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Introduction 

   Klebsiella pneumoniae is an 

opportunistic pathogen that infects different parts of 

the body, causing urinary tract infection, respiratory 

tract infection (pneumonia), bacterial meningitis, 

purulent liver abscess, wound inflammation, burns 

and bacteremia, so it can be isolated from different 

clinical sources [1]. It is found as a normal flora in 

different parts of the body, where it is found on the 

surface of the mucous membrane of the digestive 

system and a few of it in the nasopharynx [2]. K. 

pneumoniae has become a major cause of health 

care associated infection and a risk factor for severe 

community-acquired infections as it is transmitted 

from person to person through contact or direct 

contact with infected patients, or the use of 

contaminated patient tools and contaminated blood 

transfusions [3]. The phenomenon of increased 
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A B S T R A C T 

Background:  Klebsiella pneumoniae is one of the main causes of many opportunistic 

infections, and it is highly resistant to antibiotics, due to the many virulence factors 

including beta-lactamase enzymes that enable it to cause pneumonia, urinary tract 

infection, wound infections and burns, bacteremia and meningitis. Methods:132 samples 

were obtained from different clinical sources from Baquba Teaching Hospital and Al-

Batool Maternity and Children Hospital in Diyala Governorate /Iraq during the period 

from (September to December 2023). K. pneumoniae isolates were identified based on 

phenotypic diagnosis and biochemical tests, confirmation of the results by VITEK2 

system. The disc diffusion method was used to determine the ability of the bacterial 

isolates to resist antibiotics using 12 antibiotics and production of beta-lactamase enzymes. 

Results: Out of a total of 132 samples, 50 samples (37.87%) were K. pneumoniae. The 

results of antibiotic sensitivity showed that resistant isolates were 100% resistant to of 

Ampicillin,70% Aztreonam ,74% ceftazidime ,92% ceftriaxone, 48% Imipenem and 

Meropenem, 48% Amikacin, 38% Gentamicin, 42% Tobramycin, 46% Levofloxacin and 

Ciprofloxacin, 68% Trimethoprim/sulfamethoxazole. The isolates showed multiple and 

different antibiotic resistance, 30 isolates by 60% with multiple resistance (MDR). 14 

(28%) with Extensive drug resistance (XDR).   The phenotypic detection of beta-

lactamase enzymes was performed for  20 of the MDR isolates. The results showed that 

the percentage of the presence Extended spectrum β-Lactamase enzymes ESBLs was 80%, 

Metallo β-Lactamase enzymes MBLs was 100% and AmpC enzymes 25%. Conclusion: 

We need to develop valuable strategies for the prevention and control of infections. 
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beta-lactam antibiotics resistance in Klebsiella 

penumoniae is particularly alarming ,because it 

leads to an almost untreatable community-acquired 

infection excessive use of antibiotics leads to the 

emergence of new more resistant strains [4]. 

Antibiotics are products from some 

microorganisms, capable of inhibiting the growth of 

other microorganisms in certain concentrations 

without affecting the cells of the product's body. K. 

pneumoniae bacteria can be multi-resistant, 

meaning that they resist more than one type or more 

than one group of antibiotics and are called 

Multidrug Resistant MDR [5]. Antibiotics have a 

major role in the decrease in the rate of infection 

with K. pneumoniae, but the effectiveness of 

antibiotics has decreased continuously with the 

increasing ability of bacteria to develop their 

defenses and resistance to the action of these 

antibiotics and the transmission of resistance 

between strains with the increase in the 

indiscriminate use of antibiotics, which is more 

common in developing countries [6]. Beta-

lactamase enzymes are known as proteins 

responsible for resisting a wide range of antibiotics 

associated with beta-lactam, because they inhibit the 

effectiveness of beta-lactam antibiotics, which is 

one of the most common means of resistance, beta-

lactamase enzymes are found in all bacteria Gram 

positive and negative, K. pneumoniae bacteria have  

a lot of enzymes that make them resistant to 

antibiotics, the most important of which are 

Extended-spectrum beta-lactamase enzymes 

(ESBLs), Metallo beta-lactamase enzymes (MBLs), 

and Ampicillinase Class C Beta-Lactamase (AmpC)  

enzymes [7].  

