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GIA TRI CUA TEST SAC KY MIEN DICH TRONG PHAT HIEN
GENE KHANG CARBAPENEM CUA VI KHUAN

TRUONG THIEN PHU*?*, VUONG BAO THY?,
MAI NGUYET THU HONG?, LE PHUONG MATI!

Tom tit

é khdng khdng sinh dang la méi de doa khéan cdp doi véi sikc khde
D céng dong tocm cau lién quan dén ti 1é tir vong cao. Vi khudn khdng

carbapenem dirgc xem nhir la mot trong nhitng méi de doa khén cap
theo Trung tam kiém sodt v phong ngira dich bénh Hoa Ky ndm 2019. Tai
Viét Nam, ti I¢é khang carbapenem cua Klebsiella pneumoniae co xu huong
ngay cang cao. Theo bdo cdo cua bénh vién Cho Rd~y nam 2021 ti lé Klebsiella
pneumoniae khang carbapenem la 90% & bénh nhdn nhiém khudn hé hap tai
khoa Hoi sirc cdp ciru va cé dén 96,5% cdc chung khang carbapenem nay déu
c6 mang gene san xudt carbapenemase. Cdc khdng sinh beta-lactam phoi hop
maoi co ddc tinh doc dao trong hoat dong chéng lai cac loai carbapenemase
khdc nhau, do dé, viéc tim ra phiwong phdp chan dodn nhanh va chinh xdc
logi carbapenemase la hét sirc can thiét cho viéc lya chon khang sinh diéu
tri hop Iy dong thoi cach ly sém ngan ngiva ldy lan cia cde vi khudn khdng
thuoe. Xét nghiém sdc ky mién dich NG-Test CARBA 5 phat hién duoc nam
logi carbapenemase trong thoi gian 15-30 phut véi ky thudt don gian, khong
can may mée hién dai, chi phi thép giip khdc phuc nhiege diém cia xét nghiém
kiéu hinh mCIM mat nhiéu thoi gian va xét nghiém kiéu gene PCR can phdi
6 ky thudt cao va ton kém.

Abstract

Antibiotic resistance is an urgent threat to global public health associated
with high mortality rates. According to the US Centers for Disease Control
and Prevention in 2019, carbapenem-resistant bacteria were considered
an urgent threat. In Vietnam, the carbapenem-resistant rate of Klebsiella
pneumoniae tends to increase. According to Cho Ray Hospital’s report in
2021, the rate of carbapenem-resistant Klebsiella pneumoniae was 90% in
patients with respiratory infections in Intensive Care Unit, and up to 96.5%
of these carbapenem-resistant strains carried the carbapenemase-producing
gene. Novel [-lactam combination agents have unique properties in their
activity against various carbapenemases, thus finding a method to quickly
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and accurately diagnose carbapenemases is extremely necessary for choosing
appropriate antibiotics for treatment, and early isolation, preventing the
spread of drug-resistant bacteria. NG-Test CARBA 5 immunochromatography
test detects five types of carbapenemases in 15-30 minutes with a simple
technique, unnecessary modern machinery, low cost, helping to overcome
the disadvantages of mCIM phenotypic testing (takes a long time), and PCR
genotyping testing (high technology and expensive).

1. Tinh hinh vi khuén khang khang sinh
’ Khéng khang sinh la méi de doa ‘khén

cap doi voi suc khoe cong fi()ng toan gﬁu, la
nguyén nhan tir vong truc’tiép cho itnhat 1,27
tri¢u nguoi trén toép th‘é gio1 va l1a nguyén
nhén co lién quan dén gan 5 triéu ca to vong
vao nam 2019. Theo bao cao vé moi de doa
khang khang sinh ndm 2019 cia CDC [1]. Tai
Hoa Ky, c6 hon 2,8 tri¢u ca nhiém’ trung khang
khéang sinh xdy ra moi nam va két qua 1a hon
35.000 nguoi tir vong.

