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ABSTRACT 
 

Pseudomonas aeruginosa is a common gram-negative pathogen in nosocomial infections in immune-

compromised patients. It exhibits high rates of intrinsic resistance to many classes of antibiotics, 

especially β-lactam antibiotics. Production of extended-spectrum β-lactamase (ESBL) and genes 

belonging to the carbapenem-hydrolyzing class D subgroup β-lactamases (CHDL) are a problem for 

increasing antibiotic resistance worldwide. This study aimed to identify P. aeruginosa containing the 

VEB and OXA-23 genes, which are the genes that cause antibiotic resistance in gram-negative 

bacteria. There are eighty-five clinical isolates from various types of clinical samples identified as P. 

aeruginosa and tested for antimicrobial susceptibility using VITEK 2 compact. VEB and OXA-23 

genes were detected using the Polymerase Chain Reaction (PCR) method. The PCR results revealed 

that 13 (15.3%) of P. aeruginosa isolates were positive OXA-23 gene, but no isolate was positive for 

the VEB gene in P. aeruginosa isolates. The study results demonstrated the spread of the OXA-23 

gene that was proven to be present and distributed in P. aeruginosa isolates in Makassar, South 

Sulawesi. 
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INTRODUCTION 

Pseudomonas aeruginosa is a Gram-

negative pathogen that causes life-

threatening nosocomial infections in 

immunocompromised patients.1 

Pseudomonas aeruginosa is included in the 

critical priority pathogen resistance category 

to many classes of antibiotic agents which 

require urgent new antibiotic intervention.1,2 

The development of pathogen resistance is 

due to selective suppression of mutations in 

chromosomal genes leading to broad-

spectrum beta-lactamase (ESBL) production, 

oprD inactivation or repression, AmpC 

hyperexpression, and overexpression of the 

efflux pump, which ultimately leads to 

treatment failure.3,4  

β-lactamases are classified into four 

classes by Ambler: A, B, C, and D, and have 

been found in P. aeruginosa.5 The 

Vietnamese extended-spectrum β-lactamase 

(VEB) gene, one of class A β-lactamase, 

encodes a rare enzyme responsible for broad-

spectrum cephalosporin resistance and  is 

linked to high levels of resistance to 

ceftazidime, cephems, and monobactams,.6,7 

Oxacillinase (OXA) or OXA type 

enzyme belongs to class D β-lactamase. This 

enzyme can hydrolyze oxacillin much faster 

than penicillin and benzylpenicillin. 350 

OXA-type enzymes are genetically distinct 

among gram-negative bacteria, widely 

distributed, and responsible for most 

antibiotic resistance.8,9 Since one more 
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decade ago, OXA enzymes with 

carbapenemase activity have increased and 

become a global public health crisis. OXA-

23 belongs to the class D β-lactamase with 

carbapenemase activity which was first 

reported in Scotland; this gene was detected 

in Acinetobacter baumanii isolates mediated 

by a plasmid.9,10 OXA-23 could cause 

resistance to carbapenems like meropenem 

(MRP), doripenem (DRP), and imipenem 

(IMP).11  

The distribution of VEB and OXA-23 

genes has been widely reported in P. 

aeruginosa, but studies of these genes in P. 

aeruginosa isolates from Makassar have not 

been reported. Therefore, it is essential to 

detect this gene for infection control 

purposes and explain the epidemiology 

existence among isolates obtained in Dr. 

Wahidin Sudirohusodo Hospital, Makassar. 
 

MATERIAL AND METHODS 

Bacterial Isolates 

Eighty-five stored isolates of P. 

aeruginosa, which originated from patients 

in the Clinical Laboratory of Dr. Wahidin 

Sudirohusodo Hospital, were isolates derived 

from various clinical samples, namely urine, 

sputum, blood, pus, gastric lavage, bronchial 

washings, ascitic fluid, pleural fluid, ear 

secretions, and tissue which was identified 

using VITEK 2 Compact. 

All isolates were revived by inoculation 

into MacConkey agar and incubated at 37ºC 

overnight. The colonies that grew were 

confirmed as isolates of P.aeruginosa. 

