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Klebsiella pneumonia is an opportunistic pathogen causes several diseases 

including sepsis, pneumonia, and wound infections. There are two pathotypes of 

Klebsiella pneumonia: classical K. pneumoniae (cKp) and hypervirulent K. 
pneumonia (hvkp), which is an emerging variant of (ckp), clinically 

distinguished by invasive and multiple site infections. A total of 150 samples 

were collected from different hospitals in Kirkuk city during the period between 

November 2021 to June 2022. The age of patients ranged between (20– 60) 

years old of both sexes. These samples were highly recovered from females with 

a rate 66.67% compared to the males 33.33%. Thirty (20%) K. pneumonia was 

recovered from different clinical specimens including urine, sputum, burn and 

wound swabs.  The most common age group infected with K. pneumoniae was 

(20-40) with a rate of 63.33% and commonly recovered from inpatients 53.33% 

rather than outpatients (46.67%). The capability of K. pneumoniae isolates to 

form biofilm was also examined by using tissue culture plate (TCP) and Congo 

red agar (CRA) methods. The results indicate that biofilm production by TCP 

method was 70% (46.67% strong biofilm producer, 23.33 % moderate and 30% 

were negative), while Congo red agar (CRA) method showed 60% positivity for 

biofilm and 40% was negative. Antibiotic susceptibility test was conducted to 

all isolates by using disc diffusion test towards 8 antimicrobial agents. 

Klebsiella pneumoniae isolates showed multiple resistance against 3 or more of 

different antibiotic groups (gentamicin 93%, ampicillin 96%, amoxicillin –

clavulanate 90%, cefotaxime 83%, ceftazidime 96%, meropenem 36%, 

levofloxacin 76 % and gentamicin 93 %. K. pneumoniae isolated from inpatients 

and from sputum samples were more resistant to antibiotics. 
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Introduction 
Klebsiella pneumoniae is a non-motile Gram-

negative bacterium belongs to the 

Enterobacteriaceae family [1]. K. pneumoniae is 

considered as one of the opportunistic nosocomial 

pathogens [2]. This microorganism causes a variety 

of diseases such as bacteremia, pneumonia and 

urinary tract infections. Recently , K. pneumoniae 

has attracted the attention of researchers around the 

world due to its disease severity, resistance against 

several antibiotics and the difficulty of treatment 

[2]. The increased prevalence of multidrug-resistant 

(MDR) of K. pneumoniae strains in recent years is 

more likely due to overuse of conventional 

antimicrobial  agents [3]. K. pneumoniae has 

developed several mechanisms for resistance 

towards different antimicrobials [4]. One of the 

most important mechanisms for developing the 

MDR is efflux pump systems and biofilm 

formation capacity[5]. Efflux pumps are protein-

based structures that are capable to extrude the 

different toxic substances out of cells [6]. Biofilm 

formation allow K. pneumoniae to escape from the 

host immune response and antibiotics [7].  another 

study found that 80% of biofilm-forming isolates 

from 100 clinical samples showed an MDR 

phenotype[8]. Resistance of pathogenic bacteria to 

different antibiotics has become a serious 

worldwide problem because of fatal outcome of 

defective treatment and the difficulty to find 

optimal treatments [9]. Klebsiella pneumoniae has 

been revealed to have the ability to acquire 

resistance to many antibiotics, especially third 

generation cephalosporins. Beta - lactam antibiotics 

are one of the most commonly used antibiotics in 

the treatment of bacterial infections and the 

production of β- lactamase enzymes are the most 

common bacterial resistance mechanisms [10]. The 

Extended Spectrum Beta Lactamase (ESBL) 

producer K. pneumoniae have increased all over the 

world. The ESBLs are divided to several groups; 

the main groups are TEM, CTX, and SHV 

derivatives [11]. The present  study has focused on 

isolation of Klebsiella pneumoniae from different 

clinical samples and studying their antibiotic 

resistance profile against different groups of 

antibiotics and risk factors associated with K. 

pneumoniae infections.  

Materials and Methods 
Bacterial Strains 
One hundred and fifty clinical samples (urine, 

sputum, blood, wound and burn swabs) were 

collected from patients attending hospitals in 

Kirkuk city during the period (November 2021 to 

June  2022). These patients were in different ages 

ranged from 20-60 years of both sexes. K. 

pneumoniae isolates were identified by Gram 

staining, cultural and biochemical tests, and further 

confirmed by using VITEK-2 compact system. 

