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Introduction
COPD is the commonest fatal chronic lung disease in adults. It causes 2.75 million deaths 

annually [1] and is set to increase in the next decade [2]. In 2008 in the United States 822,500 patients 
were hospitalized with a primary diagnosis of COPD. Another 3.8 million hospital stays include 
COPD as a secondary, complicating condition – with over twenty percent having respiratory failure 
and a further fifth having pneumonia as the primary diagnosis. One in five people over the age of 40 
in a hospital in the US has a diagnosis of COPD [3]. 

Inhaled steroids are widely used to treat COPD; they are usually prescribed in combination 
with long acting beta agonists [4]. These lead to improvements in symptoms, exacerbation rates 
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Abstract
Introduction: COPD is a leading cause of hospitalization and death. Epidemic respiratory viruses 
have been associated with exacerbations of COPD. Recently it has been reported that HSV-1 can 
cause deterioration in COPD. In ventilated patients Herpes Simplex Virus-1 (HSV-1) is frequently 
identified and is associated with an increased mortality. We wished to establish if HSV-1 in COPD 
was associated with medication, disease severity and subsequent mortality.

Methods: Patients hospitalized with an exacerbation of COPD were recruited within 24 hours of 
admission. Their medication was documented and spirometry was performed. Sputum was obtained 
and lyzed in dithiothreitol. Nucleic acids were extracted and specimens were tested for the presence 
and number of copies HSV-1 using real-time PCR. Chest radiographs were reported through the 
routine clinical service. Patients were followed up at a mean of 56 months. Cause of death was 
assessed by ICD code on the death certificate.

Results: One hundred and twelve patients with exacerbations of COPD were recruited. HSV-1 
was detected in 21 patients (19%). This was associated with higher maintenance doses of inhaled 
steroids (1,000 mcg/day vs. 500 mcg/day, P<0.005) prior to admission. Radiographic features of 
pulmonary infiltrates were more frequent (38% vs. 15.6%, p<0.05). They had worse lung function 
with FEV1 (0.54 ± 0.23 vs. 0.92 ± 0.48 L, p<0.05). HSV-1 during exacerbations was associated with 
increased mortality on follow-up, hazard ratio 2.3 (1.3-4.0) p<0.0001. The median survival was 2.08 
(CI 1.00-3.16) years in the group with HSV-1 compared to 5.5 (CI 4.68-6.32) without the virus. 
There were significantly higher numbers of pulmonary related deaths in those with HSV-1 (72% vs. 
41%, p<0.05).

Conclusion: HSV-1 is frequently detected in the sputum of COPD patients. It is more commonly 
found in patients taking higher doses of inhaled steroid. The presence of HSV-1 is associated with 
increased subsequent pulmonary mortality.
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and attenuation of the decline in FEV1 [5]. The largest and longest 
study of combination inhaled steroid and long acting bronchodilator 
therapy revealed a 17% reduction in mortality [6]. This was argued 
to be of clinical relevance despite it not reaching the predetermined 
level of significance. Others have highlighted that this failure to 
reach statistical significance is compounded by the adverse effect 
of a high frequency of pneumonia [7]. In a separate randomized 
trial, pneumonia occurred more frequently in patients treated with 
combination inhaled corticosteroids than with tiotropium [8]. 

Most adults have been exposed to herpes simplex virus 1 (HSV-
1). It sheds recurrently, often after a time of stress or with immune 
suppression. We have previously examined the airway secretions in 
ventilated Intensive Care Unit (ICU) patients. HSV-1 is frequently 
found in the lower airway and is associated with a worse outcome and 
significantly higher mortality [9]. A separate research group showed 
that critically ill patients who had HSV-1 are more likely to have more 
severe disease and develop ARDS [10].

We and other investigators have found that viral pathogens 
are co mMonly associated with exacerbations of COPD [11-13]. A 
recent report identified HSV-1 as a cause of recurrent exacerbations 
of COPD [14]. This prompted us to examine the outcome of the 
patients who had HSV-1 in their sputum. The aim of this study was 
to determine if HSV-1 in the sputum of patients hospitalized with 
an exacerbation of COPD had a different outcome to those without 
the virus. We analyzed their clinical and radiological features. We 
examined their medication, including inhaled steroid use, prior to 
admission. We recorded the interval to and cause of death. 

