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Tom tit:

Enterobacterales khang carbapenem dwoe To chire Y té Thé giéi xép vao nhom tac nhén
vi khuan nguy hiém nhat déi véi sitc khoe cong dong, trong dé c6 Klebsiella pneumoniae.
Nghién ciru nay nham thiét ké va t6i wu hai phan img PCR da moi (mPCR) phat hién
dong thoi 5 gen khang carbapenem & K. pneumoniae 13 blaxvc, blave, blaviv, blaxpm
va blaoxa-asaike g0m mPCR1 va mPCR2. Sir dung DNA dwoc tiach tir khuén lac bing
phwong phap soc nhiét véi chitng dwong gdm cac chiing vi khuan va plasmid mang gen
dich da dwgc khing dinh bang giai trinh ty dé thiét ké va téi wu mPCR. Két qua da toi
wu thanh cong mPCR1 (Ta 54°C, nong d¢ maoi blakec, blanve, blaviv 1an hrot 13 0,4; 0,2;
0,3 pM) va mPCR2 (Ta 58°C, ndng dd mdi blaxom 0,5 pM, blaoxa-ssike 0,3 pM). Thir
nghi¢ém mPCR t6i vu trén 30 chiing K. pneumoniae phan lip tir miu 1am sang tai Bénh
vién Quéan y 103 ghi nhan 26,7% (8/30) chiing mang gen ma héa carbapenemase, chi
yéu 1a cac chiing mang don gen chiém 75,0% (6/8); cac chiing mang to hop 2 gen chiém
25,0% (2/8); khong phat hién dwgc chiing mang gen blayve va blaviv. Quy trinh mPCR
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duwgc ti wu 13 co sé sang loc nhanh mdt s6 gen mi héa carbapenemase ciia K.
pneumoniae trén miu 1Am sang, gop phin hd tro Iwa chon diéu tri va kiém soat nhiém
khuan.

Tir khod: carbapenemase, Klebsiella pneumoniae, PCR da moi.

Chi so phén loai: 3.1, 3.2
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Abstract:

Carbapenem-resistant Enterobacterales have been classified by the World Health
Organisation as one of the most critical bacterial threats to public health, including
Klebsiella pneumoniae. This study aimed to design and optimise two multiplex PCR
assays for the simultaneous detection of five carbapenem resistance genes in K.
pneumoniae, including mPCR1 (blaxec, blaiwmr, blavim) and mPCR2 (blanpm, blaoxa-4s-
like).- DNA extracted from bacterial colonies using the heat-shock method was used, while
positive controls consisted of bacterial strains and plasmids carrying the target genes
confirmed by DNA sequencing. The optimised conditions were successfully established
for mPCR1, with an annealing temperature of 54°C and primer concentrations of 0.4,
0.2, and 0.3 pM for blaxec, blaqvie, blavim, respectively; and for mPCR2, with an
annealing temperature of 58°C and primer concentrations of 0.5 puM for blaxpm and 0.3
pM for blaoxa-ssiike. Evaluation of the optimised assays on 30 clinical K. pneumoniae
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isolates from Military Hospital 103 showed that 26.7% (8/30) harbored carbapenemase
genes, predominantly single-gene carriers (75.0%, 6/8), while 25.0% (2/8) carried two
carbapenemase genes. No isolates carrying blaivpe or blaviv were detected. The optimised
mPCR protocol provides a rapid tool for screening of selected carbapenemase-encoding
genes in clinical K. pneumoniae isolates, thereby supporting treatment selection and
infection control.

Keywords: carbapenemase, Klebsiella pneumoniae, multiplex PCR.

Classification numbers: 3.1, 3.2

1. Dit van dé

Khang khang sinh, dic bi¢t 1a khang carbapenem, dang tré thanh mdt trong nhirng
thach thirc nghiém trong d6i v6i nén y té trong nude va qudc té, nhat 1a trong diéu tri cic bénh
nhiém khuan do vi khuan Gram am da khang. T6 chtc Y té Thé gidi naim 2024 da xép
Enterobacterales khang carbapenem (Carbapenem-resistant Enterobacterales, CRE) vao
nhém tac nhan gy cuc ky nguy hiém do gy ra ty 18 tir vong rat cao va con it khang sinh hiéu
qua dé diéu tri [1]. Trong 46, Klebsiella pneumoniae ndi bat v6i kha nang gy bénh da dang
nhu viém phoi, nhiém khuan huyét, nhiém trung tiét niéu [2, 3]. Co ché khang carbapenem
ctia K. pneumoniae chii yéu lién quan dén sy xuat hién cta cac gen ma hoa carbapenemase,
dac bi¢t 1a cac nhom gen blakrc, blawp, blaviv, blanpm va blaoxa-4s-iike [4].

