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Abstract

The incidence of colistin resistance among Enterobacterales is increasing. Clinical and
Laboratory Standards Institute (CLSI) has recently released the colistin resistance detection
guideline in carbapenem-resistant Enterobacterales (CRE) by colistin broth disk elution (CBDE)
method which is easy and inexpensive. The objective of this study was to investigate the incidence
of colistin-resistant Enterobacterales isolated from clinical specimens at Prapokklao Hospital
from January to December 2021. A total of 210 isolates, non-duplicated and carbapenem-
resistant Enterobacterales specimens were used in this study. CBDE was used for colistin
testing. Thirty-seven and one hundred seventy-three carbapenem-resistant isolates were resistant
and intermediate to colistin respectively. Klebsiella pneumoniae were mostly resistant (35
isolates) and intermediate to colistin (153 isolates) respectively. One isolate each of Citrobacter
Jreundii and Klebsiella aerogenes were found to be resistant to colistin. Colistin resistance was
not found in Escherichia coli, Enterobacter cloacae, and Citrobacter diversus. The proportion
of colistin-resistant and intermediate to colistin strains was found to highly correlate to the old-
age group. Colistin resistance was commonly found in the medicine ward, dermatology and
subcutaneous tissue groups. Most lethal patients were infected by colistin-intermediate K. pneu -
moniae. This study informed useful information concerning the treatment, prevention and

control of colistin-resistant microorganisms in hospital.
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Table 1 Distribution of carbapenem-resistant Enterobacterales in different clinical specimens.

specimens carbapenem-resistant Enterobacterales Total (n)
K. pneumoniae E. cloacae E. coli C. freundii K. aerogenes C. diversus
(n = 188) n=9) (=6 (n=3) (n=3) (n=1)

sputum 122 6 1 1 2 0 132 (62.9%)
urine 36 3 4 1 0 1 45 (21.4%)
blood 17 0 0 1 1 0 19 (9.0%)
pus 7 0 0 0 0 0 7 (3.3%)
bile 2 0 1 0 0 0 3 (1.4%)
PD 2 0 0 0 0 0 2 (1%)
catheter 2 0 0 0 0 0 2 (1%)
Total (n=210) 188 (89.5%) 9 (4.3%) 6 (2.9%) 3 (1.4%) 3 (1.4%) 1(0.5%) 210 (100%)
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Table 2 Distribution of carbapenem-resistant Enterobacterales in colistin broth disk elution method.

carbapenem-resistant

Enterobacterales

colistin broth disk elution

Resistant (n = 37)

Intermediate (n = 173)

K. pneumoniae (n = 188)

35 (94.6%)

153 (88.4%)

E. cloacae (n = 9) 0 (0%) 9 (56.2%)
E. coli (n = 6) 0 (0%) 6 (8.5%)
C. freundii (n = 3) 1(2.7%) 2 (1.2%)
K. aerogenes (n = 3) 1 (2.7%) 2 (1.2%)
C. diversus (n = 1) 0 (0%) 1 (0.5%)

Total (n = 210)

37 (100%)

173 (100%)

Table 3 Distribution of colistin susceptibility testing in different infectious acquirement (nosocomial

infection (NI) and community infection (Cl)) and ward type.

specimens colistin intermediate colistin resistant
number infectious acquirement comment infectious acquirement comment
(percentage) NI cl NI Cl
NI; med (101) NI; med (13),
sputum 101 (72.1%) 11 (83.3%) 18 (64.3%) 2 (22.2%) ICU (4), sur (1)
Cl; med (11) Cl; med (2)
NI; med (15), NI; med (4), sur (1)
urine 19 (13.6%) 16 (48.5%) sur (2), ICU (2) 5 (17.9%) 5 (65.6%)  ClI; med (4),
Cl; med (11), sur (5) ICU (1)
NI; med (8),
ICU (4), sur (1) NI; med (1),
blood 13 (9.3%) 4 (12.1%) 2 (7.1%) 0 (0%)
Cl; med (3), ICU (1)
sur (1)
catheter 0 (0%) 0 (0%) 2 (7.1%) 0 (0%) NI; ICU (2)
NI; med (2), NI; sur (1)
pus 7 (5%) 0 (0%) 1 (3.6%) 1(11.1%)
ICU (8), sur (2) Cl; med (1)
bile 0 (0%) 2 (6.1%) Cl; sur (2) 0 (0%) 1(11.1%)  Cl; med (1)
Total 140 (80.9%) 33 (19.1%) 28 (75.7%) 9 (24.3%)

