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ABSTRACT 

 

 
Background and Objectives: Community-acquired pneumonia (CAP) is one of the most common life-threatening infec- 

tions, occurring in the community or within the first 48 hours of a patient's hospitalization. The present study aimed to 

investigate the frequency of pathogenic bacteria and their antibiotic resistance pattern in the sputum of patients with commu- 

nity-acquired pneumonia in Yasuj from 2018 to 2019. 

Materials and Methods: In the present study, 128 patients with CAP were included. Under aseptic conditions clinical 

samples including sputum collected from each patient were sent to the Microbiology Laboratory. Specific culture media and 

biochemical tests were used to identify the bacteria. Antimicrobial resistance patterns of the isolates were examined by disc 

diffusion. DNA was extracted from sputum using the phenol-chloroform method. The PCR method was used for the molec- 

ular detection of bacteria. Data were analyzed using SPSS software version 22 and the chi-square test. 

Results: The most common clinical symptoms in patients were sputum (68.8%), fever (64.1%), shortness of breath (60.2%), 

cough (50.8%), and chest pain (24.2%). A total of 133 bacteria were identified by culture and 117 bacteria by PCR. In the 

current study, the most prevalent organisms were Streptococcus pneumoniae (24.1%), Hemophilus influenzae (18%), Staph- 

ylococcus aureus (13.5%), and Moraxella catarrhalis (11.4%). Antibiogram test showed that most of the Gram-negative 

bacteria were resistant to levofloxacin (22.6%), rifampin (20.8%) and ceftriaxone (17%), and the highest resistance rate to 

clindamycin (43.1%), ciprofloxacin (43.1%) and amoxicillin (41.4%) were detected in the Gram-positive bacteria. Cefepime 

was the most effective antibiotic against Gram negative bacteria. 

Conclusion: S. pneumoniae was the most prevalent bacteria identified by culture and PCR methods in patients with CAP, 

indicating an important role of this bacterium in the pathogenesis of CAP. According to the results, cefepime can be used 

to treat patients with CAP with Gram-negative bacteria. In the present study, S. pneumoniae, S. aureus, P. aeruginosa, H. 

influenzae, M. catarrhalis, and K. pneumoniae have been isolated from the CAP patient population with varying frequencies. 

This is consistent with various studies in different parts of the world. 
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INTRODUCTION 

 
Community-acquired   pneumonia   (CAP)   is   an 

acute infection of the lower respiratory tract infec- 

tion and is the most prevalent type of lung infection 

occurring outside of the hospital or within the first 48 

hours of admission. CAP is one of the most prevalent 

reasons for hospitalization among infectious diseases 

worldwide, leading to high mortality rates and enor- 

mous healthcare expenditures (1-3). CAP is estimat- 

ed to affect 9 to 14 per 1,000 people yearly, with 30 

to 46% of patients requiring hospitalization (4-6). 

CAP mortality among hospitalized patients has been 

estimated 8% to 14% in the United States and 7.3% 

in Asian countries (7). Identifying and treating these 

patients  is  a  public  health  system concern.  Near- 

ly 9% to 14% of all hospitalized patients required 

ICU hospitalization. According to reports, people, 

who require ICU care, have a 24% death rate (8, 9). 

The main signs and symptoms of CAP are includ- 

ing respiratory symptoms (cough, sputum, shortness 

of breath, and chest pain), general infection symp- 

toms (fever, hypothermia, weakness, circulatory 

symptoms, and impaired consciousness), tachypnea, 

tachycardia, hypotension, and focal hearing impair- 

ment. Whereas these signs are not sensitive enough 

or specific for final diagnosis, hence confirmatory 

tests, such as chest imaging, is indicated (10, 11). In 

older age, viral respiratory infections, smoking, alco- 

hol abuse, and chronic diseases (chronic obstructive 

pulmonary disease, asthma, bronchiectasis, conges- 

tive heart failure, diabetes, and immunosuppressive 

diseases) are the primary risk factors for CAP (12, 

13). In general, Pneumonia can be diagnosed using 

a combination of clinical, physical, radiological, and 

microbiological criteria (14). Microorganisms play 

an important role in CAP, including the most import- 

ant typical bacteria such as Streptococcus pneumo- 

niae, Hemophilus influenzae, Moraxella catarrhalis 

and Staphylococcus aureus. These bacteria can grow 

in culture media and are stained using the Gram 

stain method. Another group does not easily grow 

in culture media and cannot be stained with Gram 

stain, such as Legionella pneumophila, Mycoplasma 

pneumoniae, Chlamydophila pneumoniae, and C. 

psittaci (15, 16). Despite improvements in microbio- 

logical diagnostic methods, the definite diagnosis of 

CAP-causing bacteria remains a challenging issue. 

