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Abstract 

Background: Carbapenem-resistant Klebsiella pneumonia (K. pneumoniae) has been recently identified as the major 

class of pathogens and the treatment became the biggest challenge in this bacterium. We assessed the antibiotic 

resistance patterns of K. pneumoniae, the frequency of resistant strains to imipenem, meropenem, and ertapenem, and 

the frequency of K. pneumoniae carbapenemases (KPC), and Guiana-Extended-Spectrum (GES) metallo-β-lactamase 

genes. 

Methods: The phenotypes of 200 strains of K. pneumonia, collected from 650 clinical samples, were isolating and 

identified in Qom, Iran. The antibiotic resistance pattern of the strains was analyzed against different antibiotics. The 

imipenem, meropenem, and ertapenem-resistant strains, were isolated and the frequency of KPC and GES genes were 

evaluated. 

Results: K. pneumoniae strains had different resistance patterns against various antibiotics. The isolated strains with 

the highest and lowest antibiotic resistance were related to ampicillin, and meropenem, respectively. Investigation of 

the KPC and GES β lactamase showed that none of 48 imipenem, meropenem, and ertapenem-resistance isolates had 

the KPC gene. In addition, the GES gene was detected in 3(2.7%) of 110 ceftazidime-resistant specimens.  

Conclusions: Carbapenem is useful in the treatment of K. pneumoniae infections. Due to the importance of the 

mechanisms of resistance is by β-lactamase genes, investigating the prevalence of β-lactamase genes can help to 

increase the necessity of choosing the appropriate treatment for K. pneumoniae.  

Keywords: klebsiella pneumonia; β-lactamases; kpc; ges 

Introduction  

Carbapenemase-producing Klebsiella pneumonia causes a wide range of 

infections, including types of pneumonia, urinary tract infections, liver 

abscesses. K. pneumoniae carbapenemases (KPC) are β-lactamases 

produced by Gram-negative bacteria. They efficiently hydrolyze all 

cephalosporins, penicillins, monobactams, β-lactamase inhibitors, and 

carbapenems. Since the first reports, KPC enzymes have spread across the 

world, although the expansion varied by geographical locations [1, 2].  
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The high prevalence of broad-spectrum β-lactamases in K. pneumoniae 

isolated from clinical specimens of patients led to the spread of antibiotic 

resistance while antibiotics in the β-lactam group account for the high 

proportion of antibiotics used in medicine. The emerging antibiotic 

resistance caused an important challenge in the management of K. 

pneumonia-related diseases [3-5]. 

The fluoroquinolones, trimethoprim-sulfamethoxazole, and 

cephalosporins are mostly used for the treatment of K. pneumoniae 

infections, and resistance to these antibiotics caused the treatment 

problems and subsequently increased mortality. Resistance bacteria to β-

lactam antibiotics obtains through the mutation in chromosomal genes or 

the transfer of plasmids. β-lactamase is an enzyme non-covalently links 

to the antibiotics containing the β-lactam ring and finally inactivates them 

[6-8].  

Carbapenems such as meropenem, imipenem, and ertapenem are resistant 

to many β-lactamases, as well as class 1 chromosome β-lactamases 

(which destroy third-generation cephalosporins). β-lactamases can 

decompose and hydrolyze β-lactam antibiotics and cannot be inhibited by 

β-lactamase inhibitors [9, 10]. 

In K. pneumoniae, various groups of β-lactamases have been identified, 

such as KPC and GES (Guiana-Extended-Spectrum). These enzymes are 

usually transferred by integrons. The ability to transfer and hydrolyze the 

carbapenems made the antibiotics ineffective [11, 12]  

KPC hydrolyses the β-lactam drugs, including monobactam, carbapenem, 

and third-generation falosporin. The producer gene is located on the 

plasmid and can transfer to many bacteria [13]. GES was first discovered 

in 2000 in a clinical specimen of K. pneumoniae isolated from Guiana, 

France. Nine enzymes of GES type have been identified in different 

species of pathogens such as Pseudomonas aeruginosa. GES-1 has the 

same hydrolytic activity as an extended-spectrum β-lactamase and is 

inhibited by β-lactamase inhibitors. GES-2, GES-4, GES-5, and GES-6 

enzymes have also hydrolytic activity against carbapenems. GES-1, GES-

5, GES-8, and GES-9 enzymes were reported in Pseudomonas aeruginosa 

[14-16]. 

