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Tom tit

dc vi sinh vét gdy bénh la nguén goc ciia cdc bénh truyén nhiém, c6
‘ thé lan tir ngueoi ndy sang nguoi khdc va khdp céng dong, de doa dén

sikc khde ciia moi ngueoi va cé thé ca nén kinh té ciia quéc gia. Cdc
céng cu chan dodn hiéu qua la can thiét @é cung cap hwéng dan chinh xdc va
kip thoi cho viéc xdc dinh truong hop mam bénh, phd vé suw ldy lan, quan Iy
va tim nguon diéu tri phit hop. Cdc xét nghiém tai ché (POC) hoat dong nhu
mét “radar” cd nhdn bang cdch cung cdp két qua tire thoi cho bénh nhan.
Céng nghé vi luu hay vi sinh 1ong di va dang néi 1én nhir mét trong nhitng
gidi phdp tiém néng nhat, boi vi né cé thé cung cdp tich hop va thu nhé héa
ciia hau hét cdc mé-dun chire ning dwoc sit dung trong chan dodn phong thi
nghiém chi trong mét chip di dong. Vi vdy, bai bdo nay sé cung cdp tong quan
nhitng cdi tién gan day ciia thiét bi xét nghiém tai chd dwa trén cong nghé vi
lieu trong viéc phdt hién cdc bénh truyén nhiém.

Tir khéa: bénh truyén nhiém, cong nghé vi lwu, xét nghiém tai ché.
Abstract

Pathogenic microorganisms are the source of infectious diseases, which can
spread from person to person and across populations, endangering both the
general public'’s health and possibly the nation's economy. For the purpose of
accurately and promptly guiding case identification, transmission disruption,
and the administration of suitable treatment, effective diagnostic tools
are required. Point of care (POC) tests function as a personal “radar” by
providing actionable results close to the patient. Microfluidic technologies have
emerged as one of the most potential solutions, which offers the integration
and miniaturization of the majority of functional modules utilized in central
laboratory diagnostics into a portable chip. Thus, this paper will provide
recent advances in novel microfluidic-based POC technologies in the context
of detection of infectious diseases.

Keywords: infectious diseases, microfiuidic technologies, point of care
(POC) tests.
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PHAN NOI DUNG
1. Gi6i thiéu vé cong nghé vi luu

Thiét bi vi luu hay vi dong chay
(microfluidic) 1a mét hé théng c6 cac kénh
vi mo dé cung cip viée xir Iy va diéu khién
chinh x4c cdc miu chat 10ng c6 dung tich nho
tir microlit dén nanolit [1]. Hé thong cac vi
kénh c6 thé dugc hinh dung nhu hé thong cac
mach méau nho trong co thé, vi vay hé thong
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nay dang dugc trng dung rong rai trong cong
nghé md phong sinh hoc trong y sinh [2]. Ung
dung ciia mo hinh cong nghé nay kha phd bién
trong cac linh vuc ché tao vat liéu, y sinh nhu
1a phan tmg sinh hoa, cong nghé mé té bao. . ..
Mot trong nhitng (mg dung phd bién cuia cong
nghé vi luu 13 cac hé théng “lab-on-a-chip”
(mot tich hgp phong thi nghiém trong mdt con
chip nhd) va “organ-on-a chip” (md phong co
quan nguoi trong mot con chip nho) (Hinh 1A).
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Hinh 1. (A) H¢ thong “organ-on-a-chip” trong mét chip vi luu. (B-C) Anh minh hoa ciu
tao hinh hoc ciia chip dang dwgc sir dung: cAu tric chit T (B), cdu tric chir Y (C). (D) So
dd hoat dong ciia chip: mau thir dwoc dwa vao diu vao (inlet) va trai qua xir li trong chip;

sau dé mau duoc xir li duwgc dwa ra khoéi kénh & diu ra (outlet) va dugc ndi véi thiét bi

phan tich mau vi du nhu RT-PCR. Céc hinh minh hoa dworc tao bz"mg BioRender.com.

