
Journal of Infection 78 (2019) 393–401 

Contents lists available at ScienceDirect 

Journal of Infection 

journal homepage: www.elsevier.com/locate/jinf 

Pulmonary cytomegalovirus (CMV) DNA shedding in allogeneic 

hematopoietic stem cell transplant recipients: Implications for the 

diagnosis of CMV pneumonia 

José Luis Piñana 

a , 1 , Estela Giménez 

b , 1 , María Dolores Gómez 

c , Ariadna Pérez 

d , 
Eva María González 

c , Víctor Vinuesa 

b , Juan Carlos Hernández-Boluda 

d , Juan Montoro 

a , 
Miguel Salavert e , Mar Tormo 

d , Paula Amat d , Paula Moles a , Carlos Carretero 

a , 
Aitana Balaguer-Roselló a , Jaime Sanz a , Guillermo Sanz a , Carlos Solano d , f , David Navarro b , g , ∗

a Hematology Department, Hospital Universitari i Politècnic La Fe, Valencia, Spain 
b Microbiology Service, Hospital Clínico Universitario, Institute for Research INCLIVA, Valencia, Spain 
c Microbiology Department, Hospital Universitari i Politècnic La Fe, Valencia, Spain 
d Hematology Service, Hospital Clínico Universitario, Institute for Research INCLIVA, Valencia, Spain 
e Department of Infectious Diseases, Hospital Universitari i Politècnic La Fe, Valencia, Spain 
f Department of Medicine, School of Medicine, University of Valencia, Valencia, Spain 
g Department of Microbiology, School of Medicine, University of Valencia, Av. Blasco Ibáñez 17, 46010 Valencia, Spain 

a r t i c l e i n f o 

Article history: 

Accepted 18 February 2019 

Available online 21 February 2019 

Keywords: 

Cytomegalovirus 

CMV DNA in BAL 

CMV pneumonia 

CMV DNAemia 

Pre-emptive antiviral therapy 

s u m m a r y 

Objectives: To date no definitive cut-off value for cytomegalovirus (CMV) DNA load in bronchoalveolar 

lavage (BAL) fluid specimens has been established to discriminate between CMV pneumonia and pul- 

monary CMV DNA shedding in allogeneic hematopoietic stem cell transplant (allo-HSCT) recipients. 

Methods: The current retrospective study is aimed at assessing the range of CMV DNA loads quantified 

in BAL fluid specimens from allo-HSCT patients with pneumonia in which different microorganisms were 

causally involved. 

Results: A total of 144 BAL specimens from 123 patients were included. CMV DNA was detected in 56 

out of 144 BAL fluid specimens and the median CMV DNA load from patients in whom CMV pneumonia 

was unlikely or could be tentatively ruled out was 1210 (31–68, 920) IU/ml. The frequency of CMV DNA 

detection and median CMV DNA loads were comparable, irrespective of the attributable cause of pneu- 

monia. Detection of CMV DNA loads in BAL fluid specimens > 500 IU/ml was independently associated 

with pneumonia-attributable mortality. 

Conclusions: The current study highlights the difficulty in establishing universal CMV DNA load thresholds 

in BAL fluid specimens for distinguishing between CMV pneumonia and pulmonary CMV DNA shedding, 

and suggests that the presence of CMV DNA in BAL fluid specimens beyond a certain level may have a 

deleterious impact on patient outcome. 

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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The implementation of effective prevention strategies has

ignificantly reduced the incidence of cytomegalovirus (CMV)

neumonia after allogeneic hematopoietic stem transplantation

allo-HSCT) 1 ; nevertheless, this clinical entity persists as a major

linical problem owing to poor survival, despite timely initiation of
∗ Corresponding author at: Department of Microbiology, School of Medicine, Uni- 
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argeted antiviral therapy. 1,2 Currently, diagnosis of CMV pneumo-

ia still remains a challenge. Proven CMV pneumonia can only be

iagnosed using virological, histopathological or immunochemistry 

ethods on biopsied lung tissue 1 ; this specimen type, however,

s rarely obtained due to potential life-threatening complications.

raditionally, culture-based bronchoalveolar lavage (BAL) testing 

as been the mainstay for suggesting CMV involvement ex vivo , 3 

lthough detection of viable CMV in BAL fluids only points to a

robable causality. 4 Moreover, conventional virological procedures

ave been largely abandoned in most laboratories. Qualitative

etection of CMV DNA in lung specimens by nucleic acid testing

ssays does not allow diagnosis of CMV pneumonia, since it
eserved. 
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may be present in the absence of probable or proven disease

(pulmonary CMV shedding). 5–8 Recent studies suggested that

quantitation of CMV DNA in BAL fluids may permit discrimination

between these two conditions 9 –11 ; specifically, a cut-off CMV

DNA level > 500 IU/ml was proposed to serve that purpose, this

displaying a positive predictive value of roughly 50% for probable

CMV pneumonia using current prevalence rates. 10 Nevertheless,

validation of diagnostic viral load threshold across centers using

different real-time PCR assays for CMV DNA quantitation and pro-

cedures for BAL obtention seems of paramount relevance. This task

is hampered by the very low incidence of CMV pneumonia nowa-

days ( < 2%) 3,12 and the difficulty in establishing an incontrovertible

diagnosis, even when lung tissue specimens are available for test-

ing. 13 –16 Exploratory studies gathering information on the range

of CMV DNA loads measured in BAL specimens from allo-HSCT pa-

tients with pneumonia in whom CMV causality is unlikely or can

be reasonably ruled out may provide useful information and are

thus warranted. Here, we report on our experience on this matter. 

Patients and methods 

Study population 

The study cohort consisted of 123 consecutive patients who re-

ceived an allo-HSCT at Hospital Clínico Universitario-HCU-( n = 61)

or at Hospital Universitario Politécnico “La Fe” –HLF- ( n = 62) and

underwent diagnostic bronchoscopy. Clinical and microbiological

data of patients and BAL fluid specimens ( n = 144; HCU, n = 80;

HLF, n = 64) submitted to the respective Microbiology Service be-

tween May 2012 and May 2017, respectively, were retrospectively

reviewed. As per protocol, quantitative CMV PCR testing has been

routinely performed on BAL specimens at both centers since 2012.

