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The objectives of the study were to estimate human cytomegalovirus (HCMV) DNA
copy number in broncho-alveolar lavage cells, blood leukocytes, and serum of
patients with idiopathic pulmonary fibrosis (IPF). The study groups consisted of 16
patients, newly diagnosed with IPF and never treated, (mean age 40.9 ±11.0 yr; F/M-
7/9) and in 16 adult healthy volunteers (mean age 36.8 ±6.4 yr; F/M-4/12) used as
controls. The HCMV DNA copy number was calculated by a Q-PCR method using
TaqMan ABI PRISMTM7700. We found that the prevalence of the HCMV DNA
positive subjects in the patient group (75%) did not differ significantly from that in
the control group (69%). We also found that in both patient and control groups the
mean HCMV DNA copy number in BAL cells was significantly higher than that in
blood leukocytes (log10=2.7 vs. 1.2 for patients and 2.8 vs. 0.9 for controls,
respectively). However, a higher HCMV DNA copy number in blood serum was
observed in IPF patients than in controls (log10=3.2 vs. 2.0, respectively). We
conclude that the lungs play an important role in the human pathobiology of
cytomegalovirus sustenance.
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a specific form of chronic interstitial
pneumonia of unknown etiology limited to the lung with the histopathological
features of usual interstitial pneumonia (UIP). Recently, the knowledge about
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interstitial lung diseases has improved and diagnostic and imaging methods, such
as a high resolution computed tomography (HRCT) and broncho-alveolar lavage
(BAL) are well recognized and the histological forms are described (1, 2).
Despite the progress, the disease still remains one of the most poorly understood
interstitial lung diseases.

The etiologic agents leading to pulmonary fibrosis are not fully understood. Some
findings suggest that the persistent imbalance in the expression of Th2 vs. Th1
cytokines in the lung is a mechanism for progression of pulmonary fibrosis. Another
factor that can play a role in the appearing or progression of lung fibrosis is infectious
agents. In recent studies, it has been postulated that viral infections (latent or active),
for instance caused by human cytomegalovirus (HCMV), can be associated with IPF
(3, 4). Particularly, in immunocompromised patients the HCMV-associated
interstitial pneumonia is the most common life-threatening infection (5).

The intention of this study was to estimate the human HCMV DNA copy
number in different compartments (BAL cells, blood leukocytes, serum) in
patients with IPF by using a real-time Q-PCR. The results gave us the opportunity
to evaluate the distribution and probable contribution of human HCMV in the
etiopathogenesis of interstitial lung diseases.

MATERIAL AND METHODS

Patients

The study consisted of a patient group and a control group of subjects. There were 16 patients of
the mean age 40.9 ±11.0 yr (7 females, 9 males) admitted to the Department of Phthisiopneumology
of the Medical University of Silesia, Zabrze, because of persistent cough, shortness of breath,
exercise dyspnea, and diffuse changes in X-ray. None of them had ever been treated from pulmonary
pathology or underwent immunosuppression. In 6 cases, final diagnosis was established on the basis
of HRCT images and histopathological findings, typical for UIP (6), obtained from lung biopsy
performed under video-assisted thoracoscopy. In another 10 cases, final diagnosis was based on the
HRCT images combined with the presence of specific clinical symptoms (7). The control group
consisted of 16 subjects, adult volunteers, of the mean age 36.8 ±6.4 yr (4 females, 12 males).
Routine spirometry was performed in accordance with recommended standards (8). FVC and FEV1
were obtained from maximal expiratory flow-volume curves (Transferscreen II Jaeger, Würzburg,
Germany). Values are expressed as the percentage of predicted values.