Trong chan doan vi sinh 1dm sang, viéc xac dinh kiéu hinh khang carbapenem la rat
can thiét. Bén canh do, phat hién nhanh, chinh xic va dong thoi cic gen mi hoéa
carbapenemase bang cac k¥ thuat sinh hoc phéan tir c6 ¥ nghia quan trong trong dinh huéng
diéu tri sém, kiém soat nhiém khuan bénh vién va giam sat dich t& hoc vi khuan khang khang
sinh. So voi ky thuat PCR don mdi (singleplex PCR), PCR da mdi (multiplex PCR,
mPCR) cho phép phat hién dong thoi nhiéu gen dich trong mot ng phan tng, giup tiét kiém
thoi gian, hoa chét va chi phi. Tuy nhién, viéc thiét 1ap mPCR véi nhiéu cap mdi doi hoi qua
trinh t6i wu hoa chat ché do su khac biét vé nhiét d6 nong chay (Tm), kich thudc san pham
PCR va hién tuong canh tranh khuéch dai giita cac cip moi. Diéu nay duoc dé cap dén trong
nghién ciru cia E.M. Elnifro va cs (2000) [5], phan tmg mPCR néu khong duoc tdi uu, c6 thé
xuat hién khuéch dai uvu tién chi mot sd gen dich hodc khong dac hiu, lam giam d¢ nhay va
d6 dic hiéu cua xét nghiém. Dong thoi, nghién ciru ciia A. Noweiska va cs (2023) [6] ciing
cho thay, thiét ké mPCR doi hoi tdi wu nghiém ngit dya trén ba nguyén tic chinh: lwa chon
cac cap méi, xac dinh nhiét d6 gén mdi, diéu chinh thanh phén hon hop PCR, dé ¢am bao can
bang tin higu trong phan ung.

Tuong tu, T.T. Le va cs (2024) [7] khi phat trién multiplex real-time PCR phat hién
ddng thoi blaxom, blaxec, blamp-1, blaoxa.as va mer-1 ghi nhan can diéu chinh ndéng d6 ting
cip modi, bd sung DMSO/glycerol va thiét 1ap khoang Tm phii hgp dé bao dam kha ning phan
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biét cac gen dich. Diéu nay cho thiy tdi vu hoa thiét ké mdi va diéu kién phan tng 13 yéu cau
quan trong nham nang cao d¢ dac hi€u, do nhay va tinh 6n dinh cia mPCR trong phat hién
cac gen ma hoa carbapenemase. Nhin chung, mPCR c¢6 vu diém 13 phat hién dong thoi nhiéu
gen dich, tiét kiém thoi gian va chi phi, tuy nhién doi héi qua trinh tdi wu hoéa trudc khi ap
dung thudng quy tai mdi co s& y té [7, 8]. Nghién ctru nay duoc thuc hién nhim thiét ké va
t6i wu phan tng mPCR phat hién dong thdi5 gen khang carbapenem chu yéu ¢ K.
pneumoniae, bao gdm blaxec, blanp, blaviv, blaxom, blaoxa-as-ike va danh gia thir nghiém trén
cac ching K. pneumoniae phan 1ap tir mau 1am sang tai Bénh vién Quén y 103. Diém khac
biét cua nghién ctru 1a xdy dung quy trinh phu hop véi didu kién thyc hanh trong nudc, sir
dung phuong phap tach DNA don gian thay cho kit thuong mai va thiét ké mPCR xéc dinh 5
gen dich thanh hai phan tmg mPCR riéng biét nham han ché twong tac gitta cac cap moi va
tang tinh 6n dinh. Nghién ctru ndy gbp phan tao co so xdy dung mot quy trinh xét nghiém kha
thi, chi phi hop 1y va c6 tiém ning hd trg phat hién nhanh cac gen ma hoa carbapenemase &
K. pneumoniae trong thuc hanh vi sinh 1am sang.

2. Péi twong va phwong phap nghién ciru
2.1. Péi twong

Chung duong 1a cac ching vi khuan mang gen dich blaxrec, blame, blaxpm va blaoxa-
ss-1ike VA plasmid mang gen blaviv d duoc khang dinh bang giai trinh ty Sanger. Céc chung
vi khuan c6 két qua test nhanh dwong tinh (NG-Test CARBA 5, NG Biotech, Phap) véi cac
gen ma hoa carbapemase blaxrc, blawp, blanom va blaoxa-as-ike: Acinetobacter baumannii:
Aba23-52bl (mang gen blawp+blanom), K. pneumoniae: Kpn23-95ur (blaxpc+blaoxa-as-iike),
K. pneumoniae: Kpn23-129bl (blaxpm+blaoxa-as-ike) duge ky hiéu 1an luot 1a A52, K95, K129
lwu giir tai Bénh vién Quan y 103 va plasmid mang gen blavim dugc cung cap tir Bénh vién
Nhiét d6i Trung wong. Trong sb cac chung K. pneumoniae phan 1ap tir ngudi bénh tai Bénh
vién Quan y 103 nam 2025, lya chon ngau nhién 30 chung dé danh gia phan tmg mPCR trén
mau 14m sang.

