HincIH, RsaI, PstI, and AluI did not
discriminate among the A/2 isolates, two other enzymes,
TaqI and AvaIl, did. With these two enzymes, two restric-
tion patterns were seen, one for two isolates (89-1325 and
89-1226) and a second for the other 10 A/2 subgroup viruses.
Thus, even in the population of antigenically similar (sub-
group A12) viruses from a single epidemic described here,
restriction fragment differences were noted.

DISCUSSION
We described a new approach to the analysis of individual

RS virus isolates. The approach discriminates between the
two major antigenic groups and can be used to discriminate
genetic variants within each group. The viral RNA present in
infected cell lysates was used as a template for first-strand
cDNA synthesis from a 3' primer that annealed to the RNAs
of both group A and group B viruses. Additional 5' primers
were added; they were A or B group specific and annealed at
different sites in the cDNA molecule. PCR amplification
resulted in DNA products of different sizes that were easily
discriminated by agarose gel electrophoresis. All 47 viruses
tested (Tables 1, 2, and 3) were given the same group
classification as that determined with a previously described
MAb-based system (3). Since the viruses tested represented
multiple antigenic subgroups and were temporally and geo-
graphically diverse in their origins, it is likely that this
system will be generally applicable for grouping RS virus
strains.
MAb-based assays have been the standard for the group

classification of RS virus isolates (3, 21). Recently, other
systems have been described, including nucleic acid hybrid-
ization with group-specific G gene cDNA or synthetic oligo-
nucleotide probes (30, 32) and P protein mobility analysis

(34). Cane and Pringle (5) have also described a PCR-based
approach that discriminates the two RS virus groups on the
basis of differential amplification of the SH genes. The direct
amplification of RS virus F gene products from clinical
samples has recently been described (22), suggesting that our
assay might be applied directly to clinical samples.
The degree of genetic variability occurring among the

viruses that we tested was examined by restriction endonu-
clease cleavage of the PCR-amplified DNAs and analysis of
the cleavage fragments by agarose gel electrophoresis. In-
terestingly, we demonstrated extensive variability among
viruses of the same antigenic group and subgroup (Tables 1
and 2). In the present study, most of the temporally and
geographically diverse isolates with identical MAb reaction
patterns had different restriction patterns. This is consistent
with previous studies which demonstrated greater differ-
ences with genetic characterization than with antigenic char-
acterization (25). Also, there was antigenic variability among
isolates with identical restriction patterns, indicating addi-
tional genetic variability beyond that detected by the use of
four restriction enzymes. Among the 12 A/2 antigenic sub-
group viruses isolated during a single epidemic period in
New Mexico, different restriction patterns were also ob-
served (Table 3). Thus, even among these viruses of the
same antigenic subgroup from the same outbreak, we iden-
tified two different restriction patterns. This indicates that
the MAb reaction patterns gave only a limited picture of the
diversity among these isolates. As suggested previously (25),
the MAb reaction patterns should be used only to infer the
similarity among isolates from the same outbreak, and even
then genetic studies are needed to confirm similarities among
isolates.

Since the existence of two major antigenic groups of RS
virus was described (3, 21), several investigations have
demonstrated that within each group additional variation
occurs. Such variability has been described by using MAb
reactivity (1-3, 10, 12, 13, 19, 21, 26, 33, 35), RNase
protection assays (8, 27), nucleotide sequence analysis (4, 5,
17, 29, 31), and restriction enzyme cleavage of PCR ampli-
fication products (5). The RNase protection assays have
advanced our understanding of RS virus epidemiology by
demonstrating genetic differences among antigenically and
epidemiologically similar viruses (25). However, the RNase
protection assays are somewhat restricted in their applica-
bility because of their use of radioisotopes. The RNase
protection assays use cDNA probes that originated from
prototype group A viruses and measure the differences
relative to those sequences. These probes potentially under-
estimate the differences that occur among the viruses being
examined, particularly the group B viruses. Nucleotide
sequence analysis provides detailed information, but it is too
labor intensive to be broadly applicable.
The SH and N genes of RS virus have also been analyzed

