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Pseudomonas aeruginosa (Pa) have been one of the leading causes of hospital
infection, and it is especially true with the Pa having capability to form biofilms.
This is due to the fact that biofilm could impede the permeability of antibiotics
into bacteria by various mechanisms, which lead to antibiotic resistance as well as
treatment failure. This research aims to investigate conditions related to biofilm
formations before applying this to examine impacts of antibiotics on biofilm
formation. This study was performed on a 96-well plate (96-Microtiter Well Plate)
in order to evaluate the biofilm-forming ability of Pa ATCC 9027, ATCC 27853
and PAQ2. The study inspected biofilm development on the following conditions
including: culture medium (M9, M63, N-minimal, MHB), coupons and
temperatures. The optimal conditions for biofilm formations were fruitfully
investigated, which contained MHB medium, a temperature at 37°C and inserting
coupons (multi-factor Anova test with p<0.010). To determine the correlation
between resistance and biofilm developments, the strain ATCC 27853 was
continuously cultured in MHB medium containing 0.5x MIC (32 ug/ml). After
more than 300 generations, the value OD and a resistant strain was created with
the MIC of ciprofloxacin that have relate, whose regression test was with
R?=0.654 and p<0.010. When there were appropriate conditions, carrying out
researchs about the synergistic effect of two antibiotics namely colistin and
rifampicin with the checkerboard experiment. Outcomes of FIC was 0.75 < 1
while PA02 and ATCC 9027 inserting coupon had FIC=0.625.
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Pseudomonas aeruginosa (Pa) 1a tac nhan hang dau gay nhiém tring bénh vién, co
kha nang hinh thanh mang sinh hoc (biofilm). Biofilm gitip cho vi khuan ting kha
ning chdng chiu va giam tinh thim khéng sinh dan dén diéu tri thit bai. Vi vay,
muc tiéu caa nghién ciru ndy 1a khao sat cac didu kién lién quan dén sy hinh thanh
biofilm va ang dung khao sat cac khang sinh tic dong 1én qué trinh hinh thanh
biofilm cua vi khuan. Nghién ctru dugc thyc hién trén phién 96 giéng dé danh gia
kha néng hinh thanh biofilm ctia cac chiung Pa ATCC 9027, ATCC 27853 va PA02
v6i cac diéu kién vé: méi truong (M9, M63, N-minimal, MHB), gid mang, nhiét do.
Két qua da khao sat dugc didu kién toi wu: moi truong MHB, nhiét do 37°C va st
dung gia mang (phép kiém Anova nhiéu yéu t6 véi p<0,010). Bé xéc dinh méi lién
hé giira sy dé khang va sy hinh thanh biofilm thir nghiém tién hoa duoc thuc hién
trén ching ATCC 27853 ciy chuyén lién tyc trong méi truong MHB chira
0,5xMIC (32ug/ml) cua ciprofloxacin. Sau hon 300 thé hé, xac dinh mdi lién hé
gitra gi4 tri OD cua biofilm va MIC ciprofloxacin (phép kiém  regression véi
R?=0,654; p<0,010). Thir nghiém ban c¢& dwoc thuc hién nhdm danh gia tac dong
cua colistin va rifampicin 1én qua trinh hinh thanh biofilm véi két qua FIC= 0,75 <
1, riéng PA02 va ATCC 9027 c6 gia mang la FIC=0,625< 1.
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1. Gidi thiéu

