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ABSTRACT

Background: Pseudomonas aeruginosa is considered as one of the most emerging threats in this
century. Serious infections caused by this pathogen are often treated by carbapenems which
are the last resource of antibiotics. Metallo-beta-lactamases (MBLs) production is one of the
most important carbepenem resistance mechanisms and is usually related with nosocomial
infections caused by P. aeruginosa. This study was aimed to determine the prevalence of MBL
genes and distribution pattern of MBLs producing P. aeruginosa strains in Thailand.

Materials and Methods: Specific primers were designed to detect MBL genes including
IMP-, VIM-, and NDM-type MBL genes. Multilocus sequence typing method was used to
determine the dissemination pattern of carbapenem-resistance among multidrug-resistant
(CR-MDR) P. aeruginosa.

Results: A total of 153 P. aeruginosa clinical isolates were characterized as CR-MDR. Among
those, 31 P. aeruginosa clinical isolates (20.3%) presented metallo-beta-lactamase genes which
could be divided into VIM-type (14 strains) and IMP-type (17 strains). blawp., blawpas, blanpiaa,
and blay,, genes were detected. Moreover, a novel IMP-type MBL, blayp.¢s Was discovered and
it was demonstrated to be the unique group of MBLs in Thailand. It was of interest that ST235
was the major ST type in Thailand followed by ST964 and ST111 and ST235 was detected in
both MBL harboring and non-MBL harboring strains.

Conclusion: This study reported the dissemination of MBL gene including novel MBL,
blayp.es. This study was also demonstrated major ST of P. aeruginosa which was ST235,
followed by ST964 and ST111. Moreover, it is also the first report on many P. aeruginosa STs in
Thailand: ST273, ST292, ST621, ST1584, and ST1816 which emphasized the dissemination
trait difference of MBLs harboring P. aeruginosa in Thailand.

Keywords: Pseudomonas aeruginosa; Beta-lactamases; Multilocus sequence typing;
Antibiotic resistance; ST235
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INTRODUCTION

Increasing of antibiotic resistance situations has raised an awareness around the world. A group
of bacteria which had been recognized as threats of this century was named Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and
Enterobacter species [1]. Recently, WHO announced 12 bacteria that posed the greatest threat to
human health. Among those, carbapenem-resistant Pseudomonas aeruginosa, Extended-spectrum
B-lactamase (ESBL)-producing carbapenem-resistant Enterobacteriaceae, and carbapenem-
resistant Acinetobacter baumannii were critical priority [2]. P. aeruginosa also belongs to this group
because its resistance mechanisms such as efflux pumps, loss of porins, and production of
beta-lactamase enzymes [3]. The overexpression of MBLs is also one of resistance mechanisms
frequently found in carbapenem-resistant P. aeruginosa especially in severe infection.

To discriminate differences between each bacterial strains, multilocus sequence typing
(MLST) is now recognized as a common tool using seven housekeeping genes [4]. This
method was firstly introduced in 1998 and demonstrated major advantages in both macro-
and micro-epidemiology with moderate to high discrimination power over many methods
[4]. MLST method has been used in many pathogenic bacteria including P. aeruginosa which
was introduced in 2004 [5]. Sequence type (ST) 235, ST111 and ST175 were considered as
the majority of P. aeruginosa clinical isolates [6]. In Asia, there were some studies reported
MLST of MBL-producing P. aeruginosa, mainly from China and Japan [710]. However, some
studies showed the difference in ST prevalence, such as ST244 in China [7-9]. ST357 also
demonstrated high prevalence as the second most ST [10, 11]. Even though MBLs producing
P. aeruginosa have been isolated in Thailand, only one study identified P. aeruginosa isolates
of ST235 harboring blayn, [12]. Therefore, the objective of this study was to investigate the
dissemination traits of P. aeruginosa harboring MBLs including novel types of MBLs, blayp.es,
collected from hospitals across Thailand.

MATERIALS AND METHODS

Carbapenems-resistant P. aeruginosa clinical isolates were collected from patients in eight
hospitals across five regions of Thailand with human ethical approval from Mahidol University
Institutional Review Board (Certificate No. MU-IRB 2011/025-0102). All hospitals are tertiary
or university hospitals. A total of 153 P. aeruginosa clinical isolates were characterized as
carbapenems resistance among multidrug resistance. Multidrug resistance (MDR) criteria

in this study was defined as non-susceptible to at least 3 of 5 drug groups which used in
Pseudomonas infection treatment including including anti-pseudomonal penicillin (piperacillin),
cephalosporin (ceftazidime), carbapenems (imipenem and meropenem), fluoroquinolone
(ciprofloxacin), and aminoglycoside (gentamicin). Carbapenems resistance (CR) was defined
by being non-susceptible to at least one carbapenem [13, 14]. The susceptibility of P. aeruginosa
clinical isolates was confirmed in the research laboratory by the disc diffusion method
according to the Clinical and Laboratory Standards Institute (CLSI) guidelines.

Phenotypic screening for metallo-beta-lactamase (MBL) enzyme was performed by diffusion
method divided into 2 major methods which were double-disk synergy test (DDST) and
combine disk test (CD) using EDTA as metallo beta-lactamase inhibitor [15].
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Metallo beta-lactamase genes were divided into 3 groups for IMP-type MBLs and 2 groups
for VIM-type MBLs depended on genotypic relationship of metallo beta-lactamase genes
[16]. NDM-type MBLs were also included in this study. Each set of primers were designed to
detect MBL genes in each group (Table 1). blayp, blayy, and blaypy, were used as controls.
Whole-cell lysates obtained from clinical isolates were used as DNA templates for IMP-, VIM-
and NDM-type MBLs detection by PCR method. All IMP-type PCR products were further
identified for specific types of IMP-gene by PCR with IMP-G, IMP-H and IMP-13 primers. All
PCR products were submitted for sequencing. Nucleotide sequences were compared with
sequence databases using BLAST (http://blast.ncbi.nlm.nih.gov/).

