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Background. Respiratory virus infections (RVIs) pose a threat to children undergoing hematopoietic stem cell transplantation
(HSCT). In this era of sensitive molecular diagnostics, the incidence and outcome of HSCT recipients who are hospitalized with RVI
(H-RVI) are not well described.

Methods. A retrospective observational cohort of pediatric HSCT recipients (between January 2010 and June 2013) was assem-
bled from 9 US pediatric transplant centers. Their medical charts were reviewed for H-RVI events within 1 year after their transplant.
An H-RVI diagnosis required respiratory signs or symptoms plus viral detection (human rhinovirus/enterovirus, human metapneu-
movirus, influenza, parainfluenza, coronaviruses, and/or respiratory syncytial virus). The incidence of H-RVI was calculated, and
the association of baseline HSCT factors with subsequent pulmonary complications and death was assessed.

Results. Among 1560 HSCT recipients, 259 (16.6%) acquired at least 1 H-RVI within 1 year after their transplant. The median
age of the patients with an H-RVI was lower than that of patients without an H-RVI (4.8 vs 7.1 years; P <.001). Among the patients
with a first H-RVI, 48% required some respiratory support, and 14% suffered significant pulmonary sequelae. The all-cause and
attributable case-fatality rates within 3 months of H-RVI onset were 11% and 5.4%, respectively. Multivariate logistic regression
revealed that H-RVI onset within 60 days of HSCT, steroid use in the 7 days before H-RVI onset, and the need for respiratory support
at H-RVT onset were associated with subsequent morbidity or death.

Conclusion. Results of this multicenter cohort study suggest that H-RVIs are relatively common in pediatric HSCT recipi-
ents and contribute to significant morbidity and death. These data should help inform interventional studies specific to each viral
pathogen.
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Viral pathogens are the most common source of pediatric respi-
ratory illness [1]. Although respiratory viral infections (RVIs)
in the general pediatric population are often mild, they have the
potential to result in significant morbidity and death in children
with a compromised immune system. Pediatric hematopoietic
stem cell transplantation (HSCT) recipients are at particular
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risk for poor outcomes from RVI given their extent and dura-
tion of immunosuppression.

Although the effects of RVI on HSCT recipients have been
reviewed [2], data specific to pediatric HSCT recipients have been
limited to those from small single-center studies with a relatively
short follow-up time [3-5]. The availability of molecular diagnos-
tics to identify RVI in HSCT recipients in many pediatric centers
represents an important opportunity to define the contemporary
epidemiology and outcomes of RVIs in pediatric HSCT recipi-
ents. We conducted a multicenter retrospective study to define
the incidence and outcomes of hospitalization with RVI (H-RVI)
in a large pediatric cohort in the first year after their HSCT. Our
results can inform clinicians of the risk of H-RVI in this high-risk
population and assist with the design and conduct of future pro-
spective studies to compare the effectiveness of current and newly
available antiviral therapies and prevention strategies.
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METHODS

Study Design and Cohort

In this multicenter retrospective observational cohort study, we
evaluated pediatric HSCT recipients from 9 US pediatric aca-
demic institutions between January 1, 2010, and June 30, 2013
(Table 1). The study protocol was approved by the institutional
review board at each institution. The cohort was inclusive of
patients who underwent an allogeneic or autologous HSCT for
any indication. The cohort was limited to children <18 years
of age at the time of HSCT. Each HSCT recipient was followed
from the day of transplant until 365 days after receipt of the
transplant, death, or loss to follow-up.

Outcome

The primary outcome was the occurrence of an H-RVI asso-
ciated with an inpatient admission within 365 days after the
HSCT. The definition of an H-RVI required (1) a positive result
for a respiratory viral pathogen from a respiratory specimen
(obtained via nasal swab, wash, or aspirate, nasopharyngeal
swab, sputum, tracheal aspirate, deep bronchial wash, or a bron-
choalveolar wash) and (2) documentation of clinical signs and
symptoms of a respiratory illness, including cough, rhinorrhea,
and/or increased work of breathing within 72 hours of the posi-
tive respiratory viral test. We included the respiratory pathogens
human metapneumovirus (hMPV), influenza, parainfluenza
(PIV), respiratory syncytial virus (RSV), rhinovirus/enterovi-
rus (RhV), and coronavirus. Because the study was focused on
viral pathogens specific to the respiratory tract, adenovirus was
excluded purposely because the clinical spectrum of adenovirus
disease in HSCT recipients is broad.

