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Haematopoietic stem cell transplantation (HSCT) recipients are at risk for severe respiratory syncytial virus (RSV) infection. Two
prognostic scores have been proposed to predict the risk of progression from upper respiratory tract infection (URTI) to lower
respiratory tract infection (LRTI) and death. This was a multicentre study of allogeneic HSCT recipients diagnosed with an RSV
infection between 2010 and 2019 who were retrospectively stratified by the immunodeficiency scoring index (ISI) and the severe
immunodeficiency (SID) score. Endpoints were overall survival, RSV-attributable mortality and progression to LRTI after URTI.
Prognostic analyses were performed using Cox regression models. We included 147 consecutive patients, including 94 (63.9%)
initially diagnosed with URTI and 53 (36.1%) with LRTI. At 90 days, 14 patients had died (survival rate, 90.5%; 95% Cl: 85.9-95.3), and
nine deaths were attributable to RSV (attributable mortality rate, 5.4%; 95% Cl: 2.5-10.0). The cumulative 90-day incidence of LRTI
after URTI was 13.8% (95% Cl: 7.8-21.6). Neither score showed prognostic value for mortality, while the ISI allowed the prediction of
progression to LRTI (p = 0.0008). Our results do not fully replicate the results previously reported in cohorts of HSCT recipients. This

may reflect the recent epidemiology of RSV infections in this HSCT cohort.
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INTRODUCTION

In the course of allogeneic haematopoietic stem cell transplanta-
tion (HSCT), respiratory syncytial virus (RSV) infection can lead to
severe infection with a poor prognosis [1-5]. RSV infection is
seasonal, with recurrent winter outbreaks with various annual
incidences ranging from 2 to 49% [6, 7] in allogeneic HSCT
recipients. Upper respiratory tract infection (URTI) is usually minor,
but the risk of progression to lower respiratory tract infection
(LRTI) is high, especially in the early phase of HSCT, and it has been
associated with mortality [7-10].

Although the widespread use of molecular diagnostics allows
earlier diagnosis and HSCT postponement in the case of a pre-
transplant RSV-positive test [11], the mortality rate attributable to
RSV remains significant, being approximately 10% in adults [9, 12]
and <5% in children [13] in recent studies. The identification of risk
factors for progression to LRTI and death in allogeneic HSCT
patients has been the subject of several publications [4, 14, 15],
with the aim of defining the population of patients who would
benefit from antiviral treatment.

Two severity scores have been developed to classify patients
according to the risk for progression to LRTI and the risk of RSV-
attributable mortality [11, 16]. The “Immunodeficiency Scoring
Index” (ISI) from the MD Anderson Cancer Center was established
in 2014 [16, 17], and the “Severe Immuno-Deficiency” (SID) score
was proposed by a single-institutional study from the University of
Basel in 2008 [11]. These two grading systems aim to classify
patients into 3 risk categories (low, moderate and high for the ISI
and moderate, severe, and very severe for the SID score), relying
on both clinical and biological criteria (Supplementary Table 1).

Current treatments for RSV are limited, but the guidelines of the
8th European Conference on Infections in Leukaemia [18]
recommend systemic or aerosolized ribavirin, a broad-spectrum
molecule used against many RNA viruses, with or without the
associated use of intravenous polyclonal immunoglobulins (IVIGs)
in both cases of LRTI and URTI with a high risk of progression to
LRTI. Indeed, the pooling of cohort studies assessing the efficacy
of ribavirin has suggested a reduction in both LRTI progression
and mortality [6, 17, 19-22]. However, meta-analyses have
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included studies that are difficult to compare, especially studies
involving different RSV diagnostic techniques and heterogeneous
management strategies [11]. Only one randomized controlled
study was conducted to investigate the efficacy of aerosolized
ribavirin, but difficulty in enrolling patients led to early termina-
tion; it was, therefore, impossible to draw a firm conclusion [23].

Other molecules are being developed, in particular presatovir,
an RSV fusion inhibitor. A randomized placebo-controlled study
failed to demonstrate a significant antiviral effect and a reduction
in LRTI progression in HSCT patients with RSV-URT], although post
hoc analysis found an effect specifically in patients with
lymphopenia [24]. Similarly, presatovir did not improve virologic
or clinical outcomes compared with placebo in HSCT patients with
RSV-LRTI [25]. At a time when new molecules are being evaluated,
similar future trials should judiciously select suitable at-risk
patients to maximize the potential benefits. Because LRTI
increases the risk of mortality, the prompt diagnosis of and early
intervention for RSV-URTI in high-risk patients with effective
antiviral agents are imperative to improve the clinical outcomes.

The aim of our study was to assess the prognostic value of both
the ISI and the SID score using a recent multicentre cohort of
allogeneic HSCT recipients.

