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Tom tat:

Pseudomonas aeruginosa la vi khuin co hdi c6 kha ning khang khang sinh cao va mang nhiéu yéu té doc lwc, giy
nguy co d6i voi sikc khoe cong dong khi hién dién trong nwéc udng. Nghién ciru nay dwoc thwe hién trén 50 mau
nwéc déng chai va dong binh tai Ha Néi nham xac dinh ty 1é nhiém, dic diém khang khang sinh va hé so gen déc luc
ctia P. aeruginosa. Két qua cho thdy, 38% mau dwong tinh vé&i P. aeruginosa. Cac chiing phan 1ap thé hién ty 1é khang
cao v&i cephalosporin thé hé 3-4 va aminoglycoside, trong khi nhay véi doripenem va piperacillin-tazobactam
(100%). Phén tich gen ddc lwc cho thiy, cic chliing mang dong thoi nhiéu gen ddc lwc thudc hé thong tiét type I va 111
(exoA, exoY, exoS, exoU) va hé thdng quorum sensing (lasA, lasB, rhlAB, rhil, lasl, lasR), cho thdy tiém nang hinh thanh
biofilm va giy bénh cao. Nghién ciru nay nhan manh sw cin thiét ciia viéc gidm sat vi sinh dinh Ky va kiém soat chat
ché chit lwgng nwéc udéng dong chai.

Tir khéa: hé thong cam ng quorum, hé thong tiét type Il va III, khang khang sinh, Pseudomonas aeruginosa.
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Abstract:
Pseudomonas aeruginosa is an opportunistic pathogen with high levels of antimicrobial resistance and
multiple virulence factors, posing a potential public health risk when present in drinking water. This
study was conducted using 50 bottled and large-volume packaged drinking water samples collected in
Hanoi to determine the prevalence, antimicrobial resistance characteristics, and virulence gene profiles
of P. aeruginosa. The results showed that 38% of the samples were positive for P. aeruginosa. The isolates
exhibited high resistance rates to third- and fourth-generation cephalosporins and aminoglycosides,
whereas all isolates were susceptible to doripenem and piperacillin-tazobactam (100%). Virulence gene
analysis showed that the isolates simultaneously carried multiple genes associated with the type Ill secretion
system (exoA, exoY, exoS, and exoU) and the quorum-sensing system (lasA, lasB, rhIAB, rhll, lasl, and lasR),
indicating a high potential for biofilm formation and pathogenicity. These findings highlight the need for
routine microbiological surveillance and stringent quality control of bottled drinking water.

Keywords: antimicrobial resistance, Pseudomonas aeruginosa, quorum-sensing system, type II and III
secretion system.

Classification numbers: 1.6, 2.10, 3.3

“Tac gia lién h¢: Email: thaoltp@nifc.gov.vn

‘ %HB%%E 68(8) 8.2026 22



Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc Kji thuat va Cong nghé | KJ thuat thiic phdm va d6 uéng; Khoa hoc ¥ - Duige | Y hoc du phong e

1. Dat van de

Nwéc udng dong chai, dong binh la mot sdn phim
thiét yéu dwogc tiéu thu rong rai trén toan ciu, déng vai
tro quan trong trong viéc cung cip nwéc udng tién loi
cho nguoi tiéu dung. Tuy nhién, trong loai nwéc uéng
nay, s hién dién ctia cac vi sinh vat, dac biét la cac vi
khuin giy bénh c6 kha nang khang khang sinh 1a mot
md&inguy cin kiém soat. Trong s6 d6, P. aeruginosa la mot
tdc nhan gdy bénh co hoi cé y nghia lam sang quan trong,
c6 kha nang chiu nhiét d6 trong khoang 4-42°C nén né
ton tai trong nhiéu moéi trwong nwéc khac nhau [1].

P. aeruginosa 1a mot trwc khudn Gram am, hiéu khi,
¢6 kha nang sinh ton trong nhiéu moi tredng khiac nhau
nho vao sw da dang sinh hoc va kha nang thich nghi cao
[2]. Vi khuAn nay c6 thé giy ra nhiéu bénh nghiém trong
nhw nhiém tring duwdmng hd hap, nhiém tring mau, nhiém
trung vét thwong va viém tai gitva. Dac biét, sw xuét hién
cua P. aeruginosa trong nwéc udng déng chai khéng chi
lam suy gidm chit lwong san phdm, ma con tiém 4n nguy
co anh hwéng dén strc khde nguwoi tiéu dung, dac biét la
nhirng d6i twong c6 hé mién dich suy yéu nhw tré nho,
ngudi cao tudi va ngwdi mac bénh min tinh [3].

Mot trong nhitng dic diém dang lo ngai cua P.
aeruginosa la kha nang khang khang sinh cao, lam giam
hiéu qua diéu tri trong cac bénh nhiém trung do vi
khuén nay gy ra. Co ché khang thudc ctia P. aeruginosa
rat phirc tap, bao gobm sy giam tinh thim mang té€ bao
ddi voi khang sinh, hoat dong ctia cdc bom téng khang
sinh ra ngoai, san xuit enzyme phan hiy khang sinh nhw
B-lactamase va sy dot bién lam thay déi ciu trac dich
ctia khang sinh. Sw xuit hién cia cac chung P. aeruginosa
khang da thu6c (MDR) trong nuwéc déng chai c6 thé dan
dén nguy co lay nhiém trong cong dong va lam ting
ganh nang bénh tat [1]. P. aeruginosa biéu hién kha nang
khang nhiéu loai khang sinh, bao gdbm aminoglycoside,
quinolone va B-lactam [4]. T6 chirc Y t€ Thé gi¢i (WHO)
gan day da liét ké P. aeruginosa khang carbapenem la
mot trong ba loai vi khudn c6 nhu ciu cdp thiét vé viéc
phét trién cac loai khang sinh méi dé diéu tri nhiém
trung [5]. Carbapenem la mét nhém khang sinh manh
thwong dung dé diéu tri cdc nhiém trung do vi khuin
Gram am, dac biét ddng bao dong vi né gi¢i han sw lwa
chon trong diéu tri lam sang [6].

