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Objectives: Respiratory syncytial virus (RSV) infections are well recognized as a significant cause of morbidity
and mortality in allogeneic haematopoietic stem cell transplant (allo-HSCT) recipients. We evaluated the spec-
trum of clinical manifestations, management (including ribavirin-based antiviral therapy) and outcomes of RSV
infections and determined the risk factors associated with RSV lower respiratory tract infection (LRTI) and all-
cause mortality.

Methods: In this retrospective study, we analysed clinical data from all laboratory-confirmed RSV infections in
allo-HSCT recipients (n¼280) who presented at our institution from January 1996 to May 2009.

Results: Of the 280 patients, 80 (29%) developed LRTI within 20 days (median 1 day, range 0–19 days) and 44
(16%) died within 90 days (median 26 days, range 1–82 days) from RSV diagnosis. Multivariable logistic regres-
sion analyses identified several significant risk factors associated with RSV LRTI and all-cause mortality, includ-
ing age, male sex, neutropenia, lymphocytopenia and lack of ribavirin-based antiviral therapy at the upper
respiratory tract infection (URTI) stage. Aerosolized ribavirin-based therapy at the URTI stage was the single
most significant factor in reducing the risk of RSV LRTI (83%), all-cause mortality (57%) and RSV-associated
mortality (87%) in these patients (P,0.05), irrespective of the year of RSV diagnosis.

Conclusions: Our results demonstrate that RSV infections are a significant cause of morbidity and mortality in
high-risk allo-HSCT recipients and ribavirin-based antiviral therapy at the URTI stage had a positive impact on
both outcomes in this vulnerable population with multiple risk factors.
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Introduction
Respiratory syncytial virus (RSV) infections are well recognized as
a significant cause of morbidity and mortality in allogeneic
haematopoietic stem cell transplant (allo-HSCT) recipients, with
a reported incidence of 2%–17%.1 – 6 The reasons for this vari-
ation in incidence include changes in the levels of overall aware-
ness, early detection of these infections in HSCT recipients over
the past two decades, and the small sample sizes of published
clinical studies.1 Allo-HSCT is a risk factor for RSV infection,6

which can proceed from the upper respiratory tract to the
lower respiratory tract and even cause death. A high incidence

(17%–84%) of RSV lower respiratory tract infection (LRTI) has
been reported in HSCT recipients.2,7 – 12 Progression to LRTI
increases the risk of RSV-associated mortality in these patients;
the overall rate is 7%–83%.12 – 16

Recent studies of RSV infections in adult HSCT recipients identi-
fied age, myeloablative regimen, lymphocytopenia, mismatched
or unrelated donor transplant, graft-versus-host disease (GVHD)
and pre-engraftment (or early post-transplantation period) as
factors that are significantly associated with progression to
LRTI.2,5,6,8,11,17,18 Similarly, unrelated donors, cord blood trans-
plantations and the need for mechanical ventilation were
associated with RSV-associated mortality.13,19
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In a recent systematic review of RSV infection management in
HSCT recipients, ribavirin-based therapy may have prevented bad
outcomes in high-risk HSCT recipients.1 Most of the clinical
studies identified in our review1 were plagued by their small
sample sizes, retrospective natures and inadequate power to de-
termine the risk factors and outcomes of RSV infections and the
associations among clinical factors (including antiviral therapy),
confounders and RSV-associated morbidity and mortality.

For these reasons, we conducted a retrospective study of all
RSV infections in the largest sample of allo-HSCT recipients over
two decades. We sought to identify risk factors associated with
RSV LRTI and all-cause mortality and the impact of antiviral
therapy on these outcomes.

Patients and methods
All laboratory-confirmed RSV infections in allo-HSCT recipients who pre-
sented from January 1996 to May 2009 at our institution were included.
Microbiology laboratory and infection control databases were used to
identify infections in these patients. The MD Anderson institutional
review board approved the study, and informed consent was waived.

