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ABSTRACT 

Extensive use of antimicrobials such as aminoglycosides has been associated with increasing 

antimicrobial resistance. The aim of present study was to investigate prevalence of aminoglycoside 

resistance and frequency of resistance genes aac(3)-IIa and aac(6’)-Ib involved in resistance of 

Klebsiella pneumoniae to aminoglycosides. 212 clinical strains of K. pneumoniae isolated from 

Urmia hospitals collected from May 2013 to January 2014 were assessed in the study. The Kirby-

Bauer method was used for screening of resistant isolates to Gentamicin, Amikacin, Kanamycin, 

Tobramycin and Netilmicin. The aac(6’)-Ib and aac(3)-IIa genes were amplified by PCR method. 

Among 212 K. pneumoniae isolates evaluated, the most resistance rate observed against 

Gentamicin (26.9%). In total, 85 (40.1%) were resistant at least for one of aminoglycosides used. 

Among bacteria with resistance or intermediate susceptibility to aminoglycoside, 62(72/9%) and 

63(74/1%) of isolates had acc(3)-IIa and aac(6’)-Ib genes respectively. Our study showed that 

aminoglycoside resistance rate in klebsiella isolated from hospitals in northwest of Iran (Urmia) is 

relatively high and acetyl transferase modifying enzymes have the major role in resistance. 
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INTRODUCTION 

Antibiotic resistance and increasing rate of resistant pathogens in hospitals is a major concern 

throughout the world. Understanding of antibiotic resistance determinants at genomic level has a 

critical role in controlling the spread of resistant pathogens. K. pneumoniae has become one of the 

most important leading causes of health care-associated infections
1-3

. Because of overuse of 

antimicrobials such as aminoglycosides, resistance to this class of antibiotics become prevalent and 

has affect its therapeutic efficacy
4
. Aminoglycosides attach to 30S subunit of bacterial ribosome 

and interfere with protein synthesis
1-3

. The mechanisms of resistance to aminoglycosides include 

production of modifying enzymes comprising aminoglycoside phosphotransferases (APHs), 

acetyltransferases (AACs), and nucleotidyl transferases (ANTs), modification of the bacterial 

ribosome and decreasing drug accumulation by several mechanisms
5, 6

. Among the resistance 

mechanisms mentioned above, enzymatic modification is the most common mechanism of 

aminoglycoside resistance
4
. APHs and ANTs are the bisubstrate modifying enzymes and facilitate 

transfer of γ-phosphate and nucleotide monophosphate from a nucleotide substrate to hydroxyl 

groups of aminoglycosides respectively but AAC enzymes acetylate amino groups derived from 

acetyl coenzyme A (acetyl-CoA)
7
. Genes encoding the most general modifying enzymes in K. 

pneumoniae include aac (6′)-I, aac (6′)-II, ant (2″)-I, and aph (3′)-VI. Resistance to amikacin and 

tobramycin is induced by aac (6′)-I while gentamicin and tobramycin resistance is conferred by 

aac (6′)-II and ant (2″)-I genes. Beside that aph (3′)-VI gene inactivates amikacin
8
. Modification 

of 16S rRNA(posttranscriptional) leading to loss of affinity and gives high-level resistance 

arbekacin, amikacin, kanamycin, tobramycin and gentamicin
9
. Among 85 different 

aminoglycoside-modifying enzymes, only the enzymes including ANT(2′′)-I, AAC(6′)-I, AAC(3)-

I, AAC(3)-II, AAC(3)-III, AAC(3)-IV and AAC(3)-VI, appear to be major leading cause of 

aminoglycoside resistance 
10

. The aim of this study was to investigate occurrence of 

aminoglycoside resistance and prevalence of resistance-modifying enzyme encoding genes, 

aac(6’)-Ib and acc(3)-IIa in K. pneumoniae isolated from Clinical samples in Urmia hospitals 

(Iran). This study is the first evaluation about aac(6’)-Ib and aac(3)-IIa genes frequency in K. 

pneumoniae and aminoglycoside resistance in north west of Iran(Urmia). 

MATERIALS AND METHOD 

Bacterial isolates 

From May 2013 to January 2014, 212 isolates of K. pneumoniae were collected from Urmia 

teaching hospitals. The isolates were obtained from different clinical specimens including urine, 
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trachea, wound, sputum, blood and various secretions. Isolates were obtained from patient in 

intensive care unit, internal, neurosurgery, infectious, neurology and general surgery wards. 

Bacterial identification was done by conventional microbiological tests. 

