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ABSTRACT: Due to annually recurring mass gatherings in Makkah, Saudi Arabia could be 

a hot spot for the collection of multidrug-resistant strains such as Pseudomonas aeruginosa 

(P. aeruginosa). The various genotypes of extended spectrum beta-lactamases (ESBLs) are 

SHV, TEM, CTX-M types VEB, PER, BEL-1, BES-1, ESBL enzymes in P. aeruginosa. The 

present study aimed to identify the prevalence these genes in P. aeruginosa isolates in Makkah 

hospitals. A total of 108 non-duplicated P. aeruginosa clinical isolates were identified in 

Makkah hospitals. ESBL production was confirmed using double disc synergy methods. All of 

ESBLs producer's isolates were submitted to PCR technique for detection for various ESBLs 

genes. Selected strains were subjected to whole genome sequencing.  About 28 (25.9%) of P. 

aeruginosa isolates were confirmed as ESBL producers. Also, 78.6% of ESBLs producer 

carried blaGES gene while blaPER, blaCTX-M, bla VEB, blaOXA-10, blaOXA-4 genes 

appeared in 22.4%, 10.7%, 10.7%, 7.1% and 3.6% respectively. It was concluded that the 

incidence of ESBLs encoding genes among P. aeruginosa isolates in Makkah is near to the 

global prevalence. Continuous surveillance is essential to monitor the ESBLs producing P. 

aeruginosa. Also introduction of whole genome sequencing was found to be useful for both 

species and resistance genes identification. 
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INTRODUCTION   

P.aeruginosa is an opportunistic pathogen that persists in both community and hospital settings 

due to its ability to survive on minimal nutritional requirements and to tolerate a variety of 

physical conditions (Lister et al., 2009). It is capable of infecting virtually all tissues and 

becoming a major cause of morbidity and mortality.  The infections in hospitals mainly affect 

the patients in intensive care units and those having catheterization, burn, and/or chronic 

illnesses (Yetkin  et al., 2006). P. aeruginosa is naturally susceptible to carboxypenicillins, 

ceftazidime and aztreonam; however, it can acquire resistance to third generation 

cephalosporins. P. aeruginosa is intrinsically resistant to several antimicrobial drug classes and 

can rapidly develop resistance to other drugs during chemotherapy, making medical treatment 

difficult and ineffective. The most frequent mechanism by which this occurs is through the 

constitutive hyperproduction of AmpC b-lactamase (so called stable derepression)( Bagge et 

al., 2002). The development of Beta -lactam resistance in P. aeruginosa can be caused by 

several mechanisms: (a) genetic mutations that lead to stable overexpression of AmpC, a 

chromosome-mediated cephalosporinase; (b) acquisition of transferable genes that code for a 

variety of Beta-lactamases; (c) overproduction of efflux systems; and (d) reduced permeability 

(Livermore, 2002). ESBL are Plasmid mediated enzymes that hydrolyze the oxyimino β 

monobactams (aztreonam) but have no effect on the cephamycins (cefoxitin, cefotitan) and the 
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carbapenems (Imipenem) but they are inhibited by clavulanic acid and tazobactam (Livermore, 

1995). The various genotypes of ESBLs are the SHV, TEM, CTX-M types VEB, PER, BEL-

1, BES-1, SFO-1, TLA, and IBC (Olowe and Adefioye, 2014).  ESBL enzyme-encoding genes 

SHV-2a and TEM-42 have been found in P. aeruginosa, (Falagas and Karageorgopoulos, 

2009, Jacoby and Munoz-Price, 2005) ). In P. aeruginosa other enzymes that were identified 

like PER (mostly in clinical isolates from Turkey), VEB (from South-East Asia, France and 

Bulgaria), GES/IBC (France, Greece and South Africa) and BEL types. The annual Hajj to 

Makkah in Saudi Arabia is considered one of the largest annually recurring religious mass 

gatherings in the world. Saudi Arabia could be a hot spot for the collection of multidrug-

resistant  strains such as P. Aeruginosa (Yezli et al., 2014). Previous data from Saudi Arabia 

suggest that VEB and OXA-10-like enzymes are also frequent ESBLs in P. aeruginosa from 

Saudi Arabia, in accordance with reports from the Middle East, South East Asia, and parts of 

Europe (Strateva  and Yordanov, 2009; Mirsalehian et al., 2010;Yezli et al., 2015). The present 

study aimed to identify the prevalence of genes responsible for ESBLs production in P. 

aeruginosa isolates in Makkah hospitals.  

