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Purpose: To investigate the respiratory infectious phenotypes and their impact on length 

of stay (LOS) and the COPD Assessment Test (CAT) Scale in acute exacerbation of COPD 

(AECOPD).

Patients and methods: We categorized 81 eligible patients into bacterial infection, viral 

infection, coinfection, and non-infectious groups. The respiratory virus examination was deter-

mined by a liquid bead array xTAG Respiratory Virus Panel in pharyngeal swabs, while bacterial 

infection was studied by conventional sputum culture. LOS and CAT as well as demographic 

information were recorded.

Results: Viruses were detected in 38 subjects, bacteria in 17, and of these, seven had both. 

Influenza virus was the most frequently isolated virus, followed by enterovirus/rhinovirus, coro-

navirus, bocavirus, metapneumovirus, parainfluenza virus types 1, 2, 3, and 4, and respiratory 

syncytial virus. Bacteriologic analyses of sputum showed that Pseudomonas aeruginosa was 

the most common bacteria, followed by Acinetobacter baumannii, Klebsiella, Escherichia coli, 

and Streptococcus pneumoniae. The longest LOS and the highest CAT score were detected in 

coinfection group. CAT score was positively correlated with LOS.

Conclusion: Respiratory infection is a common causative agent of exacerbations in COPD. 

Respiratory coinfection is likely to be a determinant of more severe acute exacerbations with 

longer LOS. CAT score may be a predictor of longer LOS in AECOPD.
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Introduction
COPD has become a major cause of chronic morbidity and mortality throughout the 

world, and the economic and social burden are projected to increase in the coming 

decades.1 Hospitalization for acute exacerbation of COPD (AECOPD) is recognized 

as a major event in the natural history of COPD due to its adverse effect on lung 

function, survival, risk of readmission, and quality of life.2–6 It is generally believed 

that exacerbations are important targets for treatments and prevention of disease 

progression of COPD.7

Exploration of causative phenotypes of exacerbations would identify differences 

in population characteristics and clinical outcomes, which can lead to therapeutic 

consequences.8 Respiratory infection is recognized as an important trigger for 

AECOPD, and has also been shown to be associated with more severe disease. 

However, little is known about the spectrum of virus and bacteria of respiratory tract 

of AECOPD.

The prolonged length of stay (LOS) indicates more fragile patients who need more 

attention from healthy subjects.7 However, there is a lack of identified predictors of 
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long LOS. Although previous studies suggest that there was 

a correlation of LOS with respiratory infection,9 the respira-

tory infectious phenotypes in LOS have not been explored 

in AECOPD. The COPD Assessment Test (CAT) with good 

internal consistency and test–retest reliability is suitable for 

routine clinical use for both stable and exacerbating COPD 

in recent years.10–13 However, there was no information about 

the correlation between CAT and respiratory infectious phe-

notypes as well as LOS.

Our current study, therefore, is to explore respiratory 

infectious phenotypes and their impact on LOS and the CAT 

scale during the exacerbations of COPD, which provides a bet-

ter understanding of the disease and health-care planning.

Materials and methods
Study population
In all, 110 patients with clinician-diagnosed COPD exacerba-

tion were screened according to the strategies illustrated in 

Figure 1 from January to June 2014 in our hospital. Among 

them, 81 eligible patients were enrolled. The AECOPD is 

defined as an acute event characterized by a worsening of 

respiratory symptoms (dyspnea, sputum purulence, or sputum 

volume) that is beyond normal day-to-day variations, and 

leads to a change in medication.7 Patients with an established 

history of COPD were recruited, with a post-bronchodilator 

forced expiratory volume in 1 second (FEV
1
) to forced vital 

capacity (FVC) ratio ,70% at diagnosis. Standardized pul-

monary function test was performed with a dry spirometer 

device (Erich Jaeger GmbH, Hoechberg, Germany) at 15 

minutes after inhaling salbutamol 400 µg (Ventolin, GlaxoS-

mithKline, London, UK), and the FVC, FEV
1
, and FEV

1
/FVC 

ratio were recorded. In addition, the patients should be able to 

understand and complete the CAT independently. Exclusion 

criteria were as follows: patients with a primary diagnosis 

of asthma, bronchiectasis or other active chronic respiratory 

disease requiring treatments, interventions or diagnostics, 

or any other severe or uncontrolled co-morbidities; patients 

with mental disorders or any other condition associated 

with an immuno-inflammatory response; and patients who 

had received antibiotic or corticosteroids during the past 4 

weeks. This study was approved by the ethical committee 

of Anhui Medical University, and written informed consent 

was obtained from all patients.