Besides, collecting adequate and uncontaminated 

sputum samples from the lung is another problem 

that can lead to false-positive results (5, 17). Mo- 

lecular method, such as polymerase chain reaction 

(PCR), has improved the detection of numerous bac- 

terial and viral infections associated with CAP and 

has the advantage of detecting respiratory pathogens 

after antibiotic therapy (18, 19). This is because there 

is little information about the CAP-causing bacteria 

in southwest Iran. The aim of this study was to iden- 

tify the bacteria and their antimicrobial resistance 

patterns in patients with CAP at a teaching hospital 

in Yasuj, Iran. 
 

 
 
MATERIALS AND METHODS 

 
This cross-sectional study was performed on pa- 

tients with CAP admitted to the teaching hospital 

(internal medicine and infectious disease wards) af- 

filiated with Yasuj University of Medical Sciences in 

southwest Iran over 14-month from 2018 to 2019. A 

total of 128 CAP patients ranging age from 18 to 88 

years with a mean age of 57.92 years participated in 

this study. 

The inclusion criteria were as follows: 1) age >15 

years; 2) patients with community-acquired pneu- 

monia or within the first 48 hours of hospitalization; 

and 3) patients based on clinical signs (Having at 

least one or two of the following characteristics: fe- 

ver, leukopenia, leukocytosis, purulent secretion of 

lungs, cough and sputum). and radiological findings. 

All of the patients visited by a specialist in internal 

medicine and infectious diseases. First-morning 

sputum samples were collected from the patients' 

lungs after a deep cough, the sputum was placed in 

a sterile container, and transported to the microbi- 

ology laboratory for 2 hours. Sputum samples from 

patients with community-acquired ventilator-associ- 

ated pneumonia were collected under aseptic condi- 

tions from the lower lung. In the microbiology lab, 

the collected sputum samples were divided into two 

parts. One part of the sputum is preserved in sterile 

microtubes at -20°C for molecular purposes. The 

other part is used for microbial culture and identifi- 

cation of bacteria using standard biochemical tests. 

The following media were used for the identification 

of bacteria at the species level: Blood agar with 5% 

sheep blood (CONDA, Spain) was used for the initial 

isolation of S. pneumoniae and S. aureus. Chocolate 

agar containing clindamycin (1 µg/mL), bacitracin 

(300 µg/mL) and vancomycin (5 µg/mL) used for 
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H. influenzae in the presence of 5% carbon dioxide. 

Chocolate agar containing clindamycin (1 µg/mL), 

bacitracin (300 µg/mL), vancomycin (5 µg/mL) and 

acetazolamide was used for M. catarrhalis (20). All 

of the antibiotics powders used in culture media were 

purchased from Sigma-Aldrich company (Sigma-Al- 

drich, Germany). MacConkey agar (CONDA, Spain) 

was used for Gram-negatives (P. aeruginosa and K. 

pneumonia). Demographic characteristics including 

age, sex, and clinical manifestations were collected. 

Prior sampling, from of each individual informed 

consent was obtained. 

 
Antibiotic susceptibility test. We used anti- 

biogram test according to the Clinical and Labora- 

tory Standards Institute (CLSI) guideline using the 

disc  agar diffusion method on Mueller-Hinton agar 

(CONDA, Spain), using the following antibiotics: 

cefepime (30 µg), ceftriaxone (30 µg), Azithromycin 

(15 μg), imipenem (10 μg), ceftazidime (30 μg), amik- 

acin (30 μg), Clindamycin (2 μg), tetracycline (30 µg), 

clarithromycin (15 µg), ciprofloxacin (5 µg) (BD-BBL 

Company, USA). E. coli ATCC 25922 and S. aureus 

ATCC 25923 were used as quality control. 

 
Polymerase chain reaction (PCR) and multiplex 

PCR. The DNA from sputum samples was extracted 

using the phenol-chloroform method (immediately 

after sample homogenization, 500 μl of lysis buffer 

was added to the sample, incubate for one hour at 

laboratory temperature, then 12.5 μl of proteinase K 

was added to it, and incubated for 14 hours at 55°C. 