Trong mot chip vi luu, cac kénh vi mo co
chuc nang chura cac thanh phﬁn loc dac hiéu
(khang thé hoic khang nguyén hodc enzyme,
vVv.), noi phan tach, pha tron, lam sach va phat
hién céc chét phan tich muc ti€u dugc thyc
hién ddng thoi. Do dé, cong nghé nay cé toe
dd phat hién chét phéan tich nhanh, d nhay cao
va gidi han dudi phat hién siéu thap. Trong
linh vuc y sinh, cong nghé vi luu cho phép
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phan tich nhiéu xét nghiém y té trén mot con
chip voi lugng mau nhé, chang han nhu xét
nghiém axit nucleic; san xuat cac hat co kich
thudc micromet va nanomet, ing dung chiing
lam hé théng phan phéi thude, tao ra cac dang
bao ché c6 sinh kha dung cao va co tac dung
nhiam muc tiéu nhu liposome. Ddi véi nghién
ctru sinh hoc té bao, cac vi mach c6 kich thuge
tuong tu nhu cac té bao sinh hoc, vi vay cac
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chip vi dong cho phép thao tic dé dang véi
ting té bao. Trong khi d6, cong nghé nay con
dugc g dung trong nhiéu linh vyc khac nhu
cong ngh¢ phan g vi dién hoa, lam mat bo
vi xtr 1y, v.v. Viéc tich hop ciia thiét bi vi sinh
long voi cac k¥ thudt phén tich nhu dién hoa,
fluorescence, SERS, SPR, vv. dé tao ra mot tin
hi€u dinh lugng, ban dinh lugng hodc mau sdc
c6 thé dé dang xéc dinh sy hién dién cta cac
chat phan tich muc tiéu [3-5]. Céc chip vi luu
duoc tao ra béng cach dtc hodc khic tir cac
khuon mau vat liéu nhu silic, thuy tinh, hodc
polymer nhu poly(dimethyl siloxane) (PDMS),
poly(methyl methacrylate) (PMMA),... Trong
d6 PDMS 1a vat lidu pho bién duoc sir dung
nhiéu trong cac chip vi dic tinh dé tao khuon,
tao kiéu vi kénh véi nhiéu chi tiét kich c&
micromet v6i do chinh x4c cao, dd 6n dinh
héa hoa cao, trong sudt va khong doc hai. Tuy
nhién, nhuoc diém lon nhat cia PDMS 1a kha
nang chiu dung méi hiru co kém. N6 ¢c6 thé

bi bién d6i khi twong tac voi cac dung moi
hydrocacbon thom hay dung dich amin va acid
manh [6,7]. Cac vit liéu thay thé dang duoc
xem xét st dung gan ddy nhu nhua nhiét déo
(PMMA) hoic nhya nhiét déo 6 tinh dan hoi
nhu TPEs [8,9]. Cac chip vi luu dugc thiét ké
gdm cac vi kénh trong mot khbi polymer gin
trén mat phang. Mot s thiét ké don gian c6 cau
tric hinh chit T, chir Y hay chir thap. Tuy vao
timg ng dung cia chip, cac thiét ké khac nhau
s& quy dinh co ché twong tac ctia cac dong chat
long trong cac vi kénh. Cac chat 1ong s& dugc
tiém vao hozc dan ra thong qua cac 16 nho goi
1a dau vao (inlet) hoic dau ra (outlet) (Hinh
1B-D). Céc con chip vi luu thuong duoc két
hop véi cac hé thong bén ngoai dé day dong
chay mdt cach chu dong va cod kiém soat nhu
bom nhu dong, bom xilanh...[10].

2. Ung dung ciia cong nghé microfluidic
trong xét nghiém nhanh POCT
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Hinh 2. 'ng dung cta chip vi lwu in 3D dé phat hién virus SARS-CoV-2 trong nuéec.
(A). So' d6 thiét ké ciia chip dwoc in 3D bing acrylic va 16p phii chéng thim bing nhua
PVA. (B). Phit hi¢n da phan viing ciia cac gene E, N, va Orfla ciia SARS-CoV-2 bing
phan ing RT-LAMP trong ciing mét thiét bi vi luu in 3D. (C). So' d6 sir dung chip dé
phit hién da vi khuan trong cling mdt mau nwée. Ban quyén tir tai liéu [13].
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Vao nhitng nam 2000s, nhitng phat trién
trong ki thudt ché tao vi mé va nano da tang
téc qué trinh chuyén doi tir cac hé théng don
gian sang cac mau thir lab-on-a-chip. C4c hé
thdng vi luu hién nay bao gém tich hop xir
ly mau, pha tron chét thir hay dung moi, qua
trinh phan tach va phat hién. Mgt trong nhitng
nghién ctru d3 phat trién phat hién fluorescence
thong qua mot mo-dun cam bién vi sinh long
dé nhan dién vi sinh vat. Mang luéi cac kénh
vi mb d6 duoc thiét ké trong khuén PDMS
bao gdm cac cam bién vi sinh, két hop vai ki
thuét lai phan tor (DNA/RNA hybridization),
va voi ki thuat khuéceh dai tin hiéu liposome
(Hinh 1D). Céc ki thuét dé dugc sir dung nhu
mot dang cam bién sinh hoc [11].

