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Background. The management of respiratory virus infections prior to hematopoietic cell transplant (HCT) is
difficult. We examined whether respiratory virus detection before HCT influenced the requirement for broncho-
scopy, hospitalization, and overall survival following HCT.

Methods. Pre-HCT and weekly post-HCT nasal washes were collected through day 100 from patients with and
without symptoms. Samples were tested by multiplex polymerase chain reaction for respiratory syncytial virus, para-
influenza viruses 1–4, influenza A and B, human metapneumovirus, adenovirus, and human rhinoviruses, corona-
viruses, and bocavirus.

Results. Of 458 patients, 116 (25%) had respiratory viruses detected pre-HCT. Overall, patients with viruses de-
tected pre-HCT had fewer days alive and out of the hospital and lower survival at day 100 (adjusted hazard ratio
[aHR], 2.4; 95% confidence interval [CI], 1.3–4.5; P = .007) than patients with negative samples; this risk was also
present with rhinovirus alone (aHR for mortality, 2.6; 95% CI, 1.2–5.5; P = .01). No difference in bronchoscopy in-
cidence was seen in patients with and without respiratory viruses (aHR, 1.3; 95% CI, .8–2.0; P = .32). In symptomatic
patients, those with respiratory viruses detected had increased overall mortality compared with patients without vi-
ruses detected (unadjusted HR, 3.5; 95% CI, 1.0–12.1; P = .05); among asymptomatic patients, detection of respira-
tory viruses was not associated with increased mortality.

Conclusions. These data support routine testing for respiratory viruses among symptomatic patients before HCT,
and delay of transplant with virus detection when feasible, even for detection of rhinovirus alone. Further study is need-
ed to address whether asymptomatic patients should undergo screening for respiratory virus detection before HCT.
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The decision to proceed with hematopoietic cell trans-
plant (HCT) in patients with new upper respiratory
symptoms is challenging. Guidelines co-sponsored
by national and international societies recommend de-
laying HCT in patients with pretransplant upper res-
piratory tract infections (URTIs) [1, 2], although

documentation of benefits of delaying is limited and
the strength of evidence is low (BIII) [3]. Potential dis-
advantages of delay include progression of underlying
disease and logistical issues regarding donor and patient
availability.

The benefit of delaying HCT may depend on specific
viruses and symptoms present. One retrospective anal-
ysis of pretransplant URTI caused by respiratory syncy-
tial virus (RSV) found that delaying HCT reduced the
risk of pneumonia after transplant [3]. Another study
evaluating parainfluenza virus (PIV) infections pre-HCT
determined that complications were not increased after
HCT [4]. Data in children are even more limited [5, 6].

Many transplant centers test symptomatic patients
for respiratory viruses by polymerase chain reaction
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(PCR) before HCT and delay transplant, if possible, when respi-
ratory symptoms are present and respiratory viruses including
influenza, PIV, RSV, or human metapneumovirus (HMPV) are
detected [2]. For the most prevalent and now readily detectable
viruses including human coronaviruses (HCoVs), human boca-
virus (HBoV), and human rhinoviruses (HRVs), uncertainty
exists regarding proceeding to HCT as consequences of mild
URTI due to these viruses are unknown. For centers that collect
screening pretransplant nasal specimens, the decision to
proceed is problematic when asymptomatic viral shedding is
detected.

We evaluated clinical outcomes associated with pretransplant
respiratory viruses in patients followed prospectively before and
through 100 days after HCT. Multiplex PCR testing for respira-
tory viruses was performed on nasal washes (NWs) and on
lower respiratory tract samples, if available. We determined
whether detection of a pretransplant respiratory virus, the
type of virus, or accompanying symptoms influenced patient
outcomes during the first 100 days after HCT. Primary outcome
measures included lower respiratory tract disease requiring
bronchoscopy, days alive and out of hospital, and overall
mortality.

METHODS

Patients
This prospective study was performed in allogeneic HCT recip-
ients undergoing transplant between December 2005 and Feb-
ruary 2010 at Fred Hutchinson Cancer Research Center. This
study was part of a surveillance study among HCT recipients
followed for 1 year after HCT. Following written informed con-
sent, weekly virologic surveillance before and up to 100 days
posttransplant was conducted.