Yi khuén Vé:’t ndm duoc ligt ké trong Bao
cao moi de doa dé khang khang sinh nam 2019
theo CDC:

Cdic méi de doa khan cdp

= Acinetobacter dé khang carbapenem

» Candida auris

= Clostridioides difficile

= Enterobacteriaceae khang carbapenem
(CRE)

= Neisseria gonorrhoeae khang thudc

Cdic méi de doa nghiém trong

= Campylobacter khang thudc

= Candida khang thudc

= Enterobacteriaceae san xuat ESBL

= Enterococci d& khang Vancomycin

= Pseudomonas aeruginosa dakhang thude

= Salmonella nontyphoidal khang thudc

= Salmonella serotype typhi khang thudc

= Shigella khang thudc

» Methicillin-resistant Staphylococcus
aureus (MRSA)

= Streptococcus pneumoniae khang thude

o Vi khuén lao (tuberculosis -TB) khang

thuoc

Cdic méi de doa dang quan tam

= Streptococcus group A dé khang
erythromycin

= Streptococcus group B dé
clindamycin

Danh sach theo doi

= Aspergillus fumigatus d& khang azole

khang

= Mycoplasma genitalium khang thubc
= Bordetella pertussis khang thudc [1]
2. Vi khuén khang carbapenem

CRE duoc xem nhu 12 mi de doa khan
cap dé khang khang sinh do nhém khang sinh
carbapenem dong mdt vai tro cuc ky quan
trong trong kho vii khi khang sinh cua ching
ta. Trong s0 hang trim loai B-lactam khéac nhau,
carbapenem co phé) hoat dong rong nhét va
¢6 hiéu luc cao nhét chéng lai vi khuan Gram
duong va Gram am. Do dd, ching thuong dugc
sir dung nhu “thudc khang sinh cudi cting” khi
bénh nhan bi nhiém khuan tr& nang hoac bi
nghi ngd nhiém vi khuan khang thude [2]. Vi
khuan duong rudt 13 tac nhan hay gap hang
dau trong cac bénh ly nhiém khuan tai Viét
Nam véi ti 1 dé khang carbapenem kha cao,
dic biét 1a trong nhiém khuan duong ho hip,
ti 16 dé khang cua Klebsiella pneumoniae voi
carbapenem la 64-70% vao nam 2021 [3]. Ti
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1¢ nay con cao hon nita (1én dén 90%) ¢ bénh
nhan nhiém khuén hé hap tai khoa ICU [4].

Nam 2022, bao cao tai Bénh vién Cho
Réy cho thay c6 dén 96,5% vi khuan Klebsiella
pneumoniae khang carbapenem phan 14p dugc
c6 mang gene san xuat carbapenemase. Trong
d6 48% c6 mang 1 gene, 44% cd mang 2 gene
va 3,5% c6 mang 3 gene. Kiéu gene hay gip
nhat 13 OXA-48 véi ti 18 38,6%, kiéu gene
NDM + OXA-48 chiém 36,4% [5].

3. Co ché khang khang sinh
3.1. Hi¢n twong d@é khdng khdng sinh

Khang khang sinh 1a kha nang ctia mot
vi khuan, virus va mgt so ky sinh trung thay
doi theo thoi gian va khong con dap g véi
thudc 1am cho nhiém khuén khé diéu tri hon
va lam tang nguy co lay lan dich bénh, bénh
ning va dé tir vong (theo WHO).

3.2. Cdc co ché dé khdng khdng sinh
cua vi khuan

Vi khudn c6 thé dé khang khang sinh
thong qua céc co ché [6], [7]:

= San xudt enzym dé pha huy hoat tinh
ctia thudc.

= Thay d6i kha nang tham thau ciia mang
té bao doi voi thube.

= Thay d6i cdu tric diém gin cua thude.

= Thay d6i duong bién duong lam mat
tac dung cua thuoc.

3.3. Nguon goc ciia sw d@é khdng khdng
sinh

Tinh dé khang khéng sinh ctia vi khuan co
nguon goc tir vat li¢u di truyen cta chung. Cac
gene khang thudc hién dién trong nhiém sac thé
hodc trong mét yéu t6 di dong nhu céc plasmid,
cac yéu to co thé chuyén vi tri hodc integron.
Su dé khang co thé tw nhién hodc mac phai [8].
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3.4. Pwong lay truyén tinh khdng thudc

C6 mot sb duong 1ay truyén tinh khang
khang sinh nhu [8]:

» Str dung khang sinh trong chan nudi
s& phat trién vi khuan khang thudc trong rudt
dong vat, sau do6 phan dong vat dugc stir dung
dé bon cho thuc vat, con ngudi sir dung céc
loai thyc vat nay c6 thé bi lay lan vi khuan
khang thude.