Definitions
RSV cases were defined as allo-HSCT recipients who developed acute
symptomatic respiratory illness and for whom a nasal wash, nasopharyn-
geal swab or bronchoalveolar lavage was positive for RSV by viral culture
or direct immunofluorescence antigen detection testing. Cases were clas-
sified as community acquired if symptoms developed before hospitaliza-
tion or within the first 5 days after admission; they were classified as
nosocomial if symptoms developed any time after that during hospital-
ization. An upper respiratory tract infection (URTI) was defined as the
onset of rhinorrhoea, nasal or sinus congestion, otitis media, pharyngitis
or cough with no hypoxaemia or infiltrates on chest X-ray or CT scan of
the chest in patients with positive RSV from a nasal wash specimen or
nasopharyngeal swab. LRTI was defined as the onset of respiratory
symptoms with new or changing pulmonary infiltrates, as seen on
chest X-ray or CT, that were suggestive of viral aetiology (i.e. interstitial
infiltrates or ground glass opacities) or RSV isolated from lower respira-
tory samples (e.g. endotracheal tube aspirate, sputum or bronchoalveo-
lar lavage fluid).20 A resolution of all clinical manifestations of RSV
infection, irrespective of viral shedding, was classified as a complete re-
covery. Neutropenia was defined as an absolute neutrophil count (ANC)
,500/mL and lymphocytopenia as an absolute lymphocyte count (ALC)
,200/mL. The isolation of another organism within 30 days prior to or
after diagnosis of RSV infection was considered a coinfection. For identi-
fying risk factors of RSV LRTI, coinfections diagnosed on the same day as
the RSV diagnosis or within 2 weeks prior to RSV LRTI were included.
Death from all causes was assessed within 90 days from RSV diagnosis
and was attributed to RSV if a persistent or progressive RSV infection
with respiratory failure was present at the time of death.

Data collection
Two investigators (J. N. S. and K. K. E. T.) collected all the demographic
data, clinical characteristics and outcomes through chart reviews, each
one with a list of different patients. Collected data were independently
verified for accuracy and consistency by another investigator (D. P. S.).
All outcome data and coinfections were further confirmed by a senior
investigator (R. F. C.).

Therapy and management
Ribavirin, alone or combined with intravenous immunoglobulins (IVIG) or
palivizumab, was given to patients on the basis of the treating physicians’
clinical judgement. Six grams a day of aerosolized ribavirin were adminis-
tered on a continuous or split intermittent schedule. The continuous
schedule consisted of 20 mg/mL for 18 h per day, delivered via a small-
particle aerosol generator unit (SPAG-2) in a face mask while the patient
remained inside a scavenging tent to prevent environmental contamin-
ation. In the split intermittent dosing schedule, 60 mg/mL was given
over 2–3 h every 8 h. IVIG was administered at a dose of 500 mg/kg
every other day for five to seven doses, whereas palivizumab was admi-
nistered as a single intravenous infusion of 15 mg/kg.

Standard infection control practices were followed to reduce nosoco-
mial transmission of respiratory viruses. All admitted patients occupied
private rooms, and gowns, masks and gloves were used for contact iso-
lation during any patient contact. Patients seen in outpatient clinics who
had URTI symptoms were immediately placed in private rooms with
masks. Furthermore, during the respiratory illness season, visitors and
family members were screened by nursing staff for URTI symptoms
before being allowed access to patients’ rooms, and masks were provided
to those who screened positive.

Statistical analyses
After examining the preliminary data, we determined the incidence of the
two primary clinical endpoints: progression to RSV LRTI and all-cause
mortality. Unadjusted ORs and 95% CIs with their P values for each clin-
ical characteristic and RSV LRTI were calculated using logistic regression
analysis. A final logistic regression model was constructed using a
forward selection process by entering variables significant at P,0.25 in
the model, one at a time. Variables were retained in the model for
their main effect if they were significant at the 0.05 level or their con-
founding effect if they induced a ≥15% change in the OR of another sig-
nificant variable of primary interest.21 Previously eliminated variables
(P.0.25) were entered one at a time to ensure that all variables were
given the opportunity to appear in the final model. In addition, a
second model for RSV LRTI was built for a subgroup of patients who pre-
sented at the URTI stage. Unadjusted ORs and adjusted ORs (AORs) with
95% CIs were calculated for all-cause mortality. A Hosmer–Lemeshow
goodness-of-fit test and the area under the receiver operating
characteristic (ROC) curve were used to assess the fit of all the models.
Kaplan–Meier failure curves were used to estimate the effect of early
ribavirin-based treatment on progression to RSV LRTI in a subgroup of
patients presenting at the URTI stage (stratified by year of RSV diagnosis)
and on all-cause mortality, respectively. These survival probabilities were
compared with a log-rank test of homogeneity. All statistical analyses
were performed using STATA software version 10.1 (STATA Corporation,
College Station, TX, USA).