Materials And Methods 

Bacterial Specimens collection   

132 samples were collected from different 

clinical sources for patients from Baqubah Teaching 

Hospital, Al-Batool Maternity and Children's 

Hospital, and educational laboratories in Diyala 

Governorate after examining the specialist doctor 

for both sexes and all ages. For the period from 

September to December 2023. The samples were 68 

urine, 21 sputum, 16 wound swabs, 16 burn, 9 blood 

and 2 spinal fluid). The samples were grown on 

different media (Blood agar, MacConkey agar, 

methylene Eosin blue) and then incubated for 24 

hours at a temperature of 37 ° C for the purpose of 

isolating the bacteria and their initial diagnosis. 

Bacterial isolation and identification 

The samples were cultured on MacConkey 

agar medium and methylene Eosin blue medium, 

then incubated for 24 hours at a temperature of 37 ° 

C. Isolates were identified based on morphological 

trais [8], Biochemical identification [9-10]. VITEK2 

system (bioMérieux, Marcy-l’Etoile, France) is used 

for confirming diagnosis and antibiotic 

susceptibility. 

Antibiotic sensitivity Test  

The susceptibility of 50 isolates to 

antimicrobial was tested by using the disks diffusion 

method [6], The antibiotics used are {Ampicillin (10 

μg), Aztreonam (30 μg), Ceftazidime (30 μg), 

Ceftriaxone (30 μg), (10 μg) Imipenem, Meropenem 

(10 μg), Amikacin (30 μg), Gentamicin (10 μg), 

Tobramycin (10 μg), Levofloxacin (5 μg), 

Ciprofloxacin (5 μg), and Trimethoprim / 

sulfamethoxazole (1.25/23.75 μg). Confirmation of 

the results by VITEK2 system. 

Phenotypic detection of β – Lactamase enzymes  

The ability of bacterial isolates under study 

to production of Broad-spectrum β – Lactamase 

enzymes using the double disc synergy test, as a 

widening of the inhibition region occurred between 

the disc of the central antigen, which is 

Amoxicillin–Clavulanic acid with a group of 

antibiotics, including (Aztreonam, Ceftriaxone and 

Cefotaxime) is a positive result depending on the 

method [11]. Metallo β – Lactamase Enzymes using 

the antibiotic Imipenem and EDTA+ Imipenem 

combination method an increase in the inhibition 

area of more than  7 ml around the Imipenem-

EDTA disc compared to the inhibition area around 

the Imipenem disc is a positive result depending on 

the method [12]. AmpC enzymes using Disk 

Antagonism test for AmpC enzymes as a widening 

of the inhibition region occurred between the disc of 

the central antigen, which is Cefoxitin with a group 

of antibiotics, including (Ceftriaxone and 

Cefotaxime) is a positive result [13-14]. 

RESULTS AND DISCUSSION  

Isolation and Identification Klebsiella 

pneumoniae 

The results of the current study showed that 

out of a total of 132 samples, 50 samples (37.87%) 

were Klebsiella pneumoniae, while 82 (62.12%) 

samples were bacteria other than Klebsiella 

pneumoniae. The results of the current study were 

close to results study by [15] as the percentage of K. 

pneumoniae bacteria was 39.4%. The results of this 
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study came higher than the percentage obtained by 

the researcher [16] as the percentage of K. 

pneumoniae was 33.78%. On contrast, the 

percentage is less than that obtained by [17] where 

the percentage of K. pneumoniae was 92.6%. The 

difference in the diversity of values for the 

distribution of K. pneumoniae isolates may be due 

to the different environments from which the 

isolation was collected, the health conditions of the 

patients, the time of taking the sample, the method, 

and other variables.     

Antibiotic susceptibility tests for bacterial 

isolates K. pneumoniae   

The sensitivity of the K. pneumoniae 

bacterial isolates was tested to 12 antibiotics are 

(Ampicillin, Aztreonam, Ceftazidime, Ceftriaxone, 

Imipenem, Meropenem, Amikacin, Gentamicin, 

Tobramycin, Levofloxacin, Ciprofloxacin, 

Trimethoprim/ sulfamethoxazole), Which are most 

commonly used to treat bacterial infections. The 

bacterial isolates were resistant to Ampicillin 

(100%), Aztreonam (70%), Ceftazidime (74%), 

Ceftriaxone (92%), Imipenem and Meropenem 

(48%), Amikacin (48%), Gentamicin (38%), 

Tobramycin (42%), Levofloxacin and Ciprofloxacin 

(46%), Trimethoprim/sulfamethoxazole (68%). 

