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Abstract:

This study aimed to determine the presence of Verona integron-encoded metallo-β-lactamase-2 (VIM2) 

gene among clinical Pseudomonas aeruginosa isolates.   All studied isolatese were collected from patients admitted 

at Phramongkutklao Hospital, Bangkok, Thailand in 2009.  The included P. aeruginosa isolates for this study were 

imipenem or meropenem non-susceptible strains according to Clinical and Laboratory Standards Institute.  The 

antimicrobial susceptibility testing was determined using disk diffusion.  VIM2-gene detection was assessed 

by polymerase chain reaction technique.  Three hundred and three carbapenem non-susceptible P. aeruginosa 

isolates (CNS-PA) were included.  One hundred and sixty two (53.46%) were detected metalo-betalactamase 

production.  Thirty-eight out of 303 CNS-PA isolates (12.54%) harboring bla
VIM2

 gene
 
were detected phenotypic 

production of metalo-betalactamase.  Thus, bla
VIM2

 gene partially plays a role for carbapenem resistance, however, 

most studies on CNS-PA isolates did not include study on genes.  There should be further investigation on the 

carbapenem resistance mechanisms.
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นิพนธต์น้ฉบบั

การตรวจหายนี bla
vim-2

 ใน Pseudomonas aeruginosa ที่ด้ือต่อยากลุม่ 
carbapenem ที่แยกไดจ้ากโรงพยาบาลพระมงกฎุเกลา้ ประเทศไทย
สุดาลกัษณ ์ ธญัญาหาร1   วชิยั  สนัตมิาลวีรกลุ2 และ อญัชล ีวศิวโภคา3

1คณะเทคนิคการแพทย ์วทิยาลยันครราชสมีา   2ภาควชิาเภสชักรรม คณะเภสชัศาสตร ์มหาวทิยาลยัศิลปากร   3ภาควชิาชวีเคม ีวทิยาลยัแพทยศาสตรพ์ระมงกฎุเกลา้

บทคดัย่อ

การศึกษาครัง้น้ีมวีตัถปุระสงค ์เพือ่ตรวจหา Verona integron-encoded metallo-β-lactamase-2 (VIM2) gene จาก

เชื้อ Pseudomonas aeruginosa ทีแ่ยกไดจ้ากผูป่้วยในโรงพยาบาลพระมงกฎุเกลา้ ประเทศไทย ในปี พ.ศ. 2552  โดยทกุสายพนัธุ ์

เป็นเชื้อทีไ่มไ่วต่อยา imipenem หรือ meropenem จากการทดสอบดว้ยวธิี disk diffusion และแปลผลตามมาตรฐาน CLSI ได ้

ท�ำการทดสอบหายนี VIM-2 โดยใชว้ธิี polymerase chain reaction technique (PCR)  ผลการศึกษา พบวา่เชื้อ P. aeruginosa ที ่

ไมไ่วต่อยากลุม่ carbapenem (CNS-PA) มจี�ำนวนทัง้หมด 303 สายพนัธุ ์ โดยพบมกีารสรา้ง metalo-betalactamase  จ�ำนวน162 

สายพนัธุ ์(รอ้ยละ 53.46) และตรวจพบมยีนี bla
VIM-2

 จ�ำนวน 38 สายพนัธุ ์
 
คิดเป็นอตัรารอ้ยละ 12.54 (38/303)  โดยพบวา่ทกุสาย

พนัธุท์ีม่ยีนี bla
VIM-2

  ตรวจพบวา่มกีารสรา้ง metalo-betalactamase  สรุปไดว้า่ยนี bla
VIM-2 

 น่าจะเป็นกลไกหน่ึงทีม่บีทบาทในการ

ท�ำใหเ้กดิการ
 
ด้ือยากลุม่ carbapenem ในครัง้น้ี อย่างไรกต็ามการศึกษาเชื้อ CNS-PA ส่วนใหญ่ยงัไมค่่อยมกีารศึกษาเกีย่วกบัยนี