Respiratory Samples and Definitions
Respiratory samples in this study include those collected in the
presence of clinical symptoms (“symptomatic”) or for surveil-
lance only (“surveillance”). NWs (or nasopharyngeal swabs if
NWs were precluded clinically) and oropharyngeal swab spec-
imens were obtained from participants at least once before and
weekly after HCT. NWs were collected using 5 mL of saline per
nostril for adults (2.5 mL/nostril for children), and combined
with oropharyngeal swabs for testing. A research specimen
was generally collected within 14 days before the scheduled
HCT regardless of respiratory symptoms. During the study pe-
riod, NWs were routinely collected for respiratory viruses from
all patients with pretransplant respiratory symptoms; therefore,
clinical samples may have been collected before, after, or instead
of research samples. If a research sample was collected in the
absence of a clinical sample, it was designated as asymptomatic
surveillance. From December 2007 to April 2008, collection of

pretransplant screening NW was instituted because of an RSV
outbreak. The collection of pre-HCT surveillance specimens re-
gardless of symptoms was routine for children aged <8 years
until November 2009, when collection was extended to include
children aged ≤17 years. Results of clinical viral testing from
symptomatic patients, patients screened during RSV outbreaks,
and children with surveillance NWs were known to the order-
ing provider per clinical practice. Pretransplant samples collect-
ed specifically for research were not tested and results were not
reported in real time.

Respiratory virus detection in clinical samples, particularly
from symptomatic patients, may have delayed HCT; actual
transplant may have occurred weeks to months after collection
of the initial sample. All clinical and research respiratory sam-
ples collected between 60 days and 1 day pre-HCT were ana-
lyzed. Results from pre-HCT lower respiratory tract samples
were also included. Post-HCT NW specimens were collected
weekly through day 100.

Laboratory Testing
All research and most clinical samples were tested by qualitative
laboratory-developed PCR assays for 12 respiratory viruses [7–
13]. Samples were considered positive if the PCR amplification
plot crossed the threshold at <40 cycles. Qualitative results from
clinical specimens were reported to physicians. Some clinical
samples were tested by conventional methods, including viral
culture, shell vial culture, or direct fluorescent antibody testing
[13]. All PCR methods were performed according to College of
American Pathologists standards.

Study Outcomes
We examined 3 primary outcomes: (1) need for bronchoscopy,
as a potential marker for underlying pneumonia because bron-
choscopy is performed routinely on all patients suspected of
lower respiratory tract disease; (2) number of days alive and
out of hospital, as a marker for resource utilization; and (3)
overall mortality. We also described whether pretransplant re-
spiratory viruses persisted or caused progressive disease follow-
ing transplant.

Statistical Analysis
Patient characteristics were compared between patients with
and without pre-HCT respiratory viruses via χ2 test for categor-
ical data and t test for continuous data. Cumulative incidence
curves were used to estimate probabilities of time-to-event out-
comes: incidence of bronchoscopy and overall mortality in the
first 100 days. Death in the first 100 days was treated as a com-
peting risk for bronchoscopy. Statistical significance of differ-
ences in event rates was evaluated with the proportional
hazards regression model. Linear regression models estimated
differences in days alive and out of hospital between patient
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groups. Factors considered potential confounders were included
in the model if a difference of ≥10% in the estimated coefficient
of interest was seen.

Respiratory viruses were classified into 2 groups according to
likelihood of complications based on literature: group 1 includ-
ed the well-described respiratory viral pathogens RSV, HMPV,
PIV, influenza A and B, and adenovirus; group 2 included virus-
es potentially less likely to cause complications, and included
HRV, HCoV, and HBoV. Outcomes were compared for patients
across 3 groups (group 1 viruses, group 2 viruses, and negative)
in simple and adjusted models. We also examined outcomes for
viral infections with specific antiviral therapy available (ie, influ-
enza and RSV), as well as for patients with rhinovirus. In unad-
justed models, outcomes were evaluated comparing patients
with any respiratory virus to those without respiratory viruses
among symptomatic and asymptomatic patients (groups
shown in Figure 1). Reported P values are 2-sided, based on
the Wald statistic. No adjustments were made for multiple
comparisons.

RESULTS

Respiratory samples were collected from 458 patients between
day −60 and day −1 prior to allogeneic HCT between Decem-
ber 2005 and February 2010 (Figure 1). Altogether, 445 (97%)
patients had respiratory samples tested by PCR, and 13 by con-
ventional methods. At least 1 pretransplant NW was collected

from 451 (98%) patients; 7 patients underwent bronchoscopy
without upper respiratory specimens collected. A single pre-
transplant sample was collected from 267 (58%) patients, 2
samples from 87 (19%), and ≥3 samples from 104 (23%). Sur-
veillance samples were collected from 308 (67%) patients and
symptomatic samples from 150 (33%) patients.

