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Title PREVALENCE AND GENOMIC INSIGHTS INTO TIGECYCLINE-
RESISTANT ESCHERICHIA COLI FROM WEANED PIGLETS IN

THAILAND
Author Phattira Ainmani
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ABSTRACT

Antimicrobial resistance (AMR), particularly resistance to tigecycline, a last-
resort antibiotic for multidrug-resistant Gram-negative bacterial infections, has become
a major global public health concern. This study investicated the prevalence and
genomic characteristics of Tigecycline -resistant E. coli isolated from weaned piglets. A
total of 305 fecal samples were collected from swine farms in Thailand. E. coli isolates
were identified by PCR and screened for virulence-associated genes and Tigecycline
resistance genes, including tet(X1)-tet(X5) and. tet(X)Uni. Antimicrobial susceptibility
testing, conjugation assays, and whole-genome sequencing were performed. Among
260 recovered E. coli isolates (85.2%), EAST1 was the most prevalent virulence-
associated gene (31.1%). Four isolates (1.5%) carried tet(X4), with Tigecycline MIC values
ranging from <0.5 to 4 mg/L. Isolate T8 exhibited intermediate susceptibility to
Tigecycline. Conjugation assays confirmed successful transfer of tet(X4) to E. coli J53.
Genomic analysis revealed that the tet(Xd)-positive isolates belonged to different
sequence types and carried multiple antimicrobial resistance genes, virulence-
associated genes, and mobile genetic elements. These findings suggest that weaned
piglets may serve as reservoirs of tet(Xd)-harboring E. coli and contribute to the

dissemination of antimicrobial resistance under the One Health framework.
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Methylene Blue agar (EMB agar) LLazﬁ’mﬁaﬂL%@U%qw§51M§UﬂWiﬁﬂwﬂﬁalﬂ Feituen
I¢azgniinanearndidiuie (ONA extraction) #eds boiling method warBusuviavede
paawaila polymerase chain reaction (PCR) Inaldlnsines vidA Feflanusumzee
L%ja E. coli
nsasamdunsediiiotestunsiee ntlendu suiunissiemaia PCR
laeldlnsinosadmsudu tet(X1), tet(X2), tet(X3), tet(X4), tet(X5) wag tet(X)Uni
uena Nt R]zﬁﬂﬂﬂi%@ﬂ@Uﬂ’J”liJlWi@Elﬂ@EJﬂ’linﬂ"lﬂ’J'lllL%@J%ﬂ@?ﬁﬁjﬂ%ﬁ]ﬂ&ﬂﬁa’m’ﬁﬂEQJJUE?JJQ
miw%ag@ﬂmaaﬁa (minimum inhibitory concentration; MIC) WoUszidusyauany
Twoadesies Inilyndu
HafinsranuBumesilungy tet(X) axgminsn@nwauaisnsolumsnevendy
Aou #2838 conjugation assay LagIlAEvaN vl aiugnssulaen1smasulng Lo
Tnewa3Tuy (whole-genome sequencing; WGS) Aaginalulag lllumina sequencing

ag Oxford Nanopore sequencing Wi oUsznoudTuuuuy hybrid genome assembly



LA ANWIANBENIIRTUNITUTMIAEIT0AUNITAREIATUATN B9AUTENDURUTNTIY

WAABUN Nanale kaznalnMNeIToIRUNITULNINTLABVDIEUADEN

Herudnianig

1. L%JE]LLUﬂﬁL%EJ’Nﬁ Enterobacteriaceae

yaneds nduuuaiiBounsuay sUuis liadsades annsoiyldisluanisdoondiau
waylifieandiau (facultative anaerobes) wuldsialuludldvesaunasdnd uazaiuso
Fuunibestunumuannsalunmsminimasarlnaldiiy lactose fermenter uag non-
lactose fermenter lasifglursdidianudrdaminisimmduardniunmg Woanniduam
vodlsaRnidauariuuiliunenes U ffausviaends

2. ok coli

vinefs wuaiBunsuaulunsd Enterobacteriaceae My normal flora Tuszuumaidiu
pnsvasnuLardnTifendu lasailunflidelse wivrsaneiusannsonolsalévilussuy
MaAUDINIIazUBNATLd (extraintestinal pathogenic £. coli; EXPEC) wagdiunumdAgylu
FIurundsazANLay NI NsTavasEuRosUfTiurluduindounas sy uunsnande'

3. gt Indleediu

vinefia oUTauglungs nadalendu Fuimunnan wanlvadu laefinnsdauuas
Tasvadafigunis €9 vemanu D viliiluszansamlumsdudinsdauaszilsiures
wuATieifistu Ingoonamsuy bacteriostatic aumsdufuvieton 30s vaslsiuly uae
Qﬂiﬂ’ﬂﬂummqLﬁaﬂéf’m%'umi%’ﬂmL%agaaiaamma“umu

a. msies Inflendu

vneds pwanansaveswuaiiielunisananallndelinevavesiesn Influndu 3
mmmmaaﬂiugﬂqumiﬁa@amﬂmﬂ (phenotypic resistance) w3en1saBuTiAgITasiv
nshoen TaesnnudiiusiudeRerosmatsuuiu (MDR) uasitomeresssiugunss oy
extensively drug-resistant Wag carbapenem-resistant (XDR/CR)

5. 8u tet(A) variant

vanefa Bulungy Tetracycline resistance gene Afinsnaneiuguiesauuaain
tet(A) maiy Fedenalipnuainsaves efflux pump Watulaziiunumdenisanaalasie

Indleedu Tukuaisewnsuau Tnawnwizly Enterobacteriaceae



6. Bu tet(Xd)

nanefe Sufl oo fTurlungy tetX) Midrsaoulededn flavin-dependent
monooxygenase dsaansaraegnives Infleadu Hiunssuiunsdauladassasiee
waziinnueguunatalin vhliamnsounsnszateseninauafiseliegnasins,

7. Multidrug-resistant (MDR)

vaneds WeuuaiiGefineresufiuzesation 1 viialu »3 nduenfiunnenaiy

8. Extensively drug-resistant (XDR)

yanefs WouvediSefinesesuitausieunnndy wieifies 1-2 nauenfidanansn
195nwla

9. Carbapenem-resistant (CR)

1Y
a A

= & a A ! ad ! = ! o v gy
wnedls Wakuetisenaadosufviuglungu carbapenems faulugnguddaily
SNYINTAARBTULSS
10. wwiAnguwuilafgl (One Health)
VUL BUIAATIETUIUANNTBULETENINAVN MDA FAd kazdannaeu tagiiuid
NNIWNINTTAEVDATDADEUNTIUZANTONATULAZEINAN TTNUTINTZUULA
11. ANuYnTeIN1see) nilendu
= & = = = o 1 & S A o &
VUNEA9 ANNYNTOINIAEET tnAleRdy NuNefdRd YR LT ORUATIS ENATINUINAD
' A a @ i = = A A o & v
e Wilwadu ludszynsdiegramis q §9e1a1enudusasaensosnsiniines Joya

ANUYNDIVUANFATUANY LAY UWnasiIae e Wneaey dazusunnegiemans

H3AFIUVRINITINY

& . a 9 | = a =% o % Y] &

e £. coli Nwanlaananansneuuiinsnsianugy tet(Xd) Bafeitadiunisiosn
Inflgadu wazanunsownsnszagliruesiusenauiugnIsunfounuaznisaenanguly

LbU3IINU



Aav ad Y]
LDAHAITILAZITUIYNLNYIVBDY
2.1 \WauwuATiS879A Enterobacteriaceae

s

FouuailiGensd Enterobacteriaceae iuuuafiFounsuay g liladsavos
wazannsassadinlataluaniefiduarlifioondau (facultative anaerobes) Wolwiaddl
annsonuldmluludunndon szuumadueimsvesdnd wazuuwd Tnsurswdaduie
Uszdniu vasfiunswinansanelsald Weluediannsaswundewuldanamiuauisa
Tunsminihamauanladuuemsmiziesde Tnsuvsoenifunguiian wsavsnimauan
19d (lactose fermenter) LLazﬂEjumﬂmmmﬁﬁﬂﬁ’]maLLaﬂIma (non-lactose fermenter)
wonnifEsenunsunsn sz teuasBuoensenindng aueaden wazaywe Badl
ANUFIAYABIUIAA One Health (Su et al,, 2023)

22 W8 E. coli

E. coliunuaiiGeunsuau JUsiauvis 9nagluaed Enterobacteriaceae aunsany
Iivhlulussvumaiuemsvesdndidensusazaysd lnodulvgifunuaiiFouszsduill
nelsa oenslafin fide £, coli viseneitusfiannsanelsaldannmsiidaderelse (virulence
factors) iU fimbriae, adhesins ua¥ toxins FvdsmaliinlsAluszuUNILALe NS Tnsany
TugnansusniAniazgnansviavienua (Fairbrother & Nadeau, 2019) e E. coli felsrlugn
Qﬂiﬁﬁﬂﬁﬁy lAun enterotoxigenic E. coli (ETEC) uag Stx2e-producing E. coli %ﬂ%’ﬂaaﬂu
nqu Shiga toxin-producing £. coli (STEC) lne ETEC tfuanumdAyres post-weaning
diarrhea (PWD) Tugnans 1iesanieanmusadasie fimbriae iy Fa (K88), F5 (K99), F6
(987P), F18 way Fa1 Lﬁaﬁ’wiumiﬁmLﬂmﬁaué’ﬂé’ WAYESN9 enterotoxins tawn heat-
labile toxin (LT) uaz heat-stable toxin (STa uag STb) dewalviAnmsgaden vilignans
Ano1nsTieads v1atn dviinan wazenaneld (Nagy & Fekete, 2005) uana1ni Stx2e-
producing E. coli inudfaysian1siin edema disease Tugnansvaaneuy Tnodeavatis
Shiga toxin type 2e (Stx2e) FsdsnaliinAnudemesenasniden AanmzUImth 89015
MeszuUlszam wazenavihlvignansmedeunauls (Fairbrother & Nadeau, 2019) w3y
enteroaggregative E. coli (EAEQ) Lﬂuﬁﬂ%ﬁﬂmjm%m pathogenic E. coli fianunsoadng

enteroaggregative heat-stable toxin 1 (EAST1) faieadesiuennisvieads ag1elsiniu

EAST1 91anulalu pathogenic £. coli vanengy sauds ETEC uazlifiowlu marker Fi5nme



o EAEC LiW908191A87 (Yamamoto & Echeverria, 1996) e pathogenic E. coli in"3
uninszargegnenieendushdudadnd siudduyednd dide fu uasunashaelunisy
Sntadamutlgmnisiosufinusvansvun Ssdsmansenuseguaimda’ anudasafenig
9115 harans1saiaulukiIfn One Health (Gemeda et al., 2023)

2.3 Uadunalsaves £ coli

e pathogenic E. coli annsanelsalugngnsldannsitadedelsa (virulence

o =

factors) vanewia lawn Yaduni13sganie (adhesion factors) a@sfiungy enterotoxins hag

[y 1 a

Shiga toxins Faflunumddeysienisiislsariendeuwas edema disease Tugnans nedade
ﬂ'aiiﬂLwd’lﬁmmiammﬁf’lLLuﬂlﬁ'éf’Jﬁlmﬂﬁﬂ polymerase chain reaction (PCR) {1un13
#9291 virulence genes ﬁaﬁ’ﬂl,wwwial,%al,l,@iazmjm (Nagy & Fekete, 2005)

2.3.1 Adhesion factors

Adhesion factors %3e fimbriae WulaswadsuningadiuniiSeiivaslhideannse
aingdud eyfiadildvosgnansld dedefutuneuddnglunndudunisnelsa o
enterotoxigenic £. coli (ETEC) qumﬂﬂwu fimbriae vanewiin bawn F4 (K88), F5 (K99), F6
(987P), F18 Lay F41 lag F4 (K88) way F18 vJu fimbriae ﬁwulé’ﬂaﬂuqﬂqﬂwé’wému
wazlauFUNUSAU post-weaning diarrhea @31 F5 (K99), F6 (987P) uag F41 dnwulugn
gnsusnine (Fairbrother & Nadeau, 2019)

2.3.2 Enterotoxins

[ 1 a

Enterotoxins suansiuiiasaslag ETEC Fefiunumdidarenisiineinisviondsly
anans Toeuusaandi heat-labile toxin (LT) Lag heat-stable toxin (ST) tewn LT-I, LT-II,
STa uag STb ludu LT toxin tJuansiviileaiuiou flassasrauaznalnadie cholera
toxin Ingaznseun1siinsziu cyclic AMP (cAMP) melumadideoydld danalsiiinimds
1heengdldinnTu d1u STa uay STb Wuasiiwiinuseruiou Tny STa awnsedu cyclic
GMP (cGMP) waug?l STb dawasiensldsuutasasunavesvesvarludld vilkiAne s
ﬁaﬂLﬁEJLLazﬂW’stmﬂ‘ijﬂuQﬂﬁjﬂi (Nagy & Fekete, 2005)

2.3.3 Shiga toxins

Shiga toxins \ulladunelsadAtyues Shiga toxin-producing E. coli (STEC) Ineiigiu

i

a1ty Laun stxl, stx2 uag stxZe Faviumiiniasisansiividnasowadidoynasndoniay

o

(%
o o

gudinsduaszilusiunieluwad lugns stxze foidulladeddgiiiedesiv edema
disease lnui@avias e Shiga toxin type 2e aznaliinAudsniese endothelial cells

Yoaaaalien dwmaliiinn1izuindl ANUlaUnAnesEuLUsEAam Lavenvinlignansnneg



ounduld uenaindl Wedsnanatnwusanify fimbriae wiin F18 lugnansvdmegiuy dedl
mewﬁwﬁ’zg@iamﬁ%L.mzﬁuau%au%rsml,?iaqé’ﬂé’ (Fairbrother & Nadeau, 2019)

2.3.4 EAST1 toxin

Enteroaggregative heat-stable toxin 1 (EAST1) uansiefidnswalaedu EASTL
Fadunulu enteroaggregative £, coli (EAEC) wardfianuieadasiueinisviends eealsh
1y YaqUumudngu EAST1 awnsansianulalu pathogenic £ coli vianengy saudie ETEC

