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Background. Parainfluenza virus (PIV) commonly infects patients following hematopoietic cell transplantation
(HCT), frequently causing lower respiratory tract disease (LRTD). The definition of LRTD significantly differs
among studies evaluating the impact of PIV after HCT.

Methods. We retrospectively evaluated 544 HCT recipients with laboratory-confirmed PIV and classified LRTD
into 3 groups: possible (PIV detection in upper respiratory tract with new pulmonary infiltrates with/without LRTD
symptoms), probable (PIV detection in lung with LRTD symptoms without new pulmonary infiltrates), and proven
(PIV detection in lung with new pulmonary infiltrates with/without LRTD symptoms).

Results. Probabilities of 90-day survival after LRTD were 87%, 58%, and 45% in possible, probable, and proven
cases, respectively. Patients with probable and proven LRTD had significantly worse survival than those with upper
respiratory tract infection (probable: hazard ratio [HR], 5.87 [P < .001]; proven: HR, 9.23 [P < .001]), whereas pos-
sible LRTD did not (HR, 1.49 [P = .27]). Among proven/probable cases, oxygen requirement at diagnosis, low mono-
cyte counts, and high-dose steroid use (>2 mg/kg/day) were associated with high mortality in multivariable analysis.

Conclusions. PIV LRTD with viral detection in lungs (proven/probable LRTD) was associated with worse out-
comes than was PIV LRTD with viral detection in upper respiratory samples alone (possible LRTD). This new clas-
sification should impact clinical trial design and permit comparability of results among centers.
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Community-acquired respiratory viruses cause lower
respiratory tract disease (LRTD) after hematopoietic
cell transplantation (HCT), which is associated with
high morbidity and mortality [1, 2]. The definition of
LRTD associated with respiratory viruses differs in var-
ious studies of outcomes and risk factors for mortality

following LRTD [3–8]. The strictest definition of LRTD
requires LRTD symptoms, abnormal chest radiography,
and viral detection in lower respiratory samples, where-
as a less stringent definition often consists of LRTD
symptoms and a positive nasopharyngeal sample. This
spectrum of definitions for LRTD likely includes a
broad range of disease stages, resulting in difficulty in-
terpreting and comparing published study results.

Parainfluenza virus (PIV) is a respiratory virus that
frequently infects HCT recipients [9–11]. In previous
studies, the mortality among patients with LRTD
ranged from 13% to 63% [3–6, 11, 12]. Although factors
such as copathogens, mechanical ventilation, underly-
ing disease, and steroid use have been reported as risk
factors for mortality [4–6], it is not known whether
these factors independently predict poor outcomes in
HCT recipients.
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We hypothesized that the differences in definitions of LRTD
used in prior studies are a major determinant of the observed
variability in outcome. The purpose of this study was to classify
PIV LRTD according to the site of virologic detection and clin-
ical manifestations, and to compare clinical outcomes among
the groups. Moreover, we examined various risk factors for
overall mortality and death due to respiratory failure.

METHODS

Study Design
This retrospective cohort study includes patients who first re-
ceived transplant between December 1990 and December
2011 at the Fred Hutchinson Cancer Research Center
(FHCRC) and had documented PIV infection after HCT that
was virologically diagnosed at the University of Washington Vi-
rology Laboratories (a subset of patients were included in a pre-
viously published report [4]). Only an individual’s first episode
of PIV infection was analyzed. Patients’ demographic data and
transplant information closest to the PIV infection were re-
trieved from the FHCRC database, and other data related to
the clinical course of PIV infections were collected by medical
record review. The study was approved by the Institutional Re-
view Board at FHCRC.

Definitions
PIV detection was performed by conventional culture, direct
fluorescent antibody tests, and/or reverse transcription poly-
merase chain reaction (RT-PCR) assay in respiratory samples.
PIV upper respiratory tract infection (URTI) was defined as
PIV detection in a nasopharyngeal or sputum sample, with
URTI symptoms but no new pulmonary infiltrates. LRTD was
divided into 3 groups: possible, probable, and proven. Possible
LRTD was defined as PIV detection in a nasopharyngeal or spu-
tum sample with new pulmonary infiltrates (but without confir-
mation of PIV in the lower respiratory tract) with or without
LRTD signs or symptoms (eg, cough, wheezing, rales, tachyp-
nea, shortness of breath, dyspnea, or hypoxia). Probable
LRTD was defined as PIV detection in a bronchoalveolar lavage
(BAL) or lung biopsy sample with LRTD symptoms, with or
without pulmonary function decline, and without new pulmo-
nary infiltrates. The definition of proven LRTD was PIV detec-
tion in a BAL or biopsy sample with new pulmonary infiltrates
with or without LRTD symptoms.

