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Background: Viral and bacterial infections are the most common causes of chronic obstructive
pulmonary disease (COPD) exacerbations. Whether serum inflammatory markers can differ-
entiate bacterial from virus infection in patients with COPD exacerbation requiring emergency
department (ED) visits remains controversial.

Methods: Viral culture and polymerase chain reaction (PCR) were used to identify the viruses
in the oropharynx of patients with COPD exacerbations. The bacteria were identified by the
semiquantitative culture of the expectorated sputum. The peripheral blood white blood cell
(WBC) counts, serum C-reactive protein (CRP), procalcitonin (PCT), and clinical symptoms
were compared among patients with different types of infections.

Results: Viruses were isolated from 16 (22.2%) of the 72 patients enrolled. The most com-
monly identified viruses were parainfluenza type 3, influenza A, and rhinovirus. A total of 30
(41.7%) patients had positive bacterial cultures, with the most commonly found bacteria being
Haemophilus influenzae and Haemophilus parainfluenzae. Five patients (6.9%) had both positive
sputum cultures and virus identification. The WBC, CRP, and PCT levels of the bacteria-positive
and bacteria-negative groups were not statistically different. Multivariate analysis showed that
patients with increased sputum volumes during the COPD exacerbations had higher risks of
recurrent exacerbations in the 1-year period following the first exacerbation.

Conclusion: WBC, CRP, or PCT could not differentiate between bacterial and viral infections
in patients with COPD exacerbation requiring ED visits. Those with increased sputum during
a COPD exacerbation had higher risks for recurrent exacerbations.

Keywords: chronic obstructive pulmonary disease, bacterial infection, virus, CRP

Introduction

Bacterial colonization and viral respiratory pathogens play important roles in
exacerbations of chronic obstructive pulmonary disease (COPD),!? especially in patients
requiring hospitalization.? Viral and/or bacterial infections have been detected in up to
78% of patients with COPD exacerbations.* Although bacteria are considered the major
cause of COPD exacerbations and antibiotics commonly used to treat exacerbations,’
the importance of viral infections in COPD exacerbations was mentioned after the
introduction and wide use of viral culture and real-time polymerase chain reaction
(PCR).%7 The link of viral infections to COPD has been emphasized in recent studies.
COPD patients had more airway inflammation after virus-associated exacerbations.®’
Seemungal et al found that viral infections caused frequent COPD exacerbations with
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prolonged symptoms.'® After viral infections, secondary bacte-
rial infections were frequently detected in COPD patients.'!

Biomarkers are commonly used to differentiate infective
or noninfective causes of COPD exacerbations. A previous
study suggested that patients treated with antibiotics accord-
ing to procalcitonin (PCT) levels for exacerbations of COPD,
reduced antibiotics use.'? However, PCT does not differentiate
bacterial from viral causes of COPD exacerbations requiring
admission to intensive care unit or ward.'*!* Whether serum
inflammatory markers, such as C-reactive protein (CRP) or
PCT, can distinguish bacterial from viral infection or not
in patients with COPD exacerbations requiring emergency
department (ED) visits remains controversial.

This study was conducted to clarify peripheral blood
white blood cell (WBC) counts, PCT, and CRP levels, and
their relationships with viral or bacterial pathogens, in COPD
patients requiring ED visits for exacerbations.

Materials and methods

Subjects

COPD patients aged greater than 50 years old who visited
the ED of the Linkou Chang-Gung Memorial Hospital due to
COPD exacerbations between April 2009 and August 2010
were prospectively enrolled for this study. COPD was diag-
nosed based on the Global Initiatives for Chronic Obstructive
Lung Disease (GOLD) guidelines, and an exacerbation was
defined as “a worsening of the patient’s respiratory symp-
toms that is beyond normal day-to-day variation”.'* All the
patients were current smokers or ex-smokers with a smoking
history of greater than 20 pack-years. Postbronchodilator
spirometry prior to the ED visit that demonstrated a ratio
of forced expiratory volume in the first second (FEV) to
forced vital capacity (FVC) of <70% was documented.
Patients with a history of bronchial asthma or with abnormal
chest radiographs indicating other respiratory diseases were
excluded. Patients who were hospitalized for cardiovascular
disease, acute pulmonary edema, acute pulmonary embolism,
pneumothorax, or active pneumonia were also excluded.
Active pneumonia was diagnosed by chest radiograph
obtained in ED.