Ngoai kha nang khang thuéc, P. aeruginosa con s&
htru nhiéu gen déc lwc giup vi khuidn xam nhip, bam
dinh, gy t6n thwong mo va né tranh hé mién dich cta
vat chi. Cac gen nay bao gom nhdém lién quan dén hé
théng tiét type 11 va I (exoA, exoS, exoT, exoU, exoY), gbp
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phan giy tén thwong té bao vat chi [7], va nhém diéu
hoa hé théng cAm ng quorum (las4, lasB, aprA, rhiAB,
rhil, rhiR, lasl, lasR), lién quan dén viéc san xuat enzyme
ngoai bao, hinh thanh biofilm va ting cwong kha nang
thich nghi trong méi trwedrng [8]. Sw hién dién dong thoi
cla cac gen nay lam gia ting doc lwc va kha nang ton tai
cla P. aeruginosa trong nwédc udng, tir d6 tiém 4n nguy
co doi vai strc khoe cong dong.

Cac co ché khang khang sinh cta P. aeruginosa c6 méi
lién hé chit ché véi hé thong gen doc luc [9]. Cac gen
thudc hé thdng tiét type III nhw exo4, exoS, exoU, exoT
gitp vi khuin xAm nhép va pha huy té bao vat chi, dong
thoi tao diéu kién cho viéc kich hoat cac dap trng stress
va diéu hoa biéu hién gen khang thuéc [10]. Bén canh
do6, nhém gen cdm ng quorum (lasA, lasB, rhll, rhiR, lasl,
lasR) déng vai tro diéu phéi san xuit enzyme ngoai bao
va hinh thanh biofilm, mét c4u trtc bao vé gitp vi khuin
bam dinh bé mat va gidm tinh thdm cta khang sinh [11].
Sw hinh thanh biofilm 1am ting dang ké kha ning khang
thud6c do cac té bao trong biofilm cé toc do trao d6i chat
chim, 16p ma tran polysaccharide can tr& khuéch tan
thudc, va vi khudn c6 thé trao d6i gen khang dé dang
hon [12]. Do d6, sw phoi hop gitra doc lwc va kha nang
hinh thanh biofilm chinh 1a yéu td trung tAm khién P.
aeruginosa tré thanh loai vi khuan kho kiém soat trong
ca moi trwong va 1am sang.

Tai Viét Nam, két qua gidm sat méinguy 6 nhiém nuwéc
udng déng chai, déng binh trén thi trwong 5 tinh Tay
Nguyén tir ndm 2017-2018 cho thiy: tinh trang nhiém
vi sinh vat chi yéu tip trung vao san phim nwéc uéng
déng chai, déng binh chiém 41,5% (162/390), cht yéu
nhiém Coliform va P. aeruginosa. Nim 2021 ty 1& nhiém
vi sinh vit trong san phim nwéc uéng déng binh ting
1én rat cao (78,7%), trong d6 nhiém P. aeruginosa chiém
44,7%; nhiém Coliform téng s6 chi€ém 53,2% [13]. Tai
Quang Tri, nwéc udng dong chai bi nhiém P. aeruginosa
c6 ty 1é kha cao so véi mot sd dia phwong khac trong
ca nwée. Két qua hiu kiém cho thay, trong nam 2011 ¢6
13/56 mau nuwéc udng dong chai bi nhiém P. aeruginosa,
chiém ty 1€ 23,21%; ndm 2012, c6 dén 26,32% mau nwéc
nhiém P. aeruginosa (15/57); nam 2013 ty 1& nay chi c6
13,33% (8/60); nam 2014 1 22,22% (14/63) [14].

Do d6, nghién ctru ndy dugc thuc hién nham xac dinh
sw hién dién cta P. aeruginosa trong cAc mau nwéc uéng
déng chai, déng binh dwoc thu thip, mo ta ho so khang
khang sinh va sw c6 mat cda cac gen doc lwc & cac ching
dwoc tuyén chon, dong thoi thao ludn sy dong hién dién
cia doc lwc va khang thudc & mirc tham do. Két qua
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nghién ctru sé cung cip dit liéu quan trong, giup nang
cao hiéu qua kiém soat chit lwong nwéc déng chai, hd
tro viéc xay dung cac chién lwgc gidm sat va phong ngira
nguy co nhiém khuén, tir d6 gép phan bao vé strc khoe
céng dong.

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Nguyén liéu

Nghién ctru dwoc thuc hién theo thiét ké cat ngang
- tham do trén 50 miu nwéc udng, gobm 20 miu nuwdc
udng dong chai va 30 mau nwéc uéng doéng binh, thu
thip tir nhiéu nguén khac nhau trén dia ban TP. Ha Ni
trong cac thang 11-12 nidm 2024. CAc mau bao gom (i)
mau giam sat dinh ky thu thap tai cic co s& kinh doanh,
dai ly va siéu thi, va (ii) mau dich vu dwoc lwu triv tai
Vién Kiém nghiém An toan vé sinh thwc pham Qudc gia
(NIFC), nham dam béo tinh khach quan va da dang cua
ngudn mau. Mau dwoc bdo quan & 4-8°C va van chuyén
vé phong thi nghiém trong vong 24 gio ké tir khi 14y.

2.2. Phwong phdp nghién ctru

2.2.1. Phdt hién va dinh lwgng cdc chiing P. aeruginosa
trong mau nwéc déng chai va déng binh

250 ml miu nwéc déng chai, déng binh duoc loc
qua mang loc cellulose nitrate cé kich thwéc 16 0,45
um (Merck). Sau khi loc, mang loc dwoc chuyén 1én
moi trwong thach Pseudomonas co ban va thach
Pseudomonas bd sung ceftazidime (1 pg/ml) dé€ sang loc
ching Pseudomonas khang khang sinh. Cac dia dwoc a
trong ti &m & 37°C trong 24 gid. Cac khuin lac ¢6 hinh
théi dién hinh nhv tron, nhdn béng, phat huynh quang
xanh 14 dwéi dnh sang UV (254 nm) dwoc nhudém Gram
dé€ x4c nhan hinh thai dwéi kinh hién vi va lwu triv & -80°C.