มากนกัจงึควรมกีารศึกษาเพิม่เตมิต่อไปในเรือ่งกลไกการด้ือยากลุม่ carbapenem ของเชื้อกลุม่น้ี 

ค�ำส �ำคญั:	 l Carbapenem  l Carbapenemase  l Minimum inhibitory concentration

			   l Verona integron-encoded metallo-β-lactamase
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Introduction

Pseudomonas aeruginosa, a Gram-negative bacteria, 

is a major cause of either acute or chronic infections, 

especially in patients who have an immunocompromised 

status or chronic airway diseases and need admission 

to intensive care unit.  P. aeruginosa can cause various 

symptoms in many organs/systems including the upper 

and lower respiratory tract, urinary tract, bloodstream, 

skin and soft tissue, bone and joint, and eyes1.  The 

high impact of P. aeruginosa infection on morbidity and 

mortality might be explained by the patient’s immune 

status, severity of acute illness in clinical presentation, 

virulent factors of pathogens, and its antibiotic resistance2-4. 

Particularly for carbapenemase carrying P. aeruginosa, 

the bacteremic patients with Verona Integron-encoded 

Metallo-β-lactamase (VIM) significantly showed 28-day 

all-cause mortality rate (42.5%) higher than those with 

negative-VIM P. aeruginosa isolates (19.6%)5. 

At present, P. aeruginosa has increased its resistance 

to many antimicrobials agents.  Multi-mechanism of 

drug resistances has been reported for P. aeruginosa 

including enzyme destroying or modifying antibiotic 

structure, loss of porin, efflux pump, and alteration of 

target drug6.

Metallo-β-lactamases (MBL), carbapenemase enzyme 

classified in Amber class B, were mostly found in P. 

aeruginosa expressing carbapenem resistance.  The 

two previous studies in Thailand reported the presence 

of VIM-2 in P. aeruginosa7,8.  However, they could not 

find bla
VIM2

 gene in carbapenem-resistant P. aeruginosa 

isolates9.  Thus, the three previous studies in Thailand 

have diversely reported VIM-2 gene in P. aeruginosa. 

Herein, our study determined the presence of the VIM-2 

genes in clinical P. aeruginosa isolates to understand 

the gene being responsible for carbapenem resistance.

Materials and methods

The studied strains

The studied P. aeruginosa were obtained from clinical 

specimens of patients admitted at Phramongkutklao 

Hospital, Bangkok, Thailand in 2009.  This study was 

approved by the Ethical Review Committee of the Royal 

Thai Army Medical Department (approval no. S019h/52).

The P. aeruginosa isolates were cultured on Trypticase 

Soy Agar (TSA) at 37ºC and were then identified from 

colony characteristics and standard biochemical testing. 

The included carbapenem non-susceptible P. aeruginosa 

isolates (CNS-PA) for this study were non-repeated clinical 

strains exhibiting either imipenem or meropenem resistance 

by Kirby-Bauer disk diffusion test according to Clinical 

and Laboratory Standards Institute (CLSI).  The pure 

P. aeruginosa isolates were kept at -70ºC until tested.  

Determination of antibacterial susceptibility

The phenotypic activity of carbapenems (imipenem 

and meropenem) against CNS-PA isolates was determined 

as minimum inhibitory concentration (MIC) using the 

E-test (Biomerieux, MA, USA).  The culture conditions 

such as agar, temperature, and time to susceptibility 

interpretation were followed by CLSI. The P. aeruginosa 

ATCC 27823 as the reference strain was used for the 

quality control of antimicrobial testing. 