Testing samples were carried out from 

March 2021 to August 2021 at the 

Universitas Hasanuddin Hospital 

Laboratory.  

 

 

Antimicrobial Susceptibility Test 

P. aeruginosa isolates were tested for 

antimicrobial susceptibility using VITEK 2 

Compact (bioMérieux, France) and AST 

cards (GN93 and N317). 

 

 

 

DNA Extraction 

The DNA Extraction process followed 

the instructions on the gSync DNA 

Extraction Kit (Geneaid Biotech Ltd). DNA 

extraction was started by making bacterial 

suspension (Mac Farland Bacteria 0.5 – 1) in 

an Eppendorf tube, centrifuged for 5 minutes 

at a speed of 300 x g, discarding the 

supernatant then resuspend cells in 200 ul of 

PBS by pipette, added 20 µl of Proteinase K 

then mix by pipetting, and incubated for 5 

minutes at 60ºC. Cells lysed by adding 200 

µl of GSB buffer, incubated at 60°C for 20 

minutes, where every 5 minutes vortexed. 

200 µl of ethanol was added in the DNA 

binding step, then mixed for 10 seconds, put 

it into the GS Column in a 2 ml collection 

tube, centrifuged for 1 minute at 14,000 – 

16,000 rpm, then discard the liquid in the 

collection tube. The sample was washed with 

400 µl of W1 Buffer and centrifuged for 30 

seconds at 14,000 – 16,000 rpm, discarded 

the liquid in the collection tube, 600µl  Wash 

Buffer was added and centrifuged for 30 

seconds at 14,000 – 16,000 rpm. Next, 

replace the collection tube with a new one 

and centrifuge for 3 minutes at 14,000 – 

16,000 rpm. Then, transfer the GS Column to 

a sterile Eppendorf tube in the elution stage 

and add 100 µl of the previously heated 

elution buffer. After that, centrifuged for 30 

seconds at 14,000 – 16,000 rpm, then 

discarded the GS Column. The liquid 

contained in the Eppendorf tube is a DNA 

product ready for PCR. 

 

Molecular Detection of blaVEB and blaOXA23 

Amplification reactions for blaVEB were 

prepared in a total volume of 25 µl 

containing 0.5 µl of forward primer (5'-

cgacttccatttcccgatgc-3’), 0.5 µl of reverse 

primer (5'-ggactctctgcaacaaatacgc-3’), 12.5 

µl of Go Taq Master Mix, 5.0 µl of DNA 

sample, and 6.5 µl of nuclease-free water. 

The following temperatures were used to 

detect the VEB gene: 95ºC for 5 minutes 

(Pre-Denaturation); 30 cycles of 95ºC for 1 

minute (denaturation), 54.6ºC for 1 minute 

(annealing), and 72ºC for 72 

minutes(extension); 72ºC for 10 minutes 
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(final extension).3 PCR amplification for 

blaOXA23 was carried out in a final reaction 

mixture of 25 µl containing 12.5 µl of Go 

Taq Master Mix, 0.5 µl for each primer 

(forward: 5'-gatcggattggagaaccaga-3’) and 

(reverse: 5'-atttctgaccgcatttccat-3’), 5.0 µl of 

DNA Sample, and 6.5 µl of nuclease-free 

water. The optimal conditions for the 

Detection of the blaOXA23 gene are with the 

following temperatures: 94ºC for 5 minutes 

(Pre-Denaturation); 30 cycles of 94ºC for 25 

seconds(denaturation), 52ºC for 40 

seconds(annealing), and 72ºC for 50 

seconds(extension); 72ºC for 5 minutes (final 

extension).12  Electrophoresis was processed 

with 2% agarose gel containing ethidium 

bromide (20 µl) at 50 V/cm for 180 minutes 

and detected by UV transillumination. 

 

RESULT 

Characterization of Specimens 

In the present research, 85 P. aeruginosa 

isolates grouped by gender were dominated 

by men (n = 54/63.5%), with the group 

mostly over 45 years (n = 46/54%), and the 

most clinical specimens were found in pus (n 

= 33/38.8%) and sputum (n = 26/30.6%). 