All CR-MDR P, aeruginosa were submitted for integronl detection by PCR method. The specific
primers, Intl-F and Intl-R, of integronl gene were used as previously described [17].

IMP-N primers were designed for a full gene amplification. blayp., was used as template
because new allele of MBLs present high similarity sequences to blayp.4. The new allele of
metallo-beta-lactamase sequence was translated to protein sequence by BioEdit program. A
full sequence of new metallo-meta-lactamase allele was submitted to assign as a novel allele
at NCBI database. DNA Sequences of novel allele were analyzed and compared with similar
sequences which were blawp.4, blanpaaay blanpso and blapp 4g.

Table 1. List of primers designed in this study

Primer  Nucleotide sequence (5'-3) Detectable gene Group
IMP-AF GTT AAC GGG TGG GGC GTT G IMP-1, IMP-3, IMP-4, IMP-5, IMP-6, IMP-7, IMP-9, IMP-A
IMP-AR  AGC CAC TCT ATT CCG CCC GT IMP-10, IMP-15, IMP-25, IMP-26
IMP-BF TTG AAG AAG TTA ACG GGT GGG G IMP-1, IMP-11, IMP-16, IMP-21, IMP-22 IMP-B
IMP-BR  TTT CAA GAG CGA CGC ATC TCC
IMP-CF GGT TTG TGG AGC GCG GCT A IMP-1, IMP-2, IMP-8, IMP-12, IMP-13, IMP-14, IMP-18, IMP-C
IMP-CR  CCT TTA ACA GCC TGT TCC CAT GT IMP-19, IMP-20, IMP-24
VIM-DF  TAG CGG TGA GTA TCC GAC AGT VIM-2, VIM-3, VIM-6, VIM-8, VIM-9, VIM-10, VIM-11, VIM-D
VIM-DR TGC TTC CGG GTA GTG TTG TTG VIM-14, VIM-15, VIM-16, VIM-17, VIM-18, VIM-20,

VIM-23, VIM-24
IMP-GF  GCT ACC GCAGCAGAGTCTTT IMP-1, IMP-10, IMP-30, IMP-52 IMP-G
IMP-GR  CAG GCA ACC AAACCACTACG
IMP-HF  GGT TGG AGT GTG GTC ACT AAAC IMP-14, IMP-14a, IMP-32, IMP-48, IMP-65 IMP-H
IMP-HR  CCA AAT AGC CAA GAC CGT CC
IMP-13F  AAC ACG GTTTAGTGG TGCTTG T IMP-13
IMP-13R TTAGTT ACTTGG TGATGATGT TT
IMP-NF  ATG AAA AAATTATTT GTT TTATGT IMP-14, IMP-14a, IMP-32, IMP-48, IMP-65
IMP-NR  TTA GTC GCT TGG CTG TGA
NDM-F CAG CGC AGC TTG TCG NDM-1, NDM-2, NDM-3, NDM-5, NDM-7
NDM-R  TCG CGA AGC TGA GCA
mutL-F AGG TTC GCG ACCTGT TCT T mutL
mutL-R  GGA CTC TCC AGC ACG CTCT
nuoD-F  CAC CGA GTTCGATCCCTACT nuoD

nuoD-R GGC ATC CAG TCG AGG AACT

IMP-AF, IMP-AR, IMP-BF, IMP-BR, IMP-CF, IMP-CR, VIM-DF, VIM-DR, IMP-GF, IMP-GR, IMP-HF, IMP-HR, IMP-HR,
IMP-13F, IMP-13R, IMP-NF, IMP-NR, NDM-F, NDM-R, mutL-F, mutL-R, nuoD-F, and nuoD-R are primer name
assigned for each group of detected genes.

IMP, imipenemase; VIM, verona integron-encoded metallo-p-lactamase; NDM, New Delhi metallo-beta-lactamase.
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Nucleotide sequences of the novel blayp.¢s gene (KY315991) and other IMP type genes

were aligned based on iterative refinement method using MUSCLE version 3.8.31 [18].
Phylogenetic tree of IMP type genes was reconstructed based on the randomized accelerated
maximum likelihood. General time reversible model (GTR) with gamma distribution (G)
and invariant sites (I) was a selected DNA substitution model for the phylogenetic analysis
using RAXML version 8 [19]. The confidence values on phylogenetic tree were presented as
percentage of bootstrap values (1,000 bootstrap replicates).

MBL harboring P. aeruginosa were selected as representatives when clinical isolates harbored
the same MBL gene and demonstrated the same PFGE pattern [14]. A total of 14 clinical
isolates P. aeruginosa was chosen and characterized for sequence typing (ST) by MLST method.
Seven meropenem non-susceptible among MDR P. aeruginosa clinical isolates were chosen for
comparison.

P. aeruginosa clinical isolates were characterized for molecular typing. MLST was performed
as described previously with some modifications [5]. Briefly, seven housekeeping genes
(ascA, aroE, guaA, mutL, nuoD, ppsA, and trpE), were amplified and sequenced. The nucleotide
sequences were determined and compared with MLST database to assign the allele of these
genes and STs (http://pubmlst.org/paeruginosa/). Primers for mutL and nuoD genes were
modified in this study as showed in Table 1.