Diagnostic tests used at each center during the study period
are listed in Table 1. Each pathogen was recorded if more than
1 virus was detected for a given H-RVI episode. If a patient had
more than 1 H-RVI event involving the same pathogen, then
only the first episode was included, unless the subsequent epi-
sode occurred =30 days after the first one and if there was at

least 1 negative test for that virus in the interim. In patients
who met H-RVI criteria, the date of H-RVI onset was the day
that the respiratory viral test was ordered. Patients with a doc-
umented H-RVI were followed for 3 months from onset to
assess their subsequent need for respiratory support and the
occurrence of pulmonary complications and to identify deaths.
Respiratory support was defined as the need for supplemental
oxygen, bilevel or continuous airway pressure, conventional
mechanical ventilation, high-frequency oscillation ventilation,
or extracorporeal membrane oxygenation (ECMO). Pulmonary
complications were identified and classified as the need for tra-
cheostomy or the diagnosis of subacute or chronic pulmonary
sequelae, bronchiolitis obliterans, or another pulmonary com-
plication not specified.

Any death that occurred within 3 months of the H-RVI
onset was assessed for attribution. Death was attributed to
a viral pathogen if the signs and symptoms of the H-RVI did
not improve before death and if the signs and symptoms were
considered to be potentially contributory to death. Attribution
(likely, possible, or not likely) assessment was performed by a
central review committee that reviewed a deidentified summary
of the circumstances surrounding each patient’s death.

Data Collection

Investigators and trained research assistants at each site ret-
rospectively abstracted from electronic medical records data
elements identified a priori, including demographic, pretrans-
plant, transplant, and peri-RVT variables, directly into a central
REDCap electronic database hosted at Duke University [6].

Statistical Analysis

The primary aim of this study was to determine the incidence
of H-RVI events in a cohort of pediatric HSCT recipients.
Only RVI events that resulted in an inpatient admission or
were diagnosed during an inpatient admission were included.
The incidence of H-RVT in this cohort of HSCT recipients was

Table 1. Participating Centers, Number of HSCT Recipients per Center, and Viral Diagnostics Available at Each Center

Hospital No. of Patients Viruses Tested by PCRa Location and Type of Testing

Children’s Hospital of Philadelphia 203 HMPV, FLU, PIV, RSV, RhV In-house PCR assay

Children’s Hospital of Pittsburgh 58 HMPV, FLU, PIV, RSV, RhV In-house PCR Assay

Cincinnati Children’s Medical Center 244 HMPV, FLU, PIV, RSV, RhV In-house PCR assay

Duke Children’s Hospital® 21 HMPV, FLU, PIV, RSV In-house PCR assay

Montefiore Children's Hospital 22 HMPV, FLU, PIV, RSV, RhV In-house PCR assay

St Jude’s Children’s Hospital 270 HMPV, FLU, PIV, RSV In-house PCR assay

Seattle Children’s Hospital 161 HMPV, FLU, PIV, RSV, RhV, coronavirus 2010-2011, in-house PCR assay at University of Washington; added FilmArray at
Seattle Children's Hospital in 2012

Texas Children’s Hospital 289 HMPV, FLU, PIV, RSV, RhV, coronavirus Combination of in-house PCR and commercial laboratory multiplex PCR

Monroe Carell Jr Children’s Hospital 102 HMPV, FLU, PIV, RSV, RhV, coronavirus In-house PCR assay

at Vanderbilt

Abbreviations: HSCT, hematopoietic stem cell transplantation; HMPV, human metapneumovirus; FLU, influenza; PCR, polymerase chain reaction; PIV, parainfluenza; RSV, respiratory syncytial virus; RhV, rhinovirus.

?Includes viruses for which site had PCR diagnostic testing available for clinical use during the entire study period.

“Performed rhinovirus culture but not PCR during the study period.
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determined considering all included RVI pathogens (hMPYV,
influenza, PIV, RSV, RhV, and coronavirus). Univariate logistic
regression analyses were performed to assess the association of
various baseline factors at the time of transplant with the subse-
quent development of an H-RVI.

