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Pattern of Bacterial Infection in Acute 
Exacerbation of Chronic Obstructive Pulmonary 
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Abstract 

Background: Acute exacerbation of COPD is one of the important problems during 

management of COPD & has considerable impact on morbidity, mortality and quality of 

life. Acute exacerbation can occur due to bacterial or viral infection & non-infectious causes. 
Sputum culture & real-time PCR can identify the pattern of bacterial infection. Rational use 

of antibiotic can reduce the cost of treatment & possibility of antibiotic resistance. 

Material and Methods: This cross sectional study was conducted on hospital admitted & 

outdoor attended acute exacerbation of COPD patients using sputum Gram stain, culture & 
Real time PCR. 

Results: The mean age of the respondents was 60.02±10.55 years. Maximum patients 

49(79.0%) age above 50 years followed by 13(21.0%) below 50 years. Most patients had 
dyspnea 54(87.1%) followed by increased sputum volume 31(50.0%), increased wheez or 

cough 23(37.1%), increased sputum purulence 19(30.6%). Considering sputum culture & 

RT-PCR, 29(46.8%) patients was found microbiologically positive. Klebsiella was isolated 

most frequently 10(34.5%) followed by Haemophilus 7(24.1%). Type 1 & type 2 AECOPD 

showed more bacteriological positivity than type 3 (85.7%, 80.8% & 6.9% respectively, 

p=<0.001). Bacteria isolation was significantly associated with increased sputum purulence 
& volume (89.5% & 67.7% respectively, p=<0.001) but not in case of dyspnea (48.1%, p=0.573). 

Conclusion: In conclusion, bacterial isolation was more common in type 1 & type 2 AECOPD 

than type 3, Klebsiella infection was most common. Increased sputum purulence & volume 

significantly indicates bacterial infection in AECOPD. 
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Introduction 

COPD is a common, preventable & treatable disease 
that is characterized by persistent symptoms & airflow 
limitation that is due to airway &/or alveolar 
abnormalities usually caused by significant exposure 
to noxious particles or gases, according to GOLD 2019¹. 
The chronic airflow limitation that is characteristic 
of COPD is caused by a mixture of small airways 
obstruction & parenchymal disease. Chronic 
inflammation causes structural changes, narrowing 
of the small airways & destruction of the lung 
parenchyma that leads to the loss of alveolar 
attachments to the small airways & decreases lung 
elastic recoil. In turn, these changes diminish the 
ability of the airways to remain open during 
expiration. A loss of small airways may also contribute 
airflow limitation & mucocilliary dysfunction is a 
characteristic feature of the disease². COPD constitutes 

a major health problem3. COPD is currently the 4th 

leading cause of death in the world4. Prevalence of 
COPD in the total population ranged from a low of 
7.8% in Mexico City, Mexico, to a high of 19.7% in 
Montevideo, Uruguay. The prevalence of COPD among 

Dhaka City population in Bangladesh is 11.4%5. Using 
operational severity criteria adopted from Global 
Initiative for Obstructive Lung Disease (GOLD) mild, 
moderate, severe and very severe COPD were found 

in 42.7%, 27.2%, 20.4% and 9.7% respectively5. COPD 
exacerbations are very common, affecting about 20% 

of COPD patients6. The estimated annual costs of 
COPD are $24 billion, and 70% are related to 

exacerbations requiring hospitalization7. Acute 
exacerbations of COPD (AECOPD) have considerable 

impact on morbidity, mortality and quality of life8. 

Common triggers for AECOPD include viral and/or 
bacterial infection of the tracheobronchial tree and 
air pollution, but the cause of approximately one-

third of severe exacerbations cannot be identified9. 
78% of patients with severe COPD exacerbations 
admitted to the hospital are associated with 
respiratory virus and/or bacterial infection. The 
presence of infection with viruses (48.4%) and/or 
bacteria (54.7%) at exacerbation was associated with 
both clinical and lung function indicators of 

increased exacerbation severity10. 