Thereafter 700 μl of Phenol: Chloroform: Isoamyl Al- 

cohol 25:24:1 was added and incubated for one hour 

at room temperature and centrifuged at 12,000 rpm 

for 5 minutes. The supernatant was transferred to a 

new vial with 70% ethanol and after precipitation of 

DNA, repeated with 100% ethanol then draining the 

ethanol completely, after drying the DNA precipitate, 

it was dissolved in 100 μl of distilled water and stored 

as a DNA template at -20°C for further purposes. 

Bacteria were identified using specific primers (Table 

1) by PCR and Multiplex PCR (20-23). The presence 

of S. pneumoniae, H. influenzae, and M. catarrhalis 

in clinical specimens was determined using multi- 

plex PCR. The standard strains of S. pneumoniae 

ATCC49619, H. influenzae ATCC49247, and M. ca- 

tarrhalis ATCC25238 were used as positive controls. 

The multiplex PCR reaction condition with follow- 

ing program was used for detection of bacteria. Pri- 

mary denaturation at 94ºC for 5 min, followed by 35 

cycles of denaturation at 94ºC for 45 s, 58°C for 45 s 

for H. influenzae, M. catarrhalis and S. pneumoniae, 

55°C for 45 s for S. aureus and extension at 72ºC for 1 

min. The final extension was continued at 72ºC for 5 

min and was performed in a thermocycler (Bio-Rad, 

T100, USA). 

For detection of P. aeruginosa and K. pneumoni- 

ae, the program was as follows: initial denaturation 

at 94°C for 4 minutes, 30 cycles of denaturation at 

94°C for 45 s, annealing (30 s at 59°C for oprL, 60 s 

at 57°C for ureD) and extension at 72°C for 1 min and 

was followed by a final cycle of extension for 5 min at 

72°C. PCR products were analyzed by gel electropho- 

resis on 1% agarose gel at 95 V for 50 min and after 

staining with DNA safe Stain, gel documentation sys- 

tem (Major Sciences, Taiwan) used for visualization 

of PCR products. 
 

 
 
RESULTS 

 
Among the 128 CAP patients 77 (60.2%) were male 

and 51 (39.8%) were female. Sputum, fever, shortness 

of breath, cough, and chest discomfort were found in 

68.8%, 64.1%, 60.2%, 50.8%, and 24.2% out of the 

128 patients, respectively. The microorganisms were 

identified among 83 (64.8%) and 95 (74%) of patients 

using culture and PCR methods, respectively (Table 

2). 

A total of 133 bacteria were identified from patients 

using culture method. S. pneumoniae was the most 

prevalent pathogen and was isolated from 32 (24.1%) 

of patients, H. influenzae, other streptococci, S. au- 

reus, and M. catarrhalis isolated from 24 (18%), 22 

(16.5%), 18 (13.5%), and 15 (11.4%) patients respec- 

tively (More details in the Table 3). 

Then, of 128 patients tested, 95 were PCR posi- 

tive. A total of 117 bacteria were detected by PCR. S. 

pneumoniae was the major pathogen detected in 37 

(31.6%) of patients. The detection rates of H. influen- 

zae, M. catarrhalis, and S. aureus were 28.1% (n=33), 

22.2% (n=26), and 11.1% (n=13) respectively. 

There was no statistically significant difference be- 

tween bacteria isolated by culture and bacteria de- 

tected by PCR (Table 3). In the present study sputum 

(68.8%), fever (64.1%), shortness of breath (60.2%), 

cough (50.8%) and chest pain (24.2%) were the most 

prevalent clinical presentation. 

Antibiogram test showed that most of the Gram-neg- 
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Table 1. The oligonucleotides sequences of primers used in this study. 

 

Target Gene Primer Sequence (5’ →3’) Amplicon Length, bp 
Common primer 5ʹ- CTA CGC ATT TCA CCG CTA CAC-3ʹ  
H. influenza CGT ATT ATC GGA AGA TGA AAG TGC-3ʹ 525 
M. catarrhalis 5ʹ- CCC ATA AGC CCT GAC GTT AC-3ʹ 237 
S. pneumonia 5ʹ- AAG GTG CAC TTG CAT CAC TAC C-3ʹ 484 
S. aureus (nucA) F 5ʹ- CTG GCA TAT GTA TGG CAA TTG TT - 3ʹ 670 

 R 5ʹ- TAT TGA CCT GAA TCA GCG TTG TCT - 3ʹ  
K. pneumoniae (ure-D) F 5'-CCC GTT TTA CCC GGA AGA AG-3 243 