The secondary aims of this study were to determine the fre-
quency of pulmonary complications and all-cause and attribut-
able 3-month case-fatality rates after H-RVI onset. Case-fatality
rates were calculated as the proportion of patients with an
H-RVI who died within 3 months of RVI onset.

Last, multivariate analyses were performed in the subset of
patients with at least 1 H-RVT to identify risk factors present at
the time of their first H-RVI that were associated with the subse-
quent need for respiratory support, pulmonary complications,
or death in the 3 months after the RVI-onset period. The fol-
lowing factors were evaluated because they were hypothesized
a priori to potentially be associated with the outcomes of inter-
est: age, race, need for respiratory support at the time of H-RVI
diagnosis, previous history of chronic lung disease, receipt of
T-cell-depleted HSCT, receipt of recent immunosuppression
therapy (captured as steroid and non-steroid-containing ther-
apy), and receipt of immunoglobulin G in the 2 weeks before
occurrence of the RVI. Each of these variables was assessed in
univariate logistic regression analyses. Each multivariate logis-
tic regression model included age, race, and those factors found
to be associated with the outcome of interest in the univariate
analysis (P < .10). Statistical calculations were performed using
Stata 13.0 (Stata Corp., College Station, TX).

RESULTS

During the 3-year study period at the 9 participating institu-
tions, 1560 HSCT recipients <18 years of age were identified.
The number of patients from each center ranged from 22 to 289
(Table 1). Data were available for most patients for the entire
365-day study period (78%) or until death (16.2%). A minority
of the patients (5.8%) were lost to follow-up before complete
365-day capture. Within 1 year of the transplant, 259 (16.6%)
patients were diagnosed with 307 RVIs managed in an inpa-
tient setting. The incidence rate of at least 1 H-RVI was simi-
lar between allogeneic and autologous HSCT recipients (17.4
vs 14.2%, respectively; P = .13). Table 2 lists the baseline char-
acteristics of the entire cohort and those of patients with and
those without a diagnosis of H-RVI within 1 year of their trans-
plant. In univariate analyses, younger age was associated with
an increased risk for H-RVI (4.8 vs 7.1 years, respectively; P <
.001). Neither donor type nor T-cell-depletion status was asso-
ciated with increased risk for an H-RVI after transplant.

Types of RVl and Characteristics at Onset of RVI

The median time from HSCT to first H-RVI onset was 55 days
(interquartile range, 10.5-149.5 days). RhV was the most com-
mon virus, followed by PIV and RSV (Table 3). Coronavirus

Table 2. Baseline Factors for the Entire Cohort and for Patients With
and Those Without an RVI

Total Cohort Patients With at Least 1 Patients Without an

Characteristic (N =1560) RVI (n =259) RVI(n=1301) P
Age (median 6.8(3.0-11.9) 48(2.0-9.5) 7.1(3.2-12.3) <.001°
[1GR]) (y)
Sex, female (n [%]) 657 (42) 113 (44) 544 (42)
Race (n [%]) A
White 1093 (70) 179 (69) 914 (70)
Black 200(13) 27(10) 173(13)
Asian 61(4) 5(2) 56 (4)
Native American 11(1) 2(1) 9(1)
Other/unknown 195(12) 47 (18) 149(12)
Donor type (n [%]) RAl
Autologous 416 (27) 59 (23) 357(27)
Allogeneic 1144.(73) 200 (77) 944 (73) .37
Bone marrow 635 (56) 114 (57) 521 (55)
Cord blood 259 (23) 65(33) 194(21)
PSCs 247 (21) 21(10) 226 (24)
Unknown 3(0) 0(0) 3(<1)
T-cell depletion .97
(n[%])
Yes 670 (43) 111 (43) 559 (43)
No 890 (57) 148 (57) 742 (57)

Abbreviations: IQR, interquartile range; RVI, respiratory viral infection; PSC, peripheral stem cell.
2Significant result.

was detected infrequently, but it should be noted that diagnos-
tic testing for coronavirus was not available at all institutions
during the study period (Table 1).

Clinical signs at presentation were limited to the upper respi-
ratory tract in the majority (72%) of patients; however, we were
significantly more likely to find evidence of lower respiratory
tract involvement at presentation in children with HMPV than
in those with any other pathogen (59% vs 27%, respectively;
P =.01). Fever within 48 hours of illness onset was not common
except with influenza- and HMPV-associated events. The pres-
ence of chronic lung disease, need for mechanical respiratory
support, treatment in an intensive care unit, and renal replace-
ment therapy before illness onset were all relatively rare.

