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s u m m a r y 

Background: There is a lack of studies comparing clinical outcomes among retrospective versus prospec- 

tive cohorts of allogeneic stem cell transplant (allo-HCT) recipients with community acquired respiratory 

virus (CARV) infections. 

Methods: We compare outcomes in two consecutive cohorts of allo-HCT recipients with CARV infections. 

The retrospective cohort included 63 allo-HCT recipients with 108 CARV infections from January 2013 

to April 2016 who were screened and managed following standard clinical practice based on influenza 

and respiratory syncytial virus rapid antigen detection methods. The prospective cohort was comprised 

of 144 consecutive recipients with 297 CARV episodes included in a prospective interventional clinical 

surveillance program (ProClinCarvSur-P) based on syndromic multiplex PCR as first-line test from May 

2016 to December 2018 at a single transplant center. 

Results: CARV infections in the retrospective cohort showed more severe clinical features at the time 

of diagnosis compared to the prospective cohort (fever 83% vs. 57%, hospital admission 69% vs. 28% and 

lower respiratory tract 58% vs. 31%, respectively, p ≤ 0.002 for all comparisons). Antiviral therapy was 

more commonly prescribed in the prospective cohort (69 vs. 43 treated CARV episodes), particularly at 

the upper respiratory tract disease stage (34 vs. 12 treated CARV episodes). Three-month all-cause mortal- 

ity was significantly higher in the retrospective cohort ( n = 23, 37% vs. n = 10, 7%, p < 0.0 0 01). Multivari- 

ate logistic regression analysis showed that recipients included in ProClinCarvSur-P had lower mortality 

rate [odds ratio 0.31, 95% confidence interval 0.12–0.7, p = 0.01]. 

Conclusion: This study report on outcome differences when reporting retrospective vs. prospective CARV 

infections after allo-HCT. Recipients included in a ProClinCarvSur-P had lower mortality. 

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Respiratory tract infections are the second leading cause of

ortality and morbidity worldwide 1 and community acquired
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espiratory viruses (CARV) are the most common cause. 2 This

tatistic and the recent 2009 H1N1 influenza pandemic have

aised awareness in national and transnational health authorities

ho support developing CARV epidemiological survey systems. 3–6 

hese monitoring activities definitely contribute to health im-

rovement and are extremely useful for national policy makers in

dentifying groups at high risk and for selecting influenza strains

or yearly vaccine production. However, these systems get positive

ARV results derived from standard clinical practice (StCP) through
eserved. 
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sentinel centers. Currently, StCP focuses on testing influenza and

respiratory syncytial virus (RSV) using either rapid antigen de-

tection or RT-PCR test in patients with respiratory symptoms

requiring hospital admission. 7 , 8 Consequently, the current survey

systems have substantial limitations in the knowledge regarding

epidemiology and relevance of other CARV types. 

The seasonality of CARV infections in allogeneic hematopoietic

stem cell transplantation (allo-HCT) recipients mirrors the inci-

dence of infection in the community. 9 However, CARV infections in

immunocompromised patients, in particular recipients of allo-HCT,

are more severe than in the general population, showing long viral

shedding, higher rates of progression from the upper (URTD) to

the lower respiratory tract disease (LRTD) and higher mortality

rates, irrespective of the CARV type. 10–12 In these patients, StCP

focused on influenza and RSV seems suboptimal since this strategy

led to significant mortality rates after any CARV LRTD ranging

from 6% to 83%. 13–17 This fact emphasize that actions are required

to improve outcomes in this scenario. 

The implementation of prospective interventional clinical CARV

surveillance programs (ProClinCarvSur-P) in transplant centers, ex-

panding virus detection through syndromic multiplex PCR pan-

els as a first-line test 13 , 18 could be of value to this aim. Such a

program should ideally include the following elements: informa-

tion/education on CARV infections/transmission, facilities for im-

mediate risk-assessment, diagnosis and monitoring, the availability

of highly sensitive syndromic multiplex PCR platforms, a real-time

alert system for practitioners and an updated CARV management

protocol including transmission control measures. The expected

clinical benefits would be identifying CARV at an earlier stage of

the disease (at the beginning of respiratory symptoms and before

hospital admission), limiting outbreak situations and timely ther-

apy with antiviral drugs or supportive care measures. The final end

point would be a reduction in direct (CARV transmission, progres-

sion to LRTD, hospital and/or ICU admission and mortality) 19 and

indirect CARV effects (air flow obstruction, bacterial co-infection,

COPD exacerbations and/or cardiovascular events and all-cause

mortality). 20 , 21 To date there is a lack of studies demonstrating the

clinical benefit of conducting such a program compared to StCP. 22 

The current study analyzes the effects of instituting a

ProClinCarvSur-P by comparing clinical outcomes in allo-HCT

recipients with documented CARV infections before and after its

implementation in a single transplant center in Spain. 

Patients and Methods 

Study population and design 

This study included two consecutive cohorts of adult

( > 18 years) allo-HCT recipients with microbiologically-documented

CARV infection diagnosed at the hematology division of the Hos-

pital Universitari i Politècnic La Fe in Valencia, Spain from January

2013 to December 2018. The institutional review boards approved

the study in accordance with the Declaration of Helsinki and

informed consent was obtained from patients included in the

prospective cohort. 

The first cohort (retrospective cohort) included all allo-HCT

recipients with documented CARV infection episodes diagnosed

between January 2013 and April 2016 (40-month period). The

second cohort (prospective cohort) was comprised of consecutive

allo-HCT recipients with molecularly-documented CARV infections

who were diagnosed during the ProClinCarvSur-P, between May

2016 and December 2018 (31-month period). 

