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Abstract

Parainfluenza virus (PIV) infection can progress from upper respiratory tract infection (URTI) to
lower respiratory tract disease (LRTD) in immunocompromised hosts. Risk factors for progression
to LRTD and presentation with LRTD without prior URTI are poorly defined. Hematopoietic cell
transplant (HCT) recipients with PIV infection were retrospectively analyzed using standardized
definitions of LRTD. PIV was detected in 540 HCT recipients; 343 had URT]I alone and 197
(36%) had LRTD (possible, 76; probable, 19; proven, 102). Among 476 patients with positive
nasopharyngeal samples, the cumulative incidence of progression to probable/proven LRTD by
day 40 was 12%, with a median time to progression of 7 days (range, 2—40). In multivariable
analysis, monocytopenia (HR 2.22; p=0.011), steroid use =1mg/kg prior to diagnosis (HR 1.89;
p=0.018), co-pathogen detection in blood (HR 3.21; p=0.027), and PIV-3 type (HR 3.57; p=0.032)
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were associated with increased progression risk. In the absence of all the 4 risk factors, no patients
progressed to LRTD, while progression risk increased to >30% if 3 or more risk factors were
present. Viral load or ribavirin use appeared to have no effect on progression. Among 121 patients
with probable/proven LRTD, 64 (53%) presented LRTD without prior URTI, and decreased lung
function before infection and lower respiratory co-pathogens were risk factors for this
presentation; mortality was unaffected by the absence of prior URTI. We conclude that the risk of
progression to probable/proven LRTD exceeded 30% with = 3 risk factors. To detect all cases of
LRTD, virologic testing of lower respiratory samples is required regardless of URTI symptoms.

Parainfluenza virus; Hematopoietic cell transplantation; Lower respiratory tract disease;
Progression; Ribavirin

INTRODUCTION

Parainfluenza virus (PIV) is a respiratory virus commonly detected after hematopoietic cell
transplantation (HCT) [1-3]. Human PIV has four subtypes, numbered 1 through 4 [4, 5].
PIV type 3 (PIV-3) is the most common subtype and a frequent cause of outbreaks among
HCT recipients [6-8]. PIV can progress from upper respiratory tract infection (URTI) to
lower respiratory tract disease (LRTD), resulting in mortality as high as 40-50% [3, 9-11].
Identification of risk factors for progression to LRTD and their relative importance is critical
in clinical practice and designing clinical trials of novel drugs and immunotherapies.

Progression to LRTD in respiratory viral infections generally indicates progression from
URTI to LRTD. However, PIV LRTD is occasionally diagnosed without evidence of prior
URTI in HCT recipients [9, 11-13]. Although better understanding of this phenomenon is
critical to manage viral infections after HCT and to develop comprehensive prevention
strategies, little is known about the biological mechanism of or risk factors for PIV LRTD
without prior URTI.

We previously proposed a classification of LRTD into three groups: possible, probable, and
proven, using PIV infection [14]. Survival after probable or proven LRTD was significantly
worse than that after possible LRTD, which was similar to survival after URTI.

The aim of this study was to evaluate the progression rate from URTI to LRTD in HCT
recipients with P1V infection, the risk factors for progression to LRTD, and the effect of
ribavirin on progression based on stringent definitions. Moreover, since PIV LRTD
frequently occurred without prior URTI, we identified factors associated with LRTD as an
initial manifestation of infection.

METHODS
Study design

This retrospective cohort study evaluated patients who were transplanted between 1990 and
2011 at Fred Hutchinson Cancer Research Center (Fred Hutch) and were demonstrated to
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have laboratory-documented PIV infection after transplantation; a subset of patients were
analyzed in a previously published paper on characteristics of PIV LRTD [14]. Only an
individual’s first episode of PIV infection was analyzed. Patients’ demographic data and
transplant information were retrieved from the Fred Hutch database, and other data related to
the clinical course of PIV infections were collected by medical chart reviews. The study was
approved by the Institutional Review Board at the Fred Hutch.

Laboratory testing

Definitions

PIV was examined in HCT recipients with upper respiratory tract symptoms or
bronchoscopic examination using conventional culture, direct fluorescent antibody (DFA)
staining, and/or reverse transcription-polymerase chain reaction (RT-PCR) assay in
respiratory samples. The routine test for 17 respiratory viruses using RT-PCR started in 2007
at our center. We generally performed examination for respiratory viruses using a
nasopharyngeal sample when patients had URTI symptoms and bronchoscopy when patients
had lower respiratory tract symptoms and radiographic abnormalities. Viral load was
determined by quantitative RT-PCR using nasopharyngeal samples at diagnosis of URTI
[15].