Following the growing population of gram-negative organisms producing 

β-lactamases, there are numerous reports of widespread outbreaks, 

especially in the intensive care unit. The Center for Disease Control and 

Prevention has proposed the Polymerase chain reaction (PCR) and Real-

Time PCR tests and sequencing to the microbiologists to identify these 

resistance producer genes, and in 2011, many scholars have used these 

methods. Herein, this study aimed to assess the antibiotic resistance 

patterns of K. pneumoniae, the frequency of resistant strains to 

meropenem, imipenem, and ertapenem, as well as the frequency of KPC 

and GES metallo-β-lactamase genes. 

Methodology 

Study design 

This study was conducted among the patients hospitalized in various 

wards and different hospitals of Qom city, Iran, during October 2016 and 

September 2017. The executive protocol of the study was approved by the 

ethics committee of Qom Islamic Azad University of Medical Sciences 

approved the executive protocol of the study. The study was conducted 

under the Declaration of Helsinki (seventh revision 2013). The written 

consent was taken from all participants before entering the study and 

under the direction of the Iranian Foundation of Martyrs and Veterans 

Affairs review board. This study did not impose any additional costs on 

the patients or the health system. 

Sampling 

The participants were asked to fill out the demographic questionnaire 

including gender, age, duration and ward of hospitalization, type of 

disease, and type of clinical specimen. Samples were taken from blood, 

urine, burn wounds, surgical wounds, respiratory secretions, 

cerebrospinal fluid, clones, and general secretions (ears, nose, and eyes). 

Samples were immediately transferred to the research laboratory of Qom 

Islamic Azad University. The samples were cultured in a MacConkey 

agar with a selective and differential medium. In this environment, bile 

salts and violet crystals inhibit the growth of gram-positive bacteria that 

are used for this purpose. Then the colonies, morphologically similar to 

K. pneumoniae, were selected and used for further investigations. 

Isolation and identification of K. pneumoniae 

A few bacterial colonies were removed from the solid medium, were 

placed along with a drop of the physiological serum on a clean slide, and 

were fixed by spreading and drying. Then the crystal violet was poured 

onto the slide and was washed with water for one minute. In the next step, 

the extension was adjacent to the logo for one minute and after washing 

the slide with water, the de-staining step was carried out with alcohol. 

After washing with water, slides were stained with fuchsin for 30 seconds 

and then thoroughly washed and dried. Finally, the slides were examined 

to detect the presence of gram-negative bacilli by optical microscopy. The 

colonies in the gram-negative bacterial staining were streaking on the agar 

media several times, to be completely pure. After gram staining on single-

cell colonies and ensuring their purity, differential tests were performed 

to detect K. pneumoniae as following: 

Triple Sugar Iron (TSI) test 

The TSI test is used to determine whether gram-negative bacteria can to 

utilize lactose, glucose, sucrose and also used to generate hydrogen 

sulfide. After the deep and superficial cultivation of the bacteria in the 

TSI environment, the culture medium is incubated at 37 ° C for 24 hours. 

Catalase test  

The catalase enzymes mediate the breakdown of hydrogen peroxide into 

water and oxygen. A small amount of bacterial colony is transferred to 

the surface of a clean and dry glass slide using a loop. A drop of 3% H2O2 

is added and placed on the glass slide. The positive test defines as the 

appearance of oxygen gas bubbles on the glass slide. 

Citrate test 

The citrate test is applied to determine the ability of K. pneumoniae to use 

ammonium salt as a source of nitrogen and sodium citrate as a source of 

carbon. K. pneumoniae that grows in the medium changes the medium 

alkaline. A pure colony was removed from the media and diagonally 

cultured on a tube containing the citrate. The appearance of a dark blue 

color after 24 to 48 hours at 37 ° C indicates the consumption of citrate 

by the organism and the positive test. Moreover, the Methyl 

Red and Voges-Proskauer and Sulfiter Indole Motility tests were 

performed based on the study conducted by Yumi et al. [17].   

