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hiép Thanh nién Viét Nam TP.HCM.
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Flow is an optimal cognitive state that
enhances consumer satisfaction. This paper
aims to examine the influence of flow
experience on customer satisfaction shopping
on omni-platform retail channels during the
COVID-19 period in Vietnam. Responses

Keywords: were collected from 1146 respondents who
COVID-19, omni-platform, omni-platform had recently made purchases on

retailing, flow experience, satisfaction. ) omni-platform retail channels. After

Dong chay la mot trang thdi nhan thic t6i wu  processing data and evaluating each scale, the
giip nang cao sy thoa man cua nguoi tiu  results will be analyzed by descriptive

dung. Bai bdo nay nhdm muc dich kiém tra su statistics, reliability test, exploratory factor
anh hudng cua trai nghiém dong chay dén su analysis and regression analysis. The results
hai long cua khach hang mua sam trén cac show that 07 factors have positive impacts on
kénh bdn 1é da nén tang thoi ky COVID-19 tai customer satisfaction, including Goal of

Viét Nam. Cic cau t‘ra 161 duge thu thdp tr  access, Telepresence, Concentration,

1146 nguoi tra 101 gﬁp day da mua hang trén _ Feedback, Enjoyment, Time distortion and
cic kénh ban I¢ da nén tang. Sau khi xur 1y s6 Exploratory behavior. This study has certain
liéu va danh gid trén tung thang do, cic két  theoretical contributions that will be valuable
qua s€ dugc phén tich bang thong k& m6 ta,  for future researches and points out approaches
danh gia d¢ tin cay, phan tich EFA va hoi quy. for omni platform retailers to enhance

Keét qué o . consumers’ flow experiences and satisfaction.
chi ra rang 07 yéu t6 tdc dong cung chiéu dén

su hai long ctia khach hang, bao gém Muc

dich truy cap, Mirc do thyc té 40, Su tip

trung, Phan hoi, Su vui tuoi, Su bién dang thoi

gian va Hanh vi kham pha. Nghién ctu nay da

c6 mot s6 déng gép nhat dinh vé mit 1y luan

phuc vu cho céc nghién ctru trong twong lai,

dong thoi ciing ch1 ra phu’orng huéng dé cac

nha ban 1¢ da nén tang c6 thé ning cao trai

nghiém dong chdy va sy hai long ctia khich

hang.

ABSTRACT
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1. Giéi thi¢u

Chiing ta da va dang chimg kién sy xuat hién ctia thé hé ban 1é tiép theo voi mot
tdc do phat trién dang kinh ngac, cling véi sy biing nd cta cdc nén tang va tién bo cong
nghé ngdy cang ting theo cip s6 nhén, diéu nay di lam thay dbi cdch cdc nha san xuat
va nguol ti€u dung tuong tdc voi cac nha ban 1€ va voi nhau. Gio day, ching ta dang
song trong mot thé giéi ‘da nén tang’. Khi ban 16 nén tang phat trién, c¢6 kha ning sd
luong san pham va dich vu ngly cing tang (chang han nhu dich vu ngén hang va tién
ich, dich vu du lich va gido duc) s€ duoc ket hop véi nhau (KPMG, 2017). Bang cich
nay, khach hang s& nhan duoc sy két hop tdi uu giira tra1 nghiém, gia tri va sy tién loi.
Mot yéu t6 quan trong va dugc nghién ciru k§ ludng vé sy thoa man céc kénh béan 1¢ da
nén tang cta ngudi tiéu dung 1a trang thdi tim 1y ctia dong chay, mot thuat ngit do
Csikszentmihalyi (1975) dat ra dé chi mot trai nghiém tdi wu. Mic di dong chay tir 1au
da dugc cong nhan 1a mot khdi niém 1y thuyét c6 gid tri trong hanh vi ctia nguoi tidu
dfmg truc tuyén nhung dinh nghia hé qua va do luong kich thudc dong chay da cho
thidy nhing két luan khong nhat quén (Choi va cdng su, 2007). Diéu nay da khién cic
nha nghién ctru dit ciu hoi vé “cdc dic tinh tAm ly” cua cdu tric dong chay (Kaur va
cong su, 2016).

Mic khdc, sy biing phat COVID-19 da thiic diy mot sy thay doi ciin ban trén
dién rong ddi voi cac kénh thuong mai dién tir ciing nhu théi quen ciia ngudi tiéu ding,
ho tap trung nhiéu hon vao sirc khoe, viéc dn udng & ngoai phan 16n di dugc thay thé
bang cdc moén dn mang di va #n udng tai nha. Nhu vay, dai dich da vo tinh khuyén
khich hanh vi mua sam trén cic kénh ban 1é da nén tang cia nguoi tiéu ding. Do d6,
cac nha ban 16 tai Viét Nam da phai thay doi tu duy déi véi cach phuc vu cic nhu cau co
ban ctia con nguoi, thong qua md hinh kinh doanh dya trén nén tang dé giam thiéu cdc
tuong tic vat 1y va tdi da héa céc twong tic ky thuat sé nhim dam bao an toan trude
dién bién phuc tap cua dich bénh nhu hién nay (Deloitte, 2020).

2. Co s6 1y thuyét
2.1. Trdi nghié¢m dong chay

Thuat nglr dong chay lan dau tién dugc dinh nghia boi Csikszentmihalyi (1975)
dé chi mot “cam gidc tong thé ma con ngudi cam thay khi ho hanh dong vai sy tham gia
hoan toan”. Dé 1am ro khai niém vé trai nghiém dong chay trong viéc dinh hinh trai
nghiém tdi wu tryc tuyén hip dan, Hoffman va Novak (1996) da tap trung vao ban chat
cua trai nghiém ngu’orl tiéu dung v&i moi truong truc tuyen va dé xuat mot mo hinh khai
niém tich hop dé du dodn trai nghiém dong chay trong bdi canh diéu hudng trang web.
Ho chi ra rang mot khi nguoi tiéu ding tryc tuyén budc vao trang thai dong chay thi sy
phan hdi ngay 1ap ttc 1a trai nghiém chi quan tich cyc, chiang han nhu cam gidc hanh
phiic, vui tuoi va thich thd, thic ddy mong mudn kham pha4.