Faliideidu marker f9neso EAEC wieaagnaiien (Yamamoto & Echeverria, 1996)

2.4 engu Inflyady

2.4.1 las9as1amaadl (Chemical structure)

_TH_(I;(=O)_
II\IH—C(H2
- ---NH-C(Hi3)s

N(CH3),

Minocycline Tigecycline

A7 1 msanuladiassadiemaaiifainus C9 vevisumiu D 910 Alulendy (6;11’18) iﬂL‘ldJu

Indlaadu (327) Imamitﬁumgl,muﬁ 9-t-butylglycylamido (WaAFIEANATALAT)

Tnssasramnaafives Wnilvrdu danawi 1 uLulaIInNIRumy slycylamido 7
Funs €9 funumaddglunisifinvuavedluiana wazdleifinanuanansolunsduiuls
Tulew dwalst Inflendu fussavBnmgaluuazanunsavdnidssnalnnishesuuudaiuld
nAlondu 1Duenufnglundgy lnadalsedu Seldsunmetamifiouttymnsioslungy
wnstlendu tae Indleedu faswadeiugiuduasmuing (Tetracycline core; A-B-C-D)
%aLﬂuﬁﬂwmzLawwmmmﬂdm Wwaslendu (Greer, 2006) ANULANANEIAEUDY A lwAAY

WaSeuisunu Dlulendu AsnisaawlasNnedwiua C9 va99wiiu D Inglu Dlulasmdu
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dumadananidunyunuivuiaidn Wy -H uie —OH vazdt Indleadu fnnsidumy
glycylamido (-NH-CO-CHa-NH-tBu) Faflawalvgjuariinnnududauuinndy (Yaghoubi et
al,, 2022) mgjlmuﬁﬂumimﬁﬁﬁnmm 9 5dﬂwa1mmaa%’wimaqamaq Inilemdu 3
Anautimaaiiiuanaan weslsedu Judaiu (Peterson, 2008) Insiamgnsiiial lipid
solubility wazn1sUfuasudnuwazidslassairsestuana mafauvadaseaiiaing ids
dwaldt nAlsadu fanuannsolunmstuiulsTulsugstudodioutu Tetracycline uag Tlu
lwadu Jadunuaniiddyiduiusivssansamussen midanUaslassaiisfonanndl
unumdrdysonuaniiniandying1ves wazdwasdenalnniseengys

2.4.2 nalnnnseenqns (Mechanism of Action)

Inileadu fus1ufugussnn bacteriostatic floangnalasdudnisduasey
TUsAUTOILUATIGE HIUNTISTULUU reversible Aunuiseae 30S wadlslulen Tnsanizuiiiu
helical region (H34) 984 165 rRNA N153U1098198TAVINNITHU 1 AWMU A-site VB
aminoacyl-tRNA danalvinseedluliaiuisanatduanelndiuulngla nseuiunns
elongation maﬂﬂsﬁu‘ﬁwqﬁaaLLazs“J’Ué’T’aﬂmﬁmLauimaaLL‘Uﬂ‘ﬁL’%a (Yaghoubi et al., 2022)
mssawdastassadiafisiumla €9 Aeny 9-t-butylslycylamido Hunumddaysenalnnig
penquisveten Tagtaiiuauannalunisduiulsiuley wagnol¥ian steric hindrance 3
anUszdnsamvesnalnmshesvanves wnnsilenau taun eflux pumps wae ribosomal
protection proteins 4w Tet(M) dealit Indleadu daauauisatunisduiulsluleuaindn
dowiguiu Tetracyclines LUUS LRl (Greer, 2006) lusgaulaana MuAINaIAUTOLAR
Ufduiusuuy base stacking Autiaaalolnd C1054, G966 waz G1198 Ul 165 rRNA 59uf
msUszauiu Mez™ lesau Fwasifiunnuaiesvesnisdusenineuarlsluley wavdana

¥

Tnsdudanisdaunsieilusiuiuseansnnunngsdyu Jenner et al,, 2013) Arganaud

9

¥
=

=1 a a =2 a [d = A o w ° o/ o a A a
LARU 1‘1/m1€mau ﬂ\‘igﬂwf’mifmL‘IJ‘L!‘VMQIUEJ’WI’NLa@ﬂﬁ’mi’gﬁ’?ﬂiUﬂ’]ﬁiﬂU’]ﬂ’ﬁﬁ]ﬂL%@%LﬂWﬂ’m

af{’ 4’1’ [l < v 1 | Y o 1 a af{’ 1
Wemsymateuuu agalsiny mslderegrunsvaglalugnisiianalnnisieailul q

a A

WU NSLANNTYINNUYEY efflux pumps nMsnateiugvesdmunalsiuley wagnsiingun

[

ansafaulaanievianagndvesen wu tet(X) Geasvioudsarudndulunsihseiuay

Anwinalnnisheeegemaiiad (Fan et al,, 2024)
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Mechanisms of Action and Resistance of Tigecycline in Gram-negative Bacteria

Mechanism of Action

Resistance Mechanisms

Tigecycline ® ¢ OO\[; J\\/:U/" | Overexpression of Efflux Pumps RND Efflux Pump .
.- o S %
hifer o L° e ' " v . (AcrAB-TolC / AdeABC) ®
Memb. i o B 0 £99%7 Intracellular Drug Concentration
glene g-oicogos ( égog?%oooo‘péoo E . R — p——b 2 OutS
it it B o a o ec el 2 Membrane
Porin ——» A OO i it s /
20066004 3 LUGSOOLE8888568 | | [stese LRI EEE -—0 W 4 36~ periplasm
Periplasm — . Enzymatic Inactivation - L .. 9le |
Q00000000 o 0A00AE00R000000 | | | nner
oney sttt ot TetX Modlfled Tlgecyclme ok /0 Membrane
Membrane o/oOooocc ) [efalelelclelcleleleelelelole 6] (Monooxygenase) —’ (Inactlve) \/ﬁﬁ ol
---------- 7!
@ N
Cytoplasm ® Aminoacyl-tRNA | & mé/ ;
* : ,,(//[ .- Blockage = Target Snte Mutatlons -
30S Ribosoma e - . = v
Sub L * N x of Asite entry | 30S Ribosome -
ubunit Al : o - m— Reduced Binding Resistance
o / " (Mutation in'S10 protein /......p." Affinit
- > 165 rRNA) v ,6“”.’_“ y R
_T’e; “ﬁ / Tigecycline ----- = g Bt s
Tlgecycllne blnds I . ff 1 Tl 0l
30S ridBothe. Regulatory Mutations ... .. S SUUNLL SN
; — T Mutation ,\ f Efflux Pump / p Y iy
—————i ¥ (adeRS, acrR) Expression . °®
Inhibition of Protein Synthesis Q (AcrAB, AdeABC) _/ °
(Translation Arrest) ) } W Nole ! o
FTT7FAC T —= “‘ ) T i / @ Tigecycline
;» Protein Synthesis J\ )E(mi; —3 Normal Process
P OB

—p Resistance Mechanism

P £ & [ i A a
AINN 2 ﬂ']Wi'Jllﬂa‘lﬂﬂ'ﬁ@@ﬂqmﬁua?ﬁﬂaiﬂﬂ'ﬁﬂaﬂq tlgecycllne IULLUﬂVlLSEJLLﬂiﬂJaU

243 ﬂaiﬂﬂﬂigaaﬂﬂﬁ%aus (Mechanisms of tigecycline resistance)

Inflwedy Wusnihuglungulnadaleedu eld3unsiannanejduslungy
wnglonau LﬁlaLﬁﬂﬂizﬁ%%ﬂ’mlumﬁaaﬂQVIéGiE]LLUﬂﬁL%EJﬁﬁﬂavLﬂmiﬁaEﬂLLUUG?QLC?\JJ‘UBQLG]
nslendu Tnsereengrskumsiuiuniieges 305 voslslulas duwalsl aminoacyl-tRNA
lianmsadrgsiumis Assite vaslsluleuld Fsdudanssuiunsdunseilusiunagnis
Wihulnvewaduuaiide duandunmil 2

oglsfinnn sty Inflendu edrereifonavunsvarvdmaliiinnisdnidenide
wuafidefidnalnnisiogimannuansguuy nenalnnsiesiiddyluiuaiiFeunsuay
Usznoudie nMsfiun1sviauvesseuutugneananead (efflux pumps) NsiUasuunlas
Auvatnminerese MsaansTurIureseingwad wasnisiawlamievinatelaswaing
yoselagieulesifidnsiaaniuiien (Fan et al, 2024) mafiunisuansoanvesszuuiuen
DONAINLYAR LUU ACrAB-TolC, OgxAB Way AdeABC dsnalininuiduduveose lnilundu

s a a = a a v 3 v 6" a dy
melugaaluaiisvanas Jsaausednsninlunisdudinisdanszilusau uenaind nns
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nanetugvesduiiiAedosiuntiegos 305 veslslulen saufsnsadrslusAuiviangif
tUosdulslulaw (ribosomal protection proteins) 819dIHARBAINUAILITAIUNITIUVBIY
winalndanamasdunumeenisiiosn Infleadu tosniifinulu Tetracyclines Jusufu
A3 (Greer, 2006) UaqUu nalnnsiesnidaudfgmessuinineuagldsunisseay
dintusghedeiiles Aemsdiulungy tet(x) Tnsiame tet(x3) uax tet(xa) iuusiuuulunis

aaa

as1aoulel flavin-dependent monooxygenase ﬁmmamﬁ'wgﬂim oxidation ve4 Inily

£ ~

adu damalilassadramaaiivaseigniaulasiazandogninisdanmlunisdudanis
Fuaszilsiuvenuaiide nalndinantudunalansiesrfiuandsannalanisiesn
Tetracyclines uuusuiu iasarnifunshategrsveselnenss (enzymatic inactivation)
Ju tet(X3) way tet(Xa) TnnTIanuIanivsIAUsznouUsNIIUAA BT (mobile genetic
elements) wagnaN@iinviln conjugative 118 06 9N15818MBATUTENI 1L UATHLS N1
nsEUIUNIS horizontal gene transfer d snalwduf oord1usauns nszaneldegadl
UszAnsaamsneluuaysewinsiavewuaiiGe nsuninszaevesBusenanldiuns
senulunuaiieanuywd dnd uazdsnndon azviouliiuiamuideulosesiymnis
AoeufFauyanelfiuuin One Health

Tuthmmssuiehun S91eaunmsesanunisnes nilsedu WutuluuaiiGeun
iuauﬁlﬁm’mﬁ’]ﬁmmmﬁﬁﬂ 1auA K pneumoniae, E. coli, Enterobacter cloacae wag
Acinetobacter baumannii ngnshesfnaniinnmieatesiunalimansdsenisianisan
msavanveluad nisasullashumiatmng nsaanisdudnvendevuivad waz
nsvihaenvisvesenlasoulenifiingiaaindu tei(x) (Nasomsong et al., 2025) Fso1adwa
nsenusaUseAnsnmes Indlwadu lugiugenujiusnsdenddgdmsunissneiniseia

& A a Ao &
LSU'EJ‘VILﬂ@lﬂ']ﬂLL'Uﬂ‘VlLiﬂ@@ﬁn%aqﬂﬂu’]us{,u@u’]ﬂm
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M13NN 1 38U efflux pump wazdumuauiietesiunishes nileadu TukuaiSoun

suau (Wang & Li, 2024)

Genes and Gene

Family Location Regulatory genes Related species
clusters
E. cloacae, E. coli, K.
ramA (+), ramR (-), soxS (+),
pneumoniae, S. typhimurium, S.
RND Chromosomal acrAB-EF soxR (=), rarA (+), acrR (=),
enterica, E. aerogenes, E.
marA (+), marR ()
hormaechei
soxS (+), rarA (+), ramA (+),  E. cloacae, K. pneumoniae, S.
RND Chromosomal OgXAB
marA (+) enterica
adeRS (+), baeRS (+), soxR  A. baumannii, A. nosocomialis, A.
RND Chromosomal adeABC
) pittii
A. baumannii, A. nosocomialis, A.
RND Chromosomal adeFGH adel (+), soxR (-)
pittii
A. baumannii, A. nosocomialis, A.
RND Chromosomal adelJK adeN (=), soxR (-)
pittii
RND Chromosomal sdeXyY NA S.. marcescens
RND Chromosomal smeDEF NA S. maltophilia
RND Chromosomal axyEF NA A. xylosoxidans
RND Plasmidic tmexCD1-toprJ1 NA K. pneumoniae, Klebsiella spp.
Plasmidic/chromo tmexCD2-topr)2 /
RND NA R. ornithinolytica, Klebsiella spp.
somal tmexCD3-toprJ3
RND Plasmidic tmexCD3-toprJ3 NA K. aerogenes
K. quasipneumoniae, E.
RND Plasmidic tmexCD4-toprJ4 NA
roggenkampii
K. pneumoniae, A. baumannii, S.
MFS Plasmidic tet(A) NA
enterica
MFS Plasmidic tet(Y) NA A. baumannii
MFS Chromosomal tet(L) NA Campylobacter spp.
Novel Chromosomal kpgABC NA K. pneumoniae

NA, not applicable.
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Tigecycline

oM
IM
® .. ! Resistance me:h:frlrisms P'S : ® .. é : & :
. associated with efflux pumps
AdeABC/FGH/KJK and regulatory genes PUMPS AcraB/EF 0qxAB SdeXY/HasF  TMexCCD-TOprJ
; o ®
H ® ® -
v ' - 2 ., RpsJ/U/A
° ° EeeBf D WY g | )
- \ i 3 Vi » 5 [ )
= e VY *o TS AOS e &ﬁ {“)\“ SR, ® \»/~. Mistants mechitations
@ ® @ % = ) 18  associated with
® +_o Resistance mechanisms /S ~ = ® 7 antibiotic binding
e L4 associated with DNA repais
Resistance mechanisms associated @ .i Resistance mechanisms
with antibiotic modification - 2o N ] associated with membran
*€ - 3
o MY ) & ¥
. @ '
—l
I |
———
< @
® © Gna/GnaA/, @ ®
® ] @ ® @ ¢ e © ® L J ® I ® ®
L e ¥ —— ° © N sl e® T ©® e
d 5
KpgABC Tet(A) Tet(Y) Tet(l) Abpp PIsC MiaA MabA AbuO
variant