NI: Nosocomial infection, Cl: Community acquired infection, med: Medicine ward, ICU: Intensive Care Unit, sur: Surgery ward
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ludanIesaz 50 (1/2 719), 40 (2/5 19) uaz
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carbapenem-resistant K. pneumoniae Wu
PR A A X ~ aX '
JiheniinanadeudssIldnIuzATUIIAAT
= < vy S a
naouzae luvazndiheninanaaeyls
thunanaiidgauzamesnaiga wazlusnnuidihe
METIMNANTIMAINMIAALY carbapenem-

resistant K. pneumoniae mﬂﬁ’cjﬂ (Table 6)

Table 4 Distribution of colistin susceptibility testing in different gender and ward type.

colistin intermediate

colistin resistant

Age range gender gender
t t
number Male Female commen Male Female commen
(percentage)
<15 1 (1%) 0 (0%) male; ICU (1) 0 (0%) 1(8.3%) female; ICU (1)
male; med (32) male; med (6),
ICU (B), sur (3) sur (1)
16-59 41 (39%) 19 (27.9%) 7 (28%) 2 (16.7%)
female; med (13), female; med (1),
ICU (4), sur (2) ICU (1)
male; med (49), male; med (11),
ICU (10), sur (4) ICU (B), sur (1)
> 60 63 (60%) 49 (72.1%) 18 (72%) 9 (75%)
female; med (38), female; med (8),
ICU (8), sur (3) sur (1)
105 68 25 12
Total
(60.7%) (89.3%) (67.6%) (32.4%)

med: Medicine ward, ICU: intensive Care Unit, sur: Surgery ward
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Table 5 Distribution of colistin susceptibility testing in ICD 10 grouping.
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colistin resistant

ICD 10 grouping patient
Disease of respiratory system 9 (24.3%)
Disease of genitourinary system 6 (16.2%)
Disease of digestive system 6 (16.2%)
Disease of circulatory system 5 (13.5%)
Disease of nervous system 3 (8.1%)
Neoplasms 3 (8.1%)
Disease of blood 2 (%)
Disease of skin and subcutaneous tissue 1(2.7%)
Infectious 1(2.7%)
Injury, poisoning and certain other consequences of external causes 1(2.7%)
Total (n = 37) 37 (100%)
colistin intermediate
Disease of respiratory system 61 (35.3%)
Disease of circulatory system 28 (16.2%)
Infectious 17 (9.8%)
Neoplasms 16 (9.2%)
Disease of genitourinary system 14 (8.1%)
Disease of digestive system 9 (56.2%)
Injury, poisoning and certain other consequences of external causes 7 (4%)
Disease of musculoskeletal system and connective tissue 7 (4%)
Disease of nervous system 6 (3.5%)
Disease of blood 3 (1.7%)
congenital malformations, deformations and chromosomal abnormalities 1 (0.6%)
Disease of skin and subcutaneous tissue 1 (0.6%)
Endocrine 1 (0.6%)
factors influencing health status and contact with health services 1 (0.6%)
symptoms, signs and abnormal clinical and laboratory findings not 1 (0.6%)
eleswhere classified
Total (n = 173) 173 (100%)




guamsaivesn1saee lnaaauveae Carbapenem-resistant Enterobacterales iuenldvindiadansinvessilie

lulsewennansetpnd?

8195

Table 6 Distribution of colistin susceptibility testing in patients with carbapenem-resistant

K. pneumoniae.

Status colistin intermediate colistin resistant
improved 89/102 (87.3%) 24/25 (96%)
dead 60/66 (90.9%) 11/12 (91.7%)

not improve

4/5 (80%) 0

Jsal

msfntinuh msmadeuanuhves
\Fondu CRE demsdiugainlndaaudieds
colistin broth disk elution (CBDE) mudamvua
1y Performance Standards for Antimicrobial
Susceptibility Testing M100 atiuii 307 1 w.a.
2563 ({hufeufvaniiuanasgiu $1 Humphries

wazamz®

1991U35 CBDE didsz@nimua
Tumsnageuanulivesssiugadw colistin e
L%ﬁmdn Enterobacterales waz P.aeruginosa
Tﬂﬁlwaﬂ’liﬂﬁﬁﬁ)uiuL%aﬂth Enterobacterales
e categorical agreement (CA %39 correct
sensitive susceptibility) 5eeaz 98.6 e
very major error (VME %30 false intermediate
susceptibility) 3898z 2.5 {f1 major error (ME
130 false resistance) Sowaz 0