 

MATERIAL AND METHODS 

 A total of 108 non-duplicated P. aeruginosa clinical isolates were identified in Makkah 

hospitals during March-November 2014. ESBL production was confirmed among 28 strains 

by double disc synergy methods. DNA was prepared by guanidium thiocyanate extraction as 

previously described (Pitcher et al., 1989). All of ESBLs producers isolates were submitted to 

PCR technique to detection for some genes; bla TEM, bla SHV, bla CTX-M , bla OXA-1 bla 

OXA-4, bla OXA-10   bla VEB, bla GES, bla PER (encoded for some extended spectrum β- 

lactamases) (Table 1). The primers used in this study were obtained from IDT Integrated DNA 

technologies (IDT, Belgium). Amplification of DNA was performed using Master cycler 

Personal Thermal Cycler (Eppendorhoff, Germany) PCR was carried in 50μl PCR reaction 

volumes containing 4 μl of template DNA, 1μl (100 pmol) of each primer and a 25μl of Taq 

PCR Master Mix (promega company ). Two multiplex reactions, the conditions of the first one 

include bla TEM, bla SHV, bla OXA-4, bla OXA-10 and bla VEB conditions were as 

following: pre-denaturation at 94°C for 4 minutes, followed by 35 amplification cycles of 94°C 

for 1 minute, 55°C for 1 minute and 72°C for 1.5 minutes, with a final extension step of 72°C 

for 5 minutes. The conditions of the second reaction include blaGES, blaCTX-M and blaPER 

conditions were as following: pre-denaturation at 94°C for 4 minutes, followed by 35 

amplification cycles of 94°C for 1 minute, 50°C for 1 minute and 72°C for 1.5 minutes, with a 

final extension step of 72°C for 5 minutes. Amplified PCR products were detected by agarose 

gel electrophoresis. A DNA marker (Promega/USA) was run with each gel. 

DNA Sequencing 

Bacterial cells of 4 selected P. aeruginosa strains which were positive four ESBLs genes (2 

blaGES and 2 blaOXA-10) for whole genemoe sequencing. Fresh cultures of these strains were 

used for DNA extraction. DNA quantity and quality were determined using Qubit® 

(Invitrogen, Applied Bio systems, USA), and Agilent Bio analyzer 2100 using 1000 DNA Chip 

(Agilent Inc., USA). Libraries for whole genome DNA sequencing were prepared using 

Illumina NexteraXT Library Preparation Kit and samples were barcoded using NexteraXT 

Index Kit (Illumina Inc., USA). P. aeruginosa genomes were sequenced in Illumina MiSeq 
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using pair ends protocol and version-2 500 cycles nano kit. The quality of pair ends sequence 

reads were checked by FastQC (BaseSpace Labs, Illumine Inc., USA). 

De novo assembly of P. aeruginosa genomes were done using SPAdes Genome Assembler 3.0 

(Algorithmic Biology Lab, St. Petersburg, Russia). Assembled contigs were used for 16s rRNA 

based species identification using Species Finder 1.0 Server from The Center for Genomics 

Epidemiology (http://www.genomicepidemiology.org/). Antibiotics resistance mechanisms of 

P. aeruginosa were predicted by mapping of assembled contigs and pair ends sequence reads 

against The Comprehensive Antibiotic Resistance Database (CARD), which was downloaded 

from Michael G. DeGroote Institute for Infectious Disease Research, McMaster University.  

Table 1. Primers used in the study 

Gene Primer Sequence (5′ to 3′) size Ref  

 

Bla VEB 

VEB-1(F) CGACTTCCATTTCCCGATGC 643 

 

(Lee et al., 

2005) VEB-1(R) GGACTCTGCAACAAATAC GC 

 

Bla GES 

GES-1(F) ATGCGCTTCATTCACGCAC 860 

  

(Poirel et al., 

2001)  GES-1(R) CTATTTGTCCGTGCTCAGG 

 

Bla CTX-

M 

CTX-M(F) CGCTTTGCGATGTGCAG 550 

  

(Bonnet et al., 

2000)  CTX-M(R) ACCGCGATATCGTTGGT 

 

