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NGHIEN CU'U TINH TRANG VI KHUAN KHANG KHANG SINH VA SU
PHO BIEN GEN KHANG KHANG SINH O MOT SO AO NUOI CA TRA
TAI CAN THO VA DONG THAP

Vi Dang Hai Long™?, Nguyé&n Dang Quang’, Nguyén Quang Huy?
Y Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam, Ha N¢i, Viét Nam

2 MICH, Trwong Pai hoc Khoa hoc va Cong nghé Ha N¢i, Vién Han 1am Khoa hoc va Céng nghé Viét Nam,
Ha Noi, Viét Nam

TOM TAT

Khéng khang sinh (KKS) 1a mot méi de doa nghiém trong di véi sic khoe cong dong va méi trudng, tac dong
truc tiép dén thyc hién cac muc tiéu phat trién bén viing cua Lién Hop Quédc. C6 rat nhiéu nghién ciu vé KKS
trong linh vyc y té, tuy nhién nghién ciru vé KKS trong méi truong lai chua dugc nghién ciu ¢ Viét Nam. Séng
Mekong, véi vai trd quan trong trong phét trién kinh té va an ninh luong thuc, dang ddi mat véi sy 6 nhiém
nghiém trong tir cac hoat dong cua con ngudi. Muc tiéu caa nghién ciru ndy nham xac dinh tinh trang vi khuan
KKS va su phd bién gen KKS tai mot s ao nudi ca tra & Can Tho va Pong Thap. Téng cong 105 chang vi
khuan di duoc dinh danh bang phuwong phap MALDI-TOF MS, trong d6 xac dinh dwoc 24 loai gay bénh & nguoi
va dong vat, phd bién nhit gom Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Aeromonas
hydrophila, Aeromonas caviae, Aeromonnas jandaei va Aeromonas veronii. Cac chung vi khuan giy bénh da
khang véi it nhit mot loai khang sinh dwoc thir nghiém. Ty 1¢ KKS cao nhat di véi Amoxicillin-Clavulanic acid
(64.3%), Cefeplme (32.4%), Cefoxitin (55.4%), Azetronam (31.7%) va Ceftamdlme (30%). Bén canh d6, cac
gen KKS gom Sull, Sul2, TetM, TetQ, TerX va blaNDM da dugc phat hién & tit ca cac mau nghién ctru (100%).
Két qua nghién ciu nay nhan manh sy can thiét cua viéc giam sat va quan ly chat ché viéc su dung khang sinh
trong nudi thuy san dé giam thiéu su chon loc va lay lan vi khuan khang thudc trong méi truong séng va chudi
thuc pham, tiém an rui ro stic khoé con nguoi.

Tir khod: Cé tra, Gen khang thudc, Khang khang sinh, Séng Mekong, Vi khudn gay bénh.
MO DAU

Su xuét hién va phd bién cda tinh trang khang thuéc khang sinh (KKS) da tré thanh méi de doa nghiém trong t&i
strc khée cong dbng trén toan thé gi¢i. Ngay nay, hau hét tAt cd cac nhém khang sinh cung véi nhiéu loai vi
khudn KKS va gen KKS dd dwoc ghi nhan trong méi trwdng sdng. Enterobacteriaceae, Moraxellaceae,
Pseudomonadaceae va Vibrionaceae 1a nhitng ho vi khuan thwéng gép trong méi trudng thdy sinh nhwng trong
d6 c6 nhiéu loai la nhirng tAc nhan gay bénh & ngudi va déng vat (Rico et al., 2013). Dang lwu y, ching viva la
vat chud va c6 kha nang trao dbi, tiép nhan gen KKS véi nhau va véi cac loai khéac (ké ca loai gay bénh va khong
gay bénh), dan dén blung phat nhanh chéng céac loai VK da khang thuéc (VKDKT) (Van Boeckel et al., 2019).