Hau hét cdc nha nghién ctru thuong khong dé lai dinh nghia trong tim ctia dong
chay, ma 1a mot loat cac cAu tric c6 thé duogc trai nghiém khi mdt nguoi trai qua dong
chay. Dua trén y tudng cua Csikszentmihalyi (1988) cung véi su ung hd cia Mannell,
Zuzanek, va Larson (1988); Jackson va Eklund (2002), bao vé quan diém réng trai
nghiém t6i wu duge xdc dinh va do luong theo chin chiéu khdc nhau: Cén bang kha niing
va thach thtrc, Su hop nhét y thirc va hanh dong, Tu dénh mét ¥ thirc, Hoan toan tap
trung, Cam gidc kiém sodt, Sy bién dang thoi gian, Muc tiéu ro rang, Phan hoi va Trai
nghiém ty dong. Ngoai ra, Hoffman va Novak (1996) dinh nghia “dong chay truc tuyén
1a trang théi xay ra trong qu4 trinh diéu huéng mang, (1) duge dic trung bdi mot chudi
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phan hoi lién mach dugc hd trg boi sy twong tac cua mdy méc, (2) vé ban chat 1a rat thi
vi, (3) di kém voi sy mét y thic va (4) ty cung ¢d”. N6i céch khédc, nguoi tiéu dﬁng diéu
hudng Internet mot céch vo thirc tir thoi diém nay sang thoi diém khéc nhu: thé thoi gian
dang tr6i (Dailey, 2004). Trong nghién ctu cua Huang (2006) 1ap luin rang trang thai
dong chay c6 thé duge dic trung boi sy ddm chim hoan toan ctia nguoi tiéu ding vao
hoat dong mua hang tryc tuyén. Diéu nay xay ra khi sy chii ¥ ctia ngudi tiéu diing chi
tdp trung vao tuong tdc vai trang web va su to mo cua ho dugc kich thich. Ngoai ra,
Congwen va ctg (2010) bdo céo rﬁng nhén thic vé sy ddi méi ma cdc cé nhan lién két
voi mot trang web cy thé da lam ting lwu lwong nguoi tidu ding khi ho tuong tic truc
tuyén.

2.2. Bdn 1é da nén ting

Pa nén tang (omni-platform) dé cap dén viéc két hop cdc kénh truyén thong va
truyén thong xa hoi cling voi Vlec cung cap san pham va cdc dé xudt san dich vy phu trg
nhu giai phap giao hang va hau can, san xuat ndi dung va thanh toan co ché dé tao ra trai
nghiém lién mach cho khach hang theo nhiing cdch thuan tién nhat. Theo d6, cic nha
ban 1é c6 thé nham muc tiéu dén ngudi tiéu diing bang nhiéu dé xuit bang cach gitr
chan ho trong h¢ sinh thdi va dong thoi t6i da héa gid tri 1u dai ctia khach hang bing
cach sur dung loai phuong phap tiép cén toan dién nay. Ngoai ra, nd ciing g1up cac nha
ban ¢ tao ra Va duy tri loi thé canh tranh tham lang trong cac hoat dong c6t 16 cia ho
thong qua quyén truy cap vao lugng dit liéu khong 10, ciing nhu cung cap cho ho kha
nang tlep can thi trudng va khich hang méi. Khi ban 1¢ da nén tang phat trién, ngay
cang nhiéu nén tang s& duoc gop lai v6i nhau va diéu nay din dén su két hop cudi cling
gifra trai nghiém, gia tri va sy tién 1¢i ma khach hang nhan dugc (KPMG, 2017).

Trong vai nim qua da chtng kién sy xuat hién ciia vo s nén tang khac nhau,
mdi nén tang déu tim céch tao ra gid tri bang cich cho phép mang ludi cdc nha cung
cdp va ngudi tiéu ding (c4 nhan va doanh nghiép) trudc tién 1a twong tic va sau dé la
6 kha ning giao dich. Trong khi cic nén tang dang ngay cang hudng toi muyc tiéu hop
tac va hoi ty, ngay nay c6 it nhat bon loai nén tang riéng biét dang hoat dong (KPMG
2017), bao gdm: nén tang thi trudng san pham, nén tang thi trudng san pham, nén tang
thi truong dich vu va nén tang thanh toan.

2.3. M6 hinh SOR

M6 hinh SOR (Stimulus-Organism-Response Model) cho rang céc tinh ning
thwong mai dién tir anh huong dén sy hai long ctia khich hang thong qua viée tao ra trai
nghiém t6i vu, dua trén md hinh kich thich — chu thé — phan hdi. M6 hinh duoc phat
trién dé phén tich tic dong cia méi trudng vat chat 1én hanh vi cta con ngudi, cdc kich
thich (S) (tirc 1a cdc dic diém ctia moi trudng) dan dén nhiing thay doi trong trang thai
cam xic bén trong ciia cd nhan (O), tir d6 anh huong dén phan ung hanh vi (R)
(Mehrabian va Russell, 1974). M6 hinh da dugc dp dung dac biét dé gidi thich nhitng
anh huong ctia moi trudng ban 1¢ ddi v6i hanh vi ciia ngudi tiéu ding nhu Eroglu et al.
(2001) da stra doi md hinh S-O-R clia Mehrabian va Russell’s (1974) va dé xuét nén
tang khdi niém cho md hinh S-O-R cho mua sam tryc tuyén. Trong mo hinh nay, kich
thich dugc dinh nghia 13 “tong tat ca cic tin hiéu c6 thé nhin thay va nghe duoc ddi véi
ngudi mua sdm truc tuyén” (Eroglu va cong sy, 2001).

2.4. Cdc nghién curu truoc ddy

Nhom tic gia cling da nghién ctru va ke thtra cdc nghién ctru lién quan dén sy hai
long cua khach hang doi voi trai nghiém dong chay nhu nghién ctru “7ién dé va hau
qua
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cua trang thdi dong chay trong thwong mai dién tu” cua Lee va cong su (2019); Huang
va Liao (2017) véi deé tai “Tao trai nghiém mua sam dién twr da gidc quan thong qua
cong nghé tuwong tdc thuc té tang cuong” va nghién ctru “Khdm phd trai nghiém dong
chay toi vu cua nguoi dung Web” cuia Chen va cOng su (2014).