PIV detection in a nasopharyngeal sample was defined as URT]; virological evaluation was
performed when patients presented with URTI symptoms [14]. Patients with radiographic
signs of LRTD with or without clinical symptoms were evaluated by bronchoalveolar lavage
(BAL) according to the attending physician’s discretion. PIV LRTD categories were
designated as previously described [14]: possible referring to PIV detection in the upper
respiratory tract with new pulmonary infiltrates; probable as PIV detection in the lower
respiratory tract (e.g. a bronchoalveolar lavage [BAL] or lung biopsy sample) with lower
respiratory tract symptoms and no new pulmonary infiltrates; and proven LRTD based on
PI1V detection in the lower respiratory tract with new pulmonary infiltrates [14]. Progression
to LRTD occurred when patients were diagnosed with LRTD = 2 days after URTI diagnosis
[16]. A co-pathogen was defined as a significant pathogen (bacterium, fungus, virus)
detected in a concurrent respiratory sample or in a blood sample obtained within two days of
diagnosis of PIV infection. Coagulase-negative staphylococcal bacteremia and
asymptomatic cytomegalovirus DNAemia or antigenemia were not considered significant
co-pathogens. Cell counts closest to the day of infection diagnosis within 1 week were
recorded. Peak steroid doses at PIV diagnosis and post diagnosis were recorded during a
period of 2 weeks before and after diagnosis, respectively [14].

Statistical analysis

The probabilities of progression to LRTD among patients who presented with URTI were
estimated by cumulative incidence curves, treating death as a competing risk. Cox
proportional hazards models were used to evaluate unadjusted and adjusted hazard ratios
(aHR) for progression from URTI or possible LRTD to probable or proven LRTD. Logistic
regression models were used to evaluate cross-sectional associations between each risk
factor and occurrence of LRTD without prior PIV detection in upper respiratory tract
samples among patients with probable/proven LRTD. Several models were evaluated for
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each endpoint when the number of events did not permit inclusion of all variables into one
model. The log-rank test was used to compare univariate hazards of time-to-event outcomes.
Two-sided p-values < 0.05 were considered statistically significant. All statistical analyses
were performed using SAS 9.4 (TS1M3) for Windows (SAS Institute, Inc., Cary, NC).

RESULTS

Incidence of PIV infections and patient characteristics

PIV was detected in 540 HCT recipients altogether; 343 (64%) had URT]I alone and 197
(36%) had LRTD. The median time to PIV infection after HCT was 70.5 days (range, 0 —
3140) and 80% of the PIV infections were due to PIV-3. The number of PIV infections by
month for 20 years between January 1992 and December 2011 is shown in Figure 1A. PIV
infection was more frequently detected between April and July than throughout the
remainder of the year. The incidence by each PIV subtype is shown in Figure 1B. PIV-3
infections commonly occurred in spring-summer, while the other types were detected more
in autumn and winter.

Characteristics of patients with PIV infection are shown in Table 1. Among 540 patients
with PIV infection, median age at diagnosis was 42.3 (range, 0-73). Among 197 LRTD
cases, possible, probable, and proven LRTD cases occurred in 76 (39%), 19 (10%), and 102
(52%), respectively. Nosocomial infection, co-pathogen in blood, and low white blood cell
counts at diagnosis were more frequently observed in LRTD cases than in URTI alone cases.
The median viral load in nasal wash samples at diagnosis was 6.5 logyq copies/ml (range,
2.8-9.7 logyg copies/ml).

Progression to LRTD and risk stratification

Among 540 patients with PIV infection, 424 (79%) patients originally presented with URTI
as an initial manifestation of their PIV infection. Among these 424 patients, 81 (19%)
progressed to LRTD in a median of 7 days (range, 2—40) following the diagnosis of URTI
(black line in Figure 2A). The probability of progression from URTI to each LRTD group is
also shown in Figure 2A. Among 476 patients with positive nasopharyngeal samples (i.e.
URTI and possible LRTD [N=52] as an initial manifestation), the probability of progression
to probable/proven LRTD with PIV detection in the lung within 40 days was 12% (Figure
2B).