Data collection

Medical records were reviewed and analyzed for the fol-
lowing data: age, sex, body mass index (BMI), medications
used prior to the ED admission, clinical symptoms (worsened
dyspnea, increased sputum volume and purulence, fever,
cough, sore throat, and wheeze), family cluster of common

cold symptoms, peripheral blood WBC count, serum CRP
and PCT levels, spirometry, and hospital days of the cur-
rent exacerbation. Prior corticosteroid use was defined as
having had a corticosteroid prescribed at 10 mg or more of
prednisolone per day for more than 30 days within 1 year
before the ED visit. The Anthonisen criteria were defined as
the presence of one of three symptoms, including increased
dyspnea, increased sputum volume, and increased sputum
purulence.'® Number of exacerbations in the following years
was retrospectively collected.

Specimen processing

Sputum was obtained by spontaneous production, and the
specimen was sent to the central laboratory of Linkou Chang-
Gung Memorial Hospital for bacterial culture. A positive
bacterial culture was defined as moderate to heavy growth
of bacteria in the semiquantitative culture. Oropharyngeal
swab specimens were collected from these patients for virus
identification using both virus isolation and multiplex RT-
PCR (MRT-PCR) assays.

Virus isolation

Oropharyngeal swab specimens were inoculated onto MK2,
MRC-5, and MDCK cells to isolate the viruses. The cell
cultures were incubated at 35°C for 2 weeks. The final
identification of the viruses was performed using an immu-
nofluorescence assay (IFA) screening kit (Chemicon Inc.,
Temecula, CA, USA) for respiratory viruses.

MRT-PCR

The MRT-PCR assay was designed to amplify the conserved
regions of 14 viral targets. The MRT-PCR was performed
using 0.2 mL thin-walled PCR tubes in a Bio-Rad iCycler
or ABI 7900. The RT-PCR mixture used in the assay was
the SuperScript® III One-Step RT-PCR kit (Invitrogen; Life
Technologies Corp, Carlsbad, CA, USA). Each reaction
contained the following kit reagents: 0.2 M probe, 0.4 M
primer, 12.5 uL of 2x ABI Master mixture (containing
0.4 mmol/L of each deoxyribonucleotide triphosphate
[dNTP] and 2.4 mmol/L MgSO,), and 5 uL of specimen
DNA or RNA extract, or control. The final reaction volume
was adjusted to 25 puL with PCR-grade water, and the
RT-PCR amplification was performed using the following
conditions: an initial complementary DNA step of 50°C for
30 minutes, followed by 95°C for 15 minutes and then, 50
cycles of 95°C for 30 seconds, 55°C for 30 seconds, and
72°C for 30 seconds.
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Statistical analysis

All statistical analyses were performed using the SPSS (SPSS
18 for Windows, SPSS Inc., Chicago, IL, USA) statistical pack-
age and Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA).
All values are reported as means =+ standard deviation (SD).
Differences among subgroups were compared by using the
¢ test or Fisher’s exact test when the expected number of
events was less than 5. The significance level (o) for all
statistical tests was set at 0.05, and P<<0.05 was considered
statistically significant.

Ethics

This study was conducted in accordance with the amended
Declaration of Helsinki. The study was approved by the
Institutional Review Board of Chang Gung Memorial
Hospital, and written informed consent was obtained from
all patients.