Oxidase test  

The oxidase test is used to identify the bacteria that produce cytochrome 

c oxidase. The cytochrome c oxidase oxidizes the reagent (tetramethyl-p-

phenylenediamine) to (indophenols) purple color end product. Therefore, 

one drop of reagent oxidase is placed on a filter paper, and some bacterial 

colonies are placed on it. After a few seconds, the absence of color change 

represents the negative test.  

Antibiotic sensitivity test 

According to the Clinical and Laboratory Standards Institute guidelines, 

the antibiotic resistance of the strains against selected antibiotics is 

evaluated by a Kirby-Bauer disc method. (Table 1).
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Antibiotic Concentration 

Ceftriaxone 30µg 

Ceftazidime 30µg 

Gentamicin 10µg 

Amikacin 30µg 

Ciprofloxacin 5µg 

Piperacillin 100µg 

Piperacillin-Tazobactam 100µg/10µg 

Imipenem 10µg 

Meropenem 10µg 

Ertapenem 10µg 

Ceftizoxime 30unit 

Aztreonam 30µg 

Cefepime 30µg 

Trimethoprim – sulfamethoxazole 25 µg 

Levofloxacin 5 µg 

Ampicillin – sulbactam 10µg/10µg 

Ticarcillin – clavulanic acid 75µg/10µg 

Amoxicillin 10µg 

Cefotaxime 30µg 

Ampicillin 30µg 

Ticarcillin 30µg 

Amoxicillin-clavulanic acid 75µg/10µg 

Table 1: Antibiotic discs used in antibiotic sensitivity test 

The phenotypic identification of β-lactamase strains 

The Double Disk Synergy Test was used to isolate β-lactamase producing 

strains. 5 ml of the ethylenediaminetetraacetic acid (EDTA) 0.5-mole 

solution is added to the imipenem disks. It is incubated at 4°C for 12 

weeks after the drying. Imipenem-resistant strains were cultured on the 

Muller Hinton medium. Then, an imipenem disk (10μg) containing 930 

μg EDTA was placed at an appropriate distance on the plate surface and 

incubated at 37 °C for 18 to 16 hours. An increase in the diameter of 

inhibition zone diameter, ≤ 7 mm around the imipenem disk containing 

EDTA, is compared to the imipenem disk alone. The results indicated the 

production of Metallo-β-lactamase. 

Molecular analysis of β-lactamase genes in K. pneumoniae 
strains isolated by PCR method 

PCR method was used for molecular detection of β-lactamase genes in K. 

pneumoniae isolated from clinical specimens. In this study, two genes of 

KPC and GES were selected for molecular analysis. The sequences of 

these primers were studied in numerous papers and their thermodynamic 

properties were evaluated using Gene Runner software and synthesized 

(Table 2).  

 

Primer type Sequence 

KPC F 5' GTG CAC TGT ATC GCC GTC TAG 3 

KPC R 5' TTA CTG CCC GTT GAC GCC CAA TCC 3’ 

GES F 5' ATGCGCTTCATTCACGCAC3’ 

GES R 5’ CTATTTGTCCGTGCTCAGG 3’ 

KPC: K. pneumoniae carbapenemases; GES: Guiana-Extended-Spectrum. 

Table 2: The sequence of specific primers for molecular analysis 

Bacterial deoxyribonucleic acid (DNA) is extracted according to the 

boiling method. Amplification conditions for KPC reactions were as 

follows: one cycle at 94 °C for 3 minutes, 36 cycles at 94 °C for 60 

seconds, 45 °C for 60 seconds and 72 °C for 60 seconds, followed by a 

final extension at 72 °C for 10 minutes. Amplification conditions for GES 

reactions were as follows: one cycle at 94 °C for 5 minutes, 36 cycles at 

94 °C for 30 seconds, 45 °C for 40 seconds and 72 °C for 50 seconds, 

followed by a final extension at 72 °C for 5 minutes [18]. 