Importantly, the presence of co infection with both 
viruses and bacteria was found in 25% of exacerbations 
and these patients had more severe functional 

impairment and longer hospitalization10. A survey 
including 69,820 patients who had been hospitalized 
for exacerbations of COPD in 360 hospitals throughout 
the United States showed that 85% of all patients were 
given antibiotics, but not all patients equally 

experienced benefit from antibiotics, patients with 
signs of bacterial infection and more severe 
exacerbations seem to be benefitted from antibiotics, 
prescribing antibiotics for viral infections or 
noninfectious causes of AECOPD is ineffective and 
increases the risk of toxicity and the development of 

bacterial resistance11. In patients with COPD, the 
clinical manifestations of systemic inflammation due 
to infectious and non-infectious causes are similar. 
The differential diagnosis of these two conditions is 
very important in order to administer the correct 
treatment regimen and avoid unnecessary antibiotic 
use, thus reducing the morbidity, mortality and care-
related costs. Nevertheless, antibiotic use in AECOPD 
is undoubtedly still excessive, exposing patients to 
considerable cost and potential adverse effects, and 
driving antibiotic resistance. In this context, a rapid, 
specific test to identify lower respiratory bacterial 
infections would be a major advancement, limiting 
the inappropriate use of antibiotics which is considered 
to be a main cause of the spread of antibiotic- resistant 
bacteria12. 

Culture from sputum yields pathogenic bacteria in 

32.2% of AECOPD cases13. Sputum Gram stain & 
culture showed Gram negative bacteria caused 
exacerbation in 63.33% of the patients, Gram 
positive bacteria in 23.33% of them and atypical 
bacteria in 13.34% of the patients. Haemophilus 
influenza (30%) was the most common organism 
followed by Streptococcus pneumoniae (23.33%), 
Pseudomonas aeruginosa (23.33%), Moraxella 
catarrhalis (10%), Mycoplasma pneumoniae 

(6.67%), & Chlamydia pneumoniae (6.67%)6. 

Materials and Methods 

This was a cross sectional study conducted between 
January 2019 to August 2019 in Department of 
Respiratory Medicine of Bangladesh Medical 
University (BMU). 

COPD patients attended in Respiratory Medicine 
Department of BMU in inpatient & outpatient for 
acute exacerbation was selected. Ethical approval 
was taken from Institutional Review Board, BMU. 
The patients were informed about the purpose of 
the study and ethical issues. The following eligibility 
criteria were employed to select the study population. 

Inclusion criteria: 

All patients attended in Respiratory Medicine 
Department with acute exacerbation of COPD. 

Exclusion criteria: 

1. Patient with any type of immunosuppression-
malignancy, organ transplantation, cytotoxic 
drugs. 
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2. Preexisting lung disease other than COPD. 

3. Pulmonary tuberculosis. 

Consecutive sampling was applied. Total 153 

patients were screened. Among them 9 were excluded 

for pleural effusion, 12 for bronchiectasis, 6 for 

consolidation, 7 for bronchial carcinoma, 24 for below 

standard sputum, 13 for not giving consent & 20 

for lost to follow up & 62 patients were selected as 

study sample. 

Operational definitions were set according to GOLD 

2019¹. Acute exacerbation of COPD was defined & 

classified as Type 1: Increased dyspnea, sputum 

volume & sputum purulence, Type 2: When two of 

these symptoms were present, Type 3: When one of 

the three symptoms was present in addition to at 

least one of the following 

• Upper respiratory infection within the past 5 
days 

• Fever without other cause 

• Increased wheezing or cough 

• Increase in respiratory rate or heart rate by 
20% as compare with baseline14 

Spontaneous expectorated sputum was collected in 
early morning in front of investigator & stained with 
Gram stain & cultured in appropriate media 
(Chocolate agar, Blood agar & McConkey’s agar). 
Sputum was cultured when there was <10 epithelial 

cells & >25 leukocytes per low power field.  

1000c.f.u./ml considered as significant growth. Real-
time PCR for respiratory bacteria done by Seegene 

Allplex respiratory panel 4 & FTD Bacterial 
pneumonia_CAP which detects Mycoplasma 
pneumoniae, Chlamydophila pneumoniae, 
Legionella pneumophila, Haemophilus influenzae, 
Streptococcus pneumoniae, Staphylococcus aureus, 
Moraxella catarrhalis, Bordetella pertussis. 
Compatible instrument was CF×96tm Real-time 
PCR (Bio-Rad). After collection, the data was checked 
and rechecked for omission, inconsistencies and 
improbabilities. Means and standard deviations (SD) 
was used to summarize continuous variables, while 
percentages were used for categorical variables. Data 
analysis was performed by Statistical Package for 
Social Science (SPSS), version-22. 

Results 

This table shows Acute exacerbation type -3 was 

found in maximum cases (46.8%) followed by 41.9% 

patients’ type 2 and 11.3% patients had type 1. 