Bla OXA-4 

OXA-4(F) TCAACAGATATCTCTACTGTT 216 

  

(AL-Thwani, 

2013)  OXA-4(R) TTTATCCCATTTGAATATGGT 

 

Bla OXA-

10 

OXA-10(F) TCAACAAATCGCCAGAGAAG 277 

  

(Bert  et al., 

2002)  OXA-10(R) TCCCACACCAGAAAAACCA 

 

Bla PER 

PER-1(F) AATTTGGGCTTAGGGCAGAA 925 

  

(Lee et al., 

2005)  PER-1(R) ATGAATGTCATTATAAAAGC 

 

Bla TEM 

TEMF ATGAGTATTCAACATTTCCGTG 840 

  

(Sidjabat et 

al., 2009)  TEMR TTACCAATGCTTAATCAGTGAG 

 

Bla SHV 

SHV S1 ATTTGTCGCTTCTTTACTCGC 1051 

  

(Sidjabat et 

al., 2009)  SHV S2 TTTATGGCGTTACCTTTGACC 
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Figure 1: The ESBL genes after PCR on 2% agarose gel electrophoresis. Lane 1: 

Control negative. Lane 2; positive blaPER, Lanes 3 and 4; positive blaVEB, blaCTX-M, 

blaOXA-10 and blaOXA-4; Lane 5: positive blaGES, ; positive blaVEB and blaOXA-

10; Lane M: 100-bp DNA ladder. 

Table 2 Resistance Gene Database of four selected samples after whole genome 

sequencing 

Sample1 

Genes 

Sample2 

Genes 

Sample3 

Genes 

Sample4 

Genes 

aac(3)-Ic aac(6') aph(3')-IIb aph(3')-IIb 

aac(6') aph(3')-IIb blaOXA blaOXA 

aph(3')-IIb aph(3')-XV blaPAO blaPAO 

blaGES blaGES cat cat 

blaOXA blaOXA fosA fosA 

blaPAO blaPAO   

cml cat   

cmlA fosA   

fosA sul1   

sul1 tet(G)   

 

RESULTS AND DISCUSSION 

About 28 (25.9%) of P. aeruginosa isolates were confirmed as ESBL producers. ESBLs 

enzymes are primarily produced by the Enterobacteriaceae family in particular Klebsiella 

pneumonia and Escherichia coli and can be carried on chromosomes or plamids, (Falagas and 

Karageorgopoulos, 2009). They could also be produced by P. aeruginosa (Jacoby and Munoz-

Price, 2005). The results of the present study is near to Aggarwal et al. (2008), who reported 

that 20.27% of  P. aeruginosa  isolates that were ESBLs producers. Also that’s very close to 

Sheikh et al. (2015) and Peshattiwar and Peerapur., (2011) who reported (25.13%) and 

(22.22%) respectively. In the present study, the results of ESBLs genes detection showed that 

78.6% of ESBLs producer of P. aeruginosa  strains carried blaGES gene (Figure 1) while 

blaPER, blaCTX-M, bla VEB blaOXA-10, blaOXA-4 genes appeared in 22.4%, 10.7%, 
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10.7%, 7.1% and 3.6% respectively (Figure 1). The bla TEM, bla SHV, didn’t appeared in any 

isolate of ESBLs producer P. aeruginosa  strains .  GES is a known class-A ESBL in P. 

aeruginosa. A GES-1 producing P. aeruginosa isolate was detected in Brazil while GES-2, 

was described from South Africam (Sidjabat et al., 2009; Castanheira et al., 2004).  In similar 

study,  AL-Thwani et al., (2013) reported that  OXA-10 gene in 100% of  P. aeruginosa isolates 

while detected 39.2% for OXA-4 and VEB-1 was found in 71.4% of the  ESBL positive 

isolates. Bert et al., (2002) reported that PCR detected only in 26.3% while Strateva et al. 

(2007) reported that blaVEB-1 was detected in 33.1%, blaPER-1 0%, blaOXA-I in  41.3% . 

Shacheraghi et al., (2010) reported that blaVEB-1 was detected in 100% while blaCTX-M, , 

blaPER-1, blaGES-1, blaOXA-1, blaOXA-4 and blaOXA-10 genes were detected in the 

2.43%, 68.3%,  24.4%, 70.7%, 17.1% and  92.7% of the ESBL producing isolates respectively. 