Simner wazanz"'? Aardszaniam
LaTANNYNABIYEIs CBDE fisuneufiy
3% BMD lumsnaseu colistin MICs futze
gram-negative bacilli WUﬂWLﬁ'aﬂﬂﬁaUL‘%a
#1981972875 CBDE (Myunu3suasgiu broth
macrodilution (BMAD) 1A1 CA uwazfn
essential agreement (EA) Sewaz 100 AN
Yszansmwoeaden ienSouile3s CBDE
fu35 BMD 'ladh CA waz EA Tudevas 98
waz 99 eudwiu d3U1dd135 CBDE (Ju3s

4' o Y IS} a Aa =~ J g
mmﬁmwm"lmwu,azuﬂizﬁwﬁmwa LLALYD

J

CRE vmeviugnaeladadusuiann mer-1
Wenadeud1e3s CBDE a1 MIC wihdy 2
Tulasniudeiadans adsnadaudududlIgds

o J

BMD uazaheviugiiie MIC snanhivseniiiv
2 lulasniudeiadans nAITNAdOLNEY mcr
%
Mo
L X XX - - £
MsAnEIdNUreneu lndaaululse
K. pneumoniae mﬂﬁfjﬂ Sovaz 94.6 (35/37
lolsian) FadeyadeandedfiunanisAny
Apunthiludszmeaduide ansu wazlng''
U ] b4 s =
udlidenndesfiunan1sAnYIv8d Manohar
wazamz' Fanumniigalude E. coli 50309
“ , g 4 v
WAe K. pneumoniae wazwulugodu q laud
E. cloacae, A. baumannii, K. oxytoca M3AnEl
&’ dqu a a &’ 4' 1 s % 1
nureneuilaadanluyedusudu ldun
C. freundii uaz K. aerogenes (¥iaaz 1/37
Tolasian) Fadedusuutiesinnuasliiaznou
Tymmsaesvedlsanena
%4
msneeladdauIinNviaIgnaln LEu
msthenearuwaldiia wazmsnalewuivesdu
%4 %4
Tulaslulen ¥ K. pneumoniae inalnmsaoe
Tnddaunrnannvats vy msuasuudasves
lipid A Tngmsnanewuguedu pmrA, pmrB
39 phoQ ¥AIUAN PhoP/PhoQ uaz PmrA/

PmrB systems ﬁ”l"lﬂ’gjmi (W 4-amino-4-deoxy-



8196

L-arabinose (L-Ara4N) 30 phosphoethanol-
amine (PEtN) (A lipopolysaccharide (LPS)
yenNil msnaeugvesdy mgrB (hthii
NAMI¥119UYDI PhoPQ system) emmuau“[ﬂsﬂu
MgrB finamsihauesdy eprB ildgms
aamsanaoulyd kinase ¥99 PhoQ waznsan
msai1a PEN'Y (fludu
Fogduinisholadaduinldluma
mstauas MlHAAMsszNeMIABEFEUE I
ﬁuqnssumuﬁaﬁmi 2113 wazdngmatau

#(16) = X =~ X
MIANEIUNUNITAALTDIN

91¥IVBINY B
Furu (CI) "luamwﬁqaﬂhLéaﬁwumnmiaﬂL*%a
Tulsawening axiousaundaveaanoeTnaaa
finsznvoglugum SedoyaiiozThnlsslonilu
midarinasmsmivauasazaruaumslso
pgANIVANAlUINTY

Singh nazaa'? Fnmmsaeeladdau
Y94 K. pneumoniae Tudsdansramandiin u
Tsanevaszdvaaeiilulszinaduiaong

aoulrile wuamamsaawelulsangiua (NI)

] YV
Sowaz 4.5 (1/22 lelsan) atieuiumsanyil

nuhAdantesnd wazwuialwATIgEUNY
luda3ovas 81.8 (18/22 lelsian) tilonasan
anvazunundihe fdihedesar 54.5 (12/22 119)
wuluunungiheszezingdlesas 66.7 (8/12
J = gd’ Y s
78) annnmsaniuinuluununitheasi

1 a &’ a Aa &’ v
NNANNUMIAATBLAZLEETIN InenD1sALT3a

Hunmelsniesas 86.4 (19/22 11g) drumsanuil

nusnnlulsamadumela Tsaszuylnadeulaiia
wazlsamsande muaay
{HB9NMIMINIATUABIEINTAUNT
Y =< é’q a tg Y
asznglade madAnmniiTanumsdareludihe
ununansiannige sedaanasununiihoszes
IngALazUNUNAENITIN 1 HBININNMITAMIAIY