2.2. Phwong phap
2.2.1. Tach chiét DNA

Lay 3-5 khuan lac K. pneumoniae dugc nudi ciy trén thach ChromoGel Urine Agar
(Alphachem, Viét Nam), nghién déu trong 100 pl nuéc cat tao huyén dich. Pun huyén dich &
95°C trong 10 phut, giit ngay huyén dich & diéu kién -80°C/15 pht, ly tam 14.000 vong/phut
trong 10 phut va thu dich ndi, luu giit & diéu kién -20°C cho céc thi nghiém tiép theo [4].

2.2.2. Thiét ké phan iting mPCR

Phan tmg mPCR duoc thiét ké dua trén PCR tiéu chuan, bao gdbm mPCR1 (phat hién
3 gen blaxpc, blap, blaviv) va mPCR2 (phat hién 2 gen blanpm va blaoxa-siike) dé xac dinh

chinh x4c, ddng thoi cac gen sinh carbapenemase blaxpc, blamp, blaviv, blaxom va blaoxa-ss.-
ike. Viéc phan nhom céac gen vao timg phan tmg dugc thuc hién dya trén su twong thich vé
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nhiét 46 noéng chay cua moi va kha ning phan biét kich thudc san pham khuéch dai trén gel

dién di nham bdo dam cac san pham khuéch dai c6 thé dugc nhan dién rd rang. Do cdp moi

blaxpm ¢6 Tm cao hon cac cap moi khac, gen nay duogc bb tri trong phan tmg mPCR2 nham

han ché tuong tac gilra cac mdi. Thuc hién 1an lugt tir PCR don cho tung gen dich dén mPCR.

Thong tin cac cip méi mPCR va ching duong trong nghién ctiru duge trinh bay trong bang 1

va bang 2.

Bang 1. Cac cip mdi sir dung trong nghién ciru.

Nhiét do nong  Kich thwéc Tai liéu

Gen dich Trinh tu mdi L .
) chiy moi (Tm) (bp) tham khao
F: 5°>-TGTCACTGTATCGCCGTC-3’ 56,1
blaKpc 1011 [9]
R: 5’-CTCAGTGCTCTACAGAAAACC-3> 594
F: 5’-GCAGCTTGTCGGCCATGCGGGC-3> 71,4
blaxpm 182 [4]
R: 5’-GGTCGCGAAGCTGAGCACCGCAT-3> 70,0
F: 5’-GCGTGGTTAAGGATGAACAC-3’ 58,4
blaoxa-s-tike 438 [10]
R: 5’>-CATCAAGTTCAACCCAACCG-3’ 58,4
F: 5’-GTTTGGTCGCATATCGCAAC-3’ 58,4
blawM 3 82 [ 11 ]
R: 5’-AATGCGCAGCACCAGGATAG-3 60,5
F: 5’-GAAGGCGTTTATTGTTCATAC-3’ 55,5
blanp 587 [11]
R: 5’>-GTACGTTTCAAGAGTGATGC-3’ 56,4

Bang 2. Nong d0 DNA chirng dwong mang cic gen mi hoa carbapenemase.

Chiing chirng duwong Gen N(‘”)ng do DNA (copy/ml)
blanom

Aba23-52bl 6,05x10'°
blamp
blaxrc

Kpn23-95ur 2,88x101°
blaoxa-43-iike
blaxom

Kpn23-129bl 1,99x10'°
blaoxa-43-iike

Plasmid VIM blayi 1,00x10’

2.2.3. Téi wu phdn g mPCR

T6i wu thanh phan DNA chtng duong chira dong thoi 5 gen blaxec, blamp, blaviw,

blaxpm va blaoxa.4s-jike bang cach phdi tron cac ching A52, K95, K129 va plasmid VIM véi
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ty 1& phu hop, dam bao hinh anh dién di voi cac gen dich sang rd, ddng déu, dung kich thudce
Iy thuyét.

Téi ru ndng d6 moi lan lugt cho PCR don, mPCR1 va mPCR2 véi ndng do co ban 0,3
uM mdi moi. Véi mPCRI1, c¢6 dinh nong d6 mdi ctia 2 gen, chay dai ndong do méi tir 0,2 dén
0,5 uM ctia gen con lai, chon nong d6 mdi thich hop nhit; 1an luot chay lip lai qué trinh d6
v6i 2 gen con lai dé xac dinh nff)ng d6 moi toi wu. Tién hanh tbi wu néng dd cac mdi blanom
va blaoxa-as-ike twrong tur voi mPCR2. Téi wu nhiét d6 gan moi (Temperature annealing, Ta)
tir 54 dén 58°C v6i mPCR1 va mPCR2. Chu trinh khuéch dai nhu sau: 95°C/15 phut, (95°C/20
gidy, 54-58°C/40 gidy, 72°C/50 gidy)xss, 72°C/5 phit. Phan tng mPCR duoc tdi wu hoa st
dung sinh pham 2X H-Star Taq PCR Master Mix 2 (Biofact, Han Qudc) véi 10 pl Master
Mix, 2 ul khuén mau DNA, néng d6 mdi céac loai, bd sung nudce sinh hoc phéan tir vira du thé tich
20 pl.