MATERIALS AND METHOD

Study design

Both paediatric and adult allogeneic HSCT patients diagnosed
with RSV infection by polymerase chain reaction (PCR) at the
following five French hospitals were retrospectively included in
the study: Saint Louis Hospital (Paris), Robert Debré Hospital
(Paris), Gustave Roussy Institute (Villejuif), Percy Hospital (Clamart),
and Henri Mondor Hospital (Créteil). All RSV-positive respiratory
samples collected in the virology laboratory of each site were
screened from the date of implementation of PCR (depending on
each site) until December 2019. PCR for RSV was being used
routinely first at Saint Louis Hospital and Robert Debré Hospital in
December 2010 and January 2011, respectively; Percy Hospital,
Henri Mondor Hospital, and Gustave Roussy Institute have been
using it since December 2011, January 2015, and January 2016,
respectively. Clinical data were collected from patient’s medical
charts. All chest imaging data were reviewed (ALH, LB, AB).
Patients were included if PCR for RSV yielded a positive result from
10 days prior to HSCT to any time after transplantation. This study
was approved by the Institutional Review Board of the French
Learned Society for Respiratory Medicine, Société de Pneumologie
de Langue Francaise (CEPRO 2019-040), and the data collected
was anonymized prior to processing (Redcap software).

Outcomes and definitions

The primary endpoint was overall survival (OS). Secondary
endpoints were early mortality (any death within 90 days after
RSV infection), RSV-attributable mortality, and, for patients with
URTI, progression to LRTI.

The diagnosis of URTI was defined by detection of the virus in
the upper respiratory tract with symptoms of URTI (rhinitis,
pharyngitis, laryngitis, conjunctivitis, sinusitis) without hypoxemia
or infiltration on chest imaging.

RSV infections were classified according to the ECIL8 definitions
[18]. Briefly, the diagnosis of LRTI was defined by the association of
respiratory symptoms with (i) pulmonary infiltration on chest
imaging (within five days before and after infection diagnosis) or
hypoxemia and (i) the identification of RSV in the upper or lower
respiratory tract. LRTI was classified as “probable” or “presumptive”
LRTI when the virus was detected in the upper airway (i.e. by nasal
swab, nasopharyngeal lavage, or nasopharyngeal aspiration) or in
the lower respiratory tract (i.e. by endotracheal aspiration or
bronchoalveolar lavage), respectively.
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Progression of URTI to LRTI was defined by new-onset lung
infiltration on radiology, hypoxemia, or lower respiratory tract
virus detection in a patient who initially presented with URTI.
Coinfection was defined by the identification of another pathogen
(bacterial, viral, or fungal) within 3 days before or after a positive
RSV-PCR result. Data regarding coinfection at the time of
progression to LRTI were also collected.

An episode was considered multiple episodes when there was a
four-week time interval between two positive PCR results for RSV
or a negative PCR result between two episodes. Nosocomial RSV
was defined by the occurrence of RSV infection at least 72 h after
the patient’s hospital admission, provided that signs and
symptoms related to the infection were not present at the time
of admission.

Lymphoproliferative diseases included
lymphoid leukaemia, and myeloma.

All-cause mortality was defined as any death within the 90 days
following the diagnosis of RSV infection. RSV-attributable mortality
was defined as death due to respiratory failure with no cause
other than identified RSV. Acute or chronic graft-versus-host
disease (GVHD) was evaluated at the time of RSV diagnosis [26].

lymphoma, chronic

ISI and SID score

All patients were classified according to the criteria of both the ISI
and the SID score at the time of RSV diagnosis (Supplementary
Table 1). The ISl ranged from 0 to 12, calculated as follows [16, 171:
three points for either neutropenia <0.5 x 10%/ or lymphopenia
<0.2 x 10%/; two points for age =40 years; and one point each for
myeloablative conditioning regimen, GVHD, corticosteroid therapy
within 30 days before RSV infection, recent HSCT (less than
1 month prior) or no engraftment. Allogeneic HSCT recipients
were then stratified into risk levels for severe RSV infection: low
risk (ISI, 0-2); moderate risk (ISI, 3-6); and high risk (IS, 7-12). The
SID score was also used to classify patients into three categories:
moderate immunodeficiency (MID); severe immunodeficiency
(SID); and very severe immunodeficiency (verySID). MID was
defined as follows: HSCT >6 months prior; B or T lymphocyte
depletion >3 months; neutropenia >0.5x 10%/I and lymphocyte
count >0.1 x 10°/l; GVHD < grade 2 or untreated; and hypogam-
maglobulinemia >6.5 g/L. In contrast, SID was defined by one and
verySID was defined by two or more of the following risk factors:
HSCT < 6 months prior; B or T lymphocyte depletion <3 months;
neutropenia <0.5 x 10%/1; lymphopenia <0.1 x 10°/l; GVHD grade
=2 or treated; and hypogammaglobulinemia <6.5 g/L [11, 271.

