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Abstract

The multidrug resistant organisms are major problem of public health worldwide.
Enterobacteriaceae is one of the family that is increasing in drug resistance especially to
carbapenems, a broad spectrum and high potency antibiotic. Colistin has been used as the last
resort for the treatment of carbapenems resistant strains. In the recent years, there are many
reports of colistin resistance by gene transfer via the mechanism of plasmid mediated colistin
resistance gene, mcr-1. This research aimed to study the emergence of colistin resistance and
the resistance gene profile in carbapenem resistant Enterobacteriaceae (CRE). During August
to December 2019, 80 isolates of CRE (68 Klebsiella pneumoniae, 8 Escherichia coli and 4
Enterobacter cloacae) which were isolated from the clinical microbiology unit, Maharat Nakhon
Ratchasima Hospital were studied. The bacteria were identified by using a Vitek 2 compact
instrument. Antimicrobial susceptibility testing was performed by disk diffusion method. The
minimal inhibitory concentration (MIC) of colistin was done by microbroth dilution method via

bla

, bla o , bla__
NDM OXA48-like IMP KPC
were detected by multiplex PCR. The results showed that colistin-resistance rate was 18.8%

Sensititre machine. Six resistance genes (bla blaVIM and mcr-1)

(15/80) whereas the mcr-1 gene was not found. The detecting resistance gene profile of 15

colistin resistant isolates were bla 9 isolates, bla 5 isolates and one isolate without
NDM OXA48-like

any resistance gene was detected. Although the mcr-1 gene was not found, it showed that the

colistin resistance mechanism does not depend only on this gene and it is still necessary for

further study to avoid the emergence of more colistin resistant in CRE isolates.
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inhibitory concentration (MIC) wazulawams
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on Antimicrobial Susceptibility Testing
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maauhaﬂ%nmmaju‘uau%a Entero-
bacteriaceae tupnld V51 teuanuulvuhiy
0.5 McFarland Standard (1-2 x 10° CFU/mL)
(naeeliinAINs@ga¥e Mueller Hinton
agar (BBL, Becton Dickinson, USA.) ﬁﬁmm
W 4 fadwng N igasmnadeulag
whuvadurIugudna1n 6 Aadwas
UaznoudIeepinma g Fasoluilfie amoxicillin/
clavulanic acid 30 "liLIIﬂiﬂ%’ll, ceftriaxone 30
Tulasn3u, ceftazidime 30 ‘lulasn3u, cefepime
30 lulasn3u, amikacin 30 TulAsnu, gentamicin
10 lulasn3u, netilmicin 30 lulasn3u, cipro-
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floxacin 5 ‘lulasn3u, piperacillin/tazobactam
110 ‘lulasn3u, ertapenem 10 ‘lulasn3u, imipe-
nem 10 ‘lulasn¥u, meropenem 10 ‘lulasn3u
Wlihinfigamgil 35 essiaidua szozm
16-18 Falug mnthuiliadurhugudnanses
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Clinical and Laboratory Standard Institute

(cLSD) wlawaiilul (susceptible), hihunaana
¥

(intermediate) UazAo (resistant) (Table 1)

Table 1 Zone diameter and MIC breakpoints of carbapenems and colistin for Enterobacteriaceae

according to CLSI

Zone diameter breakpoint (mm) MIC breakpoint (ug/mL)
Antimicrobial agent
S | R S | R
Ertapenem 22 19-21 <18 <0.5 1 >2
Imipenem >23 20-22 <19 <1 2 >4
Meropenem >23 20-22 <19 <1 2 >4
Colistin* - - - <2 - >2

*Interpreted according to EUCAST!®
S; susceptible, ; intermediate, R; resistant

3.2 35 Sensititre"™=ARIS™2X (Thermo
Fisher Scientific, Cleveland, OH, USA)
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EUCAST (Table 1)
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1 4
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4
UAZATIIMIUAVRITIUADYT TAIATIIMBUAVDI

4
gumee 6 wia loun bla  , bla o
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A .
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IMP’ ~KPC VIM