Clinical parameters
Clinical characteristics of the patients were recorded, includ-

ing demographic information, smoking history, Charlson’s 

index, the new Global initiative for chronic Obstructive 

Lung Disease (GOLD) staging system (grades A–D) using 

spirometry, exacerbation history, modified British Medical 

Research Council, and/or CAT results, long-term oxygen 

therapy, CAT scale, and LOS (Table 1). Co-morbidities 

Figure 1 Strategies for screening patients with AECOPD.
Abbreviations: AECOPD, acute exacerbation of COPD; CAT, COPD Assessment Test.
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included hypertension, diabetes mellitus, cerebral infarc-

tion, coronary artery disease, and these co-morbidities were 

in stable state which was confirmed by physicians from 

related departments. LOS was defined as the duration from 

admission to discharge from our hospital.7

Microbiological analyses
Virological assays
During collecting samples, a pharyngeal swab was rotated 

five to six times and allowed to remain for 5 seconds.14 The 

swab was then immediately immersed in 3 mL viral preser-

vation liquid (Youkang Technology Co., Beijing, People’s 

Republic of China) and stored at -80°C until examined. Total 

nucleic acids (DNA and RNA) were extracted and purified 

using mini kit (QIAamp MinElute Virus Spin Kit, Cat. No 

57704, Hilden, Germany) and stored at -70°C until use. 

All pharyngeal swabs were analyzed consecutively for the 

presence of respiratory viruses upon arrival at the Depart-

ment of Clinical Laboratory in the First Affiliated Hospital 

of Anhui Medical University. Analyses included influenza 

A (H1, H3, and H1N1), influenza B, respiratory syncytial 

virus, human metapneumovirus, parainfluenza virus types 

1, 2, 3, and 4, coronaviruses (CoV OC43, CoV 229E, CoV 

NL-63, and HKU1), enterovirus/rhinovirus, adenovirus, and 

human bocavirus by a Respiratory Viral Panel FAST v2 kit 

which is based on the multiplex polymerase chain reaction 

(PCR), Flexible Multi-Analyte Profiling (xMAP), and xTAG 

techniques (Luminex, Toronto, Canada).

Bacteriological assays
Spontaneously, sputum was obtained in a sterile container 

prior to the initiation of AECOPD treatment and examined 

within 30 minutes. The bacterial analysis was performed at 

the Department of Clinical Laboratory in the First Affili-

ated Hospital of Anhui Medical University. The analyses 

consisted of bacterium culture, identification, and antibiotic 

susceptibility testing. Evaluation of bacterial content of 

the sample was done following the normal procedure. 

Gram-staining of sputum was evaluated by technicians and 

microbiologists. Secretions containing epithelium from the 

deeper parts of the airways by microscopic evaluation were 

considered sufficient materials. Bacteria in association with 

such epithelium were considered as being possible pathogens. 

Cultures of these diluted samples were made on blood agar 

and chocolate agar. The plates were incubated at 37°C in an 

incubator in the atmosphere of 10% CO
2
. After overnight 

incubation, the plates were studied by standard techniques 

and all pathogenic organisms were subjected to antibiotic 

sensitivity (Micro Scan Walk Away 96, West Sacramento, 

CA, USA).