Phenotypic detection of metallo-beta-lactamase producing 

strains

We performed the phenotypic detection of metallo-

beta-lactamase (MBL) producing strains by ethylenedia-

minetetraacetic acid (EDTA) disk synergy test12.  A 

McFarland no. 0.5 turbidity of studied CNS-PA isolates 

was inoculated on a Mueller-Hinton agar plate.  After 

drying, 10 μg of imipenem disk, 10 μg of meropenem 

disk, and a blank disk impregnated with 1.5 mg were 

placed 10 mm apart from edge to edge.  After overnight 

incubation, the presence of an enlarged zone of inhibition 

of imipenem or meropenem disk nearest EDTA disk was 

interpreted as MBL-producing CNS-PA.
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Detection of bla
VIM-2

VIM-2-gene detection was assessed by polymerase chain 

reaction (PCR) technique.  The regrowth P. aeruginosa 

isolates on TSA was used.  The DNA from cell of P. 

aeruginosa isolates was extracted by boiling the cell 

in 1 mL of deionized water for 15 minutes in a water 

bath, and then centrifuging for 15 minutes at 3,000 rpm. 

The bla
VIM2

 gene was detected by PCR, using specific 

a couple of primers (VIM-2 F; 5’-ATG TTC AAA CTT 

TTG AGT AAG -3’ and VIM-2 R; 5’- CTA CTC AAC 

GAC TGA GCG-3’) 13. 

The 25 µL PCR mixture consisted of 1 µL of DNA 

extraction, 1 µL of each primer (20 µM), forward and 

reward, 0.5 µL of dNTP (10 mM), 0.75 µL of MgCl
2
 (50 

mM), 2.5 µL of Buffer (10 X), 0.10 µL of Tag polymerase 

(5U), and 18.15 µL of DNase-free water.

The PCR conditions were firstly denaturation at 94ºC 

for 5 minutes, followed by 30 cycles of 94ºC for 60 

seconds, annealing temperature at 55 ºC for 60 seconds, 

extension period of 72ºC for 60 seconds, and lastly final 

extension at 72ºC for 5 minutes.  All PCR procedures were 

conducted in Thermocycler (Alpha Cycler4, PCRmax, UK). 

The PCR amplicons were visualized by electrophoresis 

on 1% agarose gels stained with ethidium bromide. 

The target gene of bla
VIM2

 in the studied isolates was 

compared with the reference strain having by size of 

801 base-pair, as shown in Figure 1.

Results

During 12-month study period, 303 CNS-PA isolates 

were included. Among 303 CNS-PA isolates, they showed 

universally non-susceptible to imipenem (intermediate 

2.6% and resistant 97.4%) but 53 out of 303 CNS-PA 

isolates (17.5%) remained susceptible to meropenem.

With 303 CNS-PA isolates, the presence of MBL 

production revealed 162 isolates detected by disk synergy 

test.  Among 162 MBL positive isolates, the bla
VIM2

 gene 

in the 38 studied P. aeruginosa isolates (12.5%) was 

detected by PCR.  The MIC range (MIC50) for imipenem 

and meropenem were: 4->32 µg/mL (16 µg/mL) and 

2->32 µg/mL (16 µg/mL), respectively. 

Discussion

Among studied 162 clinical P. aeruginosa isolates 

with MBL production, 38 out of them carried only bla
VIM-2

. 

Our finding was similar to a previous study conducted in 

Thailand revealing the P. aeruginosa carrying bla
VIM-2

7,8, 

and our study with P. aeruginosa isolates collected in 

2009.  This finding was consistent with earlier findings 

from our setting that Pungcharoenkijkul et al reported 

P. aeruginosa isolate carried the bla
VIM

 metallo-beta-

lactamase gene14.  However, the other carbapenemase 

genes such as IMP-1 and IMP-14 were also reported in 

Thailand7-9.  Thus, the remaining strains with no bla
VIM-2 

but positive for MBL production must be further studied 

in the other types of carbapenemase.

Figure 1 PCR detection of the presence of VIM-2 gene in 

Pseudomonas aeruginosa isolate (PMK004) at 801 bp and 

the absence VIM-2 gene in three isolates (PMK001-003). 