Viral load was determined by quantitative RT-PCR using
stored frozen repository samples [13]. Peak steroid dose was re-
corded from the period within 2 weeks before PIV infection in
patients with URTI. In PIV LRTD cases, peak steroid doses
were recorded from within 2 weeks before and after LRTD di-
agnosis, respectively, and exact steroid dose at 1 month after di-
agnosis was also collected. Death caused by respiratory failure

was defined as any death caused exclusively or predominantly
by respiratory failure [14].

Statistical Analysis
Patients’ demographic characteristics were summarized and
compared among disease categories using χ2 or Fisher exact
test for categorical variables, and Wilcoxon rank-sum test for
continuous variables (as appropriate). Wilcoxon rank-sum or
Kruskal-Wallis test was utilized for comparisons of continuous
variables. The probability of overall survival was estimated using
the Kaplan-Meier method. The probability of mortality caused
by respiratory failure and incidence of mechanical ventilation
were estimated by cumulative incidence curves, treating death
due to other causes as a competing risk event. The log-rank
test was used to compare univariable hazards of time-to-event
outcomes between disease categories. Cox proportional hazards
models were used to evaluate unadjusted and adjusted hazard
ratios (HRs) for mortality or respiratory mortality, and associ-
ated 95% confidence intervals (CIs) were reported. Variables
with P≤ .1 in the univariable models were candidates for mul-
tivariable models. Two-sided P values <.05 were considered
statistically significant.

RESULTS

Patient Characteristics
A total of 544 patients had PIV infection following HCT; 345
(63%) and 199 (37%) had URTI and LRTD disease, respectively.
LRTD classification of patients included 78 (39%) possible, 19
(10%) probable, and 102 (51%) proven cases of LRTD. Charac-
teristics of each PIV infection group are shown in Table 1. The
median time to PIV infection and PIV LRTD after HCT was
71.5 days (range, 0–3140 days) and 78 days (range, 3–3140),
respectively.

Mortality in Each Disease Category
The probabilities of overall survival and mortality from respira-
tory failure at 90 days following PIV diagnosis in patients with
URTI or LRTD are shown in Figure 1A and 1B (overall survival:
91% in URTI, 62% in LRTD; mortality from respiratory failure:
2.5% in URTI, 28% in LRTD) (P < .001 for both comparisons).
Next, we analyzed the probabilities of overall survival and death
caused by respiratory failure among LRTD cases, comparing the
3 disease categories: possible, probable, and proven (Figure 1C
and 1D). The probabilities of 90-day survival after PIV LRTD
were 87%, 58%, and 45% in possible, probable and proven
cases, respectively (P < .001; Figure 1C). The presence of
LRTD symptoms in possible or proven cases resulted in
worse survival than when no LRTD symptoms were present
(Supplementary Figure 1A and 1B). Mortality rates in each
group are shown in Table 2.
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Table 1. Characteristics of All Patients With Parainfluenza Virus Infection

Characteristic Total (N = 544) URTI (n = 345)

LRTD

P
Value

Possible Probable Proven
(n = 78) (n = 19) (n = 102)

Sex .11

Male 321 (59) 201 (58) 40 (51) 15 (79) 65 (64)
Female 223 (41) 144 (42) 38 (49) 4 (21) 37 (36)

Age at transplant, y .14

≤20 105 (19) 71 (20) 19 (24) 3 (16) 12 (12)
21–60 365 (67) 227 (66) 45 (58) 15 (79) 78 (77)

>60 74 (14) 47 (14) 14 (18) 1 (5) 12 (12)

Transplant yeara <.001
1990–2000 269 (49) 175 (51) 25 (32) 15 (79) 54 (53)

2001–2011 275 (51) 170 (49) 53 (68) 4 (21) 48 (47)

Transplant No. .55
First 488 (89) 311 (90) 69 (88) 19 (100) 89 (87)

Second 53 (10) 31 (9) 9 (12) 0 (0) 13 (13)

Third 3 (1) 3 (1) 0 (0) 0 (0) 0 (0)
Cell source <.001

Bone marrow 251 (46) 168 (49) 23 (30) 16 (84) 44 (43)

Peripheral blood stem cell 269 (49) 167 (48) 46 (59) 3 (16) 53 (52)
Cord blood 24 (4) 10 (3) 9 (11) 0 (0) 5 (5)

Donor type <.001

Autologous 104 (19) 71 (21) 16 (21) 0 (0) 17 (17)
Related 202 (37) 135 (39) 23 (29) 8 (42) 36 (35)

Unrelated 238 (44) 139 (40) 39 (50) 11 (58) 49 (48)