RESULTS

All CR-MDR P, aeruginosa were identified for phenotypic resistance pattern by diffusion method
and genotypically detected for intl gene by PCR. One hundred and thirty six (88.9%) clinical
isolates of P. aeruginosa were positive for intl gene. Phenotypic screenings with EDTA were used
to detect the presence of metallo beta-lactamases. One hundred and four clinical isolates
(68.0%) of CR-MDR P. aeruginosa were positive by CDT and/or DDST. These strains were further
subjected for metallo beta-lactamase genes detection by PCR with specific primers. Total of 31
(20.3%) P. aeruginosa clinical isolates were found to present metallo beta-lactamase genes which
could be divided into VIM-type for 14 strains and IMP-type for 17 strains. For VIM-type, all 14
strains were detected by VIM-D primers and PCR products were sequenced and identified as
blayp.,. However, NDM-type MBL could not be detected in this study.

For IMP-type MBLs, all 17 strains were detected by IMP-C primers. Those strains were
amplified with IMP-G, IMP-H and IMP-13 primers to identify specific types of IMP-MBLs.
PCR products were sequenced and found 8 blayp,, 6 blayp.4 and only one blayp,s harboring
strains. However, two strains were carried unidentified MBLs.

Those two strains carried unidentified IMP-type MBLs were further investigated. IMP-14
primers were designed based on blayp., sequence because unidentified MBLs could present
high similarity sequences to blapi,. The novel gene was mutated at position 279 and 301
from blaypis gene. Therefore, translated protein was changed from threonine (T) to alanine
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1MP-14 MKKLEVLCVEFFCNLAVAEESLPDLKLEKLEEGVYVETSFEEVKGHSYVTKHGLYVLVKNDAY L1 DTPTT, SXLVNWEVERGYKIKGS LSTHFHGDS
IMP-14a MKXKLFVLCVFFFCNIAVAEZSLPDLKIEKLEEGVYVETSFEEVKGHSVVTKHGLVVLVKNDAYLIDTE LVNWEVERGYXIKGSISTHFHGDS
IMP-65 MKKLFVLCVEFFCNIAVAEESLPDLKIEKLEEGVYVETSFEEVKGHSVVTKHGLVVLVKNDAYLIDTPITAKDTEKLVNWFVERGYKIKGS ISTHFHGDS
IMP-32 MKXKLFVLCVEFFCNIAVAEZSLPDLKIEKLEEGVYVETSFEEVKGWSVVTKHGLVVLVKNDAYLIDTPITAKDTEKLVNWFVERGYKIKGS ISTHFHGDS
TMP-48 MKKTFVI.CVFFFCNTAVAREST.PDTKTEKT ERGVYVETSFREVKGHSVVTKHGT.VVTVKNDAYT,TDT P TAKDTRKT.VNWFVERGYK TKGS TSTHFAGDS
e
TMP-14 TAGTEWINSQSTPTYASELTNELLKKDNRVOAKISFNGVSY ST.TRNKTEVFY PGPGHTODNVVVHT,PEKK T LFGGCFVKPDGT.GYT.GDANTEARPKSAK T
1MP-14a TAGLEWLNSQSLPIYASELTNELLKKDNKVOAKHSENGYSYSLLKNKLEVEY PEEGHIODNVVVIWLPEKK L LEGGCEVKPDELGY LGDANLEAWPKSAK L
IMP-65 NAGIEWLNSQSIPTYASELTNELLKKDNKVOAKHSFNGVSYSLIKNKIEVFY PGPGHTQDNVVVIWLPEXKI LEGGCFVKPDGLGYLGDANLEAWPKSAKT
IMP-32 TAGIEWLNSQSIPTYASELTNELLKKDNKVQRKHSF{GVSYSLIKNKIEVFY PGPGHTQDNVVVIWLPEKK I LFGGCFVKPDGLGYLGDANLEAWPKSAKT
IMP-48 TAGIEWLNSQSIPTYASELTNELLKKDNKVQAKHSFNGVSYSLIKNKIEVEY PGPGHTQDNVVVIWLPEXKI LEGGCFVKPDGLGYLGDANLEAWPKSAKT
F
IMP-14 LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
IMP-14a LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
IMP-65 LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
IMP-32 LMSKYGKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
IMP-48 LMSKYCKAKLVVSSHSDIGDVSLLKRTWEQAVKGLNESKKSSQPSD
A

Figure 1. Translated protein sequences of IMP-14, IMP-14a, IMP-32, IMP-48 and IMP-65. The difference sequences

were indicated in different colors.
IMP, imipenemase.

(A) at position 101 (Fig. 1). The novel gene was deposited and assigned as blayp.¢s by the NCBI
(accession number KY315991). Dissemination of MBL genes detected in P. aeruginosa across
Thailand was showed in Fig. 2. Translated protein sequences of IMP14, IMP-14a, IMP-32,
IMP-48 and IMP-65 were compared as showed in Fig. 1. These sequences presented high

similarity with one or two amino acids change.

VIM-2 (1) IMP-65 (2)
VIM-2 (5)

Northern
regions

Northeastern
regions

Central
regions

Eastern

VIM-2 (4)

IMP-13 (1)
IMP-14a (1)
VIM-2 (3)

IMP-1 (1)
Southern IMP-14a (3)

/\re\g[ions VIM-2 (1)
\

Figure 2. Dissemination of MBL genes detected in P. aeruginosa across Thailand. The type of MBL genes were

followed by number of samples.