2.2.2. Phan Idp va dinh danh cdc chung P. aeruginosa
trong mdu nwéc déng chai va déng binh

b€ dinh danh, cac khuin lac nady dwoc ria phan lap
trén thach Tryptone Soya Agar (TSA, Merck), G trong
24 gitr & 37°C va dinh danh bang cong nghé MALDI-TOF
Matrix-Assisted Laser Desorption Ionisation - Time of
Flight trén hé thng VITEK® MS (BioMérieux SA, Marcy
I'Etoile, Phap). St dung que ciy dung mot 1an dé 14y mot
phén ctia mot khuan lac phat trién trén thach TSA, sau
dé6 tan déu 1én mot giéng ctia dia muc tiéu VITEK Kirby-
Bauer. Theo khuyén cédo ctia nha san xudt, chung E. coli
ATCC 8739 dwoc st dung lam ching déi chirng trong
qua trinh chay [15]. Sau khi khdng dinh cac ching P.
aeruginosa phan lap dwoc tir cic miu nwdc uéng déng
chai va dong binh, ching dwoc khao sat kha nang khang
khang sinh.
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2.2.3. Bdnh gid ddc diém khdng khdng sinh ctia cdc chiing
P. aeruginosa trong mdu nwéc déng chai va déng binh

Kha nang khang khang sinh ctia 7 chung P. aeruginosa
dwoc tuyén chon trong nghién cu nay dwoc diéu tra
bang phwong phap khuéch tan dia Kirby-Bauer [16]. P.
aeruginosa dugc nudi tang sinh trong 10 ml moéi trwong
BHI vé trung cho dén khi mat do té bao twong dwong véi
dd duc 0,5 McFarland, x4p xi 1,5x10% CFU/ml té& bao vi
khuan. Tdm béng v6 trung dwoc str dung dé ria huyén
phu vi khuin trén thach Mueller-Hinton. Téng cong 13
loai khang sinh da dwoc thir nghiém theo CLSI M45 vé
thir nghiém dé nhay khang sinh d6i véi cac vi khuin it
gdp hodc kho nuéi cdy, bao gobm aztreonam, piperacillin,
piperacillin-tazobactam, ceftazidime, cefepime,
imipenem, meropenem, doripenem, ciprofloxacin,
gentamicin, tobramycin, amikacin va netilmicin. Cac dia
dwoc dat trén bé mat moi treong cach déu nhau bang kep
vO triing va i & 37°C trong 18 gio. K&t qua xét nghiém do
nhay véi khang sinh dwoc xac dinh bang duwdng kinh ctia
vung c ché, chinh 1 viing trong sudt xung quanh dia
khang sinh [17]. Néu khong xuit hién ving trong suot
xung quanh dia khang sinh hodc d¢ trong khong rd rang
thi ching thu thap dwoc c6 kha nang khang lai khang
sinh d6. Cac gia tri nay sau d6 dwoc nhip vao phin mém
Microsoft Excel va phan loai thanh ba nhém: khang
thudc (vung rc ché < gi¢i han CLSI), trung gian (ving rc
ché nam gitra ngwdng nhay cdm va khang), va nhay cam
(viing trc ché > gi¢i han CLSI). Biéu d6 cot dwoc tao ra dé
minh hoa ty 1é phan trdm cac chiung khang, trung gian
hodc nhay cdm véi tirng loai khang sinh.

2.2.4. Phdthién gen djc lwc ctia cdc chiing P. aeruginosa
trong mdu nwéc déng chai va déng binh

Phwong phap tach chiét DNA: Cac chiing P. aeruginosa
phan l4p tir mau nuéc déng chai va déng binh dwoc ria
lai trén moi trweong thach Pseudomonas co ban, nudi
tang sinh trong moi tredng canh thang BHI (Brain Heart
Infusion broth), i 18-24 gior & 37°C. DNA t6ng sd cla
P. aeruginosa dwoc tach chiét theo quy trinh danh cho
vi khudn Gram 4m ctia bd kit GeneJET Genomic DNA
Purification (Thermo Fisher, C5042). N6ng d6 DNA tong
s6 cuia cac chung P. aeruginosa dwgc dinh lwong bang
may nanodrop tai budc song 260 nm. Dung dich chira
DNA dwoc bdo quan & nhiét do -20°C cho dén khi st
dung.

Phan &ng PCR: Cic cap moi dwgc sr dung trong
nghién ciru nay dé phat hién cac gen doc lwc cla cac
chung P. aeruginosa trong mau nuéc dong chai va dong
binh dwgrc liét ké trong bang 1.

21



Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc Kji thuat va Cong nghé | KJ thuat thiic phdm va d6 uéng; Khoa hoc ¥ - Duige | Y hoc du phong e

Bang 1. Cac cap mdi dworec str dung dé phat hién gen doc lwc cta
P. aeruginosa.

o P oW .. Tailiéu
Tmb\‘; Trinh tw (5-3") Gen I[\il(l:;etd(_) gne):u L tham
P khao