A9 3 nalanishiosn tigecycline luuAIFBLATIAY LAAINISVINIUYDY efflux pumps
nsanwdasglaaiauluilungy tet(X) wagmsildsuudasiunisidmungvesen
N17: (Wang & Li, 2024)

Transcription factors () Transcription factor
() Enzyme modification
S % () Gene mutation
) | ()
—> Activation/induction

v

Efflux (export)

Contribution to resistance

|

--~-- Repression/inhibition

, , L T RRRRS TR AR RnT
86868688886 AP SEPooB686868686888686

MexEF-OprN
MexXY-OprM

|-----( AdeSR

FGH-JK-M -
~=( BacSR
KpgABC

Tet(A), Tet(Y)

»
MeXAB-OprM -
MexCD-OprJ

A 4 nalnfinendesiunisanaulise tigecycline TunuafiiSaunsuau



15

2.4.4 NMsTugInNWadlay efflux pumps

Efflux pumps 1unalnddusenmswilsiifeadestunisanainlsesn Infleadu
TunuaiBsunsuau Inevihmihiitusujiugeonanead dwalinnuidudureeluwad
anasauldiisanononisdud snsdaaszilsiuilsluley wazonavihlia minimum
inhibitory concentration (MIC) mau%aﬁmqa%u (Wang et al., 2021) LUATIITULATUAU STUU
efflux pumps ﬁ'ﬁuwumﬁ’wﬁ’iya{aulwajaq'lunaq'u resistance-nodulation-division (RND)
family FaflAs3a519uUY tripartite complex L%amﬁ@sswjmﬁaﬁu%ﬂu %494719 periplasm
uaiBoriutuuen vilfaunsnduseaninadidedieiivsyaniam (Du et al, 2018)
7 3 uamanmsvesnalantsnes lnilseadu ARedosiu eflux pumps waznalnau q lu
WUALSELLNTUAY

Twdle £ coli szuu efflux pump Tiilunumddasenisanaulsie Inilendy e
AcrAB-TolC Baifiussuudugnaanainisadlungs RND family n13LfiNNsLanse8nedssuy
AcrABTolC dsralimsazauves nileadu meluwadanas warduiugiunisifintuves
sERUNTA 087 (Li, Plésiat, & Nikaido, 2015) N15AIUALNITLANIBBNVBITEUUAING D
g oaru transcriptional regulators #ane%la lewn MarA, SoxS kag RobA saude@INg
A3UARIBaNYBIEY 1u MarR wag AcR vnniAansnanestusmilifnanisuansoongyde
stiil 019deNalsE AcrAB-TolC gnnsssusnntuuaeviliideanenulade nfluadu 14

nalnfifs1eanlu £ coli léun nsnanesiuguuy frameshift mutation Tudu marR
Fevilvin1sdudanisuantennued mard anas aenaliszdu MarA Wiagedu uaznsedunis
LARIBBNTBITEUY acrAB ag1arawilas wenanil Lon protease Salunumiisatomedey
desnlasunieulwiivihiifidesaats Mara e Lon gajdendnil sedu Mara anelu
wadakiuty dawalisruu AcrABTolC vhamumnndusulusae nalndanauansliiiiui
n1sanaulase Wileeadu lu £ coli llainainnisnaneiiugluiiu efflux pump lnenss
Wi wigaAadeaiuanuiaunfvesssuuniununsiansoenyesduluszdu global
regulator ¢78 (Hirata et al., 2004)

UBNAIN AcrAB-TolC ud §4fi$1891u31 efflux pumps NN U LU Tet(A), Tet()
waz TetlY) Fuduiiedastumsiesmaslondu wuuaaiu o1afldasilhideannnulde
InAladu Ialuuiensd TnslameileRnnsnaneiusuisiumisdovausuiunalnns
Heendu 9 (Wang & Li, 2024)

wonanil Tudaefinaue d9renumsnuszuuuereonainead i atenenttumn

aaila LU tmexCD-topr/-like gene clusters FIANMITAUNTNTEANYTENINUUATILTUNIU
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N¥UUATT horizontal gene transfer 16 JsdanudAgyMIsszUININGT 1Ny linshe

s

g1 Indloadu @ausannsnszateseuInatasuafiselalngliindameniznisiinnisnalgwus

3

neluaeiugiay (Dong et al, 2022) AW 4 wansAIUFURUTITENINY transcription
factors, efflux pumps, gene mutation kag enzyme modification M1LA8TITUNITA DY

Indlepdu Tukuafisewnsuau

'
o v A

w31 efflux pumps aztlunalndrranyiliae £ coli ananulane Indlepdu uea

o

Jagdunalnidanudfmyindufonisviatsgniveselasieulsdndisiaaingulungy
tet(X) Inwtanng tet(Xd) §sanuisadaniadlasiasieue ndleadu Waunszuiunis

oxidation lalaense wazdnduiusnUoIAUIENOUNUTATIULAR BUN YT BNAANA Aaty

1 =2 =

NUWITeiFaaAnwInIsasanudy tet(X) Tngany tet(xd) Tulie E. coli fnsnlaainyisy

3

ansludszinelng
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AN5197 2 N15NSE8U9TU tet(X) TUhUATISELNSUAULASLUATISSWNTUUIN LASAILLALS

MaiugnIsy (Wang & Li, 2024)

Gene Species Localization PMID
tet(X) Bacteroides fragilis plasmid/chromosome 15452119 / 22014885
Bacteroides/Enterococcus 11472924 / 29274469 /
tet(X1) chromosome
spp. 22014885
Bacteroides/Empedobacter 11472924 / 32731802 /
tet(X2) chromosome
stercoris/Acinetobacter pittii 37141282
33287863 / 36409072 /
32816739 / 35124286 /
tet(X3) Acinetobacter species chromosome/plasmid
34851156 / 34987485 /
36081799
Escherichia coli / 33287863 / 32345737 /
Acinetobacter species / 33992939 / 31235960 /
Klebsiella pneumoniae / 36016796 / 32846111 /
Klebsiella quasipneumoniae 36326874 / 32853333 /
tet(X4) / Citrobacter braakii / plasmid/chromosome 34431695 / 31429665 /
Citrobacter freundii / 34937176 / 35138117 /
Shewanella xiamenensis / 35021125 / 35793774 /
Escherichia fergusonii / 34899627 / 32816739 /
Salmonella enterica 34987485
31611352 / 33373881 /
tet(X5) Acinetobacter species plasmid
34801490 / 33347964
Acinetobacter species / 34680819 / 33373881 /
Myroides phaeus / Proteus 35124286 / 34987485 /
spp. / Chryseobacterium 35966843 / 32345737 /
tet(X6) indologenes / Providencia chromosome/plasmid 34801490 / 33762210 /
rettgeri / lgenatzschineria 34851156 / 36081799 /
indica / Oblitimonas 32766775/ 33559156 /
alkaliphila / Escherichia coli 34936926 / 32068864
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AN5197 2 N15NSE8U9TU tet(X) TUhUATISELNSUAULASLUATISSWNTUUIN LASAILLALS

MIUENITU (M) (Wang & Li, 2024)

Gene Species Localization PMID
tet(X7) Escherichia coli plasmid 33820767
tet(X7-13) human commensal metagenomes ~ NA 32415166

Empedobacter stercoris /
tet(X14) chromosome 32731802
Riemerella anatipestifer

tet(X15) Acinetobacter variabilis chromosome 34109404 / 34987485

tet(X18-44) Riemerella anatipestifer chromosome/plasmid 34098588

Bacteroidaceae / Enterococcaceae
tet(X45-47) NA 34935428
/ Candidatus Melainabacteria

Klebsiella aerogenes /

unnumbered 34346701 / 31778164 /
Empedobacter falsenii / plasmid

tet(X) variant 35944374
Riemerella anatipestifer

2.4.5 myvnatpnsennilaselaeioull

wanmieannalnmsduensenainisading efflux pumps uwin natnnsieen ils
adu Aldsumnuaulaogiannlutiastu Aensdnulamdarhmeglagieulnifaianain
ndulungu tet(X) wazsiausiae o Laun tet(x3), tet(Xd), tet(X5) wag tet(X6) Simanil
nanoulgyiuila flavin-dependent monooxygenase dsanansasnuladlassasnes nfly
AAu HILU{A3E1 oxidation dswaliergapdegrsnisdaninlunsdudsnisdaunsesilusiu
yauuATise (Moore et al, 2005) nalnfinauanisaInmsaes fiinen efflux pumps
dewndunsdauvaddasadrmaaiveselaenss lldiiesnisananududuvese
aglumad 90w 3 uansbiifiuineulsl Tet(x) amnsaisalfATen oxidation ves Tnf
londu auinnanfusifisigniiugainanas dwalinnuaunsovessilunisiufumieses

o w =

305 vaalslulauanasetalifedAy Bulungu tetX) aunsanmanuldluiuafiSevarevin

Inglaniy tet(xd) dalasunissienuegrawnsnatglude Escherichia coli andniideaiite

n15uslaa uywd wazdwandeu gunsnandnnusiudunaradanazeidusenauiugnssy
dl‘ ~ . . oS & ! = i oA

AADUN (Mobile genetic elements) NBBABNITANIYNDAYUTENINLUANLIYNIUNTEUIUNNT

horizontal gene transfer aauanslun19199 3
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AMIEUNY tet(X3) uay tet(Xd) vunanainfiaiunsaaienenlalul a.a. 2019 Souduy

[

uBsuddyonisAnumnisies Tndleedu desnuandifiuinnisiesidanarlals
Pieegiieinisnateiuguulasiuley wiauisaunsnszateseninauafiisensilnlaiogns
fUsgavanmuNsaIenenasugnssulukIsIu (Sun et al, 2019)

Tuszauluana woulu Tet(X) 14 flavin adenine dinucleotide (FAD) \lulpuvnimes
Tum3159Ufi3e1 oxidation ves nAleadu dsualiAnnsiasunlasassaiamaniivos
wazanUszansamlunsduiusuwmiadmmnevulsluley nalndanananansaiiusesunis
euldetnadituddny warenadmatasuiunalnay Wy efflux pumps slwideiiszsunay
st niiluedu anasunnBsiu (Moore et al., 2005) Mndoyadumesilungy Tetracycline
fidadostunisiesn TnRlesdu @159l 1) wuin tetxd) Wuduiidanuddyiidusesu
TuanauayseAuszuInIne) Wosnniiededlaensefunisinansguisues nilendu wazin
peanuTfuBunessinduuunaiaiavioasdusenouiiugnssuadeud maunsnszane

& = =

Y94 tet(X4) lunuaniseanuyed di wazduwnaey asvioulmnuispnuenlesastym

o
1 £

nsAeeUf¥InEn1eliluIAA One Health AU N3ANYIATILIWATUNITATIAABUNITNY

9

waENIUNINTEAEvety tet(X4) lue £ coli iuenlaangnansveruuluusswmelne
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2.0.6 mawAsuulasiuinivangvose

nsaguuUasihunindmnevessniudnuilsnalnfiiendestunsananilasie
InAleadu ngiAnainnsnaeiuguesesdussnouiiisadostumiegos 305 veslslulay
Fadusumisoongriuessn uwiin nfleadu sgiaruausalunmsiuiulsluleuganiie
Ufthusdundueelsadususaiy uwimadsuwadasaimoshudsiueeadmals
UszAnsnlunisduanaauagyiiliien minimum inhibitory concentration (MIC) wfisigstu
161 (Izghirean et al., 2021) ﬁuﬁlie’ﬁ’umammmﬂaa‘ﬁ'qmﬁa rps) ¥ wd159%a ribosomal
protein 510 Msnanetugvesdusandnaunsadsundadasairsuinalndiumisiu
Y89 Wdlgadu vuvihedes 30S vaslslulay dwalraiuaiunsalunisduredenanauasyi
Tidefiszsuaruliresianas nalndldsunsnenilusuailiSeunsuauvaiessiin wazde
Junilslunalpfliendesiunisnest Tnilsadu uenwionnnisiuaes eflux pumps
wagmavianeelngteulesifidnsiaaindulungy tet(xX) (Chen et al, 2014)

2.4.7 MsannsTusuveseEudevYad

msae Tufleadu erainainnisiisndagwaduuaiidoanas §eduiusiunis
WA BuLUAIUOY outer membrane permeability #ag porins 7113 9 lukuafiSounsuay

Inevalderlunguiifaeinu outer membrane tieltd periplasm wazdaludslalnnaidy

(%
Y

MNKUATILEINITaRNNSHEAIENBY porins #3aiin1silasusInUsEnauTD L avNTULen

q

witldmaddwadvessndululfentu dwmalvisedu nfleadu melumadiniisiiu
m'amiaaﬂqwé nalnid snluvherugive uanus iy efflux pump overexpression 8¢
vounds shlvseiumstegealuiuaiaiu (U et al; 2015)

11 Enterobacterales 457891431N158ANISULANIDDNVDY porins ¥4 OmpF 913LAn
fauffunisnanewuglu ramR vilildifieas AcrAB-TolC gnnsedusnndu wimasinuvose
il erfud unendianasday dnumsdinaindudiogiseanisitausuiusening
reduced influx uag increased efflux avhlsr InAluadu lianunsaavaunigluwadluszdu
fifiuszansnmls (Wang & Li, 2024)

1w A baumannii in153vygunaaieIeeiu outer membrane permeability 14y

a

plsC, abrp, gnaA uag abuO legdumaiifiunumiieanulassasavseniniveatoiuead

= v Y

waravdwmaden1siIwvedlnileadudgiwas widinalnigatnveswsdazdudedenis
nsfnuiudy witeyalagtuavayuinnisieundasesruseneuveadeniuduuendy
nildlussausznevdrrgaesnishesinilerduluded lnsnnizdofinsuiunsiiunig

