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Abstract

A numerous number of reports indicates that there are emerging bacterial strains of
which many common antibiotics are ineffective. These multidrug-resistant bacteria continue
to spread quickly yet quietly, in particular at medical settings, on a global scale, and there is
no sign of slowing down (Antimicrobial resistance: Global report on surveillance 2015:
WHO). This is a new developing healthcare emergency, and it could soon leave medical
care professionals around the world no options to treat critically ill patients from pathogenic
infections. There have been cases of hospital-acquired bacterial infections on which even
carbapenems, often referred as “drugs of the last resort”, no longer possess their once
remarkable efficacy. This phenomenon of drug-resistance is alarmingly becoming one of
the dominant causes for the increase of disease-related fatality at various locations worldwide,
while sharply dropping the successful cure rates among infectious diseases.

Although the Myanmar medical facilities have been feared spread of
multidrug-resistant bacteria, the actual situation has not been at all. It is necessary to develop
a foundational research laboratory at the National Health Laboratory (NHL) in Myanmar for
molecular epidemiology of drug-resistant bacteria and establish surveillance network for
drug-resistant pathogens in collaboration with leading hospitals in Myanmar. The project first
functions to introduce basic drug susceptibility testing at the hospitals and progressively
provides more advanced methods to detect drug-resistant genes based on the analysis by the
next generation sequencing techniques. In this project, it is necessary to develop point-of-care
(POC) diagnostics in Asian countries.

On April 3rd, 2014, the National Center for Global Health and Medicine of Japan
(NCGM) and the Ministry of Health and Sports (MOHS) in the Republic of the Union of
Myanmar signed the Agreement of Research Cooperation to promote collaboration research.
NCGM discussed with MOHS in the following October and drafted a revised proposal titled
“Development of monitoring and detection systems for multidrug-resistant pathogens in
hospitals in Myanmar” in collaboration with National Health Laboratory (NHL) in Yangon
belonging to MOHS. It is planned that a technical partnership agreement based on the
protocol were approved by the ethical committee of MOHS on March 22nd, 2016 (Letter No.
Ethical Committee 2016).
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Specific methods are as follows;

@ Isolation and collection of Gram-negative bacteria obtained in medical settings in
Myanmar

@ Screening of drug-resistant pathogens by Vitek2 or drug-susceptibility testing in NHL,
Myanmar

(@ Genome extraction and analysis using next-generation sequencer in NCGM, Japan

@ Identification of drug-resistant factors and molecular epidemiological analysis.

A total of 453 isolates were obtained in 19 medical settings (Yangon 500-bedded
Hospital, Bago General Hospital, Central Women’s Hospital Mandalay, Magway General
Hospital, Mandalay General Hospital, Myitkyina General Hospital, Naypyidaw General
Hospital, New Yangon General Hospital, Public Health Laboratory Mandalay, Pyay General
Hospital, Sanpya General Hospital, Taungu General Hospital, West Yango General Hospital,
Yankin Children Hospital, Yangon Children Hospital, Yangon General Hospital, North
OKKALAPA General Hospital, Mawlamyaing General Hospital and Hinthada General
Hospital) in Myanmar. These isolates were transferred to NHL in Yangon and analyzed by
Vitek2 to determine the organisms and drug susceptibilities. After that, the all isolates were
transferred to NCGM. At NCGM, the genomes of the isolates were extracted, analyzed using
next generation sequencer, MiSeq, and determined whole genome sequences. The 16S rRNA,
drug resistant factors and multilocus sequence typing (MLST) were determined based on the
whole genome sequences. In addition, molecular phylogenetic analysis based on the whole
genomes was conducted.