Statistical analysis

Descriptive statistics, namely, the median with the interquartile
range (IQR), or percentages are reported. Only the first episode of
infection was considered for survival analyses, starting from the
date of diagnosis to the date of death or the last follow-up. The OS
distribution was estimated by the Kaplan-Meier method, while
mortality attributable to RSV was estimated by cumulative
incidence curves in a competing-risks setting where death from
other causes was defined as a competing risk event. For the
cumulative incidence of LRTI, only subjects with URTI were
considered, with the death without progression defined as a
competing risk outcome. Prediction models were cause-specific
Cox models, with the cause-specific hazard ratio (HR) as the
measure of the effect reported with the 95% confidence interval
(Cl). Univariable models were fitted, and multivariable models
were used, including factors associated with the outcome at the
10% level. A stepwise selection procedure was used based on the
Akaike criterion. Log-linear relationships were checked using
generalized additive models with splines, while proportional
hazards assumptions were checked by the Grambsch and
Therneau statistical test [28]. Last, we reran the analyses
specifically on the adult patients (age = 18yrs), given the SID
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Table 1. Baseline characteristics at the first episode of RSV infection. Table 1 continued
Characteristics, n (%) Total LRTI URTI Characteristics, n (%) Total LRTI URTI
(n=147) (n=53) (n=94) (n=147) (n=53) (n=94)
Age at allogeneic HSCT,  40.2 49.2 36.22 Corticosteroid therapy 71 (48.3) 26 (49.1) 45 (47.9)
year, median [IQR] [22.0; 56.6] [32.7;57.8]  [19.4; 54.5] in the prior 30 days
Male 1 (61.9) 33 (62.3) 58 (61.7) B cell depletion® 14 (9.5) 6 (11.3) 8 (8.51)
Haematological disease RSV respiratory syncytial virus, LRTI lower respiratory tract infection, URTI
. upper respiratory tract infection, HSCT haematological stem cell transplan-
Hae_matOIOg'caI 131 (89.1) 9 (92.5) 82 (87.2) tation, /QR interquartile range, CLL chronic lymphoid leukaemia, CML
malignancy chronic myeloid leukaemia, GVHD graft-versus-host disease, IVIG intrave-
Non-malignancy 6 (10.9) 4 (7.5) 12 (12.8) nous polyclonal immunoglobulins.
Underlying disease *Ten out of 10 and nine out of 10 allelic unrelated donors and cord blood
transplants, respectively.
Acute leukaemia 65 (44.2) 26 (49.1) 39 (41.5) bCycIosporine, tacrolimus.
CLL 1(0.7) 0 1(1.1) CAll patients received rituximab (10 patients within the three months prior
to RSV infection and four patients between four months and six months
ML 534) 3(67) 2(20) prior to RSV infection).
Lymphoma 22 (14.9) 10 (18.9) 12 (12.8)
Myeloma 12 (8.1) 5(94) 7(7.4) score has been only developed on such a population [11] while
Myelodysplastic 10 (6.8) 1(1.9) 9 (9.6) the cohort used for the ISl also included children [16, 17].
syndrome All the analyses were carried out in R 3.6.2 (http://www.R-
Myeloproliferative 1(0.7) 0 1(1.1) project.org).
syndrome
Myelofibrosis 10 (6.8) 2 (3.8) 8 (8.5)
. . RESULTS
Sickle cell disease 9 (6.1) 2 (3.8) 7 (7.4) Patients
Medullary aplasia 7 (47) 238 5(5.3) Over a nine-year period, 251 samples from allogeneic HSCT
Other 5 (3.4) 1(1.9) 4(42) patients tested positive for RSV by PCR, including samples from