2.5. Mé hinh nghién ciru dé xudt

Qua co so ly thuyét da néu, cac két qua nghién ctru trudc va két qua nghién ctru
dinh tinh cia nhém nghién ctru, m6 hinh nghién ctru dugc nhém dé xuat nhu sau:

Trai nghi€ém dong chay

Muc dich truy cap

A

Mtc dd thuc té 4o
Su tap trung

Hanh vi khdm pha
Phan hoi

Sy
hai long cua khéach
hang

Su vui tuoi
H4(+)

Sy bién dang thoi gian

Hinh 1: M6 hinh dé xuit Anh huéng cta trai nghiém dong chay dén sy hai 1ong khéach
hang mua sam trén cac kénh ban 1¢ da nén tang thoi ky COVID-19 tai Viét Nam

3. Phwong phap nghién ciru

Bai nghién ctru nay dugc thyc hién thong qua hai phuong phap nghién ctu:
phuong phédp nghién ctru dinh tinh va phuong phédp nghién ctru dinh lugng. Phuong
phép nghién ctru dinh tinh duoc thuc hién bang viéc phong vén truc tiép cic chuyén gia
vé ban 1¢ da nén tang va thao luan nhém ngudi tidu dfmg dang sinh song tai Viét Nam.
Nghién ctru nay dung dé kham pha, diéu chinh va bo sung cho nghién ctru 1y thuyet
cling nhu cic bién quan sat ding dé do luong cdc thanh phan cta né. Thong qua két
qué nghién ctru dinh tinh nay, céc thang do duoc dua va bang cau hoi ding dé nghién
ctru dinh luong.



Phuong phdp nghién ctru dinh luong dugce thuc hién thong qua viéc khédo sit cac
khach hang tai Viét Nam. Nghién cru nay nhim kiém tra thang do va mé hinh nghién
ctru. Nhém téc gia Iya chon thang do Likert 5 murc d9, véi (1) Hoan toan khéng dong y,
(2) Khong dong ¥, (3) Binh thudng, (4) Pong ¥, (5) Hoan toan dong y. Mdi cau 1a mot
phét biéu vé mot tiéu chi nao dé trong mot khdi niém ctia mod hinh. Bang ciu hoi khao
sat chinh thtrc bao gdbm 34 cdu hoi twong tng 34 bién quan st thudc 08 thang do trong
md hinh nghién ciru. Bén canh d6, 05 ciu hoi vé thong tin c4 nhan ciing duoc dua vao
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bang cau hoi. C4c thang do dugc kiém dinh bang phuong phap hé sé Cronbach’s Alpha,
phan tich cdc yéu t6 kham phd va mo hinh hdi quy tuyén tinh da bién. Mau trong nghién
ctru duoc chon theo phwong phép thuan tién. Di twong khao sit 1a nhitng khach hang
da tirg mua sam trén cic kénh ban 1é da nén tang tai Viét Nam, ho 1a nhiing nguoi da
va dang st dung cac kénh bén 1¢ da nén tang tai Viét Nam. Sy trdi nghiém cua chinh
khéch hang trén cdc kénh béan 1¢ da nén tang anh hudng truc tiép dén sy hai 1ong.

4. Két qua nghién ciru

Nghién ctru dinh lugng chinh thure thyc hién khao sat 1400 khich hang mua sdm
trén cdc kénh bén 1é da nén tang thoi ky COVID-19 tai Viét Nam. Két qua thu vé duoc
1146 phiéu hop 1¢. Co cau mau theo cic tiéu chi phan loai nhu trong Bang 1.

Bﬁng 1 N
Co cau mau nghién cttu chinh thirc
STT Thong tin miu S6 lwong (nguwoi) Ty 18 (%)
1 Gi6i tinh
- Nam 571 49.83
- Nir 575 50.17
2 Do tudi
- TUr 16 dén duéi 18 tudi 186 16.23
- Tr 18 dén duéi 25 tudi 555 48.43
- Tur 25 dén duéi 35 tudi 323 28.18
- Tir 35 tudi tré 1én 82 7.16
3 Noi &
- Ha Noi 384 33.51
- ba Néng 366 31.94
- TP. H5 Chi Minh 396 34.55
4 Thu nhap
- Dudi 5 triéu 272 23.73
- Tir 5 dén duéi 10 triéu 402 35.08




- Tr 10 dén duéi 15 triéu 373 32.55
- Tu 15 tri€u trd 1€n 99 8.64
5 Nén tang
- Tiki.vn 294 25.65
- Lazada.vn 276 24.08
- Shopee 301 26.27
- Sendo.vn 275 24.00
Téng cong 1146 100

Két qua kiém dinh thang do bang Cronbach’s Alpha cho thay, khong c6 bién
quan sét bi loai va ca 06 thang do déu dat do tin cay. Sau khi phan tich nhan td kham
pha EFA thi thang do Muc dich truy cap loai mot bién quan sat (MD1), thang do Su tap
trung loai mot bién quan sat (TT6) va thang do Murc d¢ thuc té a0 loai mot bién quan
sat (TTAS5). Nhu vay cic gia thuyét H1, H2, H3, H4, HS, H6, H7 déu dugc tng hd bai
b dit liéu nghién ctru va xdy dung duoc md hinh hdi quy tuyén tinh da bién nhu sau:

Sy hai 1ong ctia khdch hang mua sdm trén céc kénh ban 1¢ da nén tang thoi ky
COVID-19 tai Viét Nam = 0.331*Su tap trung + 0.215*Su phan hoi + 0.160*Muc dich

7
Hoi thao Khoa hoc Tré “Vaccine COVID-19: Nghién ctru va Ung dung”

truy cap + 0.136*Muc do thuc té 40 + 0.130*Sy bién dang thoi gian + 0.090*Sy vui
tuoi + 0.087*Hanh vi kham pha

Bang 2 da cho thay rang, trong 07 nhan t6 tic dong dén Sy hai long cia khach
hang thi Su tap trung la nhan t6 c6 sy tdc dong manh meé nhat, ti€p theo sau dé lan luot
1a Su phéan hoi, Muyc dich truy cap, Muc do thuc t€ ao, Su bién dang thoi gian, Sy vui
tuoi va Hanh vi kham pha.
Bang 2
Cic thong s6 thong ké clia bang Coefficients