Results

In all, 72 COPD patients with exacerbations that required
ED visits were included in the study period. None of
the patients were included twice. No patients received
long-term oxygen therapy in this study. The mean FEV,
was 0.8610.32 L (40.12%%15.70% of predicted value).
The baseline characteristics of the 72 COPD patients, includ-
ing age, sex, BMI, FEV % predicted, FVC% predicted, GOLD
stage, pack-years of tobacco use, previous inhaled or oral
medications, peripheral blood WBC counts, and serum CRP
and PCT levels are shown in Table 1. A total of 52 patients
(72.2%) presented with two or more of the Anthonisen cri-
teria, and 38 patients (52.8%) had recurrent exacerbations
that required ED visits in the subsequent 1-year period.
A total of 46 patients (63.9%) were admitted to ward and
26 patients discharged from the ED. Four hospitalized patients
were admitted to the intensive care unit for acute respiratory
failure, three of whom needed mechanical ventilator support,
while the last received noninvasive ventilation support. None
of the patients died.

Viruses were detected in the oropharynx of 16 (22.2%) of
the 72 patients (Table 2). Parainfluenza virus type 3 (PIV3)
was the most commonly detected virus (37.5%), followed by
influenza A (Inf A) and human rhinovirus. Both adenovirus
and PIV3 were identified in one patient. No influenza B or
respiratory syncytial virus (RSV) was found. One patient
had simultaneous detection of PIV3 and adenovirus. Patients
with or without the confirmed presence of viruses were
divided into two groups: 16 patients were virus-positive and

Table |
patients requiring emergency department admissions

Baseline characteristics of 72 COPD exacerbation

Baseline characteristics (n=72)

Age, year 75.17£7.94
Male, n (%) 72 (100)
BMI, kg/m? 21.98+4.57
FEV /FVC ratio, % 55.34+9.86
FEV % predicted normal, % 40.12£15.70
GOLD I, n (%) 1(1.39)
GOLD 2, n (%) 13 (18.06)
GOLD 3, n (%) 43 (59.72)
GOLD 4, n (%) 15 (20.83)
FVC% predicted normal, % 50.15x17.10
Tobacco use, pack-years 61.29+30.69
Current smoker, n (%) 33 (45.8)
Ex-smoker, n (%) 39 (54.2)
ICS + LABA, n (%) 58 (80.56)
Inhaled anticholinergics, n (%) 56 (77.78)
Oral corticosteroid, n (%) 14 (19.44)
Short term oral antibiotics, n (%) 7(9.7)
Oral methylxanthines, n (%) 52 (72.22)
Anthonisen criteria =2, n (%) 52(72.22)
WBC, 10°/L 10.52+4.19
CRP, mg/L 34.97+48.02
PCT, ng/mL 0.2012+0.4315
Exacerbation in the sequential | year, 38 (0.52)

n (exacerbation/person/year)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary
disease; CRP, C-reactive protein; FEV , forced expiratory volume in the first second;
FVC, forced vital capacity; GOLD, Global Initiatives for Chronic Obstructive
Lung Disease; ICS, inhaled corticosteroids; LABA, long-acting beta-agonists; PCT,
procalcitonin; WBC, white blood cell.

56 patients were virus-negative. There were no significant
between-group differences in age, BMI, FEV , FVC, length
of hospital days, or number of exacerbation in the subsequent
1 year. Figure 1 shows the laboratory data at the time of ED
admission of the 72 COPD exacerbation patients. WBC
counts, CRP, and PCT levels were not significantly different
between the virus-positive and virus-negative group. A larger
proportion of the virus-positive patients had been previously
treated with oral corticosteroids than had the virus-negative
patients (37.5% versus 14.3%) (P=0.039). The viral-positive
groups presented with more sore throat symptoms than did
the viral-negative groups (62.5% versus 33.9%) (P=0.04).
The family cluster of common cold symptoms was signifi-
cantly higher for viral-positive groups than viral-negative
groups (25% versus 1.8%) (P=0.001).