2.2.4. Panh gid mPCR t6i uu

Céc phan tng mPCR1 va mPCR2 sau thiét 1ap duoc danh gia ngudng phat hién (Limit
of detection, LOD) trén panel DNA ching dwong pha lodng 10 lan. LOD dugc xé4c dinh 1a
néng do DNA thép nhét con cho bang khuéch dai d3c hiéu quan sat dugc trén gel di¢n di.
Pong thoi, mPCR téi uu dugc danh gia trén 30 chung K. pneumoniae phan 1ap tr mau 1am
sang dé xac dinh kiéu gen ma hoa carbapenemase.

Céc thi nghiém dugc thuc hién trén hé théng may Eppendorf ™ Mastercycler ™ pro
PCR. San phém khuéch dai duoc dién di trén gel agarose 1,2%, nhudom béng Ecodye™
Nucleic Acid, kiém tra dudi dén UV (BioDoc-It System, M¥). Tat ca cac thi nghiém déu duogc
thuc hién 13p lai it nhat hai 1an dé dam bao d6 chinh xac.

2.2.5. Phdn tich va xir 1y s liéu

S liéu dugc tong hop, quan 1y, luu trir bang Microsoft Office 365; duoc xt 1y bang
phan mém thong ké SPSS 27.0.

2.2.6. Dao durc trong nghién curu

Pay 1a nghién ctru trong phong xét nghiém, khong can thiép vao qua trinh diéu tri,
khong anh hudng dén két qua diéu tri va tdm 1y nguoi bénh. Bénh pham va s lidu thu dugc
chi str dung vao muc dich nghién ciru khoa hoc. Nghién ciru duoc chip thuan boi Hoi dong
dao dtic co sé cua Bénh vién Quan y 103 (S6 quyét dinh: 3470/HDPPP nam 2025).
3. Két qua

3.1. Thiét ké va téi wu mPCR phdt hign cdc gen khdng carbapenem

3.1.1. Téi wu thanh phan DNA chitng dwong, nong do moi

Téi wu thanh phan DNA chimg dwong trong mPCR bang cach phdi tron DNA chung
A52, K95, K129 va plasmid VIM véi céc ty 18 khac nhau dwa trén ndng d6 ban dau (bang 2).
Két qua dugc minh hoa ¢ hinh 1.
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Hinh 1. T6i wu thanh phian DNA chitng dwong va nong d§ moi. (A) Tdi wu thanh phan
DNA ching duong. mPCR1: 1, 2, 3, 4, 5; mPCR2: 6, 7, 8, 9, 10; 1, 6: A52 néng do 103
copy/ml, K95 10'°, K129 10%, Plasmid VIM 103; 2, 7: A52 108, K95 10°, K129 108, Plasmid
VIM 10%; 3, 8: A52 10'°, K95 10'°, K129 108, Plasmid VIM 10°; 4, 9: A52 10°, K95 10,
K129 108, Plasmid VIM 10%; 5, 10: A52 10, K95 10, K129 108, Plasmid VIM 10%; (B) Téi
wu néng d6 moi cho phan g mPCR. 1-4: nong d6 moéi KPC 0,2-0,3-0,4-0,5 uM, IMP 0,2
uM, VIM 0,3 uM. 5-6: néng d6 mdi NDM 0,5-0,4 uM; OXA-48-like 0,3 uM. NC: chiing am.
M: Marker (Thang DNA 100 bp, Biofact, Han Qudc).

Két qua cho thay, ca hai phan tmg mPCR déu xut hién cac bang dic hiéu dang kich
thudc thiét ké khi phdi tron DNA véi ty 1 phu hop. Cu thé, ching A52 cho tin hiéu 6n dinh
trong khoang nong do tir 108 dén 10'° copy/ml; chiing K95 cho tin hiéu nhat quan trong khoang
10°-10'° copy/ml; chiing K129 cho tin hiéu dat yéu cau & muc 10® copy/ml; trong khi plasmid
VIM cho bang dac hiéu ¢ ngudng 10° copy/ml. Trén co s& do, nhom tac gia lua chon ty 1€
phéi tron DNA chig duong tdi wu cho cac phan tng tiép theo véi A52 1a 108, K129 10%, K95
10%, plasmid VIM 10° copy/ml (hinh 1A).

Khi khao sat nong do cac cdp mdi trong phan g mPCR1, ghi nhan 3 bang dic hiéu
va khong c6 bang phu khi ndng do méi cua blaxec, blavp, blaviv twong tmg 1a 0,4; 0,2; 0,3
uM. Trong khi d6, mPCR2 cho tin hiéu 2 bang rd nét khi nong d6 mdi blaxpwm 14 0,5 pM va
blaoxa-s-iike 14 0,3 pM (hinh 1B). Pay la cac nong do duoc lya chon trong mPCR1 va mPCR2
dé tién hanh cac thir nghiém tiép theo.

3.1.2. Téi wu nhiét do gdn moi

Nhiét do gan mdi cia mPCR1 va mPCR2 dugc khao sat & ba mirc 54, 56, 58°C, két
qua duogc thé hién & hinh 2.

