TAP CHIi NGHIEN ClPU Y HOC

XAC DINH HIEU QUA PHOI HOP IN VITRO CUA
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Thir nghiém danh gia hiéu qua phdi hop ceftazidime/avibactam va meropenem bang phuong phap
checkerboard trén 198 chiing K. pneumoniae khang carbapenem cho thdy 48,5% (96/198) ching cé tuong
tac hiép déng va 51,5% (102/198) ching cé tuong tac khéng khac biét. O nhém chiing cé tuong tac hiép
déng, MIC,, trong phéi hop cia ceftazidime/avibactam giam 8 Ian trong khi MIC,, ciia meropenem giém
duoc 128 lan. O nhom cb twong tac khéng khéc biét, MIC,, ceftazidime/avibactam vén gidm nhiéu (>
16 14n) du MIC meropenem khéng thay déi déng ké. Két qué nghién ctru cho thdy phdéi hop ceftazidime/

avibactam va meropenem Ia lya chon tiém nang trong diéu tri céc ching K. pneumoniae khéng carbapenem.

Tir khoa: Klebsiella pneumoniae, khang carbapenem, ceftazidime/avibactam, meropenem.

l. DAT VAN BE

Klebsiella pneumoniae la can nguyén gay
nhiém trung bénh vién quan trong nhw nhiém
trung hd hap, nhiém trung huyét va nhiém trung
tiét niéu.! Do tinh hinh dé& khang nghiém trong
va tang nhanh theo thoi gian, T6 chirc Y té Thé
gi¢i xép K. pneumoniae khang carbapenem
vao nhém “quan trong” can wu tién nghién
ctu va phat trién cac thudc mai.23 Tai Trung
tam Hoi strc tich cwc - Bénh vién Bach Mai, K.
pneumoniae drng hang thi hai trong cac tac
nhan gay bénh va |a can nguyén hang dau gay
nhiédm khuan huyét. Ndm 2023, tai day, ti 1é K.
pneumoniae khang carbapenem |&n dén gan
85%.4 Thuc trang vi khuan dé khang khang sinh
cao dang lo ngai va thiéu khang sinh mai gay ra
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thach thirc I6n cho bac si lam sang trong diéu
tri nhiém trung K. pneumoniae da khang.
Ceftazidime/avibactam la khang sinh ma&i
dung cho diéu tri Gram &m da khang. Tuy nhién,
chi sau thoi gian ngan dwa vao s dung, tinh
trang vi khuan phat trién khang lai ceftazidime/
avibactam in vitro va lam sang da dwoc bao
cdo & nhiéu khu vuc trén thé gi¢i.5¢ Thuc té,
nam 2023, tai Trung tdm Hbi stc tich cuwc —
Bénh vién Bach Mai, ti Ié K. pneumoniae nhay
cam v&i khang sinh nay ciing chi con 45,3%.*
Trwéc thwe trang dang quan ngai trén, viéc
phat trién cac phac dd phdi hop 1a can thiét dé
c6 thém gidi phap diéu tri thay thé va kéo dai
tudi tho khang sinh méi.” Trong sé cac phdi hop
dwoc nghién clru, ceftazidime/avibactam va
meropenem cho thay ty 1& hiép dong cao, dem
lai tiém n&ng diéu tri cac nhiém trung nang do
K. pneumoniae khang carbapenem.®® Sy két
hop nay khéng chi tang cuwdng hiéu qua diét
khuan ma con gitp gidm nguy co chon loc bién
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thé khang thuéc so véi don tri liéu ceftazidime/
avibactam.'® Tuy nhién, déi v&i méi quan thé
chiing Iwu hanh khac nhau cé co ché dé khang
khac nhau thi hiéu qua phéi hop ciing rat khac
nhau.>"" D& xac dinh hiéu qua cta phdi hop
ceftazidime/avibactam va meropenem va cung
cap co s& lya chon phac dé diéu tri nay cho
cac ching K. pneumonie khang carbapenem,
chang t6i thwc hién nghién clu véi muc
tiéu: Danh gia hiéu qua phdi hop in vitro cla
ceftazidime/avibactam va meropenem trén cac
chiing K. pneumoniae khang carbapenem béng
ky thuat checkerboard.