Since survival after possible LRTD has been documented to be similar to that after URTI
and much higher than that after probable or proven LRTD [14], we analyzed the risk factors
for progression from URTI/possible LRTD to probable/proven LRTD. In univariable Cox
models, low blood cell counts were selected as important risk factors (Table 2). Patients with
a lymphocyte count of less than 100 cells/uL had a high progression rate of approximately
30%, while patients with lymphocyte counts of greater or equal to 100 cells/uL had similar
progression rates of 9-12%, independent of the lymphocyte level (Figure 3A). Similar
patterns were seen for monocyte counts with levels less than 100 cells/pL having higher
progression rates (Figure 3B). No completely protective level could be identified for either
lymphocyte or monocyte counts. The diagnostic methods had no correlation with the
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progression rate (PCR alone vs conventional culture and/or DFA; HR 0.71; 95% ClI
[confidence interval] 0.36-1.40; p=0.32). In a multivariable model of risk factors for
progression, PI1V-3, co-pathogen in blood, low monocyte counts, and steroid use of =1mg/kg
before PIV infection were significantly associated with a high progression rate to probable/
proven LRTD (Table 2). Additional multivariable models were formed with different
combinations of significant risk factors in the univariable analysis including transplant year,
but did not yield additional factors that remained significant in the models (data not shown).
The probability of progression by each PIV type was shown in Figure 3C. Co-pathogens in
the blood were mainly bacteria (S. aureus in 5 cases, P. aeruginosa in 4 cases), with
candidemia and EBV viremia observed in two cases each. The probability of progression to
probable/proven LRTD by a combination of pairs of the most important factors (steroid use
and monocyte count) is shown in Figure 3D, resulting in progression rates of approximately
30%.

We then analyzed progression rates relative to the number of risk factors that are present at
the detection of URTI. No patient progressed to LRTD in the absence of all four risk factors,
while there was an escalating risk with increasing number of risk factors (Figure 4). We also
performed a similar analysis among patients who presented with URTI alone, as generally
done in the published literature. Probabilities of progression from URTI to all LRTD
including possible LRTD (Supplemental Figure 1A) or to probable/proven LRTD only
(Supplemental Figure 1B) by the number of risk factors showed similar patterns. Overall, the
risk of progression among patients with URTI alone resulted in somewhat higher rates of
than those observed among patients with URTI/possible.

Among 136 patients with quantitated viral loads in nasal wash samples at diagnosis, an
association between viral load and progression was not observed (Table 2).

Effect of ribavirin use at URTI diagnosis

Eighteen patients received ribavirin therapy (inhalation, N=13; systemic, N=3; both, N=1;
unknown, N=1) after the diagnosis of URTI or possible LRTD, and three of these patients
progressed to probable/proven LRTD. In a univariable Cox regression model of risk factors
for progression to probable/proven LRTD, ribavirin use at URTI or possible LRTD was not
significantly associated with progression (Table 2). In bivariate analyses adjusting for each
important risk factor, ribavirin use also had no preventive effect on progression to probable/
proven LRTD (adjustment variable, PIV type; aHR, 2.17; 95% CI, 0.67-6.96; p = 0.19;
adjustment variable, co-pathogen; aHR, 2.32; 95% CI, 0.72-7.46; p = 0.16; adjustment
variable, monocyte count; aHR, 1.39; 95% Cl, 0.43-4.53; p = 0.59; adjustment variable,
steroid use; aHR, 2.29; 95% ClI, 0.71-7.35; p = 0.16)

Risk factors for LRTD without prior URTI among probable/proven LRTD cases

Among 121 probable/proven LRTD cases, 64 (53%) had LRTD without first presenting as
URTI. The median time to PIV LRTD after HCT was 76 days (range, 3—2343) and 81 days
(range, 5-2862) in LRTD cases with and without prior URT]I, respectively (p=0.51).
Demographics of each patient group are shown in Supplemental Table 1. Of the 64 patients
initially presenting with probable/proven LRTD, 13 (20%) had a nasopharyngeal test
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performed using DFA or culture in 7/13 (54%) and PCR in 6/13 (46%), and all the results
were negative. In multivariable logistic regression models, factors associated with the
development of LRTD without prior URTI versus LRTD that progressed from URTI were
low percentage of total lung capacity (TLC) (< 80%) before PIV infection, absence of
documented URTI symptoms, oxygen requirement at diagnosis, and co-pathogen detection
in the lower respiratory tract (Table 3). The main co-pathogens were Aspergillus spp. [N=9],
cytomegalovirus [N=6], and P. aeruginosa [N=5]. Among 48 cases with calculated viral
loads in BAL samples, the viral loads were not significantly different between LRTD cases
with and without prior URTI. The mortality rate after LRTD without prior URTI was similar
to that after LRTD with prior URTI (Figure 5; p=0.98)

