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During the winter of 1995-1996, eight of nine bone marrow transplantation (BMT) unit patients were
infected with the same strain of respiratory syncytial virus (RSV). This RSV strain was not detected in 20
hospitalized patients from the community, suggesting that the BMT unit infections did not occur by indepen-

dent incidents of transmission from the community.

A number of studies highlight respiratory syncytial virus
(RSV) as an important cause of mortality in immunocompro-
mised transplant patient groups (6, 8) such as bone marrow
transplant (BMT) recipients. The BMT unit in Bristol, United
Kingdom, is a specialist referral center for unrelated-donor
BMTs and practices standard precautions for all patients un-
dergoing transplantation (10). A recent retrospective analysis
of RSV infection in patients at this unit over a 5-year period by
McCarthy and colleagues (10) reported an RSV infection in-
cidence of 6.3%, with a rate of mortality of 19.2% directly
attributable to RSV. Using restriction enzyme analysis to ge-
notype RSV, they identified a number of patients infected with
strains of the same genotype during a single winter epidemic
season. However, that type of genetic analysis is too crude to
provide firm conclusions about the origin of infection. The
study described here further investigates this outbreak of RSV
by analyzing viral nucleotide sequences obtained from both
BMT unit patients and hospitalized patients in the community.

RNA was extracted from stored clinical material, cDNA was
synthesized (10), and the virus was genotyped (3). The nucle-
otide sequence of the second variable region (7) of the glyco-
protein gene (nucleotides [nt] 649 to 918 for group A viruses;
nt 652 to 921 for group B viruses) was amplified and sequenced
(11). This region of the virus genome has been shown to serve
as a reliable proxy for variability over the entire glycoprotein
gene (11).

Twenty specimens from pediatric patients hospitalized dur-
ing the winter of 1995-1996 were randomly selected from a
collection of RSV-positive nasopharyngeal aspirate samples
obtained from the Bristol area. Genotyping by restriction en-
zyme analysis revealed that the majority (14 of 20) of the
infections were caused by RSV strains of the group B NP3
genotype. The remainder were classified as group A viruses,
either genotype NP2 SHL1,3,4 (2 of 20 isolates) or genotype
NP4 SHL2 (4 of 20 isolates). Phylogenetic analysis of the
nucleotide sequences confirmed these genotyping results, with
viruses classified as the same genotype clustering together (Fig.
1). There was, however, a low level of sequence variation
between isolates within each genotype. Sequences classified as
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genotype NP4 SHL2, NP2 SHL1,3,4, and NP3 showed 98.1,
99.6, and 96.7% nucleotide identities, respectively.

During the winter of 1995-1996, a total of 10 patients in the
BMT unit were diagnosed with RSV infection by virus culture
or direct immunofluorescence staining of nasopharyngeal as-
pirate or bronchoalveolar lavage specimens. RSV genetic ma-
terial could not be amplified from the RSV-positive specimen
obtained from one patient (Fig. 2, BMT 8), and this patient
was not considered further. McCarthy and colleagues (10) had
previously shown that of the remaining nine patients within the
BMT unit whose isolates could be genotyped, the infection in
one was caused by a group A RSV (genotype NP2 SHL1,3,4),
while the infections in the remaining eight patients were
caused by group B RSVs of identical genotypes (genotype
NP3). Phylogenetic analysis of the RSV nucleotide sequences
revealed that all eight of the genotype NP3 RSV isolates ob-
tained from BMT patients had identical nucleotide sequences
(henceforth referred to as the BMT strain of RSV).

It was striking that the sequence of the BMT strain of RSV
was distinct from the sequences of all of isolates obtained from
the hospitalized community patient specimens, even including
those sequences that were classified as belonging to the same
NP3 genotype (range of sequence identity, 87.0 to 88.8%). The
absence of the BMT strain of RSV from a total of 20 RSV
specimens obtained from hospitalized community patients
would suggest that its prevalence within the community during
that epidemic season was low. As the BMT strain accounted
for eight of the nine BMT unit infections, it appears unlikely
that the infections within the BMT unit could have occurred by
independent incidents of transmission from the community.
The evidence strongly supports the fact that, once it was in-
troduced into the BMT unit, the BMT strain of RSV infected
all but one of these patients by nosocomial transmission. The
isolation of this group of patients from each other would ap-
pear to rule out direct patient-to-patient spread. Therefore,
transmission must have involved either illness in unit staff or
mechanical transmission from environmental contamination.
However, the absence of reported illness from staff members
prevents a definitive description of the mechanism of transmis-
sion from being given. We could not investigate environmental
contamination and mechanical transmission in this retrospec-
tive analysis.

RSV infections within the BMT unit, as determined by the
date of the first diagnosis of RSV infection, could be grouped
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FIG. 1. Phylogenetic relationship of RSV nucleotide sequences ob-
tained from both hospitalized community (C) and BMT unit (BMT)
patient specimens. The genotypes assigned by restriction enzyme analysis
are indicated. The numbers in brackets refer to the number of times that
the node appeared in 1,000 bootstrap replicates. RSV sequences from the
GenBank database include those from strains isolated in Seoul, South
Korea (indicated on the diagram as Seoul followed by the month and year
of isolation), and RSV type strains Long, A2, and 18537.
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into three distinct clusters (Fig. 2). The cases in the first cluster
(BMT 1 to BMT 4) were diagnosed within a 5-day period (13
to 18 December), the cases in the second cluster (BMT 5 to
BMT 8) were diagnosed within a 12-day period (28 December
to 9 January), and the cases in the third cluster (BMT 9 and
BMT 10) were diagnosed within a 5-day period (1 to 6 Febru-
ary). Repeat RSV-positive nasopharyngeal aspirates were ob-
tained from four patients (BMT 2, 3, 6, and 7), indicating that
these patients were infected with RSV for prolonged periods
of time. Prolonged viral shedding from these patients may
provide a mechanism by which an identical strain of virus could
be transmitted to temporally separated clusters of patients.

Comparison of the nucleotide sequence of the BMT strain
of RSV with those RSV sequences held in the GenBank da-
tabase that provided information on the location and date of
isolation returned a number of sequences that clustered with
the BMT strain of RSV (Fig. 1). These were isolated in Seoul,
South Korea, between 1991 and 1995 (E. H. Choi and H. J.
Lee, unpublished data) and Birmingham, Ala., during the win-
ter of 1994 (data not shown) (4) (sequence identity range, 97.8
to 98.5%). RSV strains very similar to the strain isolated from
the BMT unit patients were therefore circulating globally prior
to and during the winter of 1995-1996. Multiple studies exam-
ining the transmission of RSV at the global level (1, 2, 5) have
simultaneously isolated RSV strains with virtually identical
G-gene sequences from widely separated geographical loca-
tions. Therefore, it is not inconceivable that this strain was
present, albeit at a low prevalence, in the Bristol area during
the winter of 1995-1996.

Mazzulli and colleagues (9) have recently studied RSV in-
fection within an adult leukemia-lymphoma ward. Three
strains, each with its own identical nucleotide sequence, were
responsible for seven cases of RSV, suggesting that instead of
a single nosocomial outbreak, multiple introductions of virus
were transmitted nosocomially. Our data suggest that, once it
was introduced into the BMT unit, the BMT strain of RSV
infected eight patients by nosocomial transmission.
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FIG. 2. Temporal distribution of diagnoses of RSV infection for BMT and community patients.

The sampling dates of the specimens BMT

(closed triangles) or hospitalized community (open triangles) patients specimens are shown. Four of the BMT patients had multiple specimens that
were RSV positive by immunofluorescence or virus culture. These are indicated by horizontal lines.
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