 R 5'-GGA AAG AAG ATG GCA TCC TGC-3'  
P. aeruginosa (opr-L) F 5՛-ATGGAAATGCTGAAATTCGGC-3 504 

 R 5՛-CTTCTTCAGCTCGACGCGACG-3՛  
 

Table 2. frequency of bacteria using culture and PCR 

 
Methods 

Frequency 

Culture + PCR+ 

60%, 77 cases 

Culture + PCR ‑ 

4.7%, 6 cases 

Culture ‑ PCR+ 

14%, 18 cases 
 

 
 

Table 3. Identification and detection of bacteria using PCR and culture methods 

 
Bacteria Identification method                                                  P 

 

 PCR (N=117) Culture (N=133)  
S. aureus 13 (11.1%) 18 (13.5%) 0.18 
S. pneumoniae 37 (31.6%) 32 (24.1%) 0.5 
H. influenzae 33 (28.1%) 24 (18%) 0.071 
M. catarrhalis 26 (22.2%) 15 (11.4%) 0.15 
P. aeruginosa 4 (3.5%) 8 (6%) 0.219 
K. pneumoniae 4 (3.5%) 6 (4.5%) 0.625 
Other streptococci - 22 (16.5%) - 
Coagulase-negative Staphylococci - 8 (6%) - 

 
 

ative bacteria were resistant to levofloxacin (22.6%), 

rifampin (20.8%) and ceftriaxone (17%) (Table 4) and 

Table 4. Antimicrobial resistance pattern of Gram-positive 

bacteria. 

the  highest  resistance  rate  to  clindamycin  (43.1%),           

ciprofloxacin (43.1%) and amoxicillin (41.4%) were 

detected in the Gram-positive bacteria (Table 5). 
 

 
 

DISCUSSION 

 
Community-acquired pneumonia is one of the most 

common life-threatening infections. This pneumo- 

nia develops in the community or during the first 48 

hours of hospitalization and has the highest mortality 

Antibiotics 

Azithromycin 

tetracycline 

Clindamycin 

Amoxicillin 

Amikacin 

Ciprofloxacin 

doxycycline 

Clarithromycin 

S. aureus 

50% 

42.3% 

46.2% 

50% 

50% 

61.5% 

38.5% 

46.2% 

S. pneumoniae 

21.9% 

34.4% 

40.6% 

34.4% 

12.5% 

28.1% 

28.1% 

34.4% 

rate in developing countries. Currently, Sputum, fe- 

ver, and shortness of breath were the most prevalent 

clinical signs. Batool et al. reported that sputum was 

more prevalent which is similar to the present study 

(24). El-Sokkary et al. and Cilloniz et al. found that 

fever and cough to be common clinical symptoms 
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Table 5. Antimicrobial resistance pattern of Gram-negative bacteria isolated in this study. 

 

Antibiotics H. influenza M. catarrhalis P. aeruginosa K. pneumoniae 
levofloxacin 20.8% 6.7% 50% 66.7% 
Amikacin 16.6% 0 25% - 
Clarithromycin 25% 6.7% - - 
Erythromycin 8.3% - 50% 33.3% 
Ceftriaxone 4.2% 0 50% 50% 
Imipenem 0 0 50% 66.7% 
Cefepime 0 0 37.5% 66.7% 
Ceftazidime 16.6% 0 37.5% 33.3% 
Ciprofloxacin - 6.7% 50% 33.3% 

 

(25, 26). While cough and chest pain were less com- 

mon in the present study in comparison with Batool 

et al. Cilloniz et al., El Sokkary et al., and Lupisanet 

et al. studies  (1, 24, 25, 27). Differences in clinical 

symptoms among different studies may be related to 

various factors, such as patients' age and their im- 

munological status, duration of disease involvement, 

physical condition (such as obesity) and the type of 

organisms that cause CAP (typical or atypical). 

The prevalence of Gram-positive bacteria was 

more common than Gram-negative bacteria which 

is consistent with previous studies  from Iran (28), 

the Philippines (1), Ethiopia (29), and Saudi Arabia 

(24). Similar to other studies (30-33), S. pneumoniae 

was the most prevalent bacteria in the current study, 

indicating the important role of S. pneumoniae in the 

pathogenesis of CAP. In this study, H. influenzae was 

the second most frequent organism identified in 18% 

of the study subjects. This is consistent with the re- 

port of Lupisan et al. (1), comparing to Costa et al., 

Temesgen et al. and Luan et al. (30, 34, 35). S. au- 

reus was identified in 13.5% of patients in the current 

study, which was higher than the reports from the 

Philippines and Egypt (1, 25). This organism can col- 

onize the nose and nasopharynx and, probably, one 

of the reasons for the role of this organism in CAP is 

related to the colonization of the organism in these 

areas. 