M6 hinh Heé sb chua Hé sb t Sig. | Thong ké da cong tuyén

chuan hod chuan héa

B Sai sb Beta Hé sb Hé $6

chuan Tolerance | phéng dai
phuong sai

Hang s6 | 0.459 | 0.071 0.160 6.494 | 0.000 | 0.716 1.396
MD 0.103 | 0.014 0.136 7.410 | 0.000 | 0.723 1.383
TTA 0.099 | 0.016 0.331 6.321 | 0.020 | 0.653 1.531
TT 0.289 | 0.020 0.215 14.645 | 0.000 | 0.714 1.400
PH 0.167 | 0.017 0.090 9.944 | 0.000 | 0.819 1.222
VT 0.049 | 0.011 0.130 4.467 | 0.000 | 0.700 1.428
BDTG 0.097 | 0.016 0.087 5.936 | 0.000 | 0.709 1.411
HVKP 0.058 | 0.015 4.005 | 0.000




Két qua Bang 3 cho thy gid tri hé s6 twong quan 12 0.788 > 0.5. Py 1a md hinh
thich hop dé sir dung danh gid mdi quan hé giira bién phu thudc sy hai long cia khich
hang va céc bién doc 1ap. Ngoai ra, gid tri hé sé R? hiéu chinh 1a 0.618 c¢6 nghia la mo
hinh hdi quy tuyén tinh da xay dyng phii hop véi murc dit liéu 61.8%. N6i cach khic,
61.8% sy hai long ciia khich hang mua siam trén cdc kénh ban 1é da nén tang tai Viét
Nam 1a do mé hinh hdi quy giai thich. Cdc phan con lai 1a do sai s va cdc nhan tb khéc.

Bang 3
Thong s6 md hinh hdi qu

Mo hinh | HE s6 R He s§ R? | Hé sbé RP— Sai s chuén Hé sb
hiéu chinh cua udce Durbin —
lugng Watson

1 0.788" 621 618 31506438 1.714

Theo nghién clru cia Lee va cong su (2019), thang do Su tép trung khong c6 tic
dong dén su hai 1ong cta khach hang, tuy nhién nhém nghién ctru da ké thira, hoan thién
va thu dugc két qua cho thiy nhan té Sy tap trung c6 tdc dong manh mé& nhat dén sy hai
long cta khach hang mua sam trén cic kénh ban 1¢ da nén tang thoi ky COVID-19 tai
Viét Nam. Ngoai ra, trong nghién ctru cua Lee va cong sy (2019) cling da két luan Mtrc
do thuc té 4o tic dong nguoc chidu dén sy hai 1ong. Tuy nhién, két qua ctia nhém
nghién ctu cho thdy nhén té niy c6 anh hudng ty 18 thuan véi sy hai long ciia khach
hang, diéu nay hoan toan phii hop véi ly thuyét ma Csikszentmihalyi (1988) di dua ra
trudc d6. Bén canh dé, nhdm nghién ctru cling nhan théy khong c¢6 su khac biét vé su
hai long gitta cdc nhém khach hang khdc nhau vé gi6i tinh, noi & va nén tang da timg
mua sam.

5. Két luan va ham y
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5.1. Két lugn

Nghién ctru vé sy anh hudng cta trai nghiém dong chay dén su hai long cia
khach hang mua sim trén cdc kénh ban 1¢ da nén tang thoi ky COVID-19 tai Viét Nam
duoc thuc hién nhim tim kiém va xdy dung m6 hinh cdc nhén t6 cta trai nghiém dong
chay quyét dinh su hai 1ong ciia khich hang. Nghién ciru sir dung phuong phap Nghién
ctru dinh tinh két hop voi Nghién ciru dinh lugng. Nghién ctru tinh todn dwoc thuce hién
& giai doan dau ciia nghién ctru quy tic, thong tin phong van tay doi v6i 07 chuyén gla
1a cdc nha nghién ctru c6 trinh do, am hiéu vé trai nghiém dong chay va ban 1& da nen
tang. Qua do6, céc chuyén gia dd dong y v6i md hinh ma nhém nghién ciru dé xuat, bo
sung cdc bién quan st va kém theo nhitng g6p y cho céc cau hoi trong khao sit bang
dugc x4c dinh nghia va dé hiéu hon. Két qua nghién ctru bo dinh dang cho thiy, khong
c6 bat ky loai quan st bién nao. Nghien ctru chinh thtre dinh lu’orng duoc thuc hien qua
khao sat 1140 khach hang timg mua sam trén cac kénh bdn l¢ da nén tang (thu vé hop Ie
phleu 1136). Khi xem xét murc do tic dong cua ting yéu td, trong tién tb nay, ca 07 yéu
t6 déu c6 gid tri va anh huong tich cuc dén sy hai long ciia khich hang mua sdm trén
cac kénh bén 1¢ da nén tang thoi ky COVID-19 tai Viét Nam lan luot theo tht tu 1a: (i)
Su tap trung, (i) Hanh vi kham ph4, (iii) Sy vui tuoi, (iv) Su phan hdi, (v) Muc dich
truy cap, (vi) Mitc do thuc té 4o, (vii) Sy bién dang thoi gian.

5.2. Ham y



5.2.1. Ham y 1y thuyét

Viéc nghién cru anh hudng cua trai nghiém dong chay dbi véi sy hai 1ong cia
khéch hang mua sam trén cic kénh ban 1¢ da nén tang thoi ky COVID-19 tai Viét Nam
ciing gép phan cung cép kién thirc khoa hoc vao linh vuc ban 1¢ néi chung va thuong
mai dién tir néi riéng. Tir két qua nghién ctru cho thay ca 07 nhan t6 déu c¢6 anh hudng
ty 1& thuan toi sy hai 1ong cta khach hang. Bén canh d6, nghién ctru di khiang dinh tim
quan trong ctia hai nhan t6 Sy tap trung va Hanh vi kham phd dén sy hai long ciia
khach hang mua sam trén céc kénh ban 1¢ da nén tang.

5.2.2. Ham ¥ doi véi Chinh phii va cdc Bé ban nganh lién quan

Ban 1¢ da nén tang 1a mot linh vuyc rat dic thiy, d6 1a sy két hop giita cong nghé
va thi truong, gitta yéu td thuc va yéu t6 ao, giira thuc thé ton tai voi thuc thé trong
khong gian sd. Vi ban chét ciia ban 1é da nén tang 13 hoat dong thuwong mai dp dung
céc tién bo trong cong nghé thong tin va Internet, hoat dong ban 1¢ da nén ting ciing 1a
linh vuc chiu nhiéu tic déng va thay d6i nhanh chéng. Bén canh can ¢6 nhﬁfng quy dinh
moi vé chu thé va co che quan 1y hoat dong bén 1¢ da nén tang thi quy dinh vé hoat dong
ban 1¢ da nén tang c6 yeu t6 nudc ngoai cling dugc dé ra dé giai quyet nhu’ng vudng
mac, bat cip; cu thé: B6 sung quy d1nh chu thé ctia hoat dong ban 1¢ da nén tang, thu
gon dbi tuong tmg dung béan 1¢ da nén tang phai thuc hién thu tuc hanh chinh; Cong
khai théng tin hang héa, ngudi mua trén cdc nén tang ban 1é, minh bach héa théng tin
cho ngum tiéu dung, phong chong gian lan thuong mai; Quy dinh ro hoat dong bén 1¢
da nén tang trén mang xa hoi, mang xa hoi dugc t6 chirc hoat dong twong ty nhu mot
hinh thirc ban le da nén tang truyén théng; Stra doi quy dlnh veé cdch thirc hién dién cua
thwong nhdn, t6 chirc nude ngoai hoat dong béan 1é da nén tang trén 1anh thd Viét Nam.

