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Abstract 

Background: Repeated attacks of acute exacerbations of chronic obstructive pulmonary disease (AECOPD) have 
been attributed to bacterial infections. However, sputum microbiology for identifying the bacteriological profile is not 
performed usually and remains controversial. Thus, we performed a prospective, cross-sectional study to assess the 
clinico-bacteriological profile of the patients with AECOPD and antibiotic resistance pattern of bacteria isolated from 
sputum samples. The study involved 104 consecutive hospitalized patients, of either gender, aged 40–90 years, and 
diagnosed with AECOPD. Before initiating an empirical antibiotic therapy, the sputum samples of all the patients were 
collected and subjected to Gram staining, bacterial culture, and antibiotic sensitivity.

Results: The most common bacterial isolates were P. aeruginosa (30.7%) followed by K. pneumoniae (20.3%) and S. 
pneumoniae (8.6%). Both Gram-positive and Gram-negative bacteria were most sensitive to Meropenem (91%) fol-
lowed by Amoxicillin-clavulanic acid (83%). However, these bacteria were most resistant to Cefoperazone-sulbactam 
(43%) followed by Levofloxacin (41%). P. aeruginosa and K. pneumoniae were most resistant to Cefoperazone-sulbac-
tam (23%) followed by Fluoroquinolones (23–35%), while S. pneumoniae was most resistant to Ciprofloxacin (44%) 
followed by Amoxicillin-clavulanic acid (33%).

Conclusions: Isolation of P. aeruginosa, as the most common agent, further confirms its roles in severe attacks of 
AECOPD. The regularly used antibiotics were found to be resistant to most isolates, thereby suggesting that severity of 
AECOPD may be attributed to the prevalence of antibiotic-resistant strains.
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Background
Chronic obstructive pulmonary disease (COPD), though 
preventable, is an incapacitating and progressive airway 
disease of multifactorial origin [1, 2]. Acute exacerbation 
of COPD (AECOPD) is marked by acute aggravation of 
respiratory symptoms that necessitate alteration in the 
treatment [3]. These persistent attacks result in ferocious 
decrease in lung function and patients with frequent 

attacks of AECOPD have a significantly reduced 5-year 
survival, especially if they require hospital care [4].

Respiratory tract infections (RTIs) are widely recog-
nized as the most frequent precipitating factor [5, 6]. 
The commonly associated bacteria include Haemophilus 
influenza, Moraxella catarrhalis, Streptococcus pneumo-
nia, Pseudomonas, and others [7]. Currently, antibiotics 
are recommended for the treatment of AECOPD in the 
presence of bacterial infection [3]. However, antibiotics 
are chosen on the basis of the locally prevalent bacteria 
and their resistance pattern [8].

The use of sputum cultures to reach a diagnosis and 
aid the clinical management of AECOPD are controver-
sial. In view of the above, along with the limited available 
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data, the present study was carried out to assess the clin-
ico-bacteriological profile of patients with AECOPD and 
antibiotic resistance pattern of bacteria isolated from 
sputum samples.

Methods
The present study was hospital-based and cross-sectional 
in nature. It included 104 consecutive patients with 
AECOPD, admitted in the Department of Pulmonary 
Medicine, ESIC Medical College, Hyderabad, India, over 
a period of 21 months (January 2018 to September 2019). 
The study commenced after obtaining approval from 
Institutional Ethics Committee and written informed 
consent of the patients.

The study included patients of either gender, aged 
40–90 years, diagnosed with AECOPD (as per the Global 
Initiative for Chronic Obstructive Lung Disease [GOLD] 
2018 criteria for the diagnosis) [9], requiring in-patient 
admission in wards and adequate sputum sample (<10 
squamous epithelial cells and >25 pus cells), while the 
patients diagnosed with tuberculosis, bronchial asthma, 
bronchiectasis, malignancy, and community acquired 
pneumonia; those who received antibiotic therapy in the 
past 21 days; those managed in out-patient or emergency 
department; those admitted in in-patient department or 
intensive care unit; and those with ischemic heart disease 
were excluded from the study.

Study procedure
The patient fulfilling the eligibility criteria were included 
in the study. Following enrolment, in all the patients, 
detailed history was noted and both general and systemic 
examinations were performed. Variables such as age, 
gender, presenting symptoms, history of smoking, dura-
tion of smoking, and smoking index were recorded.

