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Abstract 

 
Question of the study 

Latent viral infection has been implicated in the pathophysiology of COPD. 

Epstein Barr Virus (EBV) is known to be important in pulmonary fibrosis. 

We hypothesized that EBV is associated with the pathogenesis of COPD. 

 

Materials/patients and methods 

Sputum samples were collected from patients during exacerbations of 

COPD and when stable. A control group of smokers who do not have 

airways obstruction also had their sputum examined. The presence of 

EBV DNA was established and quantified using a real-time nucleic acid 

amplification assay.  

 

Results 

One hundred and thirty six patients with COPD were recruited during an 

acute exacerbation and 68 when stable. EBV was detected in 65 (48%) of 

exacerbation cases and 31 (46%) of stable patients. In the comparison 

group of 16 non-obstructed smokers EBV was demonstrated in only 1 

case (6%); p < 0.05. Risk of COPD in patients with EBV and are smokers 

confers an odds ratio of 12.6. 
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Answer to the question 

EBV DNA is more frequently identified in the respiratory tract of COPD 

patients in comparison to unaffected smokers. It is present in exacerbation 

and when stable, suggesting infection is persistent. Smokers who do not 

develop COPD, rarely have EBV in their sputum. This finding may be of 

importance in the pathogenesis of COPD. 
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Introduction 

 

Chronic Obstructive Pulmonary Disease (COPD) is characterized by an 

inflamed airway with neutrophil accumulation in the airway[1]. The airway 

mucosa is infiltrated with cytotoxic T-lymphocytes (CD8+)[2]. This has lead 

to the hypothesis that an additional agent other than smoking is required 

to develop COPD. Chronic viral infection could account for the CD8+ T-

cells and the differentiation between smokers with and without COPD. The 

role of acute respiratory viral infection in COPD exacerbations has recently 

emerged[3,4]. Molecular diagnostic techniques allow investigators to study 

the role of latent viral infections in the pathogenesis of COPD.  Some 

studies have suggested a latent virus[5].   

 

Epstein-Barr virus (EBV) is a member of the herpes virus family which is 

widespread and has been associated with a variety of disease processes 

including glandular fever, Burkitts lymphoma, nasopharyngeal carcinoma, 

lymphoma and post-transplant lymphoproliferative disease[6,7,8,9]. 

Burkitts lymphoma and nasopharyngeal carcinoma are associated with 

latent EBV infection respectively[10,11]. Patients with Human 

Immunodeficiency virus (HIV) who have EBV are more likely to develop a 

lymphoma as their disease progresses. Suppression of this virus with 

acyclovir or similar agents with anti-EBV activity reduces the incidence of 

non-Hodgkin’s lymphoma in patients with AIDS, suggesting a causal role 

in the viral pathogenesis of AIDS related lymphoma[12].  
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EBV has been identified in the lower airways and is seen within exfoliated 

epithelial cells using in-situ hybridization[13]. EBV has been identified 

frequently in the lungs in pulmonary fibrosis. Kelly et al analysed lung 

biopsies and blood samples from patients with idiopathic pulmonary 

fibrosis and found  Epstein-Barr Virus in approximately 60% of cases  but 

in none of the lung transplant patient controls[14]. Further investigation, 

using immunohistochemistry, has shown that the virus  was located 

primarily in the airway epithelial cells[15].  

  

Sputum is a rich source of airway epithelial cells; we undertook a study to 

examine sputum for viruses. We examined samples during exacerbation 

and remission, as well as a control group of healthy smokers. We 

hypothesized that EBV was a possible candidate for persistent viral 

infection in COPD. 
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Materials and methods 

 

Study subjects 

Subjects with COPD were recruited over a two year period. COPD was 

defined using the GOLD criteria (16). An exacerbated group were 

recruited when attending hospital, within 24 hours of presentation. Stable 

COPD patients (no increase in respiratory symptoms or treatment for the 

previous 8 weeks) were also recruited as were a control group who had 

smoked but who did not have any evidence of airways obstruction. 

Spirometry (MicroLab 3300 spirometer, Micro Medical Ltd., Gillingham, 

UK) pre and post bronchodilator therapy (2.5mg salbutamol nebulised, 

Allen & Hanbury, London, UK) was performed. Patients who had 

significant improvement following bronchodilator therapy (≥200mls / 

+15%) were excluded. Those patients with a history of bronchiectasis, a 

neoplastic process or other serious concomitant disease were excluded. 

This study was approved by the research ethics committee of Queen’s 

University Belfast.  