Trong thap ky qua, céc thiét bi phan tich
dya trén gidy vi sinh long (u-PADs) da tro
thanh loai thiét bi chan doan POC méi. Cac
thiét bi nay 1a cac chip vi luu dya trén loai
gidy nay voéi tinh niang nhe, mong, linh hoat,
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d& chay (c6 thé sir dung mét 1an), twong thich
v6i mau sinh hoc, va c6 thé diéu chinh héa hoc
[12]. M6t bdo cao gan ddy bdi nhom nghién
ctru do Yin va céac cong su da phan tich virus
SARS-CoV-2 trong nudc thai thong qua viée
cam bién hién mau (colorimetric) dugc thuc
hién béng cach su dung mot thiét bi vi luu dugc
in 3D tich hop vdi k¥ thuat khuéch dai DNA
dang nhiét thong qua vong LAMP. Thiét bi
nay cho phép trich xuat axit nucleic trén chip
duoc hd trg béi mang polymer FTA. Hon nita,
viéc khuéch dai va tao ra tin hiéu colorimetric
ddng thoi dién ra trong ving phan tmg dé dinh
luong virus SARS-CoV-2. Hé thdng nay cung
cAp nén tang phat hién multiplex cho cac doan
gen E, N, va OrFla cua virus SARS-CoV-2
cling nhu céc vi khuan khac. Mot phéac thao
cua chip vi sinh long tich hop, quy trinh phat
hién cua ho, va mot cai nhin colorimetric cia
hon hop phan tng trén mot thiét bi dugc in 3D
dugc hién thi trong Hinh 2 [13].
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Hinh 3. Vi du ciia con chip vi lru tich hop véi dién thoai thong minh. Con chip cé thé
thuc hién cam bién mién dich vi sinh hgc sir dung hat nano tir tinh cho viéc dinh luwgng
dién hoa ciia protein N ciia SARS-CoV-2. Ban quyén tir tai li¢u [18].

Tur nhitng ndm 2020 trd lai day, c6 su két
hop gitra dién thoai thong minh va cong nghé
nano dé tao ra cac cam bién nano théng minh.
Céc cam bién nay c6 thé gitup nguoi lam xét
nghiém khong chuyén str dung dién thoai thong
minh nhu 1a may doc cac cam bién hién mau,
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do huynh quang (fluorimetric), hay do di¢n-
hoa (electrochemical). Cac dién thoai thong
minh dugc st dung dé nhan dang cac bién doi
mau hay huynh quang bang cach chup anh va
phan tich qua camera va mdt ung dung doc lap
trén android/iOS. N6 ciing c6 thé phat hién va
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phan tich cac bién doi dién héa qua camera
ctia dién thoai thong minh va may cam bién
anh CMOS dé phan tich dir lidu chuyén sau
[14,15]. Mot nhém nghién ciru da phat trién
mot cam bién sinh hoc “microfluidic all-fiber
Fresnel reflection” (FRMB) méi bang cach két
hop mot hé théng quang hoc all-fiber, mot chip
vi luu, va mot multimode fiber bio-probe. St
dung phuong phap phan xa Fresnel, ca hai loai
khang thé IgM va IgG phan tmg protein gai
SARS-CoV-2 ¢6 thé phat hién dic hiéu trong
7 phit thong qua khang thé phy gan doan do
multimode fiber bio-probe. Gidi han phat hi¢n
cho SARS-CoV-2 IgM va IgG lan luot 12 0,82
ng ml'1 va 0,45 ng'1 [16].

Cac cam bién sinh hoc dua trén cong
nghé nano ciing da dat nhimg thanh tyu nhat
dinh. Cac hat nano tur tinh (MNPs) dugc s
dung nhiéu trong cac (mg dung cam bién sinh
hoc vi chiing ¢6 hinh dang va kich thu6c dong
déu cao, dién tich bé mit 16n. Hon nita, chung
c¢6 kha nang két hop va bét giir cic mam bénh
muc tiéu trong mot chip vi luu. Dicu nay s&
cai thién déng ké do nhay va do tai lap cua cic
cam bién sinh hoc. Ngoai ra, MNPs mang tinh
kinh té cao va dé tong hop, do dé, chung giam
chi phi san xuét téng thé cua thiét bi [17]. Vi
du, Li va cong su da dé xuit mot thiét bi vi
sinh 16ng dua trén hat nano tur tinh tich hop
voi mot ky thuat dién hoa cho viéc phat hi¢n
protein N ctia virus SARS-CoV-2 trong mau
huyét thanh. Tai day, cac tac gia da gin mot hat
nano tir tinh 1én khang thé lién két HRP ciing
nhu mot dién cuc c6 thé bt gilr khang thé 1én
dién cuc vang. Viéc phat hién céac protein N
duogc thuc hién thong qua k¥ thuat phat hién
amperometric, trong do, su dién phan cua
3,3’,5,5’-tetramethylbenzidine (TMB) (TMB
lién két véi protein N) tao ra mdt tin hi¢u dién
héa cé kha nang dinh lugng virus SARS-CoV-2
lén dén muc pg trong mau huyét thanh. Cam