Following clinical examination, each patient underwent 
complete blood counts, differential blood counts, chest 
radiography, and pulse oximetry. This was followed by 
spirometry and collection of sputum samples.

Spirometry
In all the patients, spirometry (Zan 300, Sensor Medics 
MGA USB, Oberthulba, Germany) was performed to 
determine the severity of airflow limitation. The post-
bronchodilator ratio of forced expiratory volume in one 
second to forced vital capacity (FEV1/FVC) < 0.70 was 
considered for the clinical diagnosis of COPD. Moreover, 
as per GOLD 2018 guidelines, in patients with COPD, 
the post-bronchodilator FEV1 ≥ 80% predicted, 50 ≤ 
FEV1 < 80% predicted, 30 ≤ FEV1 < 50% predicted, and 
FEV1< 30% predicted were considered as mild, moderate, 
severe, and very severe airway limitation [9].

Sputum sample collection and culture
In all patients, based on the standard guideline, early 
morning deep coughed sputum sample was col-
lected [10]. Within 24-h post-admission, patients were 
instructed to collect sputum into a sterile container with 
a screw cap. Prior to sputum collection, to avoid oral con-
tamination of the sample, patients were asked to rinse the 
mouth twice with water and antiseptic solution. Within 
the next 2 h, the samples were transported to and pro-
cessed in the Microbiology Department. The samples 
were then subjected to Gram staining and culture on 
two sheep blood agar, chocolate agar, and McConkey 
agar plates. One sheep blood agar streaking with staphy-
lococci was performed to aid H. influenzae growth. All 
plates were incubated for 24–48 h at 37°C, while sheep 
blood agar plates were kept in 5–10%  CO2 incubator. 
Gram stain was reported on the basis of Bartlett’s grading 
system [11], and culture isolates were identified by stand-
ard techniques [12]. Based on the standards laid down by 
the Clinical Laboratory Standards Institute, Kirby-Bauer 
method was used to test antibiotic sensitivity of the path-
ogenic organisms isolated in culture [13].

Results
The majority of the patients were male (79.8%). The 
mean age of the study population was 66.8 ± 11.4 years. 
Distribution of patients according to the age groups 
revealed a sequential rise in the number of patients from 
40–49 years (8.7%) to reach the maximum in 70–79 
years (32.6%), only to drop in the 80–89 years (14.4%) 
age group. The most common presenting symptom was 
shortness of breath (98.1%) followed by cough (90.4%) 
and expectoration (89.4%). On spirometry, majority of 
the patients were found to have severe airway limitation 
(54.8%) (Table 1).

Evaluation of smoking as a risk factor revealed that 
85 (81.7%) patients were smokers and among them 78 
(93.9%) were males. On enquiry, majority of the patients 
had a history of smoking for the past 20–29 years (35.3%) 
followed by 30–39 years (29.4%). Similar pattern was 
observed in males, i.e., 37.2% and 29.5%, respectively, 
while majority of the females indulged in smoking for 
10–19 years (57.1%) followed by 30–39 years (28.6%). 
The mean smoking index was 219.7 ± 148.8. Majority of 
the patients had a smoking index of 100–300 (56.5%) fol-
lowed by < 100 (25.9%). Similar pattern was observed in 
males, i.e., 60.3% followed by 23.1%, respectively, while 
majority of the females had a smoking index of < 100 
(57.1%) followed by > 300 (28.6%) (Table 2).

On bacteriological culture, most commonly grown 
bacterial isolates were P. aeruginosa (30.7%) followed by 
Klebsiella pneumoniae (20.3%), S. pneumoniae (8.6%), 
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and H. influenzae (7.7%), while the least commonly 
observed isolates were Acinetobacter (1.9%) followed by 
M. catarrhalis (3.8%), S. aureus (4.8%), and S. pyogenes 
(4.8%) (Table 3).

Examination of antibiotic sensitivity pattern revealed 
that both Gram-positive and Gram-negative bacteria 
were most sensitive to Meropenem (91%) followed by 
Amoxicillin-clavulanic acid (83%) and Ceftriaxone (63%), 

while these bacteria were most resistant to Cefopera-
zone-sulbactam (43%) followed by Levofloxacin (41%) 
and Amikacin (41%) (Table 4).

