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ABSTRACT
Introduction: Acute exacerbation of COPD (AECOPD) may be triggered by infection with bacteria or viruses or by environmental pollutants; the 
cause of about one-third of exacerbations cannot be identified. Objective: to determine the most common bacteria in sputum culture of patients 
with AECOPD hospitalized in Intensive care unit of Clinic for pulmonary disease and TB ”Podhrastovi” in the 2012. Material and methods: This is 
a retrospective analysis of sputum bacterial cultures of patients with AECOPD treated in the Intensive care unit of Clinic for pulmonary disease 
and TB ”Podhrastovi” during 2012 .year. Each patient was required to give two sputum for bacterial examination. Each patient was treated with 
antibiotics prior to admission in Clinic “Podhrastovi”. The results of sputum bacterial culture findings are expressed in absolute number and per-
centage of examined patients. Results: In 2012, 75 patients with AECOPD were treated in Intensive care unit of Clinic for pulmonary disease and 
TB”Podhrastovi”. 44 (58.66%) of patients had normal –nonpathogenic – usual bacterial flora isolated in sputum cultures, 31 (41.34%) had a pathogen 
bacteria in sputum culture as follows: 7 had Streptoccocus pneumoniae, 8 had Klebsiella pneumoniae (2 with Streptococcus pneumoniae, one with 
Acinetobacter baumani) ,4 Escherichia colli, others are one or two cases with other bacteria. Conclusion: Bacterial airway infections play a great 
role in many, but not in all, of cases of AECOPD. So there is the need to do a sputum bacterial culture examination in each patient with AECOPD 
and with appropriate antibiotics to contribute to curing of them.
Key words: AECOPD, bacteria, sputum, bacterial culture.

1.	 INTRODUCTION
COPD is one of the major causes of chronic morbidity and 

mortality worldwide. It is the fourth leading cause of death 
in the world (1 2, 3). COPD is a pulmonary disease with sig-
nificant extrapulmonary effects. Its pulmonary component is 
characterized by airflow limitation that is not fully reversible 
(4) and usually is progressive (1).

The chronic airflow limitation of COPD is caused by a 
mixture of small airway disease (obstructive bronchiolitis) 
and parenchymal destruction (emphysema), the relative con-
tributions of which vary from person to person (1). Chronic 
inflammation causes structural changes and narrowing of small 
airways. Destruction of the lung parenchyma leads to the loss 
of alveolar attachments to the small airways and decreases lung 
elastic recoil (5, 6, 7, 8, 9).

Although COPD is progressive illness it has periods of remis-
sion and exacerbations. An exacerbation of COPD is defined as 
an event in the common course of the disease characterized by a 
change in the patient’s baseline dyspnoea, cough, and/or sputum 
production that is beyond common day-to-day variations, that 

is acute in onset, and may warrant a change in regular medica-
tion (1). In severe exacerbations the patient may be unable to 
maintain normal blood gases that can lead to respiratory fail-
ure. Hospital mortality of patients admitted for a hypercarbic 
COPD exacerbation is approximately 10%, and the long-term 
outcome is poor (10).

Exacerbations of COPD have serious negative impacts on 
patients’ quality of life, lung function (11, 12, 13), and socioeco-
nomic costs (11). Thus, prevention, early detection, and prompt 
treatment of exacerbations may impact their clinical progression 
by ameliorating the effects on quality of life and minimizing the 
risk of hospitalization (14). Exacerbations represent a further 
amplification of the inflammatory response in the airways of 
COPD patients, and may be triggered by infection with bacte-
ria or viruses or by environmental pollutants (15) but the cause 
of about one-third of severe exacerbations cannot be identified 
(1). The role of bacterial infections is controversial, but recent 
investigations with newer research techniques have begun to 
provide important information. Bronchoscopic studies have 
shown that at least 50% of patients have bacteria in high con-

Received: 11 August 2013; Accepted: 15 October 2013
Conflict of interest: none declared.
© AVICENA 2013
DOI: 10.5455/msm.2013.25.226-229

ORIGINAL PAPER Mater Sociomed. 2013 Dec; 25(4): 226-229

Published online: 24/11/2013
Published print: 12/2013



227Mater Sociomed. 2013 Dec; 25(4): 226-229 • ORIGINAL PAPER 

The Most Common Detected Bacteria in Sputum of Patients with the Acute Exacerbation of COPD

centrations in their lower airways during exacerbations (16, 17, 
18). However, a significant proportion of these patients also have 
bacteria colonizing their lower airways in the stable phase of the 
disease, but the bacterial burden increases during exacerbations 
(16), and strains of the bacteria that are new to the patient is 
associated (18). Development of specific immune responses to 
the infecting bacterial strains, and the association of neutrophil 
inflammation support the bacterial causation of a proportion 
of exacerbations (19, 20, 21).