S6ng Mekong |& con séng I&n nhat khu viee Dong Nam A, 16n thr 7 tai Chau A va thir 12 trén thé gidi, 1a ngudn
sbng, 1a noi lwu trd va nudi dwdng trén 100 triéu ngwdi (twong dwong dan sé ca Viét Nam) cta 06 qudc gia gdbm
Trung Quéc, Mianmar, Thai Lan, Lao, Campuchia va Viét Nam. Cac nghién clru tir Viét Nam cho thdy 70% khang
sinh dwoc s dung thwdng xuyén trong hé théng nuéi trdng thiy sén cuing loai va hodc cung nhém khang sinh st
dung & ngudi, trong dé gdm ca nhitng nhém khang sinh cuc ky quan trong, khang sinh dw phong trong diéu tri.
Do d6, séng Mekong c6 thé 1a mét diém néng moéi trwdng quan trong, thic day sy chon loc va phét tan vi khuén
KKS trén pham vi réng Ién cla cac qudc gia sdng Mekong. Muc tiéu cta nghién céu nay 1a nhdm xac dinh thuc
trang tinh hinh 6 nhiém vi khuan gay bénh KKS va gen KKS tai khu virc nhanh séng Mekong (noi cip nuéc va
thai nwéc cho ao nudi ca tra) va trong ao nudi ca tra ven ber séng. Két qua clia nghién ctu nay sé goép phan canh
béo, kiém soat va dwa ra nhirng bién phap quan ly kip thi gép phan gidm thiéu t6i da tac dong dén cong ddng.

NGUYEN LIEU VA PHUONG PHAP

Nguyén liéu

Téng cong 17 mau nuwéc va 17 mau ban trdm tich da dwoc thu thap tir cac ao nudi ca tra tai Can Tho, Déng
Thap va khu vire cap nudc/thai nwdc tir song Mekong vao ao nudi ca. Cac mau nghién clru dwge bao quan trong
céac thung da lanh va dwgc van chuyén vé phong thi nghiém cho cac phan tich tiép theo.
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Phwong phap nghién ctru
Phén Iap va dinh dang cédc ching vi khuan cé kha ndng gy bénh

Déi v&i cac mau nwéc, 30 mL nwéc dwoc loc qua mang loc vé tring kich thuwéc 0.22 pL véi sy hd tro ctia bom
hat tran khong. Sau do, mang loc duoc dat trwc tiép Ién bé mat cac dia moi treong chon loc Coliform
CHROMAgar Orientation Medium (Merck, Birc) va Aeromonas (Merck, Buc). Déi véi mau trdm tlch 10 g mau
dwoc tron voi 9 mL nuwde khiv trung, lic déu trong 10 phat, sau d6 thwe hién chudi pha lodng (10%-10%). Tai mbi
dd pha loang, 100 pL dich huyen phu sé& dwgc dan trai trén bé mé&t dia méi trwdng chon loc Coliform va
Aeromonas. Cac dia nudi vi khuén dwoc 0 & didu kién nhiét d6 35°C trong vong 18 — 24h. Sau do, cac chung vi
khuan dwoc phan lap, cdy ria trén méi trwdng chon loc twong ¢ng. Khuan lac thudn dwoc dinh danh bing hé
théng MALDI-TOF MS (Bruker, Btrc) sivr dung bo kit IVD Matrix HCCA-portioned (Bruker, Btrc) theo hwéng dan
cla nha san xuét.

Khang sinh dé

Vi khuén da dinh danh duoc xac dinh khang sinh @ bing phuong phap khuyéch tan trén dia méi trwng Mueller
Hinton Agar (MHA, Sigma, Btrc) theo hwédng dan M100 cla Vién Tiéu chudn Lam sang va Phong thi nghiém
(CLSI), My (CLSI 2020). Cu thé, cac loai vi khuan thudc chi Aeromonas dwoc xac dinh khang sinh d6 vai 18 loai
khang sinh va cac loai vi khuan thudc chi Pseudomonas dwoc xac dinh khang sinh dé véi 12 loai khang sinh
(Bang 1). Chiing vi khuan Escherichia coli ATCC 25922 duoc str dung cho tat ca cac thi nghiém lam di chiing duong.
Bang 1. Danh sach khang sinh dé ctia cac loai vi khuan thudc chi Aeromonas (A)
va cac loai vi khuén thudc chi Pseudomonas (B)