Table-I 

Distribution of the study subjects by acute 

exacerbation type (N=62) 
 

Acute exacerbation Frequency Percentage (%) 

type 

Type-1 7 11.3 

Type-2 26 41.9 

Type-3 29 46.8 

Total 62 100.0 

Table-2 shows among 29 positive cases, gram 

positive 4 (13.8%) cases, gram negative 24(82.8%) 

cases, 1(3.4%) case was atypical and mixed 1 case. 

Table-II 

Distribution of the study subjects by type of isolated bacteria (RT-PCR and culture) (N=29) 
 

Bacteria type Organism Frequency Percentage (%) 

Gram positive Streptococcus pneumoniae 3 10.3 
 Staphylococcus aureus 1 3.4 

Total  4 13.8 

Gram negative Klebsiella pneumonae 10 34.5 
 Haemophilus influenzae 7 24.1 
 Moraxella catarrhalis 3 10.3 
 Legionella pneumophila 2 6.9 
 Pseudomonas aeruginosa 2 6.9 

Total  24 82.8 

Atypical Mycoplasma pneumoniae 1 3.4 

Total 

Mixed 
 

Haemophilus influenzae + 

29 100.0 

 Streptococcus pneumoniae 1 3.4 
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Bacteria type (RT-PCR and culture) (n=29) 

 
Atypical 

3.4 

Gram 
positive 

13.8 

13.8 

Gram negative 

82.2 

 

 

Figure-1: Bacteria type 

Table-3 shows Pseudomonas was only isolated in 

type-1 exacerbation, Klebsiella was more frequent 

in type-1 & type-2 (33.3% in both) & Haemophilus 

in type-2 (28.6%). 

Table-6 shows that dyspnea, increased sputum 

volume and increased sputum purulence relatively 

more in Klebsiella pneumoniae 

 
Table-III 

Distribution of the organism on the basis of sputum culture and RT-PCR 

by acute exacerbation type (N=29) 
 

Acute n Gram negative Gram positive Atypical 

exacerbation 
type 

 Klebsiella 
pneumonae 

Pseudomonas 
aeruginosa 

Haemophilus 
influenzae 

Moraxella 
catarrhalis 

Legionella 
pneumophila 

Streptococcus 
sp 

Staphylococcus 
aureus 

Mycoplasma 
pnemoniae 

Type-1 6 2(33.3%) 2(33.3%) 0(0.0%) 0(0.0%) 0(0.0%) 2(33.3%) 0(0.0%) 0(0.0%) 

Type-2 21 7(33.3%) 0(0.0%) 6(28.6%) 3(14.3%) 2(9.5%) 1(4.8%) 1(4.8%) 1(4.8%) 

Type-3 2 1(50.0%) 0(0.0%) 1(50.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 

This table shows that bacteria isolation was significantly more in type-1 AECOPD compared to type-2 and 

type-3. 

 
Table-IV 

Association of sputum RT-PCR and culture positivity with type of acute exacerbation of COPD (N=62) 
 

Type of acute n Sputum RT-PCR and culture positivity Chi-square test 
 

exacerbation of COPD  Negative Positive  

Type I 7 1(14.3%) 6(85.7%) 2 =34.86 

df=2 

p= <0.001* 

Type 2 

 

 
26 

 

 
5(19.2%) 

 

 
21(80.8%) 

 

Type 3 29 27(93.1%) 2(6.9%)  

Total 62 33(53.2%) 29(46.8%)  

*significant 

This table shows that bacteria isolation was significantly more in increased sputum volume and purulence. 
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Table-V 

Association of sputum RT-PCR and culture positivity with symptoms of acute 

exacerbation of COPD (N=62) 
 

Type of acute n Sputum RT-PCR and culture positivity Chi-square test 
 

exacerbation of COPD  Negative Positive  

Dyspnea 54 28(51.9%) 26(48.1%) 2 =0.317, df=1 

 
Increased sputum volume 

 
31 

 
10(32.3%) 

 
21(67.7%) 

p= 0.573ns 

2 =10.95, df=1 

 
Increased sputum purulence 

 
19 

 
2(10.5%) 