Methods
Subjects

This study was approved by the Local Institutional Review 
Board. Written consent was obtained. Patients hospitalized 
with exacerbations of COPD were recruited within 24 hours of 
presentation over a two-year period from January 2003 to February 
2005. An exacerbation of COPD was defined as two of the following 
three symptoms; increased dyspnoea, increased sputum production 
or increased sputum purulence [15]. COPD and assessment of 
severity was classified according to the GOLD criteria [16]. 

We documented the number of previous exacerbations requiring 
oral steroids and oral steroids prior to hospitalization both as acute 
treatment and as maintenance therapy. We recorded the usual 
inhaled medication. The dose of inhaled steroid was expressed as the 
beclomethasone dipropionate equivalent [17]. 

Spirometry was performed using a Vitalograph Spirometer 
(Vitalograph, Buckingham, England) and the best of 3 reproducible 
readings was taken [18]. Spirometry was repeated after nebulized beta 
agonist (albuterol 2.5 mg). Any patients with significant improvement 
in FEV1 (>200 ml), bronchiectasis, cancer or other serious concomitant 
disease were excluded. The presence or absence of a visible oro-labial 
herpetic lesion was documented. The date and cause of mortality was 
recorded from the death certificate. Confirmation of patients being 
alive was made in each case by assessing clinical episodes either by 
the primary care team, the hospital care team or evidence of clinical 
activity on the laboratory computer up to September 2008. 

Sputum samples
Sputum was obtained by spontaneous expectoration. All samples 

were processed within two hours. Specimens were mixed with 4 

volumes 0.1% dithiothreitol (Sigma, Poole, UK) and shaken in an 
orbital Incubator (Gallenkamp, Loughborough, England) for 15 
minutes at 37°C 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 micrometers Nylon Gauze 
(Locker tex, Warrington, England) and spun down at 1,000 g for 
10 minutes. After removing the supernatant the cell pellet was re-
suspended in Lysis Buffer (Qiagen, Crawley, England). Total nucleic 
acid extraction was performed on 200 microliters of sputum sample 
suspended in Lysis Buffer (QIAamp DNA Blood Mini Kit).

Polymerase chain reaction – herpes simplex virus-1
All specimens were tested for HSV-1 (Glycoprotein D gene) 

using published primers [19] and a SYBR green® based real-time 
PCR assay. Following nucleic acid extraction, 2 μl of each specimen 
was combined with 8 μl of mastermix containing primers specific to 
Herpes Simplex virus. First round mastermix was prepared using 
the commercial constituents as follows (Promega, Southampton, 
England). Each reaction mixture (8 μl) contained (final concentration) 
4.5 μl Nuclease free water, 1 μl PCR buffer (1x), 1 μl nucleotides (0.2 
mM), 1.4 μl MgSO4 (2 mM), 0.01 μl of each primer (0.2 μM) and 0.05 
μl of Taq (5 U/Test). Mastermix was prepared as detailed in Appendix 
A1.

PCR was performed on a Peltier Thermal Cycler (MJ Research, 
Essex, England) and 0.2 μl of the first round product was then used in 
combination with 9.8 μl of mastermix containing primers internal to 
the first round primers and SYBR green®. Each reaction mixture (9.8 
μl) of the second round mastermix contained; 5.2 μl Nuclease free 
water, 1 μl Bovine serum albumin (0.2 μM), 1 μl PCR buffer (1x), 1 μl 
of nucleotides (0.2 mM), 1.4 μl MgCl2 (3.5 mM), 0.02 μl of each primer 
(0.2 μM), 0.01 μl of SYBR green (1x) and 0.1 μl of Taq in storage 
buffer B (5 U/Test). Real-time PCR (25 cycles) was carried out using 
a Roche Light Cycler (Roche Diagnostics Corporation, Mannheim, 
Germany) with log dilutions of the cloned target sequence being 
used as calibrators thus enabling quantitation of copy numbers in 
unknown specimens (Figure 1). Melting curve analysis was employed 
for the HSV-1 assay to confirm the characteristic melting temperature 
of the target DNA. Melting curve characteristics were also used to 
exclude signal detection from non-specific amplicons. PCR cycling 