 

Study design 

The study was designed on known prevalence of acute respiratory 

infections[16,17]. For a detection rate of 30% in exacerbation and 10% 

when stable, using a power of 0.8 and significance at 0.05 we calculated 

that 128 patients would be needed during exacerbation and 64 stable 

patients with COPD. Using a prevalence of 50% in the disease group[18] 
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and EBV detection at 4% in non diseased group[19], we calculated that 

the control group using a 4:1 ratio would require 64 stable COPD patients 

and 16 non obstructed smokers (EpiInfo™ version 6). 

 

Methods 

Sputum samples 

Sputum was obtained either by spontaneous production or by induction 

with hypertonic (3%) saline nebulised through an air driven nebuliser 

(Micro Mist® small volume nebuliser, Hudson Respiratory Care Inc, 

Leicestershire, UK) for 20 minutes. FEV1 was repeated every 5 minutes. 

The procedure was stopped if there was a 20% fall in FEV1. Sputum 

induction was not used in acute exacerbations of COPD.  

 

Sputum samples had plugs removed from saliva. Specimens were mixed 

with 4 volumes 0.1%  dithiothreitol (Sigma, Poole, UK) and shaken in an 

orbital Incubator (Gallenkamp, England) for 15 minutes at 37 oC followed 

by the addition of 4 volumes Phosphate Buffered Saline and shaken for a 

further 5 minutes. The resulting suspension was then filtered through 50 

micrometer Nylon Gauze (Lockertex, Warrington, UK) and spun down at 

1000g for 10 minutes. After removing the supernatant the cell pellet was 

resuspended in Lysis Buffer (QIAamp DNA Blood Mini Kit, Qiagen, UK). 

Total nucleic acid extraction was performed on 200 µl of sputum sample 

suspended in Lysis Buffer. A separate sample was resuspended in 



 

 9

Phosphate Buffered saline, a total and epithelial cell count were performed 

using the glass cover slip method as previously described[20]  

 

Polymerase Chain Reaction (GAPDH) 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was employed as 

a reference housekeeping gene.  We used a published primer and probe 

set combined with a set of external primers designed using primer design 

software (PrimerSelect 5.00, 1993 – 2001, DNASTAR Inc., Konstanz, 

Germany)[21]. Following nucleic acid extraction (Qiagen, QIAamp DNA 

Blood Mini Kit), 2µl of each specimen was combined with 8µl of GAPDH 

mastermix.  

 

First round PCR was performed on a thermal cycler (MJ Research, Peltier 

Thermal Cycler, San Francisco , California) and 0.2µl of the first round 

product was then used in combination with 9.8µl of mastermix containing 

primers and a TaqMan® probe (labeled with FAM and TAMRA dyes) 

internal to the first round primers. Real-time PCR (30 cycles) was carried 

out on a LightCycler (Roche Diagnostics Corporation, Mannheim, 

Germany) with log dilutions of the cloned target sequence being used as 

calibrators for quantitation of specimen copy numbers.  

 

Polymerase Chain Reaction (EBV) 

All specimens were screened for copy numbers of EBV BNRF 1 gene 

using real-time PCR. The EBV primers and probe used have been 
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previously published, a second set of primers external to these were 

designed ‘in house’ (HJ O’Neill) to make a nested assay[22]. All primers 

and probes are listed in Table SI, all mastermixes are listed in table SII 

and all cycling conditions are listed in table SIII. All EBV copy numbers 

stated have been adjusted for GAPDH copy numbers. The normalisation 

procedure used was a ratio between EBV and GAPDH copy numbers. All 

specimens were also tested for EBV using a gel based nested PCR assay 

which was quality controlled and used for the routine screening of NHS 

clinical specimens.  

 

Quantitation 

Cloned samples of each assay target were prepared using pCR 2.1-

TOPO® plasmid vector (invitrogen, Paisley, UK). The target sequence 

identity was confirmed by sequencing (ALFexpress II DNA analyzer, 

Amersham Biosciences, Buckinghamshire, UK) and performing a BLAST 

search with resulting greater than 99% homology for the GAPDH and EBV 

gene sequences. The GAPDH and EBV LightCycler assays (figure 1) had 

detection limits of 5 and 6 copies per reaction respectively.  

 

Analysis 

Normally distributed data were presented as Mean ± Standard Deviation. 

Non-parametric data were expressed as median and inter quartile ranges. 

Normally distributed continuous variables were compared by t test; 

otherwise the differences were assessed by the Mann-Whitney U test. For 
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discrete variables frequencies and percentages were reported and groups 

compared using the Chi squared test. Correlations were performed using 

Spearman’s Rank Correlation. A significance level of 5% was chosen. In 

cases of multiple comparisons logistic regression was performed. 

Statistical analysis was carried out using SPSS (Chicago, IL) version 10.0. 

