
JOURNAL OF CLINICAL MICROBIOLOGY, Feb. 2007, p. 324–328 Vol. 45, No. 2
0095-1137/07/$08.00�0 doi:10.1128/JCM.01173-06
Copyright © 2007, American Society for Microbiology. All Rights Reserved.

Relationship between Cytomegalovirus DNA Load in Epithelial Lining
Fluid and Plasma of Lung Transplant Recipients and Analysis of
Coinfection with Epstein-Barr Virus and Human Herpesvirus 6

in the Lung Compartment�

Claudia C. Bauer,1* Peter Jaksch,2 Stephan W. Aberle,1 Heinrich Haber,3 Gyoergy Lang,2

Walter Klepetko,2 Hanns Hofmann,1 and Elisabeth Puchhammer-Stöckl1
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Cytomegalovirus (CMV) is a significant cause of morbidity and mortality in lung transplant recipients
(LTRs). The aim of the present study was to elucidate the relationship between the CMV DNA load in the lung
compartment and that in plasma. For CMV load determination, the level of CMV DNA in plasma and
bronchoalveolar lavage (BAL) samples was measured in a total of 97 paired BAL and plasma samples obtained
from 25 LTRs. The original virus concentration in the epithelial lining fluid (ELF) was calculated from the
BAL samples by correcting for dilution using the urea dilution method. In addition, the load of Epstein-Barr
virus (EBV) and that of human herpesvirus 6 (HHV-6) DNA also were determined in BAL samples, recalcu-
lated for their concentrations in the ELF, and compared with the CMV DNA load. CMV DNA was found more
frequently and at significantly higher levels in the lung compartment than in plasma (P < 0.001, Wilcoxon
test), and the CMV load in the ELF was associated with symptomatic CMV disease. EBV and HHV-6 were
detected in 43.6% and 21.7% of the ELF samples, respectively. A statistically significant association was found
between the CMV and EBV DNA loads in the ELF (P < 0.001; Spearman’s rho � 0.651). Thus, in LTRs,
determination of the CMV DNA load in the lung compartment may be advantageous compared to monitoring
only viremia. The significant relationship between EBV and CMV DNA loads in the ELF of LTRs and its
clinical impact require further investigation.

Herpesvirus infections are a considerable burden and pose a
challenge to the management of organ transplant recipients
(16). Among herpesvirus infections, cytomegalovirus (CMV)
infection is one of the most severe complications in organ
transplant patients, and lung transplant recipients (LTRs) are
at particularly high risk of developing CMV infection and
disease (23). CMV detection in bronchoalveolar lavage (BAL)
samples has been described as an earlier marker of virus rep-
lication in the lung than detection using PCR analysis of blood
(4). However, CMV DNA quantitation from BAL samples has
not been established as a routine predictive marker because a
substantial overlap between virus loads in symptomatic and
asymptomatic patients has been shown (4). This inability to
discriminate symptomatic from asymptomatic LTRs by CMV
DNA quantitation with BAL samples may be explained by the
variability of the amount of epithelial lining fluid (ELF) which
is recovered from the surface of the lung by BAL sampling. We
have recently shown that in order to achieve an exact quanti-
fication of the CMV load in the lung compartment, corrections
have to be made to account for the dilution of the original ELF
containing the virus in the final BAL sample. Using this ap-

proach, we have found that the virus level in the lung com-
partment is clearly associated with CMV disease (27).

The number of studies in which interactions between her-
pesviruses in transplant patients have been investigated is lim-
ited, and data on viral coinfection in the lung compartment are
especially rare. A few clinical studies have investigated whether
there is an association between CMV and Epstein-Barr virus
(EBV) reactivation in the blood compartment of immunosup-
pressed patients. While some authors (24, 21) have found that
reactivation of each virus occurred independently, others (9,
11) have shown an association between CMV infection and the
serologic profile of EBV reactivation. In vitro studies have
shown as well that there might be an association between CMV
and EBV (2).

Also, human herpesvirus 6 (HHV-6) has been increasingly
recognized as a frequently detectable pathogen after trans-
plantation (10, 15) and has been proposed as a possible cofac-
tor for CMV disease leading to increased CMV replication in
the blood compartment (17, 10, 5). Associations between EBV
and HHV-6 also have been described, and concomitance of
positive EBV and HHV-6 PCR results was shown with BAL
samples (15).