One or more respiratory viruses were detected in 1 or more
NWs from 116 (25%) patients up to 60 days pre-HCT; samples
were negative in 342 other patients with 1 or more samples. Pa-
tient characteristics within groups defined by pretransplant re-
spiratory viruses are shown in Table 1. Patients with respiratory
viruses detected were on average younger (P = .002) and more

Table 1. Characteristics of Hematopoietic Cell Transplant
Recipients With or Without a Pretransplant Respiratory Virus
Detected (N = 458)

Characteristic
Without Pre-HCT
Virus (n = 342)

With Pre-HCT
Virus (n = 116)

P
Value

Median age, y (range) 51 (1–75) 44 (1–75) .002

Age, y

<5 6 (2) 12 (10)
5–17 22 (6) 12 (10)

18–75 314 (92) 92 (79)

Male sex 213 (62) 73 (63) .90
HCT donor type .06

Matched-related 108 (32) 34 (29)

Mismatched-related 15 (4) 12 (10)
Unrelated 219 (64) 70 (60)

Stem cell source .03

PBSCs 254 (74) 74 (64)
Bone marrow 54 (16) 31 (27)

Cord blood 34 (10) 11 (9)

Nonmyeloablative
conditioning regimen

133 (39) 54 (47) .15

Underlying disease riska .009

Standard 221 (65) 59 (51)
High 121 (35) 57 (49)

Recipient CMV
seropositivity

194 (57) 68 (59) .72

Lymphocyte count,
lymphocytes/μL

<.001

≤100 93 (27) 19 (16)

>100 to 300 71 (21) 11 (9)
>300 178 (52) 86 (74)

Data are presented as No. (%).

Abbreviations: CMV, cytomegalovirus; HCT, hematopoietic cell transplant;
PBSCs, peripheral blood stem cells.
a
“Standard” = congenital hematologic disorders (eg, sickle cell anemia),

paroxysmal nocturnal hemaglobinuria, aplastic anemia, chronic myeloid
leukemia in chronic phase (or other myeloproliferative diseases such as
agnogenic myeloid metaplasia without increased blasts), myelodysplastic
syndromes without excess blasts, and leukemia and lymphoma in remission.
“High” = all congenital immunodeficiency diseases and all other hematologic
malignancies.

Figure 1. Pretransplant respiratory virus samples collected in the pres-
ence of clinical symptoms (symptomatic) and for surveillance alone
(surveillance). The diagram shows number of patients with samples col-
lected for clinical care and/or for the prospective research study. Clinical
care samples include samples from symptomatic patients, surveillance
samples collected during a respiratory syncytial virus outbreak, and surveil-
lance samples collected from children. Patients with these surveillance
samples combined with the patients who provided research samples
alone comprised the asymptomatic surveillance cohort.
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likely to have high-risk underlying diseases (P = .009) than
those with negative samples. Patients with respiratory viruses
detected had lower baseline lymphocyte levels than patients
with negative samples (P < .001).

Twenty-four of 52 (46%) pediatric patients aged <18 years
had respiratory viruses detected compared with 92 of 406
(23%) patients aged >18 years (P < .001; Table 2). Forty-five
patients had group 1 viruses and 71 patients had group 2 vi-
ruses. Only 3 (7%) of 45 group 1 viruses (1 RSV, 2 PIV) were
detected by asymptomatic surveillance, compared with 23
(32%) group 2 viruses (P = .001; Table 2). Among 9 patients
with RSV and 10 with influenza, 78% and 90%, respectively,
received treatment and/or underwent delay to transplant (2
patients with RSV were treated, 7 delayed; 8 patients with in-
fluenza were treated, 9 delayed). The median day of last detec-
tion before HCT was 30, 23, and 11 days for RSV, influenza,
and HRV, respectively.

Clinical Outcomes
Bronchoscopy
Bronchoscopy was performed by clinicians without access to
study results, although clinical test results were known. No dif-
ference in bronchoscopy incidence within 100 days posttrans-
plant was seen in patients with and without respiratory
viruses (adjusted hazard ratio [aHR], 1.3; 95% confidence inter-
val [CI], .8–2.0; P = .32; Table 3). Day 100 estimates of time to
first bronchoscopy were 16.7% (95% confidence interval [CI],
12.7%–20.6%) in the virus-negative group and 23.3% (95%
CI, 15.6%–31.0%) in the positive group (Figure 2A).