Il. DOI TWUONG VA PHUONG PHAP

1. Déi twong

Chiing K. pneumoniae khang carbapenem
phan lap dworc tai Trung tam Hdi strc tich cuc -
Bénh vién Bach Mai nam 2023.

Tiéu chuén Iwa chon

- Chuing K. pneumoniae phan lap 14n d4u ti
méi bénh nhan.

- Chung K. pneumoniae khang carbapenem
thda man tiéu chuan khang véi bat ky khang
sinh nao thuéc nhém carbapenem (nghia la c6
MIC = 4 ug/ml v&i meropenem, imipenem hoac
= 2 pyg/ml v&i ertapenem).

Tiéu chuan loai troe

Céc chiing khdng hoi phuc t ti am sau.
2. Phwong phap

Thoii gian nghién cieru

Tw thang 3/2024 dén thang 3/2025.

Thiét ké nghién ciru

Nghién clru mé ta cat ngang.

C& mau va phwong phap chon méu

Chon tét ca cac ching théa man tiéu chuan
Iwa chon va loai trte. Thyre té thu dwoc 198 ching.

Quy trinh tién hanh nghién ctu

Thu thap cac ching K. pneumoniae dwoc
xac dinh la khang carbapenem tr két qua
khang sinh dé thuwong quy thwe hién trén hé
théng may tw déng BD Phoenix M50 ctia Khoa
Vi sinh Bénh vién Bach Mai. Xac dinh MIC
ceftazidime/avibactam (CZA) va meropenem
(MEM) bang phwong phap vi pha loang."2 Phéi
hop ceftazidime/avibactam v&i meropenem
bdng phwong phap checkerboard.”® Trong
nghién ctu, cac ching cé MIC ceftazidime/
avibactam >128 pg/ml dwgc quy dinh 1a 256
pg/ml dé thuan tién tinh toan gia tri FIC. Céc
chdng nay can gidm duoc it nhat 64 14n dé dat
dwoc nguwdng nhay cadm 8 ug/ml theo CLSI.™
DPdng thoi, nghién ctu trwdc day cho thay
MIC meropenem c6 thé gidm t&i 1/512xMIC
trong phéi hop.t Do vay, dai nong dd pha
loang bac 2 duoc thiét ké tr 4MIC — 1/512
MIC vé&i meropenem va 4MIC — 1/64 MIC v&i
ceftazidime/avibactam.

B6t khang sinh dwoc hda tan dé thu dwoc
dung dich v&i néng dd gbc ceftazidime va
meropenem la 8192 ug/ml, avibactam la 80
pg/ml. Sau do, pha lodng mdi khang sinh theo
néng do gidm dan bac 2 nhw Hinh 1B. Néng
dd avibactam cé dinh & 4 ug/ml. Néng d6 vi
khuan cubi cung trong méi giéng ~ 5x10° CFU/
ml. Ludn cé giéng chirng vi khuan va chirng
canh thang trong méi plate th&r nghiém. Tho
nghiém I&p lai 2 lan/ching va ciy dém huyén
dich kiém tra sb lwong vi khuan. Poc két qua
MIC bang mét thuong tai giéng c6 ndng do
khang sinh pha loang nhd nhét &c ché hoan
toan sy phat trién cta vi khuan. Kiém soat chat
lwgng ceftazidime/avibactam v&i Klebsiella
pneumoniae ATCC 700603, meropenem VGi
Pseudomonas aeruginosa 27853 méi lan pha
khang sinh m&i, méi mé lam thir nghiém.
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Hinh 1. Minh hoa plate vi pha loang xac dinh MIC ceftazidime/avibactam (A) va
plate phéi hop ceftazidime/avibactam v&i meropenem (B)

* NC la giéng chirng canh thang (chi chira
canh thang), GC la giéng chiing vi khuén (chi
chira canh thang va huyén dich vi khuén). Hinh
1B cét 1 la MIC don ceftazidime/avibactam,
hang A la MIC don meropenem

Mtrc d6 twong tac cla hai khang sinh trong
phdi hop dwoc danh gia dwa trén gia tri FIC, st
dung cong thirc: YFIC = FIC clia khang sinh A
+ FIC cua khang sinh B."™ Trong d6 :

- FIC cta khang sinh A = MIC cla A trong
phéi hop/MIC clia A don 18.