[ Y el ad = d
—
. e D D D D oy G o ot D G

Hinh 2. Téi wu nhiét d§ gin maoi cho phan tng mPCR. 1-6 1a mPCR2, trong d6 giéng 1-2:

54°C, giéng 3-4: 56°C, giéng 5-6: 58°C; 7-12 1a mPCR1, trong d6 giéng 7-8: 54°C, giéng 9-

10: 56°C, giéng 11-12: 58°C. NC: chirng Am. Marker: thang DNA 100bp (Biofact, Han Qudc).
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Vé6i mPCR, khao sat gradient nhiét d6 gin mdi cho thdy, hiéu qua khuéch dai giam
dan khi ting nhiét do. O ngudng 54°C, phan ing mPCR1 c6 day du 3 bing dic hiéu theo dung
thiét ké véi kich thudc cac gen blaxpc ~ 1000 bp, blane ~ 600 bp va blaviv ~ 400 bp; trong
khi & 56°C chi cho tin hidu 2 bang twong ng voi blamp va blayiv; & 58°C chi xuat hién 1
bang ding thiét ké blaviv, biang blane cudng d6 sang yéu, kho quan sat. Do d6, 54°C duoc
Iwra chon 14 nhiét d6 gan moi tdi wu cho phan tmg mPCR1. Trong khi d6, & mPCR2, ba mtc
nhiét do 54, 56, 58°C déu c6 tin hiéu 6n dinh, tuy nhién véi nhiét do gan mdi 58°C cho 2 bang
sang rd nhat, day 1a diéu kién t6i uvu duoc xac dinh cho mPCR2 (hinh 2).

3.1.3. Khao sat gioi han phat hién cua mPCR

Sau khi t6i vu thanh cong mPCR xac dinh cic gen ma hoa carbapenemase, gidi han
phat hién cia mPCR duoc khao sat trén panel DNA chimg dwong pha lodng 10 1an, két qua
dugc thé hién & hinh 3.

Hinh 3. Gi6i han phat hién ciia mPCR. 2-5, 7-10 1a mau pha lodng 10 lan cua 1 va
6 (1, 6 gdbm blaxec 10'° copy/ml, blamp, blaxom va blaoxa-ss-ike 10° copy/ml, blayim 10°
copy/ml,), NC: ching 4m, M: marker (Thang DNA 100 bp, Biofact, Han Qudc).

G161 han phat hién cia mPCR1 va mPCR2 dugc xéac dinh trén panel d§ nhay phan tich
tir 10'° dén 10° copy/ml DNA tong s6 d6i v&i blaxec, tir 10° dén 10° copy/ml d6i v6i blame,
blaxpm, blaoxa-4s-ike, tir 10° dén 102 copy/ml véi plasmid VIM. Két qua xac nhan giéi han phat
hién d6i voi blakec 12 10° copy/ml, blaIMP 1a 10° copy/ml, blaxpm 14 107 copy/ml, blaoxa.ss.-
like 12 103 copy/ml, blaviv 1a 10° copy/ml (hinh 3).

Nhu vy, trén co so khao sat cac thong sb riéng 1¢, diéu kién téi uvu cho mPCR xéc
dinh cac gen ma hoa carbapenemase nhu sau: mPCR1 véi thanh phan phan tmg gom 1X H-
Star Tag PCR Master Mix 2 (Biofact, Han Quéc); 0,4,0,2,0,3 uM lan lugt cho cac cap moi
KPC, IMP, VIM; DNA khuén 2 pl; b6 sung nudc sinh hoc phan tir vira da thé tich 20 ul. Chu
trinh khuéch dai mPCR1: 95°C/15 phut, (95°C/20 gidy, 54°C/40 gidy, 72°C/50 gidy)xss, 72°C/5
phat. V&i mPCR2 c6 thanh phan twong ty mPCR1 trong phan g tong thé tich 20 pl, khac
biét & ndng d6 mdi NDM va OXA-48-like 1an luot 1 0,5 va 0,3 pM. Chu trinh khuéch dai
mPCR2: 95°C/15 phut, (95°C/20 giay, 58°C/40 giay, 72°C/50 gidy)xss, 72°C/5 phit.



DOI: 10.31276/VJST.2026.4012 Khoa hocy - dwoc | Y hoc co so; Y hoc lam sang

3.2. Két qua mPCR phat hién cdc gen mda héa carbapenemase trén méu lim sang

Két qua xac dinh cac gen ma hoa carbapenemase cia mPCR sau khi tdi wu trén 30 chung

K. pneumoniae phan 1ap tir mau 1am sang duoc minh hoa & hinh 4 va téng hop & bang 3.
(A) (B)

HaKPC

hlalMP

blaOXA-

WaViIM, 48-like

Hinh 4. Hinh anh dién di phat hién cac gen ma hoa carbapenemase trén miu l1Am sang
(A) mPCR1, (B) mPCR2. 1-6 miu ching K. pneumoniae, mau 1 duong tinh véi gen blakec,
mau 2 duong tinh véi hai gen blakec + nom, mau 3 va 5 duong tinh véi 1 gen blaNDM, mau 6
duong tinh véi 2 gen blanpm + oxa-4s-like, Mau 4 &m tinh v&i ca ndm gen dich. PC: ching duong.
NC: chimg 4m, M: Marker (Thang DNA 100 bp, Biofact, Han Qudc).

