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Abstract

Background: Respiratory syncytial virus (RSV) lower respiratory tract infection (LRTI)
is associated with high mortality in patients with hematologic malignancies (HM). We
sought to determine whether allogeneic hematopoietic cell transplant (allo-HCT) re-
cipients would be at higher risk for 60-day mortality.

Methods: We examined a retrospective cohort of adults with HM with or without HCT
treated for RSV LRTI (n = 154) at our institution from 1996-2013. We defined possible
RSV LRTI as RSV detected only in the upper respiratory tract with new radiologic infil-
trates and proven RSV LRTI as RSV detected in BAL fluid with new radiologic infiltrates.
Immunodeficiency Scoring Index (ISI) and Severe Immunodeficiency (SID) criteria were
calculated for HCT recipients. Multivariable logistic regression analyses were performed
to identify independent risk factors associated with 60-day all-cause mortality.
Results: Mortality was high in HM patients (25%), but there was no difference between
those without HCT, autologous or allo-HCT recipients in logistic regression models.
Separate multivariate models showed that at RSV diagnosis, neutropenia (OR 8.3, 95%
Cl 2.8-24.2, P = 0.005) and lymphopenia (OR 3.7, 95% CI 1.7-8.2, P = 0.001) were as-
sociated with 60-day mortality. Proven LRTI was associated with higher 60-day mortal-
ity (neutropenia model: OR 4.7, 95%Cl 1.7-13.5; lymphopenia model: OR 3.3, 95% Cl
1.2-8.8), and higher ICU admission. In HCT recipients, high ISl and very severe immuno-
deficiency by SID criteria were associated with higher 60-day all-cause mortality.
Conclusions: Mortality is similarly high among HM patients without HCT and HCT
recipients. High-grade immunodeficiency and detection of RSV from BAL fluid are

associated with higher 60-day mortality.
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1 | INTRODUCTION

Infection with respiratory syncytial virus (RSV) is a major cause of
death in in immunocompromised patients with hematologic malig-
nancies (HM) with or without hematopoietic cell transplantation
(HCT).%? The incidence of infection is estimated between 2%-17% in
HCT recipients,3 and mortality rates after lower respiratory tract in-
fection (LRTI) can reach up to 80%.4° New therapies and strategies
are needed to improve outcomes after RSV LRTI in immunocompro-
mised hosts.

Once an RSV diagnosis is confirmed, risk stratification in HM
patients is critical given the high cost of therapy with aerosolized
ribavirin’ and high mortality rates after LRTI.>>8 Prior studies
have identified lymphopenia, neutropenia, and RSV detection in
lower respiratory samples as important risk factors for mortality
after LRTI.8113 Recognition of individuals at high risk for adverse
outcomes could improve the prompt delivery of ribavirin treatment,
which may reduce mortality and morbidity.9

We previously developed an immunodeficiency scoring index
based on clinical characteristics and laboratory parameters to stan-
dardize the risk stratification practices of allogeneic HCT (allo-HCT)
recipients with RSV upper respiratory tract infection (URTI), a group
at high risk for adverse outcomes after RSV Infection.*®** We hypoth-
esized that among HM patients without HCT and those who are au-
tologous HCT (auto-HCT) or allo-HCT recipients, allo-HCT recipients
would be at the highest risk for mortality. We further hypothesized
that isolation of RSV and other respiratory pathogens from the lower
respiratory tract among patients who underwent fiberoptic bronchos-
copy would be associated with higher mortality, as demonstrated in
parainfluenza viral infection.’® We also sought to determine whether
more severe immunodeficiency in HCT recipients, as determined by
the Immunodeficiency Score Index (ISI)*>%¢ and the severe immuno-
deficiency (SID) criteria,*”*® predicted mortality after RSV LRTI.

2 | MATERIALS AND METHODS

2.1 | Study design

We conducted a retrospective review of all adults with any type of
leukemia or lymphoma or multiple myeloma (HM), some of whom
underwent auto- or allo-HCT, and who were 18 years of age or
older with an RSV infection cared for at The University of Texas
MD Anderson Cancer Center from 01/96 to 07/13. Patients were
identified from a prospectively-maintained infection control data-
base of viral infections. We collected data on patients’ demograph-
ics, underlying malignancy, immune status at diagnosis, antiviral
therapy, thoracic imaging and microbiologic data. We also collected
data on outcomes including hospital admission, intensive care unit
(ICU) admission, mechanical ventilation, and all-cause mortality at
days 30 and 60. This study was approved by our Institutional Review
Board (DR09-0696 and PA12-0483) in accordance with the Helsinki
Declaration of the World Medical Association, and waiver of in-
formed consent was granted.