Similarly, Picão  et al., (2009) found  GES-1 and CTX-M-2 were of 16.3% and 4.6% 

respectively. Whole genome sequencing of selected P. aeruginosa strains confirmed the 

presence of ESBL genes which were detected by PCR and revealed no mutation in the 

restriction sites of the above genes (Table 2). Additional genes responsible for resistance of 

antibiotics other than third generation of cephlosphoreins were detected by the whole genome 

sequencing such as Aminoglycoside, Fosfomycin, Phenicol and other Beta-lactam which are 

beyond the scope of the present study. We can conclude that bla GES gene was the most 

common ESBL genes and none of bla TEM, bla SHV genes appeared in any isolate. The 

incidence of ESBLs encoding genes among P. aeruginosa isolates in Makkah is near to the 

global prevalence. Therefore it seems that continuous surveillance is essential to monitor the 

ESBLs producing P. aeruginosa in Makkah hospitals. Introduction of whole genome 

Sequencing is useful to identify both species and resistance genes in in P. aeruginosa organism. 

 

REFERENCES  

Aggarwal, R.; Chaudhary, U. and Bala, K (2008). Detection of extended-spectrum β-lactamase 

in Pseudomonas aeruginosa. Indian J. Pathol. Microbiol. 51:222-224. 

AL-Thwani A N, AL-Kaisse I A. Saqaar R A (2013). Molecular Identification of ESBL Genes 

blaOXA-10 ,blaVEB-1and blaOXA-4 in Pseudomonas aeruginosa Strains Isolated from 

Burn’s Patients by PCR. International Journal of Medical Sciences and Health Care. 1 (8 

):801  

Bagge, N., Ciofu, O., Hentzer, M., Campbell, J. I., Givskov, M. & Hoiby, N (2002). 

Constitutive high expression of chromosomal blactamase in Pseudomonas aeruginosa 

caused by a new insertion sequence (IS1669) located in ampD. Antimicrob Agents. 

Chemother. 46: 3406–3411. 

Bert F, Branger C, Zechovsky NL (2002). Identification of PSE and OXA β- lactamase genes 

in Pseudomonas aeruginosa using PCR-restriction fragment length polymorphism. 

Antimicrob Chemother . 50:11–8.  

Bonnet, R., J. L. M. Sampaio, R. Labia, C. De Champs, D. Sirot, C. Chanal, and J. Sirot (2000). 

A novel CTX-M β-lactamase (CTX-M-8) in cefotaxime-

resistant Enterobacteriaceae isolated in Brazil. Antimicrob. Agents 

Chemother.  44:1936–1942. 

Castanheira M., Mendes R.E., Walsh T.R (2004). Emergence of the extended-spectrum beta-

lactamase GES-1 in a Pseudomonas aeruginosa strain from Brazil: Report from the 

SENTRY Antimicrobial Surveillance Program. Antimicrob Agents Chemother. 48: 

2344-2345. 

http://www.eajournals.org/


European Journal of Biology and Medical Science Research 

Vol.3, No.6, pp.12-18, December  2015 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 
  

17 
ISSN 2053-406X(Print) ISSN 2053-4078(Online) 

Falagas M E, Karageorgopoulos D En (2009). Extended-spectrum β-lactamase-producing 

organisms,” Journal of Hospital Infection. 73(4):345–354,. 

Jacoby G A, Munoz-Price L S (2005). “The new beta-lactamases,” The New England Journal 

of Medicine. 352(4):380–391. 

Lee S, Park YJ, Kim M, Lee HK, Han K, Kang CS, et al. (2005). Prevalence of Ambler class 

A and D beta-lactamases among clinical isolates of Pseudomonas aeruginosa in Korea. J 

Antimicrob Chemother. 56:122e7. 

Lister P D,  Wolter D J, Hanson N D (2009). Antibacterial-Resistant Pseudomonas aeruginosa: 

Clinical Impact and Complex Regulation of Chromosomally Encoded Resistance 

Mechanisms. Clin Microbiol Rev. 22 (4): 582–610. 

Livermore D.M (1995). Beta-lactamases in laboratory and clinical resistance. Clin Microbiol 

Rev. 8:557-84. 

Livermore DM (2002). Multiple mechanisms of antimicrobial resistance in Pseudomonas 

aeruginosa: our worst nightmare? Clin Infect Dis. 34:634e40. 

