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Abstract. Latent infection with adenovirus and respiratory 
syncytial virus (RSV) is associated with chronic obstructive 
pulmonary disease (COPD). The role of respiratory viral 
infections are emerging in COPD exacerbations. The present 
study aimed to investigate the prevalence of adenovirus and 
RSV serotypes A and B in individuals with acute exacerba-
tions of COPD (COPD‑AE) and stable COPD. Twenty seven 
patients with COPD‑AE were evaluated using a prospective 
longitudinal study design. Induced sputum, sera and nasal 
smears were sampled from patients experiencing COPD‑AE 
and those in a stable condition. Adenoplex® multiplex 
polymerase chain reaction (PCR) kits and Invitek RTP® 
DNA/RNA Virus Mini kits were used for PCR assays of 
adenovirus and RSV, respectively. Eighteen patients who 
experienced a COPD‑AE were also evaluated while in a 
stable condition. The results showed that three sputum 
samples were positive for adenovirus in patients experiencing 
an exacerbation, while one was positive among the patients 
in a stable condition. RSV serotype A was detected in 17/27 
(63%) patients with COPD‑AE and 10/18 (55.6%) patients 
in a stable condition. RSV serotype B was not detected. 
Patients with COPD‑AE, who were positive for RSV sero-
type A exhibited higher serum fibrinogen levels than those 
who were negative (438.60±126.08 mg/dl compared with 
287.60±85.91 mg/dl; P=0.004). Eight/ten patients who were 
positive for RSV serotype A while in a stable condition, were 
also positive during COPD‑AE. The results of the present 
study suggested that RSV infection may be prevalent in 

patients with COPD‑AE and in those in a stable condition. 
Therefore, chronic RSV infection may occur in COPD. 
The detection and prevention of RSV may be useful in the 
management of COPD.

Introduction

Chronic obstructive pulmonary disease (COPD) is an inflam-
matory airway disease characterized by exacerbations, 
which are primarily caused by bacterial or viral infections. 
Respiratory viral infections occurring during COPD exacer-
bations are more likely to lead to hospitalization as a result of 
viral infections leading to a greater airway inflammation and 
therefore, more severe exacerbations. Viruses are associated 
with more severe exacerbations and with greater morbidity, 
therefore, require further research (1).

Human adenovirus, a DNA virus, is associated with 
respiratory infections and smoking‑induced lung function 
impairment (2,3). RSV, which is an enveloped RNA virus, is  
one of the most important and frequent viruses for respira-
tory tract infections in infants and young children (4). The 
results of a recent study have highlighted two seasons that are 
associated with an increased incidence of RSV virus infec-
tion, which peak during January and March in Turkey (5). 
Recently, RSV has been identified as a pathogen present 
in adults experiencing COPD‑AEs  (4,6,7). According to 
previous studies, adenovirus and RSV may result in chronic 
infection in the lungs (2,6‑10). However, chronic adenovirus 
and RSV infection data are currently unclear and, to the 
best of our knowledge, few longitudinal studies have been 
conducted on the association between chronic infection and 
COPD. Furthermore, RSV chronic infection in COPD and 
its consequences for local and systemic infection, and func-
tional status have yet to be fully elucidated.

The aim of the present study was to investigate the preva-
lence of adenovirus and RSV A and B among patients with 
COPD‑AE and those in a stable condition. The present study 
evaluated the association between viral infections, functional 
status and systemic inflammation in patients experiencing 
COPD‑AEs and those in a stable condition.
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Materials and methods

COPD and criteria. Diagnosis and spirometric assessment 
of the severity of COPD was performed according to the 
global initiative for chronic obstructive lung disease (GOLD) 
criteria (11). Patients with a forced expiratory volume in one 
second/forced vital capacity (FEV1/FVC) ratio of <70% and a 
predicted FEV1 value of <80% were included in the analyses 
(stage II‑IV according to the GOLD criteria).

COPD‑AE was defined as a change in the patient's baseline 
symptoms beyond day‑to‑day variability, which was sufficient 
to warrant a change in medication. A modified Anthonisen's 
criteria was used in order to describe the infectious exacerba-
tions, as described in a previous study (12,13). Patients in a 
stable condition were defined as those who had been free of AEs 
for >4 weeks.

Patients. Forty patients with COPD‑AE who had been admitted 
to Gazi University Hospital (Ankara, Turkey) were initially 
included in the study. Patients provided written informed consent 
in order to participate in the study. Gazi University School Of 
Medicine Ethical Committee (Ankara, Turkey) approved the 
methods used in the present study.