Statistical analyses
Demographic and clinical characteristics of patients were 

summarized descriptively. Data were expressed as mean ± 

standard deviation. SPSS Statistics version 16.0 was used 

for statistical analysis. Group comparisons were tested 

using analysis of variance test or Chi-squared test. Pearson’s 

Table 1 Baseline characteristics, clinical features at study entry, and outcomes in 81 patients with COPD exacerbation

Variable All patients Viral infection Bacterial infection Coinfection Non-infectious group

(n=81; 100%) (n=31; 38%) (n=10; 12%) (n=7; 9%) (n=33; 41%)

Baseline characteristics
Age, years 71±10 69±10 74±6 71±6 72±10
Male sex, n (%) 61 (75) 24 (70) 6 (60) 6 (86) 25 (75)
BMI, kg/m2 22±5 22±5 22±5 21±3 22±4

Smoking status
Current smoker, n (%) 10 (12) 2 (6) 0 (0) 0 (0) 8 (24)
Smoking, pack-years* 19±19 15±19 27±20 28±24 17±17

Co-morbidities, n (%) 32 (39.50) 12 (38.70) 4 (40.00) 3 (42.85) 13 (39.39)
Charlson’s index 1.5±0.8 1.4±0.7 1.5±1.0 1.3±0.5 1.6±1.0
GOLD class (n, groups A, B, C, D) 17/17/29/18 7/7/11/6 2/1/4/3 2/1/3/1 6/8/11/8
LTOT, n (%) 14 (17) 5 (16) 2 (20) 1 (14) 6 (18)
LOS, days 9.6±4.1 10.1±3.0 11.3±4.0 16.9±5.2 7.0±2.0
CAT, scores 26.0±6.4 25.1±5.5 25.5±7.0 32.0±4.5 25.0±5.6
FEV1, L 1.2±0.6 1.1±0.6 1.2±0.5 1.0±0.4 1.3±0.6
FEV1, % of predicted normal value 54.0±26.8 52.1±27.0 56.5±27.4 42.3±17.6 57.4±28.1
FEV1/FVC, % 55.4±8.9 56.0±7.6 56.9±10.3 51.2±10.1 55.1±9.6

Notes: Data are presented as number (%) or mean ± SD. *(Number of cigarettes per day × number of years of smoking)/20.
Abbreviations: BMI, body mass index; GOLD, Global initiative for chronic Obstructive Lung Disease; LTOT, long-term oxygen therapy; LOS, length of stay; CAT, COPD 
Assessment Test; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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regression was used to analyze the correlation between CAT 

score and LOS. Groups were compared using analysis of 

variance. A P-value ,0.05 was considered significant in all 

statistical analyses.

Results
Patient characteristics
From January to June 2014, a total of 110 patients were 

screened at admission to our study. In all, 81 patients were 

eligible, 29 patients were excluded, and two patients died 

from acute respiratory failure (Figure 1). We categorized 

those 81 patients into four groups (viral infection, bacterial 

infection, coinfection, and non-infectious groups) based on 

the pathogens isolated from respiratory tract specimens. 

Coinfection was defined as both viral and bacterial infection. 

There were no differences among the baseline characteristics 

in terms of sex distribution, age, body mass index, pack-years 

of smoking, current smoking status, Charlson’s index, and 

long-term oxygen therapy (Table 1).

Spectrum of respiratory virus and 
bacteria
Viral assays of the 81 pharyngeal swabs showed an overall 

positivity rate of 47% (n=38). Influenza virus was the most 

frequently detected virus (n=21), followed by enterovirus/

rhinovirus (n=11), coronavirus (n=9), bocavirus (n=6), metap-

neumovirus (n=5), parainfluenza virus types 1, 2, 3, and 4 

(n=3), and respiratory syncytial virus (n=3) (Figure 2). In addi-

tion, 12 patients were found with multiple viral infections.

We found that 17 of 81 had a positive sputum culture 

for the following bacteria: Pseudomonas aeruginosa 

(n=6), Acinetobacter baumannii (n=5), Klebsiella (n=4), 

Escherichia coli (n=1), and Streptococcus pneumoniae (n=1). 

Ten patients with coinfection were found.

Relationships between the respiratory 
infectious phenotypes and LOS and CAT
Mean LOS was 9.6±4.1 days as a whole. Coinfection with 

virus and bacteria resulted in statistically significant longer 

LOS (coinfection 16.9±5.2 days vs bacterial 11.3±4.0 days 

[P=0.041], coinfection vs viral 10.1±3.0 days [P=0.000], 

coinfection vs non-infectious 7.0±2.0 days [P=0.004]). We 

found no significant difference in LOS between patients with 

virus and bacteria infection in AECOPD (viral vs bacterial, 

P.0.05). Consistently, LOS of non-infectious group was 

shorter than the other groups (Figure 3).