Ladder molecular size markers (size (bp) are indicated on 

the left margin; DW, distilled water as a negative control; 

VIM as a positive control; PMK001-004, test samples.
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Moreover, our findings and previous studies also 

confirmed that bla
KPC

 or bla
NDM

 in P. aeruginosa were 

not reported in Thailand.  These carbapenemase genes 

have been scarcely and recently reported in Singapore10 

and Bahrain11 for NDM and Columbia15 and Canada16 for 

KPC.  However, the emerging of bla
KPC

 or bla
NDM

 among 

clinical P. aeruginosa isolates has to be closely monitored.

Nevertheless, the other mechanisms of carbapenem 

resistance were not determined in our study.  Several 

previous reports in Thailand have shown the depletion 

of OprD porin protein among clinical CR-PA isolates8,17. 

The isolates were resistant to imipenem but susceptible 

to meropenem, producing less OprD protein 3-5 times 

comparing with the P. aeruginosa wild type strains. 

Moreover, the isolates without OprD porin production 

showed both of imipenem and meropenem resistance17.

The mechanism of resistance in P. aeruginosa is not 

only porin losing but also efflux pump.  Khuntayaporn 

et al. revealed that the decreased expression of OprD 

was a predominant mechanism followed by increased 

expression of efflux pump system such as MexAB-OprM 

and MexXY.  Whereas, IMP-1, IMP-14 and VIM-2 as MBL 

were detected in one third of P. aeruginosa isolates8. 

At present, many beta-lactamase inhibitors e.g. avibactam 

or vaborbactam could suppresse the enzyme activity 

categorized in class A, class C, and some enzymes in 

class D beta-lactamases according to Amber classification, 

whereas there is no effect of inhibitor on class B-enzyme 

(MBL).  Thus, our studied strains harbouring bla
VIM2

 

could not inhibit by such beta-lactamase inhibitors. 

This is a challenging treatment for investigating a novel 

β-lactamase inhibitor against MBL producing pathogens18. 

In conclusion, we revealed the bla
VIM2

 gene harbouring 

in clinical P. aeruginosa isolates.  However, the other 

mechanisms and carbapenemase genes other than bla
VIM2 

will continue to be closely monitored.

Acknowledgement

The authors are thankful to Phramongkutklao College 

of Medicine for financial support and providing required 

facilities for this research.

References
1.	 Botelho J, Grosso F, Peixe L.  Antibiotic resistance in Pseudomonas 

aeruginosa - Mechanisms, epidemiology and evolution.  Drug 

Resist Updat. 2019;44, 100640.

2.	 Pena C, Gomez-Zorrilla S, Oriol I, Tubau F, Dominguez MA, 

Pujol M, et al.  Impact of multidrug resistance on Pseudomonas 

aeruginosa ventilator-associated pneumonia outcome: predictors 

of early and crude mortality.  Eur J Clin Microbiol Infect Dis. 

2013;32(3):413-20.

3.	 Samonis G, Vardakas KZ, Kofteridis DP, Dimopoulou D, Andrianaki 

AM, Chatzinikolaou I, et al.  Characteristics, risk factors and 

outcomes of adult cancer patients with extensively drug-resistant 

Pseudomonas aeruginosa infections.  Infection. 2014;42:721-8.

4.	 Sanchez-Diener I, Zamorano L, Pena C, Ocampo-Sosa A, Cabot 

G, Gomez-Zorrilla S, et al.  Weighting the impact of virulence on 

the outcome of Pseudomonas aeruginosa bloodstream infections. 

Clin Microbiol Infect. 2020;26:351-7.

5.	 Persoon MC, Voor In’t Holt AF, Wielders CCH, Gommers D, 

Vos MC and Severin JA.  Mortality associated with carbapenem-

susceptible and Verona Integron-encoded Metallo-beta-lactamase-

positive Pseudomonas aeruginosa bacteremia.  Antimicrob Resist 

Infect Control. 2020;9:25.

6.	 Katvoravutthichai C, Boonbumrung K, Tiyawisutsri R.  Prevalence 

of beta-lactamase classes A, C, and D among clinical isolates of 

Pseudomonas aeruginosa from a tertiary-level hospital in Bangkok, 

Thailand.  Genet Mol Res. 2016;15, 15038706.