= Str dung khang sinh diéu trj khong hop
ly s& 1am cho cac vi khuan khang thudc phat
trién va tang sinh. Cac vi khuan nay sé& lay
truyén trong cong dong qua cac con dudng:
lay truc tiép cho nguoi tiép xuc, 13y gian tiép
qua chim soc y té.

Hau hét sy gia tang tinh trang khang
carbapenem ¢ Enterobacterales @ Hoa Ky va
trén toan thé giéi 1a do su lay lan cua gene
carbapenemase. Nhirng gene nay c6 thé duoc
chuyén giao giita cac vi khuan, khuéch dai sy
lay lan cua tinh trang khang carbapenem. Vi
vay, vi khuén duong rudt khang carbapenem
do san xuit men carbapenemase (CP-CRE) 1a
muc tiéu cho cac nd luc phong ngira chuyén
sau. CDC khuyén nghi mot phan g phéi hop
clia y té cong cong dé xac dinh ngay ca nhiing
truong hop riéng 1¢ mic carbapenemases bat
thuong, cung voi viée danh gia cac bién phap
kiém soat nhiém khuan va danh gia kha ning
lay truyén thong qua sang loc vi khuan chiém
cu [9].

4. Phan loai carbapenemase

Beta-lactamase thuong dugc phan loai
theo hé thong phan loai Ambler [10]. Beta-
lactamase ¢ cdc nhom khac nhau hoat dong
thong qua cac co ché khac nhau [11]. Enzym
carbapenemase c6 thé duoc phan loai thanh
cac 16p Ambler A, B va D (Hinh 1) [10].

A: Cac

Carbapenemases loai
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carbapenemase loai A phd bién nhét bao
gdm Klebsiella pneumoniae carbapenemase
(KPC), imipenem-hydrolysing beta-lactamase
(IMI), non-metallo carbapenemase thudc
loai A (NMC-A), beta-lactamase pho rong
Guyana (GES) va Serratia marcescens
enzyme (SME). Carbapenemases loai A c6
mot axit amin serine ¢ vi tri gén két va duoge
dac trung boi kha nang thiy phan penicillin,
cephalosporin, carbapenems va aztreonam.
KPC 14 carbapenemase phd bién nhit trong
sO tat ca cac CP - CRE va duoc tim thay pho
bién nhit & Hoa Ky [11][12].

Carbapenemases loai B: Loai B dugc
xac dinh béi cdu tric metallo-beta-lactamase
(MBL) [11]. Lop nay cé cac axit amin ¢ vi tri
lién két véi k&m [13]. Nhitng enzyme niy bao
gdm NDM (New Delhi metallo-lactamase),
IMP (Imipenem-resistant Pseudomonas) va
VIM (Verona integron-encoded metallo-
lactamase)[11]. Hau hét carbapenemase loai
B thily phan tit ca beta-lactams ngoai trir
aztreonam [13]. Nhitng carbapenemase nay
thudng dugc tim thay trén cac plasmid va cac
yéu té di truyén dong, cho phép chung lay lan
giita cac vi khuan [13].

SERINE

_(5 AMBLER CLASS A

Examples: KPC, IMI, NMC-A, GES, SME

Hydrolyzes penicillins, cephalosporins,

C

carbapenems, and aztreonam

J

METALLO

é AMBLER CLASS B

Examples: NDM, VIM, IMP

Hydrolyzes penicillins, cephalosporins, and

C

p but not aztr

+
car

[CARBAPENENASES

SERINE

CS AMBLER CLASS D

Example: OXA-48

Hydrolyzes carbap with lower efficacy, no

C

activity against extended-spectrum

cephalosporins

Hinh 1: Phén loai carbapenemases
(Carbapenemase Ambler Classes Contributed by Caitlyn Hollingshead, MD)

Carbapenemases loai D: Enzym
carbapenemase thily phan oxacillin (OXA)
tao nén carbapenemase loai D [11]. Gidng
nhu carbapenemases 16p A, carbapenemases
16p D ciing bao gdm mot axit amin serine tai

vi trf lién két cua ching [11]. Chung khac
v6i carbapenemase loai A vi ching lam giam
hoat tinh thily phan chong lai carbapenem
va penicillin, khong c¢6 hoat tinh chdng lai
cephalosporin phé rong va khong bi trc ché boi
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cac chét rc ché beta-lactamase cii hon (vi du:
axit clavulanic, tazobactam hoac sulbactam)
[11][14][15]. OXA-48 la loai carbapenemase
phé bién nhat trong 16p nay va thuong dugc
tim thdy & Klebsiella pneumoniae.