Tryc khuan ma xanh hay con goi 14 Pseudomonas aeruginosa (Pa), thuoc nhom vi khuin
gram am hiéu khi, hinh que dung riéng ¢, thanh doi hodc ¢6 khi x€p thanh chudi va c6 kha ning
di dong bang mot hodc nhidu 16ng & mot dau. Phan 16n nhiém trung Pa xay ra & nhitng bénh nhan
nhap vién, dic biét 1a nhitng ngudi giam bach céu trung tinh hodc nhitng nguoi suy giam mién
dich [1]-[3]. Ngoai ra, Pa c6 kha ning hinh thanh mang sinh hoc (biofilm), 1am ting kha ning dé
khang khang sinh cua vi khudn [2], [4], [5]. Vi vdy, viéc nghién ctru tic dung khang biofilm cua
cac thudc khang sinh hién c6 dbi véi chung vi khuan Pa dang tr6 nén cap thiét. Hién nay, xay
dung mo hinh biofilm trong diéu kién nudi cdy tinh v6i phién 96 giéng duoc sir dung nhiéu trong
nghién ctru va phat trlen thudc [6]. Phuong phéap nay duoc x@y dung theo huong don gian hoa,
khong nhitng rit ngin duoc thoi gian sang loc nhitng chat tiém ning ma con so bd danh gia duoc
hiéu qua khang biofilm mot cach dinh lugng [7], [8]. Vi vay, nghién ctru nham: (i) khao sat cac
diéu kién nudi cdy hinh thanh biofilm ciia Pa, (ii) khao sat mdi lién hé gitta sy dé khang va su
hinh thanh biofilm, (iii) buéc dau khao sat cac khang sinh c¢6 kha ning trc ché sy hinh thanh
biofilm trén phién 96 giéng.

2. Vit liéu va phuong phap
2.1. Vat ligu

Chung Pa ATCC 9027, ATCC 27853, PA02 Iuu giir tai B M6n Vi sinh - Ky sinh, Khoa
Duoc — Pai hoc Y Dugc thanh phd HS Chi Minh. Méi truong nudi cdy: méi truong dinh dudng
(Mueller Hinton Broth/Agar, MHB/MHA), méi truong téi thiéu (M9, M63, N-minimal) cua
Merck, Birc. Khang sinh thir nghiém: ciprofloxacin, rifampicin, colistin caa Merck, Durc.

2.2. Phuong phdp

Hoat hod vi khuan

Chung vi khuan dugc cay phén lap trén moi truorng MHA. Trén mit thach chon it nhat tir ba
dén nam khuéan lac rdi cdy chuyen vao 5 ml moéi truong MHB, u ¢ 37°C trong 2 dén 6 gio. Sau
d6, didu chinh huyén dich vi khuin bang cach do d6 hap thu 4nh sang & budc séng 595 nm dat
0,1 voi dung dich MHB.

2.2.1. Khdo sdt cdc diéu kién hinh thanh biofilm

Pha lodng huyén dich véi méi truong cAn nghién ctru theo ti 16 1:100 (dé dat mat do tuong
duong 1-2 x 10° CFU/mI). Hat 100ul huyén dich vao phién 96 giéng, chén gia mang dé ting kha
nang tao thanh biofilm ciing nhu dé dang ldy ra quan sat va sir dung cho cac thir nghiém tiép
theo. U phién 96 giéng trong ti 4m 37°C trong 18 dén 24 giy, nhudém tim tinh thé dé xac dinh sy
hinh thanh biofilm [7]. Cac budc thuc hién duge mo ta ¢ hinh 1.

Hinh 1. Phwong phdp khao sat cdc diéu kién hinh thanh biofilm
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2.2.2 Khdo sat méi lién hé giita sy dé khdang va sw hinh thanh biofilm

Thir nghiém tién héa dugc thuc hién khi cho ching tiép xuc voi ciprofloxacin v6i nong do
dudi MIC trong 18-24 gio va duoc cay chuyén lién tyc trong 30 ngay (khoang 300 thé hé) [9]. Bé
cdy chuyén lién tuc, hat dong thé tich vi khuin va méi truong MHB chtia 0,5 x MIC
ciprofloxacin cho vao binh nén, sau d6 lic trong 18-24 gio. Sau 24 gid, luu chung trong glycerol
ndng do 25% (tt/tt), & -20° C 1ap lai nhu vay dén ngay thi 30. Sau d6 xac dinh MIC va OD sau
ngay tht 30 [10] Str dung phuong phap pha lodng khang sinh trong thach dé xac dinh MIC cua
chung ban dau va cac ching thu dugc qua tién hoa [3]. Vi khuan duoc hoat hoa theo quy trinh da
néu, tiép theo chidm 1pl huyén dich (chira khoang 10* CFU/ml) 1én dia thach chtra khang sinh
theo diy nong do tir 0,5-256 (ug/ml). Nong do khang sinh trén dia thip nhat quan sat vi khuan
khong moc la gia tri MIC. Cac budc thuc hién dugc mo ta ¢ hinh 2.