7.	 Piyakul C, Tiyawisutsr, R, Boonbumrung K.  Emergence of metallo-

beta-lactamase IMP-14 and VIM-2 in Pseudomonas aeruginosa 

clinical isolates from a tertiary-level hospital in Thailand.  Epidemiol 

Infect. 2012;140:539-41.

8.	 Khuntayaporn P, Montakantikul P, Santanirand P, Kiratisin P, 

Chomnawang MT.  Molecular investigation of carbapenem 

resistance among multidrug-resistant Pseudomonas aeruginosa 

isolated clinically in Thailand.  Microbiol Immunol. 2013;57:170-8.

9.	 Boonkerd N, Pibalpakdi P, Tiloklurs M, Niumsup PR.  Class 1 

integron containing metallo beta-lactamase gene blaIMP-1 in 

carbapenem-resistant Pseudomonas aeruginosa in Thailand. 

J Infect Chemother. 2009;15:257-61.



Sudaluck Thunyaharn, et al.178

Royal Thai Army Medical Journal  Vol. 74  No. 3  July-September 2021

10.	 Chew KL, Octavia S, Ng OT, Marimuthu K, Venkatachalam I, 

Cheng B, et al.  Challenge of drug resistance in Pseudomonas 

aeruginosa: clonal spread of NDM-1-positive ST-308 within a 

tertiary hospital.  J Antimicrob Chemother. 2019;74:2220-4.

11.	 Joji RM, Al-Rashed N, Saeed NK, Bindayna KM.  Detection of 

VIM and NDM-1 metallo-beta-lactamase genes in carbapenem-

resistant Pseudomonas aeruginosa clinical strains in Bahrain. 

J Lab Physicians. 2019;11:138-43.

12.	 Lee K, Chong Y, Shin HB, Kim YA, Yong D, Yum JH.  Modified 

Hodge and EDTA-disk synergy tests to screen metallo-beta-

lactamase-producing strains of Pseudomonas and Acinetobacter 

species.  Clin Microbiol Infect. 2001;7:88-91.

13.	 Poirel L, Naas T, Nicolas D, Collet L, Bellais S, Cavallo JD, et al. 

Characterization of VIM-2, a carbapenem-hydrolyzing metallo-

beta-lactamase and its plasmid- and integron-borne gene from a 

Pseudomonas aeruginosa clinical isolate in France.  Antimicrob 

Agents Chemother, 44, 891-7.

14.	 Pungcharoenkijkul S, Traipattanakul J, Thunyaharn S, Santimalee-

woragun W.  Antimicrobials as Single and Combination Therapy 

for Colistin-Resistant Pseudomonas aeruginosa at a University 

Hospital in Thailand.  Antibiotics (Basel). 2020;9:475.

15.	 Pacheco T, Bustos-Cruz RH, Abril D, Arias S, Uribe L, Rincon 

J, et al.  Pseudomonas aeruginosa Coharboring BlaKPC-2 and 

BlaVIM-2 Carbapenemase Genes.  Antibiotics (Basel). 2019;8:98. 

16.	 Walkty A, Alexander DC, Karlowsky JA., Nichol K, Embil J.  Report 

of a KPC-producing Pseudomonas aeruginosa isolate in Canada. 

J Antimicrob Chemother. 2019;74:1748-9. 

17.	 Naenna P, Noisumdaeng P, Pongpech P, Tribuddharat C.  Detection 

of outer membrane porin protein, an imipenem influx channel, 

in Pseudomonas aeruginosa clinical isolates.  Southeast Asian J 

Trop Med Public Health. 2010;41:614-24.

18.	 Wright H, Bonomo RA, Paterson DL.  New agents for the treatment 

of infections with Gram-negative bacteria: restoring the miracle 

or false dawn?  Clin Microbiol Infect. 2017;23:704-12.