The aim of the present study was to assess whether, for lung
transplant recipients, there is a relationship between the CMV
DNA load in the lung compartment, determined exactly by
correcting for the BAL dilution factor, and the CMV DNA
load in the blood. In addition, it was further investigated
whether and at which concentrations EBV and HHV-6 DNA
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are present in the lung compartment and how they correlate
with the CMV DNA level in ELF.

MATERIALS AND METHODS

Patients. A total of 25 patients who had undergone lung transplantation at the
Medical University hospital in Vienna were included in the study. The patient
group consisted of 11 females and 14 males, with ages ranging from 23 to 68 years
(median, 53.8 years) at the time of transplantation. Lung transplantation was
performed because of chronic obstructive pulmonary disease (n � 16), primary
pulmonary hypertension (n � 4), lung fibrosis (n � 3), sarcoidosis (n � 1), or
lymphangioleiomyomatosis (n � 1).

The CMV serostatus was as follows: D�/R� (D, donor; R, recipient), 11
patients; D�/R�, 7 patients; D�/R�, 2 patients. In five cases, the serostatus of
either the donor, the recipient, or both was unknown. The LTRs were EBV
seropositive in 12 cases, and in 13 cases the EBV serostatus was unknown.

During the time period investigated in this study, the immunosuppressive
regimen administered to the patients consisted of steroids, cyclosporine or
tacrolimus, and mycophenolate. As standard CMV prophylaxis, all patients re-
ceived intravenous ganciclovir at a dosage of 10 mg/kg of body weight/day for 3
weeks after transplantation, followed by oral ganciclovir therapy at a dosage of
3 g/day until day 100 after transplantation. CMV disease was diagnosed accord-
ing to criteria defined previously (26). Patients were categorized as asymptomatic
in the study if they neither developed CMV disease nor received preemptive
therapy for at least 3 months after sample collection.

BALs and plasma. The BAL sampling procedure was carried out as described
previously (27), and the corresponding plasma specimens were withdrawn simul-
taneously. A total of 97 simultaneously withdrawn BAL and plasma samples were
analyzed retrospectively. All specimens were collected in the course of the
routine follow-up in the years 1999 to 2003 and stored at �20°C. Thirty-two
paired samples were obtained during the first 100 days after transplantation (TX)
and 32 within 3 to 12 months after TX, and 33 were withdrawn later than 1 year
after TX. The patients’ clinical conditions at the time of sample withdrawal were
as follows: 32 paired samples were obtained from LTRs receiving CMV prophy-
laxis, 29 were obtained from LTRs in an asymptomatic phase, 17 from LTRs
receiving CMV therapy, and 13 from LTRs 1 to 5 days prior to the administration
of ganciclovir therapy because of symptomatic CMV infection. The remaining six
paired samples were obtained from asymptomatic LTRs within 3 months before
initiation of anti-CMV therapy and were therefore not assigned to the asymp-
tomatic group.

As controls, 41 BAL samples collected for routine diagnostic purposes from 41
immunocompetent patients with various lung diseases not associated with CMV
disease were investigated for CMV, EBV, and HHV-6 DNA load. Patients with
a history of transplantation, interstitial fibrosis, or human immunodeficiency
virus infection were not included.

Methods. (i) Quantitative PCR. (a) CMV. Sample extraction and quantitative
PCR with BAL and plasma samples were performed using the semiautomated
Cobas system (Roche Diagnostics, Branchburg, NJ) according to the manufac-
turer’s instructions.

(b) EBV and HHV-6. Sample extraction and EBV and HHV-6 quantitation
with BAL and plasma samples by real-time PCR were performed as described
previously using primers and a probe located within the EBNA1 gene and the
HHV-6 U57 gene, respectively (1). The TaqMan PCR was carried out with a
final volume of 50 �l using 10 �l template DNA extracted using a QIAamp viral
RNA kit (QIAGEN, Hilden, Germany), 25 �l of TaqMan universal PCR master
mix (PE Applied Biosystems, Foster City, CA), 25 pmol of each primer, and 10
pmol of each fluorescence-labeled probe with the fluorophore 6-carboxyfluores-
cein at the 5� end and 6-carboxytetramethylrhodamine at the 3� end. Amplifica-
tion and detection were performed using the i-cycler iQ (Bio-Rad Laboratories,
Hercules, CA) under the following conditions: 3 min at 50°C, 10 min at 95°C, and
45 cycles of 15 s at 95°C and either 30 s at 55°C/30 s at 72°C for EBV PCR or 1
min at 60°C for amplifying HHV-6 DNA. The detection limit of the EBV and
HHV-6 PCR was found to be about 100 copies of viral DNA/ml.