All patients had clinical and radiography signs of pneumonia at

the time of sampling. Bronchoscopy was performed using stan-

dard procedures according to international consensus guidelines. 17 

The first BAL fluid specimen per pneumonia event was taken into

consideration for analysis purposes. This study was approved by

the Hospital Clínico, Fundación INCLIVA ethics committee and in-

formed consent was obtained from all patients. 

Management of CMV infection 

A preemptive antiviral therapy approach was used at HCU to

prevent CMV end-organ disease. 18 CMV DNA in plasma was quan-

tified using the RealTi me CMV PCR assay (Abbott Molecular, Des

Plaines, IL, USA), which exhibits a limit of detection of approxi-

mately 31 IU/ml. 19 Patients were preemptively treated with oral

valganciclovir, i.v. ganciclovir or i.v. foscarnet upon detection of

CMV DNA levels exceeding 1500 IU/ml or a CMV DNA doubling

time ≤ 2 days, as previously reported. 18,20 Surveillance for CMV

DNA detection and quantitation was conducted at least once a

week within the first 100 days after allo-HSCT and this was ex-

tended beyond day 100 in patients at risk for recurrent episodes of

CMV DNAemia. 21 In turn, a universal prophylaxis strategy was de-

ployed at HLF. 22 Briefly, HLA-matched related allo-HSCT recipients

were given oral valganciclovir (900 mg/day, three times a week)

through day 90 after transplantation. Unrelated allo-HSCT recip-

ients were treated with oral valganciclovir (900 mg/day) through

day 180 after transplantation. At this center, plasma CMV DNA

load was quantified using the CMV R-GENE® (Biomerieux, L’Etoile,

Paris, France), 23 which displays a limit of detection of 150 IU/ml,

prior DNA extraction using the Virus/Pathogens Mini kit (Qiagen,

Valencia, CA, USA) on the QIAsymphony DSP platform (Qiagen).

Plasma CMV DNA monitoring was performed once a week within

the first 100 days, fortnightly from day 100 to day 180, and every
–4 weeks thereafter through day 365 after transplantation. De-

ection of any level of CMV DNA in plasma prompted the adminis-

ration of antiviral therapy with (val)ganciclovir or foscarnet at the

oses specified above. Anti-CMV therapy was given at the physi-

ian discretion when patients with CMV DNA detected in BAL spec-

mens had concurrent CMV DNAemia with CMV DNA levels below

he threshold for preemptive antiviral therapy. 

Plasma specimens obtained within 72 h of BAL sampling were

vailable from all patients for CMV DNA quantitation. 

uantitation of CMV DNA in bronchoalveolar lavages 

All BAL fluid specimens underwent CMV PCR testing within 24–

8 h. upon reception. Samples were kept at 4 °C until processed.

AL fluid specimens obtained from different locations (when avail-

ble) were collected in sterile containers, pooled and vortexed for

0 s after the addition of sterile glass beads. Two-hundred μl of

ach undiluted BAL fluid samples were subjected to nucleic acid

xtraction using the m20 0 0 SP system (Abbott Diagnostics) or the

IAamp DNA Blood Mini Kit (Qiagen) on either the QIA Symphony

r the EZ-1 platforms (Qiagen). CMV DNA quantitation was per-

ormed using the RealTi me CMV PCR assay (Abbott Molecular) at

CU or the CMV R-GENE® assay (Biomerieux) at HLF. Commutabil-

ty of the CMV WHO International Standard 

24 for CMV DNA quan-

itation in BAL specimens was assessed. The CMV WHO standard

as reconstituted in 1 ml of deionized water as recommended by

he manufacturer. 24 A pool of BAL specimens free of CMV DNA, as

etermined by the Abbott PCR assay was made and spiked with

he WHO International Standard with a predefined CMV DNA con-

entration to achieve nominal values of 10 2 10 3 , 10 4 and 10 5 IU/ml.

he reference materials were assayed in triplicate in a single run.

MV DNA levels measured in BAL fluid specimens closely matched

hose expected (the mean standard deviation for both PCR assays

as < 0.2 log 10 IU/ml for each CMV WHO standard concentration

ested). 

icrobiological methods for the diagnosis of pneumonia 

Gram stain, fungal stain and acid-fast bacilli stain were rou-

inely performed. Cytology examination (BAL fluid cytospins) was

erformed systematically in patients attended at HCU, and non-

outinely at HLF. In all, BAL fluid cytospin data were available

rom 83 patients. In addition, BAL fluid specimens were exam-

ned for the presence of respiratory viruses (RVs) using either

he Luminex xTAG RVP Fast assay (Luminex Molecular Diagnos-

ics, Austin, TX,USA) at HCU, which allows detection of 19 RVs, or

he CLART® PneumoVir assay (Genomica, Coslada, Spain)-at both

enters- that makes it possible to detect simultaneously 17 RVs,

s previously reported. 25 Quantitative cultures of BAL specimens

or bacterial isolation were performed on conventional media as

ecommended 

26 ; bacterial loads > 10 4 CFU/mL were deemed to be

linically relevant. 26 BAL specimens were cultured on BCYE-alpha

gar, BD (becston Dickinson) MGIT® (Mycobacteria Growth Indi-

ator Tube)/Lowenstein-Jensen agar slants and Sabouraud agar for

ecovery of Legionella pneumophila, Mycobacterium spp., and fun-

al organisms, respectively. The Platelia TM Aspergillus Ag Kit (Bio-

ad, Hercules, CA, USA) was used for quantitation of Aspergillus

pp. galactomannan in BAL fluid and serum specimens. Calcofluor

hite, blue toluidine or direct immunofluorescence staining pro-

edures were used for detection of Pneumocystis jiroveci. 26 Lung

iopsy tissue specimens were not obtained. Likewise, neither shell

ial and conventional viral cultures for CMV detection or recov-

ry nor direct fluorescent antibody testing for CMV detection were

erformed. 