In all, 30 patients (41.7%) with COPD exacerbations had
positive sputum bacterial cultures (Table 2). Haemophilus
influenzae was the most commonly identified bacterial strain
(30%), followed by Haemophilus parainfluenzae. The sputum
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Table 2 Pathogens in 72 COPD patients with acute exacerbation requiring an emergency department visit

Microorganism identified

Coronavirus-229E

Streptococcus pneumoniae

Viruses n=17 Bacteria =31 Others n=3
Parainfluenza virus type 3 6 Haemophilus influenzae Chlamydia
Influenza A 3 Haemophilus parainfluenzae Mycobacterium avium-intracellulare |
Human rhinovirus 3 Klebsiella pneumoniae
Adenovirus 2 Pseudomonas aeruginosa
Coronavirus-OC43 | Acinetobacter baumannii

|

|

Human metapneumovirus Moraxella catarrhalis
Staphylococcus aureus
Escherichia coli
Serratia marcescens

Enterobacter cloacae

— — — — — — N W ANY|>

Abbreviation: COPD, chronic obstructive pulmonary disease.

bacterial culture of one patient grew Staphylococcus aureus and
Acinetobacter baumannii. Chlamydia species were found by
MRT-PCR in two cases, but no patients were positive for myco-
plasma by PCR. There were no statistically significant differences
between the bacteria-positive and bacteria-negative patients in
age, BMIL, FEV , FVC, clinical symptoms, medications used
prior to ED admission, length of hospital days, or recurrent exac-
erbations in the subsequent 1 year. WBC, CRP, and PCT levels
were not significantly different between the bacteria-positive and
bacteria-negative groups (Figure 2). Among the seven patients with
PCT >0.5 ng/mL, three (42.9%) had sputum that was positive
for bacteria growth, but none of these subjects were posi-
tive for viruses. The only significant difference was that the
bacteria-positive group had a lower FEV /FVC ratio than did
the bacteria-negative group (52.43% versus 57.41%) (P=0.033).
Both virus and bacteria were identified in five patients (6.9%).
One had Inf A and Streptococcus pneumoniae, another had
adenovirus and H. influenzae, the third had PIV3, adenovirus, and
H. influenzae, the fourth had PIV3 and H. parainfluenzae, and
the last had Escherichia coli and human metapneumovirus.
Table 3 shows the results of univariate and multivariate
analysis of variables associated with recurrent exacerbations
in the subsequent 1-year period. The results indicated that
an increased sputum volume during the COPD exacerbation

P=0.401

that required the ED visit was independently associated
with a higher risk of a recurrent exacerbation during the
subsequent year.

The percentage of patients free from readmission to the
EDsin 1 year, analyzed by Kaplan—-Meier curves and evaluated
with the log-rank test, was not significantly different between
the bacteria-positive and bacteria-negative groups. The curves
for patients who were virus-positive and virus-negative also
did not differ significantly (Figure 3). When the outcomes were
analyzed specifically by PCT and CRP levels, the percentage
of patients free from readmission to the EDs also showed no
statistically significant differences (Figure 4).

Discussion

Our study demonstrated that viruses were identified in the
oropharynx of 22.2% and bacterial infections were confirmed
in 41.7% of the patients with COPD exacerbations requiring
ED visits. The most commonly identified virus was PIV3,
and the most commonly found bacterium was H. influenzae.
Higher percentages of the virus-positive patients presented
with sore throat and with the family cluster of common
cold symptoms. The analysis of maintenance medications
prescribed before the ED visits showed that the percentage
of patients who had oral corticosteroid treatment prior to

P=0.348

ng/mL
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Figure | Laboratory data on day | at the ED in the virus-positive and virus-negative patients.
Abbreviations: CRP, C-reactive protein; ED, emergency department; WBC, white blood cell.
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Figure 2 Laboratory data on day | at the ED in the bacteria-positive and bacteria-negative patients.
Abbreviations: CRP, C-reactive protein; ED, emergency department; WBC, white blood cell.

the ED admission was higher in the virus-positive group.
Multivariate analysis for evaluation of the risk factors for
recurrent exacerbations showed a higher rate of recurrent
COPD exacerbation in the 1-year period after the original
ED visit in those with an increased sputum volume during
the first COPD exacerbation. However, the commonly used
biomarkers for infection, such as serum CRP or PCT levels,
did not aid in differentiating between bacterial or viral infec-
tions in patients with COPD exacerbations.