(ii) Virus loads in the ELF. To achieve an exact quantification of the CMV,
EBV, and HHV-6 DNA loads in the lung compartment, the original virus
concentration in the ELF, which is retrieved in diluted form by BAL sampling,
was calculated using the urea dilution method (18, 27). In brief, the urea dilution
method is based on the knowledge that urea is a solute whose concentrations in
plasma and in the ELF are equal. The concentrations of urea in plasma and in
the BAL sample taken in parallel were determined using the urease-glutamate
dehydrogenase method using the Roche/Hitachi Modular Analytics system.
Then, the virus load in the ELF was calculated using the urea dilution quotient.

(iii) Statistical analysis. Statistical analysis was performed using the SPSS 11.5
software. The Wilcoxon matched-pairs test, the Mann-Whitney U test, and
Spearman rank correlation analysis were performed where appropriate. A P
value of �0.05 was regarded as statistically significant.

RESULTS

CMV DNA load in epithelial lining fluid and plasma. In
order to investigate the association between the CMV DNA
load of the lung compartment and that of the plasma, 97 paired
BAL and plasma samples were analyzed by CMV DNA PCR.
Of the 97 BAL samples investigated, 51 (52.6%) were positive
by PCR. The dilution of the original virus concentration in
different BAL samples was found to vary considerably, with a
range of between 2.47- and 320.72-fold. The calculated CMV
load in the ELF ranged from 4.2 � 102 to 2.5 � 107 copies/ml.
Of the corresponding plasma samples, 26 (26.8%) yielded pos-
itive results, showing viral loads between 1.4 � 101 to 7.0 � 104

copies/ml. Simultaneous detection of CMV in ELF and plasma
occurred in 21 (21.6%) of the paired samples.

Comparison of the CMV DNA load in ELF and plasma was
done for all 97 paired samples. As shown in Fig. 1, a signifi-
cantly higher virus load was detected in the ELF than in
plasma (P � 0.001, Wilcoxon matched pairs test). The ELF
virus load was in each case but one found to be higher than the
corresponding plasma virus load, with a difference of up to 6.87
logs.

CMV load in symptomatic versus asymptomatic patients. In
order to compare the significance of the CMV DNA loads in
ELF and in plasma as an early marker for CMV disease, the
virus loads in both compartments were determined for symp-
tomatic and asymptomatic LTRs. Thirteen paired samples ob-
tained from patients at the onset of symptoms prior to therapy
and 29 paired samples from patients in an asymptomatic phase
were investigated. The results are presented in Fig. 2. The
present data show that the calculated median virus load in the
ELF was significantly higher in samples obtained from patients
at the onset of symptomatic CMV disease prior to therapy than

FIG. 1. Comparison of the CMV DNA levels in ELF and in simul-
taneously obtained plasma (PLA) samples (n � 97). Negative PCR
results were set equal to 1 (log10 � 0). The bar indicates the median
viral load (ELF, 1.2 � 10e3 copies/ml; plasma, negative).
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in those from asymptomatic patients (P � 0.001, Mann-Whit-
ney U test).

Comparison of the plasma virus load in these two patient
groups also revealed a significant mean difference (P � 0.015,
Mann-Whitney U test) (Fig. 2). No CMV DNA was detectable
in six of the plasma samples obtained from patients at the
onset of symptomatic disease. The virus load in the corre-
sponding ELFs ranged between 4.6 � 104 and 7.4 � 106 copies/
ml, and all of these patients were clinically diagnosed as having
CMV pneumonitis, according to a previous definition (12).
Retesting the plasma samples using a different PCR method,
an in-house real-time TaqMan PCR (1), confirmed these neg-
ative results.