Figure 1: Top part of figure illustrates real time-PCR of serial log dilutions of 
HSV-1 cloned specimens. Bottom part shows standard curve created from 
serial log dilutions.
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conditions are listed in Appendix A2, primer and probe sequences 
are listed in Appendix A3. Coefficient of variation for these assays was 
calculated at between 5% and 13%. A positive result was recorded if a 
copy number greater than zero was obtained following completion of 
real-time PCR. All specimens were also tested for HSV-1 using a gel 
based nested PCR assay which was quality controlled and used for the 
routine diagnostic clinical use (Figure 2). 

Polymerase chain reaction – housekeeping gene assay
A housekeeping gene (GAPDH) was included in the analysis 

to confirm that all specimens obtained cellular material using a 
published primer and probe set with a set of external nested primers 
[20]. Following nucleic acid extraction (Qiagen, QIAamp DNA Blood 
Mini Kit), 2 μl of each specimen was combined with 8 μl of mastermix 
containing primers specific to GAPDH mRNA. Each reaction mixture 
(8 μl) contained (final concentration) 4.9 μl Nuclease free water, 2 μl 
PCR buffer (1x), 0.2 μl nucleotides (0.2 mM), 0.4 μl MgSO4 (2 mM), 
0.05 μl of each primer (1.0 μM), 0.2 μl of AMV (1U/Test) and 0.2 μl 
of Tfl (1U/Test). Mastermix was prepared as detailed in Appendix 
A1. PCR was performed on a Peltier thermal cycler (MJ Research, 
Essex, England) and 0.2 μl of the first round product was then used 
in combination with 9.8 μl of mastermix containing primers and a 
TaqMan® (Qiagen, Crawley, England) probe (labeled with FAM and 
TAMRA dyes) internal to the first round primers. Each reaction 
mixture (9.8 μl) of the second round mastermix contained; 4.3 μl 
Nuclease free water, 1 μl Bovine serum albumin (0.2 μM), 1 μl PCR 
buffer (1x), 1 μl of nucleotides (0.2 mM), 1.4 μl MgCl2 (3.5 mM), 
0.4 μl of each primer (0.2 μM), 0.2 μl of probe (0.2 μM) and 0.1 μl 
of Taq in storage buffer B (0.25 U/Test). Real-time PCR (30 cycles) 
was carried out using a Roche Light Cycler (Roche Diagnostics 
Corporation, Mannheim, Germany) with log dilutions of the cloned 
target sequence being used as calibrators thus enabling quantitation 
of copy numbers in unknown specimens. PCR cycling conditions are 
listed in Appendix A2, primer sequences are listed in Appendix A3. 

Radiological findings
All chest radiographs were reported through the routine clinical 

service. The presence or absence of infiltrates was documented.

Cause of death
Patients were followed for a mean of 56 months (range 42-68 

months) following the close of recruitment. The date and causes of 
death were obtained from the General Register Office of Northern 
Ireland. The recorded cause of death certified was documented with 
International Classification of Diseases (ICD-10) codes [21] and the 
primary cause of death was noted to be pulmonary (J00-J99) or non-
pulmonary on the ICD codes (actual coding term used in Northern 
Ireland is ‘respiratory’ or ‘non-respiratory’).

Statistical analysis
Normally distributed data were presented as mean ± standard 

deviation and 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 discrete variables frequencies 
and percentages were reported and groups compared using the 
chi squared test. Survival analysis was performed using a Kaplan-
Meier plot and log rank comparison (Figure 3). These results are 
also presented as odds ratio and relative risk with 95% confidence 
intervals. A significance level of 5% was chosen. Statistical analysis 
was carried out using SPSS version 15.0 (Chicago, IL).

Results
One hundred and twelve patients were recruited into the study. 