2.2 | Definitions

We defined RSV LRTI as (a) microbiologic confirmation of RSV in
nasal wash or swab or BAL fluid and (b) new infiltrates on CXR or
chest CT within 5 days of microbiologic confirmation. Microbiologic
confirmation was performed using either shell vial culture or direct
immunofluorescent antibody testing as per institutional practice at
that time. We further stratified those with RSV LRTI by possible or
proven RSV LRTI.Y> We defined possible RSV LRTI as RSV detec-
tion in the upper respiratory tract with new pulmonary infiltrates
on chest imaging suggestive of viral etiology and proven RSV LRTI
as any patient with RSV detected in the lower respiratory tract (ob-
tained by BAL) and new pulmonary infiltrates on chest imaging sug-
gestive of viral etiology. Because direct immunofluorescent antibody
testing is less sensitive than PCR for the detection of RSV, it is pos-
sible that some patients with no detection of RSV in BAL fluid had
proven RSV LRTI. Therefore, patients with no RSV detected in BAL
were also considered to have possible RSV LRTI. BAL co-pathogens
were defined as non-RSV organisms (virus, bacteria or fungus) that
are known to cause pneumonia in humans. We defined neutropenia
as an absolute neutrophil count < 500 cells/mm?® and lymphopenia
as an absolute lymphocyte count < 200 cells/mm®. We considered
patients who received ribavirin therapy prior to the diagnosis of LRTI
as having received ribavirin at the URTI stage, and patients who re-
ceived ribavirin therapy at the time of diagnosis of LRTI as having

received ribavirin at the LRTI stage.

2.3 | Clinical evaluation of RSV infection

Radiographic images were independently reviewed by two pul-
monologists (E.V. and A.S.) and discrepancies were resolved by
mutual agreement. We excluded patients who had resolving in-
filtrates from a known prior LRTI and those with clinical volume
overload as assessed by echocardiography, right heart catheteriza-
tion, or response to diuretics. Prior to 2001, 19 patients did not
have images available for independent review. In those cases, the
radiologist’s interpretation, as documented in the medical record,
was used. Bronchoscopy was performed in a dedicated endoscopy
suite under the supervision of an experienced pulmonologist.?°
The results from bronchial washing were excluded to minimize
contamination from the upper respiratory tract. For patients with
possible RSV LRTI who did not undergo bronchoscopy (n = 93), the
reason for not performing bronchoscopy was recorded when avail-
able (Table S1).

2.4 | Grading of immunodeficiency in
HCT recipients

All HCT recipients were scored using ISl and SID criteria at the
time of RSV LRTI. ISI ranges from 0-12, and ISI scores were calcu-
lated as previously described with 3 points given each for ANC <
500 cells/mm?® and ALC < 200 cells/mm?, 2 points for age 240 years,
and 1 point given each for myeloablative conditioning regimen,
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graft-versus-host disease, corticosteroids within 30 days of RSV in-
fection, and recent or pre-engraftment allo-HCT.*® HCT recipients
are then stratified into low-risk (ISI 0-2), moderate risk (ISl 3-6) and
high-risk (ISI 7-12) strata. SID criteria classify HCT recipients into
three strata: moderate immunodeficiency (MID), severe immunode-
ficiency (SID), and very severe immunodeficiency (vSID).1*8 MID
was defined as HCT > 6 months prior to LRTI, leukocyte count >
2000 cells/mm? and ALC > 100 cells/mm?, while SID was defined
as HCT < 6 months prior to LRTI, T-cell depletion < 3 months prior
to LRTI, B-cell depletion < 3 months prior to LRTI, graft-versus-host
disease 2 grade 2, leukocyte count 2000 cells/mm?3, ALC < 100 cells/
mm?, or immunoglobulin count < 6.5 g/L. vSID was defined as = 2
SID risk factors being present at the time of LRTI.