A significant proportion (36%) of the patients had received
2 or more immunosuppressive agents for graft-versus-host
disease (GVHD) therapy in the week before H-RVI onset.
Specifically, steroid exposure was present in 44% of the chil-
dren in the week leading up to an H-RVI. Neutropenia
(absolute neutrophil count, <500 cells per mL) (41%) and
lymphopenia (absolute lymphocyte count [ALC], <200 cells
per mL) (53%) were commonly present in the week before
H-RVI onset.

Outcomes of H-RVIs

The effects of an H-RVT1in the 3-month period after onset of illness
were assessed (Table 4). Among all first H-RVI events, some type
of respiratory support was required by 48% of the children. This
support was limited to supplemental oxygen in 28% of the patients,
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Table 3. Clinical Characteristics at Time of RVI Onset for HSCT Recipients

All Patients, First RVI

Characteristic Event (N = 259) Coronavirus(n = 6) HMPV (n=17) FLU (n=29) PIV (n=53) RSV (n = 40) RhV (n=162)
Clinical parameters
Days from HSCT to RVI onset (median [IQR]) 56 (11-151) 15.5(9-71) 140 (31-180) 171(86-219)  80(15-197)  85.5(8.5-154.5)  63.5(11-158)
Lower respiratory tract involved at onset? (n [%])
Yes 77(28) 2(33) 10(59) 6(21) 18(33) 13(32) 39(24)
No 187(72) 4(67) 7(41) 23(79) 36 (67) 27 (68) 123(76)
Fever within 48 h of RVI onset (n [%])
Yes 134 (52) 2(33) 11(65) 21(72) 28(53) 20 (50) 80 (49)
No 125 (48) 4(67) 6 (35) 8(28) 25 (47) 20 (50) 82 (51)
Chronic lung disease (n [%])
Yes 32(12) 1(17) 3(18) 4(14) 8(15) 6(15) 17(11)
No 227 (88) 5(83) 14 (82) 25(86) 45 (85) 34(85) 145 (90)
Respiratory support (n [%])?
Yes 35(14) 1(17) 6 (35) 2(7) 6(11) 6(15) 22 (14)
No 224 (86) 5(83) 11(65) 27(93) 47 (89) 34(85) 140 (86)
ICU admission (n [%])®
Yes 12(5) 0 2(12) 1(3) 2(2) 5(13) 6(4)
No 247 (95) 6(100) 15(88) 28(97) 52(98) 35(87) 156 (96)
Renal support (n [%])°
Yes 4(2) 0 0 1(3) 2(4) 1(3) 0
No 255(98) 6(100) 17 (100) 28(97) 51(96) 39(97) 162 (100)
Pharmacologic exposures before RVI (n [%])
Steroid exposure?
Yes 113 (44) 1(17) 11(65) 8(28) 28(53) 23(58) 61(38)
No 146 (56) 5(83) 6 (35) 21(72) 25 (47) 17 (43) 101(62)
>2 immunosuppressants for GVHD?
Yes 94 (36) 3(50) 5(29) 6(21) 20(38) 13(33) 60(37)
No 165 (64) 3(50) 12(71) 23(79) 33(62) 27 (67) 102 (63)
IVlg in 30 days before RVI onset
Yes 121(47) 2(33) 10(59) 14 (52) 26 (49) 20 (50) 69 (43)
No 138 (53) 4(67) 7(41) 15 (48) 27 (51) 20 (50) 93 (57)
Laboratory parameters (n [%])
Neutropenia? (ANC, <500 cells per mL)
Yes 106 (41) 4(67) 5(29) 6(21) 18 (34) 13(33) 70 (43)
No 153 (59) 2(33) 12(71) 23(79) 35(66) 27 (68) 92 (57)
Lymphopenia? (ALC, <200 cells per mL)
Yes 137 (53) 2(33.3) 9(53) 13 (45) 32(60) 18 (45) 76 (47)
No 70(27) 2(333) 3(18) 9(31) 10(19) 10(25) 56 (35)
Not available 52 (20) 2(33.3) 5(29) 7(24) 11(21) 12 (30) 30(19)

Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil count; FLU, influenza; GVHD, graft-versus-host disease; HMPV, human metapneumovirus; HSCT, hematopoietic stem cell transplant; ICU, intensive care
unit; IVlg, intravenous immunoglobulin; RVI, respiratory viral infection; PIV, parainfluenza virus; RhV, rhinovirus; RSV, respiratory syncytial virus.