The risk for requiring bronchoscopy was higher, although
not significantly, in patients with group 1 viruses than in
those without a pretransplant virus; bronchoscopy incidence
did not differ between patients with group 2 viruses and
those without pretransplant viruses (Table 3). Day 100 proba-
bility estimates were 28.9% (95% CI, 15.6%–42.1%) for group
1 and 19.7% (95% CI, 10.5%–29.0%) for group 2 (Figure 2B).
Patients with pretransplant influenza or RSV were more likely
to undergo bronchoscopy than patients without pretransplant
viruses (aHR, 2.2; 95% CI, 1.0–4.9; P = .05); patients with
other viruses did not have higher bronchoscopy rates than re-
spiratory virus–negative patients (Table 3).

Eighteen of 116 patients with pretransplant viruses had lower
respiratory tract infection (LRTI) with viruses detected in bron-
choalveolar lavage fluid or lung biopsy: 14 had LRTI before
transplant: 5 had PIV, 2 HCoV, 2 adenovirus, 3 HRV, 1 influ-
enza A, and 1 HMPV (Table 2). In half the cases, transplant was
delayed after respiratory virus detection. Six patients with LRTI
before transplant died before day 100; 2 deaths were related to
pretransplant respiratory viruses and 4 had unrelated causes
(Table 4) [14]. Four patients developed LRTI posttransplant; 1
with HRV pneumonia survived after a brief intensive care unit

hospitalization and 3 died (1 each from HRV, influenza, and
HMPV; Table 4).

Hospitalization
The days alive and out of hospital during the first 100 days post-
transplant was used as a measure of resource utilization. Pa-
tients with pretransplant respiratory viruses spent 8 fewer
days, on average, alive and out of hospital than those without
respiratory viruses detected (adjusted 95% CI, −13 to −3
days; P = .002) (Table 3; Figure 3A). The number of days pa-
tients were alive and out of hospital was similar between virus
groups (Figure 3B). Patients in either group had significantly
fewer such days than those without a pretransplant respiratory
virus (Table 3). Patients with influenza or RSV infection did not
have a difference in hospitalization, but patients with HRV or
other respiratory viruses had significantly fewer average days
alive and out of hospital posttransplant compared with patients
without pretransplant viruses (Table 3).

Overall Mortality
Patients with pretransplant respiratory viruses had higher overall
mortality at day 100 compared with patients without pretrans-
plant viruses (aHR, 2.4; 95% CI, 1.3–4.5; P = .007; Table 3). Fig-
ure 4A shows overall survival by viral status; day 100 survival
estimates were 92.1% (95% CI, 88.7%–94.5%) in the group with-
out respiratory viruses compared with 84.5% (95% CI, 76.5%–
89.9%) in patients with respiratory viruses detected. Seven deaths
occurred in virus group 1 and 11 deaths in group 2 (Table 2).
Overall survival at day 100 was similar in both groups, with a sig-
nificantly lower risk of survival compared with patients without
pretransplant respiratory viruses (Figure 4B; Table 3). The risk
of death was not different between patients with influenza or
RSV and those without pretransplant viruses. However, pretrans-
plant rhinovirus detection was significantly associated with in-
creased risk of death at day 100 (aHR, 2.6; 95% CI, 1.2–5.5;
P = .01; Table 3). Five of 18 deaths by day 100 in groups 1 and
2 (or 5 [0.9%] deaths of 458 patients overall) were directly related
to the pretransplant respiratory virus infection (Table 4).

Outcomes in Symptomatic and Asymptomatic Patients
Ninety of 150 (60%) symptomatic patients had respiratory vi-
ruses detected pre-HCT compared with 26 of 308 (8%) asymp-
tomatic patients. Asymptomatic patients were older, more likely
to have a matched-related donor, to have received peripheral
blood stem cells (PBSCs), and had lower baseline lymphocyte
levels than symptomatic patients (Supplementary Table 1).
Nine of 29 (31%) asymptomatic patients aged <18 years had re-
spiratory viruses detected compared with 17 of 279 (6%)
asymptomatic patients ≥18 years old.