J.L. Piñana, E. Giménez and M.D. Gómez et al. / Journal of Infection 78 (2019) 393–401 395 

Table 1 

Demographic and clinical characteristics of patients. 

Parameter No. (%) HLF ( n = 62) HCU ( n = 61) 

Sex (male /female) 76 (61.8)/47 (38.2) 36 (58.1)/26 (41.9) 40 (65.6)/21 (34.4) 

Age ≥65/ < 65 years 10 (8.1)/113 (91.9) 2 (3.2)/60 (96.8) 8 (13.1)/53 (86.9) 

Underlying disease 

NHL/CLL 41 (33.3) 11 (17.7) 30 (49.2) 

AL/MDS 65 (52.8) 31 (50) 18 (29.5) 

HD 6 (9.8) 0 (0) 6 (9.8) 

MM 2 (3.3) 2 (3.2) 0 (0) 

MPS 5 (8.2) 2 (3.2) 3 (4.9) 

Others 4 (6.6) 2 (3.2) 2(3.2) 

Number of transplants 

1 89 (72.4) 49 (79) 40 (65.6) 

≥2 34 (27.6) 13 (20.9) 21 (34.4) 

Donor source and type of transplant 

Umbilical cord blood 26 (21.1) 22 (35.5) 4 (6.6) 

Peripheral blood (adult unrelated) 28 (22.8) 19 (31.1) 9 (14.5) 

Peripheral blood (haploidentical) 33 (26.8) 20 (32.8) 13 (21) 

Peripheral blood (HLA-identical sibling) 36 (29.3) 18 (29.5) 18 (29) 

Human leukocyte antigen matching 

Matched 58 (47.2) 26 (41.9) 32 (52.5) 

Mismatched 65 (52.8) 36 (58.1) 29 (47.5) 

Donor (D) and recipient (R) CMV serostatus 

D + /R + 57 (46.3) 24 (38.7) 33 (54.1) 

D-/R + 39 (31.7) 24 (38.7) 15 (24.6) 

D + /R- 14 (11.4) 9 (14.5) 5 (8.2) 

D-/R- 13 (10.6) 5 (8.1) 8 (13.1) 

Use of ATG in the conditioning regimen 37 (30.1) 27 (43.5) 10 (16.4) 

Myeloablative vs. reduced-intensity conditioning 46 (37.4)/77 (62.6) 37 (59.7)/25 (40.3) 9 (14.8)/52 (85.2) 

Acute Graft vs. Host disease prophylaxis 

CSA/MMF ±Cy 38 (30.9) 20 (32.3) 18 (29.5) 

Tacrolimus/Cy 4 (3.3) 0 (0) 4 (6.6) 

Tacrolimus/Sirolimus 23 (18.7) 3 (4.8) 20 (32.8) 

CSA/MTX 33 (26.8) 18 (29) 15 (24.6) 

CSA/PDN 25 (20.3) 21 (33.9) 4 (6.6) 

Acute Graft vs. Host disease 

No 54 (48) 31 (50) 28 (45.9) 

Yes 69 (52) 31 (50) 33 (54.1) 

Grade III-IV 23 (32.8) 11 (17.7) 12 (19.7) 

Chronic Graft vs. Host disease 29 (23.6) 15 (24.2) 14 (23) 

Treatment with corticosteroids 66 (54) 46 (74) 20 (33) 

Immunodeficiency score index a 

High (7–12) 25 (20) 16 (26) 9 (15) 

Moderate (3–6) 61 (50) 38 (61) 23 (38) 

Low (0–2) 37 (30) 8 (13) 29 (48) 

AL, acute leukemia; CLL, chronic lymphocytic leukemia; CMV, cytomegalovirus; CSA, cyclosporine A, Cy, cyclophos- 

phamide; HCU, Hospital Clínico Universitario; HD, Hodgkin lymphoma; HLF, Hospital Universitario Politécnico “La Fe”; MDS, 

myelodisplastic syndrome; MM, multiple mieloma; MMF, micophenolate mofetil; MPS, myeloproliferative syndrome; MTX, 

methotrexate; NHL, non-Hodgkin lymphoma; PDN, prednisone. 
a According to [39] . 
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ntimicrobial prophylaxis 

Acyclovir/valacyclovir prophylaxis against Herpes simplex and

aricella Zoster viruses was given to all patients as previously de-

cribed. 18,20 –22 All patients received standard antibacterial and an-

ifungal prophylaxis. 18,20 –22 

efinitions 

CMV DNAemia and pulmonary CMV DNA shedding were de-

ned as the detection of CMV DNA (at any level) in one or more

lasma or BAL fluid specimens, respectively. Proven CMV pneu-

onia categorization required histopathological evidence (i.e., vi-

al inclusions and immunohistochemical staining) in biopsy (au-

opsy) lung tissue. CMV pneumonia diagnosis was reasonably ex-

luded if CMV-induced cytopathogenetic effect was not observed

n post-mortem (autopsy) lung tissue (data were available from 23

atients) or BAL fluid cytospins (data available from 83 patients),

here was a lack of chest X ray and computed tomography (CT)

vidence consistent with CMV pneumonia (ie. reticulonodular in-

ltrates, the presence of bilateral ground-glass opacities, air-space
pacities, small centrilobular nodules < 1 cm, and absence of larger

odules – see 27 , for review –) and alternative diagnoses that could

ccount for the signs and symptoms, particularly when the pres-

nce of other significant bacterial, virus or fungal pathogens was

emonstrated. The clinical and radiographic response to targeted

ntimicrobial therapy (for bacterial, fungal and non-CMV viral in-

ections) was also considered to be against the involvement of

MV. The probable CMV pneumonia category, according to recent

riteria 4 was not considered herein, since culture-based BAL fluid

esting was not performed and no diagnostic CMV DNA cut-off

evel has been definitely established. Diagnosis of proven, proba-

le, and possible invasive fungal infection and Pneumocystis jiroveci

neumonia was achieved following consensus criteria. 28,29 Acute

raft versus host disease (aGvHD) was diagnosed and graded ac-

ording to standard criteria. 30 

tatistical analysis 

Frequencies were compared using the χ2 test (Fisher exact

est) for categorical variables. Differences between medians were

ompared using the Mann–Whitney U test (for two independent
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Table 2 

Pneumonia attributable etiology and microbiological findings in bronchoalveolar 

lavage fluid specimens. 