A B
Nhém khéng sinh sir Khang sinh Néng dé Nguwéng duéng Nhém khéng sinh ste Khang sinh Néngdé Nguwéng dudng
dung cho loi vi khuén kinh viing ¢ dung cho loai vi khuan kinh viing irc
chiAeromonas ché (mm) chi Pseudomonas ché (mm)
Aminoglycoside Amikacin 30 g S217R<14 Carbapenems Meropeneme 10 ug S$218,R<14
Tobramycin 10 pg S215R=12 Imipenem 10 ug S$223,Rs19
Gentamicin 10 pg Sz15R<12 Penicillin Piperacillin 30 g S=214 R<14
Beta-lact: 20 ug+10 ug S218R=<13 Ticarcillin 75ug S$223,R=20
Ticarcillin-clavulanate T5pg+10ug S220R<14 Ticarcillin-clavulanate 75ug + 10 pg S$220,R=s14
Piperacillin-tazobactam 36 g S§221R=<17 Piperacillin-tazobactam 36 ug S§220,R<20
Penicillin Ticarcillin 75ug §223, Rs20 Quinolone Nalixidic acid 30ug $219,R=<13
Piperacillin 30 pg S221R=17 Ciprofloxacin 5ug S226,R=21
Cephalosporin Cefoxitin 30pg S218R=s14 Levofloxacin 5ug $221,R<16
Cefepime 30 pg S§z25R=<18 Cephalosporin Cefepime 30ug $225,R<18
Carbapenems Ertapenem 10 pg Sz22R<18 Monobactam Aztreonam 30pg S221,R=17
Imipenem 10 ug S223R<19 Aminoglycoside Gentamicin 10 ug Sz15R=12
Quinolone Nalixidic acid 30 g S219R<13
Ciprofloxacin 5ug Sz26R=21
Levofioxacin 5pg S$221R<16
Monobactam Aztreonam 30pg S221Rs17
Phosphonic acid Fosfomycin 200 g S216R<s12
Folate Pathway Trimethoprim- 1.25 g + 23.75 S2z16R=10
Antagonist sulfamethoxazole Hg

S: Nhay cam v&i khang sinh; R: Khang véi khang sinh.

Sw da dang cua khang sinh dwoc st dung cho phép nghién clru nay cé cai nhin toan dién vé kha néng khang
thudc clia vi khuan déi véi nhiéu loai khang sinh khac nhau, gitip xac dinh mirc dd khang khang sinh mét cach chi
tiét hon. Cac khang sinh dwoc chon d&u c6 phd khang khuén rong, bao gdm ca khang sinh c6 tac dung ddi véi ca
vi khudn Gram am va Gram dwong. Ngoai ra, cac khang sinh nay thwong dwoc s dung trong thuc hanh l1am
sang dé diéu tri cac nhiém tring do vi khuan gay ra.

Trong nganh nudi tréng thay san, viéc si dung khang sinh d& phong va trj bé&nh cho ca 1& kha phd bién. Nhirng
khang sinh dwoc chon trong nghién ctvu ndy déu cé kha ndng da dwoc s dung trong thuc tidn nuéi tréng thay
san, nén viéc nghién clru sw khang thudc cla vi khuan trong méi trwdng nay sé cung cap di liéu quan trong dé
quan ly va kiém soat st dung khang sinh, gitip cung cap di liéu toan dién va hitu ich cho ca khoa hoc va trng
dung thuc té.
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Tdch DNA téng sé

Mat lit nwéc dwoc loc qua mang loc 0.22 uM (500 mL/mang loc) dé thu nhan sinh khéi vi khudn. DNA tbng s tir
mau nwdc va trdm tich dwoc tach chiét bang bo kit Dneasy PowerWater (Qiagen, Dirc) theo huéng dan cta nha
san xuat. Nong do va dé tinh sach DNA dwoc xac dinh bang NannoDrop ND-2000. DNA sau d6 dwoc lam khuén
nhan gen cho cac nghién ctru tiép theo.

Xdc dinh méat dé vi khuan va dinh lwong gen KKS

Tam (08) gen KKS thudc nhém 3 nhém khang sinh duoc sang loc bang PCR gen dich gém: Sulfonamide (Sull,
Sul2), Tetracycline (TetQ, TetX, TetM), Carbapenems (blakPC, blaNDM, blaVIM). Thanh phan phan (rng bao
gbém hén hcrp 10 pL Master mix gPCR, 7.2 pL H,0, 0.4 pL primer (mbi loai) va 2 uL DNA tdng sb. Céac thong sb
chu ky 14 95°C trong 2 phut, tiép theo la 35 chu ky 95 °C trong 30 gidy, 52-60 °C (tuy thudc vao nhiét do bét cap)
trong 15 gidy, 72 °C trong 10 phat. Trén hé théng Realtime PCR Quanstudio 5 (Thermo, My).