Examination of antibiotic resistance pattern among 
the most common isolates revealed that P. aeruginosa 
was most resistant to Cefoperazone-sulbactam (23%) fol-
lowed by Ciprofloxacin (23%). Similarly, K. pneumoniae 
was most resistant to Cefoperazone-sulbactam (55%) fol-
lowed by Levofloxacin (35%), while S. pneumoniae was 
most resistant to Ciprofloxacin (44%) followed by Amoxi-
cillin-clavulanic acid (33%) (Table 5).

Discussion
Repeated attacks of AECOPD adversely affect the 
patients resulting in hospitalization, readmission, pro-
gression of disease, and death [4]. The odds of developing 
an attack of exacerbation depends on the agent involved 
and are 1.69, 1.77, and 2.96 for H. influenzae, S. pneu-
moniae, and M. catarrhalis, respectively [14]. Though 
agents such as H. influenzae and S. pneumonia have been 
isolated in patients with stable COPD, relatively higher 

Table 1 Demographic characteristics

Characteristics N Percentage %

Gender

 Male 83 79.8%

 Female 21 20.2%

Age (years, mean ± standard 
deviation)

66.8 ± 11.4

Age groups (years)

 40–49 9 8.7%

 50–59 21 20.2%

 60–69 25 24.1%

 70–79 34 32.6%

 80–89 15 14.4%

Symptoms

 Shortness of breath 102 98.1%

 Cough 94 90.4%

 Expectoration 93 89.4%

 Fever 89 85.6%

 Spirometry

 Mild 0 0

 Moderate 36 34.6%

 Severe 57 54.8%

 Very severe 11 10.6%

Table 2 Smoking characteristics

Characteristics Male (%) Female (%) Total (%)

History of smoking

 Smoker 78 (93.9%) 7 (33.3%) 85 (81.7%)

 Non-smoker 5 (6.1%) 14 (66.7%) 19 (18.3%)

Duration of smoking (years)

 10–19 8 (10.3%) 4 (57.1%) 12 (14.1%)

 20–29 29 (37.2%) 1 (14.3%) 30 (35.3%)

 30–39 23 (29.5%) 2 (28.6%) 25 (29.4%)

 49–49 12 (15.4%) 0 (0.0%) 12 (13.5%)

 > 50 6 (7.6%) 0 (0.0%) 6 (7.1%)

Smoking index (mean ± SD) 219.7 ± 148.8

Range

 < 100 18 (23.1%) 4 (57.1%) 22 (25.9%)

 100–300 47 (60.3%) 1 (14.3%) 48 (56.5%)

 > 300 13 (16.6%) 2 (28.6%) 15 (17.6%)

Table 3 Bacteria isolates

Organisms N %

Pseudomonas aeruginosa 32 30.7%

Klebsiella pneumoniae 21 20.3%

Normal flora 12 11.5%

Streptococcus pneumoniae 9 8.6%

Haemophilus influenzae 8 7.7%

Escherichia coli 6 5.8%

Streptococcus pyogenes 5 4.8%

Staphylococcus aureus 5 4.8%

Moraxella catarrhalis 4 3.8%

Acinetobacter 2 1.9%

Total 104 100

Table 4 Antibiotic sensitivity pattern in both gram-positive and 
gram-negative bacteria

Antibiotic Sensitive 
percentage (%)

Resistant 
percentage 
(%)

Piperacillin-tazobactam 62 38

Ceftriaxone 63 37

Cefoperazone-sulbactam 57 43

Levofloxacin 59 41

Amoxicillin-clavulanic acid 83 17

Amikacin 59 41

Ciprofloxacin 60 40

Meropenem 91 09
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loads of these isolates have been found during exacerba-
tions [15]. According to a study, the most prevalent spe-
cies isolated during exacerbation were S. pneumoniae 
followed by H. influenzae, M. catarrhalis, and Legionella 
pneumophila, while in patients with more severe COPD, 
P. aeruginosa was also commonly implicated in the cau-
sation of exacerbations [16]. Moreover, compared with 
exacerbations not associated with P. aeruginosa, its pres-
ence suggests a grave prognosis with greater 30- and 
90-day death rates [17].