- FIC cua khang sinh B = MIC cua B trong
phdi hop/MIC cta B don 18.

Phién giai két qua: “Hiép déng tac dung” khi
SFIC < 0,5, “Khdng khac biét” khi 0,5 < YFIC <
4, “Pbi khang tac dung” khi SFIC > 4.

Nghién clu sl dung boét khang sinh
ceftazidime, meropenem va avibactam sodium

(Merck), b6t canh thang Mueller Hinton (Oxoid),
may do doé duc PhoenixSpec™, plate 96 giéng
vo triing, pipet va dau con céac thé tich.

X ly sé liéu

Sé ligu dwoc quan i, lwu trir va x&r ly bang
phan mém Microsoft Excel 2019.

3. bao dirc nghién ciru

Nghién ctru thér nghiém trong phong thi
nghiém, khéng can thiép truc tiép trén bénh nhan
va qua trinh diéu tri. Thng tin va két qua nghién
ctru chi phuc vu cho muc dich nghién ctru.

Ill. KET QUA

Chung t6i thywc hién thir nghiém phéi hop
ceftazidime/avibactam va meropenem trén 198
ching K. pneumoniae khang carbapenem bang
ki thuat checkerboard.
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Bang 1. Hiéu qua phdi hop ceftazidime/avibactam va meropenem
trén cac chung K. pneumoniae khang carbapenem bang phwong phap checkerboard

S6 chung c6 hiép dong S6 chung khéng khac biét

Dic diém tac dung (n = 96) (n=102)

MEM CZA MEM CZA
MIC,, (ug/ml) 128 2 256 > 128
MIC,, (ug/ml) 256 4 512 > 128
MIC,, phéi hop (ug/ml) 0,5 0,25 128 0,25

MIC,, phéi hop (ug/ml) 2 0,5 512 4
Ty s6 giam MIC, (Ian) 256 8 2 > 256
Ty sb gidam MIC, (lan) 128 8 1 > 16

FIC trung binh

. £ . x 0,13 (0,0058 - 0,5)
(I&n nhat - nhé nhat)

0,749 (0,5001 - 1,0625)

khang. O’ nhém chiing cé twong tac hiép dong,
MIC,, va MIC,, cia meropenem trong phéi hop
gidm tlr 256-128 lan, FIC trung binh ~ 0,13.

Trén 198 ching tht nghiém phdi hop cé
48,5 % (96/198) chiing c6 twong tac hiép dong
va 51,5% (102/198) chlng cé twong tac khong
khac biét, khong chiing nao co6 twong tac dbi

Bang 2. Phan bé cac ching K. pneumoniae cé hiéu qua hiép dong theo MIC meropenem

MIC meropenem S6 lwong S6 chiing ¢6 Ti Ié hiép dong
(ng/ml) (n) tac dung hiép dong (n) (%)
4 2 0 0
8-32 18 18 100
64 26 22 84,6
128 67 36 53,7
256 50 17 34
512 32 3 9,4
1024 3 0 0
Tbng sb6 198 96 48,5

MIC meropenem cla cac chang K.
pneumoniae phan bd tir 4 - 1024 pg/ml. Ty 1&
hiép déng gidm rd rét khi MIC meropenem téng

lén, t» 100% & nhém MIC 8 - 32 ug/ml, dén
9,4% tai MIC 512 pg/ml va 0% & cac chiing co

MIC 1024 ug/m.
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Bang 3. Phan bé cac chiing K. pneumoniae
c6 hiéu qua hiép déng theo MIC ceftazidime/avibactam

MIC ceftazidime/avibactam S6 lwong Sé chiing c6 tac dung hiép dong Ti Ié hiép déng

(ng/ml) (n) (n) (%)
<8 91 91 100
> 16 107 5 6.5
Tong sb 198 9 107

Trong nghién clru, cac chldng nhay cédm
ceftazidime/avibactam (MIC < 8 ug/ml) co MIC
nam trong khodng 0,5 - 4 pg/ml, cac ching
khang va&i ceftazidime/avibactam (MIC = 16 pg/
ml) déu cé MIC > 128 ug/ml. Khéng ghi nhan

chling nao c6 MIC trong khodng 8-128 ug/ml.
Twong tac hiép ddng xuét hién & 100% (91/91)
chlng nhay v&i ceftazidime/avibactam trong khi
& cac chung khang ceftazidime/avibactam ti 1&
hiép déng chi 1a 6,5% (5/107).