From January 2013 to April 2016, our allo-HCT CARV StCP

focused on evaluating recipients with respiratory symptoms in

the general emergency unit, where influenza A/B and RSV were

tested by rapid antigen and/or nucleic acid amplification detection
ethods. 7 In cases of negative results and respiratory symptoms

orsening or hospital admission, syndromic multiplex PCR test

as used in specimens of either the upper or lower respiratory

ract provided that radiological signs suggested a viral etiology

ground glass opacities, interstitial infiltrates or bilateral micron-

dules). Influenza was treated with oseltamivir while RSV LRTD

as treated with aerolized ribavirin. 

From May 2016, we carried out the ProClinCarvSur-P in the

ransplant unit which has previously been described, in part,

lsewhere. 9 , 23 The main changes introduced in this period were

early educational/informative clinical sessions for healthcare

orkers (physicians and nurses) and for recipients during the pre-

ransplant workup. Allo-HCT recipients with respiratory symptoms

nderwent CARV screening by syndromic multiplex RT-PCR panels

s a first-line test. We attended recipients with respiratory symp-

oms in the outpatient transplant clinic during working hours.

ransmission control measures were reinforced in the outpatient

linic following guidelines. 24 We assessed the immunodeficiency

coring index (ISI) 25 at the time of CARV screening and established

n electronic real-time alert system for positive CARV results. We

reated RSV and HPiV with oral ribavirin at early stage of the dis-

ase in the outpatient clinic according to our prior interventional

rotocol. 26 Influenza infections were treated with oseltamivir at

ose of 75 mg/12 h or 150 mg/12 h in severe cases or cases

ith long lasting symptoms ( > 3 weeks). In RSV and HPiV, oral

ibavirin was given at a loading dose (maximum daily dose of

0 mg/kg) in the outpatient clinic whereas aerolized ribavirin at

 g/8 h each course lasting 2 h was used in cases with LRTD. We

lso boosted annual flu vaccination awareness information. Finally,

e prospectively collected clinical and laboratory variables at the

ime of CARV screening. Further details of the retrospective and

roClinCarvSur-P cohorts and management are provided in the

atients and Methods Supplementary file. 

ARV episodes analysis criteria and definitions 

The recipients/CARV episodes included in the current study

ad no evidence of disease relapse before CARV detection. In

ecipients who died after developing more than one CARV episode,

e counted the most recent CARV episode for mortality, while the

revious one was censored as alive at the time of the following

ARV episode. We did not routinely check for CARV-negativity. 

URTD was defined as a combination of upper respiratory symp-

oms (rhinorrhea, sinusitis, otitis, or pharyngitis) as well as positive

ARV diagnosis by PCR test in the upper respiratory samples, and

bsence of LRTD symptoms and/or any indication of pulmonary

nfiltrates in chest X-ray or CT scan radiology results. We classified

RTD as possible, probable or confirmed, as previously described. 27 

here were no probable episodes because bronchoscopies were

ot performed in patients without radiological proof of pulmonary

nvolvement. 

echnical and diagnostic considerations 

Patients with URTD and/or LRTD symptoms underwent na-

opharyngeal aspiration, nasopharyngeal swabs or an induced

putum test, while BAL was performed in patients with radio-

ogical signs of LRTD whenever possible. From January 2013 to

pril 2016, first-line CARV screening was based on influeza and

SV rapid antigen detection and/or nucleic acid amplification test

NAAT) through an in vitro rapid immunochromatographic assay

hat detected RSV and Influenza A & B (Alere BinaxNOW 

R ©) and/or

he automated Simplexa TM Flu A/B & VRS Direct assay (SPX, Focus

iagnostics, Cypress, CA), repectvely. At both periods, a RT-PCR

ultiplex platform consisted of the CLART® PneumoVir DNA array
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Table 1 

Patient characteristics in the prospective and retrospective cohort. 

Characteristics Retrospective cohort ( n = 63) Prospective cohort ( n = 144) p value 

Age (years), median (range) 46 (18–65) 44 (16–70) 0.6 

Male, n (%) 37 (58) 81 (56) 0.7 

Baseline disease, n (%) 
• AL and other myeloid disorders 49 108 0.4 
• Lymphoid disorders 13 31 
• Others 1 5 

Disease status at transplant, n (%) 
• CR 54 (86) 99 (69) 0.1 
• PR 2 (3) 12 (8) 
• Refractory/active disease 7 (11) 33 (23) 

Prior Auto-HCT, n (%) 7 (11) 38 (26) 0.03 

Period of transplant, n (%) 
• 2016–2018 2 115 
• 2013–2015 43 15 
• 2010–2012 10 6 
• Before 2010 8 8 

Conditioning regimen, n (%) 
• RIC 15 (24) 60 (42) 0.04 

Type of donor, n (%) 
• HLA-identical sibling donor 22 (35) 55 (38) 0.001 
• Unrelated donor 3 (5) 34 (24) 
• Umbilical cord blood 30 (48) 18 (13) 
• Haploidentical family donor 7 (11) 37 (26) 

PB stem cell source, n (% 33 (53) 121 (84) 0.01 

HLA fully-matched, n (%) 25 (40) 89 (62) 0.02 

ATG as a part of conditioning regimen, n (%) 29 (46) 24 (17) 0.001 

GvHD prophylaxis, n (%) 
• Sir-Tac 1 (2) 1 (1) 0.001 
• CsA + MTX 23 (37) 30 (21) 
• Post-Cy 7 (11) 89 (62) 
• CsA + PDN and Others 32 (51) 24 (17) 