exoUF  ATGCATATCCAATCGTTG

exoU 57 2000 18]
exoUR  TCATGTGAACTCCTTATT
exoSF GCGAGGTCAGCAGAGTATCG

exoS 58 118 [19]
exoSR  TTCGGCGTCACTGTGGAT
exoYF  CGGATTCTATGGCAGGGAGG

exoY 59 289 [19]
exoYR  GCCCTTGATGCACTCGACCA
exoTF  AATCGCCGTCCAACTGCATGCG

exoT 60 152 [19]
exoTR  TGTTCGCCGAGGTACTGCTC
exoAF  GACAACGCCCTCAGCATCACCAGC

exoh 72 396 [20]
exoAR  CGCTGGCCCATTCGCTCCAGCGCT
lasAF CGCCATCCAACCTGATGCAAT

lasA 60 514 [21]
lasAR  AGGCCGGGGTTGTACAACGGA
lasBF  TTCTACCCGAAGGACTGATAC

lasB 52 153 [22]
lasBR  AACACCCATGATCGCAAC
aprAF  ACCCTGTCCTATTCGTTCC

aprd 52 140 [22]
aprAR  GATTGCAGCGACAACTTGG
rhIABF  TCATGGAATTGTCACAACCGC

rhiAB 52 151 [22]
rhIABR  ATACGGCAAAATCATGGCAAC
rhilF CTTGGTCATGATCGAATTGCTC

il 50 625 [23]
rhllIR ACGGCTGACGACCTCACAC
rhIRF CAATGAGGAATGACGGAGGC

rhiR 50 730 [23]
rhIRR  GCTTCAGATGAGGCCCAGC
lasIF ATGATCGTACAAATTGGTCGGC

last 50 605 [23]
lasIR GTCATGAAACCGCCAGTCG
lasRF CGGGTATCGTACTAGGTGCATCA

lasR 60 1100 [18]
lasRR  GACGGGAAAGCCAGGAAACTT
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Hon hop PCR (25 pl) gdm: 12,5 ul PCR Master Mix 2x
(Thermo Scientific, chivra 0,05 U/ul Taqg DNA polymerase,
dém phan &rng, MgCl, 4 mM va dNTP 0,4 mM), 1 pl moi
xubi (10 pmol), 1 pl moéi ngwec (10 pmol), 3 ul DNA
khuén va 7,5 pl H,O0 khit ion v6 trung. Chu trinh PCR
duoc tdi wu theo kich thwéc san phdm khuéch dai. Phan
rng bat dau bang bién tinh ban dau & 95°C trong 5 phit,
tiép theo 35 chu ky gbm: 94°C 30 gidy, gan moi & nhiét
do thich hop (bang 1) trong 20-30 gidy, va kéo dai &
72°C theo nguyén tac khodng 1 phut/1 kb (<600 bp: 30-
45 giay, 600-1200 bp: 60-90 gidy, ~2000 bp: 120 giay).
Cubi cung, phan &ng dwoc kéo dai hoan thién & 72°C
trong 10 phat. Déi véi cac gen cb kich thwéc amplicon
16n nhw exoU (~2.000 bp) va lasR (~1.100 bp), thoi gian
kéo dai dwoc diéu chinh twong trng (90-120 gidy) nham
dam bao khuéch dai diy du toan bd viing ma hda, theo
khuyén cao ctia S.M.C. Petit va cs (2013) [18].

Gel agarose 1,5% dwoc chudn bi trong dém TAE
1X (Tris-base 40 mM, axit axetic 10 mM va EDTA 1
mM, pH 8) c6 b6 sung thém nhudém Redsafe (iNtRON
Biotechnology) véi ty 1€ 2 pl dung dich nhudém: 100
ml gel. Sdn phdm PCR dwoc tron véi loading dye 6X
(Thermo Scientific). Qua trinh dién di trong dém TAE 1X
va dwoc thye hién véi hiéu dién thé 6n dinh 110 V trong
50 phut. Ban gel sau khi dién di dwoc soi dwdi dén UV dé
quan sat va chup anh. Ching dworc Iwu git tai -80°C cho
cac nghién ctru tiép theo.

2.2.5. Phdn tich théng ké

D& so sanh sy khac biét vé s6 lwong khuin lac phat
trién trén hai loai méi trwdong (thach Pseudomonas co
ban va thach Pseudomonas bé sung ceftazidime), ki€ém
dinh phi tham s6 Wilcoxon signed-rank test mét phia
dwoc st dung. Phan tich dwgc thuc hién bang Excel va
ddi chiéu véi bang gia tri t¢i han Wilcoxon tai mirc y
nghia a=0,05.

3. Két qua va ban luan

3.1. Ty 1é nhiém P. aeruginosa trong mau nwéc
dong chai va déng binh

K&t qua phan tich 50 miu nwéc udng déng chai
va déng binh cho thdy 38% maiu (19/50) nhiém P.
aeruginosa v&indng do dao dong tir 4,0x10° dén 5,4x 102
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vi khudn/250 ml, vwot qua gi¢i han quy dinh cia Quy
chudn ky thuit quéc gia d6i véi nwéc khodng thién
nhién va nwéc uéng déng chai QCVN 6-1:2010/BYT (0
vi khudn/250 ml). Theo quy trinh sang loc song song,
mdi miu dwgc nudi dong thai trén thach Pseudomonas
co ban va thach Pseudomonas bd sung ceftazidime
(1 ug/ml) (bang 2).

K&t qua bang 2 cho thay, s6 lwgng vi khuin gidam manh
khi nuéi ciy trén moi trweong thach Pseudomonas b6
sung ceftazidime (1 pg/ml). Kiém dinh Wilcoxon signed-
rank test mot phia xac nhan sy khac biét nay cé y nghia
théng ké (px2.437x107°<0,05) cho thiy, ceftazidime
c6 hiéu qua c ché dang ké d6i véi phan 16n ching P.
Bang 2. Két qua phat hién P. aeruginosa trong mau nwéc déng chai

va déng binh khi nuéi trén cac méi trwéng thach Pseudomonas co
ban va thach Pseudomonas bé sung ceftazidime (1 pg/ml).

K&t qua phat hién P. aeruginosa (CFU/250 ml)
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aeruginosa trong mau nuéc. Trong s6 19 mau phat hién
P. aeruginosa trén moi trweong thach Pseudomonas, trén
moi treong thach Pseudomonas bé sung ceftazidime c6
15/19 mAiu khong phat hién P. aeruginosa, 4/19 mau
van phat hién P. aeruginosa chirng té c6 su hién dién clia
cac ching khang ceftazidime thudéc nhém cephalosporin
thé hé ba, khang sinh quan trong trong diéu tri 1am sang
12 vin dé dang quan tAm. Do s6 mau han ché, chuwa du
co s& suy rong xu hwéng theo nhom sadn pham hodc xac
dinh nguyén nhan 6 nhiém, tir 4 miu nay, 07 khuin lac
dién hinh dwoc lwa chon ngau nhién dé phan lap, dinh
danh va danh gia h6 so khang khang sinh.