Bang 3. TV 1¢ kiéu gen ma hoa carbapenemase (n=30).

Kiéu gen ma ho4 carbapenemase S6 chiing (n/N) Ty 1€ (%)
blaxrc 3/8 37,5
blanpm 2/8 25,0
blaoxa-4s-like 1/8 12,5
blaxrc + Npm 1/8 12,5
blanpm + 0xA-48-like 1/8 12,5
Chtng mang gen dich 8/30 26,7
Pon gen 6/8 75,0
T6 hop 2 gen 2/8 25,0
Chung khong mang gen dich 22/30 73,3

Trong s6 30 chung K. pneumoniae dugc danh gia thir nghiém, nhém khong mang gen
dich chiém ty 1& cao nhit véi 73,3% (22/30); trong 8 chung (26,7%) mang gen mi hoa
carbapenemase, cac chung don gen chiém 75,0% (6/8) gdm blaxrc (3 chung, 37,5%), blaxom
(2 chiing, 25,0%), blaoxa-sike (1 chung, 12,5%); cac chung mang t6 hop 2 gen chiém 25,0%
(2/8) gém blaxrc + nom (1 chiing, 12,5%) va blanpm + oxa-as-ike (1 chiing, 12,5%); khong phat
hién duoc chung nao mang gen blamp va blaviv (bang 3).

4. Ban luan

Trong nghién ctru nay, k¥ thuat mPCR dugc thiét ké dé xac dinh dong thoi 5 gen ma
hoa carbapenemase 1a blaxrec, blamp, blanom, blaoxa-ss-ike Va blayim, bao gdbm mPCR1 (phat
hién 3 gen blaxec, blamvp, blavim) va mPCR2 (phat hién 2 gen blaxpm va blaoxa-4s-iike). Tuy
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nhién, khac v&i PCR truyén thong, mPCR sir dung nhiéu cc cip mdi co thé xay ra hién twong
twong tac 1an nhau gitta cic mdi trong mot dng phan Gng, anh hudng dén hiéu suat khuéch
dai gen dich. Chinh vi vdy, can tién hanh téi wu thanh phan va chu trinh nhiét cia mPCR dé
dam bao phat hién dugc dong thoi cac gen dich quan tam.

Két qua t6i wu diéu kién phan img ghi nhan hi¢u suét khuéch dai cia mPCR phu thude
chit ch& vao can bang ndng do mdi giira cac gen dich ciing nhu nhiét d6 gin moi. Nong do
mdi t6i wu trong nghién ciru nay dao dong tir 0,2 dén 0,5 uM, twong dong véi khoang nong
do duogc D. Doyle va cs (2012) [4] st dung trong mPCR phat hién 5 gen carbapenemase. Viéc
diéu chinh néng d6 mdi giira cac gen dich (mPCR1: blakpc 0,4 uM, blanp 0,2 pM, blayim 0,3
uM; mPCR2: blanpm 0,5 pM va blaoxa-sike 0,3 pM) gitip dat san pham gen dich dic hiéu,
khong c6 bang phu. Diéu nay 1a hop 1y vi mPCR thudng can can bang nong do moi theo mirc
do wu thé khuéch dai cua tung cap mdi. Thuc té, két qua tdi wu néng dd mdi blaviu trong
nghién ctru cia nhom tac gid twong duong vaoi nghién ctru cua D. Doyle va cs (2012) [4],
trong khi blaxpc va blanpm cao hon nham cai thién hiéu suat khuéch dai va blanp va blaoxa-
ss1ike duoc giam dé han ché khuéch dai wu thé va canh tranh giita cic mdi. Céch thiét ké nay
gitp giam s6 lugng cip mdi trong mdi phan tng, han ché canh tranh va tuong tac giita cac
moi, déng thoi thuén lgi hon trong t61 wu hoa va doc két qua trén gel. Sy khéc biét vé néng
d6 moi gita cac gen phan anh yéu cau toi wu hoa riéng trong diéu kién xét nghiém cia ting
nghién ctru. Viée chia cac gen dich thanh 2 phan tng mPCR ciing phu hop véi cach tiép cin
ctia L. Poirel va cs (2011) [10], trong d0, cic gen carbapenemase dugc phan nhém vao nhiéu
phan tmg mPCR thay vi gop toan bd vao mot dng phan Gng. Piéu nay ching minh, viéc toi
wu nong do moi theo ting gen dich nhu nghién ctru cia nhém tac gia 1a bude quan trong dé
giam canh tranh va han ché san pham phy trong mPCR (hinh 1B).