KET QUA VA THAO LUAN
Xéac dinh sy xuét hién vi khudn gay bénh trong ao nudi ca tra va & nhanh séng Mekong lién ké ao ca

T phan tich d&c diém hinh thai kiéu hinh, tdng sb 159 chiing vi khudn da dwoc phan 1ap ti» cac mau nwéc va
trdm tich. Tuy nhién, 105 chdng dwoc dinh danh thanh céng trén hé thdng MALDI-TOF MS, trong khi 54 méu
khéng thé xac dinh dwoc. Hién tai, hé théng MALDI-TOF MS Biotyper (Bruker, Blrc) dang phat trién thw vién gém
cac chiing vi khuan gay bénh véi muc dich dinh danh nhanh cac loai vi khudn gay bénh, phuc vu trong 1am sang,
do d6 co s& dir liéu clia hé thdng ddi véi dinh danh vi khudn méi trwérng con han ché. Do do, tir két qua dinh
danh d3 xac dinh dwoc 24 loai thudc nhom vi khuan gay bénh & ngwoi va dong vat.
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Hinh 1. Phan bé chia cac vi khuan phan lap tir sdng Mekong va ao ca tra tai Can Tho

Tai Can Tho, 62 chling dwgc phan 1ap tlr cac mau nghién ctru, trong d6 gdm 29 ching tlr m&u nwéc va 33 chiing
t mau trdm tich (Hinh 1). 28 loai vi khudn d& dwoc xac dinh, trong d6 chiém wu thé nhét 1& nhém vi khuén
duwong rudt Enterobactericae (n=10), tiép theo la chi Aeromonas (n=3) va cac loai vi khuin khac. Escherichia coli
la loai phd bién nhat dwoc tim thdy & 13/17 (76.5%) mau nghién ctru. K&t qua nay cho thay ty 1& nhiém coliform
trong ao ca tra va lvu vuc sdng Mekong & murc rat cao. Mat sb loai vi khuén ciing xuét hién phd bién trong méi
truong séng Mekong va ao nudi ca tra gdm Pseudomonas putida (n=7), Exguobacterium marium (n=6) va
Pseudomonas stutzeri (n=5). Trong khi d6, cac loai vi khudn khac it phd bién hon va dwoc phan 1ap réi rac tlr cac
mau nghién ctru. Twong tw, 43 ching vi khuadn dwoc dinh danh phan lap tlr cac mau nuwéc (n=24) va bun trdm
tich (n=19) tai Péng Thap (Hinh 2). 22 loai vi khudn dwoc xac dinh, trong d6 vi khuin phd bién nhat gébm
Pseudomonas putida (n=6), Escherichia coli, Klebsiella pneumoniae, Aeromonas caviae va Pseudomonas
stutzeri (n=4, moi Ioal) Nhw vay cé sy khac biét gitra thanh phan va ty & cac ching vi khuén phan lap dwoc tir
mé&u nghién ctru & Can Tho so véi cac mau nghién ciru & khu vire DPéng Thap. Nhin chung, cac mau mdi trwong
thu thap tai Can Tho c6 sw da dang vi khuan cao hon trong ca mau nuwéc va tram tich so véi Ddng Thap.
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Hinh 2. Phan bé cha cac vi khuan dwoc lay tir mau nwéc va mau tram tich tai tinh Dong Thap

Nghién ctu nay cho thay c6 sw hién dién ctia mdt sé loai vi khudn gay bénh & nguwdi va dong vat dang lwu hanh
trong nwéc séng Mekong va trong ao nudi cé tra nhw Escherichia coli, Klebsiella pneumoniae, Enterobacter
cloacae, Aeromonas hydrophila, Aeromonas caviae, Aeromonnas jandaei va Aeromonas veronii. Cac loai nay co
thé& gay ra cac bénh nhiém tring dwéng tiéu hod, nhiém tring da va mdé mém (Pineda-Reyes et al., 2024). Bang
lwu y, sw xuét hién ctia mét sb loai vi khuan nhw Escherichia coli, Klebsiella pneumoniae & nhiéu khu vyc nghién
ctu tai Can Tho va Bdng Thap cho thay mrc d& 6 nhidm coliform, vi khudn dwéng rudt & mire canh béo.