Results
During the 14 year period, 280 laboratory-confirmed RSV infec-
tions occurred among 3822 allo-HSCT recipients, an incidence
of 7%. The highest number of RSV infections was observed in
the season 2000–01 (45 patients).

Of the 280 allo-HSCT recipients with RSV infections, 80 (29%)
developed LRTI within 20 days and 44 (16%) died within 90 days
after RSV diagnosis. These patients’ clinical characteristics and
outcomes are summarized in Table 1. The study population com-
prised patients of all ages (median 47 years; range 3–70 years)
and both sexes [158 (56%) males], predominantly whites [181
(65%)]. The median duration from HSCT to RSV infection was
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Table 1. Clinical characteristics and outcomes of RSV infections in 280 allo-HSCT recipients

Characteristics Total (%)

Presented with URTI (n¼237)

Presented with
LRTI (n¼43)

resolved at RSV
URTI (n¼200)

progressed to RSV
LRTI (n¼37)

Age (years), median (range) 47 (3–70) 46 (3–68) 49 (4–67) 49 (25–70)
Male sex 158 (56) 108 (54) 26 (70) 24 (56)
Race

non-Hispanic white 181 (65) 132 (66) 24 (65) 25 (58)
Hispanic 51 (18) 38 (19) 4 (11) 9 (21)
other 48 (17) 30 (15) 9 (24) 9 (21)

Type of cancer
haematological 274 (98) 194 (97) 37 (100) 43 (100)
solid tumours 6 (2) 6 (3) 0 0

Corticosteroidsa 141 (50) 100 (50) 17 (46) 24 (55)
Myeloablative conditioning regimen 117 (42) 81 (41) 17 (46) 19 (44)
Time from HSCT (days), median (range) 155 (1–2931) 141 (1–2931) 110 (1–1677) 214 (1–1667)

Donor relationship
matched related 158 (56) 104 (52) 21 (57) 33 (77)
matched unrelated 112 (40) 88 (44) 15 (41) 9 (21)
mismatched 10 (4) 8 (4) 1 (3) 1 (2)

Haematopoietic cell source
marrow 76 (27) 56 (28) 14 (38) 6 (14)
peripheral 190 (68) 135 (68) 20 (54) 35 (81)
cord 14 (5) 9 (5) 3 (8) 2 (5)

GVHD at time of diagnosis of RSV infection
acute 76 (27) 56 (28) 9 (24) 11 (26)
chronic 85 (30) 60 (30) 8 (22) 17 (40)
both 19 (7) 14 (7) 2 (5) 3 (7)

Neutropenia (ANC ,500/mL)b 15 (5) 4 (2) 7 (19) 4 (9)
Lymphocytopenia (ALC ,200/mL)b 48 (17) 24 (12) 11 (30) 13 (30)

Coinfectionsc

pulmonary virald 13 (5) 8 (4) 3 (8) 2 (5)
pulmonary bacteriald 14 (5) 3 (2) 3 (8) 8 (19)
pulmonary fungald 11 (4) 4 (2) 4 (11) 3 (7)
non-pulmonary 55 (20) 27 (14) 12 (32) 16 (37)

Nosocomial 30 (11) 20 (10) 10 (27) 0
Antiviral therapye 216 (77) 143 (72) 32 (86) 41 (95)

URTI stage 157 (56) 143 (72) 14 (38) —
LRTI stage 59 (21) — 18 (49) 41 (95)