Length of observation period, months 40 31 

Number CARV episodes 108 297 

Median time from allo-HCT to CARV, days (range) 252 ( −7-6177) 193 ( −7-4894) 0.03 

Median F/U after CARV, days (range) 613 (6-2147) 217 (1-799) 

Abbreviations : AL, acute leukemia; MDS, myelodysplastic syndrome; MPD, myeloproliferative disease; CR, complete remission; PR, partial remission; Auto-HCT, autologous 

stem cell transplantation; RIC, reduced intensity conditioning; ATG, anti-thymocyte globulin; Sir, sirolimus; Tac, tacrolimus; CsA, cyclosporine A; MTX, methotrexate; Post- 

Cy, post-transplant cyclophosphamide; PDN, prednisone; SC, stem cell; allo-HCT, allogeneic hematopoietic stem cell transplantation; CARV, community-acquired respiratory 

virus; F/U, follow-up. 
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ssay (Genomica, Coslada, Spain). This RT-PCR can detect aden-

viruses (ADVs); human bocavirus (HBoV); human coronavirus

HCoV) types 229E; influenza A virus A/H1N1, A/H3N2; influenza B

nd C; human metapneumovirus (hMPV); HPiV 1, 2, 3, and 4; RSV

-B; and enterovirus/rhinovirus (EvRh). From July 2018 onwards

ARV screening was performed by BioFire FilmArray® Respiratory

anel (BioFire Diagnostics (a bioMerieux company), Salt Lake City,

T). This RT-PCR is able to detect 15 respiratory viruses: influenza

irus types A, B and C (with influenza A subtyping), ADV, HCoV

KU1, NL63, 229E and OC43, hMPV, EvRh, HPiV types 1–4 and

SV, and also detects three bacteria: Mycoplasma pneumoniae,

hlamydia pneumoniae and Bordetella pertussis. 

ndpoints and statistical analysis 

The primary objective was to evaluate the clinical benefit of

roClinCarvSur-P by comparing three-month all-cause mortality

rom the time of CARV diagnosis in recipients receiving StCP

are versus those diagnosed during ProClinCarvSur-P care. Sec-

ndary endpoints included identification of other risk factors (RFs)

ssociated with all-cause mortality and overall survival (OS). 

Frequencies were compared using the χ2 test for categorical

ariables. Differences between medians were compared using the

ann–Whitney U test. Univariate and multivariate analyses of how

roClinCarvSur-P, clinical and biological variables associated with

hree-month all-cause mortality were calculated using logistic

egression models. For multivariate analysis, only variables with

arameter estimates showing a P value ≤ 0.10 in the univariate
nalysis were finally included. Two-sided exact P values were

eported and p values ≤ 0.05 were considered statistically sig-

ificant. OS probabilities of CARV episodes according to different

linical and biological variables was estimated from time of CARV

etection using Kaplan-Meier curves 28 and univariate comparisons

ere made with the log-rank test. 29 The data was analyzed with

he SPSS (version 20.0) statistical package. 

esults 

atient characteristics 

Overall, 207 allo-HCT recipients (63 in the retrospective cohort

nd 144 in the prospective cohort) developed 404 episodes of

ARV URTD and/or LRTD (108 CARV episodes in the retrospective

ohort and 297 in the prospective cohort). Clinical and transplant

haracteristics of both cohorts are detailed in Table 1 . The study

opulation comprised a high-risk cohort, since 63% of the recip-

ents were allografted from alternative donors [adult unrelated

onor (URD), single cord blood units (CBU) or haplo-identical

amily donors]. Donor/recipient human leukocyte antigen (HLA)-

ismatch (considering high resolution typing of HLA A, B, C,

RB1 and DQB1) represented 45% of the cohort. The most notable

ifferences among the cohorts included more CBU allo-HCT and

TG use in the retrospective cohort and more URD, prior HCT and

educed intensity conditioning regimen in the prospective cohort

 p < 0.05 for all comparisons). 
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Table 2 

Type of CARV and mortality by CARV type according to prospective vs. retrospective nature of cohort and CARV upper or lower respiratory tract disease. 

EvRh RSV Influ HPiV hMPV AdV HCoV HBoV 

Prospective CARV episodes, n 126 60 58 48 27 4 15 15 

90-day overall mortality, n (%) a 5 (4) 3 (5) 1 (2) 1 (2) 0 0 0 0 

CARV URTD, n (%) a 91 (72) 42 (70) 40 (69) 30 (65) 16 (59) 3 (75) 12 (80) 12 (80) 

90-day overall mortality, n (%) a 3 (3) 1 (2) 0 1 (3) 0 0 0 0 

CARV LRTD, n (%) a 35 (28) 18 (30) 18 (31) 17 (35) 11 (41) 1 (25) 3 (20) 3 (20) 

90-day overall mortality, n a 2 (6) 2 (11) 1 (6) 0 0 0 0 

Retrospective CARV episodes, n 24 43 31 15 11 3 0 1 

90-day overall mortality, n (%) a 6 (25) 11 (26) 4 (13) 4 (27) 4 (36) 1 (25) - 0 

CARV URTD, n (%) a 11 (46) 14 (32) 14 (45) 7 (46) 4 (36) 0 - 0 

90-day overall mortality, n (%) a 0 0 0 0 0 - - - 

CARV LRTD, n (%) a 13 (54) 29 (68) 17 (55) 8 (54) 7 (64) 2 (75) - 1 (100) 