Conditioning regimenb .83
MAC 447 (82) 281 (82) 63 (78) 16 (84) 87 (85)

RIC 97 (18) 64 (18) 15 (22) 3 (16) 15 (15)

Days between transplant and
PIV infection

.036

≤30 119 (22) 66 (19) 22 (28) 3 (16) 28 (28)

31–365 349 (64) 238 (69) 40 (51) 14 (74) 57 (56)
>365 76 (14) 41 (12) 16 (21) 2 (10) 17 (17)

PIV typec

PIV-1 52 (10) 26 (8) 16 (21) 1 (5) 9 (9)
PIV-2 30 (5) 24 (7) 3 (4) 0 (0) 3 (3)

PIV-3 434 (80) 275 (80) 53 (68) 17 (90) 89 (87)

PIV-4 22 (4) 16 (5) 5 (6) 1 (5) 0 (0)
Unclassified 6 (1) 4 (1) 1 (1) 0 (0) 1 (1)

Quantitative viral load, median
(range)

5.0 × 106

(1.0 × 102–1.1 × 109)
4.8 × 105

(1.0 × 102–3.3 × 108)
7.4 × 106

(2.7 × 103–1.1 × 109)
.51

Copathogend <.001

No 457 (84) 313 (91) 61 (78) 16 (84) 67 (66)

Yes 87 (16) 32 (9) 17 (22) 3 (16) 35 (34)
Oxygen at diagnosis <.001

No 472 (87) 342 (99) 63 (81) 13 (68) 54 (53)

Yes 72 (13) 3 (1) 15 (19) 6 (32) 48 (47)
White blood cell count <.001

>1000 cells/µL 447 (85) 299 (90) 59 (76) 19 (100) 70 (69)

≤1000 cells/µL 82 (15) 32 (10) 19 (24) 0 (0) 31 (31)
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Univariable analysis of risk factors for overall mortality dem-
onstrated that probable and proven LRTD was significantly as-
sociated with higher mortality compared with URTI (hazard
ratio [HR], 5.87; 95% confidence interval [CI], 2.7–12.8;
P < .001 in probable cases, and HR, 9.23; 95% CI, 5.9–14.3;
P < .001 in proven cases), whereas possible LRTD was not
(HR, 1.49; 95% CI, .7–3.0; P = .27). Similar results were ob-
tained in the univariable analysis of risk factors for mortality
from respiratory failure (HR, 2.56; 95% CI, .9–7.6; P = .09 in
possible cases; HR, 4.95; 95% CI, 1.1–22.9; P = .041 in probable
cases; HR, 24.4; 95% CI, 11.9–50.0; P < .001 in proven cases).
Because only 10 patients with possible LRTD and 8 with prob-
able LRTD died by day 90 after diagnosis, it was not feasible to

evaluate the impact of each disease category on mortality in
multivariable analyses.

Hypoxemia and Hospitalization in Each LRTD Category
The probabilities of requiring mechanical ventilation by 28
days after PIV LRTD were 10%, 18%, and 41% in possible,
probable, and proven cases, respectively (P < .001; Figure 2).
Oxygen-free days in each group were shown in Table 3. Days
alive without hospitalization by 28 days after PIV LRTD
were longer in order of possible, probable, and proven cases
(mean: 19 [SD, 10] days in possible cases, 15 [SD, 11] days
in probable cases, 8.0 [SD, 9] days in proven cases, respectively,
P < .001).

Table 1 continued.

Characteristic Total (N = 544) URTI (n = 345)

LRTD

P
Value

Possible Probable Proven
(n = 78) (n = 19) (n = 102)

Lymphocyte count .026

>300 cells/µL 332 (64) 224 (68) 44 (58) 11 (58) 53 (53)
≤300 cells/µL 191 (36) 104 (32) 32 (42) 8 (42) 47 (47)

Neutrophil count <.001

>1000 × 106 cells/L 407 (77) 270 (82) 56 (73) 18 (95) 63 (63)
≤1000 × 106 cells/L 120 (23) 61 (18) 21 (27) 1 (5) 37 (37)

Monocyte count <.001

>100 × 106 cells/L 381 (73) 266 (81) 53 (70) 11 (58) 51 (51)
≤100 × 106 cells/L 141 (27) 61 (19) 23 (30) 8 (42) 49 (49)

Steroid dose before diagnosisc

No 242 (47) 160 (50) 40 (53) 5 (26) 37 (38)
<1 mg/kg 133 (26) 78 (24) 25 (34) 4 (21) 26 (26)

1–2 mg/kg 124 (24) 77 (24) 9 (12) 7 (37) 31 (32)

>2 mg/kg 13 (3) 5 (2) 1 (1) 3 (16) 4 (4)
Ribavirin usee <.001

No 483 (89) 336 (97) 73 (94) 12 (63) 62 (61)