Etiology No. (%) 

Bacterial 18 (12.5%) 

Pseudomonas aeruginosa 4 (22.2%) 

Multi-resistant Klebsiella pneumoniae 1 (5.6%) 

Enterococcus faecalis 2 (11.1%) 

Stenotrophomonas maltophilia 1 (5.6%) 

Streptococcus pneumoniae 1 (5.6%) 

Streptococcus mitis 1(5.6%) 

Enterococcus faecalis 2 (11.1%) 

Enterococcus faecium 1 (5.6%) 

Meticillin- resistant Staphylococcus aureus 1 (5.6%) 

Escherichia coli 1(5.6%) 

Nocardia asteroides complex 1 (5.6%) 

Not documented a 4 (22.2%) 

Viral 37 (25.7%) 

One virus 26 (70.3%) 

Enterovirus/Rhinovirus 10 (38.5%) 

Parainfluenza 3 virus 5 (19.2%) 

Respiratory syncytial virus 4 (16.7%) 

Metapneumovirus 3 (11.5%) 

Influenza A H1N1 1 (3.8%) 

Influenza A H3N2 1 (3.8%) 

Influenza B 1 (3.8%) 

Parainfluenza 1 virus 1 (3.8%) 

Two viruses 6 (16.2%) 

Metapneumovirus/Respiratory syncytial virus 2 (33.3%) 

Enterovirus/Rhinovirus/Parainfluenza 1 virus 1 (16.7%) 

Influenza A H1N1/Respiratory syncytial virus 1 (16.7%) 

Influenza A H3N2/Respiratory syncytial virus 1 (16.7%) 

Influenza B/ Respiratory syncytial virus 1 (16.7%) 

Three viruses 

Adenovirus/Coronavirus NL63/Parainfluenza 3 virus) 1 (2.7%) 

Not detected b 4 (10.8%) 

Invasive Fungal Infection ( Aspergillus spp.) c 22 (15.3%) 

Possible 11 (50%) 

Probable 7 (35%) 

Proven 4 (18.2%) 

Polymicrobial 42 (29.2%) 

Bacteria/virus 18 (42.9%) 

Bacteria/fungus ( Aspergillus spp.) 10 (23.8%) 

Bacteria/virus/fungus ( Aspergillus spp.) 4 (9.5%) 

Virus/fungus ( Aspergillus spp.) 2 (4.8%) 

Mycobacterium tuberculosis /virus 2 (4.8%) 

Mycobacterium tuberculosis /fungus ( Aspergillus spp.) 2 (4.8%) 

Pneumocystis jiroveci /virus 2 (4.8%) 

Bacteria/virus/fungus ( Aspergillus spp.)/ Mycobacterium tuberculosis 1 (2.4%) 

Pneumocystis jiroveci /virus/bacteria 1 (2.4%) 

Proven CMV Pneumonia d 2 (1.4%) 

Non-infectious etiology e 23 (15.9%) 

a Suspected etiology based on clinical and radiographic data. 
b Suspected etiology based on clinical (i.e. pneumonia preceded by an upper- 

respiratory tract infection) and radiographic data. 
c According to [28] . 
d According to [4] . 
e Including idiopathic pneumonia syndrome, bronchiolitis obliterans and crypto- 

genic organizing pneumonia among other causes. 

7  

n  

d  

t  

t  

r  

p  

g  

a  

e  

(  

5  

s  

w  
variables) or the Kruskal–Wallis test (for more than two indepen-

dent variables). Cumulative incidence plots of mortality from pneu-

monia were generated with the GraphPad Prism Software (La Jolla,

CA, USA) and the curves were compared by using the Gehan–

Wilcoxon test. Cox proportional hazards models were used to eval-

uate unadjusted and adjusted hazard ratios (aHRs) for mortality

attributable to pneumonia, as previously reported. 21 For multivari-

ate analyses, only variables with parameter estimates showing a P

value ≤ 0.10 in the univariate analyses were included. Two-sided

exact P values are reported and P values ≤ 0.05 were considered

statistically significant. The data were analyzed with the SPSS (ver-

sion 20.0) statistical package. 

Results 

Table 1 shows relevant demographic and clinical characteristics

of the 123 patients in the cohort. BAL fluid samples were obtained

at a median of 172.5 days after allo-HSCT (range 3 days to five

years). 

Microbiological yield of bronchoalveolar lavage specimens and 

attributable cause of pneumonia 

Specific details on the microbiological yield of BAL fluid speci-

mens are shown in Table 2 . Proven CMV pneumonia was diagnosed

in 2 patients (1.6%) on the basis of histopathological and immuno-

histochemistry findings in lung autopsy tissue. In the remaining

142 episodes, pneumonia was attributable to bacteria in 18 cases

(12.5%), and to one or more viruses in 37 (25.7%). There were 22

invasive aspergillosis infection cases (13.3%), these being catego-

rized as possible ( n = 11), probable ( n = 7), or proven ( n = 4). Mixed

infections were documented in 42 patients (29.2%). The individual

pathogenetic contribution of each detected or cultured microbial

agent to pneumonia was not attempted to be settled. Twenty-three

pneumonia cases (15.9%) were deemed not to have an infectious

cause on the basis of clinical and radiographic data and the lack of

detection of any potential pathogenic microorganism (other than

CMV) in BAL fluid specimens. 