DISCUSSION

This study demonstrated that the progression rate of PIV-associated URTI to probable/
proven PIV LRTD was approximately 12% and that the total number of risk factors
(presence of PIV-3, co-pathogen in the blood, low monocyte counts, and steroid use of >
1mg/kg at the time of diagnosis) that are present at the time of URTI diagnosis predicts the
probability of progression. Probable/proven LRTD without prior URTI was observed in
about half of LRTD cases and occurred more frequently in patients with restrictive lung
function who had a co-infection in their lungs. These findings provide new information for
those caring for HCT recipients, particularly those with respiratory symptoms during the
post-HCT period.

Several studies on the incidence or outcomes of PIV infections in patients with
hematological malignancies or transplant recipients have reported highly variable
progression rates from URTI to LRTD ranging from 0 to 74% [3, 9, 11, 12, 17], with an
average rate of 36%. This wide range could be due to varying cohort sizes (median subjects,
N=13; range, 4-213) or because the definition of LRTD was inconsistent among the studies.
We reported previously that the survival after possible LRTD (PIV detection only in upper
respiratory tract) is similar to that after URTI and much better than that after probable/
proven LRTD (PIV detection in lower respiratory tract) [14]. In this current cohort study of
540 subjects, the progression rate was approximately 50% higher when proven/probable and
possible LRTD cases were combined (19% vs. 12% for proven/probable only) (Figure 2A—
B). Considering the differential outcomes after LRTD [14], we recommend reporting
probable and proven LRTD as among LRTD cases in future studies which would permit the
consistent interpretation of study endpoints and results.

Using Cox regression models, we identified four risk factors for progression from URTI/
possible LRTD to probable/proven LRTD. Low monocyte count and PIV-3 type were newly
identified risk factors. Previous studies including studies of other respiratory viruses showed
the importance of lymphocyte count [9, 16, 18, 19]. In our study, however, low monocyte
count appeared to be more important in progression to LRTD than lymphopenia, which is
similar to the results of risk factors for mortality after PIV LRTD [14]. Previous reports have
shown that monocytes are important to protect viral infection [20, 21]. However, the role of
monocytopenia in the progression from PIV URTI to LRTD should be considered for further
investigation. Importantly, the four factors we identified can stratify the risk for progression
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in HCT recipients with a positive nasopharyngeal sample. Indeed, the absence of any of the
four risk factors was associated with protection from progression while increasing numbers
of risk factors correlated with increased risk. Nevertheless, monocytopenia and
corticosteroid dose, a surrogate marker of graft-versus-host disease, appear to be the most
relevant of these four factors. Of interest, viral load in nasopharyngeal specimen as a
possible predictor for progression was analyzed in a subset of patients and was not
predictive of progression to LRTD. This is consistent with a lack of a viral load as a risk for
progression after HCT with human metapneumovirus infection [16].

Administration of an antiviral drug may prevent progression to LRTD for other viral
infections such as RSV or influenza, based on data from non-randomized studies [19, 22,
23]. Although there is a small study that suggested a preventive effect of ribavirin [22, 23],
other studies and a recent meta-analysis failed to show the efficacy of ribavirin both in
disease progression and mortality from PIV LRTD [3, 14, 17, 5]. In our study, adjusted
analyses did not suggest a preventive effect of preemptive ribavirin. Steroid use has been
consistently shown to be important for progression in this and other studies [11, 17]. Based
on our study, we recommend reducing the steroid dose whenever feasible to less than 1
mg/kg when PIV is detected until a new anti-viral drug such as DAS181 or virus-specific T
cell therapy are shown to be effective and available for use [26-30].