MBL, metallo-B-lactamase; IMP, imipenemase; VIM, verona integron-encoded metallo-f-lactamase.

https://doi.org/10.3947/ic.2019.51.2.107

m


https://icjournal.org

Dissemination of CR-MDR P. aeruginosa carrying MBL

Infection &

Chemotherapy

The phylogenetic tree represented the relationship among the novel IMP-type gene (blanp.es)
and other IMP-type genes (Fig. 3). There were three groups of the IMP-type genes (IMP-type
group I, Il and IIT) presented on the tree. The novel IMP-type gene was affiliated with the
IMP-type group L. blayp s, blawp.ag, blawpasay blanpis and blayp s, were the closest relative genes
of blayp.¢s. This IMP-type subgroup had been supported by 100% of bootstrap (Fig. 3). It was
clearly demonstrated that Thailand was the origin of blawpia, blanpiaa, blanp-as and blapp ¢

isolates (Supplementary Table 1).
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Figure 3. Evolutionary relationships of IMP-type genes. The phylogenetic tree reconstructed using the randomized
accelerated maximum likelihood method with the GTR+I+G model of DNA substitution. The values associated
with nodes correspond to the bootstrapping support in %. Bootstrap value lower than 50% was not represented

on the clades.

IMP, imipenemase; GTR, general time reversible model; I, invariant sites; G, gamma distribution; DNA,

deoxyribonucleic acid.
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Based on MLST analysis, a total of 11 clinical isolates of MDR P. aeruginosa in Thailand were
identified as ST235 (Table 2). Among those, six clinical isolates were MBLs-producing P. aeruginosa
which harbored blayy, for 5 clinical isolates and only one isolate harbored blaypia. All blapp,
producing isolates were identified as ST964. Moreover, both blayp.¢s harbored P. aeruginosa were
characterized as ST111. Others MBLs harboring P, aeruginosa were identified as ST292, ST621 and
ST1584 which were found only one clinical isolate each. Interestingly, most blayy,., carrying P.
aeruginosa were identified as ST235 but one isolate was identified as ST1584. Among non-harbored
MBL gene CR-MDR clinical isolates, ST235 was also identified as a dominant type. ST273 and
ST1816 were also identified in this non-harbored MBLs group. It was noteworthy that ST235 was
found as dominant ST (52.4%) in Thailand followed by ST964 (14.3%) and ST111 (9.5%). ST292,
ST273, ST621, ST1584 and ST1816 were found only in one clinical isolate each.

Table 2. Multi-locus sequence typing allelic profiles and sequence types of 21 Pseudomonas aeruginosa clinical isolates collected across Thailand

Strains ST/Pulsotype MBLs Region of Antimicrobial susceptibility
origin IPM MEM PIP CAZ CIP GEN

No metallo beta-lactamases producing P. aeruginosa
MPPA-051 235 Not detected N S R S R R R
MPPA-136 235 Not detected NE S | S R R R
MPPA-241 235 Not detected C S | R R R R
MPPA-328 235 Not detected S S R S R R R
MPPA-342 235 Not detected S S R S R R R
MPPA-222 273 Not detected E S | R R R R
MPPA-002 1816 Not detected E S | R R R R

Metallo beta-lactamases producing P. aeruginosa
MPPA-092 235 VIM-2 N R R R R R R
MPPA-198 235/B VIM-2 © R R R R R R
MPPA-213 235 VIM-2 E R R R R R R
MPPA-217 235/A VIM-2 E R R R R R R
MPPA-286 235/G IMP-14a S R R R R R R
MPPA-409 235/C VIM-2 NE R R R R R R
MPPA-066 964/D IMP-1 N R R R R R R
MPPA-068 964 IMP-1 N R R R R R R
MPPA-103 964/E IMP-1 N R R R R R R
MPPA-138 m IMP-65 NE R R R R R R
MPPA-155 M/F IMP-65 NE R R R R R R
MPPA-179 292 IMP-14a © R R R R R R
MPPA-263 621 IMP-13 © R R S R R R
MPPA-135 1584 VIM-2 NE R R R R R R
MPPA-215 ND/A VIM-2 E R R R R R R
MPPA-223 ND/A VIM-2 E R R R R R R
MPPA-240 ND VIM-2 C R R R R R R
MPPA-248 ND VIM-2 © R R R S) | S
MPPA-294 ND/B VIM-2 S R R R R R R
MPPA-413 ND/C VIM-2 NE S R R R R R
MPPA-425 ND/C VIM-2 NE R R R R R R
MPPA-432 ND/C VIM-2 NE R R R R R R
MPPA-65 ND/D IMP-1 N R R R R R R
MPPA-69 ND/D IMP-1 N R R R R R R
MPPA-71 ND/D IMP-1 N R R S R R R
MPPA-98 ND/E IMP-1 N R R R R R R
MPPA-357 ND/C IMP-1 S S | S R R R
MPPA-150 ND/F IMP-14a NE R R R R R R
MPPA-300 ND/G IMP-14a S R R S R R R
MPPA-375 ND/C IMP-14a S R R R R R R
MPPA-452 ND IMP-14a NE R R S R R R

S, susceptible; I, intermediate; R, resistant; IPM, imipenem; MEM, meropenem; PIP, piperacillin; CAZ, ceftazidime; CIP, ciprofloxacin; GEN, gentamicin; ST,
sequence typing.
A-G, indicated similar PFGE fingerprinting; ND, no ST determined; N, northern region; NE, northeastern region; C, central region; E, eastern region; S, southern region.
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DISCUSSION

In our study, clinical isolates were phenotypic screened by paper disc diffusion, DDST and
CDT. Many clinical isolates were interpreted as positive. However, only 20% were detected
MBL genes. These might be affected by the obscure definition of DDST method which was the
appearance of either an enhanced or a phantom zone between the antimicrobial agent and the
inhibitor disk was considered a positive result and indicative of MBL production. Moreover,
Integron was also found in most tested clinical isolates and always related with many antibiotic
resistance mechanisms. These might indicate that those CR-MDR clinical isolates could

carry many antibiotic resistance mechanisms such as, loss of OprD, multiple efflux pumps,

or antibiotic inactivating enzymes and could be affected the phenotypic screening method.
However, all positive phenotypic screened were further identified for specific type of MBLs.