Mirsalehian, A., Feizabadi, M., Nakhjavani, F. A., Jabalameli, F., Goli, H. & Kalantari, N 

(2010). Detection of VEB-1, OXA-10 and PER-1 genotypes in extended-spectrum b-

lactamase-producing Pseudomonas aeruginosa strains isolated from burn patients. Burns. 

36:70–74. 

Olowe OA , Adefioye S (2014). Understanding extended spectrum betalactamases in clinical 

settings. Review update. International Journal of Medical and Applied sciences. 3(3):51-

61 

Peshattiwar P D and Peerapur B V (2011). ESBL and MBL Mediated Resistance in 

Pseudomonas Aeruginosa. Journal of Clinical and Diagnostic Research. 5(8): 1552-1554 

Picão RC, Poirel l, Gales AC, Nordmann P (2009). Diversity of beta-lactamases produced by 

ceftazidime-resistant pseudomonas aeruginosa isolates causing bloodstream infections 

in brazil. Antimicrob Agents Chemother. 53:3908-3913. 

Pitcher D, Saunders N, Owen R (1989). Rapid extraction of bacterial genomic DNA with 

guanidium thiocyanate. Lett Appl Microbiol.  8:151–156.  

Poirel L, Weldhagen GF, Naas T, Champs C, et al. (2001). GES-2, a class A β- lactamase from 

Pseudomonas aeruginosa with increased hydrolysis of imipenem. Antimicrob Agents 

Chemother .45:2598-2603. 

Shacheraghi F, Shakibaie M R, Noveiri H (2010). Molecular Identification of ESBL Genes 

blaGES-1, blaVEB-1, blaCTX-M blaOXA-1, blaOXA-4, blaOXA-10 and blaPER-1 in 

Pseudomonas aeruginosa Strains Isolated from Burn Patients by PCR, RFLP and 

Sequencing Techniques. International Scholarly and Scientific Research & Innovation.  

4(1):1009-1013   

Shaikh S, Fatima J, Shakil S, Mohd S. Rizvi D , Kamal M A (2015). Prevalence of multidrug 

resistant and extended spectrum beta-lactamase producing Pseudomonas aeruginosa in a 

tertiary care hospital. Saudi Journal of Biological Sciences. 22:62–64.  

Sidjabat H E., Paterson D L. , Adams-Haduch J M., Ewan L., Pasculle A W. Muto C A. , Tian 

G-B and Doi Y (2009). Molecular Epidemiology of CTX-M-Producing Escherichia coli 

Isolates at a Tertiary Medical Center in Western Pennsylvania. Antimicrob Agents 

Chemother. 53(11): 4733–4739. 

Strateva T, Yordanov D (2009) Pseudomonas aeruginosa – a phenomenon of bacterial 

resistance. J Med Microbial. 58(Pt 9):1133-48. 

Strateva, T, Ouzounova-Raykova, V, Markova, B, Todorova, A, Marteva-Proevska, Y., Mitov 

I (2007). Problematic clinical isolates of Pseudomonas aeruginosa from the university 

http://www.eajournals.org/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lister%20PD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wolter%20DJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hanson%20ND%5Bauth%5D


European Journal of Biology and Medical Science Research 

Vol.3, No.6, pp.12-18, December  2015 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 
  

18 
ISSN 2053-406X(Print) ISSN 2053-4078(Online) 

hospitals in Sofia, Bulgaria: current status of antimicrobial resistance and prevailing 

resistance mechanisms. J. of Med Microbiol. 56(7): 956–963. 

Yetkin G, Otlu B, Cicek A, Kuzucu C, Durmaz R (2006). Clinical, microbiologic, and 

epidemiologic characteristics of Pseudomonas aeruginosa infections in a university 

hospital, Malatya, Turkey. Am J Infect Control. 34: 188-192. 

Yezli, S., Shibl, A. M., Livermore, D. M. & Memish, Z. A (2014). Prevalence and antimicrobial 

resistance among Gram-negative pathogens in Saudi Arabia. J Chemother . 26: 257–272. 

Yezli, S., Shibl, A. M., Memish, Z. A (2015). The molecular basis of b-lactamase production 

in Gram-negative bacteria from Saudi Arabia. Journal of Medical Microbiology. 64:127–

136.  

http://www.eajournals.org/