2.5 | Statistical analysis

Descriptive statistics were calculated for demographic, clinical,
and therapeutic data. Categorical variables were compared using
chi-square or Fisher's exact test and continuous variables were
compared using one-way analysis of variance. Multivariable logistic
regression analyses were performed to identify independent risk
factors associated with 60-day all-cause mortality. All patients were
followed for the entire 60 days, and outcomes were right-censored
after 60-days. All variables were entered into the multivariable
model, and backward elimination was used to only include variables
with P < 0.1 in the final model. Univariate logistic regression analyses
were performed determine whether ISl and SID criteria were associ-
ated with 60-day all-cause mortality. Kaplan-Meier survival curves
and log-rank tests were performed to compare the probability of
survival between patients with different types of LRTI (possible vs
proven), between patients with different microbiological results in
BAL (BAL not performed, no growth, RSV, RSV and co-pathogens,
and other pathogens only), and between patients in different im-
munodeficiency risk strata (MID/SID/vSID and low/moderate/high
ISI). All statistical analyses were performed using R version 3.3 (R
Foundation for Statistical Computing, Vienna, Austria). All tests

were two-sided with a significance level of 0.05.

3 | RESULTS

3.1 | Clinical characteristics and outcomes of
patients with possible and proven RSV LRTI

We identified 154 patients who met our inclusion and exclusion cri-
teria, 61 (40%) of whom underwent bronchoscopy with BAL (Table 1).
Median age was 54 years (range 18-79 years) and 65 (42%) were fe-
male. There were 69 (45%) patients without HCT, 28 (18%) with auto-
HCT and 58 (38%) with allo-HCT. Possible RSV LRTI was diagnosed
in 131 (85%) patients and proven RSV LRTI in 23 (15%) patients. Allo-
HCT recipients were younger, and auto-HCT recipients were more
likely to have multiple myeloma as an underlying malignancy and to
be on corticosteroids. Among HCT recipients, the median time be-
tween HCT and LRTI was 215 days (interquartile range: 58-693 days).

Patients without HCT were more likely to receive chemotherapy
within 1 month of RSV LRTI and have neutropenia or lymphopenia, but
were less likely to receive ribavirin therapy. RSV alone was detected in
18 (30%) of the 63 BAL samples, RSV with concurrent non-RSV res-
piratory pathogens was detected in 5 (8%), non-RSV pathogens alone
were detected in 12 (20%), and no pathogens were detected in 26
(43%). The majority of patients who did not undergo bronchoscopy
(82 of 93) were not referred for the procedure at the discretion of

their primary oncologist or transplant physician (Table S1).

3.2 | Outcomes after RSV LRTI

Hospitalization at the time of RSV was common among patients in
our cohort (61%), although patients without HCT were less likely
to be hospitalized (Table 2). There were no differences in rates of
ICU admission, mechanical ventilation, 30-day mortality, or 60-
day mortality between patients without HCT, allo-HCT recipients,
and auto-HCT recipients, and 60-day mortality was high across all
groups (39/154, 25%). Patients with proven LRTI were more likely to
be admitted to the ICU (48% vs 31%, P = 0.03), and to die at 30 days
(36% vs 14%, P =0.03) and 60 days (52% vs 21%, P = 0.003) after
LRTI onset (Table 3).

3.3 | Predictors of mortality after RSV LRTI

In univariate logistic regression models, neutropenia at RSV diag-
nosis (odds ratio [OR] 4.0, 95% confidence interval [CI] 1.9-8.6),
lymphopenia at RSV diagnosis (OR 3.9, 95% CI 1.8-8.3), and proven
LRTI(OR 4.2, 95% Cl 1.7-10.6) were predictive of mortality (Table 4).
Because lymphopenia and neutropenia exhibited a high degree of
collinearity, we created two multivariable models; Model 1 included
neutropenia but not lymphopenia as a candidate variable for the final
model, while Model 2 included lymphopenia but not neutropenia as
a candidate variable for the final model. In Model 1, after adjustment
for neutropenia, proven LRTI, and ribavirin therapy, allo-HCT recipi-
ents were at a higher risk for mortality than patients without HCT
or auto-HCT recipients (adjusted OR 3.7, 95%Cl 1.2-11.9, P = 0.03).
Neutropenia (adjusted OR 8.3, 95% Cl 2.8-24.2, P =0.005) was
the strongest predictor of 60-day mortality. Proven LRTI remained
a strong predictor of mortality after adjustment (adjusted OR 4.7,
95%Cl 1.7-13.5). Similarly, in model 2, lymphopenia (adjusted OR
3.7, 95% Cl 1.7-8.2) and proven LRTI (adjusted OR 3.3, 95%Cl 1.2-
8.8) were associated with higher mortality. However, allo-HCT was
not associated with higher mortality in model 2. Ribavirin therapy
remained in both models but was not significantly associated with
lower mortality (Model 1: URTI stage: adjusted OR 0.1, 95% 0.01-
1.3; P=0.08; LRTI stage: adjusted OR 0.6, 95% Cl 0.2-1.9, P = 0.43;
Model 2: URTI stage: adjusted OR 0.2, 95% 0.02-1.5, P = 0.10; LRTI
stage: adjusted OR 0.7, 95% CI 0.2-1.8, P = 0.43). There was no sig-
nificant difference in mortality among patients with RSV LRTI during
the first half (1996-2004, 30% mortality) or the second half of the
study period (2005-2013, 25% mortality) (OR 0.7 for second half,
95% C10.3-1.6, P =0.4).
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TABLE 1 Characteristics of the study cohort