Yes 61 (11) 9 (3) 5 (6) 7 (37) 40 (39)
IVIG use <.001

No 373 (69) 251 (73) 58 (74) 11 (58) 53 (52)

Low-dosef 138 (26) 89 (26) 17 (22) 3 (16) 29 (29)
High-dose 31 (6) 4 (1) 3 (4) 5 (26) 19 (19)

All values are indicated as No. (%). Additional baseline parameters (disease risk at transplant, graft-vs-host disease prophylaxis, recipient cytomegalovirus
serostatus, percentage of forced expiratory volume in 1 second/forced vital capacity before PIV infection, and percentage of predicted total lung capacity before
PIV infection) were examined and did not show statistical differences between groups.

Abbreviations: IVIG, intravenous immunoglobulin; LRTD, lower respiratory tract disease; MAC, myeloablative conditioning; PIV, parainfluenza virus; RIC, reduced-
intensity conditioning; URTI, upper respiratory tract infection.
a Five patients with multiple transplants had their reference transplant after 2011.
b The MAC and RIC regimens were defined as previously described [14].
c Exact P value could not be calculated.
d A copathogen was defined as a significant pathogen detected in concurrent nasopharyngeal, bronchoalveolar lavage, or lung biopsy samples, or in a blood sample
obtained within 2 days of diagnosis of PIV infection.
e Ribavirin was administered as follows: aerosolized in 45 patients, systemic in 10, both in 1, and unknown in 5.
f To maintain levels of >400 mg/dL, as needed.
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Figure 1. Probability of overall survival and death caused by respiratory failure. A, Kaplan-Meier estimate of overall survival according to classification of
parainfluenza virus (PIV) infection in hematopoietic cell transplant (HCT) recipients (P < .001). B, Cumulative incidence of death caused by respiratory failure
according to classification of PIV infection in HCT recipients (P < .001). C, Kaplan-Meier estimate of overall survival according to lower respiratory tract
disease (LRTD) classification (P < .001). D, Cumulative incidence of death caused by respiratory failure according to LRTD classification (P < .001).
Abbreviations: LRTD, lower respiratory tract disease; PIV, parainfluenza virus; URTI, upper respiratory tract infection.

Table 2. Mortality Rates in Each Group

Category URTI (n = 345)

LRTD

Possible Probable Proven

(n = 22) (n = 56) (n = 19) (n = 14) (n = 88)

Positive nasopharyngeal test Yes Yes Yes a a a

Positive BAL/biopsy NT/No NT/No NT/No Yes Yes Yes
Positive radiography No Yes Yes No Yes Yes

Lower respiratory tract symptoms b No Yes Yes No Yes

Overall survival by day 90 (%) 91 100 82 58 57 43

Respiratory death by day 90 (%) 3 0 9 11 29 47

Abbreviations: BAL, bronchoalveolar lavage; LRTD, lower respiratory tract disease; NT, not tested; URTI, upper respiratory tract infection.
a Any result (yes or no) or nonnasopharyngeal test.
b Any result (yes or no).
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Risk Factors for Mortality From All Causes or Respiratory Failure
in Proven/Probable LRTD Cases
We focused on proven and probable LRTD cases to analyze the
risk factors for mortality. A univariable analysis of risk factors
for overall mortality showed that days between transplant and
PIV infection, oxygen use, cell counts, and steroid dose >2
mg/kg/day before or after diagnosis were significant risk factors
(Table 4). The same risk factors as well as PIV type were also
significant for mortality from respiratory failure (Table 4).
Among white blood cell populations, a monocyte count
<100 cells/µL was identified as the most important factor for
mortality in the multivariable analysis (Table 5). These results
were similar to those obtained from patients with only proven
LRTD, except that low monocyte counts become a significant
risk factor for overall mortality in a multivariable analysis
(adjusted HR [aHR], 2.01; 95% CI, 1.1–3.8; P = .029).
Lower monocyte counts had a statistically significant effect on
overall survival and risk of pulmonary death when analyzed in

combination with oxygen requirements at diagnosis (Figure 3A
and 3B).

A statistically significant difference in mortality was seen be-
tween probable and proven LRTD with symptoms (Table 4).
The presence of clinical LRTD symptoms tended to be associ-
ated with worse outcome, although the effect did not reach stat-
istical significance (Table 4).