9183 AdeABC %30 efflux systems u 9 (Li et al., 2015)
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2.4.8 nalniaSunasilaseiiiendosiunismos Inilendu

Tu A baumannii §38151891U479158UU DNA repair pathways L%U recA wag recBCD
p1fendestuaruannsnveatelunisasegmeldiussnaduain Infladu wissuumani
arlyldvihmdfiduen vhateen wiewdsudmunelaenss uanisifinussansamlunis
donneunuABneveTadentteliuuaiiiegsenuaravaunananeiugiitnlugnishe
eluszoziounld nalndasveuinnisienileadu lilddunaanifiosduieon umdunasin
NM5USUMYBIaaYaIYSTUUTINAY (Zhang et al.,, 2022)

Snusziiunilsfo heteroresistance FannedenelulssmnsuuaiiSedentuliiies
unaadgosiianuansalumnuse Inileadu ginduvaddnlng Weldiuusanad

v A

ne1 WwaddeswarilazgndnidenlilautulararaimundulseansfensgiusULuy

Y
(2

luasienn UsingmsailifinnudAynieedin nseeiavilinanisegeunulinesig
Wit alaresn waluanesnwiassnauiianisasmanla lagdnii eadeeiunns
WasuuUawes regulators 989 efflux pumps #3on15Lans8NUBNd T RuLUslan ey

Usgansneany Jo & Ko, 2021)
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2.5 gaunisaimansanuiu tet(xa) ludnilazdandon
n3foe1 Infleadu TunuafiiFea9d Enterobacteriaceae Tnssudanulusedu
AoutsidlowSeudisuiueufFueaiiody edrslsfionn Sunldufutuededaaulude
FopmasuuIL (multidrug-resistant; MDR) LLazL%aﬁasﬂuizﬁuquLm WU carbapenem-
resistant strains laglan1zlu K. pneumoniae (Kelesidis et al., 2008) Fananslunisaf 4
Feagusnuanugnuentefifituies nileadu Tasiawe tet(xa) lufeandniuay
dandon Tussuumswdndnd fseaunsnsiany tet(xa) lu £ coli :n¥iugns vi1fu
&m0 wazdwndeuiiieades wil nileady srlulagnldlnenssludaifinnu Tng Yang et
al. (2023) 57897159 5IANU tet(Xd) L £. coli InvFugnsuazsudniUnluyssimaiu
Anidufesas 1.55 Uag 0.77 Auasiyu vaizdl Li et al (2022) WUANLYNYDY tet(X4) gaiis
Yoway 24.4 Tu'cloacal swabs 1niile warfosas 11 ludregiudeldandsemaiianiu
uanNaNd Yu et al. (2021) §131891un1505390U tet(Xd) 10 £ coli 9nduwindausaumsu
Hawawviw Ioud fu tide wazdu Aadudesar 0.9 Fsasfiouunumtesdunadonlugiue
Uz ANLA LISy eBuRee1MelFuuIAn One Health
usinmnue tet(xa) lunmadadaiazdeylussdudndofisutudonolsaly
uywd winInsaanudussnanlunuaiisenndainagd wndenfinnnudda 1iosann
tet(x4) \Jubufianansaunsnszaeiunaiadiinuas mobile genetic elements ¢ (Xiao et
al,, 2022) wenanil SedsenunsnunalnAesnduditigatestumsannalde Infleady
WU tet(A) variant @4azieudnenmyesninie Infleadu resistance lussuuniswdndn
(J. Wang et al,, 2021) ielFsusisufudeyanieedin wudiszdunsiosn Inilvedu lu

Werelsaanlsaneuiagendnedidaau lassesnuandszmalnglul 2024 seyh

= v

K. pneumoniae ianavs carbapenem wag colistin Fons1n15hie Infleadu gedisTeuas
91.7 (Chirabhundhu et al., 2024) Fauanaliiiiuinnisnesn nileadu danuduiusiunig
1AM extensively drug-resistant Wag carbapenem-resistant strains (XDR/CR) pg19l5AnY

ATHENNITAAINUIENING “NsNUEURBYT” wag “A1smesdeililulnd” sanainduseng

[
= o =l

FOLAU LT9991NN1TNTIINVTUALY D UDIFNYAINVDINITABELALAITLNI NTA8 T UBUIAR
1 dfl’ [} U :.’/ v U 6 r.a' ¥ 1 1

wnnINsuansnisiieentudagiu dadu nsihseagu tet(Xa) Tudnd Faandeu wazvsld
= a o U 1 1 d’ll al = v a

9113 FadlAudAgsanIsAIUANNITUNINIEANEVRINTSAReT nAleadu neldilwifn One

Health
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2.6 NSONYNDATY

u tet(xa) WWuduneen nileedu nlasuauaulasgraunnlutagiu eswnd

=

MsTenuNIUNInITaEegininedlude £ coli fusnldnuuud &0 uarduindon
TnsBudsnaansodeualiararududuiigad sudnisiaigronde (minimum
inhibitory concentration; MIC) vas Tnlendu ifiuasiu wazanUszAnsanvesenildidu
madendrdglunisdnvinisindeainuuailiFe s matsvuny (Fan et al, 2024) A3
uLNInsE18v84 tet(Xd) Tanuduiused1slnddniuasdusynouiusnssuiadoud (mobile
genetic elements; MGEs) Inglavngnanaiialungy IncxX1, IncHI2 wag IncFll Fadunanada
fianunsagenendiiedld (self-transmissible plasmids) sazdunumdfalunisarenandy
A 881553 LUATIS BHILATYUIUNTS conjusation (C. Sun etal, 2019) usnaind &l
$189IUNITATIAINY insertion sequences L¥U ISCR2 kae 1526 agusLialnalAgaiudy
tet(xd) TnvasAusEnaumaiugnIsuwaiiunumddgunssu nsedeudie uazns
fnsosilmivesBufon duwalii tet(Xa) anansaundnszagseninanaadavioseminem
aadinnulaslulenvoanuaisulaniunsguIuns horizontal gene transfer (Li et al., 2020)
18 Enterobacteriaceae Insiamwzie E. coli finnuanansalunisuninszasain
dnideu sudsivanenalafidudeudaeliforos T usmaiengudade wu Inileadu s
Duvssidudidynwaisisagui msidiseiezaauied 1 atuned edeadunis
uwinsyaevendapes lugmviayluszu U Sudnoms
Mnmsnurawssanssdluuni wanslidiuin £ coli dunvaiiSedifiunumddey
seluduassnguuazszuuuadng Tnoamsluginsunasazauuasuninszanevosiuiionn
UfTue sasiinileadu Saduerffaudlundulnadalendu gnimundudieuddgminis

¥
=

aoenlunquinaslerdunazfimalunisluemadend Aydusunmsdnuinmsiadoanie

e

< Y] a & ) a ~ & I

Aeg Aty agelsiany Tudagtunusenunisiianishiest Indleadu Winduegng
oA N a
motloslunuafiisuunsNay

nalnn1sieen Indleadu danududoulaziigataaiunalenszuIunIg NenIsLis
N19Y1191U83 efflux pumps N1sdsuLUas LNt IMLNBY9981 NTARNIITNNIUTDIEN
dndwad waslasanzegsBimsanulanievhaeelaaeuludlungy tet(X) Fadunalni
losuanuaulasgrannlutielaiftiniug Wewndunquil lagame tet(X4) Snnusguu
plasmids waz mobile genetic elements yilAauITaaENOAlULLIUDULAZLNINTEABLA

2819 lunUATISsvaevialuuSUNYIWUIAA One Health
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Y1 d’lj al a (2 I LY 1 ~ ) (% ad
wiinAnugnvesnsheen Infleadu nesudeglussauligulieisuivenufiue
a o = ¥ P~ d%’ 1 [ &I dlll 1 2" Ql' s
yilpdu uiluuiliniuiuegndanuludenenssmatesvuiu lnganzlugennuluuywd
YULAYINULTIHNUNIIATIVNUVTUARE TNV 1L tet(Xd) uag tet(A) variant TuiIaEs
Ndniuasdwindon FeasrioudsdingnInueInIAnwasNIsUNINITEALVRINITARL LY
spuUUAdn]
atdlsfinny Teyaieniunnuynuende £ coli Niiruhanawisesese Inilyadu
sufansnseangvesdu tet(xd) lugnansngrunlulsemalvedaliog ag19911n fau
= Ko o o a & LAk A =
nsAnwiIssinnuddglunisussidiuanuinuedie £ coli Mhee nilyadu N13059am
= d’lJ Qll Qll ¥ = a 6 £ dgll .
SUADYINLNYIVDY FINDINITIATITNAN WU NWUTNITNUDILIBLUU hybrid assembly 1
19581319 Illumina short-read sequencing tag Nanopore long-read sequencing Liialils
oy A luNNINIAINRBIloazANLL g TeEdlgaluauun1TIATIERdudeyn
lassadananadn wasanuaenIaiusNITUANEITINUN1THINTNIZABVRIN1SABE N LY

Aau Tuusunvesnialrdniuaguiifa One Health laagensoumay
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3.1 Usgrinsuaznguiieene (Sample collection)
Tunns@nenasadl 151"1/?’1ﬂ’]iLﬁUﬁ’JaEJ’1ﬂf\]’]ﬂQﬂ?jﬂi‘WEJ"]mﬂuWﬁNQﬂiﬁﬁQ@Eﬂuﬁlﬂﬁﬁlﬂ

= =

As2Y3 uATTIALN uassysal Inevhnsduiiudosaadies fecal swab Sruauviedn
305 #2984 ﬁaasmﬁLﬁ“uléfgﬂmmwmgaﬂummﬂﬁymLﬁ?}}amm Tryptic Soy Broth (TSB)
wazUnideluindesiugn (shaking incubaton) figamgdl 37 ssrnwaidoa daea1anss 150
sousoun?l Wulaan 18-20 alu
3.2 nsugn@ewuAilide £ coli solation of £ coli)
FregafinaunIstnzid ssannduneui 3.1 anuu streak AIUUBINSLE BT
Fosin Methylene Blue agar (EMB agar) Fafuemsideadeuuuinidenuazsuundmiu
wuafiFeunsuay Tasianiznga coliform laladiveuie £.coli asdidnumesnnizfediden
\wadn (metallic green sheen) inannnsvsinuanlnauaznisasuudasen pH lue1ms
Feade antduinsdadenlalaifiddnvaesinarsuon 3-5 lalail ldeselusms
Aeudowan Tryptic Soy Broth (TSB) Usu1ns 3 1adans LLﬁSﬂMINLﬂ%@QL%SWﬁquQﬁ 37
perwailed deAInga 150 seusewil Wunan 18-20 Falus nasantiwihnstumies
finuss 13,000 sauseundt Wunan 10 Wil wasifulamgdiunzneurad Wothluldly
nsaftnAdulafieds boiling method wagnisafndaymatnuiavdaely wieldluns@nw
Sunoudaly
3.3 n1sana DNA lae3sn13 boiling method (DNA extraction)
Tathnduuandadlumznouead (@ndumeuil 3.2) 200 ul innswaulididuihii
\Wengamnll 100 ssrmwadea 1uan 15 wiit iludumisaenazneuiinnmuisisey
13000 rpm Wuan 15 wifl ileifiuiewzdnladadugiuves DNA \uiioamgll -20 aam

waLed e lglun1snageutunause kU
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3.4 p3RERUATIT NIz £ coli #eis PCR

Tunnstudupusumzuende Ecoli vnsnsiaaoulaeld Polymerase Chain
Reaction (PCR) Tngidonldlwiiuesdmzsotu vidd Fududuillddmiunstudurinvos
da E.coli rvuihnalolndvosinswosildlunsinses Taunlnswes Forward primer :
5’-CTGGTATCAGCGCGAAGTCT-3" uag Reward primer : 5’- AGCGGGTAG ATATCACACTC -
3’ (Makhado et al., 2022) aglandnsiaaifidwe (PCR product) vuia 556 wud (bp) lng
MnUAEN1I8N15MIUGN581 PCR Usenoune Fumounisuenansfiduieisudu (initial
denaturation) figaunail 95 ssawaldea iluan 5 Wit mudensisuuAIEwe
$1uam 30 59U FsUsznausnEMsIEnaBABULe (denaturation) figauvndl 95 esmiwalTea
m3duvesindiues (@nneating) igamail 56 swniwaldea (e 55 Junit waymsBaaned
Bute (extension) Tiommgll 72 osriwaioa Wunan 1 wiit 9rndusidumsdnaefiduie
fuugaving (final extension) flgaumgfl 72 esawaidea WHune 7 u1f $1uu 1 sou

wanfnueifieueildannsiliasiasomaia PCR aggninannsiageuvuin
FuduABuanieds asarose gel electrophoresis Lﬁa§u€1’umiﬂsmmmLmuﬁtﬁmaﬁﬁ

.:4' ) " ag v ° a ¢ A o ~
VUINAIIANTUNAINANNEY (51'39EJ']\'i'Vﬂ,‘WNa‘U'Jﬂ‘ﬂggﬂuqlﬂiﬂuw‘li@ijﬂjLﬂiqgﬂLLagﬁJuﬁJUﬂqﬁﬂJaﬁJ

Y

~ ' . A v = N . .
vpaguneolsngunse (virulence genes) wagdun 881 1UIAT N (antimicrobial resistance
genes) VBNTO E. coli il

3.5 msmnmguﬁaiiﬂgul,m (Virulence Gene Detection) lazn1335¢y Virotype
Y04 £. coli meds PCR