Patients with a history of asthma, FEV1 reversibility (a rise in 
FEV1 of >15% from the baseline value, following an inhalation 
of 400 mcg salbutamol, in addition to an absolute increase in 
FEV1 of >200 ml), bronchiectasis, lung carcinoma, tuberculosis, 
pneumonia and those who had received chronic steroid therapy 
were not included in the study. Patients with respiratory failure 
who required mechanical ventilation were not included in the 
study.

Forty patients with COPD‑AE were assessed for 17 months 
beginning in August and lasting until December in the following 
year. Thirteen patiens were not included in the study (12  patients 
had insuffient sampling, 1 patient had pneumonia). Eighteen of 
the twenty seven patients were assessed during COPD‑AE and 
whilst in a stable condition, and nine patients were not evaluated 
during stable condition. The study design and patient sampling 
time are provided in Fig. 1.

Following COPD‑AE, eighteen patients were also subse-
quently evaluated while they were in a stable condition. Induced 
sputum, sera and nasal smears were sampled from patients 
on the first day of hospitalization for COPD‑AE and while 
they were in a stable condition. Full blood count, C reactive 
protein, fibrinogen, anti streptolysin O, serum biochemistry, 
arterial blood gases, FEV1, FVC and FEV1/FVC were recorded 
in patients with COPD‑AE and while they were in a stable 
condition. Patient symptoms, smoking, treatment history and 
frequency of AEs in the previous year were recorded.

Pulmonary function tests (PFTs). PFTs, including basic 
spirometry and reversibility, were performed according to 
the American Thoracic Society criteria, using Sensor Medics 
Vmax 20 Spirometer (Sensor Medics Corp., Yorba Linda, CA, 
USA) (14).

Oxygen saturation and PFTs were conducted prior to the 
sputum induction. The sputum induction procedure was modi-
fied according to the criteria of Pin et al (15). Nebulization 
using 3% saline was initiated following inhalation of 400 mcg 
salbutamol using an ultrasonic nebulizer (Hikoneb 908 DC 

Ultrasonic Nebulizer, Kare Medical and Analytical Devices 
Ltd. Co., Ankara, Turkey).

Sputum, sera and nasal smears. Nasal smear samples were 
collected from the subjects by gently rubbing the nasal turbi-
nates for 5 sec, with a moistened cotton‑tip swab and placing in 
1 ml phosphate‑buffer saline (PBS). A baseline serum sample 
was collected from all subjects.

Sputum samples were macroscopically free of salivary 
contamination and were incubated in 1  M dithiothreitol 
(Sigma‑Aldrich, St. Louis, MO, USA), containing fluid for 
35 min at 45˚C. Following centrifugation at 3000 rpm the super-
natants were discarded and the sample was washed with PBS 
three times. The supernatants were aspirated and pellets were 
stored at ‑86˚C prior to DNA and RNA extraction.

Nasal smears obtained from patients with sterile cotton 
swabs were placed in 1 ml PBS, vortexed before diluting to 
500 µl in eppendorf tubes (Hamburg, Germany) and stored at 
‑86˚C.

DNA extractions. Samples (200 µl) were incubated in lysis 
solution (20 mM Tris‑HCl, 10 mM EDTA and 0.1% SDS), 
containing 0.1 mg/ml proteinase K, at 60˚C for 1 h. DNA 
extractions were performed using phenol‑chloroform‑isoamyl 
alcohol followed by precipitation using pure ethanol, containing 
3 M sodium acetate, and incubation at ‑20˚C overnight. Samples 
were then mixed with 70% ethyl‑alcohol and dried. Sterile 
deionized water (50 ml) was added and the mixture was stored 
at 55˚C for 10 min in order to elute the DNA (16). Samples were 
then immediately subjected to polymerase chain reaction (PCR) 
and amplification.

PCR. Invitek RTP DNA/RNA Virus Mini kit (Invitek, Berlin, 
Germany) was used to perform RSV RNA isolation, according 
to the manufacturer’s instructions. RSV subgroup detection 
was performed using subgroup‑specific probes following 
purification and denaturation. An adenoplex® multiplex PCR 
kit (Gen‑Probe Prodesse Inc., Waukesha, WI, USA) and a Light 
Cycler quantitative PCR (qPCR; Roche Diagnostics GmbH, 
Mannheim, Germany) device were used for amplification and 
subgroup detection of Adenovirus DNA.