Bang 4. Dac diém gia tri MIC va FIC
cua cac ching K. pneumoniae khang ceftazidime/avibactam cé twong tac hiép dong

MIC (ug/ml)
STT - - FIC
CZA MEM CZA phoi hop MEM phoi hop

1 > 128 32 8 0,5
2 > 128 128 32 0,5
3 > 128 256 8 0,032
4 > 128 128 0,25 0,0058
5 > 128 512 64 0,129

5 chung cé khang ceftazidime/avibactam cé
twong tac hiép déng khi phdi hop véi gia tri FIC
dao déng tir 0,0058 dén 0,5.

IV. BAN LUAN

Khi phéi hop ceftazidime/avibactam v&i
meropenem, MIC ceftazidime/avibactam trong
phdi hop cao nhat c6 thé quan sat thay la 64
pg/ml nén viéc quy wéc cac ching cé6 MIC >
128 pg/ml 1a 256 ug/ml khéng anh hwéng dén
két qua danh gia hiéu qua phdi hop.

Trong 198 chling K. pneumoniae thir
nghiém, cé 48,5 % ching c6 twong tac hiép

déng va 51,5% chiing c6 twong tac khéng khac
biét, khéng chiing nao cé twong tac dbi khang.
& nhém chiing c6 twong tac khéng khac biét,
MIC,, trong phdi hop cla ceftazidime/avibactam
gidm dang ké (> 16 1an) t» > 128 pg/ml xubng
con 4 pg/ml nhung vi MIC meropenem hau
nhw khéng gidm nén khéng du diéu kién hiép
ddng khi tinh FIC. Chang hiép déng hiéu qua
nhat dat dwoc tai 1/512 x MIC meropenem
va 1/64 x MIC ceftazidime/avibactam (FIC =
0,0058). Pang chu y, trong nhém hiép déng
tac dung, MIC meropenem gidm rat sau, MIC,,
gidm tlr 512 pg/ml xubng chi con 2 ug/ml. Két
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qua nay rat cé y nghia v&i 1am sang vi véi MIC
meropenem < 8 mg/L thi liéu phap truyén kéo dai
meropenem c6 thé dat dwoc ndng dd ly tuéng
& bénh nhan nang nhiém trung K. pneumoniae
khang carbapenem. Co ché hiép ddng cé thé
lién quan dén s ai lwc khac nhau cla hai thubc
vé&i protein gén peniciline (PBP), do meropenem
c6 xu hwédng lién két &i lwe cao véi PBP-2 trong
khi ceftazidime lai c6 &i lwc cao véi PBP-3. Déng
th&i, avibactam gitp bao vé meropenem khong
bi thly phan b&i cac serine B-lactamase.™ Do d6,
phac d6 phdi hop nay cé thé dat dwoc liéu diéu
tri hiéu qua v&i ca ceftazidime va meropenem.
Khi phan tich theo MIC meropenem, ti 1é hiép
ddng giam khi gia tri MIC tang dan tir 8 - 1024
ug/ml (100% xubng 0%). Tuy nhién, 2/2 ching
c6 MIC meropenem = 4 pug/ml lai khdng cé twong
tac hiép dong, khi xem xét cu thé thi cac chiing
nay khang véi ceftazidime/avibactam. Diéu nay
cho thdy hiéu quad hiép ddng khéng chi phu
thudc vao gia tri MIC meropenem ma con lién
quan dén co ché dé khang khac ma vi khuan co.
Tat cd cac chung nhay (91/91) véi
ceftazidime/avibactam (MIC < 8 pg/ml) déu
cho twong tac hiép déng. Cac ching nhay véi
ceftazidime/avibactam c6 MIC,, = 4 pg/ml. Mac
du theo hwéng dan ctia Vién chuan thire vé [am
sang va xét nghiém cta My thi cac chiing c6 gia
tri MIC ceftazidime/avibactam < 8 pg/mL duoc
phién gidi la nhay cdm™ nhwng cac nghién clru
gan day cho thay khodng MIC = 4 - 8 ug/ml da
dwoc coi la gidm nhay cdm do nhém nay co
hoat tinh thiy phan ceftazidime cao hon dang
k& so v&i nhém MIC = 1 - 2 ug/ml."® Hon niva,
du céc chiing vi khuan ban dau la nhay nhung
liéu phap don tri liéu ceftazidime/avibactam cé
thé that bai do chon loc bién chiing khang thuéc
trong qua trinh diéu tri, trong khi do, viéc phéi
hop v&i meropenem giup tiéu diét hoan toan
vi khuén.”® & nghién ctru nay, MIC_ va MIC,,
ceftazidime/avibactam trong phdi hop gidm
trung binh 8 Ian, 1an lwot tir 2 - 4 pg/ml xubng