 

Results 

One hundred and thirty six patients were recruited during an acute 

exacerbation of COPD. Sixty eight COPD patients were recruited when 

stable. Thirty three of these were seen both during an exacerbation and 

during remission. Sixteen subjects who smoked and did not have airflow 

obstruction were also studied (table I). The male / female ratio distribution 

between groups was not significantly different (p = 0.24).  GAPDH was 

present in all extracted specimens confirming that sputum specimens 

contained cellular material in every case. All cases in which EBV was 

detected by quantitation were confirmed as being EBV positive using the 

nested gel based PCR assay. 
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Table I 
 
Patient demographics and PCR assay results 
 
 

Patient Group  
Measurement Exacerbated 

COPD 
Stable COPD  Non-

Obstructed 
Smokers 

No. Patients 
 

136 68 16 

Sex  
(M/F) 

64 / 72 30 / 38 4 / 12 

Age 
 

70.2 ± 9.4 66.3  ± 9.4 52.2  ± 7.6** 

FEV1 - Litres 
(% Pred) 

0.84  ± 0.47 
(39%) 

1.00  ± 0.53* 
(48%) 

2.60 ± 0.56** 
(105%) 

FEV1 / FVC - Ratio 
 

50% 51% 78% 

Smoking status 
(current / ex) 

49 / 76 32 / 30 10 / 6 

Smoking  
(Pk/Yr) 

48.0  ± 39.2 42.2 ± 26.0 44.0  ± 21.5 

Inhaled 
corticosteroid Use 

94 (69%) 53 (80%) 0 (0%) 

Inhaled Steroid 
BDP (mcg/day) 

800 (0 – 1000) 800 (400 – 950) - 

Bronchial Epithelial 
Cell Count (x 104 / 

mm3) 

1.0 
(0.13 – 3.81) 

2.63 
(0.82 – 8.00) 

2.69 
(0.91 – 5.84) 

Squamous Cell 
Count (x 104 / mm3) 

0 
(0 – 2.0)  

0 
(0 – 7.0) 

2 
(0.75 – 5.5) 

GAPDH Copy 
Number (log) 

8.11 ± 1.27 7.95 ± 0.95 7.36 ± 1.07 

EBV 
 Positive (%) 

65  
(48%) 

31 
 (46%) 

1*  
(6%) 

EBV Copy Number 
(log) 

4.08 ± 1.67 4.71 ± 1.54 4.57 

EBV Copy No. 
normalised for 
GAPDH (log) 

1.01 ± 0.48 1.47 ± 0.63 1.73 

 
*P < 0.05, ** P < 0.01 
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EBV was more frequently seen in patients with a history of COPD, both 

during exacerbations (65 positive patients) 48% (p < 0.05) and whilst 

stable, (31 positive patients) 46% (p < 0.05) than in non-obstructed 

smokers where 1 patient (6%) was positive (table II). Risk of COPD in 

patients with EBV who were smokers conferred an odds ratio of 12.6.  

EBV copy numbers were measured as 4.08 and 4.71 copies per reaction 

(log) during exacerbation and stable states respectively. Also in the group 

of patients who were reviewed EBV copy numbers were measured as 4.01 

and 4.74 copies per reaction (log) during exacerbation and stable states 

respectively.  

 
Table II 
 
Comparison of EBV infection between groups 
 
 

Groups 
 

Odds Ratio 
(95% C.I.) 

Relative Risk 
(95% C.I.) 

P value 

Exacerbated Vs 
Stable 

1.1 
(0.6 – 2.0) 

1.1 
(0.8 – 1.4) 

0.77 

Stable Vs NOS* 12.6 
(1.6 – 269.2) 

7.3 
(1.1 – 49.5) 

0.0036 

Exacerbated Vs 
NOS* 

13.7 
(1.8 – 286.4) 

7.7 
(1.1 – 51.4) 

0.0015 

 
* Non-obstructed smokers (NOS), patients who have smoked but who 

have normal spirometry 

 
 
There was no relationship between the detection of EBV and smoking 

history (pack years / smoking status) or lung function (FEV1 % predicted) 

within any of the three groups.  Similarly no correlations between EBV 
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copy number and smoking history or lung function were seen. The use of 

inhaled steroids was also examined (in individual groups and overall terms 

on combination of all groups) but no association with EBV detection was 

seen. Patients lung function improved significantly following treatment of 

exacerbations, mean FEV1 increasing from 0.84 to 1.00 liters. No 

association was seen between the severity of airways disease as 

determined by GOLD criteria and the detection of EBV. The EBV copy 

number correlated significantly with the number of epithelial cells seen in 

sputum specimens in COPD (p < 0.005). There was no difference in 

positive / negative EBV detection rates on correlation with EBV copy 

number. There were similar numbers of epithelial cells in sputum samples 

from COPD patients when compared to those from non-obstructed 

smokers. There were no correlations seen between EBV copy number and 

total or differential white cell counts. There was evidence of viral 

persistence on follow-up testing (table III). Of the 19 EBV positive cases, 

15 (58%) remained positive on repeat testing. Four cases went from 

testing EBV positive to negative and four cases also went from testing 

EBV negative to positive. No significant correlations were seen between 

age and positive EBV detection / copy number of EBV in sputum. 
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Table III 
 