Molecular epidemiological analysis was revealed that 172 Escherichia coli isolates,
71 Klebsiella pneumoniae isolates, 2 Burkholderia cepacian isolates, 4 Citrobacter freundii
isolates, 28 Enterobacter spp. isolates, 1 Morganella morganii isolate, 2 Pantoea spp. isolates,
3 Proteus mirabilis isolates, 3 Providencia spp. isolates, 178 Pseudomonas spp. isolates, 1
Raultella ornithinolytica isolate, 1 Serratia marcescens isolate and 4 Shingomonas
paucimobilis isolates were identified by 16S rRNA sequencing. These isolates harbored genes
encoding metallo- 3 -lactamases, including IMP-1, DIM-1, NDM-1, NDM-4, NDM-7,
OXA-232 (blaOXA-48-like), VIM-1 and VIM-2, and these carbapenemases encoding genes
were associated with carbapenem resistance. In addition, these isolates harbored genes
encoding 16S rRNA methylases, including ArmA, RmtB, RmtC and RmtD, and these 16S
rRNA methylases encoding genes were associated with extremely highly aminoglycoside
resistance in these isolates obtained in medical settings in Myanmar. Of these drug-resistant
genes, a new variant of a 16S rRNA methylase, RmtD3, was detected in a clinical isolate of

Pseudomonas aeruginosa in Myanmar. RmtD3 had 9 amino acid substitutions, such as
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Trp26Cys, Val39Ala, Met66Leu, Ser102Ile, Thr130Ala, Asn165Asp, Leul69Met, Alal81Thr
and Gly236Ser, compared with RmtD. The RmtD3-producing P. aeruginosa was highly
resistant to the aminoglycosides that were tested. The genomic environment surrounding
rmtD3 was tnp (IS91 family)-orfA-orfB-mraW-rmtD3-orfC-orfD-yral.-tnp (IS91 family) on
the chromosome (GenBank accession. no LC229801). In addition, a new variant of PER-type
extended spectrum B-lactamase, PER-9, was dected in a clinical isolate of Acinetobacter
baumannii in Myanmar. PER-9 had a substitution at position 129 (Gln to Leu) compared with
PER-1.

These results were indicated that carbapenem- and aminoglycoside-resistant
Gram-negative pathogens are spreading in medical settings in Myanmar. In particular,
carbapenem-resistant factors were mixed Asian-type with European-type, because IMP-type,
NDM-type and VIM-type metallo-p-lactamases were reported in East Asian countries, South

Asian counties and European countries, respectively.
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Translational inhibition
Aminoglycoside
Amikacin

Determination of MICs

ONA replication inhibition Membrane synthesis inhibition

(e ncemApiz  MICs were determined
Ofloxacin Meropenem using the microdilution
— ‘ method, according to the
Meztgaﬁ:iis: e Vieko guidelines of the Clinical
’7 Laboratory Standards
___ New antibiotics Screening Institute.
e el puiion drug-resistant pathogens
Tigecycline
Whole genome sequencing Next generation sequencer (Illumina MiSeq) Analyzed by HiSpec computer

Whole genomes of drug-resistant
isolates were extracted using DNeasy
blood and tissue kits (Qiagen, Tokyo, ' E—) .: :
Japan) and sequenced by MiSeq
(ITlumina, San Diego, CA).
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- Achromobacter spp. ; 3 isolates

- Acinetobacter spp. ; 68

- Burkholderia cepacia. ; 2

- Citrobacter spp. ; 4

- Enterobacter spp. ; 29

- Escherichia coli : 172

- Klebsiella pneumoniae ; 71
- Morganella morganii ; 1

- Pantoea spp. ; 2

- Proteus mirabilis ; 3

* Providencia spp. ; 3

- Pseudomonas spp ; 178

- Serratia marcescens ; 1

- Sphingomonas paucimobilis ;4

Preliminary analysis showed that MDR
Gram-negative isolates in Myanmar had
various drug-resistant factors, including
ESBLs (CTX-Ms, PERs, SHVs, TEMs and VEBs),
metallo-B-lactamases (DIM-1, IMP-1, NDMs
and VIM-2), class D carbapenemase OXAs,
16S rRNA methylases (ArmA, RmtB, RmtC,
RmtD3 and RmtE).
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PER-type E&i:iRE!B-lactamaseb’ AEE= -

PER-1 1 MN K GPDDLE 60
PER-9 1 MN K GPDDLE 60
PER-1 &1 IPFEK K 120
PER-9 61 IPFEK K 120
PER-1 121 5 RQ QMHEADDQV| 180
PER-9 121 5 QQ QMEADDQV] 180
PER-1 181 GT 240
PER-9 181 GT HKT| 240
PER-1 241 [FT5 TNDLG GR JVAQTAYQFELE] 300
PER-9 241 |5TS TNDLG GR Q QT QFELE| 300
PER-1 301 KLSALSPN* 3098
PER-9 301 KLSALSPN¥* 308