M. catarrhalis can cause infections in the upper and 

lower respiratory tract, making it an important and 

common upper respiratory microbial pathogen after 

S. pneumoniae and H. influenzae. In this study M. ca- 

tarrhalis was isolated from 11.4% of patients, which 

was higher than studies by Costa et al, Lupison et al., 

and Blejan et al. investigations (1, 35, 36). P. aerugi- 

nosa, another pathogen, was detected in only 6% of 

patients, which was less common than studies (10- 

12%) from other countries (24, 27, 34, 36). In respira- 

tory infections, this bacterium's pathogenicity is me- 

diated by bacterial adhesion to host epithelial cells. 

Adhesins are one of the most prominent P. aerugino- 

sa virulence factors in respiratory infections. Adhe- 

sion and colonization, using flagella, polysaccharide 

capsules, and fimbriae are the most important factors 

in developing P. aeruginosa respiratory infections. 

K. pneumoniae was isolated in only 4.5% of patients, 

and it is the lowest prevalence in the current study. 

Luan et al. (34) reported K. pneumoniae was the 

most common isolated organism. In general, there 

were differences in bacterial prevalence among dif- 

ferent studies. Factors such as differences in clinical 

management of the diseases, diversity of the study 

population, patient's immune system status, and vari- 

ation in a public health surveillance system can also 

be effective. 

In the present study, 61.5%, 50%, 50%, 50%, and 

38.5% of S. aureus isolates were resistant to cipro- 

floxacin, azithromycin, amoxicillin, amikacin, and 

doxycycline, respectively. Batool et al. found higher 

resistant rate among S. aureus isolates against amik- 

acin (90%), ciprofloxacin (80%), azithromycin (70%) 

and doxycycline (60%) while, in a study by Temes- 

gen et al. the resistance rate to ciprofloxacin (29.2%), 

and doxycycline (41.7%) were lower than in our study 

(24, 30). The resistance rate to clindamycin, doxy- 

cycline,  ciprofloxacin,  azithromycin,  and  amika- 

cin and among S. pneumoniae were 40.6%, 28.1%, 

28.1%, 21.9% and 12.5%, respectively. In contrast to 

our study, El-Sokkary et al. showed the resistant rate 

to ciprofloxacin (65.2%), azithromycin (47.8%), and 

clindamycin (87%) were much higher, and also Ba- 

tool et al. showed higher resistant rate in comparison 

to our study, including amikacin (92%), doxycycline 

(80.7%),  ciprofloxacin  (61.5%),  and  azithromycin 
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(84.6%) (24, 25). In H. influenzae strains the resistant 

rate to clarithromycin, levofloxacin, amikacin and 

ceftazidime were 25%, 20.8%, 16.6%, and 16.6%, re- 

spectively. In a study by Batool et al. the resistant rate 

of H. influenzae against ceftazidime (66.6%), amika- 

cin (83.3%), levofloxacin (91.6%), and clarithromycin 

(41.6%) were much higher than in our study (24). In 

the current study, P. aeruginosa isolates were resis- 

tant to ciprofloxacin (50%), ceftriaxone (50%), and 

ceftazidime (37.5%), while most of the isolates were 

sensitive to amikacin (75%) which were higher than 

the study by Temesgen et al. (30) showed that their 

P. aeruginosa isolates were resistance to ceftriax- 

one (23.6%), ciprofloxacin (21.1%), and ceftazidime 

(5.3%). Analysis of the antibiotic resistant rate in dif- 

ferent studies showed that the rate of resistance dif- 

fers between studies. This may be due to empirical 

use of antibiotics, different infection control policies 

in the geographical areas, duration of patient’s hos- 

pitalization, and availability of medical instruments. 
 

 
 

CONCLUSION 

 
S. pneumoniae was the most prevalent bacteria 

identified by culture and PCR methods in patients 

with CAP, indicating the important role of this bac- 

terium in pathogenesis of CAP. According to the 

results cefepime was the most effective antibiotic 

against Gram negative bacteria. 
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