Donor 147 patients who developed a total of 154 RSV episodes: 140
patients developed one episode, and 7 patients developed 2
Related 2 (49) 28 (52.8) 44 (46.8) episodes. The study population included adults and children
Unrelated? 5 (51) 25 (47.2) 50 (53.2) (age < 18, n = 29), with a median age at the time of HSCT of 40.2
Stem cell source years (IQR: 22-56.6). Baseline characteristics are summarized in
Peripherical 116 (78.9) 6 (86.8) 70 (74.5) Table 1. Of these 147 patients, 94 (63.9%) presented with URTI and
stem cells 53 with LRTI (36.1%) at the time of diagnosis with RSV infection.
There were 11 (7.5%) cases of nosocomial infection (4 LRTI and 7
O I EE 15 (e 2 (ehe) (ERIEE) URTI cases). The characteristics of the first episode of RSV infection
Cord blood 16 (10.9) 5(9.4) 11 (11.7) are shown in Table 2.
Conditioning regimen
Myeloablative 59 (40) 20 (37.7) 39 (41.5) %:'“0":;5 ol 53 ths (QR: 9.1-36.6). A total of 53
. e median follow-up was 23 months :9.1-36.6). A total o
erc])tg:ﬁr:nocyte 73 49.7) 23 (434) 50(53.2) deaths occurred, including 14 within the first 90 days after RSV
diagnosis, with an estimated 90-day survival of 90.5% (95% Cl:
Whole-body 61 (41.5) 25 (47.2) 36 (38.3) 85.9-95.3%) (Fig. 1). Nine deaths were attributable to RSV, all of
lgdliation which occurred within the first 90 days. The cumulative RSV-
Haematological status at RSV infection attributable mortality rate at 90 days was 5.4% (95% Cl: 2.5-10.0)
Complete remission 109 (74.2) 40 (75.5) 69 (73.4) (Fig. 2). There was no significant difference in survival between
Relapse 12 (8.2) 4(7.6) 8 (8.5) LRTI and URTI (Fig. 1). The stratification of disease severity
Partial remission 8 (5.4) 5 (0.4) 3(32) according to either the ISI or SID score did not demonstrate any
’ ’ : difference in either overall mortality or RSV-attributable mortality
GVHD both for the entire cohort and those restricted to the adults (Fig. 1;
Acute GVHD 31 (21.1) 4 (26.4) 17 (18.1) supplementary Figure 2; Supplementary Fig. 3).
Ty — 30 (81.1) 3 (92.9) 17 (73.9) | TEe re;ult; of the lprognofstgi(c) gnalyses_ar? ripofrted in Te}ble _Z
) n the univariate analyses of 90-day survival, the factors selecte
Gniille GG © k) ZEACI5) ) at the 5% level were the same, with the addition of hypogam-
Moderate/severe 9 (79) 7 (70.8) 32 (84.2) maglobulinemia (HR = 3.91; 95% Cl: 1.09-14.01; p = 0.036). In the
Bronchiolitis obliterans 9 (12.9) 1 (20.8) 8 (8.5) multivariable analysis, only age was added to the other
syndrome prognostic information, encompassing the whole follow-up
Immunosuppressive 122 (82.9) 2 (79.3) 80 (85.1) period (Table 3, Supplementary Fig. 1). When restricting on adult
treatment patients, only leukocytes count below 2 Giga/L (HR = 2.56; 95%Cl:
Calcineurin inhibitor® 0 (73.8) 7 (64.3) 63 (78.8) 1.20-5.56; p = 0.015),and use of corticosteroids within 30 days of
RSV infection (HR=12.16; 95%Cl: 1.22-3.84; p =0.009) were
Mycophenolate 7 (22.1) 0 (23.8) 17 (21.3) associated with the outcome.
mofetil
Methotrexate 11 (9) 3(7.1) 8 (10) Progression to LRTI
Others 11 (9) 4 (9.5) 7 (8.8) Of the 94 patients with URTI, 13 progressed to LRTI, with a
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cumulative incidence of progression of 13.8% at 90 days (95% Cl:
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Table 2. Characteristics of RSV infection.