CMV DNA detection in BAL fluid and plasma specimens 

CMV DNA was detected in 56 out of 144 BAL fluid specimens

(38.9%): 49 from patients with pneumonia episodes in which po-

tential respiratory pathogens (one or more) were either cultured

or detected, and 7 from cases deemed not to have an infec-

tious origin. In these latter cases, the involvement of CMV as the

causative agent was reasonably ruled out on clinical and radio-

graphic grounds. CMV DNA was present in BAL fluid specimens

from the two patients with proven CMV pneumonia; no other

microorganisms were concurrently detected/cultured in these two

specimens. 

The frequency of CMV DNA detection was comparable

( P = 0.40), regardless of the established (or presumed) etiology of

pneumonia ( Table 3 ). In 41 episodes, CMV DNA BAL detection oc-

curred in the face of an ongoing episode of CMV DNAemia (includ-

ing two episodes that occurred in the setting of autopsy-proven

CMV pneumonitis), and isolately in the remaining 15 episodes.

Clinical and laboratory characteristics of patients ( n = 33) in whom

CMV DNA was co-detected in BAL and plasma specimens in the

absence (presumed) of CMV pneumonitis ( n = 39 episodes) merit

special attention, as CMV lung disease usually occurs concomi-

tantly with CMV DNAemia. 3,4 The data are shown in Supplemen-

tary Table 1 . CMV pneumonitis was deemed to be unlikely in these

patients owing to one or more of the following: (i) lack of typical

findings in CTs (in all episodes); (ii) negative BAL cytospin results

(in 25 episodes); (iii) negative lung histopathology at autopsy (in
 out of 16 patients who died); (iv) survival of patients who did

ot undergo specific anti-CMV treatment courses with appropriate

oses for CMV pneumonitis (23 episodes); Of note, no patient in

his series was treated with anti-CMV drugs for CMV pneumoni-

is as recommended 

3 ; (v) Documentation of the presence of bacte-

ia, viruses (other than CMV) or fungal pathogens known to cause

neumonia (in 25 episodes); (vi) Clinical response (survival) to tar-

eted anti-bacterial, anti-viral (influenza virus) or anti-fungal ther-

py (in 17 episodes). Nevertheless, in particular, there were four

pisodes in which the causative involvement of CMV raised doubts

second episode in patient 31, and episodes in patients 35, 37 and

1-Supplementary Table 1. Despite the fact that CT scans were not

uggestive of CMV pneumonitis, no alternative microbial etiology

as documented and all these patients died (pneumonia was the
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Table 3 

Frequency of Cytomegalovirus DNA detection in bronchoalveolar lavage fluids according to the etiology of pneumonia. 

Hospital CMV DNA 

detected 

Etiology, no. (%) P value 

Bacterial Virus Fungal Mixed infection CMV Other causes a 

Overall Yes 7 (38.9) 12 (32.4) 10 (45.5) 18 (42.9) 2 (100) 7 (30.4) 0.40 

No 11 (61.1) 25 (67.7) 12 (54.5) 24 (57.1) 0 (0) 16 (69.6) 

HCU Yes 6 (54.5) 4 (33.3) 7 (53.8) 15 (42.9) 0 (0) 3 (33.3) 0.74 

No 5 (65.5) 8 (66.7) 6 (46.2) 20 (57.1) 0 (0) 6 (66.6) 

HLF Yes 1 (14.3) 8 (32.0) 3 (33.3) 3 (42.9) 2 (100) 4 (28.6) 0.34 

No 6 (85.7) 17 (68.0) 6 (66.6) 4 (57.1) 0 (0) 10 (71.4) 

CMV, cytomegalovirus; HCU, Hospital Clínico Universitario; HLF, Hospital Politécnico Universitario, “La Fe”. 
a Including idiopathic pneumonia syndrome, bronchiolitis obliterans, cryptogenetic organizing pneumonia, among other causes. 

Table 4 

Cytomegalovirus DNA load in bronchoalveolar lavage fluids in patients with non- 

proven CMV pneumonia at each participating center. 

CMV DNA load 

(IU/ml) a 
Center, no. of cases (%) Total number 

HCU HLF 

Not detected 45 (56.3) 43 (69.4) 88 (62.0) 

< 500 19 (23.8) 3 (4.8) 22 (15.5) 

500-999 3 (3.8) 5 (8.1) 8 (5.6) 

10 0 0-50 0 0 10 (12.5) 3 (4.8) 13 (9.2) 

> 50 0 0 3 (3.8) 8 (12.9) 11 (7.7) 

CMV, cytomegalovirus; HCU, Hospital Clínico Universitario; HLF, Hospiatl Universi- 

tario Politécnico “La Fe”. 
a The RealTi me CMV PCR assay (Abbott Molecular, Des Plaines, IL, USA) was used at 

HCU, and the CMV R-GENE® (Biomerieux, L’Etoile, Paris, France) was used at HLF. 
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Fig. 1. CMV DNA loads in bronchoalveolar lavage fluid specimens in patients with 

non-proven CMV pneumonia according to the etiological diagnosis. Bars indicate 

median values (and 95% CI values). The P values for comparisons across groups 

(Kruskal–Wallis test) are shown. 
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ttributable cause of death). In addition, CMV DNA was detected

t high levels in both BAL (ranging from 1382 to 40,048 IU/ml)

nd plasma (ranging from 3510 to 54,540 IU/ml) specimens. One

f these patients (patient 51) had negative BAL cytospin results. 

In turn, CMV DNAemia was documented in 33 cases in the ab-

ence of CMV DNA detection in BAL fluid samples. Recipient CMV

eropositivity and treatment with corticosteroids were associated

ith detection of CMV DNA in BAL fluid specimens in univariate

nalyses (Supplementary Table 2). 