Most prevalence MBLs belong to IMP- and VIM- type in P. aeruginosa. However, one of the
most recent discovered MBLs, the NDM-type was also reported worldwide [20]. In our
studies, we discovered blayp,, blapas, blanpasa, blayiv, and a novel MBLSs, blayp.qs. Previous
report of VIM-type MBLs in Thailand were blayy., blays and blayy 45 [21]. In this study,

we found only blay,, but these clinical isolates were collected from tertiary or university
hospitals located in different parts of Thailand. This might indicate that blgy., MBLs could
be dominated VIM-type MBLs in Thailand.

Some previous reports showed a variety of IMP-type in Thailand including blawp., blanpis,
blaypaay blaipiaa, blap 3, and blayp 4g [21-25]. In this study, many IMP-type MBLs sush as
blaypa, blapws, blawwis, and blayp.es were identified. The results also indicated that blap, and
blayp 14, might be dominant types of IMP-MBLs in Thailand. Novel IMP-type MBLs, IMP-65,
was demonstrated an amino acid changed from IMP-14 at the position 101 from alanine to
threonine. There were also some IMP-type, blayp.3, and blayp.4s, which presented similar
sequences with blayp.¢s and blaypis. Moreover, blaps, blanpaaay blanp s, blaww.ss and blanp s
were never reported in any clinical isolate from other countries than Thailand. These might
indicate that blayyp.4 and variants were spreading locally and also dominant in Thailand.

Acquired MBL genes were always found within class I integrons which usually carried other
additional resistance genes and also known as a gene cassette. Integronl is an important
mechanism that bacteria use to transfer resistance mechanisms. Most class I integrons are
always carried within transposons which help the bacteria to transfer antibiotic resistance
gene from one to another [26]. In this study, we also found that most MDR P. aeruginosa
carried integronl gene. Moreover, all MBLs harbored P. aeruginosa except one strain (96.6%)
also carried integronl gene which was similar to many previous studies [27, 28].

The primers used in this study were designed to target different alleles of IMP-type MBLs.
All IMP-type MBLs in Thailand were detected by IMP-C primers designed to detect all
previously report IMP-type MBLs in Thailand but it was unable to distinguished specific
alleles of IMP-type MBLs in Thailand. From these results, this set of primers may be

used as molecular confirmation test to detect dominant type of IMP-type MBLs type for
epidemiology control in Thailand.

ST235 was identified as a dominant ST in Thailand. Moreover, we also found that ST964 was

also presented as a significant ST type among MBL-harbored P. aeruginosa. However, this study
was emphasized that ST235 was the dominant ST in Thailand when compared the results with
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previous studies [12, 29]. Kim et al. studied dissemination of carbapenemase P. aeruginosa but
only a few clinical isolates from Thailand were included and found only ST235 [12]. Another ST
from Thailand is ST260 which was detected in P. aeruginosa harbored blayp.s [29].

ST235, ST111 and ST175 are high-risk clones which now concerned as majority of P. aeruginosa
clinical isolates [6]. However, in Asian countries, only a few ST111 have been reported [8]. In
this study, ST111 was identified but ST175 was undiscovered. ST111 were also carried the novel
IMP-type MBL, blayp.¢s. These finding was quite interesting since ST111 was occasionally
found in Asia and blayp.s or similar IMP-types have never been reported in other places.
Unfortunately, the information about those strains cannot be retrieved other than the
location of the collection.

ST273, ST292, ST621, ST964, ST1584, and ST1816 have also never been reported in Thailand
before. ST964, the second most ST in this study, was reported in Singapore and UK [30, 31].
Those stains of ST964 in Singapore were also carried blayp, as found in our study. ST292 was
another ST which were reported in Asian countries, China and Korea [32, 33]. However, there
was no report on ST621, ST1584, and ST1816 in Asia. It was interesting that we found ST621
which was always carrying blayp; as same as in many countries [34]. From these results, it
might indicate the different dissemination trait from European countries which identified a lot
of ST111 and ST175. However, the larger groups of samples may be required to gain more data.

It was noteworthy that antibiotic susceptibility in this study was determined by disc diffusion
method according to the CLSI guideline. Therefore, some alternative drugs such as, colistin,
were not examined due to unavailable breakpoints. In addition, only strains shared similar
PFGE fingerprinting were selected as representative strains

In conclusion, this was the first report on blayyy, and blayy, types which were highly
presented MBL genes in Thailand. Moreover, the novel IMP type, blayp.cs was also identified
and dominated locally in MBLs, blayp14 and variants. ST235 was dominant among MBL-
producing P. aeruginosa as well as no MBL-producing P. aeruginosa while each of ST964 and
ST111 represented the clones of P. aeruginosa producing IMP-1 and IMP-65, respectively.
Moreover, it is also the first report on many P. aeruginosa STs in Thailand: ST273, ST292,
ST621, ST1584, and ST1816 which emphasized the dissemination trait difference of MBLs
harboring P. aeruginosa in Thailand.