No HCT Allogeneic-HCT Autologous HCT Total P-value
Number 69 57 28 154
Median age (range) 60 (18-79) 51 (23-70) 60 (22-77) 54 (18-79) 0.03
Sex, n (%)
Female 28 (41) 22 (39) 15 (54) 65 (42) 0.39
Male 41 (59) 35(61) 13 (46) 89 (58)
Malignancy, n (%)
Leukemia 43 62) 34 (60) 2(7) 79 (51) <0.001*
Lymphoma 13(19) 20 (35) 12 (43) 45 (29)
Myeloma 13 (19) 3(5) 14 (50) 30(20)
Recent chemotherapy (within 52 (75) 17 (30) 13 (46) 82(53) <0.001*
1 mo prior to RSV), n (%)
Corticosteroid (within 1 mo prior 43 (62) 29 (51) 22 (79) 94 (61) 0.046
to RSV diagnosis), n (%)
Neutropenia at RSV diagnosis 35(51) 6(11) 6(21) 47 (31) <0.001
(ANC < 500 cells/mm?®) n (%)
Lymphocytopenia at RSV 33 (48) 15 (26) 6(21) 54 (35) 0.01
diagnosis (ALC < 200 cells/mm°),
n (%)
Ribavirin therapy, n (%)
None 19 (28) 3(5) 1(4) 23 (15) <0.001
URT]I stage 3(4) 6(11) 5(18) 14 (9)
LRTI stage 47 (68) 48 (84) 22(78) 117 (76)
RSV LRTI
Possible 60 (87) 48 (84) 23 (82) 131 (85) 0.84
Proven 9 (13) 9 (16) 5(18) 23 (15)
Organisms detected in BAL
None 12 8 6 26 0.540
RSV 6 7 5 18
RSV + co-pathogens 8 2 0 5
Co-pathogens 2 6 4 12

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; BAL, bronchoalveolar lavage; HCT, hematopoietic cell transplant; HM, hematologic
malignancy; LRTI, lower respiratory tract infection; RSV, respiratory syncytial virus; URTI, upper respiratory tract infection. Allo-HCT recipients were
younger, and auto-HCT recipients were more likely to have multiple myeloma as an underlying malignancy and to be on corticosteroids. Patients with-
out HCT were more likely to receive chemotherapy within 1 month of RSV LRTI and have neutropenia or lymphopenia, but were less likely to receive
ribavirin therapy (in bold).

TABLE 2 Health care utilization and mortality rates by type of hematopoietic cell transplant

Health care use and mortality Allogeneic-HCT Autologous HCT

rates No HCT (n = 69) (n=57) (n=28) Total (n = 154) P-value
Hospitalization, n (%) 30 (43) 44(77) 20(71) 94 (61) <0.001*
ICU admission, n (%) 21 (30) 15 (26) 6(21) 42 (27) 0.65
Mechanical ventilation, n (%) 12 (17) 12 (21) 6(21) 30(19) 0.83
30 d mortality (from LRTI 11 (16) 11 (19) 4 (14) 26(17) 0.85

diagnosis to death), n (%)
60 d mortality (from LRTI 18 (26) 16 (28) 5(18) 39 (25) 0.59

diagnosis to death), n (%)

ICU, intensive care unit; LRTI, lower respiratory tract infection; RSV, respiratory syncytial virus. Patients without HCT were less likely to be hospitalized
(in bold).
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TABLE 3 Health care use and mortality

rates in patients with possible and proven Health care use and Possible RSV Proven RSV
P P P mortality rates LRTI(n=131) LRTI (n = 23) Total (n = 154) P-value

RSV-LRTI
Hospitalization, n (%) 83 (63) 11 (52) 94 (61) 0.24
ICU admission, n (%) 31 (24) 11 (48) 42 (27) 0.03
Mechanical ventilation, n (%) 22 (17) 8(36) 30(19) 0.08
30 d mortality (from LRTI 18 (14) 8 (36) 26 (17) 0.03

diagnosis to death), n (%)

60 d mortality (from LRTI 27 (21) 12 (52) 39 (25) 0.003

diagnosis to death), n (%)

ICU, intensive care unit; LRTI, lower respiratory tract infection; RSV, respiratory syncytial virus.
Patients with proven LRTI were more likely to be admitted to the ICU, and to die at 30 days and
60 days after LRTI onset (in bold).