5.2.3. Ham ¥ doi v6i doanh nghiép

Céc doanh nghi¢p nén tap trung vao viéc dam bao viéc mua sam cua khach hang
khong bi ngat doan thong qua viéc céi thién su chuyén doi gilra cdc nén tang dién ra mot
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cich tron tru. Ngoai ra, hién nay khach hang dang cam thay e ngai boi su lay lan cia
dich bénh COVID-19, vi viy phuong thirc thanh todn khéng tiép xic hodc thanh toin
qua vi dién tir 1a giai phép toi wu cho van dé nay. on, tir d6 nang cao sy hai long cta ho
dbi voi nén tang. Ngoai ra, ngdy nay sy phdt trién manh mé& cua céc nén tang xi hoi
cling 1a co hdi cho cdc doanh nghiép thuc hién quang ba thuong hiéu, ting tinh canh
tranh. Bén canh do, viéc 1ap trinh céc tro choi c6 sy tuong tic gitra cdc khach hang trén
nén tang vira dem lai céc loi ich cho hg nhu hoan tién 40 hodc nhan ma giam gid, cling
vira ting himg thi cho ho khi tham gia mua sam.

Phan hoi ciia khiach héng khong chi tao ra bang chtng, uy tin cho nén tang cia
doanh nghiép ma con c6 nhiéu l¢i ich khac. Doanh nghiép phai thau hiéu va dap tng kip
thoi nhu ciu ciia khach hang bang cich tang su tac dong dén muc dich mua hang ciia ho
thong qua nhiing cong cu chon loc san pham, khu vyc dia 1y, gi4 ca trén cic website hay
nén tang dé phuc vu ding muc dich ctia khach hang. Bén canh dé, doanh nghlep 6 thé
danh thoi gian nghién ctru nhitng théi quen chi ti€u thong qua nhitng phan mém nhur
iPOS CRM, Marketing Automation,... D6 1a nhirng phan mém quan tr1 quan h¢ khach
hang, mot cong cu duoc thiét ké dé hd trg doanh nghiép trong viéc t6i wu quy trinh
chdm so6c khach hang, gia tang trai nghiém va xay dung 10ng trung thanh cua khach
hang v&i doanh nghiép.

Mua sdm 13 nhu cdu hang dau cta con ngudi, doanh nghiép nén tim cdch ting
tinh hién thuc trong méi trudng da nén tang bang nhimng cong nghé, phuong phéap ding
mo phong san pham dé khach hang c6 thé twong tic qua lai véi san pham. Dac biét, c6



thé néi dén 1a cong nghé AR (thuc té do ting cuong) gitp ti hién cdc db vat 3D ngay
trong khong gian that ma khach hang dang & bang cdch tong hop cac dir liéu, Am thanh
hinh anh di dugc ma héa bang phan mém va duoc hién thi trén cac man hinh cic thiét bi
dién tir chay trén hé diéu hanh Android hay i0S. Nho céng nghé nay ma céc chién dich
truyén théng quang cdo ciing trd nén sing tao hon thay vi chi str dung nhitng phuong
phap hinh anh video théng thuong. Ngoai ra, doanh nghiép con c6 thé cong tic voi cic
Influencers hay KOLs nhdm mang lai sy twong tic cao, ndi dung mang tinh hip dan, vui
tuoi. Cling v6i d6 tao uy tin va su tin cdy ctia doanh nghiép dén khach hang. Hay doanh
nghiép ciing c6 thé két hop cling vé6i cic reviewer (ngudi danh gid) dé gidi thidu véi
khéch hang vé san pham, dich vu théng qua nhitng ndi dung khéng giy nham chan ma
mang tinh giai trf cao dén khach hang.
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strategies for anti-SARS-CoV

L. Introduction 2 agents to treat COVID-19 patients in
knowledge has been known about the virus  vjeram.

biology and pathogenesis, there is no specific



The coronavirus infectious disease 2019 (COVID-19) is elicited by the new
corona virus SARS-CoV-2 (Zhu et al., 2020). Since its first emergence around the end
of 2019, the disease has become global-spread and presented an unprecedented
challenge to the national healthcare system. Vietnam is going through the fourth wave

of the pandemic and experiencing constantly emerging cases, over 1 million cases as of
November 12, 2021 (V. M. o. Health, 2021¢).

A vigorous effort has been made to elucidate the biology, the pathogenesis, and
the appropriate treatments for COVID-19. SARS-CoV-2 host recognition is facilitated
by the interaction between its C-terminal domain of the spike protein and the
angiotensin converting enzyme 2 (ACE2), a surface molecule abundantly expressed on
respiratory epithelial cells. Viral entry into the host cells harbors the host’s protease
including transmembrane protease serine protease 2, cathepsin L, and furin for spike
protein cleavage and membrane fusion between the virus and the host. Viral RNA
synthesis starts with the genomic RNA translation using the host’s ribosomes to
produce polyproteins and proteases. One main proteolytic enzyme responsible for
cleaving polyproteins is the 3-chymotrypsin like protease (3CLp). One of the protein
products after cleavage is the RNA-dependent RNA polymerase (RdRp) which
transcribes non-sense RNA and subgenomic RNA coding for the viral proteins
(V'Kovski et al., 2021). The viral invasion provokes secretion of inflammatory
cytokines and acute immune response to clear the virus. However, prolonged immune
reaction, characterized by elevation of interleukin-6  (IL-6), IL-2, IL-7, IL-10,
interferon-gamma (IFN-y), macrophage inflammatory protein
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alpha, and tumor necrosis factor, is pathological and responsible for the symptoms in
moderate to severe COVID-19 cases (Bohn et al., 2020; Soy et al., 2020). Despite the
current extensive knowledge on the viral structure and life cycle, there is no specific
therapy for COVID-19 patients. The current vaccination campaign has proven to be less
effective against SARS-CoV-2 infection. The protection effect against COVID-19
infection declined for all vaccine types observed on the United States (US) veterans
(Cohn et al., 2021). The overall vaccine protection declined from 87.9% to 48.1%; in
particular, the decline was highest for the Janssen from 86.4% to 13.1%,
PfizerBioNTech were from 86.9% to 43.3%, and Moderna were from 89.2% to 58%
(Cohn et al., 2021). Therefore, it is essential to research antiviral drugs for a long-term
response to the pandemic. According to the Ministry of Health (MoH) of Vietnam, for
drugs that have been recommended by the World Health Organization (WHO), licensed
for circulation, and licensed for emergency use in at least one country in the world, the
antivirals can be indicated for treatment according to the patient's pathology (V. M. o.
Health, 2021b).