Outcomes
duration of symptoms (days), median (range) 15 (1–72) 13 (1–72) 23 (4–68) 21 (5–69)
hospitalized secondary to RSV infection 197 (70) 135 (68) 31 (84) 31 (72)
hospital stay (days), median (range) 8 (2–65) 7 (2–49) 13 (2–56) 11 (5–65)
admission to intensive care unit 24 (9) 5 (3) 7 (19) 12 (28)
mechanical ventilation 18 (6) 3 (2) 7 (19) 8 (19)
RSV-associated mortality within 90 days

following RSV diagnosis
22 (8) 0 10 (27) 12 (28)

all-cause mortality within 90 days following RSV diagnosis 44 (16) 12 (6) 15 (41) 17 (40)

aWithin 1 month before RSV diagnosis.
bAt the time of first assessment of respiratory symptoms at the hospital.
cWithin 1 month prior to and after RSV diagnosis; 20 patients had both pulmonary and non-pulmonary coinfections.
dIn cases of LRTI, coinfections occurred on the same day as RSV diagnosis or within 2 weeks prior to RSV LRTI. Viral coinfections included influenza
virus (7), parainfluenza virus (3), picornavirus (2) and adenovirus (1); bacterial coinfections included Klebsiella oxytoca (1), Pseudomonas aeruginosa
and Pseudomonas fluorescens (4), methicillin-resistant Staphylococcus aureus (2), Stenotrophomonas maltophilia (6) and Escherichia coli (1); and
fungal coinfections included 8 Aspergillus spp. and 3 Nocardia spp. infections.
eRibavirin alone or combined with IVIG or palivizumab.
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Table 2. Risk factor analysis for RSV LRTI in allo-HSCT recipients

Characteristic

No. of patients (%) Overall URTI versus LRTI (n¼280)

Restricted to patients
presenting with URTI

(n¼237)

LRTI (n¼80) URTI (n¼200) COR (95% CI) P value AOR (95% CI) P value AOR (95% CI) P value

Age (years), median (range)a 49 (4–70) 46 (3–68) 1.21 (0.99, 1.47) 0.053 1.4 (1.1, 1.8) 0.007 1.27 (0.94, 1.7) 0.117b

Male sex 50 (63) 108 (54) 1.42 (0.83, 2.42) 0.196 — — — —
Non-white race 49 (61) 132 (66) 1.23 (0.72, 2.1) 0.453 — — — —
Corticosteroidsc 41 (51) 100 (50) 1.05 (0.63, 1.77) 0.85 — — — —
Myeloablative conditioning regimen 36 (45) 81 (41) 1.2 (0.71, 2.03) 0.491 — — — —
Time from HSCT (days), median (range)a 186 (1–1677) 141 (1–2931) 1.00 (0.99, 1.02) 0.465 — — — —

Donor relationship — — — —
matched related 54 (68) 104 (52) 1.0
matched unrelated 24 (30) 88 (44) 0.53 (0.3, 0.92) 0.024
mismatched 2 (3) 8 (4) 0.48 (0.1, 2.35) 0.366

Haematopoietic cell source — — — —
marrow 20 (25) 56 (28) 1.0
peripheral 55 (69) 135 (68) 1.14 (0.47, 5.2) 0.667
cord 5 (6) 9 (5) 1.56 (0.63, 2.08) 0.473

GVHD at the time of diagnosis of RSV infection 50 (63) 130 (65) 0.89 (0.52, 1.54) 0.693 — — — —
Neutropenia (ANC ,500/mL)d 11 (14) 4 (2) 7.81 (2.41, 25.34) 0.001 5.24 (1.23, 22.36) 0.025 6.78 (1.48, 31.05) 0.014
Lymphocytopenia (ALC ,200/mL)d 24 (30) 24 (12) 3.14 (1.66, 5.96) ,0.001 3.38 (1.38, 8.25) 0.008 2.85 (0.99, 8.23) 0.053b

Pulmonary coinfectionse

viral 5 (6) 8 (4) 2.03 (0.64, 6.45) 0.23 2.24 (0.52, 9.68) 0.281 2.55 (0.55, 11.86) 0.233
bacterial 11 (14) 3 (2) 11.9 (3.2, 44.13) ,0.001 5.2 (1.02, 26.5) 0.047 3.23 (0.41, 25.16) 0.263
fungal 7 (9) 4 (2) 5.68 (1.6, 20.1) 0.007 9.25 (1.85, 46.36) 0.007 9.53 (1.83, 49.73) 0.007

Nosocomial infection 10 (13) 20 (10) 1.29 (0.57, 2.88) 0.542 — — — —
Lack of antiviral therapy at the URTI stagef 66 (83) 57 (29) 11.83 (6.15, 22.73) ,0.001 13.7 (6.55, 28.66) ,0.001 4.45 (1.95, 10.17) ,0.001
Year of RSV diagnosis (2001 and later) 58 (73) 159 (80) 0.68 (0.37, 1.24) 0.207 0.5 (0.24, 1.05) 0.068b 0.48 (0.19, 1.19) 0.112b