 

Table 1. Distribution of P. aeruginosa isolates according to gender, age group, and clinical 

specimens. 
Isolates Percentage (%) 

Gender  

Man 54(63,5%) 

Female 31(36,5%) 

Age group (year)  

Up to 11 11(13%) 

12 to 25 11(13%) 

26 to 45 17(20%) 

Over 45 46(54%) 

Clinical specimens  

Blood 5(5,9%) 

Pus 33(38,8%) 

Urine 3(3,5%) 

Sputum 26(30,6%) 

Ear secretion 3(3,5%) 

Sputum ETT 3(3,5%) 

And others 6(7,6%) 

*Others: gastric lavage, bronchial washings, ascitic fluid, and pleural fluid 

 

Phenotypic Test 

Antimicrobial susceptibility tests to several antibiotics revealed that doripenem and meropenem 

had the lowest resistance rates, with 15.3% and 16.5%, respectively, followed by imipenem and 

ceftazidime 18.8% and 27%, respectively (Table 2). 

 

Table 2. P. aeruginosa sensitivity test results in several types of antibiotics 
Antibiotic S(%) I(%) R(%) N(%) 

Ceftazidime 68,2% 4,7% 27% - 

Meropenem 78,8% 4,7% 16,5% - 

Imipenem 61,2% 1,2% 18,8% 18,8% 

Doripenem 64,7% 3,5% 15,3% 16,5% 

 

*S: Susceptible, I: Intermediate, R: Resistant, None: no phenotypic test 
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Genotypic Test 

The results of the PCR examination of P. aeruginosa isolates showed no VEB gene was found, 

and 13 (15.3%) isolates found the OXA-23 gene (Table 3). 

 

Table 3. Distribution of Genes Found in P. aeruginosa clinical isolates 

Gene Positive(%) 

blaVEB 0% 

blaOXA23 15,3% 

 
 

 

Figure 1. Electrophoresis results of the VEB gene PCR product with 643 bp marker., K-: negative 

control, K+: positive control (643 bp), and M: marker 100 bp: DNA ladder. 

 
 

Figure 2. Electrophoresis results of the OXA-23 gene PCR product with 501 bp marker. From left to 

right: PA41, PA42, PA65, PA69, PA70, PA73, PA74,  M 100 bp: DNA ladder, K Pos: positive 

control (501 bp), K Neg: negative control, PA81, PA82, PA83, PA84, PA85, and PA86. 
 

Figure 1 shows the absence of a specific 

band, which means that there is no VEB gene 

in P. aeruginosa isolates. Figure 2 shows the 

presence of specific bands corresponding to 

positive controls in samples PA41, PA42, 

PA65, PA69, PA70, PA73, PA74, PA81, 

PA82, PA83, PA84, PA85, and PA86, which 

means these samples were positive for the 

OXA-23 gene.  

 

DISCUSSION 

Pseudomonas aeruginosa is one bacteria 

that causes a difficult-to-treat infection due 

to its resistance to several clinically 

significant antibiotics, including third-
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generation cephalosporins, aztreonam, and 

imipenem.13 The increasing resistance of P. 

aeruginosa to several antibiotics due to over-

administration of antibiotics and its 

multifactorial resistance mechanisms, such as 

changes in target antibacterial agents, 

inactivation or inhibition of enzymes, 

overproduction by the efflux system, and loss 

of outer membrane porin.14,15  

In this study, resistance to carbapenem 

antibiotics (imipenem, doripenem, and 

meropenem) showed 16 isolates (18.8%), 13 

isolates (15.3%), and 14 isolates (16.5%), 

respectively. Meanwhile, resistance to 

cephalosporin antibiotics, namely 

ceftazidime, was in 23 isolates (27%). A 

study conducted in the Philippines in 2017 

yielded similar results, which stated P. 