TABLE . Kinetic parameters of PER-1 and PER-9 enzymes®

PER-1 PER-9
B-lactam Z
Km (]J-M) kcat (Sr]) b kcat/Kim (H-Mrlsrl) Km (uM) b Keat (Srl) b keat/Km (]J.Mrlsil)

Ampicillin ~ 98£6 37+1 0.38 299+17  94+4 0.32

Aztreonam  15+2 22+02 0.14 18+3 2.7+0.3 0.15

Cefmetazole NH¢ NH¢ NH¢ NH¢ NH¢ NH¢

Cefepime 22415 46%2 0.2 288+9 812 0.28

Cefotaxime 717+173 321 +59 0.45 663177 365+73 0.56

Cefoxitin NH¢ NH¢ NH¢ NH¢ NH¢ NH¢

Ceftazidime 476+ 85 164 £ 20 0.35 723 +108 274+33 0.38

Cephradine 21£6 105+2 5.3 39+1 85+ 1 2.2

Imipenem 218+ 38 0.39+0.04  0.0018 58+8 0.18+0.01 0.0031

Meropenem 10620  0.21+£0.02  0.0020 59+ 14 0.13+0.01 0.0023

Moxalactam NH¢ NH¢ NH¢ NH¢ NH¢ NH¢

Penicillin G 24+04  224+0.1 9.4 52405 472+04 9.0

Piperacillin  8.2+1.4  0.74+0.02 0.092 11+1 1.3+0.1 0.12

“The proteins were initially modified by a His-tag, which was removed after purification.

Km and kea values represent the means of 3 independent experiments =+ standard deviations.

“NH: no hydrolysis was detected under conditions with substrate concentrations up to 1 mM and enzyme

concentrations up to 700 nM.
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Table 1 The MICs of various antibiotics for P. aeruginosa
MyNCGM481 and E. coli transformants

MICs (ug/ml)

Antibiotics P. aeruginosa E. coli
RmtD 1 MSELKEK SKKYRDVCPDTIERIWRECSAKFKKEKDV[DKAAREALHGVTG TEREY] 60
RmtD2 1 [MSELKEKLLASKKYRDVCPDTIERIWRECSAKFKKEKDADKAAREALHGVTGAFMTEREY| 60 MyNCGM481 (pSTV28-rmtD3)
RmtD3 1 MSELKEKLLASKKYRDVCPDTIERIJQRECSAKFKKEKDADKAAREALHGVTGAFMTEREY| 60 Ampicillin >1,024 Nda
RmtD 61 [KRAMEMAAARDWEALLGMHASTRERLPVESMDRVEDQLFEASGTPARILDLACGLN 120 Ampicillin/ 512 ND
RmtD2 61 [KRAME [frRDWE GMHASTRER ESMDRVEFDQLFEAIGTPARILDLACGLN 120 Sulbactam
RmtD3 61 [KRAME RDWE GMHASTRERLPVESMDRVFDQLFEAIGTPARILDLACGLN 120 Penicillin 1,024 ND
RmtD 121 [RHRLPNAAIIGVDISGQCVNVIRAFGGAEARLGDLLCE IPEDEAN] K ERQR| 180 Ceftazidime 8 ND
RmtD2 121 [AHRLPN GVDISGQCVNVIRAFGGAEARLGDLLCEIPEDEAD K ERQR| 180 Cefotaxime 128 ND
RmtD3 121 |AHRLPN GVDISGQCVNVIRAFGGAEARLGDLLCEIPEDEAD K ERQR| 180

Aztreonam 16 ND
RmtD 181 2[G D RVNAEW SFPTRSLGGRNVGMEKHY SEWMEAHV PENR RLTGENEL] 240 Imipenem 16 ND
RmtD2 181 [TG RVNAEW SFPTRSLGGRNVGMEKHYSEWMEAHVPENR RLTGENET| 240 M 16 ND
RmtD3 181 [TGAAMDALMRVNAEWIVASFPTRSLGGRNVGMEKHYSEWMEAHVPENR RLTSENEL] 240 eropenem