MV DNA load in BAL fluid specimens 

Overall, the median CMV DNA load in BAL fluid specimens

rom patients categorized as not having CMV pneumonia was

210 IU/ml (range, 31–68,920 IU/ml). This magnitude was greater

 P = 0.001) in specimens analyzed at HLF (median, 1938 IU/ml;

ange, 180–68,920 IU/ml) than in those being tested at HCU (me-

ian, 345 IU/ml; range, 21–11,263 IU/ml) (Supplementary Fig. 1).

he CMV DNA load was > 500 IU/ml in 32 pneumonia episodes

nd < 500 IU/ml in the remaining 22 ( Table 4 ). The CMV DNA load

n BAL fluid in the two proven CMV pneumonia cases was 1453

nd 12,998 IU/ml. A trend towards higher CMV DNA loads in BAL

uid specimens was observed ( P = 0.09) in episodes in which CMV

NAemia was detected concurrently (1382 IU/ml; range, 31–68,920

U/ml vs. 289 IU/ml; range, 66–12,839 IU/ml in its absence). 

CMV DNA loads in BAL fluid specimens were comparable

 P = 0.62), irrespective of the etiology (attributable) of pneumonia

 Fig. 1 , and Supplementary Table 3). 

Overall, there was a trend towards an inverse correlation be-

ween the level of immunosuppression, as inferred by the immun-

deficiency index (ISI) – see footnotes in Table 1 –, and the CMV

NA load quantified in BAL specimens (Rho, −0.15; P = 0.08). 
nti-CMV therapy at the time of BAL fluid sampling 

Overall, 72 patients (50%) were under anti-CMV therapy at

he time of BAL sampling (prophylaxis, n = 14; preemptive ther-

py, n = 58). Among those with CMV DNA detectable in BAL flu-

ds, 37 (66%) were receiving anti-CMV therapy (preemptive ther-

py, n = 35, and antiviral prophylaxis, n = 2). The CMV DNA load in

AL was significantly higher in patients who were under antiviral

herapy (median, 1585 IU/ml; range, 31–68,920 IU/ml vs. median,

45 IU/ml; range, 39–7159 IU/ml; P = 0.04 in non-treated patients).

wo out of the 19 patients with CMV DNA detected in BAL fluids

nd no concurrent CMV DNAemia were treated with i.v. ganciclovir.

MV DNA in BAL fluids and mortality from pneumonia 

Forty-six patients (37%) died within 60 days after BAL sampling,

ncluding one patient with proven CMV pneumonia. The cause

f death was deemed to be related to the pneumonia episode

n 40 patients (87%). The cumulative incidence of pneumonia-

ttributable mortality was comparable across the different etiolog-

cal categories ( Fig. 2 ). We investigated whether the presence of

MV DNA in BAL fluid specimens was associated with increased

ortality, and found this not to be the case. Nevertheless, ROC

urve analysis enabled to determine a cut-off CMV DNA level

n BAL fluid identifying those patients with increased mortality;

his threshold was 500 IU/ml (sensitivity: 84.2%; 95% CI 62.4–

4.5%; specificity, 53.1%; 95% CI, 36.4 −69.1%) (Supplementary Fig.

). Adjusted Cox models including in addition to this variable a

umber of others that could have had an impact on pneumonia-

ttributable mortality identified the detection of a CMV DNA load

n BAL fluid specimens at levels > 500 IU/ml, treatment with cor-

icosteroids (at any dose) and lymphocyte counts < 0.7 × 10 9 /L, the
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Table 5 

Multivariate Cox models of risk factors for mortality attributable to pneumonia by day 60 after bronchoalveolar 

lavage fluid sampling. 

Variable Univariate Multivariate 

HR (95% CI) P value HR (95%CI) P value 

Sex (male vs. female) 0.87 (0.46-1.63) NS 

Age ≥65 years 1.30 (0.46-3.64) NS 

Donor type 

Umbilical cord blood 3.07 (1.33-7.10) 0.009 NS 

Unrelated 1.24 (0.51-3.06) NS 

Haploidentical 0.99 (0.37-2.65) NS 

HLA-identical sibling 1 

CMV serostatus 

D + /R + 0.48 (0.19-1.20) NS 

D-/R + 0.55 (0.21-1.43) NS 

D + /R- 0.45 (0.11-1.78) NS 

D-/R- 1 

ATG as a part of conditioning 2.15 (1.15-4.03) 0.02 NS 

aGvHD grades III-IV a 1.95 (0.95-3.99) 0.068 NS 

cGvHD 1.02 (0.49-2.15) NS 

Etiology of pneumonia 

Non-infectious 1.63 (0.55-4.88) NS 

Viral 0.93 (0.32-2.67) NS 

Fungal 0.66 (0.19-2.28) NS 

Mixed infection 0.67 (0.22-1.99) NS 

Bacterial 1 

Presence of CMV DNA in BAL vs. absence 1.70 (0.91-3.18) 0.10 

CMV DNA load in BAL (IU/mL) 

> 500 IU/mL 2.31 (1.24-4.30) 0.009 2.21 (1.13-4.32) 0.02 

< 500 IU/mL 0.68 (0.24-1.97) NS 

No CMV 1 1 

High (7-12) 3.71 (1.35-10.22) 0.003 NS 

Moderate (3-6) 3.39 (1.39-8.30) 0.008 NS 

Low (0–2) 1 

Treatment with corticosteroids 2.80 (1-39-5.62) 0.004 2.13 (1.04-4.33) 0.04 

Absolute lymphocyte count b < 0.7 × 10 9 /L 4.88 (2.05-11.63) < 0.001 4.16 (1.72-10.04) 0.002 

aGvHD, acute graft versus host disease; ATG, anti-thymocyte globulin; BAL, bronchoalveolar lavage fluid; 

cGvHD, chronic graft versus host disease; CMV, cytomegalovirus; D, donor; NS, not significant; R, recipient. 
a According to [30] . 
b The cut-off was established by ROC analysis (not shown). 