ACKNOWLEDGEMENT

The authors would like to thank all investigators and colleagues of the Department of
Microbiology, Faculty of Pharmacy, Mahidol University. This work was financially supported
by the Thailand Research Fund and Mahidol University under Grant No. TRG-5880129.

SUPPLEMENTARY MATERIAL

Detail of IMP-type genes of bacteria

Click here to view

https://doi.org/10.3947/ic.2019.51.2.107 115


https://icjournal.org/DownloadSupplMaterial.php?id=10.3947/ic.2019.51.2.107&fn=ic-51-107-s001.xls
https://icjournal.org

Dissemination of CR-MDR P. aeruginosa carrying MBL

[ ] g
1 C Infection &
Chemotherapy

https://icjournal.org

REFERENCES

1. Boucher HW, Talbot GH, BradleyJS, Edwards JE, Gilbert D, Rice LB, Scheld M, Spellberg B, Bartlett J. Bad
bugs, no drugs: no ESKAPE! An update from the Infectious Diseases Society of America. Clin Infect Dis
2009;48:1-12.

PUBMED | CROSSREF

2. World Health Organization (WHO). WHO publishes list of bacteria for which new antibiotics are urgently
needed. Available at: http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/
en/. Accessed 24 October 2017.

3. Santajit S, Indrawattana N. Mechanisms of antimicrobial resistance in ESKAPE pathogens. Biomed Res
Int 2016;2016:2475067.

PUBMED | CROSSREF

4. Pérez-Losada M, Cabezas P, Castro-Nallar E, Crandall KA. Pathogen typing in the genomics era: MLST
and the future of molecular epidemiology. Infect Genet Evol 2013;16:38-53.
PUBMED | CROSSREF

5. Curran B, Jonas D, Grundmann H, Pitt T, Dowson CG. Development of a multilocus sequence typing
scheme for the opportunistic pathogen Pseudomonas aeruginosa. J Clin Microbiol 2004;42:5644-9.
PUBMED | CROSSREF

6. Oliver A, Mulet X, Lopez-Causapé C, Juan C. The increasing threat of Pseudomonas aeruginosa high-risk
clones. Drug Resist Updat 2015;21-22:41-59.
PUBMED | CROSSREF

7. JiJ, WangJ, Zhou Z, Wang H, Jiang Y, Yu Y. Multilocus sequence typing reveals genetic diversity of
carbapenem- or ceftazidime-nonsusceptible Pseudomonas aeruginosa in China. Antimicrob Agents
Chemother 2013;57:5697-700.

PUBMED | CROSSREF

8. Feng W, Sun F, Wang Q, Xiong W, Qiu X, Dai X, Xia P. Epidemiology and resistance characteristics of
Pseudomonas aeruginosa isolates from the respiratory department of a hospital in China. ] Glob Antimicrob
Resist 2017;8:142-7.

PUBMED | CROSSREF

9. ChenY, Sun M, Wang M, Lu Y, Yan Z. Dissemination of IMP-6-producing Pseudomonas aeruginosa ST244 in

multiple cities in China. Eur J Clin Microbiol Infect Dis 2014;33:1181-7.
PUBMED | CROSSREF

10. Kouda S, Ohara M, Onodera M, Fujiue Y, Sasaki M, Kohara T, Kashiyama S, Hayashida S, Harino T, Tsuji
T, Itaha H, Gotoh N, Matsubara A, Usui T, Sugai M. Increased prevalence and clonal dissemination of
multidrug-resistant Pseudomonas aeruginosa with the blay,, gene cassette in Hiroshima. ] Antimicrob
Chemother 2009;64:46-51.
PUBMED | CROSSREF

11. Cho HH, Kwon KC, Sung]JY, Koo SH. Prevalence and genetic analysis of multidrug-resistant Pseudomonas
aeruginosa ST235 isolated from a hospital in Korea, 2008-2012. Ann Clin Lab Sci 2013;43:414-9.
PUBMED

12. Kim MJ, Bae IK, Jeong SH, Kim SH, Song JH, ChoiJY, Yoon SS, Thamlikitkul V, Hsueh PR, Yasin RM,
Lalitha MK, Lee K. Dissemination of metallo-beta-lactamase-producing Pseudomonas aeruginosa of
sequence type 235 in Asian countries. ] Antimicrob Chemother 2013;68:2820-4.
PUBMED | CROSSREF

13. Falagas ME, Koletsi PK, Bliziotis IA. The diversity of definitions of multidrug-resistant (MDR) and pandrug-
resistant (PDR) Acinetobacter baumannii and Pseudomonas aeruginosa. ] Med Microbiol 2006;55:1619-29.
PUBMED | CROSSREF

14. Khuntayaporn P, Montakantikul P, Mootsikapun P, Thamlikitkul V, Chomnawang MT. Prevalence and
genotypic relatedness of carbapenem resistance among multidrug-resistant P. aeruginosa in tertiary
hospitals across Thailand. Ann Clin Microbiol Antimicrob 2012;11:25.
PUBMED | CROSSREF

15. DPicdo RC, Andrade SS, Nicoletti AG, Campana EH, Moraes GC, Mendes RE, Gales AC. Metallo-beta-
lactamase detection: comparative evaluation of double-disk synergy versus combined disk tests for IMP-,
GIM-, SIM-, SPM-, or VIM-producing isolates. J Clin Microbiol 2008;46:2028-37.
PUBMED | CROSSREF