COR, crude OR.
aMeasure of effect for age and time from HSCT expressed per 10 year and 30 day interval, respectively.
bAge and lymphocytopenia were retained in the model due to confounding effects and year of RSV diagnosis was included in the model to adjust for the overall advances in the clinical
management of patients during recent years.
cWithin 1 month before RSV diagnosis.
dAt the time of first assessment of respiratory symptoms.
eWithin 1 month prior to and after RSV diagnosis. In cases of LRTI, coinfections occurred on the same day as RSV diagnosis or within 2 weeks prior to RSV LRTI. Viral coinfections
included influenza virus (7), parainfluenza virus (3), picornavirus (2) and adenovirus (1); bacterial coinfections included Klebsiella oxytoca (1), Pseudomonas aeruginosa and Pseudo-
monas fluorescens (4), methicillin-resistant Staphylococcus aureus (2), Stenotrophomonas maltophilia (6) and Escherichia coli (1); and fungal coinfections included 8 Aspergillus spp.
and 3 Nocardia spp. infections.
fRibavirin alone or combined with IVIG or palivizumab.
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155 days (range 1–2931 days). Half the patients had received
corticosteroids within 1 month before the onset of their RSV in-
fection and 117 (42%) had undergone a myeloablative condi-
tioning regimen prior to their infection. Most RSV infections
were community acquired [250 (89%)], and most patients pre-
sented to our centre at the URTI stage [237 (85%)]. A substantial
proportion of patients were hospitalized for RSV infections
[197 (70%)] for a median duration of 8 days (range 2–
65 days). Some patients required intensive care [24 (9%)] and
mechanical ventilation [18 (6%)] as a result of serious
RSV-related complications.

RSV LRTI

Eighty patients (29%) experienced RSV LRTI during the course of
their infection, including 37 who presented at the URTI stage.
Risk factors associated with RSV LRTI (LRTI versus URTI) are dis-
played in Table 2. Compared with patients with URTI, patients
with LRTI were older (AOR 1.4; 95% CI 1.1–1.8; P¼0.007) and
were more likely to be neutropenic (AOR 5.24; 95% CI 1.23–
22.36; P¼0.025) and lymphocytopenic (AOR 3.38; 95% CI,
1.38–8.25; P¼0.008) at the time of diagnosis. Interestingly,
other factors, including sex, donor relationship, time between
transplant and RSV infection, GVHD, corticosteroid use, intermit-
tent versus continuous dosing schedule of aerosolized ribavirin,
duration of therapy with aerosolized ribavirin and myeloablative
conditioning regimen, were not significantly associated with RSV
LRTI. On the other hand, one of the significant factors associated
with RSV LRTI was lack of ribavirin-based antiviral therapy at the
URTI stage (AOR 13.7; 95% CI 6.55–28.66; P,0.001). Year of RSV
diagnosis did not significantly affect progression to RSV LRTI;
however, it was added to the multivariable risk model to demon-
strate the independent effect of early antiviral therapy on de-
creasing the risk of progression to LRTI by specifically adjusting
for the overall improvement in patient management over the
years. The overall fit of the model was excellent with respect
to the Hosmer–Lemeshow goodness-of-fit test (x2¼201.04;
P¼0.2287) and area under the ROC curve (0.8597).

In a subgroup analysis of 237 patients who presented with
URTI, neutropenia (P¼0.014), fungal coinfections (P¼0.007)
and lack of ribavirin-based antiviral therapy (P,0.001) were in-
dependently associated with progression to LRTI. Although age
and lymphocytopenia were not statistically significant, they
were retained in the model because of their confounding
effects. The overall fit of this secondary risk model was also
good with respect to the Hosmer–Lemeshow goodness-of-fit
test (x2¼168.83; P¼0.1805) and area under the ROC curve
(0.7778). Kaplan–Meier curves for patients presenting at the
URTI stage (Figure 1) demonstrate the effect of early ribavirin-
based antiviral therapy in reducing the overall cumulative prob-
ability of progression to RSV LRTI (P,0.001 for log-rank test),
after stratifying for year of RSV diagnosis.