Antimicrobial susceptibility testing  

Antimicrobial susceptibility assay was done by disk diffusion method on Mueller-Hinton agar, 

according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI)(11). The 

following antimicrobial agents were used: amikacin(30µg), gentamicin(10µg), kanamycin(30µg), 

netilmicin(30µg) and tobramycin(10µg) (Mast diagnostic, Bottle Merseyside, U.K.). 85 

aminoglycoside resistant isolates were subjected to further investigations 

Screening for aminoglycoside resistance encoding genes 

Detection of aminoglycoside resistance encoding genes aac(6’)-Ib and aac(3)-IIa was performed 

by PCR method using specific oligonucleotide primers (Table 1). Fresh bacterial colonies were 

suspended in 400 mL of sterile distilled water and boiled at 100
0C

 for 10 min, then stored in -20
0C 

for 15 min. After centrifugation in 10000rpm for 5 min, 2 µL of supernatant was used for PCR 

assays. Multiplex PCR steps were followed : Initial denaturation at 95
o
C

 
for 4 min followed by 35 

cycles of denaturation at
 
94

 o
C for 45 sec, annealing at 55

 o
C for 35 sec, and extension at 72

 o
C for 

60 sec with a final extension at 72
 o
C for 10 min. Amplification of DNA was performed in thermal 

cycler (Eppendrof, Germany). PCR elongation times and temperature conditions were described in 

Table 1. PCR products were visualized by electrophoresis in 1.5% agarose gel 
12-15

. 

Table 1: Primers used for PCR detection of aac(6’)-Ib and acc(3)-IIa genes 

Gene Primer size Annealing 

temperature 

Ref: 

Aac(6’)-Ib F: 5′-ATG ACT GAG CAT GAC CTT G-3′ 524bp 
53°C 

This study 

R: 5′-AAG GGT TAG GCA ACA CTG-3′ 

Acc(3)-IIa F: 5- CGGAAGGCAATAACGGAG- 3  749 bp 
53°C 

This study 

R: 5 -TCGAACAGGTAGCACTGAG -3  

Abbreviations; aac(6’)-Ib: The aminoglycoside 6'-N-acetyltransferase type Ib, aac(3)-IIa: The 3-N-

aminoglycoside acetyl transferase type IIa. 

RESULTS AND DISCUSSION 

Bacterial isolates 

A total of 212 clinical isolates were collected from patient admitted to different wards of Urmia 

teaching hospitals, Iran. The isolates were obtained from different clinical specimens including 

urine, trachea, wound, sputum, blood and various secretions at the rate of 180(84.9%), 3(1.4%), 

2(0.9 %), 20(9.5%),6( 2.8 %) and1( 0.5 %) respectively. The isolates were obtained from patients 

http://www.ajptr.com/


Samadi et. al., Am. J. PharmTech Res. 2015; 5(5)  ISSN: 2249-3387 

329 www.ajptr.com 

 

in intensive care unit, internal, neurosurgery, infectious, neurology and general surgery wards. 

45.8% of patients were males and 54.2% were females. Eighty-five isolates were resistant to 

aminoglycosides including gentamicin 26.9%, tobramycin 21.2%, kanamycin 21.2%, netilmicin 

4.7% and amikacin 6.1% (Figure 1). Only 5 isolates (2.36%) were resistant to all of 

aminoglycoside antibiotics. The results indicated that high rate of antibiotic resistance were seen in 

strains isolated from urine to Gentamicin (57 isolates), Kenamycin and tobramycin (45 isolates) 

(Table 2). 

 

Figure 1: The antimicrobial resistance rate of 212 K. pneumoniae isolates to antibiotics: 

amikacin, gentamicin, tobramycin, netilmicin and kanamycin determined by the disk 

diffusion method 

Table 2: Resistance to single and multiple antibiotics and resistance genes 

Antibiotic Percent of resistance* Percent of Genes in resistant strain** 

  IIa Ib IIa & Ib 

GM 26.9 80.7 72.2 71.93 

K 21.2 62.2 68.9 48.89 

AK 6.1 42.2 30.8 23.1 

TOB 21.2 80 88.9 77.77 

NET 4.7 60 60 50 

GM&K 14.15 70 66.7 56.67 

GM&AK 6.13 46.2 30.8 23.08 

GM&TOB 17.45 86.5 89.2 86.5 

GM&NET 4.72 60 60 50 

GM&K&AK 5.66 41.7 25 16.67 

GM&K&AK&TOB 2.83 33.3 50 33.3 
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GM&K&AK&TOB&NET 2.35 40 60 40 

K&AK&TOB&NET 2.35 40 60 40 

K & AK & TOB 2.83 33.3 50 33.3 

K&TOB&NET 3.3 57.1 71.4 57.1 

K&AK 5.66 41.7 25 16.67 

* Percent of resistance to antibiotics is calculated from all samples (212 sample). ** Percent of 

Genes is calculated in resistant strain for mentioned antibiotic.(resistant samples isolates with 

screening method for antibiotics). 

