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ABSTRACT 

Infections with K. pneumoniae are usually hospital-acquired and occur 

mostly in individuals with a weakened immune system. The incidence 

of infections caused by multidrug-resistant Klebsiella strains has 

increased and be as serious problem. The present study is an attempt 

for molecular diagnosis of K. pneumoniae presence in samples patients 

and medical waste (Laboratory waste, Holocaust and outpatient clinics 

waste) by using of Polymerase chain reaction (PCR) technique using 

ramA and acrA genes. A total 160 samples were collected from 80 

patients included (Urine, Blood, and Sputum) who attend to Baghdad 

city and 80 medical waste samples included (30 Laboratory waste, 40 

the Holocaust and 10 outpatient clinics waste) to sum up, 115out of  

160 specimens were detected for K. pneumoniae. Results obtained were 77% positive for the 

primer (acrA) and gave 100% positive results for the (ramA) which gave a fact that the ramA 

gene is ideal for detection of K. pneumoniae in different samples. This study presented high 

specificity and sensitivity for the diagnosis of Multidrug resistant K. pneumoniae strains 

using the PCR technology which is cheaper and faster than the classical methods currently 

used in the hospitals. 
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INTRODUCTION 

Klebsiella is among the Gram negative pathogens most commonly encountered in hospital-

acquired infections (Chan et al., 2009). As opportunistic pathogens, Klebsiella spp. primarily 

attack immunocompromised individuals who are hospitalized and suffer from sever 

underlying diseases such as diabetes mellitus or chronic pulmonary obstruction (Chien-Ko et 
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al., 2002). Klebsiella frequently cause human nosocomial infections, which is a common 

hospital-acquired pathogen causing severe respiratory infections such as pneumonia, other 

infections caused by this organism include urinary tract infection, wound infection, abscesses 

and diarrhea (Feizabadi et al., 2008). Although found in the normal flora of mouth, skin and 

intestines but can cause the destructive changes to human lungs if aspirated (Ryan and Ray, 

2004). Efflux pumps are transport proteins that responsible for acquired resistance to various 

antibiotics based on the chromosomal or plasmids sources of the efflux genes (Van et al., 

2000). One of the efflux systems involved in resistance phenotype is the AcrAB multidrug 

efflux system that in K. pneumoniae is encoded by the acrRAB operon. In this operon, acrA 

encode a periplasmic lipoprotein of 40 kDa, anchored to the inner membrane that bridges the 

outer and inner membranes and an integral membrane protein of 113.5 kDa with 12 

membrane-spanning α-helices, located in the cytoplasmic membrane, respectively 

(Domenech-Sanchez  et al., 2001). The acrA gene is coding the membrane fusion protein 

AcrA which is a membrane fusion protein build up an efflux pump whose overexpression 

leads to fluoroquinolone resistance (Mazzariol et al., 2002; Szabó et al., 2006).The AcrA 

efflux pump is play majore roles in multidruge resistance in K.pneumoniae by excreting 

antibiotics from different class including floroquinolones, It's associated in change the 

permeability of the bacterial membrane by antibiotics extrusion to external environment, thus 

the intracellular concentration of antibiotic reduces and the resistance to antibiotic will 

happen (Peleg et al., 2007).The ramA was originally discovered in K. pneumoniae by George 

et al (1995).  It is thought to form an operon with a gene specifying the outer membrane 

protein RomA. The regulator RamA can also induce acrA expression and reduce 

antimicrobial susceptibility (Chollet et al., 2004; Ruzin et al., 2005; Keeney et al., 2007). 

This study has supported the PCR technique as a rapid and specific method for the 

identification of K. pneumoniae isolates by using primers specific (ramA and acrA) genes. 

 

MATERIAL AND METHODS 

Antimicrobial susceptibility testing 

Antimicrobial susceptibility testing was performed by disk diffusion method according to 

National Committee for Clinical Laboratory standards (NCCLs) guideline. Each Klebsiella 

pneumoniae isolate was tested for susceptibility to twenty (20) different antibiotics including 

Ampicillin, Carbenicillin, Pipracillin, Amoxicillin / Clavulania acid, Cefotaxime, 

Ciprofloxacin, tetracycline, Nalidixic acid, Norfloxacin, Aztreonam, Kanamycin, 
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levofloxacin, Ceftriaxone, Ceftazidime, Streptomycin, Gentamicin, tobramycin, Amikacin, 

Imipenem, Meropenem. 

 

Genomic DNA extraction 

This procedure was done by using commercially available DNA extraction and purification 

kit (Geneaid Genomic DNA extraction Kit) .The procedure was explained in details in user’s 

manual. 

 

Polymerase chain reaction (PCR) 

Amplification of ramA and acrA fragments were done by using polymerase chain reaction 

method. A 499bp (ramA gene), as well as 495 bp (acrA gene), were amplified by PCR using 

forward and reverse primers according to Schneiders et al., (2003) and Pakzad et al., (2013(.  

Specific primers for ramA gene (ramA-F, 5´- GGGTCGCCGATAAGACGC- 3´ and ramA-R, 

5´-GCTGGGCGCCATTGAGTAT-3´). 

  

Specific primers for acrA gene(acrA-F,5´-ATGAACAAAAACAGAGG-3´and acrA-R, 5´- 

TTTCAACGGCAGTTTTCG- 3´).  