3.2. Két qua dinh danh MALDI-TOF tir mdu nwéc
dong chai va dong binh

7 khuin lac c6 kha ning phat trién trén moi trudong
thach Pseudomonas cé bé sung ceftazidime (1 pg/ml)
da dwoc phan 1ap va dinh danh bang céng nghé phé khéi

sl Nudi trén thach Nudi trén thach Pseudomonas MALDI-TOF. K&t qué dwoc thé hién & béng 3.
Pseudomonas co’ ban bé sung ceftazidime (1 ug/ml) ) ’ L B
Bang 3. Ket qua dinh danh cac khuan lac phan lap dwoc tir 4 mau
1 1,4x10? 0 nwéc dong binh phat hién P. aeruginosa trén méi trwéng thach
Pseudomonas bé sung ceftazidime.
2 4,0x10* 0
e . AT E (O
3 4,0x10° 0 Ma chiung Tén loai Do tin cay (%)
01 Pseudomonas aeruginosa 99,9
4 5,0x10° 0
02 Pseudomonas aeruginosa 99,9
5 5,6x10* 0
03 Pseudomonas aeruginosa 99,9
6 4,2x10? 0 .
04 Pseudomonas aeruginosa 99,9
7 5,0x10° 0 05 Pseudomonas aeruginosa 99,9
8 5,4x10? 0 06 Pseudomonas aeruginosa 99,9
9 6,0x10* 0 07 Pseudomonas aeruginosa 99,9
10 9,0x10° 0 K&t qua dinh danh bang MS MALDI-TOF cho thiy, ca
11 9,6x10* 4,0x10° 7 khuln lac déu dat diém s6 >2,0 véi dd tin cdy 99,9%
e S (bang 3), cho phép xac dinh chinh xac & cap do loai la P.
aeruginosa (07/07, 100%).
13 3,0x10* 2,0x10°
3.3. H6 so' khang khdng sinh ctia cdc chiing P.
14 6,2x10* 0 . A ALy & , i L g
aeruginosa phan lap tir mau nwdéc dong chai va dong
15 4,2x10* 0 binh
1
16 1510 0 HO so khang khang sinh ctia 7 chung P. aeruginosa
17 9,0x10° 0 phan l4p tir mau nwdc déng chai va déng binh cho thay,
18 2,0x10? 0 muirc dd khang thudc twong doi cao, ddc biét d6i vdi cac
khang sinh thudéc nhém B-lactam va aminoglycoside
19 9,6x10* 2,0x10°
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(hinh 1).
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piperacillin - tazobactam
netilmicin

amikacin

thé lién quan dén cic enzyme
bién d6i aminoglycoside, hé
MexXY-OprM hodc methylase
16S rRNA [5]. Tuy nhién, do

tobramycin I I — nghién ctru chwa khdo sat
gentamicin | cac diu 4n khéng thuéc hoic
ciprofloxacin [T biéu hlén clla cac co ché néy,
doripenem I nguyén nhan caa kiéu hinh
meropenem [N I khéng chwa thé dwoc xac dinh.
lmlpefem I T — So v&i cac nghién ctru trén
cefepime I chl’mg moi trudmg, tS’ 18 khang
ceftazidime N trong nghién cttu néy cao
piperacillin - I e hon mic dwoc ghi nhan tai
aztreonam |

0

X

o 10% 20% 30% 40% 50% 60%

®Nhay = Trung gian ®Khang

Hinh 1. H6 so khang sinh cta P. aeruginosa dwa trén dwéng kinh
thuéc, vang: trung gian, xanh |4 cay: nhay cam.

Trong 7 chuing P. aeruginosa dwgc tuyén chon, toan
bd ching khang cefepime va netilmicin (7/7; 100%);
6/7 chung (85,7%) khang aztreonam, ceftazidime,
gentamicin va amikacin; 5/7 chung (71,4%) khang
imipenem, meropenem va tobramycin; 2/7 ching
(28,6%) khang piperacillin. P6i véi ciprofloxacin, 6/7
ching nhay cAm va 1/7 ching c6 mirc dap ng trung gian,
khong ghi nhan ching khang. Piperacillin-tazobactam va
doripenem duy tri hoat tinh tot trén toan bé cac chung
khao sat. Nhin chung, cic ching biéu hién mirc khang
cao ddi voi cephalosporin thé hé 3-4, aminoglycoside
va mot sO carbapenem, trong khi mitc d6 nhay cam véi
ciprofloxacin, doripenem va piperacillin-tazobactam
van dugc bdo ton. Viéc tuyén chon cic chiing c6 kha ning
phat trién trén moi tredng bo sung ceftazidime cé thé
g6p phan giai thich ty 1& khang B-lactam twong d6i cao
trong nhém ching khéo sat. Vi vay, két qua khang sinh
d6 chti yéu phan anh dic diém cida cac ching dwoc tuyén
chon theo tiéu chi nay. Vé co ché, khang cefepime & P.
aeruginosa c6 thé lién quan dén tang biéu hién AmpC, sw
hién dién ctia B-lactamase phd mé& rong, gidm tinh thim
mang hodcting hoatdéng cia cicbom téng thudc. Khang
meropenem thwong lién quan dén suy gidm hodc mat
porin OprD, ting hoat dong bom tong thudc va sy hién
dién cda carbapenemase; trong khi khang amikacin cé
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vung ¢ ché (mm). Dé: khang