90-day overall mortality, n (%) a 6 (46) 11 (38) 4 (23) 4 (50) 4 (57) 1 (50) - 0 

Abbreviations : CARV, community-acquired respiratory virus; EvRh, Enterovirus/rhinovirus; ADV, adenovirus; RSV, respiratory syncytial virus; HPiV, human parainfluenza virus; 

hMPV, human metapneumovirus; HCoV, human coronavirus; Influ, human influenza virus; AdV, adenovirus; IFD, invasive pulmonary fungal disease; URTD, upper respiratory 

tract disease; LRTD, lower respiratory tract disease. 
a The sum total of the episodes does not match the overall number of episodes ( n = 404) since multiple CARVs were detected in the same respiratory sample in 66 (16%) 

CARV episodes. 
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CARV types 

Table 2 summarizes the most common CARV types isolated,

and the corresponding rates of URTD and LRTD in each group.

Although the length of both periods was similar, the retrospective

cohort included only 108 CARV episodes in 63 recipients whereas

the prospective cohort included 297 CARV episodes in 144 recip-

ients. As expected, CARV epidemiology differed between groups.

RSV followed by influenza virus was dominant in the retrospective

group whereas EvRh followed by RSV was the most common CARV

in the prospective cohort. Recipients with LRTD were significantly

higher in the retrospective cohort (58%) than in the prospective

cohort (31%), ( p ≤ 0.0 0 01). 

Clinical and biological characteristics of CARV infection episodes 

Patients’ clinical and biological characteristics at the time of

CARV infection in both groups are summarized in Table 3 . CARV

episodes were diagnosed earlier after stem cell infusion in the

prospective cohort (median of 193 days vs. 253 days, p = 0.03).

Use of immunosuppressant drugs and higher ISI score were signif-

icantly over-represented in the retrospective cohort ( p ≤ 0.05 for

all comparisons). CARV infections in this group were characterized

by higher rates of fever, hospital admission and antiviral therapy

( p ≤ 0.002 for all comparisons). 

With regards to the time of antiviral therapy (ribavirin and

oseltamivir) in RSV and influenza cases, we compared the

median time in starting antiviral therapy in the StCP vs. the

ProClinCarvSur-P cohort. Although the ProClinCarvSur-P cohort

start antivirals early [median of 3 days (range 0–21 days) vs. 5

days (range 0–83)], the differences did not reach statistical signif-

icance ( p = 0.5). We also compared the timing of antiviral therapy

in the StCP cohort in recipients with RSV and/or influenza viruses

who were diagnosed by rapid detection technics as compared to

those who were diagnosed by syndromic multiplex RT-PCR as a

second diagnostic step. Among the 69 episodes of RSV and/or in-

fluenza (38 RSV, 26 influenza and 5 with both VRS and influenza)

52 episodes (75%) were diagnosed by rapid detection tests whereas

17 episodes (25%) were diagnosed by syndromic multiplex PCR

in a second step. Eight out of 17 cases diagnosed by PCR (47%)

received antiviral as compared to 32 out of 52 diagnosed by rapid

test (61%) ( p = 0.2). The median time in days of starting antiviral

therapy from the time of diagnosis was 2 days (range 0–30) in the

rapid detection cohort vs. 7 days (range 1–83) in the multiplex

PCR cohort (p = 0.02). Day 90 mortality was 9 out of 52 (17%) in

the rapid test cohort vs. 6 out of 17 (35%) in the multiplex PCR

group ( p = 0.17). 
ortality rates and cause of death 

Death by day 90 after CARV diagnosis occurred in 23 (21%) of

08 CARV episodes versus 10 (3%) of 297 CARV episodes in the

etrospective and prospective cohorts, respectively ( p ≤ 0.0 0 01).

edian time to death was 189 days (range, 35–1032) and 175 days

range, 90–1084) after stem cell infusion, respectively. The overall

hree-month all-cause mortality was 37% (23 out of 63 recipients)

n the retrospective cohort versus 7% (10 out of 144 recipients) in

he prospective cohort ( p < 0.0 0 01). Differences in mortality were

ven higher in recipients with CARV LRTD in the retrospective

ohort (37% vs. 5%, p < 0.0 0 01). We compared causes of death at

ifferent time points among cohorts and we did not find signifi-

ant differences. In the retrospective cohort, 11 recipients died by

ay 30 after CARV documentation due to mixed bacterial/CARV

o-infection ( n = 4), CARV-related respiratory failure ( n = 3), fun-

al/CARV co-infection ( n = 2), GvHD ( n = 1) and disease relapse

 n = 1). By day 60, 7 additional recipients died due to mixed

acterial/CARV co-infection ( n = 2), CARV ( n = 1), fungal/CARV

o-infection ( n = 1), bacterial infection ( n = 1)], GVHD ( n = 1) and

elapse ( n = 1). Finally, 5 more recipients died by day 90 due to

ARV-related respiratory failure ( n = 1), fungal/CARV co-infection

 n = 1), GvHD ( n = 2) and relapse ( n = 1). In the prospective cohort

 recipients died by day 30 due to CARV-related respiratory failure

 n = 1) and pulmonary secondary malignancy ( n = 1). Two other

ecipients died by day 60, one due to CARV respiratory failure

nd another caused by severe GvHD and hemorrhage. Six addi-

ional recipients died by day 90 due to bacterial infection ( n = 2),

ARV-related respiratory failure ( n = 2) and disease relapse ( n = 2).

nalysis of risk factors for three-month all-cause mortality and 

verall survival 

Logistic regression univariate and multivariate analyses of RFs

or three-month all-cause mortality after overall CARV infection

pisodes and LRTD are shown in Table 4 . 