PCR for detection of aminoglycoside resistance genes 

All of Eighty five resistant isolates to aminoglycosides were tested for detection of aac(6’)-Ib and 

aac(3)-IIa in multiplex procedure. aac(6')-Ib was amplified by PCR with primers F: 5′-

ATGACTGAGCATGAC CTT G-3′ and R: 5′-AAGGGTTAGGCAACACTG-3′ to produce a 524 

bp product. aac(3')-IIa was amplified by PCR with primers F: 5′-CGGAAGGCAATAACGGAG-3′ 

and R: 5′- TCGAACAGGTAGCACTGAG -3′ to produce a 749 bp product. Our results indicated 

that Gentamicin resistant isolates had high frequency of resistance genes aac(6’)-Ib (n=44,72.2%), 

aac(3)-IIa(n=46,80.7%). 80 %( n=36) and 88.9 % ( n=40) of resistant isolates to Tobramycin had 

aac (3)-IIa and aac(6’)-Ib genes respectively. In total 72.9 % (n=62) and 74.1 % (n=63) of 

resistance strains had aac (3)-IIa and aac(6’)-Ib genes respectively and 58.8 % ( n=50) of strains 

had both aac (3)-IIa and aac(6’)-Ib genes. 

 

Figure 2: Electrophoresis of PCR product of resistant genes from k. pneumoniae resistant 

isolates on 1% agarose gel, L (Ladder 100 bp), column 4 of aac(6’)-Ib gene(524bp), column 6 
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aac(3’)-IIa gene (749bp). Column 3 is positive control and column 1 is negative control for 

two mentioned genes. 

The increasing prevalence of multidrug-resistant Gram-negative nosocomial bacteria has created 

severe therapeutic challenges. Resistance to aminoglycosides is also common, particularly among 

K. pneumoniae, due to the acquisition of several aminoglycoside-modifying enzymes. In current 

study, the highest antibiotic resistance occurred to Gentamicin (n=57, 26.9%) and the lowest was 

to Netilmicin (n=10, 4.7%). Previous studies about mechanisms of aminoglycoside resistance have 

indicated that aminoglycoside-modifying enzymes, including AAC, APH and ANT are among the 

primary mechanism of resistance
16

. It should be noted that, because of narrow efficiency against 

substrate and low specifity, these enzymes alone cannot induce resistance to all aminoglycosides. 

Because enzymes that modify gentamicin have weak activity against amikacin and because 

amikacin was developed from kanamycin for prevention the access of various kanamycin-

modifying enzymes to their target points, amikacin resistance is observed at low prevalence among 

members of Enterobacteriaceae. In study conducted by Shah cheraghi et al., resistance to 

Gentamicin and Amikacin was 11% and 14% respectively
17

 and in Willikie et al research, the 

resistance rate to Gentamicin, Amikacin, Tubramycin and Netilmicin was 48%, 0.8%, 39.8% and 

13% respectively that are in agreement with the results of present study
18

. 

The results of Diaze PQ et al showed that the resistance rate to Gentamicin and Amikacin was 65% 

and 47% respectively
19

 and Rastegar lari et al reported that 72%, 71% and 86% of Klebsiella 

isolates was resistant to Gentamicin, Amikacin and Tobramycin respectively
20

. In comparison of 

mentioned authors works about aminoglycoside resistance with the results of current study, we can 

concerned about differences in geographical positions, diagnostic methods, type of isolates and 

pattern of prescription of Antibiotics specially Aminoglycosides by physicians. In our study 

13(6.1%) isolates were amikacin resistant that 6 (42.2%) isolates contained the aac(3’)-IIa and 4 

(30.8%) isolates contained aac(6’)-Ib Genes. The gene aac(3)-IIa presents the AAC(3)-II 

aminoglycoside resistance pattern phenotype, The gene aac(3)-IIa, originally identified in R 

plasmids
21

, accounts for 85% of the AAC(3)-II phenotype, according to reports
10, 22

. The AAC (3)-

VI resistance pattern includes resistance to Gentamicin
5,23

. aac(3)-VI gene that occurs rarely 

among clinical isolates was initially cloned from a conjugative plasmid of E. cloacae
23

. The amino 

acid sequence that raised from this gene, shares 50% amino acid similarity with the aac(3)-IIa 

gene
24

. In Diaz et al study, the prevalence of aac(3)-IIa and aac(6’)-Ib genes has been reported 

36% and 69% respectively
(19)

. In Liang et al study, the positive rates of AEMs genes, such as 

aac(3)-IIa and aac(6’)-Ib were 30.2% and 19.8% respectively (4). Among various studies, there 
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were increases and decreases between these genes prevalence, maybe because of difference in 

strains and resources those strains evaluated from them. 

CONCLUSION 

The present study revealed a high prevalence of aac (3)-IIa and aac(6’)-Ib genes among K. 

pneumoniae isolates in Urmia. Resistance to aminoglycosides is affected by many factors, 

including amount of enzyme that modify the drug, penetration rate of antibiotic into bacterial site 

and efflux pumps. Our results showed the high prevalence of aminoglycoside resistance in K. 

pneumoniae isolates. The acetyl transferase modifying enzymes have the major role in resistance 

and there is a notable relationship between incidence of aminoglycoside resistance and presence of 

aminoglycoside resistance genes. 
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