TABLE 4 Clinical predictors of 60 d all-cause mortality

Model 1 Model 2
Survivors Non-survivors Unadjusted OR P-value Adjusted OR P-value Adjusted OR P-value

Number 115 39
Median age (range) 54 (18-79) 55 (22-78) 1.0(0.99-1.04) 0.31
Sex

Female 53 (46) 12 (31) 1.0 0.10

Male 62 (54) 27 (69) 1.9 (0.9-4.2)
Type of HCT

HM without 51 (44) 18 (46) 1.0 1.0

HCT

Allogeneic-HCT 41 (36) 16 (41) 1.1(0.5-2.4) 0.80 3.7(1.2-11.9) 0.03

Autologous HCT 23 (20) 5(13) 0.6 (0.2-1.9) 0.39 1.6 (0.4-6.4) 0.54
Corticosteroids within 30 d

No 49 (43) 11 (28) 1.0 0.11

Yes 66 (57) 28(72) 1.7 (0.8-3.8)
Neutropenia at RSV diagnosis

No 89(77) 18 (46) 1.0 1.0

Yes 26 (23) 21 (54) 4.0 (1.9-8.6) <0.001  8.3(2.8-24.2) <0.001
Lymphopenia at RSV diagnosis

No 84 (73) 16 (41) 1.0 1.0

Yes 31(27) 23(59) 3.9(1.8-8.3) <0.001 3.7 (1.7-8.2) 0.001
Type of LRTI

Possible 104 (90) 27 (69) 1.0 1.0 1.0

Proven 11 (10) 12 (31) 4.2 (1.7-10.6) 0.002 4.7 (1.7-13.5) 0.004 3.3(1.2-8.8) 0.02
Ribavirin therapy

None 15 (13) 8(20) 1.0 1.0 1.0

URTI stage 13(11) 1(3) 0.1(0.01-1.1) 0.09 0.1(0.01-1.3) 0.08 0.2 (0.02, 1.5) 0.10

LRTI stage 87 (76) 30(77) 0.7 (0.3-1.7) 0.37 0.6 (0.2-1.9) 0.43 0.7 (0.2-1.8) 0.43

HCT, hematopoietic stem cell transplant; HM, hematologic malignancy; LRTI, lower respiratory tract infection; OR, odds ratio; RSV, respiratory syncy-
tial virus; URTI, upper respiratory tract infection.

Model 1 included neutropenia, but not lymphopenia, as a candidate variable for the final multivariate model, while Model 2 included lymphopenia, but
not neutropenia. In model 1, allo-HCT, neutropenia, and proven LRTI were associated with higher 60-day mortality. In model 2, lymphopenia and
proven LRTI were associated with higher 60-day mortality (in bold).

Kaplan-Meier survival curves are shown for patients with those groups (P =0.63). Kaplan-Meier curves demonstrated that
HM but no HCT, allo-HCT recipients, and auto-HCT recipients in patients with proven LRTI had lower survival rates than those with

Figure 1. There was no significant difference in survival between possible LRTI (P < 0.001, Figure 2). Sub-group analyses revealed that
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Kaplan-Meier Survival Estimates
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FIGURE 1 Kaplan-Meier survival cures for patients with HM
but no HCT (solid line), allo-HCT recipients (dashed line), and
auto-HCT recipients (alternating dots and dashes). There was no
difference among survival rates between these groups (log-rank
test, P=0.63)
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FIGURE 2 Kaplan-Meier survival curves for patients with
possible (dashed line) and proven (solid line) RSV LRTI. Patients
with proven RSV LRTI had significantly lower survival rates (log-
rank test, P < 0.001)

there were significant differences between the survival curves of pa-
tient who did not undergo bronchoscopy, those with a negative BAL,
those with only non-RSV pathogens detected in BAL, those with
RSV detected in BAL, and those with RSV and additional pathogens

Kaplan-Meier Survival Estimates

(=)
B
D_
(2]
g =
™
= (=]
z 8
3
w
i ]
=
= o
B ]
=]
i
o 2 -
— BAL+RSV
92 4 —— BAL+RSV+Other
-—- BAL+Dther
o _| - BAL-
A No BAL
&
I T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60