Within 7 days before RVI onset.

but 15% of the patients who experienced an H-RVI required con-
ventional mechanical ventilation, high-frequency oscillation ven-
tilation, or ECMO. The post-H-RVI course was complicated by
significant pulmonary sequelae in 14% of the patients, including
both subacute and chronic processes. Among the subset of allo-
geneic HSCT recipients with an H-RVI, 28% were found to have
new-onset GVHD within 3 months of H-RVT onset.

Thirty deaths occurred within 3 months of an H-RVT onset.
Of these 30, 28 occurred after the first RVI event, which resulted
in an all-cause case-fatality rate of 11%. The all-cause case-
fatality rates ranged from 0% to 24% depending on the viral
pathogen, and the highest rate was for patients with HMPV

(24%). Of the 28 deaths after a first H-RVI event, 3 (11%), 11
(39%), and 14 (50%) were deemed likely, possibly, and not likely
attributable to the RVI, respectively, which yields an attributable
case-fatality rate of 5.4%. Supplementary Table 1 provides timing
of the deaths after first H-RVI onset and the day of transplant.
We found 11 (39%) deaths in the first 30 days after H-RVI, 12
(43%) deaths in days 31 to 60 after H-RVI, and the remaining 5
(18%) deaths occurred between days 61 and 90 after RVI onset.
Multivariable logistic regression models were established to
determine the association of various factors present at H-RVI
onset with subsequent need for respiratory support, pulmonary
complications, and the all-cause case-fatality rate (Table 5).
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Table 4. Outcomes of RVl in HSCT Recipients

All Patients First RVI Event  Coronavirus (n=6) HMPV (n=17)

Outcome (n=259) (n [%]) (n[%]) (n1%]) FLU(n=29)(n[%]) PIV(n=53)(n[%]) RSV(n=40)(n[%]) RhV(n=162)(n[%])
Need for any respiratory support within 3 125 (48) 3(50) 9(53) 9(31) 27 (52) 23(57) 80 (49)
mo of diagnosis
Oxygen support 74 (28) 1(16.7) 5(24) 4(14) 17 (32) 14 (35) 53(33)
BiPAP/CPAP 10 (4) 1(16.7) 1(3) 3(6) 0 6(4)
Mechanical ventilation 29(11) 1(16.7) 2(12) 3(10) 5(9) 7(18) 16 (10)
HFOV/ECMO 11(4) 0 2(12) 1(3) 2(4) 2(5) 5(3)
Pulmonary complications
At least 1 complication within 3 mo 35(14) 2(33) 4(24) 1(3) 7(13) 8(20) 21(13)
of diagnosis
Tracheostomy 3(1) 0 1(6) 0 0 4(10) 0
Subacute pulmonary sequelae 9(3) 1(17) 4(24) 0 1(2) 2(5) 5(3)
Chronic pulmonary sequelae 6(2) 0 1(6) 0 0 2(5) 3(2)
Bronchiolitis obliterans 8(3) 1(17) 0 2(4) 4(10) 4(2)
Other pulmonary complications 20(8) 1(17) 3(18) 1(3) 5(9) 3(8) 10(6)
All-cause case fatality?
Yes 28(11) 0 4(24) 3(10) 4(8) 4(10) 17°(10)
No 231(89) 6(100) 13(76) 26 (90) 49(92) 36(90) 145 (90)

Abbreviations: BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; ECMO, extracorporeal membrane oxygenation; FLU, influenza; HFOV, high-frequency oscillator ventilation; HMPV, human metap-
neumovirus; HSCT, hematopoietic stem cell transplant; IVIg, intravenous immunoglobulin; PIV, parainfluenza virus; RhV, Rhinovirus; RSV, respiratory syncytial virus; RVI, respiratory virus infection.

Within 3 months of RVI onset.
®Includes 1 patient with both PIV and RhV and 1 patient with both HMPV and RhV.