Characteristics
Median delay from allogeneic HSCT to RSV infection (days, IQR)

PCR sample
Nasal swab
Nasopharyngeal aspiration
Bronchoalveolar lavage
Coinfection®
Viral coinfection
Bacterial coinfection
Fungal coinfection
Biology
ALC<0.5 x 107/
ALC<0.2x10%/I
ANC <0.5x 107/
Hypogammaglobulinemia <6.5 g/I
Hypogammaglobulinemia <4.5 g/I
Progression to LRTI
Hospital admission
ICU
Mechanical ventilation
Overall deaths
Deaths at 90 days
Deaths attributed to RSV
Treatment for RSVP
Ribavirin
Ribavirin + IVIG
IVIG
SID score (range)
Low (MID)
Moderate (SID)
High (verySID)
ISI (range)
Low
Moderate
High

Total (n=147) LRTI (n =53) URTI (n =94)
196 272 174.5
[86; 411.5] [105; 608] [74.5; 345]
80 (54.4) 30 (56.6) 50 (53.2)
64 (43.5) 20 (37.7) 44 (46.8)
3(2) 3 (5.7) 0
58 (39.4) 29 (54.7) 29 (30.9)
38 (25.8) 10 (18.9) 28 (29.8)
23 (15.7) 22 (41.5) 1(1.1)
3 (2.0) 3 (5.7) 0
52 (35.4) 21 (39.6) 31 (32.9)
21 (14.3) 10 (18.9) 11 (11.7)
16 (10.9) 5(9.4) 11 (11.7)
73 (49.7) 24 (45.3) 49 (52.1)
38 (52.1) 15 (62.5) 23 (46.9)
13 (13.8) = 13 (13.8)
63 (42.9) 41 (77.4) 22 (23.4)
7 (4.7) 4 (7.6) 3 (3.2)
4 (57.1) 2 (50) 2 (66.7)
53 (36.1) 23 (43.4) 30 (31.9)
14 (9.5) 6 (11.3) 8 (8.5)
9 (6.1) 4 (7.6) 5 (5.3)
45 (30.6) 19 (35.8) 26 (27.7)
15 (33.3) 7 (36.8) 8 (30.8)
7 (15.6) 4 (21.1) 3(11.5)
19 (42.2) 7 (36.8) 12 (46.2)
2 [1;3] 2 [1;3]
15 (10.2) 7 (13.2) 8 (8.5)
36 (24.5) 9 (16.9) 27 (28.7)
96 (65.3) 37 (69.8) 59 (62.8)
3 [3;4] 2 [2;3]
62 (42.2) 12 (22.6) 50 (53.2)
77 (52.4) 38 (71.7) 39 (41.5)
8 (54) 3(5.7) 5(5.3)

RSV respiratory syncytial virus, LRTI lower respiratory tract infection, URTI upper respiratory tract infection, HSCT haematologic stem cell transplantation, IQR
interquartile range, GVHD graft-versus-host disease, ALC absolute lymphocyte count, ANC absolute neutrophil count, SID score severe immunodeficiency score,
MID moderate immunodeficiency, SID severe immunodeficiency, IS/ immunodeficiency scoring index.

#Coinfection, including by viruses (Rhinovirus n =12, Coronavirus n =10, Enterovirus n =10, Influenza virus n =6, Parainfluenza virus n =7, adenovirus n =4,
metapneumovirus n =1 and bocavirus n = 1), bacteria (Streptococcus pneumonae n = 6, Klebsiella pneumonae n = 4, Pseudomonas aeruginosa n = 4, Branhamella
catarrhalis n = 4, Haemophilus influenzae n = 3, Escherichia coli n = 1, others n =), and fungi (Aspergillus fumigatus n = 3).

PFour patients were included in a randomized trial (presatovir vs placebo).

7.8-21.6) (Fig. 3). The ISl identified three groups of patients with a
specific risk for progression to LRTI (p =0.0008). In contrast, the
SID score could not predict progression to LRTI (p = 0.43) (Fig. 3).

The results of the univariable analyses identifying risk factors for
progression are reported in Table 4. In the multivariable model,
only a history of B cell depletion (HR =5.7; 95% Cl: 1.47-22.2) and
the ISl (moderate: HR=5.9; 95% Cl: 1.25-27.7; high: HR = 27.5;
95% Cl: 4.3-175) remained significantly associated with LRTI. On
the subsample of 118 adult patients, only one patient had a high
ISI score; similar predictors were selected, namely history of B cells
depletion (HR = 12.1; 95% Cl: 2.20-66.5) and the ISI (moderate: HR
=5.23; 95% ClI: 1.00-27.3), with additional decreased hazard of

Bone Marrow Transplantation (2021) 56:3032 - 3041

LRTI though statistically non-significant for verySID patients (HR =
0.22; 95%Cl: 0.04-1.13; p = 0.070) (supplementary Figure 4).

DISCUSSION
Our results show that the ISI but not the SID score was predictive
of progression from RSV-URTI to LRTI in a multicentre retro-
spective cohort of allogeneic HSCT recipients. However, we found
that neither of these scores predicted either overall mortality or
RSV-attributable mortality.

RSV-associated mortality was the primary endpoint of previous
studies, including overall RSV-associated mortality for the SID

SPRINGER NATURE



A.-L. Houist et al.

3036

a Strata All Strata LRTI == URTI
1.00 1.00
> 0.75 > 0.75
3 3
E 8
[ <
a 0.50 a 0.50
g g
> >
% =]
0.25 ® 025
P=0.27
0.00 0.00
0 20 40 60 80 0 20 40 60 80
Time in months Time in months
Number at risk Number at risk
< ]
s s
17 17
0 20 40 60 80 0 20 40 60 80
Time in months Time in months
c Strata Low Intermediate =+ High d Strata Low Intermediate =+ High
1.00 4 X 1.00 A —|
> 075 \*‘w.,a_h‘w > 0751
5 v s
e T . E
S 0.50 4 T S 0.50 A
© [
2 2
£ £
=3 p=3
(7] (7]
0.25 A 0.25 4
P=0.54 P=0.16
0.00 1 0.00 A
0 20 40 60 80 0 20 40 60 80
Time in days Time in days
Number at risk Number at risk
< ]
© s
o == |96 53 23 11 3 B» = |8 7 4 3 2
0 20 40 60 80 0 20 40 60 80
Time in days Time in days