Time from RSY LRT! to Death (in days)

FIGURE 3 Kaplan-Meier survival curves for patients who
underwent bronchoscopy, stratified by microbiological results, and
patients who did not undergo bronchoscopy (short dashed line).
Patients who underwent bronchoscopy were further divided into
BAL positive for RSV (solid black line), BAL positive for RSV and
another respiratory pathogen (solid grey line), BAL positive for
only a non-RSV respiratory pathogen (long dashed line) and a BAL
without growth (alternate short and long dashed lines). A log-rank
test showed significant differences in survival rates between
groups (log-rank test, P = 0.001)

detected in BAL (P = 0.001, Figure 3). Patients who did not undergo
bronchoscopy had similar survival to those with a negative BAL
and those with non-RSV pathogens detected on BAL. Patients with
RSV and additional pathogens detected in BAL fluid had the lowest
survival, though, likely due to the small sample size, there was no
significant difference between these patients and those with RSV
alone detected in BAL fluid (P = 0.10, Figure S1). Survival rates were
not significantly different in patients who started ribavirin therapy
in the URTI stage of infection, ribavirin therapy in the LRTI stage of
infection, or no ribavirin therapy (P = 0.16, Figure 4).

3.4 | Effect of immunodeficiency on mortality in
HCT recipients with RSV LRTI

We calculated ISI grade and SID criteria for 85 HCT recipients and
measured association with mortality. High-risk individuals as identi-
fied by ISl had a higher risk for mortality than low-risk individuals (OR
10.5, 95% Cl 1.9-56.6, P = 0.01, Table 5). Similarly, individuals with
vSID had a higher risk for mortality than those with MID (OR 11.1,
95% Cl 2.8-45.1, P < 0.001). Both ISl grade and SID criteria predicted
time to mortality, as demonstrated by Kaplan-Meier survival curves
(Figure 5). When analyzing ISl as a continuous variable, each 1-point
increase in ISl increased the odds of 60-day mortality by 40% (OR
1.4, 95% Cl 1.15-1.8, P = 0.001). ISI predicted mortality in allo-HCT
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FIGURE 4 Kaplan-Meier survival curves for patients who
started ribavirin therapy at the URTI stage of infection (solid line),
ribavirin therapy at the LRTI stage of infection (long dashed line),
or no ribavirin therapy (short dashed line). There was no significant
difference in survival rates between these groups (log-rank test,
P=0.16)

recipients, but not in auto-HCT recipients; however, this analysis of
subgroups is limited by sample size (allo-HCT: OR 1.7,95% Cl 1.2-2.4,
P =0.001; auto-HCT: OR 1.1, 95% CI 0.8-1.6, P = 0.46). Agreement
between ISI and SID criteria was modest (weight Cohen’s kappa co-
efficient: 0.44, 95% Cl 0.27-0.61).

4 | DISCUSSION

We observed high mortality after RSV LRTI in HM patients, with
or without HCT. However, there was no difference in 60-day mor-
tality between HM patients without HCT, allo-HCT and auto-HCT

TABLE 5 Impact of immunodeficiency
on 60-d mortality after RSV LRTI in HCT
recipients ISI

Low-risk
Moderate-risk
High-risk

SID criteria
MID
SID
vSID

Immunodeficiency Grade
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recipients. Lymphopenia and neutropenia were independent pre-
dictors of 60-day mortality. Furthermore, detection of RSV from
BAL fluid, defined as proven RSV LRTI was associated with higher
all-cause mortality at 30 and 60 days and a higher rate of ICU ad-
mission. High-grade immunodeficiency, as defined by ISI grade and
SID criteria, was associated with higher rates of 60-day all-cause
mortality.