(5). PCR-amplified N gene products were analyzed by re-
striction fragment electrophoresis, and viruses from a single
epidemic period showed two patterns among the A group
isolates and two patterns among the B group isolates. For
the SH gene, nucleotide sequence analysis was performed,
and four separate lineages among the group A viruses from a
single epidemic period were described. The amplification
products that we used included part or all of the G gene, the
intergenic region, and part of the F gene including the region
coding for the F protein signal peptide. The G gene varies
between and within groups, and the intergenic and F gene
regions also vary (14, 15). Thus, the amplification products
that we used may be expected to maximize the opportunity
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to recognize genetic variability among the viruses. However,
since the assay that we described provides information about
only a fraction of the nucleotides in the amplification prod-
ucts, similarities among viruses will need to be confirmed by
additional study.
Here we reported the use of PCR for the group classifica-

tion of RS viruses. Importantly, the restriction fragment
analysis of the PCR products provided a facile means of
screening for genetic variation among viruses of the same
group. The assay that we described provides a new tool for
the study of the molecular epidemiology of RS viruses.

ACKNOWLEDGMENTS

This work was supported by grants from the National Institutes of
Health (NICHD), P30 HD28831, and the American Cancer Society,
IRG 66-32, and an award from Lederle Biologicals/Infectious Dis-
eases Society of America. Support for maintenance of the Wiscon-
sin-GCG computer programs used in the present study was provided
by the Center for AIDS Research, P30 AI27767.

REFERENCES
1. Akerlind, B., E. Norrby, C. Orvell, and M. A. Mufson. 1988.

Respiratory syncytial virus: heterogeneity of subgroup B
strains. J. Gen. Virol. 69:2145-2154.

2. Anderson, L. J., R. M. Hendry, L. T. Pierik, C. Tsou, and K.
McIntosh. 1991. Multicenter study of strains of respiratory
syncytial virus. J. Infect. Dis. 163:687-692.

3. Anderson, L. J., J. C. Hierholzer, C. Tsou, R. M. Hendry, B. F.
Fernie, Y. Stone, and K. McIntosh. 1985. Antigenic character-
ization of respiratory syncytial virus strains with monoclonal
antibodies. J. Infect. Dis. 151:626-633.

4. Cane, P. A., D. A. Matthews, and C. R. Pringle. 1991. Identifi-
cation of variable domains of the attachment (G) protein of
subgroup a respiratory syncytial viruses. J. Gen. Virol. 72:2091-
2096.

5. Cane, P. A., and C. R. Pringle. 1991. Respiratory syncytial virus
heterogeneity during an epidemic: analysis by limited nucleotide
sequencing (SH gene) and restriction mapping (N gene). J. Gen.
Virol. 72:349-357.

6. Collins, P. L. 1991. The molecular biology of human respiratory
syncytial virus (RSV) of the genus Pneumovirus, p. 103-162. In
D. W. Kingsbury (ed.), The viruses. Plenum Press, New York.

7. Collins, P. L., Y. T. Huang, and G. W. Wertz. 1984. Identifica-
tion of a tenth mRNA of respiratory syncytial virus and assign-
ment of polypeptides in the 10 viral genes. J. Virol. 49:572-578.

8. Cristina, J., J. A. Lopez, C. Albo, B. Garcia-Barreno, J. Garcia,
J. A. Melero, and A. Portela. 1990. Analysis of genetic variabil-
ity in human respiratory syncytial virus by the RNase A
mismatch cleavage method: subtype divergence and heteroge-
neity. Virology 174:126-134.

9. Ferre, F., and F. Garduno. 1989. Preparation of crude cell
extract suitable for amplification of RNA by the polymerase
chain reaction. Nucleic Acids Res. 17:2141-2142.