Twenty one (19%) had HSV-1 detected in their sputum. The number 
of copies of virus DNA detected was expressed as the mean log 4.95 
(3.68-5.32). This is 89,125 viruses per ml of sputum and is similar 
to the amount of virus seen in a rhinovirus infection [22]. The 
housekeeping gene GAPDH was present at log 4.12 (3.76-4.63) copies 

Figure 2: Gel electrophoresis of clinical specimens for HSV-1. First round 
products run directly above second round products. Specimens flanked by 
molecular weight markers; positive control in lane 8.

Measurement
Patient Group

HSV-1 Negative HSV-1 Positive

No. Patients 91 (81%) 21(19%)

Sex (M/F) 42/49 7/14

Age 69.7± 10.3 72.6 ± 7.5

FEV1 – Liters 0.92 ± 0.48 0.54 ± 0.23*

Smoking (Pack years) 46.3 ± 36.4 53.2 ± 45.8

X-ray Infiltrates 15.4% 38.1%*

Inhaled Steroid BDP equivalent (mcg) 500 (0-1,000) 1,000 (400-2,000)*

GAPDH Copy No. / epithelial cell (log) 4.12 (3.76-4.63) 4.27 (3.80-4.79)

HSV-1 Copy Number (log) 0 4.95 (3.68-5.32)

Table 1: Patient demographics.

*p<0.05

Figure 3: Kaplan-Meier Survival plot comparing HSV-1 positive and negative 
subjects.
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in those without HSV and 4.27 (3.80-4.79) in those with the virus. No 
patients had visible oro-labial herpetic lesions.

In Table 1, the characteristics of the patient subgroups with and 
without HSV-1 are shown. Compared to those without HSV-1, the 21 
patients with HSV-1 were taking higher daily doses of BDP equivalent 
inhaled steroids with a median daily dose (range) 1,000 (400-2,000) 
mcg, v 500 (0-1,000), (p<0.05). The mean FEV1 was 0.54 ± 0.23L vs. 
0.92 ± 0.45L, p<0.05. They had 2.5 times the incidence of infiltrates 
reported on their chest radiograph (p<0.05). In Table 2, the frequency 
of HSV-1 is shown for each type of inhaled formulation used. In the 
HSV positive group there was a significantly increased use of inhaled 
steroid device other than in a combination formulation. Can this be 
expanded or abandoned.

There was no difference in oral steroids used as maintenance 
therapy in those without HSV (7/91 patients mean dose 12.1 mg/
day) versus those with HSV (2/21 patients mean dose 10.0 mg/day) 
(p>0.05). There was no difference in the number of exacerbations in 
the previous year (p>0.05). 

The date and certified cause of death were examined. In Figure 
1, the Kaplan-Meir degradation curve is shown. The median survival 
was 5.5 (CI 4.7-6.3) years in those without HSV, however, in 
those with HSV it was 2.1 (CI 1.0-3.2) years (p<0.05). Using a Cox 
regression analysis HSV was associated with higher mortality OR 
2.2 (1.03-3.38), p<0.05. This was also found for reduction in lung 
function (FEV1 % predicted OR 0.98 (0.96-0.99), p<0.05), increasing 
age (OR 1.07 (1.03-1.1), p<0.005) and male gender (OR 2.49 (1.46-
4.25), p<0.005). In Figure 2, the certified cause of death is shown as 
pulmonary (J Codes) and non-pulmonary for the two groups. Those 
without HSV-1 had 41% pulmonary cause of death. This is similar to 
the previously reported incidence of pulmonary cause of death [23]. 
However, those with the virus had a 72% pulmonary cause of death 
(p<0.05) (Table 3).

Discussion 
HSV-1 was found in the sputum of approximately 1 in 5 patients 

hospitalized with an exacerbation of COPD. There were visible no 
oro-labial herpetic lesions to account for this. The most significant 
feature in the group with HSV-1 was increased mortality in the 
months and years after discharge from hospital. This has not been 
previously described. The viral load (approximately 90,000 viruses 
per ml of sputum) is similar to that seen during an infection with 
rhinovirus. This indicates a viral infection rather than viral latency. 