& LA v A o a v ¢ ¢ o I A . °

e E. coli MlasumsBuguyiiamelnsweasaninededy uidA azgninunnsiam
gunalsAjuuss (virulence genes) wazIhuUNNa Y virotype nauwmnada PCR Ingldyieis
multiplex PCR ag singleplex PCR a1uA1uiangauvaagalnsiuas Madl nsdnngqulns
wesiasannuuInrestudufdueLdmue (target amplicon size) uargaungin1sdu

s

vo9lnslues (annealing temperature) vassaazdu (A9Lansluns199 5)

a (% 6

nAndueifidwenldnnislinusunadismeda PCR 95gniuInsivdeuun
YOIT UAIUALOULDAIIT agarose gel electrophoresis IngiUSauliauiiu DNA molecular
v IS

weight marker Ll a8 udunanisnsiambuainugunse wazldidudayadimsunisdwun

virotype 1991%9 E. coli Nfn
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3.6 mammaauﬁuﬁamﬂﬁgﬁwg (Antibiotic resistance genes detection) #3¢35
PCR

nsesramnBuiesUithuzsniunissemaia PCR Tngldlnswesiidarusime
sefumosniiiutestunisiest Indleadu Iiud tet(X1), tet(X2), tet(X3), tet(Xa), tet(X5)

s s

wag tet(X)Uni Infiosusazyaldiunisesnuuuliianudumesofut muneiieldlunns
nsndnnsesariudunsiioguasBuieslude £ coli

wandneifdueildannsiivsasiomada PCR azgninannsiaaeuvuin
%ad%uﬁaualﬁuwlﬂ’mms (target amplicon size) 187335 agarose gel electrophoresis Lay
WUl DNA molecular weight marker Wiledudunanisasiamiuiesn Tngvunnves
FudwiiBuemansuaygnunginsfuvesindisies (annealing temperature) vasisiaydu
wansliluansedl 5

3.7 msnaaauaubisos1UfTaue (Minimum Inhibitory Concentration)

msnasoupniliesuIedneNte £ coli sndumslasnismenanuidudy
A ATaaITR I ad i a1unsadud sn19ia3 adulnvenda (minimum inhibitory
concentration; MIC) A285zUURLUNRA VITEK® 2 XL (bioMérieux, Marcy I’Etoile, France)
Tngl¥nsannaeuviia AST-N288 a15¢1ugadniildlunianaaeuysznaudae amikacin
(AMK), amoxicillin/clavulanic acid (AMC), cefoperazone/sulbactam (SCF), ceftazidime
(CAZ), cefuroxime (CXM), ciprofloxacin (CIP), -ertapenem (ETP), imipenem (IPM),
levofloxacin (LEV), meropenem (MEM), piperacillin/tazobactam (TZP) wa g tigecycline
(TGO)

HANIINAABUA T MIC §NUINIAAIINAILLAMIT U1A T3 14Y84 Clinical and
Laboratory Standards Institute (CLSI) suideline M100-S29 Lﬁaﬁi’ﬂLLuﬂL%aLﬂuﬂdmlwiam
(susceptible) ﬂdﬂﬁﬁlﬁ@iam (intermediate) LLazﬂﬁjmﬁyﬁlm (resistant) 194 1¥\@e Escherichia
coli ATCC 25922 \Juaeiugaiuaunmn1m (quality control strain) Lﬁamuaummgﬂ(ﬁfaa
wazedetiovesnanismagey

3.8 MINAABUNSINENEATURBEN tet(XA)

nsAnwianuauisolunisaienendud oon Infleadu dudunisdieis
conjugation assay 16 Eﬂsffﬁya E. coli finsranudu tet(X4) wagd A1 minimum inhibitory
concentration (MIC) sioen tnAleadu 11nni 2 me/L Fudeslit (donor strain) ualdide

E. coli J53 Tinene sodium azide 1uiadasu (recipient strain)
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Wamlinazidonsunniniziaealuainisinal Luria-Bertani broth (LB broth) #

U Y

onumgil 37 ssmwailoa neldnisiwgisennud 150 seuseudt Wuan 18-24 7l
MnfufunIMuLLreneadlviEAIN1sgAnduLasinue Ay 600 wiluians (OD600)
o8t 0.8-1.0 waedidlndiAssty newhuwasludndwdodinededuminiy 1:2
drunasasdogninlutiumissiiniunga 5000 xg Wuia 5 undl uazthagneuwadan
avanslua1vnsiuad LB broth Usunms 100 lulasdns anntuuunuulaivg (static
incubation) figaumgil 37 ssrwaidea Wuan 18-24 dalus tielhAnnsanemendusiiu
N38UIUNTT conjugation

AMEVEINTUN dTUNANveTogni Uiz Uues MacConkey agar filfi lnf
lma Aandudu 2 me/l uae sodium azide Arndadu 100 me/L iedmdonidadienen
S (transconjugants) i lAsUBUA pe191M T 0l 9nfuriinisasIadusunisaienendy
tet(X4) GLUL%@ transconjugants AUNALA polymerase chain reaction (PCR) mm?%mi‘ﬁ'
asungliluide 3.6

3.9 N13AnY1 Whole-genome sequencing SU%NA“Z%EJ E. coli Tamadia Ilumina wag

Nanopore sequencing

nsAnmduiandlelniedluuvende £ coli didunislasatafiduodium
(genomic DNA) éhm;maﬁ’m NucleoSpin® Microbial DNA Kit (MACHEREY-NAGEL, Germany)
pufuugiveerEn MndurTeouANItuTuAEAN MRS uledBLATes Qubit
4.0 Fluorometer (Invitrogen, USA) Wag NanoDrop spectrophotometer

nsmainuindlelnawuy short-read sequencing IaRILUATS sequencing A2
wialulad Illumina NovaSeq PE150 platform (Novogene, China) EL‘LJ?JULL‘U‘U paired-end
sequencing Msmanuilaadleludiuy long-read sequencing laww3ea library an@duLe
3Tus (genomic DNA) madfudu 400 ng sienilefaogne lagldan Ligation Sequencing
gDNA-Native Barcoding Kit 24 V14 (SQK-NBD114.24; Oxford Nanopore Technologies, UK)
mmfuﬁw library ldluneenasun R10.4.1 flow cells wazyinig sequencing Fa8A3 84
MInlON Mk1B n1eldntsseananasgiuvasiuan Tagldlusings MinkNOW dmsuaaununis
VRSGINEHGEGE mnﬁui’f@@gmwu real-time Uagn15¥i1 basecalling

Yoyadsuiandlelndau (raw reads) 7 lsarnmalulad Ilumina wag Oxford
Nanopore §niNuInTI9d8UAMAINLAYILATIENIINAUAILTT hybrid genome assembly
Weasredlusauysaiveade £ coli niulahIlunildlulinsmeidnuusmatugnssud

Netaeiun1snoe i ugadin unonnuiulse wataln aeAUsEnauNuNITUATEUN Uay
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UTUNNIINUENTIN (genetic context) ¥ad U tet(X4) 5IUTITLATIENAUTUR U NS

[

ATUINTVRDAETS phylogenomic analysis

3.10 WMSAUIUANNYNVBAYE E. coli Buppeuazdunalsa
AUINYIAIANINYNTBUYED E£.coli Anuyndunsenguuas Wdleadu nnuleeld

aa & @ Y
GAGRILHGIGFORRE

a & . ° g
ANUYNTANULTE E.coli = FNUIUDNATIANY x 100
ANUIUFIDY1IVIVLA
o & a0 ° a A
ANNYNEURBELaTEUNBLA = FIUIUTUNATIINY x 100

FIUIUAIDY1WTD E coli

3.11 MISIAS BT SAUNARIERS (Bioinformatics)

1
§ v A

MTiATsiTm sauAmanLiunsnndeyadduiianale ndviedlusdle
91nwAlulad Illumina short-read sequencing wag Oxford Nanopore Technologies (ONT)
long-read sequencing Lt a3 Illumina short reads gnnsIadaUAMAINAIETUTUNTY
FastQC version 0.11.9 Wazfn adapter srufsawivdanalolvdfidaunimedaeglsunsy
Trimmomatic version 0.39

dm3udoya ONT long reads tn¥1n136n adapter lng Porechop version 0.2.4
uazAnnIesnaIAesiayaselUsunsa Filtlong version 0.2.1 Tneidien reads Aifimae
1INNd1 1,000 Avua wazdlAn quality score (Q score) 11N 9 Mndulsziununmues
Toyaniglusunsu NanoPlot version 1.38.0

Yoyadrfuinalolndfiiunisdansesgunimudigninuiuszneudluuny
hybrid genome assembly 1ag Unicycler version 0.4.8 G‘lfﬂ“l’fsﬂjayjamﬂﬁﬂ [llumina short

reads ke ONT long reads $3uiu Lioas19FlunniinnuauysalkazAUgNAedEs 91N

Usziiunauninvesdlunisenaulamelusunsy QUAST version 5.0.2
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ASAIUAR WL sas 171038 (genome annotation) ALiuN15A8 NCBI
Prokaryotic Genome Annotation Pipeline (PGAP) LLazﬁm’m‘hLLuﬂ%ﬁmawﬁuiﬁumL.%yaé"sa
78 ribosomal multilocus sequence typing (rtMLST) $3ufiugiudaya PubMLST Species ID
nensesiBudosdiugadn wanafin wasBureruguuss dudunisiagliedosionnn
Center for Genomic Epidemiology (CGE) Tnensanidun es1aaeTdsunsa ResFinder
version 4.6.0 a5 waaiingelusinsu PlasmidFinder version 2.1 uagnsianidunslsa
JuusaelUskNTY VirulenceFinder version 2.0

nsUTeusudlunnaznalad a1t un1sn1elusinsy BLAST Ring Image

Generator (BRIG) Wil oa39unufisluukuuaenas (comparative circular senome map) waw
TUsunsu Easyfig dmsullssuinsulassas1adaduresdluusasnaiaia s189n193ATE%
USUNMMIRUENTIH (genetic context) Va8 tet(X4)
N15IATIENAIETINLINTTEAUTIUL (phylogenomic analysis) ALUA1SIATIUTINTDYA
lunvoude tet(Xg)-positive Escherichia coli $1uru 103 STus 39ng1udaya National
Center for Biotechnology Information (NCBI) Pathogen Detection database TuLa ou
woun1An e, 2568 Ingldidoulunisdum Téun “AMR genotypes: tet(X4)”, “Organism
group: E. coli and Shigella” iLa¢ “Location: Thailand”

9T UIINI53LA31Z% single nucleotide polymorphisms (SNPs) aaelUsunsa
Snippy Ll 8d3579 core genome alignment LAz IS AUS LT LAR recombination ¢3¢
LUsunsu Gubbins fieuiYaya recombination-free core SNP alignment luasnsunugilane
1TUIN197 1825 maximum-likelihood Taalalusinssy RAXML version 8.2.12 a1alsl
General Time Reversible (GTR) nucleotide substitution model Laguannan18lusinsu
Interactive Tree Of Life (iTOL)
Sduihedlelvdviedluniildannisinuassdgninlilusudeys GenBank neld

BioProject accession number PRINA1276700
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4.1 ANUYNLaENsEUduLe £.coli
1INFI0EYAGNANTNINUA 305 F28E19 A1U13ARENYD £ coli laT1uau 260
Areg Anludovay 85.2 (Mmnssuaninad 7) Inenanisuduminudinizaiieds PCR
v & & I g . ' Y a = v Y & = &
wandbiiuinleluanianundude E.coli ag1auviasy Feasyioulifiuaniinseansveute

Tuanansveuulusedivg

MITNN 7 ANINYN kazdunelIATULTIVRNR E.coli

IUIUFIBEN 305 fotng SoUaY
Escherichia coli 260 A79E4 85.2
K88 40 154
K99 1 0.4
Fimbriae 987P 0 0
F41 2 0.8
F18 0 0
LT= 0 0
LTl 0 0
Enterotoxins  STa 2 0.8
STo 6 2.4
EAST1 81 31.1
Stx1 3 1.2
Shiga toxins  Stx2 1 0.4
StxZe 1 0.4

4.2 BuAUTULTI (Virulence Gene) Yaal¥e E.coli
INAIDLNINUA 305 FIDE19 @1U1SOWENLTB E.coli tnanuiu 260 Lalaian An

Jufewar 85.2 antui@ediuenlalunsiamuainuunss (virulence genes) 104i3e E.
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coli Tnsnududi 1A gatesiutadenolsanatengy laun fimbriae, shiga toxins Lay
enterotoxins é’fﬂLLaﬂﬂumi’Nﬁ 7 Iuﬂq'u fimbriae WU3N8U K88 Lfluﬁuﬁmwwumﬂﬁqm
Fuu 40 loluan AnluSeeay 15.4 sesasunmedy F41 31w 2 loluan AnduSeeay 0.8
wazdu k99 $1uru 1 leluian Aadudesar 0.4 vaugd linudu 9877 uay FI18 nqu
enterotoxins WU3181 FASTI fimnuyngeiian sauau 81 leluian Aaduiesay 31.1
sp9asuAadu STb 91w 6 loluan AnduSeway 2.4 wazdu STa S 2 leluan Andu
Yovar 0.8 Wnwlinudu L7 uag LT-1 Tuns@nwindeil Tunaa shiga toxins wudu St
$1uu 3 Tolwan Andudosas 1.2 vafifu Stx2 uas Stxle asranvegsay 1 lolsan An
WuSesay 0.4 uaﬂmﬂﬁﬁqwuﬂ'ﬁm'3’;ﬁ]‘w*u@um'm§uLLﬁamﬂﬂ’i'mﬁwﬁﬂé’mﬁ’uiumalaimaw
T9un Asnudu STa Sy FAST wasdu ST s9uiu FASTI Gvenaazvieudsdneninyes

& o ! Aa o v X
LSU'E]‘U'N?WEJW‘Uﬁ:ELUﬂWiﬂﬂiiﬂmﬂﬂjqu%‘wﬁ@umqﬂmu

M541 8 ANUYNEURLUNTIULIRUTR E.coli

Escherichia coli 260 7981 Jouay
tet(x)Uni 4 fnaea -
tet(X1) 0 A9 0
Tigecycline tet(X2) 0 #1989 0
tet(X3) 0 989 0
tet(Xd) 4 fnega 15
tet(X5) 0 M98 0