Clinical features of acute infection in COPD include in-
creased dyspnea, productive cough and sputum production. 
There may be fevers, chills, malaise, pleural chest pain and 
hemoptysis. The sputum’s color or thickness may change. It is 
difficult to diagnose a respiratory infection in a patient with 
AECOPD because many of the symptoms and signs are pres-
ent at baseline or can be seen in noninfectious exacerbations. 
This emphasizes the need to pursue laboratory confirmation 
of infection (22).

Despite several decades of study, the prevalence of bacterial 
infection and therefore the importance of antibacterial therapy 
in AECOPD have been controversial (22). This debate is largely 
based upon data suggesting that up to 50 %of exacerbations are 
either viral or noninfectious i.e. nonbacterial (23, 24, 25, 26). 
Among the more common noninfectious causes are allergies, 
incomplete compliance to therapy and congestive heart failure 
(22, 23).

Microbiologic data is important in the diagnosis and manage-
ment of bacterial infection complicating COPD. Unfortunately, 
colonizing, non-pathogenic bacteria are readily cultured from 
30-50 % of patients with COPD, making data interpretation 
difficult (27).

Sputum Gram’s stain may be the most helpful of the avail-
able microbiologic tests for following reasons: the presence of 
neutrophils in the Gram’s stain indicates that bacteria inducing 
an inflammatory response, rather than colonizing the airway, 
the type of bacteria may influence antimicrobial choice; the 
quantity of bacteria can help distinguish an infectious from a 
noninfectious exacerbation of COPD (22). Results never be 
used as a lone factor in making management decisions (27).

Sputum cultures do not always correlate with clinical pa-
rameters and Gram’s stain results (22, 23).

AECOPD are caused by respiratory viruses or bacteria: 
typically 25% are caused by viruses, 26%by bacteria; 27% by a 
combination of the two; 22% have no ascertainable cause (28). 
Therefore bacterial infections are the predominant cause of 
acute exacerbation of COPD (28). A Gram strain of sputum and 
purulence of sputum, are used as the evidence for the presence 
of bacteria (28). A strong correlation has been shown between 
failure to eradicate bacterial infection and clinical failure rate, 
demonstrating that treatment of bacterial infection plays a key 
role in the clinical outcome (29).

The most common bacterial pathogens isolated in AECOPD 
are Haemophilus influenzae, Haemophilus parainfuluezae, 
Streptoccocus pneumoniae and Moraxella catharralis (1, 28, 29). 
The presence of bacteria can depend on the severity of airway 
disease; more virulent organisms such as Staphylococcus aureus 
and Pseudomonas aeruginosa has been found in patients with 
more severe AECOPD (28). Nonpathogenic bacteria also appear 
to play a role in the etiology of AECOPD (28, 29).

The majority of studies available on the use of antibiotics 

for treatment of AECOPD are very old .A large proportion of 
these studies show some benefit for the use of antibiotics for 
exacerbations of COPD , some showed no benefit (30). Most 
of the more recent positive information available for antibiot-
ics in AECOPD comes from a study in 2001 (31). This study 
states that antibiotics are a vital therapy for patients with severe 
exacerbations on mechanical ventilation; patients with mild-to-
moderate exacerbations have a high spontaneous remission rate.

Isolated microorganisms can be divided into three categories 
according to FEV1 severity (32): FEV1 <100% predicted (Strep-
tococcus pneumoniae, Streptococcus species), FEV1 <50% 
predicted (Haemophilus infuluenzae, Moraxella catharralis, 
Haemophilus parainfuluenzae), FEV1 <30% predicted (Staphy-
lococcus aureus Enterobacteriaceae, Pseudomonas aeruginosa).

It is not yet known whether this system will be useful in 
clinical practice, because, to date, no studies have addressed 
this issue (28).

The ERS (European Respiratory Society) has divided patients 
into three groups according to their COPD severity (28, 33):

■■ Group A: mild with co-morbidities;
■■ Group B: moderate to severe without the risk factors for 

Pseudomonas aeruginosa;
■■ Group C: moderate to severe with the risk factors for 

Pseudomonas aeruginosa.
Each group has been assigned different microorganisms that 

could be involved in the infection, for example group A are 
most commonly infected with the Haemophilus influenzae, 
Streptoccocus pneumoniae ,Moraxella catharralis, Mycoplasma 
pneumoniae and Chlamidophilia pneumoniae and group B with 
all in group A plus Enterobacteriaceae, Klebsiella pneumoniae 
,Escherichia colli ,Proteus and Enterobacter.