Lung function was poorer in the subjects with HSV-1. It could 

be argued that patients with severe disease get herpes simplex as a 
result of being sicker and that the ensuing increased mortality was 
secondary to the disease. However, the regression analysis shows that 
the presence of HSV-1 is a substantially higher risk of death (Odds 
Ratio 2.2), than lower lung function (Odds Ratio 0.98). Furthermore, 
the higher incidence of radiographic infiltrates reported in the HSV 
group supports an active infection. 

All patients were seen within 24 hours of hospitalization. 
Patients were seen first thing in the morning, often after a night 
time admission. The usual therapy for exacerbations of COPD is 
oral steroids, antibiotics and nebulized bronchodilators. We do not 
believe that the immunosuppression of a single dose of steroids could 
lead to high levels of herpes simplex in the sputum. The prior use of 
maintenance oral steroids was no different in either group. We found 
that higher doses of inhaled steroids were used by the patients with 
HSV-1 prior to coming into hospital. 

Pulmonary infections with HSV-1 have been extensively 
described in patients who are immunosuppressed with HIV. But 
it also occurs in patient’s immunosuppressed from chemotherapy 
[24], transplantation [25], acute high dose oral steroids [26] as well 
as maintenance steroid treatment of rheumatologic disorders [27]. It 
has even been described in early reports of high dose maintenance 
oral steroid therapy for COPD was complicated by HSV-1 infections 
[28]. Other diseases which cause a stress can result in reactivation of 
herpes simplex. We have identified increased viral shedding after the 
stress of oral surgery [29].  

Furthermore, when patients are ventilated in ICU we have 
identified that 27% have detectable HSV-1 in throat and tracheal 
aspirates [10]. In a separate ICU cohort it was identified in the upper 
airway in 22% and lower airway in 16% [11]. A study examining 
bronchoalveolar lavage, found the virus in 32% of ICU patients [30]. 
In a specific study of ventilated COPD patients HSV-1, was present in 
tracheobronchial aspirates.

The presence of HSV-1 in these ICU studies is an important 
finding. It is associated with severe disease, progression to ARDS 
and prolonged hospitalization [11]. Moreover, mortality rises from 
24% in uninfected to 41% in those with HSV-1 [10]. A similar excess 
mortality is seen in the BAL study where high numbers of virus 
(100,000 viruses) was a particular risk for early mortality (41% vs. 
20%) [30]. 

Inhaled steroids are frequently used in combination with long 
acting beta agonists. The principal benefit of this treatment is reduced 
frequency of exacerbations and patients feel better. Many studies of 
inhaled steroids in COPD have been for periods of one year [5.31]. 
A longer study for three years compared fluticasone and salmeterol 
either alone or in combination in a placebo controlled trial [6]. The 
purpose of this study was to determine the effect of combination 
therapy on mortality. Again the findings were of reduced exacerbations 
and improved symptoms, however, despite these improvements it 
failed to improve survival by the predetermined level of significance. 
Mortality curves published in this study show that after 18 to 24 
months the death rate rises in the group receiving inhaled steroid 
alone. This coupled with the reported increase in pneumonia in 
patients receiving either fluticasone as single treatment (18.3%) or in 
combination with salmeterol (19.6%) is of particular concern. 

In our study we identified a subgroup where HSV-1 was present 
in the sputum (19%). It was detected at levels close to those identified 

Inhaled Therapy HSV Positive (%) HSV Negative (%)

No inhaled steroid 3 (8%) 34 (92%)

Budesonide/Formoterol 1 (7%) 13 (93%)

Fluticasone/Salmeterol 3 (25%) 9 (75%)

Other inhaled steroid 14 (29%)† 35 (71%)

Table 2: HSV status and use of inhaled steroid.

†p<0.05

ICD 10 Coded primary cause of death
HSV Status

Negative Positive

Pulmonary (J Codes) 41% 72%*

Non-pulmonary 59% 28%

Table 3: HSV status and primary cause of death.

*p<0.05
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as being associated with high mortality in ICU patients [30]. There 
were increased infiltrates on chest radiograph. Death occurred at 
a mean of 2.1 years from the detection of the virus [31]. There was 
a high incidence of death from pulmonary causes. The group with 
HSV-1 was using significantly higher doses of inhaled steroids. This 
brings into focus the risk versus benefits of high dose inhaled steroids 
in COPD.
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