Patients who were receiving respiratory support at baseline
were excluded from the respiratory support analysis model.
H-RVI onset in the first 60 days after HSCT (odds ratio [OR],
1.97 [95% confidence interval (CI), 1.14-3.41]) and previous
chronic lung disease (OR, 2.70 [95% CI, 1.02-7.08]) were
independently associated with increased need for respiratory
support after RVI onset. Recent steroid exposure (OR, 3.01 [95%
CI 1.32-6.90]) and the need for respiratory support at the onset
of H-RVI (OR, 3.33 [95% CI, 1.52-8.56) were independently
associated with subsequent pulmonary complications, whereas
only respiratory support at the onset of H-RVI (OR, 6.18 [95%
CI, 2.42-15.79]) was associated with a significantly increased
risk for death within 3 months of RVI onset.

DISCUSSION

To our knowledge, this is the largest multicenter retrospective
cohort study to date of H-RVI in pediatric HSCT recipients. Our
results indicate that 16.6% of HSCT recipients suffered at least 1
H-RVI event within 1 year of their transplant that was associated
with an inpatient admission. The most common viral pathogen
detected was RhV, followed by PIV and RSV. The majority (72%)
of the children presented with upper respiratory tract signs or
symptoms, with the notable exception of those infected with
HMPV. The all-cause and attributable 3-month case-fatality
rates for the 259 incident H-RVI events were 11% and 5.4%,
respectively. Steroid exposure in the week before H-RVI onset
was associated with subsequent pulmonary complications,
whereas respiratory support at H-RVI onset was associated with
both pulmonary complications and death within 3 months.

Limited contemporary data that define the impact of RVI
on pediatric HSCT recipients exist. Lujan-Zilbermann et al. [3]
assembled a retrospective single-center US cohort of 281 pedi-
atric HSCT recipients between 2000 and 2012 and reported an
RVTincidence rate within 1 year of transplant of 11%. In another
single-center cohort of 176 pediatric HSCT recipients in Korea,
the RVI incidence within 28 days of HSCT was 5.1%, whereas
in a larger single-center cohort from Canada, the RVI inci-
dence within 100 days of transplant was noted to be 6.4% [4, 5].
The RVI rates from these single-center studies are lower than
the 16.6% incidence of H-RVT in our cohort; however, 2 of the
studies documented their rates within 1 to 3 months after the
transplant, which makes it difficult to compare the rates accu-
rately. In addition, the criteria for respiratory testing, specific
respiratory pathogens considered, and reliance on less sensitive
nonmolecular diagnostic testing likely contributed to the differ-
ent RVI rates in the previous reports.

Given our study’s large sample size and the fact that our
definition of RVI required inpatient admission, clinical signs
or symptoms, and a polymerase chain reaction (PCR)-positive
respiratory specimen, the 16% H-RVI incidence rate represents
a reasonable estimate of the contemporary burden of RVI asso-
ciated with inpatient admissions in pediatric HSCT recipients.
Nonetheless, this estimate of H-RVI incidence might underesti-
mate the actual incidence. The etiology for this underestimation
is multifactorial, including variation in PCR diagnostics accord-
ing to site (eg, not all sites tested for each virus [eg, coronavirus]
during the study period) and variation in the threshold for per-
forming viral diagnostic testing on patients who presented with
a symptomatic respiratory illness. In addition, some patients
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Table 5. Univariate and Multivariate Logistic Regression Analyses Assessing the Association of Baseline Factors Present at Time of the First RVl Onset
With Subsequent Need for Respiratory Support, Pulmonary Complications, or Death

Outcome Measures (OR [95% Cl])*

Need for Respiratory Support®

Pulmonary Complication®

All-Cause Case Fatality?