Persistence of EBV infection 

 

Patient Group  
Measurement Exacerbated COPD 

 
Same Patients 

Reviewed 
No. Patients 

 
33 33 

FEV1 - Litres 
(% Pred) 

0.82 ± 0.38 
(39%) 

0.91 ± 0.41 
(48%) 

FEV1 / FVC - Ratio 
 

50% 55% 

Smoking  
(Pk/Yr) 

42 ± 27 - 

Inhaled Steroid 
BDP(mcg/day) 

400 
(0 – 800) 

800 
(200 – 1000) 

EBV 
 Positive (%) 

19 
(58%) 

19 
(58%) 

EBV Copy Number 
(log) 

4.01 ± 1.52 4.74 ± 1.56 

EBV Copy No. 
normalised for 
GAPDH (log) 

1.00 ± 0.43 1.28 ± 0.49 

EBV Status Between Samples 
 

 No. Patients 
 

% 

Negative → Negative 
 

10 30 

Negative → Positive 
 

4 12 

Positive → Positive 
 

15 46 

Positive → Negative 
 

4 12 
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Discussion 

 

In this study we identified significantly increased incidence of EBV in 

patients with COPD. EBV also was found in high copy numbers in stable 

COPD, but not significantly different on comparison with exacerbated 

patients. During an exacerbation, when there is increased mucus and 

leucocyte recruitment to the airway[23], there was a reduction in the 

copies of EBV from 4.71 to 4.08 copies per reaction (log) although this 

was not statistically significant (p = 0.09). It does show however that EBV 

is not behaving like a latent virus which rises during exacerbation to 

eventually clear from the airway, rather that it persists. The variation in 

EBV detection between exacerbation and stable state in those patients 

who were sampled at both time points suggests that there is a degree of 

variation in virus replication.  

 

The lack of correlation between EBV copy number and lung function, 

severity of disease as assessed by GOLD criteria or total / differential 

white cells counts may be a reflection of the study size. This study sought 

to determine an association between the presence of EBV airway infection 

and COPD. Having identified an association it is a separate issue to 

analyse potential associations with the above variables. As demonstrated 

in previous COPD population studies very large sample numbers are 

required in order to test a hypothesis in relation to differences in variables 

such as lung function. 
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The findings in this study are based on PCR assay results which directly 

detects virus DNA and implicates active virus replication. This is based on 

the assumption that if the virus is detectable then it represents actively 

produced virus. In the clinical setting EBV detection is usually only 

associated with related disease processes and their manifestations[24]. 

Because of the difficulty in culturing EBV, culture as a back-up 

methodology is not practicable. The quantitative molecular amplification 

we describe is now regarded as the gold standard for detecting replicating 

virus[25]. EBV can infect subjects resulting in acute, persistent and latent 

viral infections[26]. The EBV BCRF-1 protein is very similar to human IL-

10 which has anti-inflammatory actions. This feature may result in reduced 

viral clearance and viral persistence[27].  

 

It is also possible that EBV may potentiate viral infection in COPD 

patients. This mechanism would involve enhanced virus survival and an 

impaired Interferon-gamma host response. EBV LMP1 stops activation of 

CD8+ T cells in nasopharyngeal carcinoma (NPC) and correlates with 

FAS-L and caspase-3 expression. LMP1 was shown to enhance survival 

and proliferation related signals in NPC[28].  EBV specific CD8(+) T cells, 

which mostly express the memory phenotype, did not express the CXCR1 

receptor[29]. Immunoglobulin-like transcript-2 (ILT2) is expressed in 40 – 

55% of EBV specific CD8 T cells in healthy patients. ILT2 expression is 

increased on antiviral CD8 cells in chronic infection which suppresses 
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Interferon-gamma production and in doing so may interfere with protective 

CD8 T-cell function[30]. Thus chronic EBV infection may lead to impaired 

interferon-gamma production and thus a reduced innate immune response 

characterised by recurrent viral and bacterial infection. The finding of a 

correlation between the EBV copy number and epithelial cell count 

supports the hypothesis that EBV is being shed by the airway epithelial 

cells rather than being trafficked into the airway with an inflammatory cell 

infiltrate. 

 

In conclusion, EBV is frequently detected in sputum from patients with 

COPD whilst it is uncommon in smoking patients who have normal 

spirometry. These findings suggest EBV may be related to the 

development of COPD. 
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