EBV- and HHV-6 DNA load in the ELF. To assess whether
and at which concentrations other herpesviruses were present
in the lung compartment of LTRs, quantitative EBV and
HHV-6 DNA PCR assays were performed on the BAL sam-
ples in which sufficient material was still available for further
analysis, and the viral DNA concentration in the ELF was
calculated.

The EBV load was determined in 78 of the 97 BAL samples.
Thirty-four (43.6%) of the BAL samples were positive by EBV
DNA PCR, with a calculated viral load in the ELF ranging
from 1.0 � 103 to 1.6 � 106 EBV DNA copies/ml (median,
3.2 � 104 copies/ml).

In 60 of the 78 BAL samples tested for CMV and EBV DNA
load, the HHV-6 load was also measured. Thirteen (21.7%) of
the BALs yielded a positive result, with the viral load in the
ELF ranging from 1.5 � 102 to 3.2 � 104 copies/ml (median,
3.1 � 103 copies/ml).

Forty-one control BAL samples that were routinely with-
drawn from patients in the course of various lung diseases (see

Material and Methods) were also tested for the presence of
herpesviruses. None of these samples was positive for CMV or
HHV-6 DNA. EBV DNA was detected in 2 of the 41 samples
(4.9%), with a viral load in the ELF of 3.8 � 103 and 2.7 � 104

EBV DNA copies/ml, respectively.
Association between CMV, EBV, and HHV-6 in the ELF. We

then further investigated whether there is a relationship be-
tween the different herpesviruses in the lung compartment. Of
the BAL samples, 33.3% were positive for both EBV and
CMV DNA, 11.7% contained both CMV and HHV-6 DNA,
and 11.7% were positive for both EBV and HHV-6 DNA. The
quantitative data obtained for EBV and CMV, respectively,
which were within the dynamic range of the assays (n � 62)
were set in association (Fig. 3). Statistical analysis of the virus
load levels in the individual samples showed a significant cor-
relation between the EBV and CMV DNA concentrations in
the ELF (Spearman’s rho � 0.651; P � 0.001). For HHV-6,
mostly low DNA levels were detected, and therefore no com-
parison with EBV and CMV loads was assessed. The simulta-
neous presence of CMV, EBV, and HHV-6 DNA was found in
6 of the 60 BAL samples (10.0%).

DISCUSSION

The data assessed in the present study show that the CMV
DNA load in the lung compartment of lung transplant recipi-
ents is, in general, significantly higher than that in plasma, with
a difference of up to 7 logs. A higher viral load was observed in
the ELF independently of whether there was ongoing active
CMV disease in the lung allograft (12) or not. It has been
shown before that the lung is a major reservoir for CMV (3),
and both alveolar epithelial cells and endothelial cells in the

FIG. 2. Comparison of the CMV DNA load with the clinical status.
Negative PCR results were set equal to 1 (log10 � 0). The bars indicate
the median viral loads. Symptomatic patients prior to therapy (n � 13):
ELF median, 1.3 � 10e6 copies/ml; PLA median, 1.7 � 10e2 copies/
ml. Asymptomatic patients (n � 29): ELF median, 2.4 � 10e3 copies/
ml; PLA median, negative.

FIG. 3. Association of CMV and EBV DNA loads in the ELF.
Only samples with viral loads within the respective dynamic range of
the quantitation assays are included (n � 62).
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transplanted lung are fully permissive for CMV replication
(14). The more frequent presence of CMV in the lung com-
partment than in plasma, as well as the remarkably higher ELF
CMV DNA concentrations found in the patients, may thus be
explained by a higher local level of viral replication in the lung.
A higher virus production level in the lung has already been
suggested by Riise et al. (19), who have reported high CMV
DNA levels in the BAL fluid of lung transplant patients who
did not show clinical symptoms of CMV disease, and this
finding may possibly be a specific feature of CMV infection in
LTRs.

We have previously shown that there is an association be-
tween a certain level of ELF CMV DNA load and symptomatic
infection (27). This was confirmed again by the present data. In
contrast to the previous findings, however, it was now also
observed that in rare cases, asymptomatic patients also may
harbor higher ELF virus loads.