 

Antimicrobial susceptibility test 

Antibiotic susceptibility test (Kirby- Bauer disk 

diffusion) was used to detect K. pneumoniae strains 

resistance towards selected antibiotics according to 

Clinical and Laboratory Standards Institute (CLSI) 

guidelines [5,12]. Antimicrobial susceptibility 

assay of 8 antibiotics were performed using 

commercially available antibiotics including 

Ampicillin(10µg), Azithromycin(15µg), 

ceftazidime (30 µg), cefotaxime (30µg), gentamicin 

(10 µg), Amoxicillin/Clavulanic acid (AMC, 20/10 

µg), Levofloxacin (5 µg ), meropenem (10 µg). 

Bacterial inoculum was prepared by mixing three 

or four colonies with normal saline. The bacterial 

suspension’s turbidity was compared to McFarland 

turbidity standards corresponds to 1.5 × 108 

CFU/ml. Bacterial suspension were swabbed on 

Muller Hinton plate surface in three directions 

ensures that the inoculum is evenly distributed 

across the entire surface. The plates were left for 

incubation for 15 min. After incubation, antibiotic 

discs were placed on inoculated plates and left for 

overnight incubation at 37 °C. Following the 

incubation, the inhibition zone were measurred and 

recorded in millimeter.  The results were 

interpretated based on CLSI. Furthermore, 

multidrug-resistant (MDR) isolates were detected 

based on their resistance to at least three or more 

antimicrobial classes. 

Biofilm formation  

Biofilm formation of K. pneumoniae isolates was 

detected using Congo red agar and microtiter plate 

assay. By Congo red agar (CRA), K. pneumoniae 

isolates were cultured on BHI broth supplemented 

with 5% sucrose and Congo red dye. Klebsiella 

pneumoniae isolates capable to form biofilm on 

Congo red agar appear as dry dark crystalline 

colonies while the non- biofilm producers appear as 

red colonies [13]. 

Biofilm formation was confirmed by using 

microtiter plate. Hundred and eighty microliters of 

overnight K. pneumoniae culture were placed into 

microtiter 96 wells and incubated for 24 hr at 37℃. 

After incubation, each well was washed with 

Phosphate buffer saline and stained with crystal 

violet for 15 min. Finally, the bacterial stained cells 

were dissolved in ethanol and the absorbance was 

measured at 570 nm. LB broth without bacteria was 

used as a control. The examined isolates were 

classified into three categories (non-biofilm 

producers (OD ≤ ODc), moderate biofilm former 

(2×ODc < OD ≤ 4×ODc) and strong biofilm 

producers (4×ODc < OD) [5]. 
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Results and Discussions  
 

Prevalence of K. pneumonia among clinical 

samples:   

Out of 150 clinical samples, 30 (20%) were 

positive for K. pneumoniae and the remaining were 

negative. Bacterial isolates were initially identified 

depending on cultural, microscopical, and 

biochemical tests.  That was confirmed by using 

Vitek 2-compact system [14] as seen in Figure1. 

 

The results also showed that 33.33% of                          

K. pneumoniae was isolated from sputum, 30% 

from urine samples, 20% from burn swabs and 

16.67% from wound infections. Blood samples 

were free from K.pneumoniae,  as shown in Table 

2. Partially in agreement with results of 

epidemiological study conducted by [15] reported 

that Klebsiella pneumoniae was dominant among 

clinical samples isolated from urine and blood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Diagram showing cultural and biochemical 

profile of Klebisella pneumoniae. 

 

These findings agree with [16]  reported that out of 

268 clinical samples, 36 (13.4 %) K. pneumoniae 

isolates were recovered. In contrast, [17] found that 

Klebsiella spp. formed 54.16 % of total isolates 

from clinical specimens and 79.12 % was identified 

as K. pneumoniae. [18] also revealed the highest 

percentage of K.  pneumoniae (74.4%), which is 

higher than that reported in the current study. 