10. Finger, F., L. J. Anderson, and R. C. Dicker. 1987. Epidemic
infections caused by respiratory syncytial virus in institutional-
ized young adults. J. Infect. Dis. 155:1335-1339.

11. Hendry, R. M., J. C. Burns, E. E. Walsh, B. S. Graham, P. F.
Wright, V. G. Hemming, W. J. Rodriguez, H. W. Kim, A. P.
Gregory, K. McIntosh, R. M. Chanock, and B. R. Murphy. 1988.
Strain-specific serum antibody responses in infants undergoing
primary infection with respiratory syncytial virus. J. Infect. Dis.
157:640-647.

12. Hendry, R. M., L. T. Pierik, and K. McIntosh. 1989. Prevalence
of respiratory syncytial virus subgroups over six consecutive
outbreaks: 1981-1987. J. Infect. Dis. 160:185-190.

13. Hendry, R. M., A. L. Talis, E. Godfrey, L. J. Anderson, B. F.
Fernie, and K. McIntosh. 1986. Concurrent circulation of anti-
genically distinct strains of respiratory syncytial virus during
community outbreaks. J. Infect. Dis. 153:291-297.

14. Johnson, P. R., and P. L. Collins. 1988. The A and B subgroups
of human respiratory syncytial virus: comparison of intergenic

and gene-overlap sequences. J. Gen. Virol. 69:2901-2906.
15. Johnson, P. R., and P. L. Collins. 1988. The fusion glycoproteins

of human respiratory syncytial virus of subgroups A and B:
sequence conservation provides a structural basis for antigenic
relatedness. J. Gen. Virol. 69:2623-2628.

16. Johnson, P. R., R. A. Olmstead, G. A. Prince, B. R. Murphy,
D. W. Alling, E. E. Walsh, and P. L. Collins. 1987. Antigenic
relatedness between glycoproteins of human respiratory syncy-
tial virus subgroups A and B: evaluation of the contributions of
F and G glycoproteins to immunity. J. Virol. 61:3163-3166.

17. Johnson, P. R., M. K. Spriggs, R. A. Olmsted, and P. L. Collins.
1987. The G glycoprotein of human respiratory syncytial viruses
of subgroups A and B: extensive sequence divergence between
antigenically related proteins. Proc. Natl. Acad. Sci. USA
84:5625-5629.

18. McIntosh, K., and R. M. Chanock. 1990. Respiratory syncytial
virus, p. 1045-1072. In D. N. Fields and D. M. Knipe (ed.),
Virology. Raven Press, New York.

19. Morgan, L. A., E. G. Routledge, M. M. Wilcocks, A. C. R.
Samson, R. Scott, and G. L. Toms. 1987. Strain variation of
respiratory syncytial virus. J. Gen. Virol. 68:2781-2788.

20. Mufson, M. A., R. B. Belshe, C. Orvell, and E. Norrby. 1987.
Subgroup characteristics of respiratory syncytial virus strains
recovered from children with two consecutive infections. J.
Clin. Microbiol. 25:1536-1539.

21. Mufson, M. A., C. Orvell, B. Rafnar, and E. Norrby. 1985. Two
distinct subtypes of human respiratory syncytial virus. J. Gen.
Virol. 66:2111-2124.

22. Paton, A. W., J. C. Paton, A. J. Lawrence, P. N. Goldwater, and
R. J. Harris. 1992. Rapid detection of respiratory syncytial virus
in nasopharyngeal aspirates by reverse transcription and poly-
merase chain reaction amplification. J. Clin. Microbiol. 30:901-
904.

23. Saiki, R. K., S. Scharf, F. Faloona, K. B. Mullis, G. T. Horn,
H. A. Erlich, and N. Arnheim. 1985. Enzymatic amplification of
B globulin genomic sequences and restriction site analysis for
diagnosis of sickle cell anemia. Science 230:1350-1354.