5. Cac phwong phap phat hién khang
carbapenem

Chan doan kiéu hinh doi hoi phai nuéi
céy va dinh danh vi khuan. Kiém tra do nhay
cam béng dia, E-test hoac hé théng tu dong
dugc thuc hién dé x4c dinh kiéu hinh khang
carbapenem. Viéc xac dinh néng dod te ché tdi
thiéu (MIC) ddi v6i carbapenem cho phép xac
dinh tinh trang khang carbapenem bang cach
s0 sanh no véi cac diém giy carbapenem duoc
x4c dinh truge. Han ché cua thir nghiém do
nhay cam nay bao gém thoi gian can thiét dé
thuc hién thur nghiém nay, thuong 1a vai ngay,
va thong tin thu duoc vé cac co ché khang cu
thé con han ché. Han ché quan trong nita 12
mic di MIC ctia carbapenem c6 thé ndm trong
pham vi nhay cam nhung carbapenemase van
c6 thé hién dién. Néu mot ching phan lap bi
nghi ngd chura carbapenemase do tinh nhay
cam, didu nay can duoc xac nhan bang xét
nghiém phan tu. [11]

Mot thtr nghiém kiéu hinh thuong dugc
st dung khac 1a moi trudong tao mau, moi
truong nay phan ing va chuyén mau khi cé su
hién dién ciia cac enzyme khang thuéc do CRE
san xut [11]. NP Carba ciing 13 mot phuong
phap thir nghiém hiéu qua vé mit chi phi duoc
khuyén nghi dé phat hién carbapenemase &
vi khuan duong rudt [11]. Viéc thuc hién xét
nghiém thudng mat vai phat dén 2 gio va cé
do nhay va d¢ dac hiéu cao [11]. Mgt cong
nghé madi hon dé x4c dinh CRE 1a ky thuat
khéi phd (Matrix-assisted laser desorption/
ionization-time of flight — MALDI TOF) [11].
K§ thuat nay sir dung su ion héa bang laser cua
protein vi khuan dé xac dinh trong luong phan
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ttr cua chling va tao ra cau hinh protein [11].
Qua trinh thay phan carbapenem c6 thé dugc
phat hién thong qua sy thay dbi trong luong
phan tir ctia cac hop chét, didu nay co thé dugc
phét hién boi MALDI-TOF va ngoai suy dé xac
dinh CRE [16]. Phuong phéap nay dugc chung
minh 1a c6 d6 nhay va d6 dic hiéu lan luot 1a
98,9% va 97,1% [16]. Tuy nhién, tinh mé&i
twong ddi cia k¥ thuat va chi phi cao 1a nhiing
rd0 can quan trong trong tiép can phuong phép
MALDI-TOF nay. Xét nghiém Hodge ci tién,
phat hién lugng carbapenem con sét lai trong
moi truong thach khi cé sy hién dién cua vi
sinh vét san xuit carbapenemase, khong con
dugc khuyén nghi vi n6 ¢6 d6 nhay thap ddi
v6i vi khuan san xuat MBL va ¢6 ti 1é duong
tinh gid va am tinh gia cao [11].

Phuong phap bat hoat carbapenem cai tién
két hop véi phuong phép bat hoat carbapenem
EDTA (mCIM/eCIM), dugc khuyén nghi theo
huéng dan cua Vién Tiéu chuan Lam sang va
Phong thi nghiém (CLSI), mang lai d chinh
xac cao trong viéc phat hién carbapenemase
nhung c6 thoi gian thuc hién dai [18].