Vi mPCRI1, khi ting nhiét d6 gan moi tir 54 1én 58°C, s6 luong va cudng d6 bang gen
dich khong dong déu, trong d6 54°C cho day du 3 bang dic hiéu kich thudc twong Gng véi
blaxrc, blanp, blaviv va khong xuat hién bang phu. Piéu ndy phan anh dic trung ciia mPCR
la sy canh tranh giira cac cap mdi, dic biét khi cdc mdi ¢6 Tm va hiéu suat khuéch dai khac
nhau, can lua chon nhiét do gén mdi phu hop [12]. Trong khi do, voi mPCR2, tin hi¢u on dinh
& ca 54, 56, 58°C, viéc chon nhiét 6 gan moi 58°C nham ting tinh dac hiéu (hinh 2). Diéu
nay ciing twong déng v&i nghién ctru ctia R. Hatrongjit va cs (2023) [13], khi phan img mPCR
v6i bude gin moi/kéo dai ¢ 62,5°C, chimg minh nhiéu phan tmg mPCR phat hién cac gen ma
hoa carbapenemase c6 thé tdi uvu & ving nhiét d6 twong ddi cao voi thiét ké mdi phu hop.

Két qua nghién ctru ghi nhan gidi han phat hién cta blame 13 10° copy/ml, blaxec 12
10° copy/ml, blavim 1a 103 copy/ml, blaxom 1a 107 copy/ml, blaoxa-as-iike 1a 10° copy/ml (hinh
3). LOD cua cac gen dich trong nghién ciru dao dong tir 10> dén 10° copy/ml, trong d6 blaxpc
c6 LOD cao nhit. Diéu nay ghi nhan d6 nhay phan tich ctia phan tng d6i voi blakec con han
ché so v4i cac hé thong real-time PCR st dung probe ddc hiéu nhu nghién ctru cia M. Wei
va cs (2024) [14] (2x10%-8x10? copy/ml). Su khac biét nay c6 thé duoc giai thich bai khac
biét vé& phuong phap, bao gdm viéc st dung plasmid chudn, DNA tinh sach, hé théng real-
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time PCR véi probe dac hi¢u...; trong khi nghién cru cia nhom tac gia st dung DNA tach
bang sdc nhiét tir khuan lac cho mPCR. Phuong phap tach DNA bang séc nhiét c6 vu diém
la don gian, nhanh chong, tiét kiém chi phi, khong phu thude vao bd kit tach chiét thuong mai
va dé trién khai trong diéu kién phong xét nghiém vi sinh 1am sang. V& y nghia 1am sang, néu
quy trinh mPCR nay duoc ap dung truc tiép trén bénh pham c6 tai lwong vi khuan thip hoic
mau c6 nhiéu chét tc ché PCR, LOD cao cua blakpc c6 thé lam ting nguy co 4m tinh gia. Tuy
nhién, trong nghién ctru ndy, xét nghiém dugc thuc hién trén DNA tach bang sbc nhiét tir
khuan lac K. pneumoniae sau nudi cdy, khong phai tir bénh pham truc tiép. Trong diéu kién
da c6 khuén lac thuan, luong vi khuin va DNA dich thuong cao hon, do do, LOD cao c6 thé
it anh huong hon dén kha ning phat hién gen so v6i xét nghiém truc tiép tir mau 14m sang. Vi
vay, quy trinh mPCR hién tai phu hop hon vd1 muc ti€u sang loc dinh tinh cac gen
carbapenemase trén chung phan 1ap sau nuoi céy. Bén canh do, can tiép tuc toi wu hodc su
dung cac k¥ thuat nhay hon nhu real-time PCR khi hudng tdi phét hién truc tiép tir bénh
pham. Viéc str dung phuong phap nay 1a phu hop véi muc tiéu ciia nghién ctru, von tap trung
vao phat hién dinh tinh cac gen carbapenemase, thay vi dinh luong s6 ban sao hay phan tich
ciu trac di truyén chuyén sau. Két qua nay c6 thé phan anh su danh dbi giita d6 nhay phan
tich toi wu va tinh kha thi ctia quy trinh trong sang loc nhanh cac ching vi khuan 1am sang.

Khi danh gia thir nghiém mPCR t6i wu trén 30 chung K. pneumoniae phan 1ap tir mau
1am sang, ghi nhan ty 18 phan bd nhom gen ma hoa carbapenemase c6 su khac biét rd rét gitra
cac nhom. Trong do6, sé ching khong mang gen dich chiém ty 1& cao nhat vai 73,3% (22/30);
trong 8 ching (26,7%) mang gen carbapenem, cac ching don gen chiém 75,0% (6/8) gom
blaxrc (3 chung, 37,5%), blanom (2 ching, 25,0%), blaoxa-4s-iike (1 chung, 12,5%); cac ching
mang t6 hop 2 gen chiém 25,0% (2/8) gdbm blaxec + nom (1 ching, 12,5%) va blaxom + oxa-4s-
ke (1 chung, 12,5%). Két qua nghién ctru cia nhom tac gia c6 diém tuong dong véi nghién
ctu cia L.T.V. Nga va cs (2026) [15] khi ghi nhan su da dang vé kiéu gen ma hoéa
carbapenemase & K. pneumoniae, trong d6 cac ching mang don gen van chiém uu thé so véi
t6 hop hai gen (45,9 va 43,2%). Tuy nhién, ty 1& don gen trong nghién ctru ctia nhom tac gia
cao hon nhiéu so v6i nghién ciru cta ho (75,0 va 45,9%).