Although we could not evaluate difference between each PIV subtype because of the
insufficient number of cases, PIV-3 had a significantly higher progression rate than the other
types in the multivariable analysis. Since the incidence of PIV-1, 2, and 4 infections are low,
less is known about the pathogenesis of these PIV types, especially in PI1V-4. Further studies
are needed to examine the role of strain differences in pathogenicity.

In immunocompromised patients, LRTDs are occasionally documented without
manifestation of URTI. In our study, 53% of patients with probable/proven LRTD had no
prior presentation of URTI, while previous reports showed frequencies between 13 and 58%
[9, 11-13]. The differences in the observed frequency rates may be due to how diagnostic
work-ups proceed for PIV using BAL or biopsy samples. We generally test for respiratory
viruses including PIV by PCR when we perform bronchoscopic examination regardless of
the presence or absence of URTI symptoms. We confirmed that the absence of URTI
symptoms was associated with LRTD without URT]I, which is plausible and would argue
against the possibility that we missed earlier testing in patients who should have been tested.
One possible reason for the lack of URTI symptoms may be the inability to mount an
inflammatory response following viral acquisition. However, the maximum steroid dose in
the 2 weeks prior to diagnosis did not appear to be an important factor, whereas oxygen
requirement at diagnosis and a pulmonary co-pathogen were other significant factors. We
hypothesize that inpatients have a higher likelihood of diagnostic imaging, possibly in the
context of preexisting restrictive lung function and/or hypoxia, which may have led to more
bronchoscopic procedures. Meanwhile, early bronchoscopic examination for LRTD with a
broad diagnostic panel that includes respiratory viruses regardless of upper respiratory
symptoms may maximize diagnostic yield for pulmonary disease.
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This study has the advantage of including the largest number of HCT recipients with PV
infections, which permitted the performance of multivariable Cox regression analyses of risk
factors for progression to LRTD that can clearly stratify the risk groups. Moreover, we
applied the stringent definition of LRTD based on a previous outcome study [14], and
examined for the first time risk factors that might explain the phenomenon of LRTD without
URTI. Limitations of this study include the inclusion of cases over a relatively long period of
time and insufficient cases to analyze the effect of preemptive ribavirin, viral load on
progression, or the differences by each subtype despite of data collection for 20 years. To
decrease the effect of a long time period on the analyzed results, we included transplant year
and the factors that have changed during 20 years such as diagnostic methods or cell source
in multivariable model. Moreover, because of the retrospective nature of our study, we might
have missed information of URTI symptoms from medical charts due to inconsistent
documentation practices or failure of patients to report mild URTI symptoms, especially late
after HCT. We generally performed examination for respiratory viruses using a
nasopharyngeal sample when patients had URTI symptoms and bronchoscopy when patients
had lower respiratory tract symptoms and radiographic abnormalities. Nevertheless the final
decision was left to the physicians who managed the patients. Therefore, an aggressive
work-up was declined in some cases.

In conclusion, the progression rate of PIV to probable/proven LRTD in our large
retrospective series was approximately 12% and it exceeded 30% in patients who had at
least three risk factors, with low monocyte counts and steroid use of = 1mg/kg prior to URTI
being the most important predictors. Our finding that monocytes rather than lymphocytes
appear to play an important role in progressive disease suggests that further studies to
evaluate host defense pathways for PIV are needed. Ribavirin did not appear to have a
protective effect on progression. These findings define populations that appear to be
protected from progression and those at high risk. This should facilitate the rational
development of preventive and therapeutic strategies in immunocompromised hosts.
Considering that approximately half of HCT recipients with LRTD showed absence of URTI
symptoms, intensive virologic testing is recommended in patients with pneumonia or
evidence of lower respiratory tract disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Progression rate to PIV lower respiratory tract disease (LRTD) by day 40 was
12%.
. Progression to probable/proven LRTD was associated with four risk factors.
. No patients progressed to LRTD in the absence of all four risk factors.
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Figure 2. Probability of progression from URTI to LRTD.
(A) The probability of progression from URTI to final LRTD status. Black line, progression

from URTI to any type of LRTD; Blue line, progression from URT]I to possible LRTD; Red
line, progression from URTI to probable LRTD; Green line, progression from URTI to
proven LRTD. (B) The probability of progression from URT]I or possible LRTD to probable
or proven LRTD.
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(A) Cumulative incidence of progression by lymphocyte levels. (B) Cumulative incidence of
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Cumulative incidence of progression to LRTD by steroid dose before diagnosis and PIV
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Table 1.
Characteristics of all patients with PIV infection
LRTD
Total URTI alone | possible | probable | proven