Hién trang vi khudn gay bénh khang khang sinh
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Hinh 3. Ty I vi khuan khang khang sinh trong nwéc va tram tich tai hai tinh Can Tho va BPong Thap

Nhin chung, cac chlng vi khuan khang véi it nhat 1 loai khang sinh véi ty 16 KKS dwoc xac dinh tir 4.4% dén
64.3%, tuy thudc loai khang sinh thtr nghiém (Hinh 3). Cu thé, khang Amoxicillin-Clavulanic acid (64.3%) chiém ty
I& cao nhét, tiép theo la Cefepime (32.4%), Cefoxitin (55.4%), Azetronam (31.7%) va Ceftazidime (30%). Diéu
nay cho thay vi khuan trong ao nudi ca va khu virc sdng Mekong da khang voi nhiéu loai thubc thuo’ng duwoc st
dung trong diéu tri nhiém khuén & ngwdi va dong vat (Paterson et al., 2004). Nhw vay, viéc sir dung Cefoxitin,
Amoxicillin-Clavulanic acid, va Ticarcillin trong nuéi tréng thuy hai san cé thé la nguyén nhan hang dau dan dén
thac d4y va chon loc céac vi khuén khang thudc trong méi trwéng ao nuéi ca va trong séng Mekong. Mac du vay, vi
khuén c6 ty 1& nhay cam rat cao dbi véi Gentamycin (97.26%), Amikacin (95.6%), va Tobramycin (93.33%), tiép
theo la Fosfomycin (88.89%), Levofloxacin (85.54%), Imipemen (81.92%), Ertapenem (80%) va Ciprofloxacin
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(78.31%). Day la céc thubc thude nhém khang sinh manh, thé hé sau, nén ty 1& khang thuéc con thap & nhiéu loai
vi khuén gay bénh. Nhirng két qua nghién ctvu nay phu hop véi cac nghién ciu & cac khu nudi thuy hai san va &
cac dong séng trén thé giéi, noi ma tinh trang KKS dang gia ting va di&n bién hét sirc phirc tap, tiém an nguy co
anh hwéng strc khoé ngudi, dong vat va hé sinh thai thuy sinh.

Ty lé va phan bd cua gen KKS

Trong nghién ctru nay, cac gen KKS gém Sul1, Sul2, TetM, TetQ, TetX va blaNDM da dugc phat hién & tat ca cac
mau nghién ctru (100%) (Hinh 4). Trong khi d6, gen blaKPC duwgc phat hién trong 27/34 (79%) mau nghién clu,
va xuét hién & toan bo mau thu thap tai Dbéng Thap. Tuy nhién, ty 1& pha hién gen blavVIM rat thap (3%), duwoc tim
thay duy nhat & mét mau nudc thu thap tai Can Tho. Cac nghién clru trwdc day chi yéu bao céo sw xuét hién
cla cac gen KKS pho bién nhw Sul1, Sul2, TetA... Trong khi d6 kha it nghién ctu xac dinh dwoc sw cé mat cla
cac gen TetM, TetQ, TetX va blaNDM trong méi trum‘wng thuy san va trong cac dong séng. Diéu nay cho thay dién
bién KKS trong lwu vuc séng Mekong dang dién ra hét strc phirc tap. Ty 1& xuét hién gen KKS rat cao va phan bé
& hau hét cac khu vuc nghién ciru cho thay nguy co phat tan va lay truyén nhanh cac gen KKS trong hé sinh thai nay.
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Hinh 4. Ty I& va phan b6 gen KKS trong méi trwéng ao nudi ca va trong séng Mekong
KET LUAN

Méc du ty 1& vi khudn gay bénh KKS trong ao nudi ca tra va trong séng Mekong con thap, tuy nhién da phat hién
dwoc nhitng chdng vi khuan khang véi mét sb khang sinh dw phong, khang sinh manh dung trong diéu tri 1am
sang nhw Carbapenems (Imipenem, Etarpenem), Levofloxacin. Bén canh d6, ty |& rat cao (100%) va sw phan bb
réng clia gen KKS nhét la blaNDM, TetM va TetQ sé thic ddy qua trinh trao déi gen ngang lam bung phat nhanh
chéng céac ching vi khudn KKS. Két qua nay nhan manh sw can thiét ca viéc giam sat va quan Iy chat ché viéc
st dung khang sinh trong nuéi tréng thuy hai san dé han ché viéc chon loc va lay nhiém cac chdng vi khuan gay
bénh KKS dy phong téi ngudi dan théng qua tiép xtc truc tiép véi méi trwdng séng va chudi thive &n.