Different organization gives different recommendations 
for use of antibiotics in AECOPD: antibiotics should be only 
considered for use in patients with purulent exacerbations (34), 
antibiotics are only effective with worsening dyspnea and cough, 
also increased sputum volume and purulence (35), antibiotics 
may be initiated in patients with altered sputum characteristics 
(36), antibiotics should be used to treat exacerbations of COPD 
associated with history of more purulent sputum (37).

All cited guidelines (34, 35, 36, 37) suggest that COPD ex-
acerbations and purulence of sputum are the most important 
factors for the presence of bacterial infection which calls for 
the use of antibiotics. In recent study, sputum purulence was 
defined as a change in sputum color from uncolored to yellow-
green monitored by the patient (38).

Sputum samples from all patients with COPD who need 
hospitalization would be required to monitor antibiotic therapy 
(28).

2.	OBJECTIVE OF THE STUDY
Objective of this study is to determine the most common 

bacteria in sputum culture of patients with AECOPD hospital-
ized in Intensive care unit of Clinic for pulmonary disease and 
TB ”Podhrastovi” in the 2012.

3.	MATERIAL AND METHODS
This is a retrospective analysis of sputum bacterial cultures 

of patients with AECOPD treated in the Intensive care unit 
of Clinic for pulmonary disease and TB ”Podhrastovi” during 
2012 .year. During that year 75 patients with AECOPD were 
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treated. Each of them had a FEV1 less than 50% of normal 
values of FEV1 for that patient (according to sex, age, weight, 
height), and each of them had a respiratory failure (I or II type).

Each patient was required to give two sputum for bacterial 
sputum examination. Some of them were so weak and they 
were obliged to give more sputum until they give the sputum 
of quality enough for examination. Sputum was examined for 
identifi cation of bacteria and for their sensitivity to antibiotics. 
Th e examinations were done in Laboratory for microbiology 
of Clinical Center of Sarajevo University. We did not do a tra-
cheobronchial bronchoscopic aspiration for getting a material 
of better quality for bacterial cultures. Each patient was treated 
with antibiotics prior to admission in Clinic “Podhrastovi”. Th e 
results of sputum bacterial culture fi ndings are expressed in ab-
solute number and percentage of examined patients.

4. RESULTS
From 75 treated patients we got sputum of good quality for 

bacterial cultures in all of them. Results are shown in the Table 
1 and Figure 1 and 2.

Isolated bacteria
 Number of 
patients

Per cent (%)

a Normal bacterial fl ora of airways 44 58.67

b Streptococcus pneumoniae  7 9.33

c Klebsiella pneumoniae  5 6.67

d Escherichia colli  4 5.33

e Acinetobacter baumanii  2 2.67

f Enterobacter cloacae  2 2.67

g Staphylococcus aureus  2 2.67

h Pseudomonas aeruginosa  2 2.67

i
Klebsiella pneumoniae + 
Streptococcus pneumoniae

 2 2.67

j Enterobacter freundii  1 1.33

k Proteus mirabilis  1 1.33

l Haemophilus infl uenzae  1 1.33

m Klebsiella oxytoxica  1 1.33

n
Klebsiella pneumoniae + 
Acinetobacter baumanii 

 1 1.33.

Total 75 100

Table 1. The isolated bacteria in sputum bacterial culture in 
patients with AECOPD

In 44 or 58.57% patients normal nonpathogenic bacterial 
fl ora was isolated. In 44 patients normal airway bacterial fl ora 
was isolated, in 31 pathogen bacteria were isolated in sputum 

bacterial culture.  In 59% patients normal airway bacterial fl ora 
was isolated, in 41% pathogen bacteria were isolated in sputum 
bacterial culture

5. DISCUSSION
Although COPD is progressive illness it has periods of re-

mission and exacerbations. Th e impact of exacerbations is sig-
nifi cant and a patient’s symptoms and lung function may both 
take several weeks to recover to the baseline values (1, 10, 12).

Th e most common causes of an exacerbation are infection of 
the tracheobronchial tree and air pollution (15), but the cause 
of about one-third of severe exacerbations cannot be identifi ed 
(1 ,15) . Acute exacerbations of COPD are caused according to 
some authors by respiratory viruses or bacteria: typically -25% 
are caused by viruses, 26%by bacteria and 27% by a combina-
tion of the two; 22% have no ascertainable cause (28). Up to 
50 percent of exacerbations are either viral or noninfectious 
(i.e. nonbacterial) in origin (23-26). Th e prevalence of bacterial 
infection and therefore the importance of antibacterial therapy 
in AECOPD have been controversial (22).