aeruginosa  resistance to carbapenems, 

including meropenem (17.1%) and imipenem 

(16%).15 According to research in China 

from 2007 to 2014, there was a significant 

increase in carbapenem antibiotic resistance; 

meropenem (38.5% to 87.3%) and imipenem 

(42.3% to 86.2%). Meanwhile, the antibiotic 

ceftazidime in the last year was 14.3% to 

46.2%.14 According to studies from various 

countries, P. aeruginosa resistance to 

ceftazidime ranges between 10% and 50%.16 

Intensive and widespread use of 

carbapenems and cephalosporins led to 

increased resistance in clinical isolates of P. 

aeruginosa.16 

One of the global public health 

challenges and epidemiological scenarios is 

the spread of carbapenem antibiotic 

resistance among P. aeruginosa isolates. It is 

often associated with carbapenem-coding 

genes associated with endemic 

carbapenemase genes and the use of 

carbapenems in clinical medicine.17 The 

increased resistance to cephalosporin 

antibiotics can be attributed to the 

development of cephalosporinases among P. 

aeruginosa isolates. The emergence of 

cephalosporinases can affect their usefulness 

in clinical medicine, considering that 

cephalosporin antibiotics have a broad 

spectrum of activity in controlling several 

infections.18  

The results of the PCR test showed that 

there was no VEB gene (0%) which is one of 

the carriers of the ESBL resistance encoding 

gene. The spread of genes encoding 

extended-spectrum beta-lactamases (ESBL) 

is starting to worry because of the highly 

adaptive nature of the ESBL gene and the 

large number of variants that have emerged. 

The VEB gene has been reported in several 

countries in P. aeruginosa isolates, such as 

Thailand, Poland, Saudi Arabia, and 

Iran.1,13,18,19  On the contrary, in this study, 

none of the VEB genes were detected in 85 

isolates of P. aeruginosa. Similar results 

were also shown by a study conducted by 

Lee in 2015 in Korea, which did not find the 

presence of the VEB gene from 252 P. 

aeruginosa clinical isolates.20  

The absence of the VEB gene can be 

caused by the VEB gene belonging to the 

minor type of class A β-lactamase gene, 

which is unrelated to any of the three major 

ESBL identified—reported CTX-M, TEM, 

and SHV. In addition, the protein homology 

level of the VEB gene with the well-known 

class A beta-lactamase is less than 20%, 

while the PER-1 and PER-2 genes have the 

highest percentage of amino acid identity 

(38%).21,22  

This study detected 13 (15.3%) OXA 23 

genes in P. aeruginosa isolates. A study in 

Iran found similar results, reporting that 15 

(11.19%) of P. aeruginosa isolates contained 

the OXA-23 gene.11 Another study 

conducted in India using 74 P. aeruginosa 

clinical isolates reported that the PCR results 

showed 5 (6.7%) positive isolates of the 

OXA-23 genes.23  

The potential for decreased sensitivity 

of P. aeruginosa to carbapenem antibiotics is 

due to the OXA-23 resistance gene 

belonging to the carbapenem-hydrolyzing 

class D β-lactamases (CHDL) subgroup. It 

can be a clinical problem that needs attention 

that this gene can also be found in 

transferable elements. CHDL gene 

transmission between different bacterial 

strains may be caused by various gene 

transfer mechanisms such as horizontal gene 

transfer (including transposable elements). 
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This raises concerns about its spread which is 

likely to become a global problem 

threatening all countries and 

communities.11,24,25 The limitation of this 

research is the small number of samples 

collected because sampling occurred only at 

one place; nevertheless, it is hoped that more 

samples can be used in future research. 

 

CONCLUSION 

The results of the above research proved 

that the distribution of the OXA-23 gene was 

present in P. aeruginosa isolates using the 

PCR method. Furthermore, it is necessary to 

conduct an extensive surveillance study of 

gram-negative organisms producing VEB 

and OXA species in Indonesia to determine 

the prevalence of various VEB and OXA 

variants spread in Indonesia. 

 

ACKNOWLEDGMENTS 

The authors are thankful for the 

management of Dr. Wahidin Sudirohusodo 

Hospital-provided clinical isolates. This 

research was funded partially using the grant 

of the faculty of medicine in 2018 for 

the Department of Microbiology, Faculty of 

Medicine, Hasanuddin University. 
 