The clinical importance of investigating the CMV DNA load
in the lung compartment of LTRs was further underscored by
the finding that CMV DNA was not detectable in 46.3% of the
plasma samples obtained from patients at the onset of symp-
tomatic CMV disease, while CMV DNA was present at high
concentrations in all of the corresponding ELFs. Our results
thus indicate that in LTRs, active CMV disease in the lung
allograft may occur in the absence of detectable CMV DNAemia.
This finding is in agreement with those of a previous study
conducted by Chemaly et al. (7), who reported that in one out
of five patients diagnosed with CMV pneumonitis, the plasma
CMV PCR was negative while CMV DNA was present in all of
the corresponding BAL samples. Similarly, Westall et al. (25)
found that in two out of six patients with histological evidence
of CMV infection of the lung, CMV DNA was absent in
plasma while the BAL fluid was CMV PCR positive in all
cases. Thus, routine CMV DNA load measurement in the lung
compartment may provide an additional clinical advantage for
lung transplant recipients.

The lower respiratory tract also has been suggested to be a
major site of EBV latency (13), and in vivo EBV replication
within lung alveolar cells has been demonstrated (8). The
pathogenic role of EBV in pulmonary tissue, however, has not
yet been sufficiently clarified (8). In the present study, EBV
DNA was detected in 43.6% of the BAL samples obtained, and
the recalculation for the ELF showed that high concentrations
of EBV DNA of up to 1.6 � 106 copies/ml can be present in the
ELF. Whether there is a direct clinical impact of the EBV
DNA load in the lung compartment on the LTRs requires
further analysis. EBV DNA was also found rarely (4.9%) in the
control BALs. Since it has been reported before that EBV
DNA can be detected in different tissues from healthy subjects,
including the lungs (13), the occasional presence of EBV in
BAL samples is not surprising. Our data show, however, that
EBV DNA may be present in these nonimmunosuppressed
patients at substantial viral loads in the ELF. The implications
of this finding are also not yet clear.

Simultaneous infection with different herpesviruses has been
observed especially for the blood compartment. When analyz-
ing the BAL samples of our patients, a striking level of coex-
istence of EBV and CMV DNA was detected, occurring in
one-third of the samples analyzed. In addition, a statistically
significant association was found between the levels of CMV

and the EBV DNA load in the ELF of the patients. These data
indicate that there might be an association between CMV and
EBV infection in the lung compartment. Different aspects
could account for this association. First, the increase of EBV
could be due to an increase in the number of cells in the BAL
fluid and an expansion of latently EBV-infected B cells in the
course of CMV infection of the lung allograft. Although
Stephan et al. (20) reported a significant increase in the total
lymphocyte population in BAL samples concurrent with pul-
monary CMV infection, it was also found that B lymphocytes
were almost entirely absent from BAL samples. Considering
this, the simultaneous presence of EBV and CMV is not likely
due to CMV-driven elevation of the total BAL cell count. A
second explanation would be that there is an enhancement in
virus replication due to the fact that both viruses replicate in
the same cells. It has been shown that both EBV and CMV
may infect alveolar epithelial cells, and productive replication
of both herpesviruses may thus occur in the same cells (22, 14).
Thus, EBV detected in the BAL could possibly be derived
from lytic infection rather than from latently infected B cells.

HHV-6 DNA was detected in the ELF of the LTRs at clearly
lower frequencies and concentrations than CMV or EBV and
only in a limited part of the samples in coinfection with the
other herpesviruses. HHV-6 has previously been shown to
infect lung macrophages and epithelial cells (6), and its pres-
ence in BAL samples from LTRs has been demonstrated pre-
viously (15). But so far a possible pathogenic role of HHV-6 in
LTRs has not been demonstrated.

In conclusion, our study shows that CMV DNA is generally
more frequently present in the lung compartment than in
plasma and at a clearly higher level in the ELF than in plasma.
The CMV DNA load in the ELF is associated with symptom-
atic CMV disease, and determination of the CMV concentra-
tion in the lung compartment may be advantageous compared
to monitoring of DNAemia in LTRs. It was also shown that in
addition to CMV, EBV DNA is frequently present in the lung
compartment of LTRs, and there is a significant association
between the CMV and the EBV DNA loads in ELF. Further
investigation will be required to see whether there is a clinical
impact of herpesvirus coinfection in the lung compartment of
lung transplant recipients.
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