Clinical material

Blood samples were collected and broncho-alveolar lavage was performed in patients and in
control subjects after informed consent had been signed. The experimental procedures were
accepted by a local Ethics Committee (permit no. NN-013-167/00). BAL was performed according
to the general principles of the methodology approved by the European Respiratory Society (8). In
brief, after local anaesthesia of the upper respiratory tract and premedication, simultaneous double
BAL from a bronchus of the middle lobe was performed in all subjects of the study. A solution of
0.9% NaCl (pre-warmed to 37°C) in portions of 20 ml (120 ml in total) was instilled through a
bronchoscope. Subsequently, the lavage was retrieved by a gentle suction into a siliconed bottle on
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ice. The first 20 ml portion of the aspirate was discharged as bronchial fraction, while aspirate from
the remaining 100 ml was treated as alveolar fraction. The alveolar fraction of aspirate was
centrifuged at 500g for 10 min. The cellular pellet, after washing with a buffered Hanks solution,
was counted in a Büerker chamber. An aliquot of the suspension was then diluted to a concentration
of 1 x 106 cell/ml. From a portion of the suspension, microscopic preparations were prepared and
after staining with the May-Grünewald-Giemsy method (Hemacolor, Merck, Darmstad, Germany),
they were assessed cytologically for the percentage of lymphocytes, macrophages, neutrophiles, and
eosinophiles. At least 500 cells were counted in any preparation. The remaining part of the cell
suspension of alveolar fractions was divided into small portions and frozen to -70°C for molecular
assays. After BAL had been performed, 10 ml of a patient's blood were taken: 5 ml on potassium
ethylene diamine tetracetic acid (K2-EDTA) for the buffy coat harvesting and another 5 ml on cloth
for serum completion. The obtained materials also were frozen to -70°C for molecular assays. 

A portion of sediments was cultured and tested against most common and uncommon pathogens:
fast growing bacteria, Mycobacteria, moulds, Pneumocystis carini, Mycoplasma, Chlamydia,
Legionella, and common respiratory tract viruses. In 5 cases, the tests were positive and those patients
were removed from the study group, so that only were the patients who tested negatively included. 

Nucleic acid amplification

The real-time quantitative polymerase chain reaction (9, 10) was carried out, using primers and
probes for a TaqMan assay, designed and determined by Primer ExpressTM Version 1.0, ABI PRISM
software (Applied Biosystems, Foster City, CA) on the basis of a nucleotide sequence of immediate
early protein (IE4) DNA coding region of the laboratory standard CMV strain AD169 (GenBank
accession number X17403). Applying Internet Base "BLAST", the proposed primers and probes
were tested for their complementarities and uniqueness for the human herpes virus-5. Finally, one
pair of primers (FCMV123; RCMV123): FCMV1235'GCgggAgATgTggATggCTTgT3';
RCMV1235'TgACTgCAgCCATTggTggTCTT3' and one probe: SCMV*FAM-TgCATgATgTgAg
CAAgggCgCCg-TAMRA were selected. The ends of the constructed probe were labeled with
fluorescent dyes. Genomic DNA was extracted from the BAL cell suspension, buffy-coat of blood
leukocytes, and serum by using GENOMIC DNA PREP PLUS (A & A Biotechnology, Poland,
Gdansk), according to the manufacturer's recommendations.

The amplification reaction mixture (total volume of 50 ml) consisted of TaqMan-buffer A
(Applied Biosystems, Foster City, CA), 3 mM MgCl2, 200 µM dNTP mix, 0.5 U Tth polymerase, an
amplification reaction enhancer, 900 nM primers forward and reverse, 200 nM of the probe, and 1.3
µl of the DNA extract. The real-time quantitative polymerase chain reaction was carried out in a
sequence detection system TaqMan ABI PRISMTM7700 (Applied Biosystems, Foster City, CA). The
PCR conditions were optimized as follows: 95°C for 5 s, 95°C for 10 min, and 45 cycles each of 95°C
for 30 s, 60°C for 60 s, and 72°C for 10 min. The HCMV copy number was calculated with respect
to the TaqMan PCR standard curve obtained by using commercially available DNA copy number
standards of β-actin gene (Applied Biosystems, Foster City, CA). The PCR results were calculated as
HCMV DNA copy number per 106 BAL cells, per 106 blood leukocytes, and per 1 ml of serum.

Evaluation of specificity, sensitivity, and reproducibility of HCMV copy number
determination by a quantitative real-time polymerase chain reaction

Each reaction was performed in triplicate in the two independent assays. Average coefficients
of intra-assay and inter-assay variability were 4.1% (range 3.3-5.2%) and 4.9% (range 3.1-5.9%),
respectively. The specificity of the real-time Q-PCR assay was confirmed by the amplification of
DNA isolated from the leukocytes buffy coat from patients after orthotopic heart transplantation
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with HCMV viremia confirmed by a pp65 antigenemia assay by indirect immunofluorescence
method (Biotest AG, Germany). The sensitivity of the above mentioned real-time PCR method was
established by others at 10 viral DNA copies (log10 >1) per 106 cells and 1 ml of serum (11, 12)
and by the manufacturer (Applied Biosystems, Foster City, CA).