4.3 ararnnmawuBuiosnay was nilendy veate £ coli
MnmsnTadansesulungy tet) dulndiues tet)Uni luido £ coli $1uru
260 lolaan wushegeilinauinsiuy 4 lelman andudesas 1.5 veadenaunaiidn
(m157991 8) imhdegeiilinauinannsasiasglngiaues tetO)Uni wnsradudusaeling
eSS wITdnIUTY tet(X1), tet(X2), tet(X3), tet(Xa) waz tet(X5) nuinfeg1an 4 lely
wa 1eun C2, No.25, 0557 waz T8 linauinseiu tet(Xa) vasdilinuiu tet(X1), tet(X2),
tet(X3) uaz tet(X5) nansdnwiuandliifiuinge £ coli Anmanudulundy tet(x) ianun

Judu tet(xd) Inafianuyniindusesas 1.5 voa8aiivinni1sfine 31ntudennsranusu
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tet(Xd) 14 4 lalwian gnurlunaasuaiiuliviest tnileadu lnen1sviai minimum
inhibitory concentration (MIC) Tutuneunaly
o £. coli finramudu tet(xa) via 4 lolwian gnilunaasunwlisen ndly

AU 1aunN151IA1 minimum inhibitory concentration (MIC) tieUsziiiuanuwauzn1shneilu
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1URISISDY : Y ‘@ieIpauwlaly] ¢ | ‘@)gndsasng : g

(INXD) 3WIXOINI3D {DINY) PIoB JIUBINAR/UNIIDIXOWY (AT ) UIDBXOYOAST {(DDL) SUNDAI35IL ‘(INIIN) Wausdossy (d13)

wauadeny (dz1) weieqgozey/unperadld {(425) wepeqns/suozesadoja) {(Ndl) wauadiul (d1D) upexoyoidd (ZyD) Swipizeyad (HNY) UDeyiuy

Y/Ap9<  1/8/91 /1 /b S/SC05 | §/505 . S//S S/8/91 - S/SC0% Y/ S/15 S/zs 8l
S/15 S/2/v /1 S/G05  S/GZ0> - S/S05-.  S/b/pS S/HRSe S/ST05 - S/ST0S S/15 S/zs LGSO
S/15 S/2/v /1 S/1 S/ST05. - S/505  S/v/b> | S/BS . S/S¢05  S/ST0S S/15 S/¢s GZ'ON
/15 S/v/8 Y/8< S/S05  S/ST0S  S/G0S  S/M/bS o S/MES - S/SC0S Y/p< S/15 iAd )
e DY AT D91 Waw d13 dz1 45 Wdl dn A SNV

(1/8W) S1eIqoIDIWU JO SDIN al 1dwies

102 "7 CR1 DIN LUNCEBILELUEBNEYEN 6 UBLELLY
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4.4 wansedeuANTLTusansiosn Indluadu

uansnagoumadutushanvesen Infleadu (VIO Tude £ coli finsranuiu
tet(x4) 31 4 Laloian tneldseuusnlutl® VITEK® 2 XL (bioMérieux, France) wangs s
p137371 9 ansAnwwuiileletan T8 fen MIC vas nAlsadu winfu 4 mg/L uazgninet
Tungu intermediate manaueifildlunisuvana vaziileloian C2, No.25 way 0S57 fien
MIC Wiy <0.5, 1 uay <0.5 me/L muddu Zedneelungailaiosn (susceptible)

desanlelaian T8 wansinruilaion Indluedu anasdlowSsuiiisuiulelaan
3 ﬁqgﬂﬁmL?ﬂ'aﬂLﬁaﬁﬂﬂﬁﬂmmmmmsﬂumidﬁamamﬁuﬁaméf’sa‘i‘% conjugation assay
moly

M tet uni ‘tetixd) T8+J53-T8+J53

3000
2000
1500

1000
tet_uni 7800p

500

tet(x4) 204bp

= Y ! a & 19 a 1y}
AN 5 NTPUUNANITAEN DAL UARYINILLNAUA PCR Qqﬂﬂqiﬂﬂﬂ@Uﬂau@Lﬂﬂju

(Conjugation assay) 5¢%3144%® £. coli Telaniinosn (Donor) wae E. coli J53 (Recipient)
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M5 10 LansNan1TvInaesnIsanenenu tet(Xa) 1 £.coli J53 1neitn1s conjugation

I GEPREAN Nan15¥In PCR detection NaN15911 PCR detection
Primer; tet(X4) Primer; tet(X)Uni
T8+J53 Positive Positive

4.5 mamiwmaaumimﬂﬁugamﬂﬁ%auz Inilendu lned5n1s conjugation assay
nansAnwINsEnenenduiosn Tuilendu §1838 conjusation assay Ineld 7o
Escherichia coli lelasan T8 wWu donor strain wag £ coli J53 104 recipient strain u@ngsa
A5799 10 Han3R3IaBUiuRIemATA PCR Wu3Mide transconjugant (T8+J53) lnauinse

S tet(X4) wag tetO)Uni (AN57197 10 wazn i 5) uandsidiuingy tet(x4) aunsagreven

[
A 4

9nFefl¥ (donon) ludader3u (recipient) lineldannisnamnaesildlumsfnuadad
4.6 N13fn¥1 Whole-genome sequencing SUENL%G E. coli Tnawmadia Illumina wag

Nanopore sequencing

nansiassidsuianalelnsieslunveade £ coli finsanudu tet(xa) 1w
4 lolewan Idun €2, NO25, 0857 uag T8 (Fakanslun1nsd 11) wuindosisnundnegly
sequence type (ST) 7iuAnaneiiu Liun rST-153719, rST-59143, rST-45855 uay rST-86073
AIUAIAY %qazﬁauﬁqmmwmﬂmwamwaﬁuqﬂisumaqL%aﬁﬁﬂm (Fapnsnawansail 11)

naneTeiiufies muinders 4 leleaedtunesmaiengusiuiy Asounay
a1y antimicrobial classes lawn aminoglycoside, beta-lactam, sulfonamide, phenicol,
macrolide, Tetracycline ka¥ quinolone § a9 anwalzn1sh eumatea Uy (multidrug
resistance; MDR) lalaian C2 way NO25 ﬁgﬂLL°U°Uﬂ’]i%@mﬁﬁawﬁwﬁ’]ﬁjﬂﬁ@LU%‘EJULﬁEJUﬁJU
leloandu sgnalsfimudmsanuiumosiidiay leun blaTEM-18, tet(Xa), floR waz gnrSt
Tulelean C2 vauzdiloloian NO25 n59aNy bIQTEM-18, tet(h), tet(Xa) waz gnrS1 5uds
Qucﬁ’aﬂﬂumﬁu aminoglycoside-modifying enzymes laun aph(6)-Id wag aph(3’)-Ib lele
LR T8 MIIINU extended-spectrum beta -lactamase (ESBL) genes Tawn blacrxpria 8L
blarey.s SAUAY tet(Xa) way gnrSi sifqu,amﬁqmﬁﬁyamm’aawséfmqa%’wum8ﬂaq'mﬁ'ﬁ
auddrymanadn daulelaian 0557 Asranuiurpen Tetracycline wanewin ldur tet(A),
tet(M) ua tet(Xa) sufuduitesn macrolide fia mph(A) Ssasvioudsdnvansnosmany
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n1536A518 Jadunana1uguLse (virulence factors) wudnlelaian C2 d8ui
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= ¥ o

\Nede9iunN158aLNTY (adhesion) wanewila Lown csgA, fdeC, lpfA, tra) wag traT SIunedu

D,

= v v

Y ﬂlmfuaﬂﬂumﬁJUﬁmmﬁﬂ (iron acquisition)lﬁLLdfyuA, 2 wag sitA AaonIuduf
Aeadasiunisvaunangdduiu Gss) warn1sadauatya (psE wag kpsMil K5) B90190stas
FnaanlunsnelsALUY extraintestinal pathogenic E. coli (EXPEC)

Toletan OS57 n2any adhesins warsvila lawn cseA, fdeC, fimH, traT wag usp
32UV effector genes laun AlyE uay espY2 i'amﬁqﬁuﬁLﬁm%’aqﬁumﬁusmmﬁﬂ Toun
chuA Way eilA maamu@uﬁLﬁ'm%qﬁ’umié’f’]uﬂﬁgﬂﬁ’]mﬂim phagocytosis lawn ompT
way traT Beo1aifertesiudnenmlunisnsuuaznelsAuonszU LA

Toleian NO25 uay T8 wiinsaanudunelsalusmiuditosnin uaglinu capsule-
associated genes #383xUUTUSIAWANUAN UASINTIINY adhesins Lo fimH, cseA uag
fdeC 53u84 toxin genes wu hlyE uaz hha lu NO25 Fsormifeteatuainuaiusalunis
nolsAuazpnuduiesomas

wonvInt o 4 lelwandinsaanuduiiioatestulaseadis lipopolysaccharide
(LPS) wag outer membrane 1A gad wae yehA-D 533y aslA uay terC dsenaflunum
lunsusuddeaniiziandes Auansalunsegsen waznalnntsnesn (Fauansluning
6 Ay 7)

NAN15ILATIZ phylogenomic analysis 893lusl tet(Xd)-positive E. coli 911U
103 3lunandszmdalng wuddeauisaudsenlaidu 2 lineages 1dun lineage | uaz
lineage Il Inuusiag lineage Usgneudnoitefiineannaisunddaegng ﬁgqqm Wy A9879
MeAaTin Awanden warewns avvioudinisunsnsransventeuaruresludnvay One
Health Tnglelaanaingnansngiuzsia 4 leleasluauidedineglu lineage I (Fauansly
Al 6)

n153As1einanaiafi d8u tet(xd) nuin NO25 way T8 iunatadaviia IncN
wouedi 0557 war C2 1unanadaudn IncR Inewd aiuSeusfisuiu reference plasmid
PV068678.1 wudtwanadiavis 4 loleanianuadioadsiugs uazdBudosnsiuiis mobile
genetic elements #ln&iAssty Fsenavddumasiidamdfaunmssanfuadnonnly
nsunsnszaevestuosluUsamnedlng

uanni samuindevs 4 lelmand genetic context was8u tet(xa) luguiuy
Wty @ 1526-tet(X@)-1SCR2 § 1w mobile genetic element 7 fiunumaAysonis
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’76C/\ 023778665 1 PDTO01325512 1 genomic

GCA 0287368351 ASM2873683v1 genomic
—— GCA 026348995.1 PDTO01493624. 1 genomic
GCA 0263489151 PDTO01493627.1 genomic
%

GCA 0429944151 PDT002133959.1 genomic
—— GCA 0481491051 PDTON2133939.1 genomic
’7GCA 042994335 1 PDTO02133961.1 genomic

GCA 042994375.1 PDT002133962.1 genomic
—— GCA 024674645 1 PDTOD1361664.1 genomic
GCA 0246745851 PDTO01381869.1 genamic

GCA024677385.1 PDTOD1381692.1 genomic
——— GCA 014117655.2 ASM1411785v2 genomic
——GCA032572315.1 PDTOD1B11664.1 genamic

GCA 0420945551 PDTO02133853.1 genomic
\_|_— GCA 0263146751 PDTO01493618.1 genomic
—— GCA 026348855, 1 PDTOD1483628.1 genomic

GCA 0246140251 PDTO01381684.1 genomic

—— GCA 024613245.1 PDTOD1381850.1 genomic

’7 GCA 037105855 1 ASM3710585v1 genomic

‘ GCA 042994255.1 PDTO02133966.1 genomic
GCA 0246741551 PDTO01361902.1 genomic
GCA 0246874251 PDTO01381407 1 genomic

—— GCA 024687365 1 PDT0O01381404. 1 genomic
GCA 024676535.1 PDTO01381710.1 genomic
‘ —— GCA 042995045.1 PDTO02133942.1 genomic
—— GCA 046149075.1 PDT0021533938.1 genomic
GCA 042995085.1 PDT002133937.1 genomic

GCA 037105805 1 ASM3T10589v1 genomic

GCA 002246485.2 ASM224848v2 genomic

——GCA 048012855 1 ASMAB01285v] genamic

~——— GCA024649955,1 ASM2464995v1 genomic
GCA 042984465.1 PDT002133952 1 genomic
— BOA042004405,1 PDTO02133054.1 genonic
——GCA 02¢679845,1 PDT001381655.1 genomic

—— GCA 028551215 1 ASM2855121v1 genamic

GCA 0214609051 ASH2148090v1 genomic
—— GCA 042884435 1 PDTO02133957.1 genomic
GCA024686735.1 PDTO01361439.1 genomic
GCA 021614045,1 PDTO01381574.1 genomic
—— GCA 0130773051 RDTO00181773.2 genomic
——— GCA 024675295, 1 PDT001381800.1 genomic
GCA 0246127251 PRTO0L3E1830.1 genomic
GCA 023783615.1 PDT001325519 .1 genomic
GCA 024613445 1 PDTO01381917 1 genomic
——— GCA 042004475.1 PDT002133955.1 genomic
—— GCA 047994355,1 PDT002133958. 1 genomic

GCA 037105505, 1 ASM3710650v1 genomic
—— GCA 42884525 1 PDT002133851 1 genomic
GCA 0429943151 PDTO02133963 1 genomic

GCA 042994275 1 PDTO02133964.1 genomic
GCA 0481488051 PDT002133946 1 genomic
—— GCA 031118865.1 ASM3111886v1 genomic
‘ " —— GCAD49533715,4 ASMAGEEITLvL Genomic

—— GCA028551235,1 ASNM2855123v1 genomic
—— GOA (48148725 1 PDTOD2133848.1 genomic
GCA 0429350051 PDT002133947, L genomic
GCA 048149165.1 POTO02133943.1 genomic

. Pig
. Goat
. Clinical

. Environment

. Food

Isolation type

P a 6 a o v A . .
A 6 NMTAATIERABTTUUINITIZAUILUL (phylogenomic analysis)

L — GCA 087105155 1 ASM3710515¢1 genomic
—— GCA 024874565, 1 PDTO0138186E.1 genomic
GCA (481489451 PDTO02133845 1 genomic
GCA 047782985 1 ASMATTE298v1 genomic
GCA 0246827151 PDTOD1381577.1 genomic
GCA (432019051 ASM4320190v1 genomic
GCAO24614465,1 PDTO1381913 1 genamic
—— BCA 0246740051 PDTO01381914.1 genomic
I —— GCA 042994395, 1 PDT002133960.1 genomic