16. Cornaglia G, Giamarellou H, Rossolini GM. Metallo-beta-lactamases: a last frontier for beta-lactams?
Lancet Infect Dis 2011;11:381-93.
PUBMED | CROSSREF

https://doi.org/10.3947/ic.2019.51.2.107 116


http://www.ncbi.nlm.nih.gov/pubmed/19035777
https://doi.org/10.1086/595011
http://www.ncbi.nlm.nih.gov/pubmed/27274985
https://doi.org/10.1155/2016/2475067
http://www.ncbi.nlm.nih.gov/pubmed/23357583
https://doi.org/10.1016/j.meegid.2013.01.009
http://www.ncbi.nlm.nih.gov/pubmed/15583294
https://doi.org/10.1128/JCM.42.12.5644-5649.2004
http://www.ncbi.nlm.nih.gov/pubmed/26304792
https://doi.org/10.1016/j.drup.2015.08.002
http://www.ncbi.nlm.nih.gov/pubmed/23939886
https://doi.org/10.1128/AAC.00970-13
http://www.ncbi.nlm.nih.gov/pubmed/28216097
https://doi.org/10.1016/j.jgar.2016.11.012
http://www.ncbi.nlm.nih.gov/pubmed/24500601
https://doi.org/10.1007/s10096-014-2063-5
http://www.ncbi.nlm.nih.gov/pubmed/19398456
https://doi.org/10.1093/jac/dkp142
http://www.ncbi.nlm.nih.gov/pubmed/24247798
http://www.ncbi.nlm.nih.gov/pubmed/23843299
https://doi.org/10.1093/jac/dkt269
http://www.ncbi.nlm.nih.gov/pubmed/17108263
https://doi.org/10.1099/jmm.0.46747-0
http://www.ncbi.nlm.nih.gov/pubmed/22970983
https://doi.org/10.1186/1476-0711-11-25
http://www.ncbi.nlm.nih.gov/pubmed/18322055
https://doi.org/10.1128/JCM.00818-07
http://www.ncbi.nlm.nih.gov/pubmed/21530894
https://doi.org/10.1016/S1473-3099(11)70056-1
https://icjournal.org

Dissemination of CR-MDR P. aeruginosa carrying MBL

[ ] g
1 C Infection &
Chemotherapy

https://icjournal.org

17.  Shibata N, Doi Y, Yamane K, Yagi T, Kurokawa H, Shibayama K, Kato H, Kai K, Arakawa Y. PCR typing
of genetic determinants for metallo-beta-lactamases and integrases carried by gram-negative bacteria
isolated in Japan, with focus on the class 3 integron. J Clin Microbiol 2003;41:5407-13.

PUBMED | CROSSREF

18. Edgar RC. MUSCLE: multiple sequence alignment with high accuracy and high throughput. Nucleic Acids
Res 2004;32:1792-7.

PUBMED | CROSSREF

19. Stamatakis A. RAXML version 8: a tool for phylogenetic analysis and post-analysis of large phylogenies.
Bioinformatics 2014;30:1312-3.

PUBMED | CROSSREF

20. BushK, Jacoby GA. Updated functional classification of beta-lactamases. Antimicrob Agents Chemother
2010;54:969-76.
PUBMED | CROSSREF

21. Kazmierczak KM, Rabine S, Hackel M, McLaughlin RE, Biedenbach DJ, Bouchillon SK, Sahm DF,
Bradford PA. Multiyear, Multinational survey of the incidence and global distribution of metallo-beta-
lactamase-producing Enterobacteriaceae and Pseudomonas aeruginosa. Antimicrob Agents Chemother
2015;60:1067-78.

PUBMED | CROSSREF

22. Boonkerd N, Pibalpakdi P, Tiloklurs M, Niumsup PR. Class 1 integron containing metallo beta-lactamase
gene blayp, in carbapenem-resistant Pseudomonas aeruginosa in Thailand. J Infect Chemother 2009;15:257-61.
PUBMED | CROSSREF

23. Piyakul C, Tiyawisutsri 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.

PUBMED | CROSSREF

24. Rimrang B, Chanawong A, Lulitanond A, Wilailuckana C, Charoensri N, Sribenjalux P, Phumsrikaew
W, Wonglakorn L, Kerdsin A, Chetchotisakd P. Emergence of NDM-1- and IMP-14a-producing
Enterobacteriaceae in Thailand. ] Antimicrob Chemother 2012;67:2626-30.
PUBMED | CROSSREF

25. Prombhul S, Tribuddharat C, Laikijrung P, Aranya C, Bamrungsri N, Mekviwattanawong S. New variant
of an imipenemase, IMP-32, in Klebsiella pneumoniae from a fatal case of a Thai patient. ] Med Microbiol
2016;65:572-3.
PUBMED | CROSSREF

26. Zhao WH, Hu ZQ. Acquired metallo-beta-lactamases and their genetic association with class 1 integrons
and ISCR elements in Gram-negative bacteria. Future Microbiol 2015;10:873-87.
PUBMED | CROSSREF

27. Zhao WH, Hu ZQ. IMP-type metallo-beta-lactamases in Gram-negative bacilli: distribution, phylogeny,
and association with integrons. Crit Rev Microbiol 2011;37:214-26.
PUBMED | CROSSREF

28. ManoY, Saga T, Ishii Y, Yoshizumi A, Bonomo RA, Yamaguchi K, Tateda K. Molecular analysis of
the integrons of metallo-beta-lactamase-producing Pseudomonas aeruginosa isolates collected by
nationwide surveillance programs across Japan. BMC Microbiol 2015;15:41.