Amikacin >1,024 >1,024
RmtD 241 KRK* 248 ;

> >

T . B Arbeka.cn.1 1,024 1,024
RmtD3 241 KRK* 248 Gentamicin >1,024 >1,024

Kanamycin >1,024 >1,024

Tobramycin >1,024 >1,024

Ciprofloxacin 32 ND

Levofloxacin 64 ND

256 ND

RmtD3IFRMtD & LB T % & FEEDID DY R 11,024 ND
E / Eﬁg%b\‘% 5 nﬁ:o Tigecycline 32 ND

ChIorar:Iphenlc 51,024 ND
Fosfomycin 128 ND

Trp26Cys, Val39Ala, Met66Leu, Ser102lle, Colistin 1 ND
Thrl30Ala, Asn165Asp, Leul69Met, RMD3% pSTV28IE 51 #'—< 3 L.

Alal181Thr and Gly236Ser i e T ATy
RREICH UL TEHEMEICHED I &N
S ERo T

Tada et. al. Antimicrob Agents Chemother. 2017 Dec 21;62(1). pii: e01806-17.
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Translational inhibition
Aminoglycoside
Amikacin

Determination of MICs
MICs were determined

DNA replication inhibition Membrane synthesis inhibition

Fluoroquinolone p-lactam

Ciprofloxacin Imipenem using the microdilution
Ofloxacin Meropenem )
method, according to the
Membrane disruption gUideliIIGS Of the ClinlCal
o a0 Vitek2
LDl - Laboratory Standards
___ New antibiotics Screening Institute.
Translational inhibition drug-resista nt pathogens
Tigecycline
Whole genome sequencing Next generation sequencer (lllumina MiSeq) Analyzed by HiSpec computer

Whole genomes of drug-resistant
isolates were extracted using DNeasy
blood and tissue kits (Qiagen, Tokyo,
Japan) and sequenced by MiSeq
(ITlumina, San Diego, CA).
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Preliminary analysis showed that MDR
- Achromobacter spp. ; 3 isolates | Gram-negative isolates in Myanmar had
- Acinetobacter spp. ; 68 various drug-resistant factors, including
- Burkholderia cepacia. ; 2 ESBLs (CTX-Ms, PERs, SHVs, TEMs and VEBs),
- Citrobacter spp. ; 4 metallo-B-lactamases (DIM-1, IMP-1, NDMs
- Enterobacter spp. ; 29 and VIM-2), class D carbapenemase OXAs,
- Escherichia coli; 172 16S rRNA methylases (ArmA, RmtB, RmtC,
- Klebsiella pneumoniae ; 71 RmtD3 and RmtE).

- Morganella morganii ; 1
- Pantoea spp. ; 2
- Proteus mirabilis ; 3

* Providencia spp. ; 3 S 7 —7HIES 1O
- Pseudomonas spp ; 178 B D5 B ET54314K D

- Serratia marcescens ; 1 e Tl MR % 7 B - UNEE
- Sphingomonas paucimobilis ;4
SEZIM
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Yangon General Hospital: 272 isolates Pyay General Hospital: 3 isolates

500 bedded hospital (Yangon): 1 isolate Sanpya General Hospital: 15 isolates
Bago General Hospital: 2 isolates Taungoo General Hospital: 1 isolate
Central Women Hospital Mandalay: 6 isolates West Yangon General Hospital: 2 isolat
Hinthada General Hospital: 5 isolates Yankin Children Hospital: 11 isolates
Magway General Hospital: 3 isolates Yangon Children Hospital: 12 isolates

Mandalay General Hospital: 76 isolates
Mawlamyaing General Hospital: 10 isolates
Myitkyina General Hospital: 3 isolates

North OKKALAPA General Hospital: 15 isolates

Naypyitaw Bed 1000 Hospital: 18 isolates F7o=gx]_ ©
New Yangon General Hospital: 23 isolates \o /
Public Health Laboratory Mandalay: 65 isolates Ger—a%|
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A New Variant of 16S rRNA Methylase, K, Mya S, Zan Antimi b Acent
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