We studied the 404 evaluable recipient/episode pairs to iden-

ify transplant and CARV conditions associated with mortality.

ultivariate analysis identified four RFs: donor/recipient HLA mis-

atch [odds ratio (OR) 5.98, 95% confidence interval (C.I.) 2.1–16.9,

 = 0.001], CARV lower respiratory tract disease (OR 6.6, 95% C.I.

.3–18.7, p ≤ 0.0 0 01), high-risk ISI score (OR 3.1, 95% C.I. 1.2–7.9,

 = 0.01) and ProClinCarvSur-P (OR 0.31, 95% C.I. 0.12–0.7, p = 0.01).

We analyzed episodes of CARV involving LRTD to determine

Fs for mortality in these cases ( n = 156). Multivariate analy-

is identified three independent RFs associated with mortality:

gain, donor/recipient HLA mismatch, high-risk ISI score and
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Table 3 

Clinical and biological characteristics of respiratory virus infection episodes in allo-HSCT recipients according to prospective clinical CARV survey vs. retrospective standard 

clinical practice. 

Prospective CARV Retrospective CARV p value 

( n = 297) ( n = 108) 

Immunodeficiency Scoring Index, n (%) a 

ANC < 0.5 × 10 9 /L (3pts) 21 (7) 18 (17) 0.007 

ALC < 0.2 × 10 9 /L (3pts) 41 (14) 35 (32) < 0.0001 

Age ≥ 40 y (2pts) 181 (62) 67 (62) 0.9 

Myeloablative conditioning regimen (1pt) 182 (61) 85 (78) 0.001 

GvHD (acute or chronic; 1pt) 126 (42) 79 (73) < 0.0001 

Corticosteroids (1pt) 92 (31) 91 (86) < 0.0001 

Recent or pre-engraftment allo-HCT (1pt) 27 (9) 21 (19) 0.008 

ISI, n (%) < 0.0001 
• Low risk (0–2) 114 (38) 10 (9) 
• Moderate risk (3–6) 160 (54) 68 (63) 
• High risk (7–12) 23 (8) 30 (28) 

Other characteristics a 

On IS, n (%) 213 (71) 101 (94) < 0.0001 

ALC < 0.1 × 10 9 /L, n (%) 30 (10) 19 (18) 0.06 

ALC < 0.5 × 10 9 /L, n (%) 73 (25) 49 (45) 0.001 

RVI characteristics and clinical consequences 

CARV LRTD, n (%) 93 (31) 63 (58) < 0.0001 
• Possible 41 (49) 32 (51) 
• Proven 52 (51) 31 (49) 

Hospital admission, n (%) 82 (28) 75 (69) < 0.0001 

Antiviral therapy, n (%) 69 (23) 43 (40) 0.002 
• URTD 34 12 
• LRTD 35 31 
• HPiV b 9 1 

◦ URTD/LRTD 1 / 8 0 / 1 
• RSV b 22 21 

◦ URTD/LRTD 11 / 11 3 / 18 
• Influenza b 46 25 

◦ URTD/LRTD 29 / 17 10 / 15 
• hMPV b 5 4 

◦ URTD/LRTD 2 / 3 0 / 4 

CARV during the first year of allo-HCT, n (%) 108 (36) 39 (33) 1 

Fever during CARV, n (%) 169 (57) 90 (83) < 0.0001 

Co-virus infection 45 (15) 21 (19) 0.3 

Bronchoalveolar lavage 59 (20) 39 (36) 0.001 

Co-bacterial pneumonia 15 (5) 10 (9) 0.1 

Seasonal influenza vaccination 79 (27) 3 (3) < 0.0001 

Day + 30 overall mortality rate, n (%) 2 (0.6) 11 (10) < 0.0001 

Day + 60 overall mortality rate, n (%) 4 (1.2) 18 (17) < 0.0001 

Day + 90 overall mortality rate, n (%) 10 (3) 23 (21) < 0.0001 

Abbreviations : CARV, community-acquired respiratory virus; IFD, invasive pulmonary infectious fungal disease; ATG, anti-thymocyte globulin; GvHD, graft-versus-host disease; 

ANC, absolute neutrophil count; ALC, absolute lymphocyte count; IS, immunosuppressants; LRTD, lower respiratory tract disease; URTD, upper respiratory tract disease; HPiV, 

human parainfluenza virus; RSV, respiratory syncytial virus; hMPV, human metapneumovirus; Allo-HCT, allogeneic hematopoietic stem cell transplantation;. 
a All variables were captured at the time of CARV diagnosis. 
b The sum total antiviral therapies do not match the overall number of antiviral therapies since multiple CARVs were detected in the same respiratory sample. 
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roClinCarvSur-P (OR 6.5, 95% C.I. 1.9–21.8, p = 0.002; OR 3.4, 95%

.I. 1.2–9.5; OR 0.19, 95% C.I. 0.06–0.6, p ≤ 0.02, respectively). 

