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Abstract: 

Introduction: Klebsiella pneumoniae is one of the main agent of nosocomial infections. Reports around 

the world emphasize on the resistance to aminoglycoside antibiotics in recent years. The purpose of this 

study is to determine the frequency of aacC1 and aacC2 genes in clinical isolates of Klebsiella 

pneumoniae. 

 

Methods: A total of 100 Klebsiella   pneumoniae were collected from tertiary university hospitals, 

Khorramabad city, Iran, from February to August 2018. The obtained samples were identified by standard 

biochemical and microbiological tests. Susceptibility pattern of isolates were determined according to 

Clinical Laboratory Standards Institute (CLSI) advices using disk diffusion method. After DNA 

extraction, all Klebsiella   pneumoniae isolates were evaluated for the presence of aacC1 and aacC2 genes 

using PCR assay. 

 

Findings: Out Of 100 Klebsiella pneumonia isolates the highest resistance was related to kanamycin 

(35%), tobramycin (29%), and amikacin (23%). The aacC1 and aacC2 genes was detected in 22.8 and17.2 

percent, respectively. 

 

Conclusion: Our results indicate that the prevalence of the aacC1 and aacC2 genes was high and it is 

clear that we witness an increase in resistance to antibiotics in clinical isolates. Therefore, we expect an 

increase in the resistance to aminoglycoside antibiotics in the near future. 

Keywords: Klebsiella pneumoniae, PCR assay, aacC1, aacC2. 

Introduction: 

Klebsiella pneumoniae (K. pneumoniae) is 

opportunistic gram-negative and aerobic 

bacilli from Enterobacteriaceae family with 

a polysaccharide capsule(1). K. pneumoniae 

is a main cause of human pathogen contains 

pneumonia, sepsis, urinary tract infections 

(UTI) and nosocomial infection in 

hospitalized patients(1, 2). K. pneumoniae 

infections mostly treated by antimicrobial 

agents such as third generating 

cephalosporins and fluoroquinolones(3, 4).  

Since 1984, emergence of antimicrobial 

resistant K. pneumoniae strains has 

significantly increased(5). Moreover, can 

cause treatment failure with diverse 

antimicrobials agents and a main threat to 

public health universally(6). Resistance to 

aminoglycosides can be carried out through 

different mechanisms include enzymatic 

modification of this drug, modification of 

the ribosomal target and decreased 

intracellular antibiotic accumulation by 

alterations of the outer membrane 
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permeability, decreased inner membrane 

transport or active efflux (7-9). 

Aminoglycoside modifying enzymes 

(AMEs) are the most common mechanism 

of bacterial resistance to aminoglycoside 

such as aminoglycoside acetyl transferases 

(AACs)(2, 10).  AACs modify 

aminoglycosides substrates and disrupt their 

binding to the ribosome by transferring the 

acetyl group from acetyl coenzyme A 

(AcCoA) onto amine moieties of the 

aminoglycosides frames. The family 

consists of four large classes formed based 

on the specific location of the transfer of the 

acetyl group on aminoglycoside including 

AAC (1), AAC (3), AAC (2'), AAC (6')(11, 

12). Meanwhile, acetyltransferases AAC (3) 

are the most common enzymes in 

Enterobacteriaceae family. The enzyme 

substrate AAC (3) -II is gentamicin and 

faramicin, whereas, the three aac (3) -IIa and 

aac (3) -IIb and aac (3) -Ib and aac (3) -Ic 

genes are coding for resistance enzymes to 

this antibiotic (13). The transfer of antibiotic 

resistance genes is carried out through 

chromosomes, plasmids and transposes. 

Resistance to aminoglycosides is coded by 

aaaC1 genes (acetyl transferase, which 

causes resistance to gentamicin)(14).The 

aim of this study was determination of the 

frequency of aacC1 and aacC2 genes in 

clinical isolates of Klebsiella pneumoniae 

from tertiary university hospitals, 

Khorramabad, Lorestan province, Iran. 

Methods: 

Sample collection: 

This descriptive study, was done in a period 

from February to August 2018 in tertiary 

university hospitals, located in Khoramabad, 

Lorestan province, Iran.  

In this study 100 K. pneumoniae isolated 

from clinical samples included urine, blood, 

ulcers, respiratory secretions, and other body 

fluids. The samples were cultured on Blood 

agar and MacConkey agar (Oxoid, UK). 

After incubation for 18-24hour in 370C, 

colonies were identified phenotypically by 

differential biochemistry tests including 

gram stain, catalase, oxidase, Simmons 

Citrate agar, urea agar, SIM, TSI, MR and 

VP(15).  

Antimicrobial susceptibility pattern:  

The determination of antimicrobial 

susceptibility pattern of K.pneumoniae 

isolates was performed by Kirby-Bauer disc 

diffusion test using Mueller-Hinton agar 

(MHA) and amikacin (30μg), gentamicin 

(10 μg), tobramycin (10 μg), kanamycin 

(30μg), and netilmicin (10 μg) accordance 

with the Clinical Laboratory Standards 

Institute (CLSI) guidelines(16).  