Roboscreen RSV Serotype A and B kits (Leipzig, Germany) 
were used in order to amplify RSV RNA Serotype A and B 
using an ABI PRISM 7000 (Applied Biosystems, Fostercity, 
CA, USA). All PCR devices were used according to the manu-
facturer’s instructions with negative and positive controls.

Statistical analysis. Data are presented as the mean ± standard 
deviation. SPSS version 11.5 (SPSS, Inc., Chicago, IL, USA) was 
used to perform statistical analysis. Chi‑squared and Fisher's 
exact chi‑squared tests were performed in order to compare the 
subgroups. Wilcoxon Signed Rank and Mann Whitney U tests 
were performed in order to conduct group comparisons. P<0.05 
was considered to indicate a statistically significant difference.

Results

COPD evaluation. Twenty seven patients with moderate to 
very severe COPD were evaluated in the present study (Fig. 1). 
Demographic characteristics and results of the PFTs of the 
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patients are summarized in Tables I and II. Patients had had a 
diagnosis of COPD for a mean of 6.33±5.75 years. The mean 
duration between visits was 181.66±113.87 (range, 30‑420) 
days. Patients sought medical attention 6.96±9.81 times in the 
year prior to admission. The number of emergency room visits 
was 2.37±3.22. The number of patients who received inhaled 
steroid therapy was 19 (73.1%). Symptoms associated with AEs 
observed in patients with COPD‑AE are presented in Fig. 2.

Five patients had received influenza vaccinations, 16 
patients exhibited dyspnea, 8 exhibited cough and 2 exhibited 
sore throat in stabile condition. No significant difference in 
symptoms was observed between vaccinated and non‑vacci-
nated patients.

Table III summarizes the laboratory parameters observed 
in patients during COPD‑AE and in those a stable condi-
tion. The mean percentage of blood neutrophils observed in 
patients with COPD‑AE was higher than in patients in a stable 
condition.

Four patients produced adenovirus‑positive sputum 
samples during a COPD‑AE, and one patient produced 
a positive sample while in a stable condition  (Table  IV). 
Seventeen/twenty seven (63%) patients with COPD‑AE and 
ten/eighteen (55.6%) patients in a stable condition were posi-
tive for RSV serotype A. There was no detection of RSV 
serotype B in patients with COPD‑AE and or a stable condi-
tion.

All specimens were cultivated on blood agar, the eosine 
methylene blue (EMB) agar (Merck, Darmstadt, Germany) 
and chocolate agar. Inoculated agar plates were incubated 
for 24 hrs at 37°C. Reproductive examples in cultures were 
acquried for advanced histopathological typing and anti-
biogram.  Routine sputum culture analyses suggested that 
Acinetobacter  baumannii (1  patient), Hemophilus  influ-
enzae (1  patient), Pseudomonas  aeruginosa (1  patient), 

Escherichia  coli (1  patient) and Klebsiella  pneumoniae 
(1 patient) were present in the sputum from samples of sepa-
rate patients. In patients with A. baumannii and H. influenza, 
RSV serotype A infections were observed during AE periods. 

Figure 1. Study design and sampling time.

Table I. Demographic properties of patients with COPD.

Variable	 Value

Age (range)	 66.93±9.47 (49‑82)
Gender (female:male)	 1:26
Smoking status n (%)
  Non‑smoker	 1 (3.7)
  Ex‑smoker	 16 (59.3)
  Current smoker	 10 (37)

COPD, chronic obstructive pulmonary disease.

Table II. PFT results.

	 COPD‑AE	 Stable COPD
PFT (%)	 (n=27)	 (n=18)	 P‑value

FEV1	 38.2±17.5	 43.8±16.9	 0.015
FVC	 57.6±20.8	 64.3±21.5	 0.029
FEV1/FVC	 52.0±13.13	 53.83±11.56	 0.050

AE, acute exacerbation; PFT, pulmonary function test, FEV1, forced 
expiratory volume in one second; FVC, forced vital capacity; COPD, 
chronic obstructive pulmonary disease.
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E. coli was observed in the sputum samples from patients in 
a stable condition who were RSV‑positive. No RSV-negative 
samples contained E.coli.