24. Scherrer, K. 1969. Isolation and sucrose gradient analysis of
RNA, p. 413-432. In K. Habel and N. P. Salzman (ed.),
Fundamental techniques in virology. Academic Press, Inc.,
New York.

25. Storch, G. A., L. A. Anderson, C. S. Park, C. Tsou, and D. E.
Dohner. 1991. Antigenic and genomic diversity within group A
respiratory syncytial virus. J. Infect. Dis. 163:858-861.

26. Storch, G. A., and C. S. ParL 1987. Monoclonal antibodies
demonstrate heterogeneity in the G glycoprotein of prototype
strains and clinical isolates of respiratory syncytial virus. J.
Med. Virol. 22:345-356.

27. Storch, G. A., C. S. Park, and D. E. Dohner. 1989. RNA
fingerprinting of respiratory syncytial virus using ribonuclease
protection. Application to molecular epidemiology. J. Clin.
Invest. 83:1894-1902.

28. Stott, E. J., G. Taylor, L. A. Ball, K. Anderson, K. Y. Young,
A. M. Q. King, and G. W. Wertz. 1987. Immune and histopatho-
logical responses in animals vaccinated with recombinant vac-
cinia viruses that express individual genes of human respiratory
syncytial virus. J. Virol. 61:3855-3861.

29. Sullender, W. M., K. Anderson, and G. W. Wertz. 1990. The
respiratory syncytial virus subgroup B attachment glycoprotein:
analysis of sequence, expression from a recombinant vector,
and evaluation as an immunogen against homologous and het-
erologous subgroup virus challenge. Virology 178:195-203.

30. Sullender, W. M., L. J. Anderson, K. Anderson, and G. W.
Wertz. 1990. Differentiation of respiratory syncytial virus sub-
groups with cDNA probes in a nucleic acid hybridization assay.
J. Clin. Microbiol. 28:1683-1687.

31. Sullender, W. M., L. J. Anderson, M. A. Mufson, and G. W.
Wertz. 1991. Genetic diversity of the attachment protein of
subgroup B respiratory syncytial viruses. J. Virol. 65:5425-
5434.

31a.Sullender, W. M., M. A. Mufson, L. A. Anderson, and G. W.
Wertz. Unpublished data.

32. Sullender, W. M., and G. W. Wertz. 1991. Synthetic oligonu-

J. CLIN. MICROBIOL.



GENETIC VARIABILITY OF RS VIRUS 1231

cleotide probes differentiate respiratory syncytial virus sub-
groups in a nucleic acid hybridization assay. J. Clin. Microbiol.
29:1255-1257.

33. Tsutsumi, H., M. Onuma, and K. Suga. 1988. Occurrence of
respiratory syncytial virus subgroups A and B strains in Japan,
1980 to 1987. J. Clin. Microbiol. 26:1171-1174.

34. Walpita, P., M. A. Mufson, R. J. Stanek, D. Pfeifer, and J. D.
Connor. 1992. Distinguishing between respiratory syncytial vi-
rus subgroups by protein profile analysis. J. Clin. Microbiol.
30:1030-1032.

35. Walsh, E. E., C. B. Hall, J. J. Schlesinger, M. W. Brandriss, S.

Hildreth, and P. Paradiso. 1989. Comparison of antigenic sites of
subtype-specific respiratory syncytial virus attachment pro-
teins. J. Gen. Virol. 70:2953-2961.

36. Waris, M. 1991. Pattern of respiratory syncytial virus epidemics
in Finland: two-year cycles with alternating prevalence of
groups A and B. J. Infect. Dis. 163:464-469.

37. Wertz, G. W., P. L. Collins, Y. Huang, C. Gruber, S. Levine,
and L. A. Ball. 1985. Nucleotide sequence of the G protein gene
of human respiratory syncytial virus reveals an unusual type of
viral membrane protein. Proc. Natl. Acad. Sci. USA 82:4075-
4079.

VOL. 31, 1993