Incidence of bronchoscopy in 150 symptomatic patients was
not significantly higher among those with respiratory viruses
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Table 2. Characteristics of Patients With Respiratory Virus Detected From Pretransplant Respiratory Specimens

Virus

Patients With Respiratory Viruses
Detecteda

Day of Last Detection
Pretransplant, Median

(Range)

Cases Detected by
Asymptomatic
Surveillance

Cases With Persistent
Virus Detection After

HCT
Cases of
LRTIb

Deaths by Day
100 After HCT

Deaths Related to
Pretransplant Virusc

All
(N = 458)

Pediatric, <18
y (n = 52)

Adult, ≥18 y
(n = 406)

Group 1

RSV 9 (2) 1 (2) 8 (2) −30 (−57 to −23) 1 (11) 1 (11) 0 1 (11) 0

HMPV 4 (1) 2 (4) 2 (0) −16 (−30 to −1) 0 3 (75) 2 (50) 1 (25) 1 (25)
Influenza

A/B
10 (2) 0 10 (2) −23 (−60 to −7) 0 1 (10) 2 (20) 1 (10) 1 (10)

PIV1–4 17 (4) 6 (12) 11 (3) −24 (−57 to −1) 2 (12) 4 (25) 5 (29) 2 (12) 0
AdV 5 (1) 1 (2) 4 (1) −16 (−54 to −13) 0 1 (20) 2 (40) 2 (40) 1 (20)

Group 2

HRV 53 (12) 9 (17) 44 (11) −11 (−58 to −1) 16 (30) 28 (56)d 5 (9) 10 (19) 2 (4)
HCoV 17 (4) 4 (8) 13 (3) −9 (−27 to −2) 6 (35) 6 (40)d 2 (12) 1 (6) 0

HBoV 1 (0) 1 (2) 0 −2 1 0 0 0 0

Total 116 (25) 24 (46) 92 (23) −17 (−60 to −1) 26 (22) 44 (40)d 18 (16) 18 (16) 5 (4)

Data are presented as No. (%) unless otherwise specified.

Abbreviations: AdV, adenovirus; HBoV, human bocavirus; HCoV, human coronavirus; HCT, hematopoietic cell transplant; HMPV, human metapneumovirus; HRV, human rhinovirus; LRTI, lower respiratory tract infection;
PIV, parainfluenza virus; RSV, respiratory syncytial virus.
a Fourteen patients had 2 respiratory viruses detected before HCT. If separate in time, the virus detected closest to transplant was used for analysis, with the exception of HBoV. If simultaneous (n = 6), the virus more
commonly known to be associated with complications was chosen, as follows: group 1 over group 2 viruses; HRV over HBoV; RSV and PIV1 over AdV. No patient with simultaneous detections died in the first 100 days
after HCT.
b Fourteen cases of LRTI were pre-HCT, 4 post-HCT (2 HRV, 1 influenza A, 1 HMPV).
c See Table 4 for details of deaths with respect to pre-HCT virus.
d Because no samples were available after transplant for some patients, denominators were: HRV, n = 50; HCoV, n = 15; total, n = 111.
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Table 3. Clinical Outcomes at Day 100 After Hematopoietic Cell Transplant (HCT), by Pre-HCT Respiratory Virus Status

Incidence of Bronchoscopy No. (%)

Unadjusted Adjusteda

HR (95% CI) P Value HR (95% CI) P Value

By virus status

Negative 58/342 (17) 1.0 . . . 1.0 . . .

Positive 27/116 (23) 1.5 (.9–2.3) .10 1.3 (.8–2.0) .32

By virus group

Negative 58/342 (17) 1.0 . . . 1.0 . . .

Group 1 virus 13/45 (29) 1.9 (1.1–3.5) .03 1.6 (.9–3.0) .11

Group 2 virus 14/71 (20) 1.2 (.7–2.2) .54 1.0 (.6–1.9) .87

By specific viruses

Negative 58/342 (17) 1.0 . . . 1.0 . . .

Influenza A/B or RSV 7/19 (37) 2.6 (1.2–5.6) .02 2.2 (1.0–4.9) .05

HRV 11/53 (21) 1.3 (.7–2.4) .46 1.1 (.6–2.1) .79

Others 9/44 (20) 1.3 (.6–2.6) .50 1.1 (.5–2.3) .80

Days Alive and out of Hospital No. Unadjusted Mean Difference (95% CI) P Value Adjustedb Mean Difference (95% CI) P Value

By virus status

Negative 342 0 . . . 0 . . .

Positive 116 −9 (−15 to −4) .001 −8 (−13 to −3) .002

By virus group

Negative 342 0 . . . 0 . . .