Association Between Steroid Dose or Antiviral Treatment and
Outcomes in Proven/Probable LRTD Cases
In the univariable analysis, steroid doses >2 mg/kg/day both be-
fore and after diagnosis of PIV LRTD were significantly associated
with increased mortality, whereas steroid doses <2 mg/kg/day did
not have any dose-dependent effect on mortality (Table 4). Be-
cause only a small number of the patients receiving steroid doses
>2 mg/kg/day died by day 90 after diagnosis, the effect of steroid
dose was evaluated while adjusting only for oxygen requirement at
diagnosis, which is the most important risk factor for mortality. In
this adjusted model, steroid dose >2 mg/kg/day after diagnosis re-
mained significantly associated with mortality (Table 5).

The use of ribavirin was significantly associated with reduced
overall mortality, but not with mortality from respiratory failure
in multivariable analyses (Table 5). Among the patients with
proven LRTD, however, ribavirin did not affect the overall
or respiratory failure–related mortality (aHR, 0.64; 95% CI,
.4–1.2; P = .13 in overall mortality, and aHR, 0.96; 95% CI,
.5–1.8; P = .91 in respiratory mortality). High-dose intravenous
immunoglobulin (IVIG) also had no effect on mortality after
PIV LRTD (Table 5).

Association Between Diagnostic Method or BAL Viral Load and
Outcomes in Proven/Probable LRTD Cases
Among 121 proven/probable LRTD cases, 31 (26%) patients
were diagnosed using PCR alone. Although patients diagnosed
with PCR alone had lower viral load (P < .001; Supplementary
Figure 2A), there was no statistically significant survival advan-
tage (Table 4).

In proven/probable LRTD cases, 48 stored BAL samples were
available and tested by quantitative RT-PCR. There was no stat-
istically significant difference between median viral load in sub-
jects with proven and probable LRTD (Table 1, Supplementary
Figure 2B). An association between viral load and mortality
after PIV LRTD was not observed even after adjusting for oxy-
gen use at diagnosis (HR, 1.03; 95% CI, .93–1.13; P = .60 for
overall mortality, and HR, 1.09; 95% CI, .96–1.23; P = .19 for
mortality from respiratory failure; Table 4 and data not shown).

DISCUSSION

This study demonstrates that the clinical outcome of patients
with PIV detection in the lung (which we termed “proven” or

Figure 2. Probability of mechanical ventilation after parainfluenza virus
lower respiratory tract disease (LRTD). Cumulative incidence of require-
ments of mechanical ventilation according to LRTD classification (P < .001).

Table 3. Oxygen-Free Days According to Parainfluenza Virus
Lower Respiratory Tract Disease Category

Outcome Possible Probable Proven P Value

Any oxygen-free days
By day 14 after PIV LRTD 12 (4) 10 (6) 6 (6) <.0001

By day 28 after PIV LRTD 24 (8) 20 (11) 12 (11) <.0001

>2 L/min oxygen-free days
By day 14 after PIV LRTD 13 (3) 11 (4) 9 (4) <.0001

By day 28 after PIV LRTD 26 (4) 22 (9) 18 (9) <.0001

All values are presented as mean (standard deviation).

Abbreviations: LRTD, lower respiratory tract disease; PIV, parainfluenza virus.
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Table 4. Univariable Analysis of Risk Factors for Mortality From All Causes or Respiratory Failure by Day 90 After Parainfluenza Infection
Among Proven/Probable Cases (n = 121)

Variables

Overall Mortality Mortality From Respiratory Failure

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

Disease category
Probable 1.00 1.00

Proven without symptoms 1.07 (.4–3.1) .91 2.82 (.5–15.4) .23

Proven with symptoms 1.61 (.8–3.4) .21 5.19 (1.3–21.5) .023
Presence of LRTD symptoms

No 1.00 1.00

Yes 1.39 (.6–3.2) .44 1.54 (.6–4.3) .41
Transplant year

1990–2000 1.00 1.00

2001–2011 0.62 (.4–1.0) .07 0.70 (.4–1.3) .23
Conditioning regimen

MAC 1.00 1.00

RIC 0.50 (.2–1.2) .11 0.58 (.2–1.5) .26
Days between transplant and PIV infection

≤365 1.00 1.00

>365 2.95 (1.2–7.4) .020 5.46 (1.3–22.5) .019
PIV type

PIV-1, -2, -4 1.00 1.00

PIV-3 0.63 (.3–1.2) .18 0.44 (.2–.9) .021
Quantitative viral load (log10)