& 0,5x MIC/MHB 0,5x MIC/MHB 0,5x MIC/MHB
it _
v v v
\ & Gin
o Hat huyén dich Hut huyén dich Hiit huyén dich
k\ ey - M —_— \
-
s B ’ 4
— LV N~ P>

Xac dinh MIC
ban dau

Lap lai dén ngay thi 30

Hinh 2. Phurong phdp khao st méi lién hé giza s d@é khang va su hinh thanh biofilm
2.2.3. Khdo sdt vrc ché hinh thanh biofilm ciia colistin va rifampicin

Vi khuén dugc hoat hoa nhu trén va mét d6 vi khuan trong mdi giéng khoang 1 — 2 x 10°
CFU/mI. Khang sinh dugc pha theo nong d¢ xung quanh gia tri MIC colistin (1- 2 pg/ml) va
rifampicin (20-40 pg/ml) dé bé tri thi nghiém ban co [11], [12]. Trén phién 96, vi tri giéng Al
nong do colistin 8 pg/ml va ndng do rifampicin 320 pg/ml. Nong do khang sinh ¢ cac chiéu
ngang c6 dinh colistin va giam % ndng do rifampicin giéng bén canh va nguoc lai véi cac giéng
chiéu doc. Cac budc thuc hién dwge mé ta ¢ hinh 3.

Rifampicin .
Q Rifampicin phdi
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Hinh 3. Phuirong phdp khao st irc ché hinh thanh biofilm cua colistin va rifampicin
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2.2.4. Phurong phap dinh heong biofilm bang Crystal Violet (tim tinh thé)

Sau khi 1, hit bé toan b dich nudi Cay trong phlen 96 giéng ra ngoai. Thém 125uL tim tinh thé
nong d6 0,1% (kl/tt) vao moi gleng U phién 96 gieng ¢ nhiét do phong trong 10-15 phat. Trang
phién 96 giéng bang nuéc 3-4 1an, lac manh va thim trén mot xap glay, cé the g6 nhe 1én ban dé
loai bo hoan toan cac manh té bao thira va thudc nhudm. Lat ngugc phién 96 giéng va dé kho trong
6-8 gid hodc qua dém. Sau d6 thém 150uL acid acetic 30% (tt/tt) vao giéng dé hoa tan tim tinh thé
trong 10-15 phat. Chuyén 125uL phan tim tinh thé da hoa tan qua phién 96 giéng mai. Pinh luong
bang do quang & budc séng 595 nm vai acid acetic 30% (tt/tt) 1am mau chuan. Gia tri thu duoc ti 18
thuan vai su tao thanh biofilm, ¢ nghia 14 gi4 tri cang cao thi biofilm dugc hinh thanh cang nhiéu.

Do l3p lai: Nghién ciu tién hanh danh gia do lap lai bang céach thuc hién thi nghiém 2 lan doc
1ap vai 2 1an chuan bi hda chat thi nghiém khac nhau.

Phan mém théng ké: Phan mém thdng ké duoc st dung 1a GrahPad Prism version 8.0.1.244.

3. Két qua va ban luan
3.1. Két qud
3.1.1. Khdo sat méi lién hé gita méi trieong nudi cdy, gid mang VA sw hinh thanh biofilm