REFERENCES 

1  Laudy AE, Ró P, Smolińska-Kró K, 

Miel MC´, Słoczyńska A, Patzer J, 
Dzierżanowska D, Wolinowska R, 

Starościak B, Tyski S. Prevalence of 

ESBL-producing Pseudomonas 

aeruginosa isolates in Warsaw, Poland, 

detected by various phenotypic and 

genotypic methods. PloS one, 

2017;12(6): 1-15  

2  Hosu MC, Vasaikar SD, Okuthe GE, 

Apalata T. Detection of extended 

spectrum beta-lactamase genes in 

Pseudomonas aeruginosa isolated from 

patients in rural Eastern Cape Province, 

South Africa. Sci Reports, 2021; 11: 1–

8. 

3  Lin SP, Liu MF, Lin CF, Shi ZY. 

Phenotypic detection and polymerase 

chain reaction screening of extended-

spectrum β-lactamases produced by 

Pseudomonas aeruginosa isolates. J 

Microbiol Immunol Infect, 2012; 45: 

200–207. 

4  Kothari A, Kumar S, Omar BJ, Kiran K. 

Detection of extended‑spectrum 

beta‑lactamase (ESBL) production by 

disc diffusion method among 

Pseudomonas species from various 

clinical samples. J Fam Med Prim Care, 

2020; 9: 683–693. 

5  Zhao WH, Hu ZQ. β-Lactamases 

identified in clinical isolates of 

Pseudomonas aeruginosa. Critical 

reviews in microbiology, 2010;36(3): 

245-258 

6  Maurya AP, Talukdar A Das, Chanda 

DD, Chakravarty A, Bhattacharjee A. 

Integron-borne transmission of VEB-1 

extended-spectrum β-Lactamase in 

Pseudomonas aeruginosa in a tertiary 

care hospital in India. Antimicrob 

Agents Chemother, 2014; 58: 6966–

6969. 

7  Alikhani MY, Karimi Tabar Z, Mihani 

F, Kalantar E, Karami P, Sadeghi M, 
Khosroshahi SA, Farajnia S.  
Antimicrobial Resistance Patterns and 

Prevalence of blaPER-1 and blaVEB-1 

Genes Among ESBL-producing 

Pseudomonas aeruginosa Isolates in 

West of Iran. Jundishapur J Microbiol, 
2014; 7(1):e8888. 

8  Antunes NT, Lamoureaux TL, Toth M, 

Stewart NK, Frase H, Vakulenko SB. 

Class D-Lactamases: Are They All 

Carbapenemases?. Antimicrobial agents 

and chemotherapy, 2014; 58(4): 2119-

2125 

9  Leonard DA, Bonomo RA, Powers RA. 

Class D β-Lactmases: a Re-appraisal 

After Five Decades NIH Public Access. 

Acc Chem Res 2013; 46: 2407–2415. 

10  Poirel L, Naas T, Nordmann P. 

Diversity, epidemiology, and genetics of 

class D β-lactamases. Antimicrob 

Agents Chemother 2010; 54: 24–38. 

11   Rouhi S, Ramazanzadeh R. 

Prevalence of blaOxacillinase-23and 

blaOxacillinase-24/40-type 

Carbapenemases in Pseudomonas 

http://dx.doi.org/10.33533/jpm.v16i1.4144


                                          Jurnal Profesi Medika : Jurnal Kedokteran dan                             

ISSN 0216-3438 (Print). ISSN 2621-1122 (Online)                                                                                               Kesehatan 

 

 

Vol. 16 No 1 2022 DOI: http://dx.doi.org/10.33533/jpm.v16i1.4144                                                          30 

 

aeruginosa Species Isolated From 

Patients With Nosocomial and Non-

nosocomial Infections in the West of 

Iran. Iran J Pathol. 2018; 13(3): 348-

356. 