Phuong phép sinh hoc phan to PCR
(polymerase chain reaction) duoc coi 1a tiéu
chuan tham khao va cho phép xac dinh nhanh
chong cac gene carbapenemase 6 vi khudn nuéi
cay hodc tryc tiép tir cic mau 1am sang [19].
Tuy nhién, hiéu qua cta n6 c6 thé bi han ché
do su hién dién cta cac bién thé méi hodc cac
enzyme hiém khong thé phat hién dugc bang
céc xét nghiém PCR [17]. Hon nita, thiét bi
dat tién va chi phi thudc thir cao di han ché
viéc &p dung rong rai cac xét nghiém phan tt,
bao gom ca GeneXpert [20] [21].

Mot xét nghiém sic ky mién dich méi
duoc phat trién trong nhirng nim gan ddy,
NG-Test CARBA 5 (NG-Biotech, Phap), co
thé phat hién 5 loai carbapenemases phd bién
nhét 1a KPC, NDM, IMP, VIM va OXA-48
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trong vong 15 phut. Cac nghién ctru dugc thuc
hién chil yéu & Chau Au cho thdy NG-Test
CARBA 5 c¢6 d6 nhay (tir 97,3% dén 100%)
va do dac hiéu (tir 96,1% dén 100%) [22-27].
Véi quy trinh tho nghiém don gian va thoi
gian thyc hién ngan, NG-Test CARBA 5 1a
mot phuong phap day hira hen dé phat hién vi
khuan khang carbapenem do co ché sinh men
carbapenemase, c6 thé ap dung tai cac co s&
y té tuyén dudi noi chua c6 du diéu kién thuc
hién céac xét nghiém k¥ thuat cao.

6. Dicu tri vi khuan khang carbapenem

Cac khang sinh mdi ¢é déac tinh doc
d4o trong hoat dong chdng lai cac loai
carbapenemase khac nhau. Ceftazidime-
avibactam c6 tac dung dbi v6i cac vi khuan
chtra serine-carbapenemase, nhung khong co
tac dung ddi v6i cac vi khuan san xuat MBL
[28]. Meropenem-vaborbactam c6 hoat tinh
chéng lai cAc mam bénh san sinh KPC, trong
khi né van khong hiéu qua déi véi cac vi khuan
duong rudt san xuat OXA-48 va MBL [29].
Imipenem-relebactam e ché B-lactamase loai
Abao gdbm KPC carbapenemase va p-lactamase
loai C, nhung khong c6 hoat tinh loai B hoac
loai D B-lactamase [30]. Vi vay, viéc xac dinh
carbapenemases 13 quan trong dé dwa ra quyét
dinh diéu tri hiéu qua.

Két lugn: Cac vi khuan gram am khang
carbapenem da tré thanh mét ganh nang 16n
ctia hé thdng chiam soc stc khoe trong thé
ky 21 va cac lga chon diéu tri chi gidi han
& cac thude nhu colistin va tigecycline phdi
hop voi cac khang sinh khac. May man thay,
mat s6 khang sinh phdi hop méi ¢6 hoat tinh
chdng lai cac vi khudn khang carbapenem da
dugc phé duyét va dang co tai Viét Nam nhu
ceftazidime-avibactam, imipenem-relebactam.
Nhirmg khang sinh méi nay 1a ngudn bd sung
quan trong cho kho vii khi hién dang bi han
ché va duoc mong doi, dé cai thién két qua

diéu tri cta bénh nhan bi anh hudng boi vi
khuan khang carbapenem. Vi méi khang sinh
méi déu c6 diém manh va canh bao riéng, viéc
quan ly khang sinh s€ dong mot vai tro quan
trong trong viéc dam bdo st dung hop ly va
t61 wu cac khang sinh nay. Dé c6 thé sir dung
hop 1y ngudn khang sinh nay, ngoai viéc xac
dinh tinh nhay cam véi thudc cua céc loai vi
khuan bang xét nghiém khang sinh d6 thudong
quy, cin x4c dinh kiéu carbapenemase cta vi
khuan dang mang. Xét nghiém sic ky mién
dich véi k¥ thuat don gian, dé thuc hién, khong
cdn may méc hién dai, thoi gian cho két qua
nhanh chéng 15-30 phut, gia thanh phu hop,
do nhay, do dac hiéu cao la mét lya chon tdi
vu trong viéc xac dinh kiéu carbapenemase
ctia vi khuan.
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