Thir nghiém cho thdy méi truong nudi cdy cé lién quan dén kha nang hinh thanh biofilm, két
quéa duoc trinh bay ¢ hinh 4. Méi trudng M9, M63, N-minimal 13 méi trudng tdi thiéu cho Pa. Mdi
truong MHB 14 méi truong gidu dinh dudng nén kha ning hinh thanh biofilm nhiéu hon cc moi
truong con lai. Moi truong nudi cdy khac nhau c¢6 lién quan dén kha ning hinh thanh biofilm (véi
mikc p<0,010), c6 y nghia thong ké [7]. Cac chung Pa khac nhau cho thiy sy tao thanh biofilm
khac nhau (véi mirc p<0,010), c6 y nghia thong ké. Sy hinh thanh biofilm cho thiy, khi c6 gia
mang dinh kém vao 96 giéng thi kha ning hinh thanh biofilm cao gép 2-4 1an so v6i khong dinh
kém gia mang. Két qua nay c6 sy khac biét rd rét (véi mite p<0,010) va c6 y nghia thong ké [8].

Biofilm 96 giéng

ATCC 27853

ATCC 27853 Gia mang
ATCC 9027

ATCC 9027 Gia mang
PAO2

PAQ2 Gia mang

0D 595 nm
HE EHE @ n

M9 M63 N-minimal MHB

L oai moi trwéng
Hinh 4. Mdi lién hé giita méi trieong nudi cdy va sw hinh thanh biofilm

Twong quan gitra MIC va Biofilm

300 -5
-~ MIC

1 OD
200+

MIC
wu g6s Ao

100+

Hinh 5. Méi tiwong quan giira chiing dé khang va si hinh thanh biofilm
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3.1.2. Khdo sat méi lién quan giita chiing dé khdang véi sw hinh thanh biofilm

Méi twong quan gilta sy dé khang va su hinh thanh biofilm dugc trinh bay & hinh 5. G ngay
dau (ngay 0) khi chua tiép xuc v6i khang sinh, gia tri MIC 1a 64 pg/mL va OD 595nm c6 gié tri
14 0,821. Gié tri MIC va OD 595 nm c6 sy bién dong theo timg ngay (tir ngay 1-20) nhung dén
ngay thir 20 tré 1én bit dau c6 sy 6n dinh gia tri MIC va OD 595 nm. O ngay thir 30 dat duoc gia
tri MIC 256 pg/ml ting 4 lan so voi gia tri MIC ngay 0 (64 pg/mL). Va gia tri OD ngay thir 30
dat 3,699 ting 4 lan so voi gia tri OD 595nm ngay 0 (0,821). Thir nghiém nay danh gia dugc sy
tuong quan giita MIC va sy hinh thanh biofilm, cho thay ring MIC ti 1& thuan v&i mirc d6 hinh
thanh biofilm (véi hé sb twong quan ciia R?=0,654>0,5 mitc do twong quan manh; p<0,010), c6
¥ nghia thong ké [10].

cl 320 160 8040 20 10 52,5 1,250 ng/ml al 320 160 8040 20 10 52,5 1,250 pg/ml
Rf
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0
Chirng Am
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Hinh 6. Két qua kha nang irc ché hinh thanh biofilm cua colistin va rifampicin
3.1.3. Ung dung khao sat kha ndng tec ché hinh thanh biofilm
Cha thich: A: ATCC 27853, B: ATCC 27853 ¢6 gia mang, C: ATCC 9027, D: ATCC 9027 c6
gia mang, E: PAO, F:PA 02 gia mang
MIC colistin trong phéi hop MIC Rifampicin trong phéi hop
) MIC colistin don chdt MIC Rif ampicin don chat
_Két qua thi nghiém ban c& duoc trinh bay ¢ hinh 6 va bang 1. O mat d6 1-2 x 108 CFU/ml cho
thay MIC cua colistin d61 voi chung ATCC 27853, PA02 1a 2 (ug/mL), v6i chung ATCC 9027 la
1-2 (pg/mL) va MIC cua rifampicin doi v6i cac ching co sy khac nhau. Sau khi phoi hop gitra
colistin va rifampicin thi MIC ca hai khang sinh déu giam. Chung ATCC ATCC27853, ATCC

FIC =
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9027 va PA 02 c¢6 gia tri FIC = 0,75 < 1, riéng ATCC 9027 gia mang va PA 02 co6 gia tri FIC=
0,625 <1. Nhu vay, rifampicin va colistin 1am ting déng ké kha nang wrc ché biofilm so voi don 1é
sau 24 gio [13], [14].