Fig. 2. Cumulative incidence of mortality attributable to pneumonia complications 

by day 60 after bronchoalveolar lavage fluid testing according to the etiology. Cu- 

mulative incidence plots were generated with the GraphPad Prism Software (La 

Jolla, CA, USA) and the curves were compared by using the Gehan–Wilcoxon test 

(the P value is shown). 
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latter two at the time of BAL sampling, as the parameters that

were independently associated with pneumonia-attributable mor-

tality ( Table 5 ). Moreover, as shown in Fig. 3 , these factors ap-

peared to exert a synergistic impact on mortality. 
iscussion 

The definitive abandonment of traditional culture-based proce-

ures for CMV testing in most laboratories and the non-availability

f lung biopsy specimens for histopathological and immunohis-

ochemistry examination make the diagnosis of proven or proba-

le CMV pneumonia 4 elusive nowadays. Moreover, no cut-off value

or CMV DNA load in BAL fluid specimens discriminating between

MV pneumonia and pulmonary CMV DNA shedding in allo-HSCT

ecipients has been established at the present time. 4 The assess-

ent of the performance of quantitative CMV DNA PCR testing for

he diagnosis of CMV pneumonia faces several difficulties includ-

ng: (i) the low incidence of this clinical event, (ii) the lack of a

ormalized procedure for CMV DNA PCR testing on BAL fluids, (iii)

he non-negligible possibility of miscategorization of pneumonia

ases as either being causally linked or unrelated to CMV when

sing BAL fluid specimens, or even lung tissue material, for CMV

iagnosis, 8 (iv) the persistence of a large variability of CMV DNA

oads provided by different real-time PCR assays, 31 –33 despite their

alibration to the WHO International Standard for CMV DNA 

24 and,

s already mentioned, (v) the relegation of virological procedures

or CMV detection in clinical specimens. Inevitably, all these draw-

acks were encountered in this study, so that we aimed not to es-

ablish a diagnostic cut-off, but rather to assess the range of CMV

NA loads quantifiable in BAL fluid specimens from patients in

hom the causal involvement of CMV was highly unlikely or could

e reasonably discarded; this, having in mind that we surely in-

urred CMV pneumonia infradiagnosis. Nevertheless, we perceived

his limitation as not being an insoslayable obstacle to our purpose
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Fig. 3. Cumulative incidence of mortality attributable to pneumonia complications 

by day 60 after bronchoalveolar lavage fluid testing according to the presence of one 

or more factors associated with mortality in multivariate Cox models (CMV DNA 

load in BAL fluid 500 IU/ml, treatment with corticosteroids and total lymphocyte 

counts < 0.7 × 10 9 /L). Cumulative incidence plots were generated with the Graph- 

Pad Prism Software (La Jolla, CA, USA) and the curves were compared by using the 

Gehan–Wilcoxon test (the P values for comparisons are shown. 

a  

o  

t  

m  

p  

p

W  

p  

B  

l  

r  

o

 

fi  

D  

v  

s  

D  

t  

i  

w  

a  

o  

p

 

i  

C  

c  

d  

s  

C  

t  

c  

D  

e  

(  

c  

H  

a  

(  

p  

t  

a  

c  

l

 

fl  

p  

t  

i  

s  

n  

a  

t  

p  

p  

o  

1  

o  

s  

C  

w  

t  

D  

t  

s  

B  

t  

2  

n  

t  

s  

m  

c  

t  

l  

a

 

c  

C  

h  

n  

d  

m  

u  

i  

C

 

o  

i  

i  

t  

i  

p  

o  

t  

n  

p  

e

 

v  

s  

h  

f  

a  

a  
s: (i) CMV is unlikely to be the etiological agent of more than 10%

f pneumonia cases among allo-HSCT recipients who undergo rou-

ine bronchoscopy, 10 and (ii) survival of patients with CMV pneu-

onia who do not undergo specific anti-CMV treatment with ap-

ropriate doses of (val)ganciclovir or foscarnet is highly unlikely,

rovided the high rate of CMV pneumonia-associated mortality. 4 

e retrospectively reviewed clinical and microbiological data from

atients who underwent routine quantitative CMV PCR testing on

AL fluid specimens at two transplant centers in our city. We de-

iberately chose not to include archived BAL specimens in our se-

ies because of the lack of data on the impact of cryopreservation

n CMV DNA load quantitation in this sample type. 

Several findings arose from the present study. First, we con-

rmed previous observations 8 –10 indicating that detection of CMV

NA in BAL fluid specimens using highly-sensitive PCR assays is a

ery common finding in allo-HSCT patients with pneumonia, irre-

pective of the definitive etiological diagnosis. In our series, CMV

NA was detected in more than one third of BAL fluid samples,

he frequency of detection varying between 30% in patients seem-

ngly with not having an infectious pneumonia and 45% in patients

ith mixed infections. In our series, recipient CMV seropositivity

nd treatment with corticosteroids were associated with detection

f CMV in BAL fluid specimens. Of interest, the two patients with

roven CMV pneumonia had CMV DNA detectable in BAL fluid. 

Second, we found a wide range of CMV DNA loads measured

n BAL fluid specimens from patients with pneumonia in whom

MV causality was unlikely or reasonably ruled out attending to

linical (including therapeutic response to nonanti-CMV drugs), ra-

iographic, lung autopsy histopathology or BAL fluid cytology (in

ome patients) and microbiological criteria. Interestingly, median

MV DNA loads were comparable irrespective of the nature and

he number of co-detected microorganisms (at both participating

enters), and were overall higher in the presence of concurrent

NAemia. As for the latter observation, in agreement with Boeckh

t al., 10 we found this not to be due to pulmonary hemorrhage

not shown). Overall, CMV DNA loads in BAL fluid specimens pro-

essed at HLF were of greater magnitude than those analyzed at

CU. Since CMV DNA loads produced by the Argene PCR assay

re slightly lower than those measured by the Abbott PCR assay

not shown), differences in the net state of immunosuppression of
atients at the time of BAL sampling across centers, as reflected by

he immunodeficiency score index (higher for HLF patients), may

ccount for this observation. In fact, a trend towards an inverse

orrelation was found between the ISI score and the CMV DNA

oad quantified in BAL specimens. 