Overall, patients with LRTI experienced a significantly longer
duration of symptoms (median 23 versus 13 days), higher hos-
pital admission rates, a longer median hospital stay, more ICU
stays and more need for mechanical ventilation than patients
with only URTI.

All-cause mortality

Overall, 44 patients died within 90 days from RSV diagnosis,
yielding an all-cause mortality rate of 16%. This rate was even
higher for those who experienced progression to RSV LRTI (44/
80, 55%). Risk factors for all-cause mortality are shown in
Table 3. After adjusting for year of RSV diagnosis, multiple risk
factors for mortality were identified in these patients, such as in-
creasing age (for every 10 year interval: AOR 1.45; 95% CI 1.1–
1.9; P¼0.008), male sex (AOR 2.76; 95% CI 1.25–6.09;
P¼0.012), time from HSCT to RSV diagnosis (for every 30 day
interval: AOR 0.94; 95% CI, 0.90–0.99; P¼0.012), neutropenia
(AOR 3.21; 95% CI 0.91–11.33; P¼0.069), lymphocytopenia
(AOR 3.03; 95% CI 1.33–6.91; P¼0.008) and lack of ribavirin-
based therapy at the URTI stage (AOR 2.43; 95% CI 1.16–5.11;
P¼0.019). The overall fit of this mortality risk model was excel-
lent with respect to the Hosmer–Lemeshow goodness-of-fit
test (x2¼2.98; P¼0.936) and area under the ROC curve
(0.7914). Kaplan–Meier curves (Figure 2) demonstrate a signifi-
cantly higher probability of all-cause mortality in patients who
were not treated compared with those who were treated with
ribavirin-based therapy at the URTI stage (P,0.05 for log-rank
test).

Treatment

Only four patients received IVIG alone; one developed LRTI and
died with an RSV infection. A substantial proportion of allo-HSCT
recipients received ribavirin-based therapy [216 (77%)] as mono-
therapy [77 (28%)], in combination with IVIG [71 (25%)] or pali-
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Figure 1. Kaplan–Meier failure curves for progression to RSV LRTI in 237
patients presenting with URTI, stratified by ribavirin-based antiviral
therapy at the URTI stage and year of RSV diagnosis. Antiviral therapy
indicates ribavirin-based antiviral therapy at the URTI stage. Progression
to RSV LRTI was significantly lower in patients receiving ribavirin-based
antiviral therapy at the URTI stage compared with those who did not
receive it (P,0.001 for log-rank test). There was no significant
difference in outcomes based on the year of RSV diagnosis (based on
log-rank test).
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Table 3. Risk factor analysis for all-cause mortality in allo-HSCT recipients

Characteristic All-cause mortality (n¼44) Survival (n¼236) COR (95% CI) P value AOR (95% CI) P value

Age (years), median (range)a 50 (14–70) 47 (3–68) 1.29 (1.0, 1.66) 0.046 1.45 (1.1, 1.9) 0.008
Male sex 33 (75) 125 (53) 2.66 (1.29, 5.52) 0.008 2.76 (1.25, 6.09) 0.012
Non-white race 16 (36) 83 (35) 1.05 (0.54, 2.06) 0.879 — —
Corticosteroidsb 28 (64) 113 (48) 1.9 (0.98, 3.7) 0.058 — —
Myeloablative conditioning regimen 18 (41) 99 (42) 0.96 (0.49, 1.84) 0.898 — —
Time from HSCT (days), median (range)a 91 (1–1426) 173 (1–2167) 0.94 (0.9, 0.98) 0.008 0.94 (0.9, 0.99) 0.012

Donor relationship — —
matched related 27 (61) 131 (56) 1.0
matched unrelated 14 (32) 98 (42) 0.69 (0.35, 1.39) 0.302
mismatched 3 (7) 7 (3) 2.08 (0.51, 8.56) 0.310

Haematopoietic cell source — —
marrow 12 (27) 64 (27) 1.0
peripheral 31 (71) 159 (67) 1.04 (0.5, 2.15) 0.916
cord 1 (2) 13 (6) 0.41 (0.05, 3.44) 0.411