CAT scores are shown in Table 1. Coinfection with virus 

and bacteria resulted in a statistically significant increase 

in CAT score as compared with other groups (coinfection 

32.0±4.5 vs bacterial 25.1±5.5 [P=0.019], coinfection vs 

viral 25.5±7.0 [P=0.009], coinfection vs non-infectious 

25.0±5.6 [P=0.004]). We found no significant difference 

between patients with virus and bacteria infection in terms 

of CAT scores (Figure 4). Finally, we also found that CAT 

scores was positively correlated with LOS during AECOPD 

(r=0.372, P,0.001, Figure 5).

Relationships between the respiratory 
infectious phenotypes and FEV1 and the 
new GOLD staging system
Data of FEV

1
 is shown in Table 1. We found no statistically 

significant difference in FEV
1
 among different infectious 

Figure 2 Viruses detected by RVP kit from the nasopharyngeal samples of 81 patients admitted for AECOPD were influenza virus (n=21), enterovirus/rhinovirus (n=11), 
coronavirus (n=9), bocavirus (n=6), metapneumovirus (n=5), parainfluenza virus types 1, 2, 3, and 4 (n=3), and RSV (n=3).
Abbreviations: RVP, respiratory virus panel; AECOPD, acute exacerbation of COPD; RSV, respiratory syncytial virus.
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phenotypes (P.0.05). Moreover, there was no statisti-

cally significant difference in the classification of patients 

according to the new GOLD staging system among the four 

groups.

Discussion
AECOPD often facilitate the progressive course of COPD, 

mainly due to infection.14,15 Several studies have measured 

the burden of viral or bacterial infections in COPD exac-

erbation. However, little information is available about 

the respiratory infectious phenotypes as causative agent of 

exacerbations of COPD, and their relationships with LOS 

and CAT scale.

In the present study, 81 cases were examined. The results 

showed that 38 cases were viral infection, 17 were bacterial 

infection, and seven had both (Figure 2). Our detection rates 

of respiratory viruses were in line with recent reports, but 

two to three times higher than that using the conventional 

viral culture methods.16,17 The discrepancy could be explained 

by the use of Luminex multiplex PCR technique since this 

examining system allows the inclusion of new viruses such 

as human metapneumovirus and bocavirus in the more recent 

studies. Our study found that influenza virus is the most 

common virus associated with AECOPD, consistent with 

our results, a study from Hong Kong has shown influenza 

to be the most detected virus in exacerbations of COPD,18 

which supports our results that influenza virus might be the 

most causative agent in the exacerbations of COPD in Asia. 

However, picornavirus was the most common one in stud-

ies from Western countries.16 This disparity in distribution 

of virus could be related to the geographical variation or 

different strains circulating at that particular year and time. 

Alternatively, the wider coverage of influenza vaccination in 

Western countries compared to Asia may also contribute to 

the difference of virus seen in the study.19,20 Interestingly, our 

study also detected five patients infected with human metap-

neumovirus and six patients with bocavirus in AECOPD for 

the first time, which provides a new insight into understanding 

of etiological agents in AECOPD. Further studies are needed 

to explore these less well-studied etiological pathogens for 

AECOPD. Potential bacterium was detected in 21% of acute 

exacerbation events, demonstrating the predominance of 

P. aeruginosa, A. baumannii, and Klebsiella.

Figure 3 Statistical distribution (box plot) of LOS according to the four respiratory 
infectious phenotypes: 0 – non-infectious group, 1 – viral infection, 2 – bacterial 
infection, 3 – coinfection.
Notes: The longitudinal axis of the picture above represents the days of stay in 
hospital. The central box represents the value from the lower to the upper quartile 
(25%–75%). The middle line inside the box represents the median value. The lines 
extend from the minimum to the maximum values, excluding outliers that are displayed 
as separate points. An outlier is defined as a value that is smaller than the lower 
quartile minus 1.5 times the interquartile range, or larger than the upper quartile plus 
1.5 times the interquartile range. These values are plotted with a  marker.
Abbreviation: LOS, length of stay.