Cong hoa Séc, noi ty 1é khang

70% 80% 90% 100%

meropenem, gentamicin va
ceftazidime lan lwot 13 27,2,
28,8 va 11,5% [24]. Tai Ghana,
ty 1é khang aztreonam cua P.
aeruginosa trong nwéc udng
la 48%, trong khi ty 1é khang ciprofloxacin chi & mic
4,9% [25]. Nguorc lai, L. Wei va cs (2020) [26] ghi nhan
toan by 132 chung P. aeruginosa phan lap tir nwéc udng
tai Trung Qudc déu nhay cadm véi 14 khang sinh dwogc
khdo sat. Sw khéac biét gitra cdc nghién ctru cé thé lién
quan dén ngudén mau, quy trinh x ly nwéc, chién lwoc
phan l4p va tuyén chon chiing, tiéu chuin dién giai cling
nhw bdi canh dia ly. Cac nghién ctu 1Am sang trong khu
vuc cung cip thém bang chirng vé s lwu hanh cua nhiéu
co ché khang & P. aeruginosa. Tai Thai Lan, ty 1é khang
amikacin, gentamicin va tobramycin I4n lwot dat 92, 95
va 96%, dong thoi cac enzyme bién ddi aminoglycoside
va hé MexXY dwoc phat hién pho bién [27]. Tai Viét Nam,
cac bién thé blaIMP, blaDIM, blaKPC va dong ST235
mang blaIMP-26 da dwoc ghi nhan & cac ching khang
carbapenem [28, 29]. Do sé ching dwgc khao sat con
han ché (n=7) va dwgc tuyén chon sau bwéc sang loc
ceftazidime, cac ty 1&é khang trén day chi cé gia tri mo
td trong nhém chung nghién ciru, viéc so sanh véi cac
nghién ctru khac nham dit két qua trong bdi canh tham
khao. Pong thoi, do khac biét vé ngudn phan lap, cac dir
liéu 14m sang nay chi yéu c6 gia tri tham khao vé phd
co ché khang va khéng thé dwoc ngoai suy truc ti€p cho
cac ching nwéc udng trong nghién ctru hién tai. Sw dong
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thoi xudt hién ki€u hinh khang véi nhiéu nhém khang
sinh cho thiy viéc gidm sat lién tuc va nghién ciru sau
hon vé co ché khang khang sinh la cin thiét d€ dam bao
hiéu qua diéu tri va an toan strc khde céng dong. Cac
ching nay tiép tuc dwoc phin tich nham phat hién sy
hién dién cta cac gen doc lwc lién quan dén kha niang
x4m nhép, gy ton thwong mé va hinh thanh biofilm.

3.4. Phadt hién gen ddc lwc ciia P. aeruginosa trong
mdu nwéc déng chai va déng binh

K&t qua heatmap (hinh 2) cho thdy mdi ching phét
hién 10-12/13 gen ddc lwc. Cac gen exoA, exoY, lasA,
lasB, aprA, rhlAB, rhll va rhlR hién dién & 7/7 ching,
trong khi exoU, exoS, exoT, lasl va lasR phin b6 khéng
déng déu. biéu nay cho thiy cac ching phén lap mang
dbng thoi nhiéu yéu to lién quan dén hé théng tiét type
[1 va IlI, enzyme ngoai bao va quorum sensing.

Nhom chirc S6 ching | Tylé
nang dwong tinh | (%)

2 28,6%

6 85,7%
Hé thong 0
tiét type 111 / -

7 100,0%

4 57,1%

7 100,0%
Enzyme 7 100,0%
ngoai bao ’

7 100,0%

7 100,0%

7 100,0%
Quorum
sensing/ 7 100,0%
biofilm

6 85,7%

lask 5 71,4%

Tong so gen phat _ ,
hign/ching 10 |12 |10-12/13 gen/ching

Hinh 2. Heatmap biéu dién sw phan bd cac gen déc lwc & 7 chiing
P. aeruginosa phan lap trong nghién ctru. +: dwong tinh, -: am tinh.

Doi véi cac gen lién quan dén hé théng tiét, exoA
thudc hé théng tiét type II va Il dwoc phat hién & 7/7
ching (100%); trong khi cac gen ma hoéa protein hiéu
rng cua hé thong tiét type Il va Il gbm exoU, exoS, exoT
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va exoY dwoc phat hién Ian lwot & 2/7 (28,6%), 4/7
(57,1%), 6/7 (85,7%) va 7/7 chiing (100%). Ty 1é exoU
trong nghién ctru nay thap hon mtc 56 va 58,9% dwgc
bao cdo lan lwot tai Iran va Ai Cap [30], nhung twong
dwong véi ty 1é 27,6% & cac ching phan lap tir nwéc
song tai TAy Ban Nha [31]. Ty 1é exoS (57,1%) cling gan
v&i cdc mirc 58,9% tai Ba Lan va 51,2% tai Iran [32].
Pang chi y, chiing 07 dong thoi phat hién exolU va exoS,
két qua nay cho thiy sw da dang ctia ho so gen hé théng
tiét type III gitta cac ching, nhung cin dwoc xac nhan
thém bang giai trinh tw sdn pham khuéch dai hoic phan
tich hé gen trwdc khi suy luin vé kiéu doc luec.

Doi véi nhom enzyme ngoai bao va quorum sensing,
cac gen lasA, lasB, aprA, rhlAB, rhll va rhIR dwgc phat
hién & tat ca cac ching, trong khi lasl va lasR dwoc phat
hién lan lwgt & 6/7 va 5/7 chung. K&t qua nay cho thiy,
cac thanh phan di truyén cia mang lwéi quorum sensing
Las/Rhl hién dién ph6 bién trong nhém ching khéo sat,
phu hop véi vai tro cia hé théng nay trong diéu hoa
enzyme ngoai bao va hinh thanh biofilm [8, 11]. Tuy vay,
viéc khong phat hién lasR & cac ching 06 va 07 khong
déng nghia véi mat hoan toan kha nang hinh thanh
biofilm, ngwoc lai, sy hién dién cia cic gen quorum
sensing cling khéng du dé khang dinh ching tao biofilm
manbh, do kiéu hinh nay con phu thuédc vao tinh toan ven
va mirc biéu hién cta gen, sw phéi hop giita nhiéu hé
thong diéu hoa va diéu kién moi trueong.