CARV infection in the retrospective cohort had lower three-

onth OS after CARV diagnosis (78% vs. 97%, p ≤ 0.0 0 01).

ikewise, OS was significantly lower in allo-HCT recipients with

ARV LRTD in the retrospective cohort (63% vs. 94%, respectively,

 ≤ 0.0 0 01) ( Fig. 1 A and B). OS according to variables previously

dentified as RFs for mortality were also significantly lower in the

etrospective cohort ( Table 5 ). 

iscussion 

This study shows that application of ProClinCarvSur-P in

llo-HCT recipients was independently associated with reduced

hree-month all-cause mortality after CARV compared to influenza

nd RSV-based StCP. The significant decrease in mortality rate

as observed not only in relative numbers [21% vs. 3% of CARV

pisodes in the retrospective and ProClinCarvSur-P cohort, re-

pectively], but significantly in absolute numbers [23 out of 63

ecipients (37%) vs. 10 out of 144 recipients (7%) in the retro-
pective and ProClinCarvSur-P cohort, respectively]. Additionally, 

e found that donor/recipient HLA mismatch, CARV LRTD and

igh-risk ISI were also associated with higher mortality. 

The differences in mortality reported herein prompt several

uestions. Was the mortality rate in the retrospective cohort

bnormally high? The first observation was the unusually high

roportion of moderate to high-risk ISI (91%) 9 , 25 , 30 suggesting that

he StCP mostly focused on recipients at higher risk. However, the

ortality rates of different CARV types with LRTD in this cohort

46% in EvRh, 38% in RSV, 23% in influenza, 50% HPiV and 57% in

MPV) were inside the intervals of that previously reported, rang-

ng from 21% to 41% in allo-HCT recipients with EvRh LRTD, 31 , 32 

rom 21% to 83% for RSV LRTD, 17 , 20 , 22 , 25 , 31 , 33–35 6% to 45% for in-

uenza LRTD, 30 , 31 , 36 27% to 55% for HPiV LRTD 

27 , 31 , 37 , 38 and finally

% to 43% for hMPV LRTD. 39 , 40 , 41 Second, was the retrospective

ohort subject to selection bias from retrospective studies report-

ng severe cases? We captured all documented CARV infection by

etrieving data from the microbiology electronic system and cross-

ng data with our transplant database. Our data rather point to the

naccuracy of our StCP CARV screening selecting recipients with
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Table 4 

Univariate and multivariate analysis of risk factors for overall mortality after CARV infection and LRTD. 

Variables Log. Regr. Overall Mortality by day 90 ( n = 405) Log. Regr. Overall Mortality LRTD CARV by day 90 ( n = 156) 

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis 

OR (95% C.I.).% 

(95%C.I.) 

P value OR (95% C.I.) P value OR (95% C.I.).% 

(95%C.I.) 

P value OR (95% C.I.) 

(95%C.I.) 

P value 

Type of donor, n (%) 

HLA-identical sibling donor 1 1 

Alternative donor 6.4 (1.9–21.5) 0.002 NS 5.9 (1.7–20.5) 0.005 NS 

HLA mismatch 7 (2.6–18.6) < 0.0001 5.98 (2.1–16.9) 0.001 7.7 (2.5–23.5) < 0.0001 6.5 (1.9–21.8) 0.002 

ATG as a part of conditioning 5.2 (2.5–11) < 0.0001 NS 6.6 (2.7–16) < 0.0001 NS 

GVHD prophylaxis NS NS 

Sir-Tac 1 1 

CsA + MTX 15.1 (1.1–217) 0.04 18.5 (0.8–417) 0.06 

Post-Cy 8.9 (0.8–96) 0.07 14.7 (0.7–292) 0.07 

CsA + PDN and Others 1.3 (0.13–13.2) 0.8 1.47 (0.08–24.9) 0.78 

ProClinCarvSur-P 0.13 (0.06–0.3) < 0.0001 0.31 (0.12–0.7) 0.01 0.09 (0.03–0.28) < 0.0001 0.19 (0.06–0.6) 0.006 

CARV LRTD 10.7 (4–28) < 0.0001 6.6 (2.3–18.7) < 0.0001 NT 
• No 1 
• Proven 13.8 (4.9–38) < 0.0001 
• Possible 1.8 (0.8–4.1) 0.18 

On IS 2.2 (0.75–6.4) 0.15 2.1 (0.5–9.7) 0.3 

ALC < 0.5 × 109/L, n (%) 5.3 (2.5–11.4) < 0.0001 NT 3.3 (1.3–7.9) 0.009 NT 

ALC < 0.2 × 109/L a 6.4 (3–13.5) < 0.0001 NT 3.8 (1.6–8.8) 0.002 NT 

ALC < 0.1 × 109/L 3.08 (1.3–7) 0.008 NT 1.7 (0.7–4.3) 0.26 

ANC < 0.5 × 109/L a 2.86 (1.15–7.1) 0.024 NT 2.1 (0.8–5.9) 0.13 

Age ≥ 40 years a 1.3 (0.6–2.7) 0.5 1.2 (0.5–3) 0.7 

Active GvHD at time of RVI a 3.3 (1.5–7.6) 0.004 NT 2.5 (0.95–6.6) 0.06 NT 

Periengraftment a 0.7 (0.2–2.4) 0.6 0.5 (0.13–1.8) 0.3 

Allo-HCT ≤ 6 months 1.7 (0.8–3.4) 0.14 1.3 (0.6–2.9) 0.56 

Myeloablative a 2 (0.85–4.7) 0.11 2 (0.77–5.4) 0.14 

Corticosteroids a 6.2 (2.5–15.4) < 0.0001 NT 10.1 (2.3–44.4) 0.002 NT 

Antiviral therapy 0.56 (0.27–1.1) 0.12 0.8 (0.3–1.85) 0.6 

Type of RVI 

Mono infection 1 1 

Co-infection 1.4 (0.6–3.4) 0.4 1.8 (0.6–4.8) 0.24 

ISI 

Low risk (0–2) 1 1 1 1 

Moderate risk (3–6) 11.7 (3.7–37.5) < 0.0001 3.1 (0.8–12.6) 0.1 15.6 (1.9–127) 0.01 8.7 (0.89–85) 0.06 