Results 

The results of isolated K. pneumoniae 

After culturing the samples in the MacConkey Agar medium, those 

colonies with a more similar appearance to K. pneumoniae which were 

defined as gram-negative bacteria in the straining are considered as K. 

pneumoniae in the first stage. In the next step, after performing catalase 

and oxidase tests, the samples with positive catalase and negative oxidase 

tests were selected. The specimens that had resulted in differential 

environments, according to table 3, were identified as. K. pneumoniae   

From 200 K. pneumoniae strains that were collected and confirmed by 

biochemical method, urine and cerebral fluid were the most and the least 

frequent samples, respectively. (Table 4). 
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Biochemical tests Catalase Oxidase VP MR Simon citrate TSI SIM 

K. pneumoniae + - + - + A/A - 

VP: Voges-Proskauer; MR: Methyl Red; TSI: Triple Sugar Iron; SIM; Sulfite Indole Motility. 

Table 3: Biochemical traits of K. pneumoniae isolated from studied hospitals 

 

Clinical sample Frequency (percent), N=200 

Respiratory secretions 10(5) 

Urine 173(86.5) 

General secretions of ears, nose or eyes 4(2) 

Blood 2(1) 

Burn wounds 10(5) 

Cerebrospinal fluid 1(0.5) 

Table 4: Frequency of clinical samples 

Antibiotic resistance pattern 

After isolating and detecting 200 samples of K. pneumoniae from clinical 

specimens, the resistance pattern of these strains was investigated using 

the disc diffusion method according to the Clinical and Laboratory 

Standards Institute's criteria against different antibiotics. The 

antimicrobial resistance pattern of K. pneumoniae isolates showed that 

the highest antibiotic resistance was against ticarcillin-clavulanic acid and 

the least resistance related to tobramycin. (Table 5). 

 

Antibiotic Frequency (percent), 

N=200 

Amikacin 63(31.5) 

Gentamicin 55(27.5) 

Ceftazidime 110(55) 

Ciprofloxacin 57(28.5) 

Ceftriaxone 85(42.5) 

Cefotaxime 103(51.5) 

Meropenem 11(5.5) 

Ertapenem 22(11) 

Imipenem 15(7.5) 

Amoxicillin 186(93) 

Amoxicillin-clavulanic acid 187(93.5) 

Ticarcillin 145(72.5) 

Ticarcillin- clavulanic acid 170(85) 

Ampicillin 195(97.5) 

Ceftizoxime 65(32.5) 

Aztreonam 142(71) 

Trimethoprim-sulfametoxazol 127(63.5) 

Cefepime 72(36) 

Piperacillin 95(47.5) 

Piperacillin-tazobactam 74(37) 

Levofloxacin 96(48) 

Table 5: Frequency of antibiotic resistant strains 

 

Of the 200 strains examined, 48 strains (24%) were resistant to imipenem, 

ertapenem, and meropenem. These strains were selected and subsequently 

used for phenotypic testing of β-lactamase production and molecular 

analysis of β-lactamase genes. 

 

Phenotypic test for β-lactamase 

This test is carried out to evaluate the phenotypic characteristics of β-

lactamase producing strains. Among 48 strains resistant to imipenem, 

meropenem, and ertapenem, 15 strains (31.25%) showed the phenotype 

of β-lactamase. (Figure 1) 



International Journal of Clinical Case Reports and Reviews                                                                                                                       Copy rights@ Zohreh Saltanatpour et.al. 
 

 
Auctores Publishing – Volume 8(2)-149 www.auctoresonline.org  
ISSN: 2690-4861     Page 5 of 8 

 

Figure 1: Phenotypic testing of a strain of K. pneumoniae. 

The minimum inhibitory concentration (MIC) of imipenem performed on 

K. pneumoniae strains resistance to imipenem, were as following: 4 

strains (1.92%) MIC 4µg/L, 5 strains (2.4%) MIC 8µg/L, 9 strains 

(2.06%) MIC 16 µg/L, 2 strains (0.95%) MIC 32µg/L, 3 strains (1.44%) 

MIC 64µg/L, 2 strains (0.95%) MIC 128 µg/L, 3 strains (1.44%) MIC 256 

µg/L, 5 strains (2.44%) MIC 512µg/L. (Figure 2). 

 

Figure 2: MIC of K. pneumoniae resistance to imipenem. 