According to literature the most common bacterial patho-
gens isolated in AECOPD are Haemophilus infl uenzae, Hae-
mophilus parainfuluezae, Streptoccocus pneumoniae and 
Moraxella catharralis (1, 28, 29, 32, 33). Th e presence of these 
bacteria can depend on the severity of airway disease ; more 
virulent organisms such as Staphylococcus aureus and Pseudo-
monas aeruginosa has been found in patients with more severe 
AECOPD (28,29). Nonpathogenic bacteria also appear to play a 
role in the etiology of COPD (28). Sputum samples from all pa-
tients with COPD who need hospitalization would be required.

Our study was done on 75 patients with AECOPD hospi-
talized in Intensive care unit of Clinic “Podharstovi” during 
2012 .year and they gave high-quality sputum for bacterial 
examination in form of sputum culture. It shows the diff erent 
types of bacteria isolated in patients with COPD. Most previous 
studies indicate that up to the 50% of COPD exacerbations are 
caused by bacteria, alone or in combination with viruses and 
that the most common identifi ed bacteria in sputum culture are 
Haemophilus infl uenzae, Haemophilus parainfuluezae, Strep-
toccocus pneumoniae and Moraxella catharralis according to 
GOLD (1) and Mycoplasma pneumoniae and Chlamidophilia 
pneumoniae plus Enterobacteriaceae, Klebsiella pneumoniae 
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5. DISCUSSION 
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impact of exacerbations is significant and a patient’s symptoms and lung function may both 

take several weeks to recover to the baseline values (1, 10, 12). 

 The most common causes of an exacerbation are infection of the tracheobronchial tree and 

air pollution (15), but the cause of about one-third of severe exacerbations cannot be 

identified (1 ,15) . Acute exacerbations of COPD are caused according to some authors by 

respiratory viruses or bacteria: typically -25% are caused by viruses, 26%by bacteria and 

27% by a combination of the two; 22% have no ascertainable cause (28). Up to 50 percent 

of exacerbations are either viral or noninfectious (i.e. nonbacterial) in origin (23-26).  The 

prevalence of bacterial infection and therefore the importance of antibacterial therapy in 

AECOPD have been controversial (22).  

  According to literature the most common bacterial pathogens isolated in AECOPD are 

Haemophilus influenzae, Haemophilus parainfuluezae, Streptoccocus pneumoniae and 

Moraxella catharralis (1, 28, 29, 32, 33). The presence of these bacteria can depend on the 

severity of  airway disease ; more virulent organisms such as Staphylococcus aureus  and 

Pseudomonas aeruginosa  has been found in patients  with more severe AECOPD (28,29).   

Figure 2. The isolated bacteria in sputum of seventy-fi ve patients 
with AECOPD expressed in per-cents of examined patients
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, Escherichia colli, Proteus and Enterobacter depending to 
severity of exacerbation according to ERS (28). In our study 
44 (58.66%) of patients had normal bacterial fl ora isolated in 
sputum cultures in AECOPD, 31 of them (41,34%) had isolated 
pathogen bacteria: 7 had Streptoccocus pneumoniae, 8 had 
Klebsiella pneumoniae (two associated with Streptococcus, one 
with Acinetobacter baumani), 4 Escherichia colli, others are one 
or two cases of other bacteria. Th e type of isolated bacteria (less 
of Haemophilus infl uenzae and parainfuluezae, and relative 
big proportion of Klebsiella pneumoniae) in our study is may 
be the consequence of the fact that our patients suff ered from 
severe AECOPD with FEV1 less of 50%per cent of predicted, 
that they were in respiratory failure and that they were treated 
with antibiotics before admission in hospital.

Th ere are not many studies about isolated bacteria in sputum 
culture in AECOPD but all of them indicate the importance of 
doing bacterial sputum culture in AECOPD because the great 
number, up to the 50% per cent, of exacerbation is caused by 
bacterial infection. So it is important to isolate bacteria and use 
appropriate antibiotic to accelerate the healing of each COPD 
exacerbation.

6. CONCLUSION
Exacerbations of COPD have serious negative impacts on 

patients’ quality of life, lung function and socioeconomic costs. 
Exacerbations of COPD may be triggered by infection with 
bacteria or viruses or by environmental pollutants.

Th e role of bacterial infections is controversial because a 
signifi cant proportion of these patients also have bacteria colo-
nizing their lower airways in the stable phase of the disease. But 
the bacterial burden increases during exacerbations, and new 
strains of the bacteria are associated.

It is diffi  cult to conclusively diagnose a respiratory infection 
in a patient with COPD exacerbation because many of the 
symptoms and signs are present at baseline or can also be seen 
with noninfectious exacerbations. Th is emphasizes the need to 
pursue laboratory confi rmation of infection.

It is needed to obtain the routine sputum bacterial culture 
in each patient with COPD exacerbation because great number 
of COPD exacerbations is caused by bacterial airway infection, 
and with appropriate antibiotics we contribute to healing them.
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