PCR"? Tagl¥Insiuasaaranaly Table 2

=S
WNAaNIIANHN
\%e Enterobacteriaceae ﬁﬁﬂﬁiﬂmn@ju
=q o =
carbapenems nlslumsanin
X . &, '
0 Enterobacteriaceae naenayINqu
= = o ¢
carbapenems nFlumsdnen 1 80 MYNUY
dlw¥e K. pneumoniae, E. coli waz E. cloacae
¥laas 68, 8 waz 4 mﬂﬁuﬁ: AMUAIAY laguen
Tanndedensianiiuandiaiy Yeyaudnslu
Table 3
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Table 2 The sequences of oligonucleotide primers
Product
Primer Sequence (5’ to 3’)
Gene size (bp)
NDM-F 5’- AACGGTTTGGCGATCTGG C -3 b/awNDNI 621
NDM-R 5’- GGCGGAATGGCTCATCACGATC -3
IMP-F 5’- GCGGAATAGAGTGGCTTAAYTCTC -3’ blalMP 232
IMP-R 5’- GTA CGGTTTAAYAAAACAACCACC -3’
OXA48-F 5’- GGGCGTGGTTAAGGATGAACAC -3 bla OXA4S 438
OXA48-R 5’- TTATCATCAAGTTCAACCCAACCG -3’
VIM-F 5’- GATGGTGTTTGGTCGCATA -3’ b/avIM 390
VIM-R 5’- CGAATGCGCAGCACCAG -3
KPC-F 5’- CGTCTAGTTCTGCTGTCTTG -3’ blaKPC 798
KPC-R 5’- CTTGTCATCCTTGTTAGGCG -3’
MCR1-F 5- GGGTGTGCTACCAAGTTTGC -3’ mer-1 1126
MCR1-R 5’- CATTGGCGTGATGCCAGTTT -3
Table 3 Characteristics of 80 Enterobacteriaceae isolates
Specimen (n)
Organism
sputum urine blood other total
Klebsiella pneumoniae 45 8 10 5 68
Escherichia coli 1 3 4 - 8
Enterobacter cloacae 1 1 2 - 4
Total 47 12 16 5 80
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Table 4 Antimicrobial susceptibility profile of 68 carbapenem resistant K. pneumoniae
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Antimicrobial agent %Susceptible %Resistant
Amoxicillin/clavulanic acid 0 100
Ceftriaxone 1 99
Ceftazidime 1 99
Cefepime 6 94
Amikacin 81 19
Gentamicin 75 25
Netilmicin 71 29
Ciprofloxacin 6 94
Piperacillin/tazobactam 0 100
Ertapenem 0 100
Meropenem 14 86
Imipenem 10 90

Table 5 Susceptibility results of 15 colistin resistant in carbapenem resistant Enterobacteriaceae isolates

% Susceptibility
Organism Resistance gene

ETP | IMP |[MEM| CIP | AK | GN | NET | CL

K. pneumoniae (13) bIaOXA‘m_Iike (5) 0 20 20 0 100 | 100 | 100 0
bla . (8) 0 0 0 0 0 0 0 0

All (13) 0 8 8 0 38 38 46 0

E. coli (1) bla . 0 0 0 0 100 0 0 0
E. cloacae (1) none 0 0 0 100 | 100 | 100 | 100 0

ETP; ertapenem, IMP; imipenem, MEM; meropenem, CIP; ciprofloxacin, AK; amikacin, GN; gentamicin, NET;

netilmicin, CL; colistin
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Table 6 Laboratory testing results of 15 colistin resistant in carbapenem resistant Enterobacteriaceae

fiaen Fariwanu

isolates
MIC (ug/mL)
Organism Specimen | Resistant gene
ETP MEM IMP CL
1. K. pneumoniae sputum bla OXA4B-Ke >4 >8 >8 4
2. K. pneumoniae sputum b/aNDNI >4 >8 8 >4
3. K. pneumoniae sputum blazNDM >4 8 2 >4
4. K. pneumoniae urine bla s ie 2 1 1 >4
5. K. pneumoniae urine blaNDM >4 8 8 >4
6. K. pneumoniae sputum blaNDM >4 >8 >8 >4
7. K. pneumoniae sputum b/aNDNI >4 8 2 4
8. K. pneumoniae urine blaNDNI >4 >8 8 4
9. K. pneumoniae sputum bla OXA4BLKe >4 >8 >8 >4
10. K. pneumoniae sputum bla OXA4S ke >4 >8 >8 >4
11. E. coli blood blaNDM >4 4 2 >4
12. K. pneumoniae blood b/aNDNI >4 >8 >8 4
13. E. cloacae blood not detect >4 >8 >8 >4
14. K. pneumoniae sputum blaNDM >4 >8 8 >4
15. K. pneumoniae sputum bla OXA4S. ke >4 >8 8 >4

ETP; ertapenem, IMP; imipenem, MEM; meropenem, CL; colistin

resistance, MCR-1) tfiethnamsanen 115y
% v a e’g
Yeyalumsihszi@amuaarumsainesluy
T3NEINAUAZAIUANMIUNINITZNBVDABBABEY
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riaceae NABABYINQN carbapenems 80 TNYNWUD

o, o
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