Table IV summarizes virus isolation sites in patients with 
COPD‑AE and in a stable condition. Adenovirus was only 
detected in sputum samples from patients with COPD‑AE. By 
contrast, RSV serotype A was detected in blood, sputum and 
nasal aspirate samples. One adenovirus‑positive sputum sample 
was observed among the samples analyzed from patients in a 
stable condition. As in patients with COPD‑AE, RSV serotype A 
was detected in fewer blood samples than in sputum and nasal 
aspirate samples, from patients in a stable condition. Monthly 
variation in RSV‑positive samples observed in patients with 
COPD‑AE and in patients in a stable condition is demonstrated 
in Fig. 3. RSV‑positive samples were predominantly observed 
from September to November in patients with COPD‑AE and in 
those in a stable condition. Statistical analysis was no performed 
as a result of an inadequate number of events.

The mean duration of COPD, and number of AEs requiring 
emergency room and doctor visits were not significantly 
different between RSV‑positive and RSV‑negative patients 
in the COPD‑AE group and in those in a stable condition. 
The clinical, laboratory and functional parameters in  RSV 
serotype A-positive  and negative patients with COPD-AE and 
stable condition are shown in Table V. Among the acute phase 
reactants, fibrinogen levels were significantly higher in RSV 
serotype A‑positive patients with COPD‑AE compared with 
those who were RSV serotype A negative.

Discussion

Fewer patients with COPD were adenovirus‑positive than 
RSV serotype A‑positive. No significant differences in labo-
ratory and functional parameters were observed between 
RSV‑positive and RSV‑negative patients with COPD‑AE, with 
the exception of fibrinogen.

Previous investigations, which have predominantly used 
insensitive serological testing, demonstrated that 20% of cases 
of COPD‑AE were due to viral pathogens (17,18). However, the 
frequency of virus‑induced COPD‑AE cases was found to be 
higher than previously assumed, as a result of more sensitive 

Table III. Laboratory parameters in patients with COPD‑AE and those in a stable condition.

Parameter	 COPD‑AE, n=27	 Stable COPD, n=18

Hb (g/dl)	 14.66±1.94	 15.44±1.62
Leukocytes (/mm3)	 9374.81±3106.55	 8486.32±2128.15
Blood neutrophils (%)a	 72.33±10.72	 64.61±10.76
Blood eosinophils (%)	 2.50±5.12	 2.42±1.63
ASO (IU/ml)	 160.65±113.37	 116.89±85.82
CRP (mg/l)	 17.35±23.11	 10.21±15.78
Fibrinogen (mg/dl)	 378.20±133.20	 422.11±99.64

aP=0.05. Hb, hemoglobin; ASO, anti‑streptolysin O titre; CRP, C reactive protein; COPD‑AE, chronic obstructive pulmonary disease.

Figure 3. Monthly distribution of RSV‑positive samples from patients with 
COPD‑AE and in a stable condition. COPD‑AE, acute exacerbation of 
chronic obstructive pulmonary disease; RSV, respiratory syncytial virus.

Figure 2. Symptoms associated with acute exacerbation of chronic obstructive pulmonary disease. URT, upper respiratory tract.
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molecular detection methods such, as PCR (19-21). In previous 
studies, adenovirus was detected in ~1% of COPD‑AE 
cases (19‑21). The percentage of patients with COPD‑AE who 
are infected with RSV varies from 2.3‑28% (5‑7,20,22‑24). 
The variation in the results of different studies is likely due 
to the following factors: Method sensitivity; study popula-
tions (hospital‑ or community‑based); materials (nasal swabs, 
sputum or lung biopsies); study design (cross‑sectional 
or longitudinal); and the etiology differs according to the 
geographic areas.

In the present study, adenovirus and RSV infections 
were analyzed in a longitudinal study design. To the best of 
our knowledge, the present study was the first to analyze a 
Turkish population, using a sensitive PCR method for viral 
pathogen‑associated COPD. Using three different materials 
(blood, nasal swab and induced sputum), adenovirus was 
detected in a low number of samples in patients with COPD‑AE 
as well as in those in a stable condition. This is in accordance 
with the results of a previous study (21). Regarding RSV infec-
tion, RSV was detected in 63% of patients in the COPD-AE 
group. This figure is higher than those observed in previous 
studies (6,7). The results of the present study demonstrated that 
RSV serotype A was present in patients with COPD‑AE and in 
those in a stable condition. The mechanisms underlying these 
results require further investigation.