0,25 - 0,5 ug/ml. Do d6, phac dd phdi hop nay
khéng chi cho tac dung hiép dong tét ma con
gilp bao tén khang sinh m&i va han ché gia
tang bién ching khang thubc.

Tat ca cac ching da d& khang voi
ceftazidime/avibactam (MIC = 16 ug/ml) déu cé
MIC rét cao (> 128 pg/ml). Trong nghién ctru,
c6 5 ching khang ceftazidime/avibactam hiép
ddng tac dung. Tuy nhién, sau phdi hop cé
dén 4/5 ching c6 MIC meropenem = 8 ug/ml
va 2/5 chling cé MIC ceftazidime/avibactam =
64 pg/ml. Nguéng 8ug/ml 1a nguwdng tbi da khi
truyén kéo dai meropenem dat dich diéu trj trén
bénh nhan, do vay & nhirng ching dé khang
ceftazidime/avibactam can can nhéc s dung
liéu phap phéi hop nay vi néu cé twong tac hiép
ddng thi gia tri MIC cla ceftazidime/avibactam
va meropenem trong phdi hop c6 thé van con
& mirc cao, khong dat dwoc hiéu qua didu tri
tdi wu.® Du vay, nhuwng két qua nay cho thay
twong tac hiép ddng hoan toan cé kha nang
xuét hién trén cac ching K. pneumoniae khang
ceftazidime/avibactam.

Nhin chung, nghién ctru cho thay phéi hop
ceftazidime/avibactam va meropenem cé hiéu
qué tét trén cac ching K. pneumoniae khang
carbapenem. Can cé thém cac nghién cru sau
hon dé danh gia hiéu qua ctia phac dd nay trén
I&m sang.

V. KET LUAN

Nghién clru thwc hién trén 198 ching
K. pneumoniae khang carbapenem cho két
qua 48,5% chiing co6 twong tac hiép dong va
51,5% ching cé twong tac khéng khac biét,
khéng chiing nao cé déi khang tac dung. MIC
meropenem va ceftazidime/avibactam trong
phdi hgp hiép déng gidam nhiéu (MIC,, trong
phdi hop gidm twong (rng 1a 256 va 8 1an). Phdi
hop ceftazidime/avibactam va meropenem la
mét Iwa chon tiém n&ng cho diéu tri nhiém trung
do K. pneumoniae da khang.
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Summary

IN VITRO EFFECT OF CEFTAZIDIME/AVIBACTAM
IN COMBINATION WITH MEROPENEM AGAINST
CARBAPENEM-RESISTANT KLEBSIELLA PNEUMONIAE

This study evaluated the in vitro efficacy of a combination test consisting of ceftazidime/avibactam
and meropenem against 198 carbapenem-resistant Klebsiella pneumoniae (CRKP) isolates using the
checkerboard assay. Synergy activity was observed in 48.5% (96/198) of the isolates, while 51.5%
(102/198) exhibited an indifferent response. Among the synergistic isolates, the MIC, of ceftazidime/
avibactam decreased by 8-fold, whereas MIC,, of meropenem decreased by 128-fold. In isolates with
an indifferent interaction, ceftazidime/avibactam MIC,; still showed marked reductions (> 16-fold),
while meropenem MIC remained largely unchanged. These findings suggest that the combination of
ceftazidime/avibactam and meropenem may represent a promising therapeutic strategy for treating
infections caused by carbapenem-resistant K. pneumoniae.
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