 

PCR reaction was performed in mixtures (by BioNeer, Korea) containing 1.5 μM MgCl2, 250 

μM dNTPs, 1 U Tag DNA polymerase, 30 µM KCl, 10 µM  Tric-HCl (pH 9.0), 10 pmoll¯¹ 

of each primer, 5µl DNA template, AccuPower® PCR Premix  and distilled water up to final 

mixture volume of 20µl and ramA primer was done as follow: initial denaturation step at 

95°C for 5min followed by 30 cycles consisting of denaturation (94°C for 50 sec.), 

annealing(56°C for50 sec.) and extension (72°C for 1min), followed by afinal extension step 

at 72°C for 5min. PCR products were analyzed by electrophoresis in a 2% vw¯¹agarose gel 

with ethidium bromide at constant voltage (10v/cm) for 30 minutes to test the amplification 

success (Othman et al., (2102 . While acrA peimer was done as follow: initial denaturation 

step at 94°C for 5min followed by 30 cycles consisting of denaturation (94°C for 1min), 

annealing(42°C for 1min) and extension (72°C for 1min), followed by afinal extension step at 

72°C for 5min. PCR products were analyzed by electrophoresis in a 2% vw¯¹ agarose gel 

with ethidium bromide at constant voltage (10v/cm) for 30 minutes to test the amplification 

success (Othman et al., (2102 . at an optimized annealing temperature that was determined for 

each primer. 
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RESULT AND DISCUSSION 

Results declared that all isolates K.pneumoniae have been multidrug resistant. The resistance 

of medical waste isolates to ciprofloxacin and tetracycline were higher than resistance of 

clinical isolates due to heavy antibiotic use hospital waste contains larger numbers of 

ciprofloxacin and tetracycline antibiotics and this leads to the development of resistant strains 

to antibiotics as well as the possibility of acquiring genetic factors.  

 

The primers ramA and acrA were amplified with DNA fragment, which is used as a template 

for PCR reaction. The PCR amplification was confirmed by running 10μl of PCR product 

along with 100bp DNA marker in 2 agarose gel. The amplified PCR products (ramA and 

acrA) were visualized as a single band of expected size under the UV with the marker, which 

were 499bp for ramA and and 495bp for acrA (Figure 1 and 2). 

 

Figure (1): Gel electrophoresis of PCR product of ramA gene for K. pneumoniae using 

2% agarose gel at 70Volt for 45min.  Lane 1: 100bp DNA ladder; Lane (2-9): positive 

results for ramA gene. Lane 10: Negative control. 

 

 
Figure (2): Gel electrophoresis of PCR product of acrA gene for K. pneumoniae using 

2% agarose gel at 70Volt for 1hour. Lane 1: 100-bp DNA ladder; Lane (2, 5, And 6): 

positive result for acrA gene; Lane 3, 4: Negative control. 

500bp 

http://www.wjpr.net/


www.wjpr.net                                   Vol 4, Issue 06, 2015.                                            

            

 

326 

Fatma et al.                                                           World Journal of Pharmaceutical Research 

All samples show positive results for presence of ramA gene. Our results obtained from the 

use of ramA gene were not compatible with (Schneiders et al., 2003) since there were 30% 

positive of ramA gene because our strain K. pneumoniae was multidrug resistant (MDR) 

strains. Studies that concerned in transposon insertion mapping classified the ramA gene as a 

related to MDR, Transcription of ramA was detected in fluoroquinolone-resistant clinical 

isolates of K. pneumoniae (Ruzin et al., 2005; Emma Padilla et al., 2010). Genes encoding 

MDR pumps are normal constituents of bacterial chromosomes and thus provide to bacteria 

the intrinsic potential to develop the MDR phenotype without acquisition of antibiotic 

resistance genes, the activation of multidrug efflux pump genes by mutations or induction 

caused by stress of exposure to xenobiotics results in overexpression of pumps (George, 

1996; Grkovic et al., 2001). The expression of ramA plays a role in conferring resistance to 

various classes of antibiotics including chloramphenicol, fluroquinolones and the 

tetracyclines (Elkins and Nikaido, 2002). While results obtained from the use of acrA gene 

were (77%) which compatible with Pakzad et al., (2013). But the study of Schneiders et al., 

(2003)   was incompatible with our results were shown 5 positive results out of 10 which 

reached to(50%) because in our study all samples showed positive results for presence of 

ramA gene. The overexpression of acrA is linked to the increased level of transcription of 

ramA. Increased AcrAB efflux pump expression in fluoroquinolone-resistant K.pneumoniae 

strains was caused by overexpression of the transcriptional regulator ramA (Schneiders et al., 

2003). Ruzin et al (2005) observed that ramA over-expression correlated with acrAB 

overexpression, leading to the premise that acrAB may be under the transcriptional control of 

ramA. AcrAB efflux system belongs to the resistance-nodulation-division (RND) family of 

transporters and utilizes the outer membrane protein TolC.Substrates for this efflux system 

has included fluoroquinolones, chloramphenicol and tetracycline (Nikaido, 1996). As showed 

in our study clinical isolates were resemble the medical waste isolates in genome content, this 

result were expected because of most of medical waste resources is completely came from 

material that used in detection, diagnosis and treatment for patient infected with clinical 

isolates. 
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