Genotypic Detection of aacC1 and aacC2 

genes by polymerase chain reaction 

(PCR) assay:  

DNA extraction was performed by Genomic 

DNA Extraction kit (SinaClon, 

Iran).detection of aacC1 and aacC2 genes 

from all K.pneumoniae isolates was 

performed using PCR method.  PCRs doing 

based on the sequence of primers mentioned 

in table1(17). The PCR reaction was 

performed at a final reaction volume of 

25 μl, contained 12.5 μl of master mix 

PCR,1 μl of each primer (10 pmol/μl), 3μl of 
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extracted DNA, and 7.5 μl distilled 

water(DDW). 

PCR amplification was carried out 

conditions: initial denaturation at 94∘C for 7 

min, followed by 35 cycles each of 30 sec 

denaturation at94∘C, 30 sec annealing at 

55∘C for aacC1 and45 sec annealing at 59∘C 

for aacC2 , 40s extension for 72∘C, and final 

extension at 72∘Cfor 5 min. The PCR 

products were electrophoresed on a 1.5% 

agarose gel containing Cyber Green in a 

TBE 0.5X buffer.   

Findings: 

Antimicrobial susceptibility testing: 

K. pneumoniae strains showed variable 

degrees of resistance to aminoglycosides as 

evaluated by disk diffusion method 

according to the CLSI standard procedure 

(Tables 2). In clinically isolated strains the 

highest resistance related to Kanamycin 

(46%), and the lowest resistance related to 

Netilmicin (29%). Chi-square test revealed 

that there was no significant difference 

between disk diffusion method in K. 

pneumoniae strains in the resistant or the 

susceptible category (P>0.05). 

Results of PCR assay for detection of 

aacC1 and aacC2 genes: 

In this study, all isolates screened by PCR 

for the presence of aacC1 and aacC2 genes. 

Of the 63 isolates, 8 were positive for aacC1 

(22.8%), and six for aacC2 (17.2%). 

Discussion: 

Recently the increasing of antimicrobial 

resistance isolates is one of the major 

problems in Health Centers in worldwide. 

Because they increase the cost of treatment 

and the duration of the treatment, and even 

increase the mortality rate(18, 19). 

K.pneumoniae is one of the most important 

pathogenic bacteria that found in clinical 

settings due to its epidemic tendency and 

antimicrobial resistance (20, 21). 

Aminoglycosides are commonly used 

antibiotics to treat infections caused by 

K.pneumoniae. Indeed, the emergence and 

prevalence of Aminoglycoside resistant K. 

pneumoniae isolates has been reported in 

previously studies in many countries (22-

25). Nowroozi et al., in Iran showed79% 

resistance to kanamycin and 55% resistance 

to gentamicin. Therefore, investigation of 

resistance genes in clinical bacterial isolated 

with molecular methods have a serious role 

in controlling, and spreading of resistant 

pathogenic bacteria(26). The main 

mechanism of resistance against 

aminoglycosides in K. pneumoniae isolates 

is the production of modifying enzymes, 

such as Aminoglycoside Acetyltransferase 

(AAC)(26, 27). Our study aimed to 

determine the prevalence of aminoglycoside 

resistance genes (aacC1 and aacC2 genes) in 

K. pneumoniae isolates from different 

clinical samples of tertiary university 

hospitals, Khorramabad city, Iran. Al-

Marzooq et al., in Malaysia described aacC2 

gene with prevalence 67.7% was the most 

common aminoglycoside-resistance gene 

and aacC1 detected at 2.7% of  in K. 

pneumoniae isolates which  in contrast to 

the result of our study(28). The finding of 

aacC1 and aacC2 genes in this study is in 

agreement with Mohamed Abo-State in 

Egypt records frequency of aacC1and aac 

C2 genes 56% and 5%, respectively(29). 

Meanwhile, we found isolates that did not 
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have any of the genes examined, probably 

strains without aacC1 and aacC2 genes 

involved had  to other mechanisms of 

resistance to aminoglycoside include other 

Acetyltransferase, alterations of the outer 

membrane permeability, decreased inner 

membrane transport or active efflux. 

Conclusion: 

The present study reported the prevalence of 

the antimicrobial resistance to 

Aminoglycoside and the emergence of 

aacC1 and aacC2 genes by molecular 

methods in K. pneumoniae to minimize the 

spread of antibiotic resistance. 
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Tables and Charts: 

Table 1: Sequence of primers using in this study. 

Amplicon size 

(bp( 

3′) 5′ to Sequence of primers ( Target gene  

310 F 

:ACCTACTCCCAACATCAGCC  

R: 

TAGATCTCACTACGCGCCTG  

  aacC1 

347 F: 

CTCTTGATGGTGCATGCCTC  

R: 

ATTGATTCAGCAGGCCGAAC  

  aacC2 
   

 

Table 2: Antimicrobial susceptibility test in K. pneumoniae isolates. 

Intermediate 

% 

Resistance 

% 

Sensitive 

% 

Antibiotic 

19 46 35 Kanamycin 

35 38 27 Amikacin 

24 40 36 Tobramycin 

14 29 57 Netilmicin 

25 35 40 Gentamicin 
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Figure 1: PCR produces electrophoresis on agarose gel for detection of aacC1 gene. 

 

Figure 2: PCR produces electrophoresis on agarose gel for detection of aacC2 gene. 
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