In a recent study, 10 a CMV DNA load cut-off of 500 IU/ml in BAL

uid was found to have a positive predictive value of ∼50% for the

resence of probable CMV pneumonia (considering a prevalence of

his event of 10% among patients at risk and undergoing BAL test-

ng). Tan et al., 8 in contrast, found CMV DNA levels in BAL fluid

amples to have a limited value to distinguish between CMV and

on-CMV pneumonia cases. It is pertinent to mention here that the

bove threshold is between one and two log 10 lower than those

entatively proposed for diagnosing CMV pneumonia in lung trans-

lant recipients. 34 –38 Interestingly, control patients with non-CMV

neumonia in the Boeckh study 10 showed a median CMV DNA load

f 0 log 10 IU/ml (IQR, 0–1.6 IU/mL), with CMV DNA levels between

00 and 500 IU/ml in roughly 64% of cases and > 500 IU/ml in 36%

f them. Here, the opposite was true, with nearly 60% of BAL fluid

amples from patients with non-proven CMV pneumonia having

MV viral loads > 500 IU/ml, of which 75% had > 1000 IU/ml. It is

orth highlighting that these figures were comparable at both par-

icipating centers, despite the above-referred differences in CMV

NA loads provided by PCR assays used at each center. To gauge

he potential relevance of these data, it must be taken into con-

ideration that in nearly 70% of pneumonia episodes in our cohort,

AL sampling was performed while patients were under anti-CMV

herapy ( > 3 days), whereas in the aforementioned study, 10 only

4% of patients with CMV pneumonia and 35% of patients with

on-CMV pneumonia had been treated with antivirals for at least

wo days. Despite this fact, higher CMV DNA loads in BAL fluid

pecimens were quantified in the current study, likely reflecting

ajor differences regarding the DNAemia cut-off triggering the in-

eption of antiviral therapy between these studies (much higher in

he current cohort). In fact, in this series, the median CMV DNA

oad in BAL was significantly higher in patients who were under

ntiviral therapy than in non-treated patients. 

As stated above, the limited number of proven CMV pneumonia

ases in our series precluded any attempt to establish a diagnostic

MV DNA load cutoff; nevertheless, in light of the data presented

erein, a threshold value of 500 IU/ml is unlikely to be discrimi-

ative between CMV pneumonia and pulmonary CMV DNA shed-

ing in our setting. In this sense, we fully support the idea that the

agnitude of such a diagnostic cut-off is likely to vary depending

pon the patient’s characteristics, the BAL procedure and process-

ng, the assay used for CMV DNA quantitation and the severity of

MV pneumonia at the time of sampling. 4 

Our data should be interpreted with caution as the exclusion

f CMV as the probable causative agent can be judged as dubious

n some cases provided that no virological methods were used to

nvestigate the presence of CMV in BAL fluid specimens. In par-

icular, there were 4 episodes occurring in 4 patients who died,

n whom CMV DNA was detected at high levels in both BAL and

lasma specimens ( > 10 0 0 IU/ml) and no alternative microbial eti-

logy was documented. Nevertheless, the conclusions drawn on

he basis of the overall dataset stood when cases in which little or

o doubt existed on the lack of involvement of CMV (i.e. bacterial

neumonia, tuberculosis.) were analyzed separately (representative

xamples are shown in Supplementary Table 4). 

CMV is a highly pro-inflammatory and immunosuppressive

irus; as such it may act as a synergistic co-pathogen in the ab-

ence of documented CMV-induced cytopathogenicity, and may

ave a relevant impact on patient outcome. 3 In this sense, we

ound that the presence of CMV DNA in BAL fluid specimens

t levels > 500 IU/ml, in addition to receipt of corticosteroids

nd low lymphocyte counts at the time of BAL sampling, was
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associated with increased pneumonia-attributable mortality in Cox

multivariate models. The relative scarce number of pneumonia

cases in which BAL specimens had CMV DNA loads > 500 IU/ml

did not allow to investigate whether this apparent effect exhibited

a dose-response pattern. Again, this finding must be interpreted

cautiously, as in order to avoid overfitting, Cox models were not

adjusted to a number of factors that may have had an impact on

mortality (i.e., adequacy of antimicrobial treatment, severity of

pneumonia, among others). The limited size of the current cohort

also precluded any meaningful statistical analysis evaluating the

impact of CMV DNA load in BAL at each center, separately. Fur-

ther studies are urgently needed to validate this observation, since

this subset of patients may benefit from short courses of anti-CMV

therapy. 10 

Limitations of the current study, in addition to the ones high-

lighted above, are its retrospective nature, the potential biased se-

lection of patients requiring bronchoscopy for the etiological diag-

nosis of pneumonia, the lack of normalization of CMV DNA loads

in BAL fluids to cellular DNA content (although this was reported

to be expendable in a previous study 10 ) and the use of different

DNA extraction platforms and real-time PCR assays for CMV DNA

quantitation. Nevertheless, this study has several strengths, includ-

ing the inclusion of consecutive specimens, the use of fresh BAL

fluid specimens and highly-sensitive real-time PCR assays for CMV

DNA load quantitation, and the performance of a comprehensive

and systematic evaluation of specimens for the presence of RVs

pathogens using molecular assays. 

In summary, our study highlights the difficulty in establishing

universal CMV DNA load thresholds in BAL fluid specimens for dis-

tinguishing between CMV pneumonia and pulmonary CMV DNA

shedding. Despite this, the potential impact of the presence of CMV

in BAL fluid specimens on pneumonia-attributable mortality ob-

served herein merits to be further investigated. To this end, only

large multicenter prospective studies using consensus protocols for

CMV DNA PCR BAL testing and conventional culture-based virolog-

ical testing may shed light on this issue. 
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