Fig. 1

Kaplan-Meier curves of survival after RSV diagnosis. a Overall survival in the whole population of patients. b overall survival

according to the site of infection. ¢ overall survival within 90-days according to the risk groups defined by the Severe ImmunoDeficiency
score. d overall survival within 90-days according to the risk groups defined by Immunodeficiency scoring index.
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Fig. 2 Cumulative incidence of death according to the cause,
either related to RSV or not. Left plots refer to overall mortality,
right plots refer to 90-day mortality.
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score and 90-day RSV-associated mortality for the ISI. Because it is
usually difficult to establish a single cause of death in allogeneic
HSCT patients, in whom mortality is often multifactorial and
involves numerous associated complications [21, 29], classification
errors are probable in retrospective cohorts. Therefore, as carried
out in previous studies [9, 30-32], we primarily analysed OS and
truncated survival at 90 days as prognostic factors. We subse-
quently extended the study to include RSV-associated mortality
for comparison with previous studies.

Our study highlights the recent epidemiology of RSV infection
in allogeneic HSCT patients. We found an overall mortality rate of
9.5% at 90 days and a cumulative RSV-attributable mortality rate
of 5.4%. Furthermore, few patients required transfer to the
intensive care unit (ICU). In studies conducted in the 1990s-
2000s, the RSV-attributable mortality rate was between 30% and
80% [10, 33, 34], whereas more recent studies found an RSV-
attributable mortality rate of 6-10% [9, 12, 30]. In the specific
cohorts of the ISl and the SID score, the RSV-attributable mortality
rate was 8% and 18%, respectively.

The differences between our cohort and both the SID score and
ISI cohorts may explain the lack of full validation of both scores.
Both the ISI and the SID score are based on older cohorts of
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Table 3. Univariate and multivariate prognostic analyses for overall survival.

Parameters
Age at allogeneic HSCT
Age at RSV infection

>25 years

>40 years
Allogeneic HSCT

<6 months prior

<1 month prior
Sex (F)
Lymphoproliferative disease
Stem cell source

Peripheral blood stem cells

Bone marrow

Umbilical cord blood
Myeloablative conditioning regimen
Whole-body irradiation
Antithymocyte globulin®
B cell depletion®
Coinfection

Viral

Bacterial
Site of infection

LRTI

URTI
Nosocomial RSV infection
Leukocytes > 2 x 10%/1
ALC>0.5 x 10%/
ALC<0.2x10%/I
ALC<0.1x10°%/I
ANC > 0.5x 10°/I
ANC<0.5 x 107/
Hypogammaglobulinemia <6.5g/I
Hypogammaglobulinemia <4.5g/I
No immunosuppressive treatment
No acute GVHD grade 22 or treated
Bronchiolitis obliterans syndrome
Corticosteroid therapy in the prior 30 days
Anti-RSV treatment®
SID score

Low (MID)

Moderate (SID)

High (verySID)
ISI

Low

Moderate

High

Univariate analyses

N
147

106
78

68
19
56
35

116
15
16
59
61
73

58
38
23

94
11
127
95
21
12
131
16
73
38
25
117
19
71
45

15
36
96

62
77
8

HR (95% Cl)
1.03 (1.01-1.04)

4.71 (1.88-11.85)
1.7 (0.97-2.98)

1.26 (0.73-2.16)
0.61 (0.24-1.55)
1.14 (0.66-1.97)
1.58 (0.89-2.82)

1.00
0.58 (0.21-1.62)
0.63 (0.25-1.58)
0.44 (0.24-0.81)
0.92 (0.53-1.59)
1 (0.58-1.7)
1.71 (0.77-3.79)
0.96 (0.5-1.67)
9 (0.48-1.68)
0.92 (0.43-1.95)

1.00
0.74 (0.43-1.27)
0.21 (0.03-1.54)
0.87 (0.41-1.84)
0.77 (0.44-1.33)
0.78 (0.35-1.73)
0.36 (0.1-1.25)
6 (0.58-4.45)
0.62 (0.22-1.73)
1.65 (0.96-2.86)
1.28 (0.63-2.62)
0.69 (0.32-1.46)
0.49 (0.27-0.88)
1.06 (0.48-2.35)
1.63-5.15)

9 (
0.89 (0.49-1.6)

1.00
1.62 (0.52-5.02)
1.77 (0.63-4.98)

1.00
1.34 (0.77-2.35)
0.27 (0.04-2.02)

P value
0.0005

0.001
0.064

0.40
0.30
0.64
0.12

0.30
0.32
0.008
0.77
0.99
0.19
0.90
0.73
0.82

0.28
0.12
0.71
0.34
0.54
0.11
0.37
0.37
0.072
0.49
0.33
0.018
0.89
0.0003
0.69

0.41
0.28

0.30
0.20

Multivariate analysis

HR (95% CI)
1.28 (1.11-1.48)

P value
0.00089

Cl confidence interval, HSCT haematologic stem cell transplantation, GVHD graft-versus-host disease, RSV respiratory syncytial virus, SID score severe
immunodeficiency score, MID moderate immunodeficiency, SID severe immunodeficiency, IS/ immunodeficiency scoring index, ALC absolute lymphocyte

count, ANC absolute neutrophil count, URTI upper respiratory tract infection, LRTI lower respiratory tract infection.