Baseline Factor Univariate Multivariate Univariate Multivariate Univariate Multivariate
Age® 0.98(0.93-1.04) 0.98(0.92-1.03) 1.00(0.93-1.08) 0.99(0.92-1.07) 0.98(0.91-1.06) 0.98(0.90-1.06)
Black race® 0.80(0.33-1.90) 0.72(0.30-1.76) 0.78(0.22-2.75) 0.87(0.24-3.20) 0.29(0.04-2.24) 0.32(0.04-2.57)
RVI onset within 60 days of HSCT 1.92(1.12-3.29) 1.97 (1.14-3.41)f 1.53(0.74-3.15) — 1.12(0.51-2.47) —
Respiratory support at baseline® NA NA 456 (2.01-10.36) 3.33(1.52-8.56) 8.23(3.47-19.51) 6.18(2.42-15.79)
Previous chronic lung disease 2.37(0.93-6.06) 2.70(1.03-7.08)f 1.58 (0.60-4.15) — 2.75(1.06-7.11) 1.77(0.52-5.98)
T-cell depleted transplant 0.86 (0.50-1.47) — 0.48(0.22-1.06) — 1.62(0.74-3.57) —
Recent steroid exposure 1.32(0.77-2.26) — 3.86(1.77-8.44) 3.01(1.32-6.90) 2.58(1.13-5.83) 2.23(0.93-5.35)
Recent receipt of non-steroid GVHD 0.75(0.42-1.32) — 2.70(1.31-5.58) 1.74(0.79-3.82) 1.60(0.72-3.53) —
immunosuppression
Received IVIg within 2 wk 1.22(0.71-2.08) — 1.71(0.83-3.52) — 1.43(0.65-3.15) —

Abbreviations: Cl, confidence interval; GVHD, graft-versus-host disease; IVlg, intravenous immunoglobulin; HSCT, hematopoietic stem cell transplant; IVlg, intravenous immunoglobulin; NA, not applicable; OR, odds ratio; RVI,

respiratory virus infection.

2Each of the outcome measures was considered within 3 months of the onset of the first RVI event. Multivariate logistic regression models each included age and race and any variable that had a P value of <.10 in univariate

analysis.

®Includes at least 1 of the following: oxygen supplementation, bilevel positive airway pressure/continuous positive airway pressure, mechanical ventilation, or high-frequency oscillator ventilation/extracorporeal membrane oxy-
genation. For this model only, the patients who did not need respiratory support at the time of RVI onset were considered.
“Includes at least 1 of the following: tracheostomy, subacute pulmonary sequalae, chronic pulmonary sequalae, bronchiolitis obliterans, or other pulmonary complication

“Within 3 months of RVI onset.
¢Age was included in years as a continuous variable, and race was dichotomized as black or not black.
Significant result for multivariate models.

might have been evaluated for an RVI in an outpatient setting
or at a site remote from the transplant center.

The median time from HSCT to H-RVI onset was 55 days
for all RVI events, and some variation among viral pathogens
was noted. The median times to onset of coronavirus, RhV, PIV,
and RSV were shorter than the times to onset of influenza and
HMPV. This longer duration between transplant day and H-RVI
onset might be biased by a preference to perform transplants on
children during the summer, when possible; thus, pathogens that
have viral seasons that start in the summer or fall (eg, PIV or RSV)
would seem to have shorter median times to onset than viruses
with a seasonal onset later in the winter (eg, influenza, hMPV).
We did not document the month of the transplant because of
institutional review board constraints, so we cannot confirm this
supposition. In addition, although a majority of H-RVI events
in our cohort presented in the first 100 days after HSCT, 25%
of these infections occurred after 150 days. Therefore, clinicians
should be aware that the risk of a significant H-RVI event persists
well beyond the first 100 days after transplant.

In the 3-month period after H-RVI onset, afflicted patients fre-
quently required respiratory support; 48% needed supplemental
oxygen, bilevel or continuous airway pressure, mechanical venti-
lation, or ECMO. Pulmonary complications during the 3-month
follow-up period were noted in 13% of the children, and 11% of
the patients died within 3 months of H-RVT onset. Furthermore,
28% of allogeneic HSCT recipients developed new-onset GVHD
within 3 months of their H-RVI. This rate of GVHD is similar
to the 10% to 30% rate reported in general for pediatric alloge-
neic HSCT recipients [7]. Although only 50% of the fatal incident