a 1.01 (.9–1.1) .84 1.07 (.9–1.2) .32

Diagnostic methods

Conventional methods 1.00 1.00
PCR alone 0.10 (.3–1.1) .10 0.59 (.3–1.3) .18

Copathogen

No 1.00 1.00
Yes 1.56 (1.0–2.6) .08 1.76 (1.0–3.2) .06

Oxygen at diagnosis

No 1.00 1.00
Yes 2.49 (1.4–4.5) .002 4.25 (1.9–9.5) <.001

Oxygen after diagnosisb

≤2 L 1.00 1.00
>2 L 2.09 (1.8–2.4) <.001 2.62 (.9–7.4) .07

Mechanical ventilation 2.59 (2.2–3.1) <.001 17.93 (8.7–37.0) <.001

White blood cell count
>1000 cells/µL 1.00 1.00

≤1000 cells/µL 2.27 (1.4–3.8) .002 2.80 (1.6–5.1) <.001

Lymphocyte count
>300 cells/µL 1.00 1.00

≤300 cells/µL 1.73 (1.1–2.9) .032 1.82 (1.0–3.3) .045

Neutrophil count
>1000 cells/µL 1.00 1.00

≤1000 cells/µL 2.35 (1.4–3.9) <.001 2.71 (1.5–4.9) <.001

Monocyte count
>100 cells/µL 1.00 1.00

≤100 cells/µL 2.30 (1.4–3.8) .001 2.96 (1.6–5.4) <.001
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“probable” LRTD) is significantly worse than that of patients
with PIV detection only in upper respiratory tract samples
(termed “possible” LRTD) (Figure 1C and 1D). Outcomes in
patients with possible LRTD were similar to that of URTI.
Our study also defined important clinical risk factors associated
with poor outcomes of PIV LRTD, including oxygen require-
ment at diagnosis, low monocyte count, and steroid use >2
mg/kg/day.

Numerous studies of respiratory viruses in immunocompro-
mised hosts have examined LRTD either as an endpoint or a
risk factor for mortality. However, previously published results
for both the incidence and risk factors for progression and out-
come vary widely [3–6, 11, 12].Data presented here suggest that
the variance in definitions of LRTD is one important reason for
the observed differences. To address this issue, we conducted
the present study to define the optimized diagnostic criteria
that correlate with outcome. Based on the site of virologic detec-
tion and clinical manifestations, we classified LRTD into 3
groups (possible, probable, and proven). The recently published
Fourth European Conference on Infections in Leukaemia
(ECIL-4) guidelines also proposed a classification based on lev-
els of certainty (possible, probable, confirmed) [15]. However,
the ECIL-4 classification is for all respiratory viruses, applies
to both UTRI and LRTD, and uses symptoms, exposure, and

any viral detection (independent of site) as classifiers. In con-
trast, our classification is strictly among LRTD cases that were
all virologically confirmed [15]. In our paper, we specifically fo-
cused on the “possible” category, which includes patients with
nasopharyngeal tests demonstrating PIV infection and abnor-
mal chest radiography, but without confirmation of virus in
the lower respiratory tract. Numerous publications as well as so-
ciety guidelines have generally accepted that these patients have
LRTD [5–8, 11, 15–19].Our data demonstrate that the mortality
in patients with possible LRTD is significantly better than that
in patients with probable and proven disease (Figure 1C and
1D) and similar to that of patients with URTI (Table 2). The
effect was persistent throughout the study period (data not
shown). Interestingly, possible LRTD patients without symp-
toms tended to have even better outcome than URTI (Supple-
mentary Figure 1). Nevertheless, many studies include this
category as LRTD [6–8, 16, 17]. Therefore, we suggest that
this group we defined as “possible” LRTD should be separated
from the patient group with viral detection in the lung (proven
and probable LRTD cases). We developed our definitions a pri-
ori based on clinical practices across centers and the spectrum
of definitions used in the literature. The “possible” and “proven”
categories are by far the most common categories documented,
both in our series and elsewhere. Bronchoscopy based on PIV

Table 4 continued.

Variables

Overall Mortality Mortality From Respiratory Failure

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

Steroid dose before diagnosis
No 1.00 1.00

<1 mg/kg 1.05 (.6–2.0) .88 1.06 (.5–2.1) .88

1–2 mg/kg 0.70 (.4–1.3) .28 .62 (.3–1.3) .22
>2 mg/kg 3.23 (1.5–7.2) .004 1.41 (.4–4.8) .58

Steroid dose after diagnosisb

No 1.00 1.00
<1 mg/kg 0.64 (.3–1.4) .24 0.65 (.3–1.5) .31

1–2 mg/kg 1.09 (.6–2.1) .80 1.04 (.5–2.3) .92

>2 mg/kg 4.39 (1.9–9.9) <.001 4.12 (1.8–9.7) .001
Ribavirin useb

No 1.00 1.00

Yes 0.68 (.4–1.1) .15 0.95 (.5–1.7) .88
IVIG use

No/low-dose 1.00 1.00

High-dose 1.17 (.7–2.1) .60 1.29 (.7–2.5) .44

All variables in Table 1 were used for the univariable analysis. Only variables with P < .1 in any analysis are shown in this table. The following parameters were also
shown regardless of P values: presence of symptoms, quantitative viral load (log10), ribavirin use, and IVIG use.