“at the time of conditionning.

PAll patient received rituximab (10 patients within the three months prior to RSV infection and four patients between four months and six months prior to RSV

infection).
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Fig.3 Cumulative incidence of LRTI in patients with initial URTI. Overall (left plot) or according to the SID score (middle plot) or the ISI (right

plot).

patients diagnosed with RSV infection between 1996 and 2009
and 2002 and 2007, respectively. The diagnosis of RSV infection
was based exclusively on viral culture or direct immunofluores-
cence antibody testing (DIFT) in the ISI cohort, whereas only RSV-
PCR, which is actually used in clinical practice, was used for
diagnosis in our cohort. More than 90% of the patients from the
SID score cohort underwent RSV-PCR, but the study included only
34 patients, with 27 HSCT recipients [11]. PCR, used in the most
recent studies, is much more sensitive than viral culture or DIFT for
the identification of any community-acquired respiratory virus
(CARV) and allows the detection of lower viral loads [11].
Therefore, it enables the diagnosis of milder RSV infections.
Furthermore, testing patients before they undergo HSCT during
RSV epidemics allows the delay of HSCT if the test is positive,
thereby preventing severe RSV infection occurring early post-HSCT
[35]. Thus, more recent studies include a higher proportion of URTI
cases than older studies, including more RSV-LRTI cases, with
higher mortality rates [36, 37].

We included only allogeneic HSCT patients, including both
children and adults, in contrast to the SID score cohort, which
considered only adults treated with both autologous and
allogeneic HSCT. The prognosis of RSV infection in autologous
HSCT patients compared to allogeneic HSCT patients is discordant
in the literature [14]; some studies found no difference [15, 21, 31],
while others showed increased severity in allogeneic HSCT
patients [38, 39]. Data in paediatric allogeneic HSCT patients are
limited. However, while children most often receive myeloablative
conditioning, the RSV-attributable mortality rate seems to be
lower in children than in adults (<5%) [40].

The characteristics of our patients also differed somewhat from
those in the ISI cohort. First, the median time from HSCT to RSV
infection was longer in our study (196 days) than in the ISI study
(155 days). Second, our patients were younger (40.2 vs 47 years).
Finally, we included patients with LRTI, whereas the ISI cohort
focused on patients with URTI.

Other studies have assessed these scores in cohorts of
allogeneic HSCT recipients infected with various CARVs, including
variable proportions of patients infected with RSV [8]. The results
regarding the validation of these scores are discordant among the
different studies regarding both mortality and progression to LRTI
[9, 12, 30-32, 37, 41, 42]. Only one study focused on 45 RSV
infections in adult allogeneic HCT recipients exclusively diagnosed
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by PCR [42]. The authors could validate the ISI for mortality but not
for LRTI progression [42].

We found that only advanced age was an independent risk factor
for overall and 90-day mortality in our entire cohort. Age was taken
into consideration only in the ISI and not in the SID score [11, 16].
We identified other risk factors for mortality in univariable analyses
that are consistent with the variables included in either the ISl or SID
score, i.e. GVHD and corticosteroid therapy. We also found that
hypogammaglobulinemia <6.5g/l was associated with 90-day
mortality, whereas this variable is only part of the SID score and
not the ISI. Surprisingly, we did not identify low lymphocyte or
neutrophil counts as prognostic factors for either overall or 90-day
mortality, whereas they were associated with progression to LRTI.
Similarly, we did not find any difference in prognostic impact
between URTI and LRTI. The lack of a difference in mortality
between LRTl and URTI can be explained by our low rate of
presumptive LRTI among all LRTI cases (5.7% vs 58.3% in the SID
score cohort). Waghmare et al. showed that possible LRTI can be
misleading and that the prognosis was worse in presumptive LRTI
[43]. In contrast to other studies, we found that myeloablative
conditioning was associated with better survival. Our discordant
result could be attributable to the widespread use of nonmyeloa-
blative conditioning regimens in adults, representing 60% of our
entire cohort and 73% of our adult population. Only 58% of patients
in the ISl cohort and 33% in the SID score cohort underwent
nonmyeloablative conditioning. Notably, 46% of our patients who
underwent myeloablative conditioning were less than 18 years old,
and no deaths were observed in this young population.