This review article aims to provide the mechanism and brief summary of
updated clinical trials results of current guidelines and promising antivirals. It is
expected to propose future strategies for anti-SARS-CoV-2 agents to treat COVID-19 in
Vietnam. Summarize antivirals in COVID-19 treatment guidelines

The pathophysiology of SARS-CoV-2 presented two main pharmacological

approaches, one of which is antiviral therapy preventing the virus-host interaction, viral
RNA synthesis and spreading (Figure 1).



Figure 1: Pathophysiology of SARS-CoV-2 and antiviral interventions According to the
US National Institutes of Health (NIH), antivirals were mainly divided into small molecule
drugs and anti-SARS-CoV-2 monoclonal antibodies (NIH,

2021). Small molecules included in this paper are remdesivir, molnupiravir, favipiravir,
ribavirin, which are nucleoside analogs targeting the viral RdRp; lopinavir/ritonavir,
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which inhibited 3CLp’s proteolytic activities to form RdRp; and umifenovir, which
interferes with the interaction between the viral spike protein and ACE2 as well as
membrane fusion. Monoclonal antibody antivirals include casirivimab/imdevimab,
bamlanivimab/etesevimab, sotrovimab, and regdanvimab whose main function is to bind
the viral spike proteins and to prevent with the host recognition mechanism (EMA,
2021b; NIH, 2021). Table 1 summarizes the number of antivirals in treatment COVID
19 of international organizations and national COVID-19 treatment

guidelines. Table 1

Antivirals in treatment COVID-19

Treatment guideline Small molecule antiviral drugs Monoclonal
antibodies




International WHO - X X !

organization
guidelines FDA & x ! ! !
EMA = ! ! ! ! !
Americas Canada | g4 ENEN Y
USA P 2 Slal!
Eastern | Egypt =
Mediterranean
SA || | A |
UAE |4 o o 7y

Europe France &2 &

Ttaly o4 | x rhp !

Spain &1 &

UK ! = &
Asia | India =) oY

Thailan S

d

China = S

Singapore | & | x | x x | x o | &b

Malaysia | & | &

Australia ! x | x | x X ! ! x

Vietnam | &4 = S & & &

Africa Nigeria x | x | x | x

ghrecommended; ! emergency use authorization/rolling
review/consider/conditional recommendation; - conditional recommendation against; x
recommendation against/only in research settings; blank cell: not mentioned;
'bamlanivimab is administered as a single; “insufficient evidences to recommend either
for or against using ivermectin; *darunavir is administered as a single. Source: World
Health Organization—WHO (WHO, 2021a); Food and Drug Administration—FDA
(FDA, 2021a, 2021b, 2021c¢); European Medicines Agency—EMA (EMA, 2021b);
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Canada (Canada, 2021); The United States—USA (NIH, 2021); Egypt (E. M. o. H. a.
Prevention, 2021); Saudi Arabia—SA (S. M. o. Health, 2021); The United Arab



Emirates—UAE (GHDx, 2021); France (HCSP, 2020); Italy (AIFA, 2021); Spain
(AEMPS, 2020); The United Kingdom—UK (NICE, 2021); India (MoHFW, 2021);
Thailand (DDC, 2020); China (SATCM, 2020; The First Affiliated Hospital, 2020; Wei,
2020); Singapore (NCID, 2021); Malaysia (M. M. o. Health, 2021); Australia
(Taskforce, 2021); Vietnam (V. M. o. Health, 2021b); Nigeria (NCDC, 2020). Accessed
on November 12, 2021.

Small molecule antiviral drugs
Remdesivir

Remdesivir is a broad-spectrum antiviral drug whose mechanism is to inhibit
viral RNA synthesis (Agostini et al., 2018). The active form of remdesivir is an
adenosine nucleotide analog that acts as a substrate for RdRp and is able to avoid
proofreading by viral exonuclease; in doing so, the drug stop adding nucleotides to the
ongoing
synthesized RNA (Saha et al., 2020). Remdesivir is the only drug approved by the US
Food and Drug Administration (FDA) for hospitalized COVID-19 patients who require
only minimal oxygen therapy (FDA, 2021b). The Adaptive COVID-19 Treatment Trial
has shown a reduction in time to recovery in the experimental group who received
intravenous remdesivir at 200 mg on the first day of hospitalization, then continued at
100 mg for up to 9 days (Beigel et al., 2020). With the evidence from the SOLIDARITY
trial, WHO recommends against the use of remdesivir, yet the trial is continued with the
addition of 11,266 randomized patients, and the result has the potential to change
practice (WHO, 2021a). On October 6, 2021, the updated COVID-19 guideline issued
by MoH of Vietnam has allowed for prescription of remdesivir for hospitalized patients
with respiratory distress and requirement for non-invasive ventilation, or high-risk
patients (V. M. o. Health, 2021b).