GVHD at the time of diagnosis of RSV infection 27 (61) 153 (65) 0.86 (0.44, 1.67) 0.66 — —
Neutropenia (ANC ,500/mL)c 8 (18) 7 (3) 7.27 (2.48, 21.27) ,0.001 3.21 (0.91, 11.33) 0.069d

Lymphocytopenia (ALC ,200/mL)c 17 (39) 31 (13) 4.16 (2.04, 8.51) ,0.001 3.03 (1.33, 6.91) 0.008

Pulmonary coinfectionse

viral 3 (7) 10 (4) 2.12 (0.55, 8.14) 0.274 — —
bacterial 8 (18) 6 (3) 9.42 (3.06, 29.03) ,0.001 — —
fungal 3 (7) 8 (3) 2.65 (0.67, 10.54) 0.167 — —

Nosocomial infection 7 (16) 23 (10) 1.75 (0.7, 4.38) 0.230 — —
LRTI at presentation 17 (39) 26 (11) 5.09 (2.45, 10.56) ,0.001 — —
Lack of antiviral therapy at the URTI stagef 27 (61) 96 (41) 2.32 (1.2, 4.48) 0.013 2.43 (1.16, 5.11) 0.019
Year of RSV diagnosis (2001 and later) 35 (80) 182 (77) 1.15 (0.52, 2.55) 0.724 1.33 (0.55, 3.24) 0.532d

COR, crude OR.
aMeasure of effect for age and time from HSCT expressed per 10 year and 30 day interval, respectively.
bWithin 1 month before RSV diagnosis.
cAt the time of first assessment of respiratory symptoms at the hospital.
dNeutropenia was retained in the model due to confounding effects and year of RSV diagnosis was included in the model to adjust for the overall advances in the clinical management
of patients during recent years.
eWithin 1 month prior to and after RSV diagnosis. In cases of LRTI, coinfections occurred on the same day as RSV diagnosis or within 2 weeks prior to RSV LRTI. Viral coinfections
included influenza virus (7), parainfluenza virus (3), picornavirus (2) and adenovirus (1); bacterial coinfections included Klebsiella oxytoca (1), Pseudomonas aeruginosa and
Pseudomonas fluorescens (4), methicillin-resistant Staphylococcus aureus (2), Stenotrophomonas maltophilia (6) and Escherichia coli (1); and fungal coinfections included 8 Aspergillus
spp. and 3 Nocardia spp. infections.
fRibavirin alone or combined with IVIG or palivizumab.
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vizumab [49 (18%)] or all three combined [19 (7%)]. However,
only about half of the patients [157 (56%)] had received the
ribavirin-based antiviral therapy at the URTI stage and their out-
comes are illustrated in Figure 3. The incidence of RSV LRTI and
RSV-associated mortality was much higher in patients who
were not treated with ribavirin-based antiviral therapy [66
(54%) and 19 (15%), respectively] than in patients who were
treated at the URTI stage [14 (9%) and 3 (2%), respectively]
(Figure 3). Ribavirin-based therapy at the URTI stage reduced
the risk of progression to LRTI by 83%, RSV-associated mortality
by 87% and all-cause mortality by 57%.

Discussion
In this largest study of RSV infections in allo-HSCT recipients to
date, we found that aerosolized ribavirin-based therapy at the
URTI stage reduced significantly the risk of progression to LRTI
and all-cause mortality in these patients.

No patient demographic characteristics, except age and male
sex, were significantly associated with progression to LRTI or
mortality in this study. Age was also found to be a significant
risk factor for progression in other studies of respiratory infec-
tions, including RSV, in HSCT patients.4,5,17 Like Nichols et al.,17

we found an association between mortality and male sex;
however, unlike that study, we did not find that donor type
was a significant factor in determining outcome.