Multivariate analysis confirmed that both moderate- and high-
risk patients according to the ISI were at risk for progression to
LRTI. The prediction of LRTI progression was not significant for the
SID score, although no patients progressed to LRTI in the lower-
risk group.

Because RSV infections in pediatric allogeneic HCT recipients
may differ from those occurring in adult HCT recipients, we reran
the analyses by removing the 29 children from our cohort. Of
note, the ISl cohort included children but not the SID score cohort.
Results did not change regarding both predictions for mortality
and LRTIl. However, a low leukocytes count was identified as
another factor associated with mortality.

Based on a recent, large multicentric retrospective cohort of
allogeneic HSCT recipients with PCR-confirmed RSV infection, we
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Table 4. Univariate and multivariate analyses for progression to lower respiratory tract infection in patients with upper respiratory tract infection.

Univariate analysis

Multivariate analysis

Parameters N HR (95% Cl) P value HR (95% CI) P value
Age at allogeneic HSCT 94 1 (0.97-1.02) 0.86
Age at diagnosis
>25 years 62 0.82 (0.27-2.5) 0.72
>40 years 42 1.11 (0.37-3.3) 0.85
Allogeneic HSCT
<6 months prior 48 2.28 (0.7-7.4) 0.17
<1 month prior 13 4.19 (1.37-12.83) 0.012
Sex (F) 36 0.68 (0.21-2.22) 0.53
Lymphoproliferative disease 20 0.69 (0.15-3.11) 0.63
Graft procedure
Peripheral blood stem cells 70 1.00
Bone marrow 13 0.57 (0.07-4.52) 0.60
Umbilical cord blood 11 2.09 (0.57-7.73) 0.27
Myeloablative conditioning regimen 39 0.87 (0.28-2.66) 0.81
Whole-body irradiation 36 1.04 (0.34-3.17) 0.95
Antithymocyte globulin® 50 1.06 (0.36-3.16) 0.92
B cell deplt—.‘tionb 8 3.93 (1.08-14.31) 0.038 5.72 (1.47-22.2) 0.012
Coinfection 29 1.02 (0.31-3.3) 0.98
Nosocomial infection 7 1.04 (0.14-8) 0.97
Leukocytes > 2 x 107/ 81 0.21 (0.07-0.65) 0.007
ALC > 0.5 x 10%/I 63 0.28 (0.09-0.86) 0.026
ALC<0.2x10%/ 11 12.35 (4.12-37.07) <0.0001
ALC<0.1x10%/ 7 3.93 (0.97-15.91) 0.055
ANC > 0.5 x 10%/1 83 0.26 (0.08-0.84) 0.024
ANC £0.5x 10%/1 11 3.89 (1.19-12.67) 0.024
Hypogammaglobulinemia <6.5g/I 49 1.13 (0.38-3.38) 0.82
Hypogammaglobulinemia <4.5g/I 23 0.44 (0.009-2.29) 0.33
No acute GVHD grade >2 or treated 77 0.71 (0.2-2.58) 0.60
Bronchiolitis obliterans syndrome 8 2.02 (0.45-9.11) 0.36
Corticosteroid therapy in the prior 30 days 45 1.83 (0.6-5.61) 0.29
Anti-RSV treatment® 26 2.54 (0.85-7.57) 0.094
SID score 94 1.46 (0.93-2.31) 0.10
ISI 94 1.54 (1.24-1.92) <0.0001
Low 50 1.00 1.00
Moderate 39 5.66 (1.2-26.67) 0.028 5.9 (1.25-27.7) 0.025
High 5 19.99 (3.3-121.02) 0.001 27.5 (4.3-175) 0.000046

Cl confidence interval, HSCT haematologic stem cell transplantation, GVHD graft-versus-host disease, RSV respiratory syncytial virus, SID score severe
immunodeficiency score, IS/ immunodeficiency scoring index, ALC absolute lymphocyte count, ANC absolute neutrophil count.

“at the time of conditioning.

PAll patients received rituximab (within the three months prior to RSV infection for x patients and between four months and six months prior to RSV infection

for y patients).

“Ribavirine and/or intravenous polyclonal immunoglobulins.

confirmed a reduction in morbidity and mortality compared with
historical cohorts. This result could explain why we could not fully
validate either the ISI or the SID score, specifically regarding the
prediction of mortality. However, we confirmed that immunosup-
pressive factors were determinants for both progression from URTI
to LRTI and mortality. The impact of RSV treatment was not found
to be a significant prognostic factor, but our study was not
appropriately designed to assess this outcome. Our study provides
recent information on cases of RSV infection diagnosed by PCR
and should help to better design future trials.
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