Abbreviations: CI, confidence interval; HR, hazard ratio; IVIG, intravenous immunoglobulin; LRTD, lower respiratory tract disease; MAC, myeloablative conditioning;
PCR, polymerase chain reaction; PIV, parainfluenza virus; RIC, reduced-intensity conditioning.
a Viral titer was analyzed as a continuous variable.
b These variables are analyzed as time dependent.
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detection in the upper respiratory tract and the presence of
LRTD symptoms or significant signs of obstruction by spirome-
try (“probable” category) was performed during the 1990s at
our center, but it has become very uncommon in recent
years. Nevertheless, these patients are informative as their
outcome appears to be similar to that seen in proven cases.

Although our study focused on patients infected with PIV, we
hypothesize that the outcome differences seen among the
“possible” disease category may also exist for other respiratory
viruses. Indeed, most studies and guidelines of non-PIV respi-
ratory viruses include “possible” cases in their definitions of
LRTD [7, 15–19]. Additional studies are needed to extend
these results to other respiratory virus infections. More than a
decade ago, the European Organization for Research and Treat-
ment of Cancer/Invasive Fungal Infections Cooperative Group
and the National Institute of Allergy and Infectious Diseases
Mycoses Study Group (EORTC/MSG) established the standard
definitions for invasive fungal disease [20, 21]. These guidelines

are widely accepted [22, 23], and resulted in improved reproduc-
ibility of study results between centers. These guidelines have
greatly aided consensus endpoint definitions for clinical trials
in invasive fungal disease. As new drugs for some respiratory
viruses including PIV (eg, DAS181) are advancing through clin-
ical development [24, 25], careful consideration of LRTD defi-
nitions that correlate with outcome is as important as clinical
trial endpoints, entry criteria, and stratification variables.

Another novel observation of this study is that the monocyte
count at diagnosis of LRTD appears to be critical to survival
after PIV LRTD. Previous studies of respiratory viral infections
in immunocompromised hosts suggest that lymphocytes or
neutrophils are important cell components for mortality
[5, 26]. In our study, however, lymphocyte counts appeared to
be less important than monocyte or neutrophil counts, and
monocytes seemed to comprise an important cell component
(Tables 4 and 5). Indeed, patients who were both monocyto-
penic and required oxygen at diagnosis of LRTD had a

Table 5. Multivariable Analysis of Risk Factors for Mortality From All Causes or Respiratory Failure by Day 90 After Diagnosis in Proven/
Probable Cases (n = 121)

Final Model Steroid Dose Ribavirin IVIG

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

Overall mortality

Oxygen at diagnosis (yes vs no) 2.44 (1.3–4.4) .003 2.19 (1.2–4.1) .013 2.28 (1.3–4.2) .007 2.63 (1.5–4.8) .001

Days between transplant and PIV
infection (≤365 vs >365)

2.26 (.9–5.8) .09 2.46 (1.0–6.3) .06 2.34 (.9–6.1) .08

Transplant year
(2001–2011 vs 1990–2000)

0.72 (.4–1.2) .22 0.68 (.4–1.2) .16 0.77 (.4–1.3) .34

Monocyte count
(<100 vs ≥100 cells/µL)

1.63 (.9–2.9) .09 2.33 (1.4–4.0) .002 1.97 (1.2–3.3) .010

Neutrophil count
(<1000 vs ≥ 1000 cells/µL)

1.58 (.9–2.8) .12

Steroid dose after diagnosis
(>2 vs ≤2 mg/kg)a

3.80 (2.0–7.4) <.001

Ribavirin use (yes vs no)a 0.51 (.3–.9) .021

IVIG use (high-dose vs no/low-dose) 0.99 (.5–1.8) .97

Mortality from respiratory failure

Oxygen at diagnosis (yes vs no) 3.96 (1.7–9.1) .001 3.59 (1.6–8.2) .002 4.06 (1.8–9.3) <.001 4.26 (1.9–9.7) <.001
Days between transplant and PIV
infection (≤365 vs >365)

4.14 (1.0–17.4) .052 4.25 (1.0–17.9) .049 4.13 (1.0–17.5) .054

PIV type (PIV-3 vs PIV-1, -2, -4) 0.54 (.3–1.1) .10 0.53 (.3–1.1) .09 0.54 (.3–1.2) .11
Monocyte counts
(<100 vs ≥100 cells/µL)

2.07 (1.0–4.2) .041 2.48 (1.3–4.7) .006 2.34 (1.3–4.4) .008

Neutrophil counts (<1000 vs ≥1000
cells/µL)