Characteristics (N=540) (N=343) (N=76) (N=19) (N=102)
Sex

Male 318(59) | 200 (58) 39(51) 15(79) | 64(63)

Female 222 (41) 143 (42) 37 (49) 4(21) 38 (37)
Age at P1V infection, year

<20 101 (19) 71 (21) 17 (22) 2(11) 11 (11)

21-60 360 (67) | 222 (65) 44(58) | 17(89) | 77 (75)

> 60 79 (15) 50 (15) 15 (20) 0(0) 14 (14)
Disease risk

Standard 344 (64) | 223 (65) 51(67) | 14(74) | 56 (55)

High 196 (36) 120 (35) 25 (33) 5 (26) 46 (45)
Transplant year

1990-2000 270 (50) 176 (51) 25(33) | 15(79) | 54 (53)

2001-2011 270 (50) 167 (49) 51 (67) 4(21) 48 (47)
Number of transplantation

1st 489(91) 312 (91) 68(89) | 19(100) | 90 (88)

2nd 49 (9) 29 (8) 8 (11) 0 (0) 12 (12)

3rd 2(0) 2(1) 0(0) 0 (0) 0(0)
Cell source

Bone marrow 252 (47) 169 (49) 22(29) | 16(84) | 45(44)

Peripheral blood stem cell 264 (49) 164 (48) 45 (59) 3(16) 52 (51)

Cord blood 24 (4) 10 (3) 9(12) 0(0) 5(5)
Donor type

Autologous 103 (19) 70 (20) 16 (21) 0(0) 17 (17)

Related 200 (37) 135 (39) 22 (29) 8 (42) 35 (34)

Unrelated 237 (44) 138 (40) 38(50) | 11(s8) | 50(49)
Conditioning regimen

MA including high-dose TBI (=12Gy) | 209 (39) 127 (37) 28(37) | 11(58) | 43(42)

MA + low-dose TBI (< 2Gy) 240 (44) 155 (45) 34 (45) 6 (62) 45 (44)

Reduced intensity 91 (17) 61 (18) 14 (18) 2(11) 14 (14)
GVHD prophylaxis

CNI+MTX 276 (51) 127 (37) 33(43) | 15(79) | 43(42)

CNI+MMF 110 (20) 155 (45) 24 (32) 2 (11) 45 (44)

Others 51 (9) 61 (18) 3(4) 2(11) 14 (14)
ATG use

No 474(88) | 306 (89) 67(88) | 13(68) | 88(86)
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LRTD
Total URT]I alone | possible | probable | proven

Characteristics (N=540) (N=343) (N=76) (N=19) (N=102)

> 6 months before diagnosis 12 (2) 7(2) 4 (5) 0 (0) 1(1)

Within 6 months before diagnosis 46 (9) 25 (7) 5(7) 5 (26) 11 (11)

After diagnosis 8 (1) 5(1) 0 (0) 1(5) 2(2)
%FEV1/FVC pre PIV infection

>70 377(70) | 247 (72) 49(64) | 13(68) | 68(67)

<70 93 (17) 53 (15) 14 (18) 4(21) 22 (22)

Missing 70 (13) 43 (13) 13 (17) 2(11) 12 (12)
%TLC pre PIV infection

>80 386(71) 251 (73) 53(70) | 14(74) | 68(67)

<80 61 (11) 33 (10) 9(12) 2(11) 17 (17)

Missing 93 (17) 59 (17) 14 (18) 3(16) 17 (17)
Days between transplantation and PIV infection

<30 119 (22) 66 (19) 22 (28) 3(16) 27 (26)

31-100 349 (64) 238 (69) 40 (51) 10 (53) 39 (38)

> 100 76 (14) 41 (12) 16 (21) 6 (32) 36 (35)
Nosocomial infection

No 405 (75) | 280 (82) 51(67) | 13(68) | 61(60)

Yes 132 (24) 60 (17) 25 (33) 6 (32) 41 (40)

Missing 3(1) 3(1) 0(0) 0 (0) 0(0)
PIV type

PIV-1 51 (9) 25 (7) 16 (21) 1(5) 9(9)