Figure 4 Statistical distribution (box plot) of CAT scores according to the four 
respiratory infectious phenotypes: 0 – non-infectious group, 1 – viral infection, 2 – 
bacterial infection, 3 – coinfection.
Abbreviation: CAT, COPD Assessment Test.

Figure 5 Pearson’s correlations between CAT and LOS.
Note: Solid line, CAT vs LOS: r=0.372, P,0.05.
Abbreviations: LOS, length of stay; CAT, COPD Assessment Test.
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Although we strictly followed the standard procedure 

to collect specimens, the detection rate with conventional 

examination method was relatively lower than modern cul-

ture-independent molecular approach, which could identify 

many unrecognized bacterial species in samples from COPD 

patients that may be clinically relevant.21 This bacterial 

spectrum was generally in agreement with those reported 

previously in People’s Republic of China.22 The difference 

with that of Western countries could be due to the regional 

disparity of bacterial infection.

The other main aim of this study was to evaluate the 

potential relationship between respiratory tract infectious 

phenotypes and LOS as well as the CAT scale. LOS has been 

widely used to measure the acute impact on patients with 

AECOPD.23 Our results showed the longest LOS for coin-

fection group and shortest LOS for the non-infectious group, 

which was consistent with previously reports.8,24 Wilkinson 

et al25 had demonstrated that exacerbation symptoms and 

FEV
1
 decline were more severe in the presence of bacteria 

and colds (as a surrogate of viral infection) than with a cold 

or bacterial pathogen alone. Exacerbations associated with 

human rhinovirus and Haemophilus influenzae coinfection 

exhibited a greater bacterial load and inflammation than those 

with no infection or viral or bacterial infection alone. These 

results showed that viral and bacterial coinfection would 

lead to a more severe symptom and longer LOS for patients 

to recover, which inversely increases chances of nosocomial 

infection, and also social and economic burden dramatically. 

Therefore, we may conclude that the different infectious phe-

notypes are closely associated with different LOS and health 

status in AECOPD patients. It is worth mentioning that some 

researches have found that cardiovascular events, pulmonary 

embolism, and blood stream infections may also contribute to 

the prolonged stay in patients with COPD.9,26 However, we did 

not check all of the relevant factors or diseases associated with 

prolonged stay in hospital which may have an impact on our 

results. We will take it into consideration in future study.

CAT is a recently introduced, patient-completed instru-

ment to assess and quantify symptom and inflammation burden 

in patients of COPD. Therefore, we hypothesized that there 

may be a correlation between respiratory infectious phenotypes 

and CAT, which has not been explored yet. Since patients with 

coinfection exhibited a greater inflammation than those with 

single infection or non-infection, we infer that coinfection 

would lead to a higher CAT score, which was supported by our 

results. Furthermore, we also found that CAT was positively 

correlated with LOS, which makes CAT a useful tool to assess 

the impact of AECOPD symptoms on health status.

In our study, coinfection group has a lower FEV
1
 than 

the other three groups. There was, however, no statistically 

significant difference which was in agreement with some 

previous researches.27–29 Wark et al30 has demonstrated that 

there was no difference in acute FEV
1
 between those with and 

without virus infection. At review 6 weeks following their 

admission, those with virus infection had a greater decline 

in lung function compared with those without a virus having 

been isolated. How this occurs still need further investigation. 

Furthermore, a study investigating the relationship between 

potentially pathogenic bacteria isolation frequency and 

GOLD stages in AECOPD found no relationship between 

stage and bacteria isolation, which bear some resemblance 

to our research.28

Mortality is the most important parameter in predicting 

prognosis. Two patients infected with influenza virus died in 

our study. Researches had showed that influenza virus pan-

demic poses a potentially grave public health threat because 

of the high mortality rates observed in infected people.31 

Therefore, whether respiratory influenza viral infection could 

be attributed to mortality of COPD exacerbations still needs 

further investigation.

Conclusion
Respiratory infectious phenotypes are associated with LOS 

and severity of symptoms in AECOPD. Furthermore, respira-

tory viral infection plays an important role in exacerbations 

of COPD. CAT may be a predictor of longer LOS with 

coinfection.
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