Group 1 virus 45 −9 (−17 to −1) .03 −8 (−16 to −1) .03

Group 2 virus 71 −9 (−16 to −3) .007 −8 (−14 to −2) .01

By specific viruses

Negative 338 0 . . . 0 . . .

Influenza A/B or RSV 19 −4 (−16 to 8) .51 −6 (−17 to 6) .32

HRV 53 −9 (−17 to −1) .02 −9 (−16 to −2) .02

Others 44 −12 (−20 to −4) .005 −8 (−16 to −1) .03

Day 100 Mortality No. Unadjusted HR (95% CI) P Value Adjustedc HR (95% CI) P Value

By virus status

Negative 27/342 (8) 1.0 . . . . . . . . .

Positive 18/116 (16) 2.1 (1.1–3.7) .02 2.4 (1.3–4.5) .007

By virus group

Negative 27/342 (8) 1.0 . . . 1.0 . . .

Group 1 virus 7/45 (16) 2.1 (.9–4.9) .08 2.6 (1.1–6.4) .03

Group 2 virus 11/71 (15) 2.0 (1.0–4.1) .05 2.3 (1.0–4.7) .03

By specific viruses

Negative 27/341 (8) 1.0 . . . 1.0 . . .

Influenza A/B or RSV 2/19 (11) 1.4 (.3–5.8) .67 1.6 (.4–7.3) .51

HRV 10/53 (19) 2.5 (1.2–5.2) .01 2.6 (1.2–5.5) .01

Others 6/44 (14) 1.8 (.7–4.4) .19 2.3 (.9–5.9) .07

Unadjusted and adjusted proportional hazards regression models were performed for bronchoscopy incidence and overall mortality through day 100 posttransplant,
and unadjusted and adjusted linear regression models for number of days alive and out of hospital, comparing positive patients with groups of specific viruses to
patients with negative samples prior to HCT. Group 1 viruses include RSV, human metapneumovirus, parainfluenza, influenza A and B, and adenovirus; group 2
includes HRV, human coronavirus, and human bocavirus.

Factors considered potential confounders between pre-HCT respiratory virus status, and all outcomes included age, sex, donor type (matched-related vs
mismatched-related vs unrelated), transplant type (nonmyeloablative vs myeloablative), cell source (peripheral blood stem cells [PBSCs] vs bone marrow or
cord), disease risk (high vs standard), pretransplant cytomegalovirus serostatus, and lymphocyte count (≤100, >100 to 300, and >300 lymphocytes/μL).
Lymphocyte count from time closest to last positive pre-HCT respiratory sample was analyzed for patients with respiratory viruses detected, and from time
closest to the last pretransplant respiratory sample collected for patients without a respiratory virus.

Abbreviations: CI, confidence interval; HCT, hematopoietic cell transplant; HR, hazard ratio; HRV, human rhinovirus; RSV, respiratory syncytial virus.
a Adjusted for age and disease risk (high vs standard).
b Adjusted for cell source (PBSCs vs bone marrow or cord blood), transplant type (nonmyeloablative vs myeloablative), and disease risk (high vs standard).
c Adjusted for age, donor type (related vs unrelated), cell source (PBSCs vs bonemarrow or cord blood), disease risk (high vs standard), and pretransplant lymphocyte
count (≤100, >100 to 300, >300 lymphocytes/μL).
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than those without (unadjusted HR, 1.5; 95% CI, .7–3.1; P = .25);
no significant difference in hospitalization days was seen (unad-
justed mean difference, −5; 95% CI, −15 to 5; P = .32). Sympto-
matic patients with respiratory viruses detected pretransplant
had higher overall mortality at day 100 (unadjusted HR, 3.5;
95% CI, 1.0–12.1; P = .05) compared with virus-negative patients.

Among 308 asymptomatic patients with pretransplant sur-
veillance samples, no significant differences in unadjusted out-
comes were observed between patients with and without
respiratory viruses detected for risk of bronchoscopy (HR, 0.7;
95% CI, .2–2.3; P = .57) or risk of death (HR, 1.4; 95% CI, .4–4.6;

P = .59). Patients with positive surveillance samples spent 10
fewer day as outpatients (95% CI, −20 to −.2; P = .05), com-
pared with patients with negative surveillance samples.