12  Woodford N, Ellington MJ, Coelho JM, 

Turton JF, Ward ME, Brown S, Amyes 

SGB, Livermore DM. Multiplex PCR 

for genes encoding prevalent OXA 

carbapenemases in Acinetobacter spp. 

Int J Antimicrob Agents, 2006; 27: 351–

353. 

13  Bokaeian M, Zahedani SS, Bajgiran MS, 

Moghaddam AA. Frequency of PER, 

VEB, SHV, TEM and CTX-M Genes in 

Resistant Strains of Pseudomonas 

aeruginosa Producing Extended 

Spectrum β-Lactamases. Jundishapur J 

Microbiol 2015; 8:e13783. 

14  Dou Y, Huan J, Guo F, Zhou Z, Shi Y. 

Pseudomonas aeruginosa prevalence, 

antibiotic resistance and antimicrobial 

use in Chinese burn wards from 2007 to 

2014. J Int Med Res. 2017; 45: 1124-

1137. 

15  Juayang AC, Lim JPT, Bonifacio AF 

V., Lambot AVL, Millan SM, Sevilla 

VZJN, Sy JKT, Villanueva PJ, Grajales 

CP, Gallega CT. Five-Year 

Antimicrobial Susceptibility of 

Pseudomonas aeruginosa from a Local 

Tertiary Hospital in Bacolod City, 

Philippines. Trop Med Infect Dis. 2017; 

2(3): 28-36. 

16  El Zowalaty ME, Al Thani AA, Webster 

TJ, El Zowalaty AE, Schweizer HP, 

Nasrallah GK, Marei HE, Ashour HM. 

Pseudomonas aeruginosa: arsenal of 

resistance mechanisms, decades of 

changing resistance profiles, and future 

antimicrobial therapies. Future 

Microbiology, 2015;10(10): 1683-1706. 

Available from : 

http://dx.doi.org/102217/fmb1548 

17   Yoon EJ, Jeong SH. Mobile 

Carbapenemase Genes in Pseudomonas 

aeruginosa. Front Microbiol. 2021; 12: 

30-51. 

18  Girlich D, Poirel L, Leelaporn A, Karim 

A, Tribuddharat C, Fennewald M, 

Nordmann P. Molecular epidemiology 

of the integron-located VEB-1 extended-

spectrum β-lactamase in nosocomial 

enterobacterial isolates in Bangkok, 

Thailand. J Clin Microbiol, 2001; 39: 

175–182. 

19  Tawfik AF, Shibl AM, Aljohi MA, 

Altammami MA, Al-Agamy MH. 

Distribution of Ambler class A, B and D 

β-lactamases among Pseudomonas 

aeruginosa isolates. Burns, 2012; 38: 

855–860. 

20  Lee S, Park YJ, Kim M, Lee HK, Han 

K, Kang CS, Kang MW. Prevalence of 

Ambler class A and D β-lactamases 

among clinical isolates of Pseudomonas 

aeruginosa in Korea. J Antimicrob 

Chemother, 2005; 56: 122–127. 

21  Naas T, Poirel L, Nordmann P. Minor 

extended-spectrum β-lactamases. Clin 

Microbiol Infect, 2008; 14: 42–52. 

22  Akinci E, Vahaboglu H. Minor 

extended-spectrum β-lactamases. Expert 

review of anti-infective therapy, 

2010;8(11): 1251-1258.  

23 Payasi A, Chaudhary M. Prevalence, 

Genotyping of Escherichia coli and 

Pseudomonas aeruginosa Clinical 

Isolates for Oxacillinase Resistance and 

Mapping Susceptibility Behaviour. J 

Microb Biochem Technol, 2014; 6: 

1948–5948. 

24  Esenkaya Taşbent F, Özdemir M. [The 

presence of OXA type carbapenemases 

in Pseudomonas strains: first report from 

Turkey]. Mikrobiyol Bul, 2015; 49: 26–

34. 

25  Walther-Rasmussen J, Høiby N. OXA-

type carbapenemases. J Antimicrob 

Chemother, 2006; 57: 373–383. 

  

http://dx.doi.org/10.33533/jpm.v16i1.4144