These results were close with the results reached by 

[18], where it was found that the percentage of 

Ampicillin was %97, Aztreonam 78%, Ceftriaxone 

84%, Ceftazidime 74%. The results of the current 

study were consistent with study by [19], where the 

percentage of resistance to Ceftazidime was 73%, 

Meropenem and Imipenem was 48%.  The study 

conducted in Iran by [20] did not agree with the 

results current, Meropenem, and Imipenem was 

13.7%. The reason for the resistance to a group of 

beta- lactam antibiotics in K. pneumoniae bacteria is 

the production of Extended-spectrum beta-

lactamase enzymes, increased resistance of K. 

pneumoniae to beta-lactam antibiotics 

(Carbapenem) lies in their ability to produce the 

Metallo beta-lactamase enzymes, Also Increased 

resistance of K. pneumoniae to beta-lactam 

antibiotics (Cephalosporins) lies in their ability to 

produce the AmpC enzymes, which include the 

enzymes Penicillinase Carbapenemase and 

Cephalosporinase, as these enzymes break the β-

lactam ring, leading to inhibition of the action of 

antibiotics belonging to the Penicillin, Carbapenem 

and Cephalosporins groups [21]. The results of 

current study were consistent with the findings of 

[15], where the percentage of resistance to 

aminoglycoside, (Gentamicin was 36.23%, 

Amikacin 47.82% and Tobramycin 43.47%). While 

it was not consistent with the findings of [22] since 

all isolates were sensitive. The reason for the 

resistance to aminoglycosides in K. pneumoniae can 

be explained by their ability to produce the 

aminoglycoside-modifying enzymes, or the 

modification of the ribosome by the enzyme 

Methyltransferase, as previous studies showed a 

common presence of mechanisms of resistance to 

aminoglycoside-bet-lactams in isolates of K. 

pneumoniae [23]. The results of current study were 

consistent with the findings of [17], where the 

resistance to Levofloxacin was 43.90%, and 

Ciprofloxacin 46.34%. In contrast. It was not 

consistent with the study of [24], as the resistance 

rate in this study was lower (Levofloxacin 13.5% 

and Ciprofloxacin 7.7%). The results of the present 

study are consistent with the findings of [15] where 

the resistance of Trimethoprim/Sulfamethoxazole  

was 65.22%,on the other hand it was not agree with 

the findings of [25], where the resistance rate to  

Trimethoprim/Sulfamethoxazole was 38.2%. 

   K. pneumoniae isolates showed multiple, 

and different resistance to the antibiotics used in 

this study. 30 isolates by 60% with multiple 

resistance MDR. 14 (28%) with Extensive drug 

resistance (XDR).  The antibiotic sensitivity test 

showed  6 isolates of the bacteria K .Pneumoniae by 

12% were sensitive to most of the antibiotics used 

in the study Multidrug sensitive (MDS). 20 isolates 

(MDR) of K. pneumoniae bacteria were selected 

that resisted most of the antibiotics used in the 

study for the purpose of phenotypic screening for 

beta-lactase enzymes. 20 isolates were selected 

from K .pneumoniae isolates that resisted most of 

the antibiotics used in the study for phenotypic 

detection of  β– Lactamase enzymes. 

Phenotypic detection of Extended Spectrum β– 

Lactamase (ESBLs) 

All 20 isolates of K. pneumoniae (MDR) 

under study were subjected to phenotypic detection 

for the purpose of investigating the production of 

Extended spectrum β– Lactamase enzymes (ESBLs) 

using the double disc synergy test, as a widening of 

the inhibition region occurred between the disc of 

the central antigen, which is Amoxicillin–

Clavulanic acid with a group of antibiotics, 

including (Aztreonam, Ceftriaxone and Cefotaxime) 

is a positive result. The results of the current study 

showed that the number of K. pneumoniae that are 

capable of producing broad-spectrum beta-
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lactamase enzymes were 16 isolates out of a total of 

20 isolates with a rate 80%, while 4 isolates with a 

rate of 20% did not produce ESBLs. The results of 

the current study were almost convergent with the 

result reached by [15] in the city of Baquba, where 

the percentage of K. pneumoniae isolates producing 

broad-spectrum beta-lactamase enzymes was 

83.32%. It did not agree with the findings of [26], 

where K. pneumoniae produced 35.7%. The reason 

for the difference in the production of ESBLs 

between this study and other studies is the difference 

in isolates, and the different use of antibiotics in 

each country, and the volume of antibiotic resistance 

to pathogens in the study area.  