Bang 1. MICva FIC

MIC(pg/ml) MIC Colistin  MIC Rifampicin MIC Colistin MIC Rifampicin

Chiing don chit don chit phéi hop phoi hop FIC

ATCC 27853 2 80 0,5 40 0,75
ATCC 27853 gi4 mang 2 80 0,5 40 0,75
ATCC 9027 1 80 0,5 20 0,75
ATCC 9027 gia mang 2 40 0,25 20 0,625
PA02 2 20 0,25 10 0,625
PAO02 gia mang 2 20 0,5 10 0,75

3.2. Ban lugn

Pa 1a nguyén nhan thuong gip cia nhiém khuan bénh vién, chiém 11 — 13,8% trudng hop
nhidm khuan khi c6 két qua dinh danh vi khuén va tai ICU thi ty 1& ndy con cao hon véi 13,2 —
22,6% trudng hop duoc bao cao [2]. Mot nghién ciru vé tinh hinh khang khang sinh ciia Pa phan
lap dugc trén cac mau bénh phém tai Vién Pasteur Tp. HCM nam 2014, cho théy Pa khang hau
hét véi cac khang sinh thuong str dung trong diéu tri. Mirc d6 dé khang cu thé nhu sau: colistin
(10,7%), fosfomycin (24%), aztreonam (36%), amikacin (42,9%), ciprofloxacin (48,2%),
cefepim (45,8%), imipenem (46,2%), gentamicin (55,6%), cefoperazon (54,2%), ticarcillin/ acid
clavulanic (54,2%), tobramycin (54,2%), piperacillin (60,7%). Ty 1& nay cho thiy mirc do dé
khang khang sinh cta Pa |a khé4 cao [1]. Theo Flemming, vi khuin c6 kha ning dé khang véi cac
tac nhan gy hai (chit khang sinh, chat dién hoat bé mat...) cao gap 1000 1an khi gén két voi nhau
va hinh thanh biofilm so véi dang vi khuéan tu do [15]. Mang ludi cac hop chat ngoai bao cua
biofilm c6 kha nang gitp té bao chong lai tac dong cua kim loai nang, cac ion va chét doc, gitp
vi khuén tranh khoi rat nhiéu yéu té tir méi truong nhu khang sinh, chat dién hoat, chat sat khuén,
tia UV, pH. Nhiéu mé hinh sinh truéng biofilm in vitro da duogc tién hanh va phat trién nham
danh gia cac phuong phap diéu tri nhiém khuan dén biofilm. 96-MWP 1a mot trong nhitng mo
hinh dugc st dung rong rai nhét trong nghién ctru vé hinh thanh biofilm. Pdng thoi, 96-MWP la
md hinh phu hop nhét trong viéc sang loc thudc vi s6 lwong tao thanh biofilm nhiéu trong mot lan
thuc hién, phit hop v&i nhiéu loai vi khuan va chi cin mot lugng nho mau thir [7]. Theo Coffey
va cong sy [7], ton tai sy trong quan giira cac mdi truong nudi cdy nghéo dinh dudng va giau
dinh dudng voi qué trinh hinh thanh biofilm cta vi khuén. Két qua thi nghiém cho thiy, méi
truong nudi cy giau dinh dudng s& tang kha ndng hinh thanh bioflm [7]. Ngoai ra, khi chén cac
gia mang vao phién 96 giéng lam gia ting biofilm thém nira, diéu nay cho thay khi bénh nhan c6
cac can thiép 1am sang (dat stent, nong dong mach, catheter, ndi soi, hé thong chay than nhan
tao,...) néu nhiém Pa thi kha ning s6 luong biofilm hinh thanh nhiéu dﬁn dén giam hiéu qua diéu
tri [6]. Hon nita, nghién ctru khao sat méi lién hé gitra MIC va sy hinh thanh biofilm cho thdy khi
MIC ting thi s6 luong biofilm ciing ting. Két qua nay twong dong vai két qua nghién ciru trude
d6 cua M. Yasir [10]. Khang sinh dugc chon 1a ciprofloxacin c6 phd rong trén gram am va