High risk (7–12) 6 (2.7–13.5) < 0.0001 3.1 (1.2–7.9) 0.01 3.8 (1.6–9.3) 0.003 3.4 (1.2–9.5) 0.02 

Abbreviations : C.I., confidence interval; Log. Regr., Logistic regression model; OR, Odds Ratio; IFD, invasive pulmonary fungal disease; ATG, anti-thymocyte globulin; Sir, 

sirolimus; Tac, tacrolimus; CsA, cyclosporine A; MTX, methotrexate; Post-Cy, post-transplant cyclophosphamide; PDN, prednisone; ProClinCarvSur-P, prospective clinical CARV 

surveillance program; CARV LRTD, community-acquired respiratory virus lower respiratory tract disease; GvHD, graft-versus-host disease; Allo-HCT, allogeneic hematopoietic 

stem cell transplantation; ISI, immunodeficiency score index; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NS, not significant; NT, not tested. 
a These variables were included in the ISI score and then not tested in the multivariate model. 

Fig. 1. (A) Three-month overall survival according to the community acquired respiratory virus (CARV) infection period (96% in the prospective cohort vs. 78% in the standard 

clinical practice cohort, p < 0.0 0 01); (B) Three-month overall survival in recipients with CARV LRTD according to the CARV infection period (94% in the prospective cohort 

vs. 63% in the standard clinical practice cohort, p < 0.0 0 01). 
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Table 5 

Day 90 overall survival per CARV episodes according to patient’s characteristics among cohorts. 

Characteristics Retrospective cohort Prospective cohort P value 

( n = 108 episodes) ( n = 297 episodes) Log.Rank 

Prior ASCT, n (%) 
• Yes 9 out of 11 (82) 71 out of 73 (97) 0.04 
• No 76 out of 97 (78) 216 out of 224 (96) < 0.0001 

Conditioning regimen, n (%) 
• MAC 67 out of 85 (79) 174 out of 182 (96) < 0.0001 
• RIC 18 out of 23 (78) 113 out of 115 (98) < 0.0001 

Type of donor, n (%) 
• HLA-identical sibling donor 35 out of 37 (95) 109 out of 110 (99) 0.1 
• Unrelated donor 1 out of 4 (75) 55 out of 55 (100) 0.004 
• Umbilical cord blood 37 out of 55 (67) 43 out of 47 (92) < 0.0001 
• Haploidentical family donor 8 out of 10 (80) 76 out of 81 (94) 0.1 

HLA, n (%) 
• Fully-matched 39 out of 42 (93) 168 out of 170 (99) 0.04 
• HLA mismatch 46 out of 66 (70) 119 out of 127 (94) < 0.0001 

ATG as a part of conditioning regimen, n (%) 
• Yes 35 out of 52 (67) 49 out of 52 (94) 0.001 
• No 50 out of 56 (89) 238 out of 245 (97) 0.026 

With active GvHD n (%) 
• Yes 60 out of 69 (76) 120 out 126 (95) < 0.0001 
• No 25 out of 29 (86) 167 out of 171 (98) 0.006 

On immunosuppressants 
• Yes 79 out of 101 (78) 206 out of 213 (97) < 0.0001 
• No 6 out of 7 (86) 81 out of 84 (96) 0.2 

Absolute lymphocyte count 
• ALC < 0.5 × 109/L 32 out of 49 (65) 68 out of 73 (93) < 0.0001 
• ALC > 0.5 × 109/L 51 out of 57 (89) 217 out of 222 (98) 0.011 
• ALC < 0.2 × 109/L 20 out of 35 (57) 38 out of 41 (93) 0.0001 

Corticosteroids 
• Yes 70 out of 91 (77) 86 out of 92 (94) 0.002 
• No 15 out of 17 (88) 200 out of 204 (98) 0.03 

ISI score group 
• Low risk (0–2) 10 out of 10 (100) 109 out of 114 (97) 0.5 
• Moderate risk (3–6) 58 out of 68 (85) 156 out of 160 (98) 0.001 
• High risk (7–12) 17 out of 30 (57) 21 out of 23 (91) 0.009 