1550 0¥z uazAe

ad ° o Y a
o1lfruznuuinn mivinalemagalums
4’4’ g ad 14 o =2 '
nueRu UL deandesiumsAnneu

o X(13,17,18)

AU FIFIUNIANUIIANIATHUNUA

fana1n m3aneves Singh wazamz"” wuh
a Q‘ 1 d’ g gl’ a A % 1
yiavedadinannureneelndaay taun
endotracheal aspirate (10/22 lolaian) GELG
(6/22 Tolwian) waztauviz (2/22 lolsian) u
4 . X %X - - 4
vurNMsAnpdnurenseladdAuINNigaIn
szuumataumelaluaunz (20/37 lelsian)
sesaqnfetfaaniy (10/37 lelsian) drums
Aaelunszudiaeanutios (2/37 lelsian) ms

1 pyhnndunu

fAny1vee Paudel wazpmue
Wonpeladanuis 13 Tolsian Wyl 2
Tolwiaanieu mer-1 an¥e E. coli waz
K. pneumoniae FINUNNTIEIATIVA0I3HAAD
aamzuazi@eauintiy uamsanunillilensie
a d a A = 1 a G4 =
IaneAviiagy mer 3linnueiamsaivesdy

é’ 4" a a 3 s u’d‘
mer Tuiyeneenlaaaauia 37 sneiugnnaaey

agul
= 491 F2ZR s L4
msAnilahieiannaumnearie
ﬂﬁﬁanﬁaa%ﬁmm Tsawervanszininal
WiE1mthaudaniaty TaeldGuldisnlg
nasgunudemvivalvaives CLSI (WenAdo
X, ,
mm"l,waawaﬂqu Enterobacterales 9991
Tndadu A lannugiAmsaivede Feiuilu
1y, ' ¢ Xo g va )
Yoyalniivedsadng uennnudsldiinnzvdeya
mMasznaIne lumuee 4 ¥e9L¥e carbapenem-
resistant Enterobacterales Naosoenladdau
o % S Yo k% a wva d‘ % %
mlrunndlasunamaviesgiamsngndesla
Y Yar s ] < = Z
waspu Aheldasumsinmedanas aana
= X v X o o &
namsanuidudeyanugiudidgyuaziiu
4 4
Uslemilumsidhsziamsaaensladaauluy

Y 4’4 wa 4 a &’ Y & 1 =
wnunitheniigiiamsaimsanegalaiuediaa



guamsaivesn1saee lnaaduveqse Carbapenem-resistant Enterobacterales iuenldvinddsnsinvesgifiy 8197

lulsewennansetpnd?

wazannIaauKuMIauaine thziuay
floafunguithonilgidmsaimsdnregaldedie
= A a & v o A ¢
Nlszandam Wudeyaativayuieunnduaz
yaaInInImsunndniieidesassuinlums
- £ v ] .
w@onlFeninuegamanzeau (rational drug use)
msé’iﬂﬁwmmmiﬂaqﬁuua:muqumsuws’
asznoweludaan flulsanennauazguyu

K w2 v o~ XX ;A
matnumsthszsiugaludthedaensnlndanu
FI09I1A0LIUAYVUIY  ATLANANNLINAIA
W1ATM3 contact precaution Tumsauadihe
AR lAddAY MILINNIIATIT wAZAN
seiaszidlumsvhauadszAvlszaesithese:

% dla &’ &’ a a Id ¥
gamendarenesladadu waziudeya
L L4 Y d‘ ‘g g d’
atiuayumslianuigyusuiiesense twe
P S - X X
Yesfugiiamsninoziingayuveamsaasensen
Tnadauluyuu

fAnanssulsema
HIT0UBv0UAMNBINUYANYUNTITY

Tsamennanszlandds=aid wa. 2564 714

aﬁuagunmﬁ'amﬁ%’ﬂﬁ

LONA1591904

1. Antimicrobial resistance situation in
Thailand. https://amrthailand.net/ (website
on the internet). Antimicrobial Resistance:
AMR (cited 2022 May 3). Available from:
https://amrthailand.net/Home/Thailand
(in Thai)

2. Castanheira M, Simner PJ, Bradford PA.
Extended-spectrum [-lactamases: an
update on their characteristics, epidemio-
logy and detection. JAC Antimicrob Resist
2021 Jul 16; 3: dlab092. doi: 10.1093/
jacamr/dlab092. PMID: 34286272;
PMCID: PMC8284625.

narst.dmsc.moph.go.th (website on the
internet). NARST: National antimicrobial
resistance surveillance center, Thailand;
antibiograms report (cited 2022 March 22).
Available from: http://narst.dmsc.moph.
go.th/antibiograms.html

Thaicharuen S. Carbapenem-resistant
Escherichia coli for the first time in
Prapokklao Hospital. J Prapokklao Hosp
Clin Med Educat center 2011; 28:
238-42.