DISCUSSION

This large prospective longitudinal assessment of respiratory
virus infections prior to HCT provides new data for this high-
risk patient population. Sensitive virologic detection methods
were utilized to test samples obtained by systematic weekly post-
transplant surveillance. Respiratory viruses were commonly

Figure 2. A, Probability of at least 1 bronchoscopy by pretransplant respiratory viral status (P = .10). B, Probability of at least 1 bronchoscopy by pretrans-
plant respiratory viral status, by virus group. Group 1 includes respiratory syncytial virus, human metapneumovirus, parainfluenza virus, influenza A and B,
and adenovirus (P = .03); group 2 includes human rhinovirus, human coronavirus, and human bocavirus (P = .54).

Figure 3. A, Days alive and out of hospital within the first 100 days after hematopoietic cell transplant (HCT) by pretransplant respiratory viral status
(P = .001). B, Days alive and out of hospital within the first 100 days after HCT by pretransplant respiratory viral status, by virus group. Group 1 includes
respiratory syncytial virus, human metapneumovirus, parainfluenza virus, influenza A and B, and adenovirus (P = .03); group 2 includes human rhinovirus,
human coronavirus, and human bocavirus (P = .007). Boxes represent the 25th, 50th, and 75th percentiles, and whiskers show the 10th and 90th percentiles.
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detected during the pretransplant evaluation in patients of all
ages. Infected patients had significantly fewer days alive and
out of hospital and higher overall mortality by day 100 com-
pared with uninfected patients, and mortality appeared to
occur mainly in symptomatic infected patients.

Specific pretransplant viral infections were analyzed. Pre-
transplant influenza and RSV conferred no increase in risk of
death or differences in out-of-hospital days, although pre-
HCT detection of these viruses was associated with a trend to-
ward increased incidence of bronchoscopy. Patients with other
pretransplant viruses, including HRV, had significantly fewer
days alive and out of hospital. Patients with HRV had signifi-
cantly higher day 100 mortality than uninfected patients. One
possible reason for this difference is that most patients with
RSV and influenza received either antiviral treatment or under-
went delay to transplant, whereas fewer patients with HRV had
transplant delayed and thus remained positive at conditioning.
Although some studies have indicated that pretransplant rhino-
virus infection may not be a serious problem [15],HRV has been
reported to cause lower respiratory tract disease, with outcomes
similar to influenza and other respiratory viruses [16–18].

Most patients in this study were asymptomatic when surveil-
lance samples were collected. Unadjusted analysis of asymp-
tomatic patients with surveillance samples found no increase
in bronchoscopy incidence or overall mortality, but a borderline
significant decrease was seen in days out-of-hospital in patients
with a pre-HCT respiratory virus detected. This suggests that
asymptomatic patients shedding respiratory viruses before
HCT may require more care and utilize more resources after
HCT, compared with those not shedding respiratory viruses be-
fore HCT. Patients with symptoms and any respiratory virus de-
tected had no significant difference in bronchoscopy incidence

or hospitalization days compared with uninfected patients, al-
though there was a trend toward lower survival at day 100.
This suggests that symptomatic patients with any pretransplant
respiratory virus detected are at higher risk for adverse clinical
outcomes than asymptomatic infected patients.

This represents the largest published study to examine out-
comes in patients utilizing pretransplant viral surveillance
with molecular diagnosis. Our analysis of individual viruses re-
mains limited by small numbers of patients; virus-specific con-
clusions are not straightforward. Similarly, we analyzed
pediatric and adult patients together to increase the power of
our analysis, making it difficult to draw separate conclusions
for adults and children. Analysis of surveillance samples vs
symptomatic samples was limited by the small number of
events, precluding multivariable analysis. Because results of re-
spiratory virus testing were known for symptomatic patients,
management and outcomes may have been influenced. We
also combined data for samples collected for clinical care, out-
break investigation, and research, potentially resulting in un-
foreseen differences between these groups. Although we are
able to make broad conclusions about outcomes in patients
with and without a pretransplant respiratory virus, and in
those patients with and without symptoms, predictive algo-
rithms for every situation are not possible. Respiratory virus
testing closer to conditioning onset could be considered, partic-
ularly in patients with known infections (Table 4). In addition, a
potential limitation of molecular testing is that detection of viral
RNA in asymptomatic or previously treated patients may not
represent replicating virus.