In the present study, P. aeruginosa, K. pneumoniae, S. 
pneumoniae, and H. influenzae, in the decreasing order, 
were the most common bacterial isolates. Moreover, 
majority of the patients were found to have severe and 
very severe airway limitation (65.4%) and required hos-
pitalization. Thus, presence of P. aeruginosa as the most 
common isolate can be attribute to the severity of the 
disease. Similar to the present study, Chawla et  al. [18] 
and Shah et  al. [19] reported P. aeruginosa as the most 
common isolate in the hospitalized patients. However, 
studies by Sharan [20] and Jog et  al. [21] reported K. 
pneumoniae as the most common isolate. Other stud-
ies by Sharma et  al. [8] and Shashibhushan et  al. [22] 
reported S. pneumoniae as the most common isolate. The 
association of P. aeruginosa with severity of COPD has 
already been documented. A recent study by Jacobs et al. 
concluded that isolates of P. aeruginosa not only acts as a 
marker of worsening disease but suggests adverse clinical 
outcomes. They reported that presence of P. aeruginosa 
was associated with significantly greater risk of mortal-
ity and higher rates of exacerbation and hospitalization 
[23]. Another study by Eklof et al. reported similar find-
ings [24].

A recent study reported that patients with microor-
ganism resistant to regularly used antibiotics had higher 
episodes of AECOPD in the past 1 year, more severe dis-
ease, higher dyspnea, and a positive respiratory culture 
in the last year (particularly for P. aeruginosa); received 

more antibiotics in the last 3 months and had longer hos-
pital stay [25]. Moreover, past studies involving patients 
with severe AECOPD reported that this sub-group of 
population have an increased frequency of exacerbations, 
prior antibiotic use, history of hospitalization, and more 
severe airflow limitations [26–28]. Thus, the strategy of 
choosing an antibiotic, based on the resistance pattern, is 
necessary for both the efficient and economical manage-
ment and decreasing the chances of development of drug 
resistance [8].

In the present study, sensitivity testing revealed a sig-
nificant resistance against commonly used antibiotics 
and the resistance ranged from 17 to 43%. Both Gram-
positive and Gram-negative bacteria were most resistant 
to Cefoperazone-sulbactam followed by Levofloxacin and 
Amikacin. The meticulous and judicious use of antibi-
otics based on the stringent antimicrobial use policy of 
the hospital may explain the relatively low antimicrobial 
resistance rate in our study. Isolates were most sensi-
tive to Meropenem followed by Amoxicillin-clavulanic 
acid and Ceftriaxone. In a study by Hassan et al., bacte-
rial resistance rates were the highest against Amoxicillin, 
Amoxicillin-clavulanic acid, and Cephalosporins; mod-
erate against Fluoroquinolones (ofloxacin, levofloxacin, 
ciprofloxacin); and least against Carbapenems [29]. In 
the present study, around 40% isolates were resistant to 
both ciprofloxacin and levofloxacin. Similar finding was 
reported by Hassan et al., where about 50% isolates were 
resistant to both ciprofloxacin and levofloxacin [29]. 
Madhavi et  al. reported a similar rate of sensitivity to 
ciprofloxacin [30]. A study by Lode et  al. reported high 
bacteriological eradication rate with levofloxacin [31]. 
Thereby, suggesting the sensitivity towards levofloxacin.

In the present study, sensitivity testing revealed that 
P. aeruginosa and K. pneumoniae were most resistant 
to Cefoperazone-sulbactam followed by Fluoroqui-
nolones (Ciprofloxacin and Levofloxacin). However, S. 
pneumoniae was most resistant to Ciprofloxacin fol-
lowed by Amoxicillin-clavulanic acid. Though P. aer-
uginosa and S. pneumoniae were completely susceptible 
to Meropenem, K. pneumoniae had slight resistance. 
Moreover, both P. aeruginosa and S. pneumoniae had 
least resistance against Piperacillin-tazobactam. Simi-
larly, Shashibhushan et  al. reported that P. aeruginosa 
was sensitive to Piperacilin-tazobactum, Amikacin, 
and Levofloxacin. In the same study, Ceftriaxone was 
most effective against K. pneumoniae and S. pneumo-
niae [22]. In another study, Aleemullah et  al. reported 
that P. aeruginosa was highly sensitive to Imipenem, 
Piperacillin-Tazobactam, and Amikacin [32]. Has-
san et  al. reported that K. pneumoniae, P. aeruginosa, 
and M. catarrhalis were completely susceptible to 
the Carbapenem antibiotics [29]. Patel et  al. reported 