After adjusting for ribavirin-based therapy at the URTI stage
and the year of RSV diagnosis, we identified multiple clinical
factors associated with RSV LRTI, including increasing age,
lymphocytopenia, neutropenia and associated bacterial and
fungal coinfections. All of these factors, except for coinfections,
increased the risk of RSV-associated mortality significantly.
One retrospective study reported an association between

myeloablative regimens and LRTI incidence during the first
100 days after HSCT in patients with respiratory infections, in-
cluding RSV.6 However, in our study the use of a myeloablative
conditioning regimen was not associated with an increased risk
of RSV LRTI or mortality, even after stratifying incidence by
time after HSCT. Interestingly, most of the significant predictors
of LRTI and RSV mortality in our study population can be surro-
gate indicators of an underlying immunodeficiency or of a
severe infection at presentation. Older patients with lymphocyto-
penia and neutropenia at presentation were more likely to ex-
perience progression to LRTI and mortality. Lymphocytopenia
and neutropenia have also been reported to be associated with
unfavourable RSV outcomes in HSCT recipients in other
studies.5,8,11,22

Both multivariable risk models demonstrated that lack of
ribavirin-based therapy at the URTI stage significantly increased
the risk of LRTI and mortality in these patients. Thus, timely ini-
tiation of ribavirin-based therapy may decrease mortality in
these patients. As noted earlier, various studies have reported
varying levels of success with antiviral therapy in preventing
RSV LRTI or RSV-associated mortality.3,8,15,23 – 26 The diversity in
their results can be attributed to the small sample size of
these studies and the fact that many of them did not focus on
studying the effect of antiviral therapy on RSV infections in
allo-HSCT recipients. In a recent systematic review of all pub-
lished data on ribavirin as treatment for RSV infections in HSCT
recipients,1 we found that the rate of progression to LRTI was
much lower in HSCT recipients treated with any form of ribavirin
at the URTI stage and regardless of the duration of therapy or
the addition of an immunomodulator, with subsequent lower
mortality rate. In the current study, which had the largest
sample size to date, our findings were in agreement with those
of the published review.

LRTI
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Figure 3. Outcomes of all RSV infections in allo-HSCT recipients, stratified
by the type of antiviral therapy at the URTI stage. R, ribavirin; P,
palivizumab; Death, RSV-associated mortality.
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Figure 2. Kaplan–Meier failure curves for all-cause mortality, stratified by
ribavirin-based therapy at the URTI stage. Antiviral therapy indicates
ribavirin-based antiviral therapy at the URTI stage. All-cause mortality
was significantly lower in patients receiving ribavirin-based therapy at
the URTI stage compared with those who did not receive it (P,0.05
for log-rank test). There was no significant difference in outcomes
based on the year of RSV diagnosis (based on log-rank test);
stratification by this variable is not shown in the graph.
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One of the major limitations of our study is that the data were
collected retrospectively. This may lead to recall bias for some
patient history records; however, this was not a major concern
because RSV is an acute infection and most data collected
were laboratory, pharmacological and radiological findings. We
may also have overestimated RSV-associated morbidity rates,
particularly when some patients may not have sought medical
attention for minimal respiratory symptoms. More importantly,
there are no standardized definitions for RSV LRTI or even mor-
tality in this complex patient population, who may have different
types of infections concomitantly. It is very difficult to attribute
death to an infectious cause in a complex population such as
ours; hence we used all-cause mortality as the primary endpoint
in our study. Another limitation is that no definite criteria existed
for prescribing antiviral therapy; therapy was initiated at the dis-
cretion of the treating physician. However, in 2003 we developed
an algorithm for the management of RSV infections in HSCT reci-
pients that specifically included aerosolized ribavirin use only in
patients at risk; this algorithm is part of the standard of care in
the Department of Stem Cell Transplantation and Cellular
Therapy at our institution.27 Finally, an immortal time bias may
exist in our study by assuming that the treated patients lived
for the duration of treatment or until a decision to treat was
reached. However, such a bias is very minimal in cases of
acute infections, such as RSV infections, where the time to initi-
ation of therapy was 1–3 days in most of our patients and the
average duration of treatment was 7 days. Furthermore, out-
comes were defined such that they could have occurred at any
time during the exposure period, including before initiation of
treatment, and hence all outcomes were included in the analysis.

In summary, we found that allo-HSCT recipients with RSV
infections who experience progression to LRTI have the highest
risk of mortality. In the absence of a placebo-controlled rando-
mized trial to assess the effectiveness of aerosolized ribavirin
or any form of ribavirin in treating RSV infections in HSCT recipi-
ents (a placebo arm would be unethical) and on the basis of
our findings, we recommend prompt identification of high-risk
allo-HSCT recipients with RSV infections (such as older patients
with lymphocytopenia and neutropenia) and early initiation of
ribavirin-based therapy to prevent progression to LRTI and subse-
quent mortality.
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