Loi cam on: Nghién ciu nay dugc tai tro boi Du an MOHIP — Dai Hoc Michigan — My va Chuong trinh phat trién Nhém
nghién citu tiém nang cua USTH giai doan 2024 — 2026 danh cho Nhom nghién ciru MICH.

TAI LIEU THAM KHAO

Giebel R, Worden C, Rust SM, et al. (2010). Microbial fingerprinting using matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS) applications and challenges. Advances in Applied Microbiology, 71: 149-184.

Karungamye P, Rugaika A, Mtei K, Machunda R. (2023). Antibiotic resistance patterns of Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa isolated from hospital wastewater. Applied Microbiology, 3(3): 867-882.

Neu HC. (1992). The crisis in antibiotic resistance. Science, 257(5073): 1064-1073.

1093



CONG NGHE SINH HOC NONG NGHIEP

Paterson DL, Bonomo RA. (2004). Extended-spectrum beta-lactamases: a clinical update. Clinical Microbiology Reviews, 17(4):
657-686.

Pineda-Reyes R, Neil BH, Orndorff J, Williams-Bouyer N, Netherland M, Hasan NA, Tahashilder MI, Sha J, Chopra AK,
Reynoso D. (2024). Clinical presentation, antimicrobial resistance, and treatment outcomes of Aeromonas human infections: A
14-year retrospective study and comparative genomics of 2 isolates from fatal cases. Clinical Infectious Diseases, 2024,
ciae272.

Rico A, Tran M P, Satapornvanit K, Min J, Shahabuddin A M, Henriksson P J G, Murray F J, Little D C, Dalsgaard A, Brink P JV
D (2013). Use of veterinary medicines, feed additives and probiotics in four major internationally traded aquaculture species
farmed in Asia. Aquaculture, 412-413: 231-243.

Van Boeckel TP, Pires J, Silvester R, Zhao C, Song J, Criscuolo N G, Gibert M, Bonhoeffer S, Laxminarayan R (2019). Global
trends in antimicrobial resistance in animals in low- and middle-income countries. Science, 365(6459).

STUDY ON ANTIBIOTIC RESISTANT BACTERIAAND ANTIBIOTIC
RESISTANCE GENES IN SOME PANGASIUS PONDS IN CAN THO
AND DONG THAP

Vu Dang Hai Long'?, Nguyen Dang Quang?, Nguyen Quang Huy*
! Graduate University of Science and Technology, Vietham Academy of Science and Technology, Hanoi, Vietnam

2MICH University of Science and Technology of Hanoi, Vietnam Academy of Science and Technology, Hanoi, Vietnam

ABSTRACT

Antimicrobial resistance (AMR) is a serious threat to public health and the environment, directly impacting the
implementation of the United Nations' sustainable development goals. Many studies on AMR in the medical area
have been conducted, nevertheless research on AMR in the environment has not been well studied in Vietnam.
The Mekong River, with its important role in economic development and food security, is facing serious
pollution from human activities. The objective of this study is to determine antibiotic-resistant bacteria and the
prevalence of antibiotic resistant genes in some Pangasius ponds in Can Tho and Dong Thap provinces. A total
of 105 bacterial strains were identified using the MALDI-TOF MS method, of which 24 species that cause
disease in humans and animals were identified. The most common bacterial species include Escherichia coli,
Klebsiella pneumoniae, Enterobacter cloacae, Aeromonas hydrophila, Aeromonas caviae, Aeromonnas jandaei
and Aeromonas veronii. The pathogenic bacterial strains were resistant to at least one tested antibiotic. The
proportion of antibiotic resistance was highest for Amoxicillin-Clavulanic acid (64.3%), Cefepime (32.4%),
Cefoxitin (55.4%), Azetronam (31.7%) and Ceftazidime (30%). In addition, antibiotic-resistant genes including
Sull, Sul2, TetM, TetQ, TetX and blaNDM were detected in all research samples (100%). Our findings highlight
the need for strict monitoring and management of antibiotic use in aquaculture to minimize the selection and
spread of drug-resistant bacteria in river ecosystems and the food chain which could pose potential risks to
human health.

Keywords: Antibiotic resistance, Antibiotic-resistant bacteria, Antibiotic resistant genes, Pangasius, Mekong river.
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