PIV-2 29 (5) 23(7) 3(4) 0(0) 3(3)

PIV-3 432 (80) | 275 (80) 51(67) | 17(89) | 89(87)

PIV-4 22 (4) 16 (5) 5(7) 1(5) 0(0)

Unclassified 6 (1) 4(1) 1(1) 0 (0) 1(1)
Diagnostic test of URTI

CU/DFA 367(68) | 258 (75) 50(66) | 12(63) | 47 (46)

PCR 112 (21) 76 (22) 20 (26) 1(5) 15 (15)

Both 13 (2) 41 6 (8) 0 (0) 3(3)

Missing 48 (9) 5(1) 0 (0) - -
Co-pathogen

No 477 (88) 308 (90) 65 (86) 18 (95) 86 (84)

Upper resoiratory tract 43 (8) 29 (8) 8 (11) 1(5) 5 (5)

Blood 20 (4) 6 (2) 3(4) 0 (0) 11 (11)
White blood cell count

> 1000/L 444 (82) | 297 (87) 57(75) | 19(10) | 71(70)

< 1000/pL 81 (15) 32(9) 19 (25) 0 (0) 30 (29)
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LRTD
Total URT]I alone | possible | probable | proven

Characteristics (N=540) (N=343) (N=76) (N=19) (N=102)

Missing 15 (3) 14 (4) 0(0) 0 (0) 1(1)
Neutorophil count

> 500/uL 441(82) | 296 (86) 56 (74) | 18(95) | 71(70)

< 500/pL 81 (15) 33(10) 19 (25) 1(5) 29 (28)

Missing 15 (3) 14 (4) 1(1) 0 (0) 2(2)
Lymphocyte count

> 300/uL 328(61) | 221(64) 42(55) | 11(58) | 54(53)

100-300/uL 124 (23) 79 (23) 21 (28) 1(5) 23 (23)

< 100/uL 67 (12) 26 (8) 11 (14) 7(37) 23 (23)

Missing 21 (4) 17 (5) 2(3) 0(0) 2(2)
Monocyte count

> 300/uL 237 (44) | 167 (49) 34 (45) 4(21) 32 (31)

100-300/uL 147 (27) 97 (28) 18 (24) 9 (47) 23 (23)

< 100/uL 134 (25) 61 (18) 22 (29) 6 (32) 45 (44)

Missing 22 (4) 18 (5) 2(3) 0 (0) 2(2)
Steroid dose before diagnosis

No 238 (44) 157 (46) 40 (53) 5 (26) 36 (35)

<1 mg/kg 146 (27) 88 (26) 25 (33) 4(21) 29 (28)

1-2 mg/kg 143 (26) 93 (27) 10 (13) 7(37) 33(32)

> 2 mg/kg 13(2) 5(1) 1(1) 3(16) 4 (4)

All values are indicated as the number (percentage).
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Abbreviations: MA, myeloablative; TBI, toral body irradiation; GVHD, graft versus host disease; CNI, calcineurin inhibitor; MTX, methotrexate;
MMF, mycophenolate mofetil; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ATG, anti-thymoglobulin; CU, culture
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Risk factors for progression from URTI/possible LRTD to probable/proven LRTD (N=476)

Table 2.

Univariable analysis

Multivariable analysis

HR | 95% CI | P Value

HR | 95% CI | P Value

Transplant year

1990-2000 1.00

2001-2011 0.55 | 0.3-0.9 0.028
Cell source

PBSC 1.00

BM or CB 1.93 1.1-34 0.019

ATG use before PIV infection

No/More than 6 months

1.00

1.00

Within 6 months

227 | 1.1-45 0.025

189 | 0.9-38 0.09

PIV type
PV-1,2,4 1.00 1.00
PV-3 455 | 03-143 | 0011 | 357 | 1.1-11.1 | 0.032

Co-pathogen

No

1.00

Upper respiratory tract

0.85 | 0.3-24 0.76

1.00

Blood

3.00 | 1.1-83 0.035

321 | 1.1-9.0 0.027

White blood cell count

> 1000/uL

1.00

<1000/l

229 | 1.3-41 0.006

Neutrophil count

> 500/uL 1.00
< 500/uL 2.05 | 1.1-38 0.02
Lymphocyte count
> 300/uL 1.00
1.00
100-300/pL 116 | 1.7-5.6 0.66
< 100/uL 325 | 1.7-6.1 <.001 1.79 | 0.9-3.6 0.10