Consistent with other studies of viral LRTI, we found that mortal-
ity in HM patients, with or without HCT, was high. Our mortality rate
of 25% across groups is similar to other studies of HM patients with
RSV LRTI. In patients with acute myeloid leukemia at our institution,
5/27 (19%) patients with RSV LRTI died.” In contemporary cohorts
of HCT recipients with RSV LRTI, the overall mortality ranged from
11%-30%.3>81011 Allo-HCT recipients often have high-risk under-
lying malignancies and require immunosuppression as compared to
auto-HCT recipients.’* However, we found that mortality was high
in all HM patients regardless of HCT status. This is similar to other
groups who have found no difference in the risk for mortality be-
tween allo-HCT and auto-HCT recipients. Seo et al*found no dif-
ference in the risk for mortality between allo-HCT and auto-HCT
recipients who developed LRTI with RSV, parainfluenza (PIV), influ-
enza, or rhinovirus. Similarly, Renaud et al?? found that in a mixed
cohort of patients with human metapneumovirus (hnMPV) LRTI and
RSV LRTI, overall mortality after RSV infection was high (35%), but
there was no significant difference in mortality between allo-HCT
and auto-HCT recipients, though the HR approached statistical sig-
nificance (HR 5.2, 95% Cl1 0.7-39, P = 0.1). We found higher mortality
among allo-HCT recipients in one multivariate model that included
neutropenia in lieu of lymphopenia as a marker of immune impair-
ment, but this result was not reproducible in the other model that
included lymphopenia. Furthermore, we found no difference in sur-
vival as assessed by Kaplan-Meier analyses or by logistic regression.
While it is possible that allo-HCT recipients are at a higher risk for
death after adjusting for the presence of neutropenia, our study can-
not definitively prove this.

Previous studies showed that neutropenia®!®

nia®121® are associated with a higher risk of death in HCT recipi-

and lymphope-

ents with RSV LRTI. In separate multivariate models, we found that

Mortality (n = 85) OR (95% CI) P-value
2/21 (10%) 1.0 -
8/43 (19%) 2.2(0.4-11.3) 0.36
10/21 (48%) 10.5 (1.9-56.6) 0.01
3/39 (8%) 1.0 -
5/19 (26%) 4.3(0.9-20.4) 0.07
14/27 (52%) 11.1 (2.8-45.1) <0.001

ISI, Immunodeficiency Scoring Index; LRTI, lower respiratory tract infection; MID, moderate immu-
nodeficiency; RSV, respiratory syncytial virus; SID, severe immunodeficiency; vSID, very severe im-
munodeficiency. Patients with high-risk ISl or vSID were more likely to die at 60 days after LRTI (in

bold).
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FIGURE 5 Kaplan-Meier survival curves for HCT recipients with
SID criteria predicted time to death (P < 0.001 for both scores)

lymphopenia and neutropenia were associated with 60-day mor-
tality. Lymphopenia is associated with increased progression from
URTI to LRTI,'®2 3 well-known marker of mortality.ﬂ’24 Similarly,
neutropenia is independently associated with progression to RSV
LRTI.® Conversely, normal lymphocyte counts are associated with
low rates of progression to LRTI.2® Furthermore, we found that
high-grade immunodeficiency, as defined by ISI and SID criteria,
was highly-associated with mortality. Whether using ISI or SID cri-
teria, high-grade immunodeficiency was associated with a 60-day
all-cause mortality around 50% after RSV LRTI, which is similar to
prior studies. The initial development cohort for ISI consisted of 237
allo-HCT recipients with RSV LRTI or URTI*® and mortality was high
among those who did not receive ribavirin at the URTI stage and pro-
gressed to LRTI (63% at 90 days) and among those who presented
with an LRTI and received ribavirin at diagnosis (50% at 90 days).
Importantly, the ISI was developed in a cohort of allo-HCT recipients
and was designed to predict progression from RSV URTI to LRTI. As
our current study shows, ISl is less useful in auto-HCT recipients,
particularly since certain criteria such as graft-versus-host disease
may not be applicable. Similarly, a study of 45 patients with RSV
LRTI found that high-risk patients, as identified by ISI, had a RSV-
associated mortality of 50%.%¢ High ISl is also associated with high
mortality after influenza infection.?> SID criteria were first studied
in 34 patients with RSV infection, of whom 18% died.!” Risk factors
for mortality included LRTI, pre-engraftment status and vSID at RSV
diagnosis. A recent study of SID criteria in 66 patients with RSV, PIV,
and hMPV infection showed a mortality of 32% in patients with vSID,
and no deaths in patients with MID or SID. Our findings are consis-
tent with prior studies that show that immunocompromised patients

are at high risk for mortality after RSV infection.®1¢18

—_
m
-
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a) low, moderate, or high ISl and b) with MID, SID, or vSID. Both ISl and

In agreement with other studies,®?® we did not find an associa-
tion between corticosteroid use at the time of LRTI and mortality.
Corticosteroid use was used as part of the Immunodeficiency Scoring
Index, a tool to predict the risk of progression from RSV URTI to LRTI
in allo-HCT recipients, but was not independently associated with
progression to RSV LRTI.*® However, in a mixed cohort of patients
with hMPV and RSV LRTI, corticosteroid use and hypoxemia were
associated with increased mortality.?? Similarly, corticosteroid use at
the diagnosis of RSV infection is associated with a higher incidence of
hypoxemia in a dose-dependent fashion.}* Future prospective stud-
ies are necessary to investigate the timing and dosage of corticoste-
roid administration and its relationship with mortality after RSV LRTI.