 

According to the results of the present study, the 

prevalence of K. pneumoniae among sputum 

samples 10(33.33%) and urine samples 9(30%) 

were found to be considerably higher than that in 

other clinical samples (wound and burn swabs) 

(Table 1).  Similar to our findings, [15] reported 

that Klebsiella pneumoniae was dominant among 

all clinical samples isolated from urine. Similarly, 

[19] showed that K. pneumoniae isolated from 

urinary tract infection cases were found to yield the 

highest number when compared to other cases. 

 

Another study done by [13] found that out of 468 

different clinical samples, 61 (13.03%) isolates 

were identified as K. pneumoniae and urine showed 

the highest percentage (50.8%) followed by wound 

swab (24.6%) and (13.1%) of blood samples. These 

results are supported by a previous  local study 

done by [20] in Diyala province reported that K. 

pneumonia (42.9%) was the dominant among urine 

samples. Similarly, [21] showed that 44% of K. 

pneumoniae strains were isolated from urine. The 

latter study also recorded that 8% of K. 

pneumoniae recovered from sputum, 8% burn 

swabs and 4% wound swabs, these numbers 

however are lower than that reported in the recent 

study. In contrast, [22] reported the lowest 

percentage of Klebsiella spp. isolated from the UTI 

(2.1%). 
 

Table 1: prevalence of Klebsiella pneumoniae isolated 

from different clinical samples 

 

Clinical 

samples 

Total Positive Negative 

No (%) No (%) 

Blood 20 0 20(16.67) 

Burn 

swab 

20 6(20) 14(11.67) 

Sputum 40 10(33.33) 30(25) 

Urine 50 9(30) 41(34.17) 

Wound 

swab 

20 5(16.67) 15(12.5) 

Total 150 30(20) 120(80) 

Distribution of K. pneumoniae isolates according 

to the age and sex 

The results of recent study showed that 63.33% of 

patients with K. pneumonia infection were in the 

age group (20- 40), 26.67% of patients within the 

age group 40-60 years while the lowest rate was < 

60 age group as show in Table (2). The current 

results disagreed with those demonstrated by [23] 

stated higher rate of K. pneumoniae infections 

among elderly patients, mainly in the age group ≥ 

60 years. They referred that male patients above the 

age of 60 years were subjected to greater frequency 

of K. pneumoniae infections. The high percentage 

of infections was recorded in the age group of 20-

40 which may be due to certain reasons 

comorbidities of some disorders like diabetes or 

collection of a significant number of samples in this 

age group compared to the samples of other age 
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groups. The prevalence of infections in recent study 

are in disagreement with those recorded by 

[23]found that K. pneumoniae were mainly 

recovered from patients with the age group less 

than 10 years.  Our results also demonstrated that 

66.67 % of K. pneumoniae was females and 

33.33% was males. These results referred that 

females were more susceptible to get K. 

pneumoniae infections than males. Similarly, [23] 

stated that the infection in female was higher (54.5 

%) than male (45.6 %). In the study of [24] viewed 

that 209 cases were males and 995 cases were 

females. [18] also showed that out of 50 K. 

pneumoniae isolates from UTI, female infections 

were more than males. On the other hand, these 

results were in contrary to those recorded by [19] 

showed that males were more susceptible to 

Klebsiella infections than females. Another study 

done by [25]also showed that all K. pneumoniae 

infections an apparent bias toward male 

predominance and to affect older adults. Although 

there is no significant difference in percentage of 

origin of samples. 

Table 2: Distribution of K. pneumonia isolates according 

to age and sex. 

 

Antimicrobial Resistance 

Agar disc diffusion test (Kirby-Bauer method) was used 

in accordance to Clinical Laboratory Standards Institute 

(CLSI) standards (2020) to assess antimicrobial 

susceptibility test for eight antibiotics as seen in Figure 

(2). The isolates showed high levels of resistance towards 

antibiotics used in this study as seen in Figure (3). The 

29 (96.67%) of K. pneumoniae isolates were resistant to 

ampicillin, 29 (96.67%) resistant to ceftazidime, 26 

(93.33%) resistant to gentamicin, 27(90%) resistant to 

azithromycin, 27(90%) resistant to amoxicillin-

clavulanate, 25(83.33%) resistance to cefotaxime and 

23(76.67%) resistance to levofloxacin. Although, 

meropenem is one of the most effective antibiotics 

against  K. pneumoniae, while the isolates of current 

study showed moderate resistance 11 (36.67%) to 

meropenem. Thirty of (100%) of K. pneumoniae isolates 

showed multidrug resistant (resistant to 3 or more of 

antibiotics used in this study).   