[ ——CCA002290425 1 ASM229042v1 genomic
GCA (47904515.1 PDT0021233950.1 genomic
—— GCA002246085.1 ASM224608v1 genomic
= = GCA 021460725.1 ASM2146072v1 genomic
GCA 0429942851 PDTO02133965.1 genomic
——GCA 024611375.1 PDTO01381591.1 genomic
GCA 0246845751 PDTO01381516.1 genamic
NO25*
GCA 0371052751 ASM3710527v1 genomic
—— GCA 0022460151 ASM224801v1 genomic
—— GCA 0L13077385.1 PDTO00181768.2 genomic
GCA 048012645 1 ASMAB01284v1 genomic
—F GCA 024613745.1 PDTO01381400.1 genomic
GCA 024614745,1 PDTO01381402.1 genomic
GCA 0022476151 ASM224T81v1 genomic
4‘_— GCA 0246865151 PDTO01381456.1 genomic

—— GCA 024679815.1 PDTOD13B1658.1 genomic

—— GCA024674665.1 PDT001381861.1 genomic
—— GCA023779205.1 PDTO01325727.1 genomic
GOA 0130777651 PDTODO181793.2 genomic
8 *
GCA 0246741751 PDTODI3B1698.1 genomic
GCA 048016545.1 ASMAB01654v1 genomic
—— GCA043109265.1 ASMA210926v1 genomic
GCA 048148965 1 PDT002133944.1 genomic
—— GCA 014117545.2 ASM1411754v2 genomic
‘ —— GCA042995025.1 PDTO02133940.1 genomic

GCA 031118935.1 ASM3111893v1 genomic
—— GCA 024612605.1 PDTOD1381915.1 genomic

GCA 021460935 1 ASM2146093v1 genomic
—— GCA 024676435.1 PDTOD1361719.1 genomic
—— GCA 024676515 1 PDT001381714.1 genomic
GCA 0371055351 ASM3710553v1 genamic
—— GCA 48148125 1 PDTO02133841.1 genomic
GCA 0246749551 PDTO013816827 1 genamic
GCA 0048311951 ASMAB3119v] genomic
GCA (05145955 1 ASMS514595v1 genomic
—— GCA 004831135.1 ASM482113v1 genomic
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msfnwassinuanuynvende £ coli lusegrsyagnaningiungsiieiosay 852
s?fqazﬁauiﬁlﬁmﬁqﬂqﬂiwémuawLﬁmma'ﬂﬁ’ﬂLﬁuﬁwﬁmmaﬂL%@Miwmmﬁmqm
Tatamzlugieidnindgyfuaiuaionannisme ez suasuulamesssuumaiy
9113 HasananaenndesiuTIBNURRUNTAsEYIN £ coli anansanuldluniuyngdly
Wsugns LavoadunUIMTElug s AelsALAE NSNS NSEANe T adAIndoY (He et al.,

Y

2020) dm3uBuAINTUN (virulence gene) 11UAEU EASTI fannuyngefian seawmnfe
K88 uazBulungu enterotoxins Bu 1 Sevsdindovsduddnanmlumsnelsaoadslugn
ans lnsiawglugad e uudidnifienslwionisindogs uenaind nswuduaugunss
narpwdasuuluvislelsandsagioudsanududourond alunady uazenai
ANNENNTORINISEANIE N5ATIsESIY waznisnelsalulaad (He et al, 2019) Tusnugu
foen nitlsadu wuih tet(xa) uBufinranuanniian dsaenndosiumenu (Wang et al,
2022) inunisunsnszatevesdudsnanlu £ coli :nvhdugns Bu tet(xa) finrmdiAgmi
szueIven ilesandinwusguy plasmids wazanunsadienensu horizontal gene transfer
¢ sufadendeatunisiosilungy last-resort antibiotics Han1maaBuAAlIREEINUT
dodlvysnsiaraiade lnilendy wasiifieadelmaniioglusedy intermediate 39
agiouinnsddufesilusyiuiugnasuenadliduiusfumsh oo luseduiilulndogng
Faau og19lsiau mimiaﬁlwumiﬁamiaﬂunfjm fluoroquinolone Wag cephalosporin
UsTdlednuwaiy. multidrug resistance (MDR) 7818 deo1aduiudfunsanasuainnisiden
ﬂﬁ%auﬂuﬂﬁuaéwﬁmﬁaﬂ (C. Sun et al,, 2019) A15MAABY conjugation Buduinwty
tet(xa) annsamenenlufadomsuld TsaenndosturenuiissyiBusinanidnanwly
nsundnszaerunstienendulukuaueu Ky msnos nfleadu See1alisiineg
wnnzlolaandy uianusounsnszaelusuuaiiseviaduluduwndouisuls (Wane et
al,, 2022) Mylneilustsganuileleanfifty tet(xa) danuuainuaenisiusnss
asuazaglu sequence type fuanssiu uandliiuinnisnszneresdunenlldshines
Tuaeiudifien wenand msnviuRosmanengusiufudunusunssdsasiouddnenin

ouolun1nesl n1sUTusa wazn1snelsalaniondu FaunnaudAyreIn1Tiisyiuts



a7

Slusiluszuuuadad (Lugsomya, 2017) gnansmguneraduuvasiniiuddaes £ coli 717
Sunee nilondu Tnsiany tet(xd) uiigodnilvgdliuansnmsieslussduilulndedng
o uwinisfieguasdumesuazanuansalunsienendudind asfeufannuidesly
nsunsnszevesnshestluewian fadu nsdiseYuarnsdanisnisldejiuglu
yrfunelfunfda One Health Seflamddasonisanaandosiequamdnd syl ua
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Genetic Characterization of tet{X4)-Positive
Multidrug-Resistant Escherichia coli I1solated
from Weaning Pigs in Thailand

Phaithira Ainmani, Wilasnee Inyawilert” Fannika R. Miumsup® Anurek Khisckhajpnkhed,! and Niran seksin’

Tagecycline, a last-reson anibiotic agatst mbkidra g-resistane bacteria, has recently faced emerging resistance
miediated by red X)) gened. Liveswek, particularly swine, areconsiderad poteniial reservodrs for these resist-
ance determinants. This siudy-emvestigated the prevalence and molecutar-Characteristics of tigecycline-
resistant Excherichia celi g healthy weaning pigs in Thailand. Fecal samples woere collected from healtly
weaning pigs in 20240 Deeeionol ren X)) genes was pecformed using PCRE. Amoeng the 305 fecal samples,
four were positve for the sey X4 pene. A otal of four ferl X} -positive E. folisolates exhibited low-level
resistance o ngeeve e {minimuwm inbbitery concentration: 05— me/L). Whale-genonse sequencing analy-
g5 adentified tlee rer(3dp-posative aolates as belonging o sequence tvpes (5Ts) eST-153719, (5T-59143,
eST-45855, and cAT-86073. Multiple antumberoblal resistance genes coexistng with ten X4 were detected,
mcluding apdafé)-Ta ] aply 3 -0y Blageg p, Moresea s, sld, fo®, ren A, and girsT. Pladmids canrying
fen{ Xd) v the E. colf astlaes wereidénnfied as IncM (in strains NO2S and TS) and JaeeR (ln srrains CF and
O557). This study réports the frst detecugn of tgecyeline-resiatant £, coli from weamng pigs i Thaland,

ratsing significant concerns for both food animal production and pablic healib.

Keywords: Escherichio coli, ugecyelivg, resistance, ren K43, swine, weaning

Intresduction

igecyclime, a thinl generban teimcyelines, = ome af ke
st inpoeriant last-resort anabiotecs for the ireatment of
severe infections from extensively drug-resistant bacteria such
as carhapenem- and colistin-resising bacteria: In 2005, 1 was
approved te freak severe infection in human)! Inierestingly,
clinical ligecycline resistance has hecnireporied sincs 20077
Mowadays, tigecychine is nod approved forase in animals or
livestock. B, ngecyclme-resistant £ coli was detected from
foodl animals and products.* The emergence of ligecycline
resislance m animalks may be associaled with the Jong-term
expaosure i and extensive use of emcychines and phenicols.
wuch as axytetracychine, doxycyclme, and chlpmmphenicol, in
veterinary medicine, particularly in swine farms warklwide 5%
Thee teenr main mechamisms of iigecycling resistance were
wlentified in Earerobactendles from animals and hamans,
mamely enzymatic mactivabion and eflax from the cell. The
plasmid mastly encodes the RMDetype eflux pump gene clus-
ter, rrenlikfaprd, and the tigecyclime-inactivating encyme-
encoding e X gene.” The senX) gene encoding a flavin-
dependent mononxygenase that hydroxylales amd inactivates

a broad mange of et yaices, including bgecycline and newer
EOA-approsed derivatives sach as eravacycline and omada-
cyeline. ' The first idenfification of red X 31 and ren 343
Erom. animals and. irman e reperted from Chana in 2009
with hagh-bzvel iigecyeline resistance.® Currently, ligecycline
resislance. patioalary e XY is predomanantly detected m
fnud-producing animals such as catibe, pouliry, and pigs, &
wellas'in food products, wild animals, humans, and manure
acrass-nuare than 20 couniries worldwide.'? The spread of
reniXdh among £ cali populations is strongly infloenced by its
association with the mobike element 15082 and vaniows
broad-host-range  plasmid types, mcluding Incf), IncX1,
IncFIB, and IncHIL*"™"™ These genetic clemenis facilitsie
thee barizantal transfer of the gene. Notably, 1ISCR2 fregoently
oo Imansters et X4) alangside the adjacent codF geme, which
prowides chloramphenicol resistance. forming a structurally
conserved umit referred 1o as FSOR2 - red Xd icarly M

The emergence of the tigecycline-resistance gene fen X4
£. ol is a serious global public health concern. The den X4)
gene is alse associaied with diverse mabile geneic elements
and has been wlemtifizd in iselales from amimals and focosd
sources. Consequemily. there is an urgent need 1o study amd
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monitar the prevalence of fei X1 genes in animal-derived
pathogens. This study aims to investigaie the prevalence ansxd
characieriee ten X4 1in E calf isalabed From healthy weaning
pags in Thailand, providing insights imio the dissemination
off ret| X4 p within swine popalatiens.

Materials and Mathod
Sampls cofection and bactenal wolafes

AlLEDS nan<duplicate samples of rectal swabs from healdhyy
weaning pigs were codlected from pig Farms in Makhon Baich-
asimada = | farms, & samples), Pheichabun (k= 2 farms, 185
samples), and Sarabun (7= | farms, 60 samples )k, Thaaland, in
224, Om each farm, 115 healthy weaning pigs (aged 68
weeks) were randamly selected fromidifferent pens toenizi-
mize sampling hias. Sampling fallewed a girmslicd ramdom
design based oo farm size and productien type, with ane
podled sample per pig cellecied-aseptically wsing stenle
swakhs. The animal study protecod was reviewed and approved
by the Center for Animal Besearch Maresuan University | pro
tocal number: MU-E6T 06, Bectl swab samples were
incubated in LI brath &t 37°C feg 1520 bours and then cal-
tared oo be ERE agar with and withea 2egfL tigecycline.
£, coli isnlates were selecied aml identified. The prezence of
ret| X genes was detecfed by PCE nsing primers &edi X )-uni
FTTCAGGTCAGGAAGCAATOAAAA  and e X]-uni
E: TITTACGCCTTGTIOETGE AAAAGS. ™ The PCR condi-
ins comsisted of an midal denmuratien at 9650 for 3 minuses,
fodlowed by 30 cyeles of 9650 Bee 5 secands, 5259 fior M sec
oeds, and T2°C for M seconds. Products of approcimately
A bp were subjected lo&inger sequeacmg,

Antimicrobia’ soscapbiiily Tt

The micrabhinbngical identification and the amtimicrobial
susceplibality testing of tigecyeline were detenmined using
the ¥ilek 2 XL system (Card MIEE) thinddcreux, harcy
I'Eraile, Frumce). The minimusm inkibitory comeentralions
{MICs] for the following antimacrebials were recordes] ami-
kacin (AMEK), ceftazidime (CAZY, ciprofesscin O, mi-
penem {[PM ), cefoperazome/sulbactam (SCF). piperaciliiz?
lazabactanm (TZF), enapenem { ETPL, meropenzm {RLERL),
tgecycline (TGO, leveflaxacin (LEV), amoxicilliniclawvus
lanic ackd 1AMC), apad cefuraxime (CXM ). £ cofi ATOC
25022 was used as a reference For guality control i the sws-
cepdibility assavs. The Clinkcal and Laberatory Stamdards
Institate dacumest (CLS1 A0ES29) was wsed as the refer-
ence For imerpreting susceptihility resulis'®
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s SapeT

The conjugation assays were performed o stady the rans-
fermbilny of the fenXd4) gene between solaies. We sidied
anly TR that MIC was more than 2 mg/L. The experiment was
investigated using £, coif 1533 (sodium aride resistanth ax the
recipient sirain. Transconpogants were stodied based oo Mac-
Conkey agar comtaining 2 mg/L tigecycline and 100 mgfL
sodinm azide. For the subsegoent confirmation of ten X4 in
ibe transcomjugants. FCE was performed o confirm the
resuli.

Whoie-genome sequancing

Genpmies DMA wus extracied wsing the MuckeaSpin®
Mleorobial BRAK (MACHEREY -NAGEL, Diiren. Ger-
many ' following the mamofacturer’s protocol and quamified
on g QubitV 20 Flusrameter (Invitrogen, U5A) and nano-
dropThe gliMA was sequenced on the Hlumina MovaSeq
FE130 platform by Movepene (China) with paired-end
sequencing. For longaead sequencing, the library was pre-
jpared from 406 ng per sample using the Ligabon sequencing
BN A -Native Barcoding Kig 24 %14 (S0K-NED 1424 kit
Cixford Nanopore Techmologies, WK The library was [oaded
mntocdhe BI04 ] flow gells and sequenced wsing MinlOk
MEIE with the default sctiing. The MmENOW sofiware mon-
apes the panopare sequencmgdevioe, enabling real-time data
acgpisrion, and hasecallmg.