High-risk HM patients with RSV infection, particularly HCT re-
cipients, should be considered as candidates for ribavirin therapy at
the URTI stage, as early treatment may prevent LRTI.” We did not
find a significant difference in mortality in patients who started riba-
virin therapy when it was given at the LRTI stage, but our study was
not designed to investigate the efficacy of ribavirin. Furthermore,
ribavirin given at the LRTI stage can still be beneficial in some in-
stances, as demonstrated in few studies.®1%2728 Despite the lack of
statistical significance, there was a trend toward a protective effect
of ribavirin for mortality in our cohort when given at the URTI stage
in patients who eventually developed RSV LRTI. Future prospective
studies are necessary to validate the optimal route (oral or aerosol-
ized) and timing (URTI or LRTI) of ribavirin therapy.

Some groups define patients as having LRTI when RSV is de-
tected in the upper respiratory tract and there are lower respi-
ratory tract symptoms or new pulmonary infiltrates.>"17:24.29:30
However, we found that detection of RSV in BAL is predictive of
worse outcomes. This suggests that the subset of patients with
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RSV detected in BAL (ie, proven LRTI) should be distinguished
from those without (ie, possible LRTI) as they may represent a
distinct group with higher mortality where prompt and aggressive
management may be desirable. Similar to our findings, Waghmare
et al'! found that patients who had RSV detected in BAL fluid had
higher mortality rates and a greater requirement for supplemen-
tal oxygen than those who did not. In addition, HCT recipients
with PIV detected in BAL fluid had higher mortality than those
with PIV detected in nasal wash alone (47% vs 3%)." High mor-
tality rates have also been demonstrated in immunocompromised
patients with HM, with or without HCT, and detection of human
metapneumovirus (43% in HCT recipients at 100 days),?? human
rhinovirus (41% at 90 days in HCT recipients),21 and human coro-
navirus (35% at 90 days in HCT recipients and 14% at 90 days in
HM patients without HCT)3! in BAL fluid.

There are several limitations to our findings. This is a retro-
spective cohort analysis, and our findings require further confir-
mation in prospective studies. Not all patients were referred for
bronchoscopy, so those with possible RSV LRTI may have been less
sick, resulting in a referral bias. However, if patients were not re-
ferred because they were too sick to undergo bronchoscopy, this
would bias our results towards the null hypothesis. We used viral
culture and direct immunofluorescent antibody testing to detect
RSV and other respiratory viral pathogens as this was the institu-
tional practice at the time. Caution is necessary when extrapolating
our findings to patients in whom respiratory viruses are detected
using polymerase chain reaction assays. Though patients with no
RSV isolation from BAL fluid were considered to have possible RSV
LRTI, our Kaplan-Meier survival analyses suggest that there is no
meaningful difference in survival between those patients and those
who did not have BAL, which supports the consolidation of those
two groups of patients. It is also possible that we included patients
with RSV infection and volume overload or other non-infectious
etiologies for pulmonary infiltrates. Misclassification of such pa-
tients would likely bias our results towards the null hypothesis if pa-
tients with volume overload were classified as having possible LRTI.
Associations of ISI with mortality in auto-HCT recipients should be
interpreted with caution, since ISl was not developed to quantify
immunodeficiency in auto-HCT recipients. Because of the small
size of the cohort and the small number of deaths (n = 39), we could
not measure the interaction of proven RSV LRTI with immunode-
ficiency scoring, and our findings need to be replicated in a larger,
prospective cohort.

In conclusion, we found that mortality was high in HM patients,
with or without HCT, who developed RSV LRTI. Neutropenia and
lymphopenia were predictive of 60-day mortality. In addition, high-
risk ISl or vSID at RSV diagnosis were associated with higher 60-day
mortality. Furthermore, detection of RSV in BAL fluid was associated
with higher 60-day all-cause mortality than in those without RSV de-
tected in BAL. Routine calculation of immunodeficiency scores may
improve risk stratification in HCT recipients. Data from BAL may

13,16-18,25

complement these immunodeficiency scores and be use-

ful for identifying patients with RSV infection or other respiratory

WILEY-2°

viruses who are at the greatest risk for death. Such patients would
be ideal candidates for early ribavirin therapy or for clinical trials for

new investigational drugs.
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