Contamination may explain the high levels of RSV virus 
detected in the present study. However, freshly prepared mate-
rials were used to prevent technical drawbacks.

The association between latent viral infections and COPD 
pathogenesis has received considerable attention since 1990 (25). 
A previous study suggested that group  C adenovirus E1A 
protein is expressed in lung tissues and is associated with COPD 
severity (9). In guinea pigs, cigarette smoke‑induced emphy-
sema is increased in response to latent adenoviral infection (8). 
By contrast, McManus et al (19) detected the adenovirus hexon 
gene and 5 E1A DNA and mRNA in a low number of sputum 
samples from patients with COPD‑AE and in stable conditions. 
In accordance with those of previous studies, the results of the 
present study suggested low adenovirus detection in patients 
with COPD‑AE and those in a stable condition.

In a cross‑sectional study using PCR, RSV was detected in 
16/68 (23.5%) patients in a stable condition following COPD‑AE, 
which may indicate chronic infection with this virus (7). In a 
recent study, nasal and sputum samples were collected every 
two months from patients with respiratory illness, which were 
defined as the presence of any of the following symptoms: nasal 
congestion, sore throat, hoarseness, novel or increased-from-
baseline cough, sputum production, dyspnea and wheezing and 
in a stable condition (23). In contrast to the results of previous 
studies, the authors did not detect RSV in nasal samples from 
patients in a stable condition (21,22,26). Furthermore, of 315 
sputum stable samples analyzed, only three were RSV‑positive. 
RSV detection was found to be associated with increased airway 
inflammation and faster FEV1 decline, which may indicate an 
association between chronic RSV infection and the pathogenesis 
of chronic airflow limitation (26). In the present study, higher 
RSV detection rates were observed in samples from patients in 
a stable condition (55.6%) following COPD‑AE, compared with 
that observed in patients experiencing COPD‑AEs. However, 
no associations were observed between RSV‑positive detec-
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tion and functional parameters in patients with COPD‑AE and 
in those in a stable condition. The small sample size used in 
the present study may explain these negative results.

In a previous study, virus‑associated AEs were found to 
be associated with higher plasma fibrinogen and serum inter-
leukin 6 levels, and fibrinogen levels were shown to increase 
during COPD‑AE (27). In the present study higher fibrinogen 
levels were observed in samples from patients with COPD‑AE 
who were RSV‑positive.

Higher RSV detection rates were observed in samples 
from patients with COPD‑AE and those in a stable condition, 
compared with rates reported in the literature (5-7,19-24). 
This may be explained by the different methodologies and 
specimen usage. The kit used in the present study revealed a 
high sensitivity for RSV detection compared with those used 
in other studies. Another explanation for the discrepancies may 
be attributed to differences in the sampling sites. It is unclear 
which site reflects true infection or persistent asymptomatic 
infection. Previous studies have predominantly analyzed RSV 
infection of the upper airways. The viral load of RSV RNA in 
nasal samples was lower compared with the sputum in almost 
all instances (23). In the present study nasal swab, blood and 
induced sputum samples were obtained, which may explain 
the high detection rates compared with previous studies. The 
majority of patients with COPD‑AE who were RSV‑positive 
were also RSV‑positive while in a stable condition. This may 
reflect chronic asymptomatic infection or recurrent asymptom-
atic reinfection.

The present study used a small sample size. Furthermore, 
there were no regular patient follow up examinations. Therefore, 
although the majority RSV‑positive samples were detected 
during October and March, the seasonality of infection was not 
systematically evaluated. RSV detection in patients in a stable 
condition appeared to be randomly distributed throughout the 
year. However, sequential sampling was not conducted, there-
fore, it cannot be concluded that a persistent infection existed. 
Recurrent asymptomatic infection may give the impression of 
persistent infection if it was eliminated by the host immunity 
before it led to an acute exacerbation (28). Coexisting bacterial 
infection was not systematically evaluated in the present study. 
Instead, results were obtained from routine bacterial culture.

In conclusion, the present study suggests that RSV sero-
type A is more prevalent than adenovirus in samples from 
patients with COPD‑AE. In RSV A‑positive patients, blood 
fibrinogen levels were higher, suggesting systemic inflamma-
tion. RSV serotype A may cause an asymptomatic chronic 
infection or recurrent asymptomatic reinfections in patients in 
a stable condition following COPD‑AE. Further investigations 
with larger study populations are required to clarify the results 
of the present study.
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