Mot diém dang chu ¥ trong nghién ciru nay 13 blaxec chiém ty 1é cao nhat trong nhom
chung mang gen carbapenemase véi ty 16 37,5% (3/8), trong khi mot s6 nghién ctru trude day
tai Viét Nam ghi nhan blanpm va blaoxa-as-ike thuong chiém wu thé [16, 17]. Su khéac biét nay
c6 thé lién quan dén tiéu chi chon mau, dic diém dich t2 tai tung co s0, ap luc st dung khang
sinh hoac sy luu hanh cuc bd ctia cac dong K. pneumoniae mang blaxpc. Tuy nhién, do nghién
ctru chi khao sat 30 chung dugc lya chon ngau nhién va s6 chiing mang gen con it nén két qua
nay can duoc dién giai than trong va kiém chimg thém trén ¢& mau 16n hon. Bén canh do,
nghién ctru cia nhom tac gid khong ghi nhan sy hién dién cia blavim va blamp. Viéc khong
phat hién chung mang gen blavim va blanp trong nghién ctru ndy twong dong véi cac nghién
ctru trwde [16, 17]. Didu nay ghi nhan blaviv va blave c6 thé chua phai 1a gen mi hoa
carbapenemase pho bién trong nghién ctru ndy. Tuy nhién, do tinh chat di dong cao cua cac
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plasmid mang gen carbapenemase, nguy co xuat hién va lan rong cua blaviv va blamvpe trong
tuong lai van can duoc theo doi chat ché.

Két qua ctia nhom tac gia chua duge so sanh véi kit PCR thuong mai dé phét hién gen
ma hoa carbapenemase cia K. pneumoniae. Vi vay, nghién ctru méi chi chiing minh kha nang
thiét 14p va tmg dung budc dau cta quy trinh. Bén canh d6, quy trinh sir dung DNA tach bang
soc nhiét va doc két qua trén gel dién di nén co thé chiu anh huong boi chét luong DNA, thao
tac k¥ thuat va kha ning quan sat bang khuéch dai. Do dé, can c6 cac nghién ctru tiép theo
v6i ¢& mau 16n hon, so sanh tryc tiép véi kit thwong mai hodc phwong phap tham chiéu. Mt
khac, phan tmg mPCR trong nghién ctru ndy van cin cai thién gi6i han phat hién dé ning cao
hiéu qua chan doan. Tuy nhién, so v&i phuong phap dua trén kiéu hinh, mPCR cho phép xéc
dinh tryc tiép cac gen khang, giup phat hién co ché khang ngay ca khi kiéu hinh chua biéu
hién 5 rang hodc con nhay cam ¢ murc can ngudng [18]. Piéu nay dic biét quan trong trong
bdi canh mot s6 chung mang gen nhung van con nhay cam trén khang sinh do, c6 thé do murc
biéu hién gen hodc yéu t6 diéu hoa. Bén canh d6, mPCR gitp rt ngin thoi gian chan doén,
hd tro lya chon khang sinh phi hop sém hon, tir 46 gop phan kiém soat 1ay lan vi khuan khang
thude trong bénh vién.

5. Két luan

Nhom tac gia da xay dung va toi wu hoa thanh cong hai quy trinh xét nghiém mPCR
dé phat hién 5 gen khang carbapenem gom blaxpc, blan, blaviv, blaxpm, blaoxa-s-iike trén K.
pneumoniae st dung phuong phap sdc nhiét dé tich DNA tai Bénh vién Quan y 103. Diéu
kién t6i vu dugc xac dinh & nhiét do gan moi 54°C voi mPCR1 va 58°C véi mPCR2. Nong
d6 moi 0,2-0,5 pM tuy ting gen. Gi6i han phét hién 1an luot 13 blaviv 103, blaoxa-as-ike 105,
blamp 10°, blanom 107 va blaxpec 10° copy/ml. Khi trng dung trén 30 ching K. pneumoniae
phan l4p tir mau 1am sang, c6 26,7% chung mang gen dich, trong d6 blaxpec chiém ty 1& cao
nhat. Quy trinh ndy c¢6 uu diém don gian, nhanh, tiét kiém chi phi va phu hop véi diéu kién
xét nghiém vi sinh 1am sang. Tuy nhién, can tiép tuc mé rong c¢d mau va so sanh voi kit
thwong mai hoidc phuong phap phan tir tham chiéu dé danh gia ddy du d6 nhay, do dac hiéu
va gia tri ung dung thuong quy cua xét nghiém.
LOI CAM ON

Nhom tac gia xin chan thanh cam on B§ mon - Khoa Vi sinh vat, Bénh vién Quan y
103, Vién Nghién ctru Y dugce hoc Quan sy, Hoc vién Quan y da tao diéu kién hd tro nghién
cuu.
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