Arsheewa W. Prevalence of carbapene-
mase enzyme in clinical isolates carbape-
nem-resistant Enterobacteriaceae from
Prapokklao Hospital in 2012-2013.
J Prapokklao Hosp Clin Med Educat
center 2016; 33: 314-25.

Tunyong W, Arsheewa W, Santajit S,
et al. Antibiotic resistance genes among
carbapenem-resistant Enterobacterales
(CRE) isolates of Prapokklao Hospital,
Chanthaburi Province, Thailand. Infect
Drug Resist 2021; 14: 3485-94.

Clinical and laboratory standards institute.
Performance standards for antimicrobial
susceptibility testing; 30" ed. CLSI
supplement M100. Wayne, PA: Clinical
and laboratory standards institute; 2020.

International statistical classification of
diseases and related health problems (ICD).
https://www.who.int/standards/classifica-
tions/classification-of-diseases (website
on the internet). ICD-10 Version: 2019
(cited 2022 May 7). Available from: https://
icd.who.int/browse10/2019/en



8198

10.

11.

12.

13.

Humphries RM, Green DA, Schuetz AN,
et al. Multicenter evaluation of colistin
broth disk elution and colistin agar test: a
report from the Clinical and laboratory
standards institute. J Clin Microbiol 2019;
57: e01269-19. doi: 10.1128/JCM.
01269-19. PMID: 31511331; PMCID:
PMC6813006.

Simner PJ, Bergman Y, Trejo M, et al.
Two-site evaluation of the colistin broth
disk elution test to determine colistin in
vitro activity against gram-negative
bacilli. J Clin Microbiol 2019; 57: e01163.
https://doi.org/10.1128/JCM. 01163-18
Das S, Roy S, Roy S, et al. Colistin
susceptibility testing of gram-negative
bacilli: better performance of Vitek2
system than e-test compared to broth
microdilution method as the gold standard
test. Indian J Med Microbiol 2020; 38:
58-65.

Moosavian M, Emam N. The first report
of emerging mobilized colistin-resistance
(mcr) genes and ERIC-PCR typing
in Escherichia coli and Klebsiella pneu-
moniae clinical isolates in southwest Iran.
Infect Drug Resist 2019; 12: 1001-1010.
doi: 10.2147/IDR.S192597. PMID:
31118706; PMCID: PMC6500874.
Wongut-sa P, Khumdee P, Samosornsuk
W, Yansombat J, Samosornsuk S. Preva-
lence of colistin resistance among third
generation cephalosporins- or carbapenem
-resistant Enterobacteriaceae isolated
from clinical specimens in Ratchaburi
Hospital, Thailand. J Med Tech Assoc
Thailand 2020; 48: 7240-52.

14.

15.

16.

17.

18.

1550 0¥z uazAe

Manohar P, Shanthini T, Ayyanar R, et al.
The distribution of carbapenem-and
colistin-resistance in gram-negative bac-
teria from the Tamil Nadu region in India.
J Med Microbiol 2017; 66: 874-83.
El-Sayed Ahmed MAE El-Sayed AM??,
Zhong LL, Shen C, Yang Y, Doi Y, Tian
GB. Colistin and its role in the era of
antibiotic resistance: an extended review
(2000-2019). Emerg Microbes Infect
2020; 9: 868-85.

Ye H, Li Y, Li Z, et al. Diversified
mcr-1-harbouring plasmid reservoirs
confer resistance to colistin in human gut
microbiota. mBio 2016; 7: e00177. doi:
10.1128/mBio.00177-16. PMID:
27048797; PMCID: PMC4817250.
Singh S, Pathak A, Rahman M, et al.
Genetic characterisation of colistin resistant
Klebsiella pneumoniae clinical isolates
from north India. Front Cell Infect Micro-
biol 2021; 11: ISSN = 2235-2988. Doi:
10.3389/fcimb.2021.666030.

Paudel A, Devkota SP, Shrestha A, Shah
AK. Prevalence of colistin-resistant gram-
negative isolates carrying the mcr-1 gene
among patients visiting a tertiary care
center. JNMA J Nepal Med Assoc 2020;
58: 983-997. doi: 10.31729/jnma.5246.
PMID: 34506394; PMCID: PMC8028535.