A more rapid decline of lung function is observed in
COPD patients with exacerbations.'” The patients with exac-
erbations also had higher mortality rates and more frequent
exacerbations requiring hospital admissions.!® Papi et al
found that infective exacerbations were detected in 78%
of patients, with bacteria identified in 54.7% and viruses
in 48.4%.* COPD exacerbations in which pathogens were
identified were associated with longer hospitalization stays
than noninfective exacerbations.* However, the positive rates
of viral identification in patients with COPD exacerbations
requiring hospitalization varied in different publications.
In the study by Kherad et al in which the samples for virus
identification were obtained via nasopharyngeal swabs and

Table 3 Univariate and multivariate logistic regression analysis of
clinical variables associated with recurrent exacerbations in the
subsequent | year, in 72 COPD exacerbation patients

Parameter Odds ratios 95% CI P-value
Univariate analysis
Age 1.023 0.964-1.085 0.456
BMI 0.998 0.885-1.102 0.824
Worsened dyspnea 2.312 0.2-26.708 0.502
Increase sputum 4219 1.506—11.822 0.006
Sputum purulence 1.795 0.701-4.5%6 0.223
Virus-positive 2.363 0.726-7.689 0.153
Bacteria-positive 2.091 0.801-5.458 0.132
FEV, % predicted 1.005 0.975-1.035 0.756
Multivariate analysis
Increase sputum 3.687 1.092-12.448 0.036

Abbreviations: BMI, body mass index; Cl, confidence interval; COPD, chronic
obstructive pulmonary disease; FEV,, forced expiratory volume in the first second.

the identification was performed using qualitative RT-PCR
assays, the overall virus-positive rate was 51%.'” McManus
et al showed that 36.8% of patients hospitalized for COPD
exacerbations had sputum samples that were positive for
viruses.” In a study of patients with COPD exacerbations
requiring mechanical ventilation, viruses were identified in
43% of nasopharyngeal aspirates and posterior pharyngeal
swabs.?! In our study, viral pathogens were detected in the
oropharyngeal swabs of 16 patients (22.2%). The virus-
positive rate of the oropharyngeal swabs was thus lower than
in the previous studies. The possible causes of the variation
may include seasonal and geographic differences in the
etiology of virus-associated COPD exacerbations. In a recent
systematic review, the rates of detection of viruses associated
with COPD exacerbations were highest in Europe.” Another
possible cause of the differences in the results is the site of the
sample collections. In our study, we collected oropharyngeal
swabs but not nasopharyngeal swabs or sputum samples,
which might result in different rates of viral detection.

In this study, the commonly identified viruses in patients
with COPD exacerbations requiring ED visits were PIV3, Inf A
virus, and human rhinovirus. This result was similar to the
finding of Cameron et al from a study in Australia in which
the most frequently detected viral etiologies were Inf A,
PIV3, and rhinovirus.?! In a recent review of eight studies,
picornavirus was the most common virus in western countries
and influenza virus was most common in Asia.’

H. influenzae was the most common bacterial pathogen
in COPD exacerbations in a previous study.* Pseudomonas
aeruginosa and Klebsiella pneumoniae were also empha-
sized in recent studies.??* In our study, H. influenzae,
H. parainfluenzae, and K. pneumoniae were the most com-
monly identified bacteria. Our data provided worthwhile
epidemiologic results of viral and bacterial etiologies of
COPD exacerbation, and this may have important implica-
tions for appropriate empirical selection of antibiotics and
proper management of COPD exacerbations.
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Figure 3 Kaplan—Meier survival curves (A) for the patients with bacteria positive and bacteria negative, and (B) for the patients with virus positive and virus negative.

Abbreviation: ED, emergency department.