Phenotypic detection of Metallo β– Lactamase 

(MBLs) 

All 20 isolates of K. pneumoniae (MDR) 

under study were subjected to phenotypic detection 

for the purpose of investigating the production of 

Metallo β– Lactamase enzymes (MBLs), using the 

antibiotic Imipenem and EDTA+ Imipenem 

combination method. The results of the current 

study indicated that the number of isolates of K. 

pneumoniae producing the Metallo beta-lactamase 

enzymes was all 20 isolates by 100%. The results of 

my study came in agreement with the results of the 

study conducted by [27], her study showed that 38 

isolates out of a total of 38 gave a positive result for 

testing the production MBLs with a rate 100%.  On 

the other hand It did not agree with the results of [28] 

as the production of K. pneumoniae  for the MBLs 

was 15%.The difference in the production rates of 

MBLs enzymes in many studies, may be due to the 

difference in the sources of sample collection, the 

methods used to detect these enzymes, and may be 

caused by the insensitivity and non-specificity of the 

phenotype and the presence of other genes, and that 

the production of bacteria for MBLs enzymes makes 

bacteria resistant to a wide range of beta-lactamase 

antagonists, thus making these antibiotics 

ineffective to eliminate bacteria . 

Phenotypic detection of AmpC enzymes: Disk 

Antagonism test for AmpC enzymes  

All 20 isolates of K. pneumoniae (MDR) 

under study were subjected to phenotypic detection 

for the purpose of investigating the production of of 

Ampicillinase Class C β– Lactamase (AmpC), using 

Disk Antagonism test for AmpC enzymes as a 

widening of the inhibition region occurred between 

the disc of the central antigen, which is Cefoxitin 

with a group of antibiotics, including (Ceftriaxone 

and Cefotaxime) is a positive result. The results of 

the current study showed, that the number of K. 

pneumoniae producing AmpC in this way were 5 

isolates of a total 20 isolates with a rate of 25%, 

while 15 isolates with a rate 75% did not produce 

AmpC. The results of this study are consistent with 

a local study conducted by the researcher [29], 

where its study showed that the percentage of K. 

pneumoniae producing these enzymes reached by 

26.66%. The results of my study was close to the 

results of the researcher [16] in Diyala Governorate, 

where its study showed that the percentage of K. 

pneumoniae bacteria producing these enzymes 

reached by 22%. It did not consistent with the study 

conducted by [30], the percentage of K. pneumoniae 

producing these enzymes reached by 75%. The 

appearance of a small percentage of positive isolates 

of AmpC enzymes may be due to the possibility of 

ESBLs associated with AmpC enzymes in the same 

isolation and expressed equally, leading to blocking 

one of the other when screening for AmpC enzymes, 

which pose a serious threat to the diagnosis and 

treatment of pathogenic bacteria producing these 

enzymes [31]. 

Table 1. Extended-Spectrum β-Lactamase (ESBLs), Metallo β-lactmase (MBLs), Ambler class C -lactamase 

AmpC of K. pneumoniae isolates. (n=20).  

β-lactamase enzymes Produce enzyme n(%) Non produce enzyme n(%) 

ESBLs 16 (80%) 4 (20%) 

MBLs, 20 (100%) 0 

AmpC 5 (25%) 15 (75%) 
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Figure 1. The percentage of antibiotic resistance under study to K. pneumoniae isolates. 

Figure 2. A. Positive phenotypic detection of (ESBLs). B. Positive phenotypic detection of (MBLs) C. Positive 

Phenotypic Detection of AmpC of K. pneumoniae bacteria. 

   A       B         C 

    The results of the phenotypic detection 

of beta-lactamase enzymes (ESBLs ,MBLs ,

AmpC). Showed that  5 isolates out of a total of  20 

isolates by 25% produce all enzymes. These results 

were close with the results reached by [16] where 

the percentage of K. pneumoniae isolates producing 

all beta-lactamase enzymes was 22%. The ability of 

K. pneumoniae bacteria to produce beta-lactamase 

enzymes of all kinds makes them dangerous, and 

resistant to a wide range of antibiotics [32]. Most 

beta-lactamase genes are present on chromosome 

or mobile genetic elements such as plasmid ,

resistant strains spread rapidly ,leading to 

increased mortality ,pathogenicity ,and health care 

costs ,and the combined gene expression of many 

beta-lactamases genes in the organism may 

complicate the problem of drug resistance and thus 

limit treatment options [33]. 

Conclusion 

The present study highlights spread 

Klebsiella pneumoniae strains that produced beta-

lactamase enzymes in is worrisome which plays an 

important role in conferring resistance of K. 

pneumoniae to β– Lactam antibiotics, we need to 

develop valuable strategies for the prevention and 

control of infections. 
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