Abbreviations : ASCT, autologous stem cell transplantation; MAC, myeloablative conditioning; RIC, reduced intensity conditioning; HLA, human leucocyte antigen; ATG, anti- 

thymocyte globulin; GvHD, graft-versus-host disease; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; ISI, immunodeficiency score index. 
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evere features (58% of them at the LRTD stage, 83% with fever

nd 69% requiring hospital admission). Additionally, we observed

hat the likely lower sensitivity of rapid detection technics might

ave delayed the diagnosis, and importantly the start of antiviral

rugs (2 days vs. 7 days, p = 0.02), in a significant proportion of re-

ipients with RSV and influenza (25%) who initially tested negative

hrough rapid detection technics. Although not statistically signif-

cant these recipients showed higher mortality rates in the StCP

ohort (35% vs. 17%, p = 0.17). Our findings support the idea that

he StCP resulted in a delay in starting antiviral therapy in a signif-

cant number of recipients which may also help to explain in part

he differences in mortality among periods. Third, are the cohorts

omparable, given the high proportion of risk conditions associated

ith mortality and the lower number of CARV episodes in the

etrospective cohort? The fact that the cohorts had different risk

onditions was a direct consequence of different CARV screening

nd management strategies between periods. However, when out-

ome comparisons were matched according to high-risk conditions

f CARV mortality, we also observed significantly worse outcomes

n the retrospective cohort (see Table 5 ). Therefore, our data

uggest that the StCP likely led to CARV screening in high-risk re-

ipients with severe features, delaying the start of antiviral therapy

nd consequently poorer outcomes, whereas the ProClinCarvSur-P

ed to screening and treating CARV earlier, in a larger number of

ecipients and with consequently improved outcomes. 

The three-month all-cause mortality rate observed in the

roClinCarvSur-P cohort (7%) compares favorably to those previ-

usly reported, especially in recipients with LRTD. 17 , 20 , 22 , 25 , 30–41 

he low mortality rate found in the current study supports the
alue of ProClinCarvSur-P in reducing mortality. This assumption is

upported by prior experience in another institution running the

ame ProClinCarvSur-P in allo-HCT recipients achieving low mor-

ality rates ( < 5%) in recipients with RSV and/or HPiV LRTD. 26 Al-

hough we suppose that several elements of the ProClinCarvSur-P

ave significantly contributed to these encouraging results, in our

pinion the improvement has three major key points. First, the de-

ision to using syndromic multiplex RT-PCR panels as the primary

ARV test, a factor that undoubtedly increased sensitivity and

pecificity compared to rapid detection technics 42 increasing CARV

ype detections. Consequently, a large number of CARV episodes

108 vs. 297 CARV episodes) and recipients (63 vs. 144 recipients)

ave been identified in the ProClinCarvSur-P cohort. Second, the

ARV real-time electronic alert system was extremely useful for

ontacting recipients who tested positive in order to start antiviral

herapy at an earlier stage of the disease. Third, the identification

f CARV at earlier stage allowed us to early intervention with

ntiviral drugs in many cases (69 vs. 43 CARV episodes treated),

articularly those with CARV URTD (34 vs. 12 CARV URTD episodes

reated), RSV URTD (11 vs. 3 treated), HPiV (9 vs. 1 treated) and

nfluenza (46 vs. 25 treated). Additionally, ProClinCarvSur-P may

ave promoted closer follow-up of recipients with CARV, which

n turn could have contributed to identifying and treating indirect

ARV effects. We can hypothesize that the observed improvement

n CARV that have no effective antivirals drugs could be related to

everal factors. First, the identification of these viruses in recipients

ith airflow obstruction may have contributed to limit the mis-

nterpretation of these pulmonary patterns as GvHD-related oblit-

rant bronchiolitis, avoiding corticosteroids exposure that surely
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have reduced the CARV LRTD severity and/or the risk of all-cause

mortality. Second, the close clinical monitoring in recipients with

documented CARV infection may have led to early introduction

of antibiotics in cases of bacterial co-infection suspicion reducing

the rate of hospital admission in the ProClinCarvSur-P cohort (28%

vs. 69%) and consequently limiting the severity of this indirect

CARV effect. The sum of all these clinical circumstances may have

contributed to the overall improvement observed in these CARVs.

Finally, one of the most rewarding effects of annual clinical CARV

sessions was the increased awareness of CARV infections and care

taken by healthcare workers (including microbiologists, fellows,

transplant physicians and nurses). Altogether, ProClinCarvSur-P

may have contributed towards refining CARV screening, collection

techniques and processing, greater acuity in identifying recipients

with mild respiratory symptoms, timeliness of feedback of positive

results and awareness of CARV transmission routes. Of note, our

current policy also translated into an increased influenza vacci-

nation rate (from 3% to 27%) which has also surely played a role

in reducing influenza prevalence, influenza LRTD progression and

hospital admission. 9 Of note, this study confirms the value of ISI

score in predicting mortality in several CARV type. 43 The ISI was

developed by investigators from the MD Anderson Cancer Center

to predict LRTD progression and mortality in allo-HCT with RSV. 25 

The high-risk ISI category consistently predicts the severity of res-

piratory virus infections irrespective of the CARV type in our series.

Although the implementation of ProClinCarvSur-P is time and

resource consuming, we are enthusiastic of its potential value to

reduce all-cause mortality after CARV infection in a relatively short

time. It is likely that its application could be expanded to other

medical areas with probably similar benefits. National and transna-

tional health authorities should promote such programs in tertiary

health care centers worldwide by giving them priority and funding,

such as in the World health organization BRaVe initiative against

respiratory virus. 44 Additionally, these programs could bring

epidemiological data more realistic to public health authorities. 

We acknowledge certain limitations of this study, such as

the inclusion of several CARV types, use of two different PCR

methods differing (minimally) in analytical performance and the

non-prospective randomized study design. Nonetheless, our study

has strengths that merit consideration, notably the inclusion of

contemporary cohorts in the molecular era and the prospective

data collection in the most recent cohort. 

In conclusion, we provide evidence that establishing a

ProClinCarvSur-P based on multiplex PCR testing is associated

with major clinical benefit by reducing three-month all-cause

mortality in allo-HCT recipients with CARV infection. Further

prospective studies are warranted to confirm this finding. 
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