Khi d6i chiéu véi két qua khang sinh d6, cac ching
trong nghién ctru vira mang nhiéu gen doc lwc, vira biéu
hién mac khang cao véi mot s6 nhém khang sinh, dac
biét 1a cephalosporin va aminoglycoside. Sw dong hién
dién nay c6 y nghia canh béo vi cic ching ton tai trong
nuwdc udng cé thé dong thoi mang dac diém ho tro thich
nghi, gy bénh va gidm nhay cdm véi khang sinh, biofilm,
néu dwoc hinh thanh, con c6 thé gép phan lam giam kha
niang thim thudc va ting kha nang tén lwu trong hé
thong san xudt, chiét rot hodc binh chira [12]. Tuy nhién,
véi chi 7 chiing duoc lwa chon sau buwéc sang loc trén
moi trweong bé sung ceftazidime, nghién ctru hién méi
cho phép mé ta sy dong hién dién, chwa di co sé théng
ké dé két luan exoU lién quan dén mirc khang manh hon,
exoS lién quan dén ciprofloxacin hodc lasR lién quan truc
ti€p dén ki€u hinh biofilm.
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4. Két luan

Nghién ctru cho thiy, 38% trong cdc miu nwéc déng
chai dwoc nghién ctru phat hién nhiém P. aeruginosa,
trong d6 cac ching phan 14p thé hién ho so khiang thudc
da dang va dang lo ngai. T4t ca cic ching déu khang
cefepime (100%), phan 16n khang aminoglycoside
(amikacin va gentamicin, 85,7%), nhung van con nhay
cam vai piperacillin-tazobactam va doripenem (100%).
Vé mit doc lwc, cic chiing mang dong thoi nhiéu gen
quan trong nhw exoA, exoY, lasA, lasB, exoS (57,1%) va
exoU (28,6%). K&t qua nay cung cip thém dir liéu khoa
hoc vé dic diém khang khang sinh va gen ddc lwc caa P.
aeruginosa trong nwéc uéng dong chai, déng binh, gép
phin nhdn manh sy can thiét cta viéc duy tri gidm sat
vi sinh dinh ky, kiém soat diéu kién san xuit va bao dam
chit lwgng san phdm theo quy dinh hién hanh.

TAI LIEU THAM KHAO

[1] D. Vuki¢ Lusi¢, N. Maestro, N. Maestro, et al. (2021),
“Occurrence of P. aeruginosa in water intended for human
consumption and in swimming pool water”, Environments, 8(12),
DOI: 10.3390/environments8120132.

[2] T.D. Sousa, M. Hebraud, M.L.N.E. Dapkevicius, et al. (2021),
“Genomic and metabolic characteristics of the pathogenicity in
Pseudomonas aeruginosa”, Int. J. Mol. Sci., 22(23), DOI: 10.3390/
ijms222312892.

[3] X. Li, N. Gu, T.Y. Huang, et al. (2022), “Pseudomonas
aeruginosa: A typical biofilm forming pathogen and an emerging
but underestimated pathogen in food processing”, Front.
Microbiol., 13, DOI: 10.3389/fmicb.2022.1114199.

[4] P. Pachori, R. Gothalwal, P. Gandhi (2019), “Emergence
of antibiotic resistance Pseudomonas aeruginosa in intensive
care unit; a critical review”, Genes Dis., 6(2), pp.109-119, DOI:
10.1016/j.gendis.2019.04.001.

[5] Z. Pang, R. Raudonis, B.R. Glick, et al. (2019), “Antibiotic
resistance
alternative therapeutic strategies”, Biotechnol. Adv., 37(1),
pp.177-192,DOI: 10.1016/j.biotechadv.2018.11.013.

in Pseudomonas aeruginosa: Mechanisms and

[6] G. Mancuso, S.D. Gaetano, A. Midiri, et al. (2023), “The
challenge of overcoming antibiotic resistance in carbapenem-
resistant  Gram-negative  bacteria: ‘Attack on titan”,
Microorganisms, 11(8),DOI: 10.3390/microorganisms11081912.

[7] C.G. Nolasco-Romero, F.J. Perez-Galbarro, R.N.J. Juarez,
et al. (2024), “The exoS, exoT, exoU and exoY virulotypes of the
type 3 secretion system in multidrug resistant Pseudomonas
aeruginosa as a death risk factor in pediatric patients”, Pathogens,
13(12), DOI: 10.3390/pathogens13121030.

%H%-IE 68(8) 8.2026

[8] J. Lee, L. Zhang (2015), “The hierarchy quorum sensing
network in Pseudomonas aeruginosa”, Protein Cell, 6(1), pp.26-
41,DO0I: 10.1007/s13238-014-0100-x.

[9] H. Wei, Y. Fu, W. Qin, et al. (2025), “The relationship
between virulence and drug resistance genes in Pseudomonas
aeruginosa and antibiotic resistance: A targeted next-generation
sequencing approach”, Front. Cell. Infect. Microbiol,, 15, DOI:
10.3389/fcimb.2025.1563741.

[10] T. Wu, Z. Zhang, T. Li, et al. (2024), “The type III
secretion system facilitates systemic infections of Pseudomonas
aeruginosa in the clinic”, Microbiol. Spectr., 12(1), DOI: 10.1128/
spectrum.02224-23.

[11] A.A. Elnegery, W.K. Mowafy, T.A. Zahra, et al. (2021),
“Study of quorum-sensing LasR and RhIR genes and their
dependent virulence factors in Pseudomonas aeruginosa isolates
from infected burn wounds”, Access Microbiol, 3(3), DOLI:
10.1099/acmi.0.000211.

[12] P. Shree, C.K. Singh, K.K. Sodhi, et al. (2023), “Biofilms:
Understanding the structure and contribution towards bacterial
resistance in antibiotics”, Med. Microecol, 16, DOI: 10.1016/j.
medmic.2023.100084.

[13] N.V. Thuan, V.C. Chinh, T.T. Quoc, et al. (2024), “The
state of food safety and hygiene in bottled water production
facilities in the five provinces of the Central Highlands region in
2023”, Vietnam Journal of Food Control, 7(3), pp.369-377, DOLI:
10.47866/2615-9252 /vjfc.4364.

[14] H.S. Bien (2025), “The current situation and causes of
Pseudomonas Aeruginosa contamination in bottled drinking
water”, https://antoanthucpham.quangtri.gov.vn/Tin-tuc-
su-kien/Thuc-trang-nguyen-nhan-nhiem-Pseudomonas-
Aeruginosa-trong-nuoc-uong-dong-chaiThuc-trang-nguyen-
nhan-nhiem-Pseudomonas-Aeruginosa-trong-nuoc-uong-dong-
chai-629.html, accessed 2 June 2025 (in Vietnamese).