Biniak e hosysis

Ilummina reqads were gaality checked msing FasoC «001 1,817
amdl trimmed] asing Trimmamatic w3 38 " Cuolity and adapier
trimming of kong reads rw dats was performed wxing Porechop
w014 | hetps: Ngithab comimwickfPorechap) and Filtlong
il 24 Thipsegrth ub comimwickFililomg ) with only reads bon-
ger than 1 ({0 hase pairs anid aquality score () grester than 9.
The quality of the resulting reads was assessed nsing ManoF o
1. 350" Hylhrid genome assemblies For isolabes were gener-
aled by combining OMT long reads and Olamina short reads
usinig Unicycler vk 8 The quality of the assembled genceme
segquiences was exalmied using QUAST v5.0.2.* The genomes
wese annataled using the MCEDs Prokaryotic Gensme Snmali-
tian Pipeline | PGAF, htips:dww nchi.nbmonib. gogename’
annotatn_prokf). For sequence typing and accurate sirain
grouping, riMLET | Eihasamal MultiLocus Sequence Typ-
ing) and PubMLET Species 10 were employed. Whole -
pename sequencing | W 0ES ) data were analyvaed using anline
tonls availahle from the Center for Genemic Epidemiology

Tame |, MICs Aro Besmraesce Bare or Dol sres acasst Durresesr AnNnseucesiags

MICs of maiscrabialy (mgdla

Somple (D AMKE  CAZ P IPM HOF TEFR ETP MEM T LEV AMO CYXM
2 =XE  =l8 =UE  =0258 SRR =4S 2058 20155 SDSE =R RS SIS
MN25 =NE 2l =0RINE =025 SRS S48 =058 =01SS 1i% 11 4NE =LE
(1857 =S 2l =S0ISE =S0258 SRS S48 2058 SIS S05E 11 4NE =%
T& =XE  2l8 IR 0258 IeESE 4408 20508 =158 44 M IGET  =6R

AME. amikocin: CAZ, ceflnpidizg:, CIP, ciprofoxecing 1P, mmipznem,; SOF, cefoperanonersilhaianm, .IIP'-I.!I
ETP, enapsrein:, MEM, meérepeniem, THC, tipdoyeliae, LEY, levedbaaon, AMC, ambiicdlint lavilane eid: O

coeprible: 1, intermediane, B, resisiaal

PR U TR PRI (1 P
1, celmmaxime, 5, siis-



TET E4)|-POSITIVE E. SOLN FROM WEANING PIGS

thitp:fwww. genomicepidemiology_orglservicesS ). Plas-
midl sequences were identified wsing PlasmidFinder 2.1,**
while amtimicrobial resistance genes {ABRGs) were detected
using BesFindsr 4.6.0.** Virulence genes were analyzzd
with VirubenceFinder 2.0 Circular and lingar compamitive
gename maps of multiple chromosomes and plasmids were
represented by BLAST Ring Image Crenemator (BRIGK? amd
Fasyfip, ™ respectively. A botal of 103 fen Xd b positive £ col
genomes isolated m Thadland were retneved from the RCTE]
Fathogen Detection database in May 2025 using the search
criteria: “AME_penoiypes: res(X4)", “Organism growp:
E. coli and Shugells’, and “Location: Thailand'. These
genomes were nsed bo investigate the evelubenary relations
ships through phylogenomic analysis. Single<nuclsotide
polymorphisms | $3Ps) were idenidfied vsmg Snippy jhigps:¥
githmh.comflzeemannfanippy, accessed oo Jone 2025 10 pen-
eraie 2 core geneme alignment. Eeocombinati on reginns were
detected and removed wsing Gubhing ¥ which employs an
rerative algerithm 1o klentify loci with'elevabsd densities of
baze substtations, therehy allowing accerate caloulation of
pairwise SN differences. The resultime recombimation-free
care SNF alignment was sl Injronstruct a magimams
likebhood ply logeneis tnee with BAxbL w52 [z appiy-
ing the GTR nuclesiude substitatien model. ¥Wisaalizabon,
anmation, and managemand of thc phylogenetic trees
were canducted wsing the Interactive [Tree OF Life (5TOL )
toed 2

Thee whple genome sequence s were deposited imthe Gens
Biank under the BinProjectmumber PRINA 12 TaMHL

Result
Hactana! isolabion, falfX] pene daledion, and antimicrabyis’
suscep by fas!

A toial of 2600 E gofi were pbiained. from, 305 naon-
duplicaie samples of recial swahs from, bealibhy weaning
pigs. Among them, four sirins were pasilive fo-nei )
designed 2 sirmins CF, KOS, Q557 and TE. Albrnei3d)
pasitive izolales exhibited looeJevel resistance to tigecychine
(AT (0.5 gLy i Tahle 1. Theseren X4 ) posiive isoldates
were also resistant to ciprofloxacin, levsflecacin. and cefurs
oxime bt suscepiihle o AME, IMP, 5CF TZF, ETF,
BAEM, and AMC acid The conjugation expeniments shewed
that T8 could be conjugated mto I coifl 153 {socdiem aoide
resislanth solabes in vires,

Ganans diverslly of BiXES)-poilive sians

WIS analysis revealed that all denXdi-posive sirains
C1, W25, (0837, and TE bebonged o distnct sequence
types (STs1: rST-15371%, r5T-5%043, eST-45855, and r5T-
&6075, respectively (Table Xp. These simms harbored a vari-
ety of ARGs conferring resistance 1o muligple antibiotic
classes, including aminoglycoside, fi-lactam. sulfomamide,
phenical. macrolide, tetracycline, and quimedone. C2 and
MO23 have relatively narrower resistance praofiles bat still
carry sigmificant resistance genes, including Sldpgs g
(f-lactaml. fen X4} (tigecyeline), fof (phenicol)l. amd
qnedd (guinalone} in C2, and Slaqyey e e, e X4,
amed grrEd am MO25, with additienal amineglyeesides
modifying enzymes aphitpfd amd apdd 37 LI detecied
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FIG. 1. Phylogenomic analysss of zen Xd)-positive E.eoll genomes isolated in Thailand.

NO2S. Straun TS 15 of particular concern due to the presence
of ESBL genes (blacyy ag. g 4. ad Dlagg g ag5) in combination
with ren Xd) and gnrS 1, representing resistance to kast-line anti-
biotics across mapor classes. OSS7 harbors the widest range of
tetracycline resistance genes [fedA). redM), and e X4)|
and macrolide resistance [mpif A)). emphasizing its multdrug
resistance (MDR) profile.

Genetic charactenzation of tet{X4)-canmying plasmids

In Table 2, C2 has the beoadest set of virulence factors,
including multiple adhesing (csgA. fdeC, IpfA, 1rad, and tral)).
strong iron acquisition genes {(fyved, up2, and sitA), the
tmune evasion gene sy, and capsule-associated genes (kps £
and kpsMII_KS), which together may indscate a higher patho-
genic potential and likely association with extraintestinal path-
ogenic £ coli (EXPEC) wans. OS57 carries a diverse
combination of adhesins (csgA, fdeC, fimH, raT. and wsp).

effectors (hvE and exp¥2), and tron uptake genes (ehueA and
eidA), along with capsulefantphagocytic factors (ewmpT and
rral), suggesting sirong invasive capacity or potential extrain-
testual virudence. NO2S and T8 are comparatively less virulent,
lacking capsule genes and major iron acquisition systems. How-
ever, both sull possess adbesans (fimH, exgA, and fdeC) and toxing
such as WivE (and Jefra in NO2S), indicating possible cytotoxic
activity and intestinal pathogenic potential. All strains share con-
served LPS/outer membrane-related genes (pad, vebA, yelB,
vehC. amd yehD) and unclassified virulence-associated genes
such & AslA and rerC. which may coatribute 1o environmental
stress survival o resistance mechantsans.

Phylogenetic tree of tet{X4)-positive E. coll Isolates

Phylogenomic analysis was conducted on 103 ren X4)-post-
tive E. voli genomes isolated in Thailand (Supplementary
Table S2). Phylogenomic results indicated that res(X4)-
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FIG. 2.
plasmid PV065678.1, (b) Sc

prodacing £ call isolines evalved into lineages 1 and 1L (Fig. 1)
All these two lineages were mixed clusters. which were com.
peed of isolates from defferent sources, including pags, goats.
clmcal samples, environment, and food. Four wselates from
weammng pugs belonged to the lincages 11.

All plasmids (T8, NO25, C2, und OS857) showed subhstantial
alignment to the reference plasmid PVO63678.1 . mdicating
hagh ssmalanty. The figure was annotased 1n hlue (AMR genes)
and red (mobile elements or other impoctamt genes), The high
degree of simalanty and shared resistance genes indicate a
commoen evolutionary origin, with potental for widespread
AMR gene dissemination in Thailand.

tet(X4)
o

ISCR2

Com ive unalysis of the ren X4)-carrying plasmids. (u) Circular plasmad map aligned against reference
atic representation of fen N4 associated transposon units,

Ganedic eniranmeant of el X4 )-producing E. col

As shown in Table |, plasmids NO2S and T8 were identificd
as IncN type, while OS57 and C2 beloeged to the IncR type.
A comparative plasmaxd map harboring 2e0(X4) was shown in
Figure 2 with another published plasmid, PVI6S6TS. 1. Previ-
ous research has classified ren XN4) trunsposon unsts into four
forms {1 11 HL and [V), namely [S26-ren X4) ISCR2. AISIR-
tenX4)ISCR2. ISCR21en X4)ISCR2, and ISCR2 102 X4)-
AISCR2.'? The transposable element ISCR2 is most frequently
fourdd 1n association with the ten X4) gene. All four 20 X4)-
preducing £, coli isolases (NO2S, TS, 0857, and C2) were



foumd bo share the same genebic conbext, camying the 1526
fef Xd = [5C8T element.

Tigecycling is regarded 2 o lasi-resar antthiogic for the treal-
mienl of severe infections coused by MDD Grame-negative bac-
teria. However, the emergence of tigecycline-resistant hacteria,
particularly those harboring ren X4 ), poses a serions threat o
bsth e and animal bealth. £ ool is consicered the primary
reservair of ren K41, although recent reports have identified the
gene in ather species such as Cirrolacter frewnaii® and Kleis-
sietla prvamoniae, ™ The various spurces were detecied, includ-
ing climical, envirenment, animals, and food products,* '~
highlighting its broad ecological distribution,

Glahally, the prevalence of ten Xdpcarmyeng E. coli vanies
amang regioms. In China, large-scale surveillance bas revealed
that den Xd b is highly prevalesitin pigs, poultry,.and their asso-
ciated enviranmenis, withidetection rases ranging frem. 5% W
0% depending oo Earnd type and region.*” Similar Gnidings
have been reposted in Weetnam, Fakisian: and Turkey, where
fet| Xd) has heen deteciss) in bogh animal and food sour
ces 12 HIE In Ewpope. spomdic/cases of e X4 eposive
£, roii have been identified i smporied meat prodecis and ani-
mial feces, suggesing tmnsboundary dissemination through
the food trace. In contrast. repans from Narth America remain
limated. possibly doe to differcnces mantimicrobaal usage pat-
terns and suryeillance miensiy 2

Moalecular epidemicdngy studies mdacare that et X4)-posi=
tive J£ cali isnlates are genetically diverse. belanging 1o mulki-
ple 8Tx such a ST, ST4E, STI35, ST46, ST206, and
ST2179%" These ST=are commoealy assaciabed with com-
mensal lineages found in Hvestock and heman got macrohiola,
indicating their potestial 0 oot a8 reserveirs for nesistance
gene exchangpe, In the present stedy, the dour ten X4 -carrying
ilates bebonged to distinct nhosomal STa(rST- 1535719, r5T
591435, rST-458355, and rST-H&07 ¥y, suggesting independent
acquisition events rather Uhan chonal spmead within famas,

Plasmid analysis revealed that iet X4 is Frequently bocaled an
canjugative plasmids of diverse i ibality el
notably [neXl, IncFLAE. IncHITAR, InciE, IncH, md
IncB. M These hroad:host-mnge plasmids are knewn b mediate
horizaniad gene minsker aoroes differem hackenal species and sooe
leggical niches. In this shudy, the ref K] peme wis comitd on Tech
and IncR plasmids, which have aso besnineported o chinical £
cell and Elebsiela malates in China and Southexs Asa, implving
pedential inlerspecies and inler-host irnsmisson routes,

The ren X4} gene is commenly associaied with insertian
sequences and mnspesons that faciliate its mohiloamon. Four
mapr tramsposan archoieciures have been described: type 1
[I26-ren X41-12CR2], wype I [ALSIR-ten X4-15CR2), type
I [ISCR2-ed XA-1SCRD), and tvpe IV [ISCR2-tea X420
ISCR2I T Ameng these, 130K is most frequently mmpli-
cated, prometing the costransfer of ted X4) alongside eaghbor-
img resistance genes such o et {chloramphenicol resistance ).
Thas genetic confext comtribales (o the persistence and raped
dissemimation of ren X4 withan hacterial populatians.

Fhylogenomic comparisons further sappoed that fen Xd4)-pasi-
tive £, coli strains from different sources cluster inko multiple
lmezages, often mmtermixed between human, animal, and environ-
mental isolates. ™™ Such findings indicate that the spread of
ren 41 15 pmmanly driven by plasmid-medimied barmomal
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transfer rather than clonal expansion. The presence of identical
plasnmd hackbones in isolates from diverse souroes suggests
angoang mierspecies and inter-regianal imnsmisson evenls,
petentially facilitated by trade in hive animaks and food produocts.
Owverall, the detection of ren X4 )-positive . cali in healihy
weaning pigs in Thailand represenis an early warmng signal
af emergimg tigecycline resisiance in Southeast Asia These
fimidlimgs underscare the need for coardirated surveillance mie-
grating the One Health framewark o meadior fed X -mediated
reziztance in humans, animals, and the envirenmend. Strength-
eming antimicrohial stiewardship and implensenting genomaic
surveillance at the amimal-homan-environment interface will
he essemtial 1o prevent the further spread of ret{ X4p and safe-
guard the efficacy of lst-resert antibéotics such a tigecycline.
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