 

 

 

 

                                

 

 

 

 

 

 

 

Figure 2: Disc diffusion test of K. pneumoniae isolates 

using Kirby-Bauer method 

 
Figure 3: Antibiotic susceptibility test of K. pneumonia 

isolates.  

Through the possess mechanisms of resistance to 

carbapenems include production of lactamases and 

mutations that alter the expression and/or function 

of porins and PBPs [26, 27]. Combinations of these 

mechanisms can cause high levels of resistance to 

carbapenems in K. Pneumoniae[28] . It is very 

important for public healthcare to monitor and 

report the changes in antimicrobial-resistant 

isolates[29]. The current study agreed with a study 

done by [30]who mentioned that Klebsiella 

pneumoniae was highly resistant to ampicillin by 

producing β-lactamases that render these isolates 

resistant to most β-lactam antibiotics. The results 

were also consistent with those of [31]who found 

that resistance percentage of K. pneumoniae against 

β-lactam antibiotics include ampicillin (97.6%) and 

cefotaxime (66.1%). A Study done by [32] revealed 

the emergence of efflux pump-mediated drug 

resistance in MDR K. pneumoniae bacteria in Iraq. 

Another study done by [33]  for a total of (107) 

clinical K. pneumoniae isolates showed that all 

isolates were MDR to minimum 6 and maximum 

14 antibiotics out of 17. 

 

Age groups (years) No. % 

20-40 19 63.33 

40-60 8 26.67 

60 > 3 10 

Total 30 100 

Sex 

Male 10 33.33 

Female 20 66.67 

Total 30 100 
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Biofilm production  

The results revealed that (60%) of K. pneumoniae 

isolates was biofilm producer by appearance of 

black colonies on Congo red agar, while the other 

(40%) of isolates were formed red colonies 

indicating no biofilm formation as seen in Figure 4. 

 
Figure 4:  Biofilm formation of K. pneumonia on Congo 

red agar 

Additionally, the virulence-related genes, such as the 

yersiniabactin biosynthesis gene (ybts), aerobactin 

synthase gene (iucC), and mucoid phenotype A (rmpA) 

gene, play an important role in the production of 

biofilms. Biofilm formation was further quantified using 

microtiter plate test as seen in Figure 5. 

 

 

 

 

 

Figure 5: Biofilm formation in Microtiter plate assay 

The results revealed that Klebsiella pneumoniae 

isolates have capability to form biofilm with 

different patterns. Thus, it was categorized into 

three types: strong biofilm producer (46.67%), 

(23.33%) moderate biofilm former and (30 %) of 

isolates categorized as non-producer biofilm as 

seen in Table 3. 

Table 3: Identification of biofilm by using Congo red 

agar and Tissue culture methods 

Biofilm formation No. % Total 

Congo red 

agar 

Positive 18 60    30 

(100%) Negative 12 40 

   

 

Tissue culture method 

Strong biofilm former 14 46.67 30 

(100%) Moderate biofilm former 7 23.33 

Non- biofilm former 9 30 

The results of current study showed  that 70% of K. 

pneumoniae isolates had capability to form biofilm 

in tissue culture plate assay. Similar to our result, 

[34] how quickly biofilms formed on different K. 

pneumoniae strains, and their findings 

demonstrated that 85.63% of the strains were 

biofilm-forming. The hvKp strains also showed 

form much more biofilm than cKp strains [35]. 

Conclusion 
In this study, we demonstrated the high prevalence 

of Klebsiella pneumoniae among patients in Kirkuk 

city with a rate of 20%, mainly recovered from 

young people with the age group ranged from 20 to 

40 years.  K. pneumoniae isolates were commonly 

recovered from sputum samples followed by urine, 

wound and burn swabs. Furthermore, females were 

more susceptible to Klebsiella pneumoniae than 

males. Most of K. pneumoniae bacteria infected 

hospitalized patients and were more resistant to 

antibiotics and formed biofilm. 
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