1.36 (.7–2.7) .38

Steroid dose after diagnosis
(>2 vs ≤2 mg/kg)a

3.27 (1.5–6.9) .008

Ribavirin use (yes vs no)a 0.87 (.5–1.6) .66
IVIG use (high-dose vs no/low-dose) 1.09 (.5–2.2) .81

Abbreviations: CI, confidence interval; HR, hazard ratio; IVIG, intravenous immunoglobulin; PIV, parainfluenza virus.
a These variables are analyzed as time dependent.
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particularly high mortality (Figure 3). Monocytes have been
known to be important to protect from viral infections [27–
31]. Neutrophils may also have an important role at the time of
pneumonia, and these 2 cells interact with each other [32–34].
These data from basic research support our finding that mono-
cytes and neutrophils are important for outcomes after LRTD.

This is the first outcome study of PIV that used multivariable
modeling for evaluating treatment strategies. Previous studies
suggested that steroid use was associated with high mortality
[5, 6, 12]. Our results showed that steroid use of ≤2 mg/kg/
day after PIV LRTD was not associated with mortality. Based
on our results, high-dose steroids for acute lung injury are not
recommended, and a rapid taper of steroids for graft-vs-host
disease may not be required when lower doses are used.

Because no antiviral drug is currently approved for the treat-
ment of PIV disease, ribavirin and IVIG are often used off-label
in PIV LRTD cases. Previous reports showed conflicting results
ranging from no apparent efficacy on mortality after PIV LRTD
[3–6, 12, 35], to moderate efficacy [36–39]. Most studies had a
small sample size, and no statistical adjustments were made
for disease severity. Thus, the effect of ribavirin is still contro-
versial [40]. Our results show conflicting results for ribavirin
treatment. Although the overall mortality model suggested a
survival benefit among patients with proven and probable
LRTD (Table 5), no significant effect was seen for death due
to respiratory failure and for patients with proven LRTD.
Some important variables such as high-dose steroids or the ef-
fect of combination therapy with IVIG could not be adequately
assessed due to the small number of the patients with proven/
probable LRTD who received these treatment combinations.

Recently, PCR testing has become more widely utilized as a
diagnostic method and the frequency of diagnoses of viral

infections has been increasing [13]. However, the association
of quantitative RNA viral load on mortality after PIV LRTD
has not been well evaluated. In our study, BAL samples that
were also positive by conventional methods generally had a
higher viral load (Supplementary Figure 2A), consistent with
previous reports in nasal wash samples [13]. The results also
show that the “proven” and “probable” disease categories do
not differ with regard to viral load and that the presence of
clinical LRTD symptoms was not associated with higher viral
load (Supplementary Figure 2B). These findings provide sup-
port for combining both groups in outcome analyses, as pro-
posed in this study. Our results did not identify RNA viral
load in the BAL as a significant factor for mortality, although
the number of subjects with available viral load was relatively
small.

This study has several limitations. Although this study is the
largest cohort of confirmed PIV infections in HCT recipients
(which includes our previously reported cases [4] as well as sub-
sequent cases through 2011), the sample size was still not suffi-
cient to perform multivariable analyses to evaluate the impact of
LRTD disease categories or the effect of combination of several
drugs on mortality. Because of the retrospective nature of the
study, BAL samples were available in only half of the patients
for viral load quantification, which limited the multivariable
modeling. The use of bronchoscopy for the workup of LRTD
is largely based on protocols at our center, with almost all
patients undergoing this procedure when radiographic signs
or LRTD symptoms occur. Nevertheless, the final decision to
perform bronchoscopy rests with the attending physician and
some patients may not have undergone this procedure. There-
fore, some probable or proven cases may have been missed, but
this is unlikely to affect the major results of this study.

Figure 3. Probability of overall survival and death caused by respiratory failure according to monocyte count and oxygen requirement in proven/probable
lower respiratory tract disease (LRTD) cases. A, Kaplan-Meier estimate of overall survival by monocyte count and oxygen requirement in proven/probable
cases (P < .001). B, Cumulative incidence of death caused by respiratory failure according to LRTD classification in proven/probable cases (P < .001).
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In conclusion, our data demonstrate that patients with PIV
detection in the lungs (proven/probable LRTD) had worse out-
comes compared with those with PIV detection in nasopharyn-
geal samples alone (possible LRTD). The outcome of possible
LRTD was comparable to that of URTI. This LRTD definition
could be useful for future outcome studies independent of virus
types, and studies are needed to validate the results for other vi-
ruses and immunocompromised host settings. Consensus defi-
nitions in accordance with outcomes should be developed for
respiratory viral disease.
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