Lopinavir plus Ritonavir

Lopinavir is an antiviral drug targeting 3CLp and prevents viral RNA synthesis
(Nutho et al., 2020). The drug is administered in combination with ritonavir for aiding
inhibition of lopinavir metabolism by CYP3A4 (Zeldin et al., 2004). Lopinavir/ritonavir
are not approved by the NIH. However, because it demonstrated antiviral and mitigating
effect on severe acute respiratory syndrome during previous SARS pandemic (Chu,
2004), some guidelines allow for lopinavir/ritonavir in combination with other
antimalarials and antimicrobials instead of lopinavir/ritonavir monotherapy. The
medication is allowed in Nigeria, SA, and the UAE for clinical trial settings or therapy
in combination with hydroxychloroquine/chloroquine and azithromycin depending on
the patient’s severity. The results of three clinical trial, LOTUS, RECOVERY, and
SOLIDARITY have illustrated the same insignificant effect of lopinavir in improving
the patients’ clinical outcome (Cao et al., 2020; Consortium, 2020; Horby et al., 2020).
Currently, there are 12 recruiting clinical trials carried out to evaluate the benefit of
lopinavir/ritonavir monotherapy as well as of combining lopinavir/ritonavir with other
antivirals.

Favipiravir

Favipiravir is also a guanine analog. Its active form, phosphoribosylated
favipiravir, blocks RdRp and alters viral RNA synthesis within the host cell inducing
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mutation that renders a nonviable viral phenotype (Furuta et al., 2017). Currently, the
drug is approved for COVID-19 antiviral therapy in Saudi Arabia, the UAE, Thailand,
and Vietnam (Table 1). The UAE recommends starting treatment for patients with
confirmed COVID-19, either with or without pneumonia, at 1,600 mg per os (PO) twice



daily then 600 mg PO twice daily for 5 days or 7 days depending on the disease severity
(U. M. o. H. a. Prevention, 2021). There are 14 registered clinical trials recruiting to
evaluate the efficacy of favipiravir as a pharmacological intervention for COVID-19. In
many trials, favipiravir improved the patients’ clinical status and was associated with
less need for supplemental oxygen therapy, yet the therapy does not significantly reduce
the mortality rate in those with mild to moderate COVID-19 (Hassanipour et al., 2021).
The same updated guideline in Vietnam has also permitted favipiravir for mild
COVID-19 patients with initial doses of 1,600 mg twice daily and 600 mg twice daily
for the next 7- 14 consecutive days (V. M. o. Health, 2021b).

Umifenovir

Umifenovir blocks the trimerization of SARS-CoV-2 spike glycoprotein and
interferes with the viral interaction with ACE2 (Vankadari, 2020). The drug also
impedes  membrane fusion of the viral envelop and host cells by inhibiting
clathrin-mediated endocytosis (Blaising et al., 2013). Umifenovir is only recommended
in China in combination with lopinavir/ritonavir (The First Affiliated Hospital, 2020).
In an open
labeled, randomized control trial conducted at the Israel University of Medical Science,
COVID-19 patients with pneumonia and SpO2 < 94% were randomized into one group
treated with hydroxychloroquine followed by umifenovir, and the other one treated
hydroxychloroquine and lopinavir/ritonavir. The former combination showed a shorter
hospital stay, improvement of pneumonia based on CT scan, and better laboratory
results including peripheral oxygen saturation, white blood cell count, and erythrocyte
sedimentation rate (Nojomi et al., 2020).

Ribavirin

Ribavirin, originally used to treat hepatitis C, is a guanidine analog that also
targets RdRp and inhibits the viral RNA transcription within the host cell as well as
induces mutagenesis that engenders dysfunction viral phenotype (Te, 2007). Ribavirin is
recommended in a ftriple therapy including ribavirin, lopinavir/ritonavir, and
subcutaneous IFN B-1b for COVID-19 treatment in the UAE and China (Table 1). This
combination, in the UEA, is used for critically ill patients or those with severe
pneumonia, with doses of lopinavir/ritonavir at 200/50 mg PO twice daily and of
ribavirin at 400 mg PO twice daily for seven days (Authority, 2021). A triple
combination mentioned is shown in the phase II clinical trial to alleviate symptoms and
shorten the time duration to viral clearance as well as reduce hospital stay for patients
with mild to moderate COVID-19 (Hung et al., 2020). The drug is contraindicated for
those with kidney failure and hepatopathy as well as in pregnancy due to its teratogenic
property (GHDx, 2021). Currently, there are four recruiting clinical trials studying the
benefit of ribavirin on COVID-19 (NCT04494399, NCT04563208, NCT04959786,
NCT04757272).

Ivermectin

Ivermectin is an FDA-approved antiparasitic drug that has been shown to halt the
replication of SAR-CoV-2 in vitro, as indicated by a several-fold reduction in viral RNA
ivermectin-treated samples (Caly et al., 2020). Host-responsive immunoregulation is
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another mechanism by which ivermectin may act achieved by neutrophil activation,
increased C-reactive protein, and IL-6 levels (Kaur et al., 2021). Ivermectin is not
recommended by WHO for COVID-19 treatment unless in clinical trials because of low
quality data (WHO, 2021b). In a retrospective study in Bangladesh, hospitalized adult
patients with laboratory-confirmed SARS-CoV-2 infection were treated with a single



dose of ivermectin 12 mg within 24 h of hospital admission. Ivermectin’s association
with faster viral clearance and better clinical outcomes was observed (Khan et al.,
2020). In a prospective clinical study, ivermectin may improve the laboratory
parameters’ prognosis and reduce mortality even when used in patients with severe
COVID-19. Therefore, ivermectin should be considered as an alternative drug in the
treatment of COVID-19 disease (Okumus et al., 2021). The Indian guideline considers
using ivermectin for patients with mild cases from three to five days and avoids it in
pregnant and lactating women (Welfare, 2021).

Nitazoxanide

Nitazoxanide is a broad-spectrum anti-infective drug that markedly modulates
the survival, growth, and proliferation of a range of extracellular and intracellular
protozoa, helminths, anaerobic and microaerophilic bacteria, in addition to viruses
(NCBI, 2021). The biological activity against influenza and other respiratory viruses of
nitazoxanide is demonstrated by its blockage of the maturation of viral hemagglutinin
at the post
translational stage. In addition, nitazoxanide enhances type 1 IFN (a, ) production
produced by host fibroblasts after stimulation by the influenza virus (Rossignol, 2014).
A clinical trial in Florida and New York treating 1,092 COVID-19 patients with two
nitazoxanide 300 mg tablets administered orally twice daily with food for 5 days
showed that nitazoxanide could reduce the rate of progression to severe disease
compared with placebo. In patients with mild COVID-19, symptom relief was not
different between the nitazoxanide and placebo groups after 5 days of treatment.
However, early nitazoxanide therapy was safe and reduced viral load significantly
(Rocco et al., 2021). In all 17 phase II and phase III clinical trials, including recruiting
and activated but not recruiting, registered on the US National Library of Medicine, has
10 trials involving nitazoxanide. These trials have mostly taken place in the US and