PUBMED | CROSSREF

29. Samuelsen O, Toleman MA, Sundsfjord A, Rydberg J, Leegaard TM, Walder M, Lia A, Ranheim TE,
Rajendra Y, Hermansen NO, Walsh TR, Giske CG. Molecular epidemiology of metallo-beta-lactamase-
producing Pseudomonas aeruginosa isolates from Norway and Sweden shows import of international clones
and local clonal expansion. Antimicrob Agents Chemother 2010;54:346-52.

PUBMED | CROSSREF

30. Koh TH, Khoo CT, Tan TT, Arshad MA, Ang LP, Lau LJ, Hsu LY, Ooi EE. Multilocus sequence types
of carbapenem-resistant Pseudomonas aeruginosa in Singapore carrying metallo-beta-lactamase genes,
including the novel blayp.o gene. J Clin Microbiol 2010;48:2563-4.
PUBMED | CROSSREF

31. Wright LL, Turton JF, Hopkins KL, Livermore DM, Woodford N. Genetic environment of metallo-
beta-lactamase genes in Pseudomonas aeruginosa isolates from the UK. J Antimicrob Chemother
2015;70:3250-8.

PUBMED

32. FanX, WuY, Xiao M, Xu ZP, Kudinha T, Bazaj A, Kong F, Xu YC. Diverse genetic background of multidrug-
resistant Pseudomonas aeruginosa from Mainland China, and emergence of an extensively drug-resistant
S§T292 clone in kunming. Sci Rep 2016;6:26522.

PUBMED | CROSSREF
https://doi.org/10.3947/ic.2019.51.2.107 17


http://www.ncbi.nlm.nih.gov/pubmed/14662918
https://doi.org/10.1128/JCM.41.12.5407-5413.2003
http://www.ncbi.nlm.nih.gov/pubmed/15034147
https://doi.org/10.1093/nar/gkh340
http://www.ncbi.nlm.nih.gov/pubmed/24451623
https://doi.org/10.1093/bioinformatics/btu033
http://www.ncbi.nlm.nih.gov/pubmed/19995920
https://doi.org/10.1128/AAC.01009-09
http://www.ncbi.nlm.nih.gov/pubmed/26643349
https://doi.org/10.1128/AAC.02379-15
http://www.ncbi.nlm.nih.gov/pubmed/19688247
https://doi.org/10.1007/s10156-009-0684-X
http://www.ncbi.nlm.nih.gov/pubmed/21733273
https://doi.org/10.1017/S0950268811001294
http://www.ncbi.nlm.nih.gov/pubmed/22796889
https://doi.org/10.1093/jac/dks267
http://www.ncbi.nlm.nih.gov/pubmed/27002735
https://doi.org/10.1099/jmm.0.000252
http://www.ncbi.nlm.nih.gov/pubmed/26000655
https://doi.org/10.2217/fmb.15.18
http://www.ncbi.nlm.nih.gov/pubmed/21707466
https://doi.org/10.3109/1040841X.2011.559944
http://www.ncbi.nlm.nih.gov/pubmed/25881168
https://doi.org/10.1186/s12866-015-0378-8
http://www.ncbi.nlm.nih.gov/pubmed/19884381
https://doi.org/10.1128/AAC.00824-09
http://www.ncbi.nlm.nih.gov/pubmed/20463166
https://doi.org/10.1128/JCM.01905-09
http://www.ncbi.nlm.nih.gov/pubmed/26318194
http://www.ncbi.nlm.nih.gov/pubmed/27198004
https://doi.org/10.1038/srep26522
https://icjournal.org

[ ]
1 C Infection &
Dissemination of CR-MDR P. aeruginosa carrying MBL ChemOtherap y

33. Lee]Y, Song]JH, Ko KS. Identification of nonclonal Pseudomonas aeruginosa isolates with reduced colistin
susceptibility in Korea. Microb Drug Resist 2011;17:299-304.
PUBMED | CROSSREF

34. Santella G, Pollini S, Docquier JD, Mereuta Al, Gutkind G, Rossolini GM, Radice M. Intercontinental
dissemination of IMP-13-producing Pseudomonas aeruginosa belonging in sequence type 621. J Clin
Microbiol 2010;48:4342-3.

PUBMED | CROSSREF

https://icjournal.org https://doi.org/10.3947/ic.2019.51.2.107 18


http://www.ncbi.nlm.nih.gov/pubmed/21381965
https://doi.org/10.1089/mdr.2010.0145
http://www.ncbi.nlm.nih.gov/pubmed/20844220
https://doi.org/10.1128/JCM.00614-10
https://icjournal.org

	Dissemination of Carbapenem-Resistance among Multidrug Resistant Pseudomonas aeruginosa carrying Metallo-Beta-Lactamase Genes, including the Novel blaIMP-65 Gene in Thailand
	Introduction
	Materials and Methods
	2. Phenotypic screening for metallo beta-lactamase
	3. �Genotypic detection of metallo beta-lactamase gene and detection of integronI gene
	4. Amplification of new allele of IMP- metallo beta-lactamases
	5. Phylogenetic analysis
	6. �Multilocus sequence typing for metallo beta-lactamase producing 
P. aeruginosa

	Results
	2. Novel allele of IMP-type MBLs
	3. Phylogenetic Analysis
	4. MLST profile analysis

	Discussion
	ACKNOWLEDGEMENT
	SUPPLEMENTARY MATERIAL
	Supplementary Table 1

	REFERENCES