bién sinh hoc duoc dé xuét co do nhay cao va
dic hiéu dang ké chi co thé phat hién protein
N cua virus SARS-CoV-2 ngay ca khi c6 su
xuét hién ciia SARS-CoV-1 va MERS-CoV.
Hon nira, viéc tich hop cam bién sinh hoc véi
mot dién thoai thong minh cAm tay cang tro
gitip hon cho hé théng chan doan théng minh
(smart diagnosis) trong dich COVID-19 (Hinh
3) [18].

Ngoai ra, viéc phat hi¢n da khudn mam
bénh chi trong mot thiét bi s& 1a mot budc dot
pha dé tranh viéce sir dung nhidu cam bién sinh
hoc va giam thoi gian va chi phi san xuat. Chen
va cong su da dé xudt thiét bi vi sinh long tich
hop voi ki thuat RT-LAMP cho viéc phat hi¢n
ba dong vi khuan P. hauseri, Salmonella va E.
coli ddng thoi. Cac tac gia dd xay dung chip
vi lvu PDMS va bdn khoang ndi véi nhau co
thé dong thoi thuc hién cac ki thuat tach chiét
DNA, tinh sach, va chuin bi mau trong mot
con chip. Phuong phap thtr nghiém nay c6 do
nhay xuat sic va mot ngudng phat hién LOD
rat thép 14 1,6 té bao. Hon nita, tinh di dong va
tinh 6n dinh cao ctia phuong phép rét c6 ich
cho viéc phat hién mam bénh tai chd [9,19,20].

3. Uu nhuoc diém ciia cong nghé vi
Iuu trong xét nghiém nhanh

Cong nghé vi lvu mang lai nhiéu loi ich
nhu quy trinh tu dong hoan toan gitp giam
thiéu quy trinh tha cong ton thoi gian, tir d6
gitip phat hién nhanh chéng cac mam bénh.
Tinh di dong, phét hién da phan ving, yéu cau
mau thap va tinh tidu thy mot 1an 13 nhiing thé
manh dé cong nghé nay c6 thé duge dung trong
céc xét nghiém tai chd va dong thoi giam chi
phi tong thé cua thiét bi [20].

Ngoai ra, cong nghé nay dbi mat vai
nhiéu yéu td thach thirc ma gi6i han kha nang
ap dung ctia chung. Mot nhugce diém chinh
1a kha nang phan tich ctia mau ran khong tan
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trong bat ky dung méi nao. Cac mau ran c6
thé khong duoc phat hién do han ché cia dong
chay ctia mau hodc tinh trang tic miu trong cac
kénh vi sinh long. Nguoc lai, mot ) vat liéu
polymer tuong tac voi cac thanh phan trong
con chip hoic cac chat dung méi. Piéu nay cé
thé anh huong déng ké dén két qua, thay doi
d6 nhay va dac hiéu cta chip cam bién mién
dich. Nhirng gi6i han trén can duoc nghién
ctru thém, thay ddi va diéu chinh tiry theo muc
dich str dung cua cac con chip.

4. Két luan

Hién nay, viéc phat trién cac hé thong
thong minh nhu céc thiét bi chan doan thong
minh, chip vi luu tich hgp cam bién sinh hoc
dang thu hut sy cht y vi vai tro ctia chiing
trong quan ly va kiém soat mam bénh, phat
hién nhanh céc ving truyén nhiém. Tuy nhién,
viéc ing dung trong thuc tién con nhiéu han
ché ciing nhu can nhiéu thuc nghiém trong
lam sang dé chirg minh tinh hiéu qua va tinh
linh dong cuia n6. Cong ngh¢ vi luu tich hop
v6i cac hé thong cam bién va giam sat thong
minh van & mot giai phap tiém nang dé theo
dai cac dau hiéu quan trong cua cic mam bénh,
va trong viéc xac dinh céc ca truyén nhiém
trong tuong lai.
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