Exclusion of cross reactivity

Respiratory tract specimens that were positive for Influenza and Parainfluenza, Adenovirus,
RSV (Respiratory screen kit, Dako, Denmark) were chosen to study Q-PCR specificity. No cross
reaction was observed. Also, three samples of the blood from patients with mononucleosis were
tested for a possible cross reaction. The results were negative in each case.

Enzyme immunoassay

Enzyme immunoassay detection of antibodies against recombinant antigens of HCMV in IgG
and IgM classes was made with Biotest ELISA tests (Biotest, Germany) by using a Microplate
reader ELX 800 (Bio-Tek Instruments Inc., Vermont, USA).

Statistical analysis

All calculations were performed with the aid of STATISTICA software (StatSoft, Poland,
Cracow). Data concerning the HCMV DNA copy number were expressed as mean log10 ±SE.
Differences between the means were examined using a non-parametric Mann-Whitney U test for
two groups of variables. The prevalence of HCMV infection in the studied populations was
compared by using a two-table Chi square test. Friedman ANOVA analysis of variance was used
for within group differences. Correlations were calculated by using Spearman's rank order test. The
level of confidence was established at P<0.05.

RESULTS

All basic data characterizing the study and control groups are summarized in
Table 1.

Prevalence of HCMV infection in the studied populations

The HCMV DNA copies were detected in both the study and the control
group. The copy numbers were comparable in both groups with respect to the
proportion of subjects from whom HCMV DNA could be detected (in all tested
compartments); being 75% in the study (n=12) and 69% in the control group
(n=11). Likewise, the number of subjects negative for HCMV DNA in all three
compartments was almost equal in the control and study groups (31%; n=5 and
25%; n=4, respectively). The prevalence of HCMV infection, as confirmed by
serological tests (data not shown), did not differ in both groups either.

Differentiated HCMV DNA copy number in the control and study groups

Comparing the BAL cell and blood leukocyte compartments, the higher
HCMV DNA copy number was observed in the BAL cells in both IPF and
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control subjects. The difference in the HCMV DNA copy number between the
BAL cells and the blood leukocytes was significant in either group of subjects
(Fig. 1). In the blood serum compartment, a higher mean HCMV DNA copy
number was observed in the IPF patients than in the control subjects, although
the difference did not assume statistical significance (Fig. 2). Comparison of
the HCMV DNA positive and negative IPF patients revealed only one
statistically significant difference: the percentage of BAL macrophages was
higher in the HCMV DNA positive patients (63.6 ±15.0% and 41.4 ±14.4%,
respectively).

BAL cells, blood leukocytes and serum HCMV DNA copy number correlation

In the control group, the serum HCMV DNA viral load correlated positively
with the blood leukocyte viral load (r=0.43) and the BAL macrophage percentage
(r=0.51). In the same group, BAL cells HCMV viral load correlated positively
with the blood leukocyte HCMV viral load (r=0.50). In the IPF patients, the
serum HCMV DNA copy number correlated positively with the blood leukocyte
and BAL cells HCMV viral loads (r=0.64 and r=0.52, respectively) and also with
the BAL macrophage percentage (r=0.44). The blood leukocyte HCMV viral load
correlated positively with BAL cells HCMV viral load (r=0.40) and the BAL
macrophage percentage (r=0.58).
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Variables IPF Control P Value
(n=16) (n=16)