[15] N.AE. Fahim, G.A.EW. Ismail, M.B. Abdelaleem, et
al. (2022), “Identification, characterization and antibiotic
susceptibility testing for Bacillus species”, Iran. J. Microbiol,
14(4), DOI: 10.18502/ijm.v14i4.10234.

[16] AW. Bauer, W.M. Kirby, ].C. Sherris, et al. (1966),
“Antibiotic susceptibility testing by a standardized single disk
method”, Am. J. Clin. Pathol., 45(4), pp.493-496.

[17] JJ. Biemer (1973), “Antimicrobial susceptibility testing
by the Kirby-Bauer disc diffusion method”, Ann. Clin. Lab. Sci.,
3(2), pp.135-140.

[18] S.M.C. Petit, R. Lavenir, C.C. Dupuich, et al. (2013),
“Lagooning of wastewaters favors dissemination of clinically
relevant Pseudomonas aeruginosa”, Res. Microbiol, 164(8),
pp.856-866, DOI: 10.1016/j.resmic.2013.06.007.

[19] T. Ajayi, L.R. Allmond, T. Sawa, et al. (2003), “Single-
nucleotide-polymorphism mapping of the Pseudomonas
aeruginosa type III secretion toxins for development of a
diagnostic multiplex PCR system”, J. Clin. Microbiol, 41(8),
pp-3526-3531, DOI: 10.1128/JCM.41.8.3526-3531.2003.

29



[20] A.A. Khan, C.E. Cerniglia (1994), “Detection of
Pseudomonas aeruginosa from clinical and environmental
samples by amplification of the exotoxin A gene using PCR”,
Appl. Environ. Microbiol., 60(10), pp.3739-3745, DOI: 10.1128/
aem.60.10.3739-3745.1994.

[21] J.A. Lomholt, K. Poulsen, M. Kilian (2001), “Epidemic
population structure of Pseudomonas aeruginosa: Evidence
for a clone that is pathogenic to the eye and that has a distinct
combination of virulence factors”, Infect. Immun., 69(10),
pp.6284-6295, DOI: 10.1128/1A1.69.10.6284-6295.2001.

[22] H. Zhu, R. Bandara, T.CR. Conibear, et al. (2004),
“Pseudomonas aeruginosa with Lasl Quorum-sensing deficiency
during corneal infection”, Invest. Ophthalmol. Vis. Sci., 45(6),
pp.1897-1903, DOI: 10.1167 /iovs.03-0980.

[23] J.A. Schaber, N.L. Carty, N.A. McDonald, et al. (2004),
“Analysis of quorum sensing-deficient clinical isolates of
Pseudomonas aeruginosa”, J. Med. Microbiol., 53(9), pp.841-853,
DOI: 10.1099/jmm.0.45617-0.

[24] N. Roulova, P. Mot'’kova, 1. Brozkova, et al. (2022),
“Antibiotic resistance of Pseudomonas aeruginosa isolated from
hospital wastewater in the Czech Republic’, /. Water Health,
20(4), pp.692-701, DOI: 10.2166/wh.2022.101.

[25] H. Ahmed, M. Zolfo, A. Williams, et al. (2022), “Antibiotic-
resistant bacteria in drinking water from the greater accra
region, Ghana: A cross-sectional study, December 2021 - March
2022”, Int. J. Environ. Res. Public. Health, 19(19), DOI: 10.3390/
ijerph191912300.

[26] L.Wei, Q.Wu,].Zhang, etal. (2020), “Prevalence, virulence,
antimicrobial resistance, and molecular characterization
of Pseudomonas aeruginosa isolates from drinking water in China”,
Frontiers in Microbiology, 11, DOI: 10.3389/fmicb.2020.544653.

KHOA
&CONGHI\?GCI:-IE

68(8) 8.2026

s Khoa hoc Ty nhién | Khoa hoc su séng; Khoa hoc Kji thuat va Cong nghé | K thuat thuic phdm va dé uéng; Khoa hoc Y - Duigc | Y hoc du phong

[27] K. Poonsuk, C. Tribuddharat, R. Chuanchuen (2013),

“Aminoglycoside resistance mechanisms in Pseudomonas
aeruginosa isolates from non-cystic fibrosis patients in Thailand”,

Can. J. Microbiol., 59(1), pp.51-56, DOI: 10.1139/cjm-2012-0465.

[28] H.A. Tran, T.N.B. Vu, S.T. Trinh, et al. (2021), “Resistance
mechanisms and genetic relatedness among carbapenem-
resistant Pseudomonas aeruginosa isolates from three major
hospitals in Hanoi, Vietnam (2011-15)", JAC-Antimicrob. Resist.,
3(3),DOI: 10.1093/jacamr/dlab103.

[29] T. Tada, P.H. Nhung, T.M. Akiyama, et al. (2016),
“Multidrug-resistant sequence type 235 Pseudomonas aeruginosa
clinical isolates producing imp-26 with increased carbapenem-
hydrolyzing activities in Vietnam”, Antimicrob. Agents Chemother.,
60(11), pp.6853-6858, DOI: 10.1128/aac.01177-16.

[30] N.A. Hassuna, S.A. Mandour, E.S. Mohamed (2020),
“Virulence constitution of multi-drug-resistant Pseudomonas
aeruginosa in upper Egypt”, Infect. Drug Resist., 13, pp.587-595,
DOI: 10.2147/IDR.S233694.

[31] B.R. Bezares, C. Casado, T. Ceniceros, et al. (2024),
“Pseudomonas aeruginosa from river water: Antimicrobial
resistance, virulence and molecular typing”, FEMS Microbiol. Ecol.,
100(5), DOI: 10.1093/femsec/fiaec028.

[32] S.A. Bazghandi, M. Arzanlou, H. Peeridogaheh, et al.
(2021), “Prevalence of virulence genes and drug resistance
profiles of Pseudomonas aeruginosa isolated from clinical
specimens”, Jundishapur Journal of Microbiology, 14(8), DOI:
10.5812/jjm.118452.