thuong dugc st dung dé didu tri nhidém tring do Pa [10]. Co ché dé khang ciprofloxacin 1a kiéu
thu nhan gen dot bién ma hoa cho cac protein bom ngugc, dan dén tang biéu hién bom nay lam
giam hiéu qua cua khang sinh [9]. O ngay dau khi chua tiép xtc v6i khang sinh, gia tri OD cta vi
khuén con thap, chimg t6 kha nang hinh thanh biofilm con yéu, nhung khi d tiép xuc véi khang
sinh trong dai ngay thi gia tri OD thu dugc cang cao. Tur ngay 1-20, chung vi khuan c6 sy bién
dbi dé thich nghi v6i mdi truong c6 khang sinh. Nhung dén ngay thtr 20 thi vi khuén tao chung
dé khang 6n dinh va gia tri OD cang cao. Piéu nay cho thdy rang nong do khang sinh cao tang
cuong kha nang hinh thanh biofilm ¢ vi khuan. Néu bénh nhan khéng tuan thii dung phac do diéu
tri khi ding khang sinh, dan dén tao chuing dé khang thi kha ning hinh thanh biofilm cang cao.
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Hiéu duoc su kho khan trong diéu tri vi khuan khi hinh thanh biofilm, nghién ctru xdy dung
mo hinh biofilm trén ph1en 96 giéng dé khao sat sy hinh thanh va @mg dung thir nghiém cac
khang sinh hién c6 dé trc ché hinh thanh biofilm. Khang sinh ciprofloxacin c6 pho rong trén gram
am va thuong duoc s dung diéu tri nhiém tring do Pa [10]. Tuy nhién, khi thuc hién thir
nghiém vdi ciprofloxacin d§ 6n dinh khong cao nén chuyén sang hai khéng sinh c¢6 d 6n dinh
cao hon 1a colistin va rifampicin. Ngoai ra, theo Hiép hoi bénh truyén nhiém Hoa Ky, colistin
dugc Iya chon thay thé khi cac khang sinh khéc khong con nhay va khuyén co nén phéi hop véi
rifampicin dé ting hiéu qua khang khuén trén vi khuan gram 4m [13] [14], [16]. O thi nghiém
nay, nghién ctru sir dung hai khang sinh la colistin va rifampicin dé¢ danh gia hiéu qua trc ché sy
hinh thanh biofilm [14]. Colistin tang tinh thAm qua mang té bao dé cho rifampicin xdm nhap vao
bén trong, gay trc ché tong 'hop RNA cua vi khuan [14]. Ngoai ra, m6 hinh nay co thé dugc tng
dung trong danh gia cic chat tiém ning c6 kha ning e ché va pha huy biofilm.

4. Két luan

Mo hinh tao thanh biofilm dugc thuc hién trén phién 96 giéng don gian, hiéu qua, nhanh
chong va chi phi thdp hon so v6i cac hé thdng nudi cdy khac. M6 hinh nay khong can doi hoi cac
phuong tién phirc tap dit tién nhung van danh gia duoc hiéu qua cia cc chat tiém ning. Hon
nita, thoi gian thuc hién danh gia kha nang hinh thanh biofilm ctia vi khuan ciing nhu tac dong
ctia khang sinh d6i voi biofilm nhanh chéng chi trong vong 3-5 ngay. Nghién ctru cho thiy qua
trinh hinh thanh biofilm lién quan dén chung loai vi khuén, méi truong nudi cdy, gia mang va
MIC. Hai khang sinh colistin va rifampicin hiép ddng b sung trc ché sy hinh thanh biofilm.

Lo1i cam on

Nghién ctru duoc thyc hién tai Bo Mﬁn Vi sinh - Ky sinh, Khoa Duoc — Pai hoc Y Duoc
thanh pho Ho Chi Minh va dya trén nguon kinh phi ctia TS. Nguyén Minh Thai theo hop dong so
47/2023/Hb-BHYD.
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