Age, yr 40.8 (10.9) 36.7 (6.4) ns

Gender F/M - 9/7 F/M -4/12 ns

Smoking habit 6 smokers/10 8 smokers/8 ns
non-smokers non-smokers

FVC (% of predicted) 81.0 (3.7) 95.7 (3.0) P<0.01

FEV1 (% of predicted) 82.2 (3.6) 97.0 (4.6) P<0.01

DLCO (% of predicted) 66 (7.7) 88 (5.5) P<0.05

BAL Mφ (%) 58.1 (3.5) 78.4 (4.1) P<0.001

BAL lymphocytes (%) 20.5 (3.5) 16.2 (2.7) P<0.05

BAL neutrophiles (%) 15.6 (2.4) 4.3 (2.1) P<0.01

BAL eosinophiles (%) 3.7 (2.1) 1.5 (0.5) P<0.05

BAL cells [1 mln] viral load (log10) 2.7 (0.4) 2.8 (0.4) ns

Blood leukocytes [1 mln] viral load (log10) 1.2 (0.1) 0.9 (0.1) ns

Serum [1 ml] viral load (log10) 3.2 (0.4) 2.0 (0.4) ns

Table 1. Baseline characteristics of subjects.

Data are represented as mean (SE); ns= not significant; Mφ - macrophages



DISCUSSION

The prevalence of HCMV infection in the study group did not differ from the
control group. This is in concordance with our previous results describing the
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Fig. 1. Comparison of cellular compartment HCMV DNA copy numbers in the IPF (n=16) and
control subjects (n=16). Data are means ±SE. There were significant differences in the HCMV
DNA copy number between the two compartments in either group of subjects, but no differences in
either compartment between the two groups.

Fig. 2. Comparison of serum viral load in the IPF (n=16) and control groups (n=16). Data are means
±SE. The difference did not assume statistical significance.



HCMV serological status in patients with interstitial lung changes, which
suggested no higher frequency of past or active HCMV infection in IPF patients'
population compared with control subjects (13). However, our data confirmed
considerably widespread HCMV infection in the population. The mean HCMV
DNA copy number in IPF patients was higher in both blood leukocytes and serum
compared with control subjects, but the differences were not statistically
significant. No correlations were observed between the HCMV DNA copy
number and the serological status in both analyzed groups (data not published).

It is assumed that the most important marker of HCMV infection activity is the
blood leukocyte HCMV DNA copy number (14, 15). Blood monocytes are the
main location of virus carriage (16, 17). The probable source of HCMV DNA
copies during latency are bone marrow cells (stem cells) that transfer viral DNA
to monocytes during their development (18, 19). Circulation of monocytes and
their natural ability to settle in different organs, especially in lung parenchyma
and alveoli as organ specific macrophages, lead to viral spread. Such a
mechanism was indirectly confirmed in the present study by showing the
correlation between the BAL macrophage percentage and viral load in the
analyzed compartments. Differentiation of blood monocytes to organ specific
macrophages results in derepression of HCMV immediate early genes, being
previously dumb in these cells (20). The HCMV DNA copy number in serum and
blood leukocytes in IPF patients positively correlated with the BAL cells viral
load and BAL macrophages percentage, which confirms that the inflammation
process recruits blood monocytes to lung parenchyma (21, 22) and that their
differentiation to the alveolar macrophage phenotype leads to replication of
HCMV immediate early genes. Consistent with these results are the following:
the significantly higher HCMV DNA copy number in BAL cells compared with
that in blood leukocytes in both analyzed groups and a higher percentage of BAL
macrophages in the IPF HCMV DNA positive patients compared with that in
HCMV DNA negative patients. These observations underline a positive
correlation between the blood leukocyte and BAL cell viral loads in both IPF and
control groups. These data put the lungs as the prevalent place of latency or
persistency of HCMV, compared with blood leukocytes and serum in humans (23,
24). This was also confirmed by others (25) in a report in which the highest
murine cytomegalovirus DNA burden in lung cells reflects the organ specific site
of latency and the place of the highest risk of infection recurrence. In humans,
higher HCMV DNA positivity of BAL fluid compared with that of blood
leukocytes has also been observed (26). A triggered inflammation process
comprising alveolar macrophages could result in derepression of HCMV genes
naturally transfected to these cells (due to primary infection) (27), which in the
case of immunological permission, can reactivate latent infection. An active viral
infection up-regulates the inflammation and a vicious circle closes (28). The
potential role of the family of herpes viruses as cofactors modulating the
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development and progression of interstitial lung disease in an animal model was
confirmed by recently published data (29). 

In conclusion, our results suggest a crucial role of the lungs in the human
cytomegalovirus pathobiology. The contribution of HCMV infection in IPF
patients should be taken into account during immunosuppressant treatment and in
the case of progression, despite the continued steroid therapy.
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