Monocyte count

> 300/uL 1.00
1.00
100-300/pL 168 | 0.8-34 0.16
< 100/uL 396 | 21-75 <.001 222 | 1242 0.011

Steroid dose before diagnosis

No 1.00
1.00
<1 mg/kg 094 | 04-21 0.89
1-2 mg/kg 253 | 1.4-46 0.002
189 | 1.1-32 0.018
> 2 mg/kg 420 | 1.0-18.1 0.054
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Univariable analysis

Multivariable analysis

HR | 95% Cl | PValue | HR | 95% CI | P Value

Steroid dose after diagnosis *

No 1.00

< 0.5 mg/kg 0.60 | 0.3-1.4 0.24

0.5-1 mg/kg 0.67 | 0.3-16 0.36

> 1 mg/kg 235 | 0.7-7.6 0.15
Ribavirin use ™

No 1.00

Yes 229 | 0.7-74 0.16
Viral load in NP sample at diagnosis ™ | 1.00 [ 1.0-1.0 0.46

*
These variables were analyzed as time-dependent.

Hk
Viral load was analyzed as a continuous variable.
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All variables in Table 1 were used for the univariate analysis. Co-pathogen and ribavirin use at diagnosis of URTI/possible LRTD were included in
the analysis. Only variables with p < 0.05 in any analysis are shown in this table. The following parameters were also shown regardless of p values;

steroid dose after diagnosis, ribabirin use.

Abbreviations: PBSC, periperal blood stem cell; BM, bone marrow; CB, cord blood; ATG, anti-thymocyte globulin; NP, nasopharyngeal
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Table 3.
Risk factors for LRTD without prior URTI (N=121)

Univariable analysis Multivariable analysis

OR 95% CI | P Value OR 95% CI | P Value

Age at PV infection

<20 0.25 0.1-1.3 0.09
21-60 0.44 0.1-15 0.19
> 60 1.00
Cell source
PBSC 1.00 1.00
BM or CB 0.39 0.2-0.8 0.012 0.47 0.1-1.7 0.25

%FEV,/FVC pre PIV infection

>70 1.00

<70 2.25 0.9-5.6 0.08

%TLC pre PIV infection

>80 1.00 1.00

<80 341 1.1-10.3 0.030 556 | 1.1-25.0 0.036

Days between transplantation and PIV infection

<30 0.92 0.4-2.4 0.87
31-100 0.42 0.2-1.0 0.047
>100 1.00

Inpatient at diagnosis

No 1.00 1.00

Yes 3.44 1.6-7.3 0.001 1.61 0.4-6.0 0.48

Diagnosis on weekday

No 1.00

Yes 0.51 0.2-1.5 0.21

Documented URTI symptom at diagnosis

No 1.00 1.00

Yes 0.19 0.1-0.4 <.001 0.17 0.0-0.7 0.017

LRTD symptom at diagnosis

No 1.00

Yes 337 | 1.1-103 | 0.033
PIV type

PIV-1,2, 4 1.00

PIV-3 026 | 01-1.0 | 0.049

Co-pathogen

No / Blood alone 1.00 1.00

Upper respi ratory tract 0.38 0.0-3.5 0.40 0.41 | 0.0-40.1 0.24
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Univariable analysis

Multivariable analysis

OR 95% CI | P Value OR 95% CI | P Value

Lower respi ratory tract 14.60 | 4.1-52.0 <.001 43.70 | 6.0-321 0.006
Oxygen use at diagnosis

No 1.00 1.00

Yes 10.30 | 4.4-245 <.001 951 | 22412 0.003
Steroid dose before diagnosis

No 1.00

<1 mg/kg 1.80 0.7-4.7 0.23

1-2 mg/kg 0.38 0.2-0.9 0.034

> 2 mg/kg 1.96 0.3-11.3 0.45

All variables in Supplemental Table 1 were used for the univariate analysis. Only variables with p < 0.1 in any analysis except diagnosis on
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weekday are shown in this table. The most informative multivariable model is shown here and additional models with different combinations of risk
factors did not yield other factors that remained after adjustment.

Abbreviations: PBSC, periperal blood stem cell; BM, bone marrow; CB, cord blood; FEV1, forced expiratory volume in 1 second; FVC, forced

vital capacity
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