 
Amplification of the GES gene  

After extraction of DNA from imipenem-resistant strains, PCR was 

performed for the GES gene. The results of the PCR reaction using GES 

primers on imipenem-resistant strains showed that of 110 strains of 

ceftazidime-resistant K. pneumoniae, three strains had the GES gene and 

subsequently 863 bp band in the PCR reaction. (Figure 3). 
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Figure 3: Results of PCR on GES gene. Column 1 marker 1500-100 bp, columns 2 and 3 K. pneumoniae isolated from clinical specimens with GES 

gene (863 bp) and column 4 negative control. 

Amplification of the KPC gene  

The results of the PCR reaction using KPC primers on imipenem-resistant 

strains showed that of 48 strains of imipenem-resistant K. pneumonia, 

none had the KPC. 

Discussion 

K. pneumoniae has been widely distributed in hospitals and known as an 

opportunistic bacterium for developing various types of nosocomial 

infections in hospitalized patients [19, 35, 36]. Antimicrobial resistance 

complicated the treatment of infections related to K. pneumoniae. The 

carbapenems are mostly the last line treatment for K. pneumoniae 

infections and the emerging resistance to carbapenems caused a lot of 

concerns for the physicians [20, 21]. Carbapenems- resistance in K. 

pneumoniae is linked to various mechanisms, and the production of 

certain β-lactamases possessing even with a weak carbapenemase activity 

might lead to carbapenems resistance. True carbapenemases belong to 

ambler molecular class A such as GES and KPC, class B such as Verona 

integrin encoded metallo-β-lactamase (VIM), New Dehli metallo-β-

lactamase and Imipenemase (IMP) or class D such as OXA-48-like and 

considered as the main agent for resistance to carbapenems without 

additional permeability defects in K. pneumoniae [22-24].  

We studied the antibiotic resistance patterns and the frequency of β-

lactamase genes (KPC and GES) in strains isolated from hospitals of 

Qom, Iran. The results showed that among 110 strains resistant to 

ceftazidime, 3 strains were positive for the GES gene, and the imipenem-

resistance isolates (48 samples) none of them had the KPC gene. The most 

effective aminoglycoside was tobramycin. The most 

effective quinolone was ciprofloxacin. The most effective β-lactam was 

imipenem. In other studies, with the relative increase in resistance, 

ciprofloxacin and its derivatives have always been the most 

effective quinolone, amikacin the most effective aminoglycoside, and 

imipenem the most effective β-lactam in the treatment of Pseudomonas 

infections. 

In studies by Amin et al. in Pakistan [25] , Sultan Dallal et al. in Tehran 

[26], Ishii in Japan [27] and AL-Shora et al. in Jordan [28] imipenem is 

introduced as an effective antibiotic for the treatment of K. pneumoniae 

which was consistent with our results.   

The presence of broad-spectrum β-lactamases on the transposons and 

their probability of movement on the genome may simultaneously express 

the genes' resistance. This may also result in the genes' resistance to other 

antibiotics of broad-spectrum cephalosporins such as the GES gene and 

carbapenems. The GES gene was reported by Poirel et al. in the blood 

culture of a patient with cerebral malaria and infectious pneumonia in a 

general hospital in South Africa, for the first time [29] and then in 2004 

by Pastrana et al, in Argentina. Some studies were assessed the molecular 

characteristics and methods for GES identification. The presence of GES 

reduces the sensitivity to imipenem. Thus, imipenem-resistant strains are 

also tested for this gene [30, 31].  

In Japan, all strains resistant to carbapenem have been evaluated every 

year and only two types of metallo-β-lactamases including VIM and IMP 

were reported, yet. Studies showed that the prevalence of VIM in Iran was 

lower than that of other countries such as South Korea, Japan, and France, 

and probably other resistance mechanisms such as efflux pumps, defects, 

and lack of external membrane proteins, including outer membrane 

protein D and carbapenem class D are involved in producing resistance to 

carbapenems [32-35].  

Conclusions 

Long-term antibiotic uses enhance the generation of the organisms' 

resistance to the intended or other antibiotics. Paying attention to 

antibiotic susceptibility testing (AST), whether in terms of testing and 

reporting the results or in terms of considering the reported results at the 

time of prescribing and treating the disease, is of great value. Several 

preventive methods can use to control the prevalence of resistant 
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organisms such as avoiding improper prescriptions, choosing the right 

antibiotic in the treatment phase, avoiding the arbitrary use of antibiotics. 
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