Current clinical practice guidelines regarding timing of trans-
plant if respiratory viruses are present are largely based on ex-
pert opinion [1, 19]. Our study provides evidence that current

Figure 4. A, Overall mortality by pretransplant respiratory viral status (P = .02). B, Overall mortality by pretransplant respiratory viral status, by virus group.
Group 1 includes respiratory syncytial virus, human metapneumovirus, parainfluenza virus, influenza A and B, and adenovirus (P = .08); group 2 includes
human rhinovirus, human coronavirus, and human bocavirus (P = .05).
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Table 4. Deaths Related to Pretransplant Respiratory Virus Infection

Patient
Age at
HCT Underlying Disease

Pre-HCT
Respiratory

Virus

LRTI With Same
Virus (Pre- or
Post-HCT)

Days Virus Detected
Pre-HCT (Type of

sample)

Day of
Death After

HCT Comments

1 14 mo Severe combined
immunodeficiency

AdV Pre −13 (lung biopsy)a 1 Died with diagnoses of AdV, CMV, and Pneumocystic jiroveci
pneumonia.

2 50 y Acute myeloid leukemia HRV Pre −25 (NW)a, −14
(BAL)a, −5 (NW)a

34 Patient also acquired AdV post-HCT, died with diffuse alveolar damage
attributed to HRV and AdV (positive on BAL day 20).

3 34 y Acute myelomonocytic
leukemia

HRV Post −28 (NW)a 80 Negative NW on days −13 (clinical sample) and −7 (research sample);
persistent respiratory symptoms before and after HCT, and
worsening pulmonary opacities after. BAL on day 48 and day 71
positive for HRV (and 400 colonies/mL of Pseudomonas aeruginosa
in the 2nd BAL); other testing was negative. Died day 80 [14].

4 2 y Aplastic anemia HMPV Post −44a, −38a, −2b, −1b
(all NW)

20 Pre-HCT NW negative day −23 and −10 (clinical samples); proceeded to
HCT after myeloablative conditioning, developed new symptoms on
day 1 and was positive for HMPV. Research samples collected when
patient was without symptoms on day −2 and day −1 and tested later
per protocol were positive for HMPV.

5 22 y Acute lymphoblastic
leukemia

Influenza A Post −7b, −5a (both NW) 32 Pre-HCT NWnegative by PCR on day−12 clinical sample, myeloablative
conditioning began on day −8; patient developed rhinorrhea and sore
throat on day −5. Decision made to proceed with HCT despite
positive clinical NW on day −5. Developed worsening hypoxia and
pulmonary infiltrates and died on day 32 from influenza pneumonia.
Research sample collected when the patient was asymptomatic on
day −7 was positive for influenza A when tested later per protocol.

Abbreviations: AdV, adenovirus; BAL, bronchoalveolar lavage; CMV, cytomegalovirus; HCT, hematopoietic cell transplant; HMPV, human metapneumovirus; HRV, human rhinovirus; LRTI, lower respiratory tract
infection; NW, nasal wash; PCR, polymerase chain reaction.
a Clinical sample.
b Research sample.
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recommendations regarding delaying transplant for sympto-
matic respiratory infections are justified. For some viruses or
clinical situations, risks of proceeding to transplant may out-
weigh risks of waiting for viral clearance. Thoughtful delibera-
tion must be given regarding underlying disease, transplant
type, underlying immunosuppression, and specific viruses.
This information may also assist decisions regarding type of
stem cell donated (PBSCs vs bone marrow vs cord blood)
[20], or conditioning regimen utilized if symptomatic viral
respiratory disease is diagnosed when transplant is urgently
needed.

Our data strengthen current clinical practice guidelines ad-
vising that symptomatic patients should be tested and trans-
plant delayed, when feasible. Our results suggest that even
pretransplant rhinovirus infection is associated with poor out-
comes and delay of transplant, or possibly, that milder condi-
tioning regimens should be considered. This likely applies
most to patients with symptomatic rhinovirus infection; further
research to assess why rhinovirus is associated with poor out-
comes is needed. Our data suggest that surveillance of asymp-
tomatic patients without recent history of respiratory disease
prior to HCT may not be necessary. However, further study
to specifically address screening of asymptomatic patients be-
fore HCT is warranted. The application of this approach to chil-
dren remains problematic, in part because relatively few
children were studied, with high rates of pretransplant viruses
detected (31% positivity in asymptomatic children). The high
mortality in children aged <5 years (2 of 6 [33%]) with pre-
HCT respiratory viruses is noteworthy. Because effective treat-
ment is unavailable for many respiratory viruses and delay of
HCT is often not feasible, these data emphasize the need for in-
tensified prevention of respiratory virus acquisition before
transplant and improved management strategies, including de-
velopment of new antiviral agents and other prophylactic
strategies.
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