 
17(89.5%) 

p=< 0.001* 
2 =20.06, df=1 

    p=<0.001* 

*significant, ns= not significant     

 
Table-VI 

Distribution of the organism on the basis of symptoms 
 

Symptoms n Gram negative Gram positive Atypical 

 Klebsiella 
pneumonae 

Pseudomonas 
aeruginosa 

Haemophilus 
influenzae 

Moraxella 
catarrhalis 

Legionella 
pneumophila 

Streptococcus 
sp 

Staphylococcus 
aureus 

Mycoplasma 
pnemoniae 

Dyspnea 26 8(30.8%) 2(7.7%) 6(23.1%) 3(11.5%) 2(7.7%) 3(11.5%) 1(3.8%) 1(3.8%) 

Increased 
sputum 
volume 

21 8(38.1%) 2(9.5%) 3(14.3%) 3(14.3%) 2(9.5%) 2(9.5%) 0(0.0%) 1(4.8%) 

Increased 
sputum 
purulence 

17 7(41.2%) 2(11.8%) 4(23.5%) 0(0.0%) 0(0.0%) 3(17.6%) 1(5.9%) 0(0.0%) 

 

Discussion 

This cross sectional study conducted in the 

Department of Respiratory Medicine, Bangladesh 

Medical University, Dhaka including 62 acute 

exacerbation of COPD patients to assess the pattern 

of bacterial infection. 

In the present study we found type-3 AECOPD is 

most common among study samples (46.8%) because 

most of AECOPD usually mild15. Bacterial 

infection causes inflammation & recruitment of 

neutrophil in airway. In current study sputum 

purulence is associated with more bacterial isolation 

(89.5%). In present study, predominant Gram 

negative infection may indicate micro aspiration of 

oral secretions. El-Halim and Sayed (2015) 6 reported 

in their study Gram negative bacteria caused COPD 

exacerbation in 66.33% of the patients, Gram 

positive bacteria in 23.33% of them and atypical 

bacteria in 13.34% of the patients. Eller et al. (1998) 
16 reported on patients with acute exacerbations of 

COPD who require mechanical ventilation, 64% of 

the bacteria isolated by a protected specimen brush 

were Gram-negative bacteria. Miravitlles et al. 

(1999) 17 indicated higher prevalence of infection in 

severe AECOPD. Current study also found higher 

incidence of bacterial isolation (85.7%) from type-1 

or severe AECOPD. 

The common organisms in gram positive bacteria 

were Streptococcus (10.3%), Staphylococcus (3.4%), 

in gram negative pathogen common organisms 

were Klebsiella (34.5%), Haemophilus (24.2%), 

Moraxella (10.3%) & Pseudomonas (6.9%) in present 

study. Nair et al. (2019) 18 observed predominantly 

isolates of Pseudomonas in 10.1% of patients. 

Chawla et al. (2008)19 also showed Pseudomonas 

in 25.95% cases. These findings are similar to 

current study because they found Pseudomonas 

predominantly in severe exacerbations & present 

study showed isolation of Pseudomonas only in type-

1 AECOPD. In an Indian study done by Patel et al. 

(2015) 20 in Gujarat in 2011-2012, Streptococcus 
pneumonia was found to be the commonest 

pathogen. Difference in bacterial isolation may 

represent the geographical variation of 

microorganisms. 

Klebsiella pneumonia was found as the predominant 

isolate in study by Madhvi et al. (2012)21. This study 
also found Klebsiella as the commonest pathogen. 
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Kuwal et al. (2018)22 demonstrated bacterial 

pathogens (PPMs) were identified in 47% of all 

hospitalized patients, based on sputum culture, 

Pseudomonas and Klebsiella were the most 

frequently isolated organisms. Boixeda et al. (2012) 
23 reported Pseudomonas in 38.23% of cases and 

Eller et al. (1998)16 reported Pseudomonas sand 

Enterobacteriaceae spp in 48.2% patients of their 

study. Thus, this is in line with the previous studies. 

The higher proportion (34.5%) of isolation of 

Klebsiella in the present study also deserves special 

mention. Kuwal et al. (2018) 22 reported Klebsiella 

in 29.41% cases. Lin et al. (2007)24 reported high 

prevalence of infection with K. pneumoniae (19.6%) 

and P. aeruginosa (16.8%) among hospitalized 

patients of AECOPD. However, the isolation of 

Klebsiella was predominated in mild COPD. 

Conclusion 

Bacterial isolation was more common in more 

severe AECOPD (type-1 & type-2 than type-3), 

Klebsiella infection was most common. Increased 

sputum purulence & volume significantly indicates 

bacterial infection in AECOPD. 
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