H-RVI events were likely or possibly the result of the RV, it is
possible that the RVI contributed indirectly to the remaining
deaths. These findings are consistent with those from previous
smaller cohorts in which RVIs were associated with a 15% all-
cause case fatality, of which 33% were attributed to the RVI [8].
With multivariate modeling, we aimed to identify factors
known at the time of H-RVI onset that might independently
portend a poor outcome. Patients exposed to steroids in the
7 days before H-RVI onset were 3 times more likely to expe-
rience pulmonary complications and more than 2 times more
likely to die in the 3-month follow-up period, although the lat-
ter result did not reach statistical significance. This association
with steroid exposure was linked previously to poor outcomes
in adult patients with HMPV, RSV, or PIV [9-11] and pediat-
ric patients with PIV [12]. It is interesting that recent exposure
to nonsteroid immunosuppressive therapies was not associ-
ated with worse outcomes in any of the 3 multivariate models.
This measure was inclusive of a heterogeneous group of agents
administered for GVHD prophylaxis or treatment. Grouping
these agents into a single variable might have limited our ability
to detect associations with specific immunosuppressive agents.
Previous studies have associated lymphopenia at RVI onset to
progression to lower respiratory tract disease or death in adults
and children with RSV, influenza, and PIV [10, 12-14]. Although
more than 50% of the children in this cohort were lymphopenic
(ALC, <200 cells per mL) at H-RVI onset, the ALC was not avail-
able for 20% of the H-RVT events and thus could not be assessed
as a risk factor for poor outcome. Data on T-cell-depletion sta-
tus were available and considered in each model; however, T cell
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depletion of the stem cell product was not associated with sub-
sequent need for respiratory support, pulmonary complications,
or death within 3 months of H-RVI onset.

It is interesting that H-RVI onset within the first 60 days after
HSCT was associated with a 2-fold increased need for respira-
tory support in the subsequent 3 months, but early RVI onset
was not associated with pulmonary complications or death. The
need for respiratory support at the onset of H-RVI was associ-
ated with an increased risk for subsequent pulmonary compli-
cations and death. Similar results in adult HSCT recipients with
RSV were reported [15]. Although neither the timing of H-RVI
onset relative to the HSCT nor the need for respiratory support
before H-RVI onset is a modifiable factor, knowledge of these
associations can inform patient-specific prognosis discussions.

Beyond the limitations already mentioned, additional limita-
tions of this study are worth noting. First, in the multivariable
model, the viral pathogens were considered equally in terms
of their potential to contribute to morbidity and death in the
3-month period after RVI onset. In particular, rhinovirus was
the most common pathogen, and the ability to diagnose acute
RhV disease can be challenging because of the potential for pro-
longed RhV viral detection in these hosts [16]. It is notable that
pulmonary complications related to RhV infection, including
the need for oxygen support, pressure support, or mechanical
ventilation, seemed to occur at rates similar to those found after
respiratory infections caused by RSV, PIV, or HMPV. Future
analyses should focus on models specific to each pathogen; how-
ever, such subanalyses would be limited by few events. Second,
we did not collect detailed data on patients in the HSCT cohort
without an RVI but instead chose to focus on the subset of
patients who were diagnosed with an RVI. Therefore, our mul-
tivariate analyses were focused on assessing factors that contrib-
uted to poor outcomes only among patients with RVI. We were
unable to assess factors such as GVHD therapy or monthly intra-
venous immunoglobulin administration, which might increase
or reduce the risk of sustaining an RVI in the post-HSCT period.
Third, data regarding utilization of specific antiviral therapies,
such as neuraminidase inhibitors, DAS181 (an investigational
sialidase fusion protein), ribavirin, and intravenous immuno-
globulin, were collected. However, because of the small number
of patients who received therapy for a specific virus, it was not
possible to assess the comparative effectiveness of these agents.
Last, the study definition for H-RVI required the presence of
respiratory symptoms. This requirement would result in the lack
of detection of an RVI event that presented with nonspecific
symptoms such as fever and thus further the potential for under-
estimating RVT in this patient population.

In conclusion, the results of this large multicenter cohort sug-
gest that the burden of RVI among pediatric HSCT recipients
is relatively high and results in significant morbidity and death.
Identification of independent risk factors such as recent steroid
exposure, RVI onset within 60 days of HSCT, and respiratory

status at RVI onset provides an opportunity to inform prognos-
tic discussions with other clinicians and with patients and their
family. Furthermore, the epidemiology of each respiratory viral
pathogen provides baseline information to inform the feasibility of
future therapeutic clinical trials and highlights the need for more
effective preventive interventions in this vulnerable population.

Supplementary Data

Supplementary materials are available at Journal of the Pediatric Infectious
Diseases Society online.
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