Table 5 Antibiotic resistance pattern of specific isolates

Antibiotic P. 
aeruginosa 
(%)

K. 
pneumoniae 
(%)

S. 
pneumoniae 
(%)

Piperacillin-tazobactam 16% 30% 11%

Ceftriaxone 19% 20% 22%

Cefoperazone-sulbactam 23% 55% 11%

Levofloxacin 16% 35% 22%

Amoxicillin-clavulanic acid 13% 30% 33%

Amikacin 19% 20% 11%

Ciprofloxacin 23% 20% 44%

Meropenem 0% 5% 0%
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Piperacillin-tazobactam as most effective against S. 
pneumonia [33]. In their study, Sharma et al. reported 
that S. pneumoniae was sensitive to commonly pre-
scribed antibiotics such as Macrolides, Cephalosporins, 
and Quinolones [8].

Amongst various known risk factors of AECOPD, 
important ones include RTIs, smoking, air pollutants, 
severe limitation in airflow, and old age. The prevalence 
of COPD increases clearly in individuals aged ≥ 40 
years [5]. This can be attributed to the fact that chronic 
bronchitis has highest prevalence in fifth and sixth dec-
ade of life [34]. In the present study, the mean age of the 
patients was 66.8 ± 11.4 years and maximum prevalence 
was observed in the age group of 70–79 years. Thus, 
AECOPD is frequently observed in patients belonging 
to advanced age group. In this population, the airway 
is more prone to exacerbation, as a result of impaired 
immunological defenses, associated co-morbidities, 
increased duration of seasonal variation, tobacco smoke, 
and environmental pollutants.

In the present study, males comprised the majority, 
with male to female ratio of 3.9. Majority of the patients 
were smokers, with males outnumbering the females. 
Among the females, only one-third indulged in smok-
ing. The predominant prevalence of COPD in males can 
be attributed to the fact that males are more mobile and 
involved in outdoor activities than females and thus are 
subjected to more environmental pollutants. Moreover, 
males tend to indulge more in smoking and smoking is 
recognized as a risk factor for COPD and precipitation 
of exacerbation. Smoking and air pollution are known to 
decrease mucociliary clearance and alter innate immu-
nity. This leads to increased colonization of bacteria 
and other pathogens in lower airway that results in rise 
of airway inflammation and precipitates an attack of 
exacerbation [35]. In non-smokers, particularly among 
women, development of COPD is explained by exposure 
to indoor air pollution [36].

Various studies have reported a relationship between 
AECOPD and the degree of airflow limitation. Mullerova 
et al. reported that the odds of frequent attacks of exac-
erbations increases with increased severity of airway 
limitation, and it is 1.2 and 2.4 for moderate and very 
severe limitation, respectively [37]. Another study by Au 
et al. demonstrated that rate of hospitalization increases 
with increase in airway limitation [38]. Montes de Oca 
et  al. highlighted that severity of airway limitation and 
dyspnea were directly correlated with the rise in hospi-
tal visits [39]. Similarly, in the present study, majority of 
the patients were found to have severe and very severe 
airway limitation. Moreover, the most common pre-
senting symptom was shortness of breath followed by 
cough and expectoration, thereby suggesting coexistence 

of airway resistance and inflammation in patients with 
severe attacks of exacerbation.

Conclusions
In conclusion, P. aeruginosa and K. pneumoniae were the 
most common bacterial isolates. The bacteriological pro-
file of the sputum samples suggests the role of commonly 
encountered pathogens in the precipitation of AECOPD 
and highlights the differences in causative agents, with 
respect to other studies. Isolation of P. aeruginosa, as the 
most common agent, further confirms its roles in severe 
attacks of AECOPD. The regularly used antibiotics were 
found to be ineffective against most isolates, thereby sug-
gesting that severe nature of AECOPD may be attributed 
to the prevalence of antibiotic-resistant strains. The study 
further highlights the sensitivity of broad spectrum car-
bapenems against both Gram-positive and Gram-neg-
ative isolates. The bacteriological profile in the present 
study is of concern to the emerging bacterial popula-
tion, their resistance patterns, and warrants regular (or 
annual) local studies to update our local antibiogram and 
antimicrobial resistance pattern, and accordingly change 
our empiric antimicrobial therapy.
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