Biomarkers are commonly used to differentiate infective
or noninfective causes of COPD exacerbations. We compared
WBC, CRP, and PCT levels between the bacteria-positive
and bacteria-negative patients, and these biomarkers did not
show statistically significant between-group differences in
our study. Similarly, for the WBC, CRP, and PCT levels, the
differences between the virus-positive and virus-negative
patients were not statistically significant. PCT is a biomarker
that is more specific for bacterial infection and might be use-
ful as a guide for decisions regarding antibiotic treatment.
However, it could not distinguish bacterial from viral and
noninfectious causes of COPD exacerbations.!* Daniels
et al compared CRP and PCT as markers of clinical outcome
in COPD exacerbations and found that PCT was not a good
biomarker in COPD exacerbations because patients with
low PCT values did benefit from antibiotics.** The severity
of the bacterial infections of the airways in some patients
with COPD exacerbations is probably insufficient to induce
a significant PCT production.
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Sputum purulence has been suggested to be useful in
determining the initiation of antibiotic treatment in hos-
pitalized patients with COPD exacerbations.?> However,
there was no difference in sputum purulence between
the bacteria-positive and bacteria-negative groups in our
study. In a retrospective cohort study, up to 85% of patients
hospitalized for COPD exacerbations were treated with
antibiotics.?® Although the GOLD guidelines suggest “the
use of antibiotics in exacerbations remains controversial” and
“consider antibiotic when signs of bacterial infection”, the
study by Rothberg et al supported antibiotic administration
as improving the outcomes among patients hospitalized for
COPD exacerbations.”

COPD exacerbation patients in whom oropharyngeal
viruses were identified were more likely to have had previous
corticosteroid treatment, a sore throat, and a family cluster of
common cold symptoms. Clinicians should consider virus-
induced COPD exacerbations if the patients present with a
sore throat or a family cluster of common cold symptoms.

B

[a)
[TT] 100- ==« PCT <0.25 ng/mL
=) —— PCT >0.25 ng/mL
Tt § 801 P=0.127
[
=0 "
< 9D 60 j SR
o'c *a..
Y e WO
ST 40 e
w2 AV R -
c 0
(]
© £ 204
o O
o=
q’ 0 L) L) L) 1
(]
=

Time (months)

Figure 4 Kaplan—Meier survival curves (A) for the patients with high CRP levels and low CRP levels, and (B) for the patients with high PCT levels and low PCT levels.
Abbreviations: CRP, C-reactive protein; ED, emergency department; PCT, procalcitonin.
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A total of 52% of our patients had recurrent exacerbations
during the subsequent 1-year period after the exacerbation.
Hurst et al reported on a cohort of patients with COPD and
showed that 39% of patients with stage 2, 52% with stage 3,
and 62% with stage 4 COPD had exacerbations during the
preceding year.?® Bafadhel et al divided COPD exacerbations
to four distinct clusters, including bacterial, viral, eosino-
philic predominant, and pauci-inflammatory, by biomarkers
such as sputum IL-1f or serum CXCL10.? We analyzed the
clinical variables associated with the 1-year recurrent exac-
erbation rate, and increased sputum volume during the initial
COPD exacerbation was the only independent risk factor
for recurrent exacerbations in the subsequent 1-year period.
Our study provides additional information for further investi-
gation about COPD phenotypes of recurrent exacerbations.

There are some limitations in this study, which should
be mentioned. First, the techniques used in this study cannot
distinguish acute infection from colonization. Therefore,
we selected patients requiring ED visits rather than only
symptom-based exacerbations. Second, although this study
was conducted in a 3,300-bed tertiary teaching hospital, it
was still a single-center, not a multicenter, study, and our
results were obtained for a very low number of patients.
Third, whether these patients had prior influenza or pneu-
mococcal vaccinations had not been recorded. We could
not clarify the influence of vaccinations in COPD exacerba-
tions from this study. Further, virus was assessed both by
cultures and by PCR, but bacteria were identified only by
culture. Finally, our virus identification was obtained from
oropharyngeal swab specimens. We did not obtain specimens
from nasopharyngeal swabs or the lower respiratory tract for
virus identification. The actual rates of virus identification in
different sampling sites were unknown.

In conclusion, viruses and bacteria both play important
roles in COPD exacerbations. WBC, PCT, and CRP levels
are not good indicators for bacterial infections in COPD exac-
erbations. Those with increased sputum volume in COPD
exacerbation had a higher rate of recurrent exacerbations in
the subsequent 1-year period. Understanding the etiologies
of bacteria and viruses in COPD exacerbations might aid in
the appropriate management of COPD exacerbations.
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