Egypt.
Molnupiravir

Molnupiravir was developed by Merck and Ridgeback Biotherapeutics in
treatment for mild to moderate COVID-19 patients (Biotherapeutics, 2021). The orally
administered form of molnupiravir is a nucleoside analog B-d-N4-hydroxycytidine
targeting RdRp and incorporating itself into the genomic RNA transcription (Kabinger
et al., 2021). In doing so, the chemical induces mutagenesis of sub-genomic RNA by
adding either guanine or adenine instead of wuracil or cytosine. Molnupiravir
monotherapy for COVID-19 patients provided superior benefit in reducing the viral
load (Fischer et al., 2021). Participants in the study experienced at least one symptom,
such as fever, cough, or shortness of breath, and the effect of molnupiravir is evaluated
by SAR-CoV 2 viral load and presence of adverse effects during the therapy. The
experimental group was randomized to receive molnupiravir at 200 mg, 400 mg, or 800
mg twice daily for five days. The treated group had a greater proportion of patients with
reduced viral isolation and a shorter time to viral clearance as compared to the placebo
group. Those receiving higher doses of molnupiravir demonstrated quicker viral
clearance, and the group prescribed with higher dose had fewer people remaining
infectious after three days of therapy. There was no observed dose-related hematologic,
renal, or hepatic toxicity.
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At the beginning of September 2021, Merck and Ridgeback Biotherapeutics
initiated a multicenter, randomized, double-blind, phase III clinical trial called MOVe
AHEAD (NCT04939428) to assess the prophylactic potential in participants sharing the
same household with infected patients (Merck, 2021a). A concurrent phase III trial



MOVe-OUT has also been conducted since April 2021 to evaluate molnupiravir’s
efficacy in outpatient COVID-19 care. On October 1, 2021, the initial data of the study
showed a 50% reduction in risk of hospitalization or death in the experiment group. It
was also reported that molnupiravir effectiveness is consistent across viral variants
Gamma, Delta, and Mu. Merck is currently seeking emergency use authorization of
molnupiravir for non-hospitalized treatment with the FDA. They announced the EMA
has initiated a rolling review of the company’s marketing authorization application
(Merck, 2021b). On November 4, 2021, the UK became the first country to authorize
molnupiravir under the brand name Lagevrio (UK, 2021). The Government of the UK
approved just over a month after Merck announced that molnupiravir helps reduce the
risk of hospitalization in people with mild or moderate of COVID-19.

Since August 2021, the MoH of Vietnam approved an open-label, randomized,
phase II/III clinical trial to evaluate the safety and efficacy of molnupiravir capsules in
combination with standard therapy for mild COVID-19 patients, who are confirmed by
RT-PCR (Training, 2021). Eligible participants adopt a home-based care with 400 mg
molnupiravir twice daily for five consecutive days (H. D. o. Health, 2021; Training,
2021). As of November 11, 2021, Vietnam National Lung Hospital and Thong Nhat
Hospital have announced that the rate of viral negatives within five days of using
molnupiravir is above 70%, while negative rate at 14 days post-treatment reach 100%,
and no mortality reported (Agency, 2021). According to the protocol "Guidelines for the
diagnosis and treatment of COVID-19" of the MoH of Vietnam dated October 6, 2021,
molnupiravir is approved for treatment of mild COVID-19 patients at a dose of 400 mg
(V. M. o. Health, 2021b). In November, 2021, the MoH informed about the results of the
mid-term report of the program in 22 provinces/cities showing that the drug has high
safety, good tolerability, obvious effectiveness in reducing viral load, reducing spread,
reducing severe transfer, and shortening treatment time (V. M. o. Health, 2021a).

Novel protease inhibitor Pfizer’s Paxlovid

Paxlovid is a novel oral antiviral drug developed by Pfizer which is a
combination of PF-07321332 and ritonavir to act specifically against the 3CLp of
SARS-CoV-2 (Pfizer, 2021a). A molecular study exploring the interaction between
PF-07321332 and 3CLp revealed that the small molecule had a strong affinity and
stable connection with the catalytic dyad His41-Cys145 of the protease (Ahmad et al.,
2021). In the experiment, chemical interaction was compared among four candidates
including PF-07321332, alpha-ketoamide, lopinavir, and ritonavir, PF-07321332 has
the highest energy binding to 3CLp and the least fluctuating hydrogen bonds. Using
ritonavir is anticipated to protect PF-07321332 from metabolism or breakdown in the
body, therefore it prolongs and ensures sufficient PF-07321332 bioavailability to aid
against SARS-CoV-2 (Pfizer, 2021c). Pfizer started phase II/IIl trial EPIC-HR to
evaluate the efficacy and safety in COVID-19 participants who are at high risk of
progression to severe illness as well as phase II/III trial EPIC-PEP to assess the drug’s
preventive ability for COVID-19 infection on July, 2021 and September, 2021,
respectively (Pfizer, 2021b). On November 05, 2021, according to an interim analysis
of phase II/III trial EPIC-HR, Pfizer announced that its antiviral drug Paxlovid could
significantly reduce the risk of
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hospitalization or death by 89% compared to placebo in non-hospitalized high-risk
adults with COVID-19 (Pfizer, 2021c). Pfizer is preparing the necessary data and
submission to FDA for an emergency use authorization (Pfizer, 2021c).

Promising vipdervir antiviral drugs in Vietnam

Vietnam Academy of Science and Technology has conducted a preclinical trial



of vipdervir on livestock and announced the results on August 10, 2021. Vipdervir is a
herbal medicine limiting the proliferation of HSN1 virus, and SARS-CoV-2 with the
following three mechanisms: (1) blocking the spike protein of SARS-CoV-2 and ACE2
receptor on the host cell to prevent viral contact and host entry, (2) affecting the
replication of SARS-CoV-2 by inhibiting necessary enzymes of the process, (3)
activating the patient's immune system against the virus. These mechanisms will
synergize to help prevent and treat COVID-19. Currently, the drug has not been used in
humans because it is underway in a clinical trial, which is expected to be licensed for
treatment by the end of 2021 (VAST, 2021).

Anti-SARS-CoV-2 monoclonal antibodies
Sotrovimab

Sotrovimab is a monoclonal antibody originally identified from an individual
who had recovered from SARS-CoV 2003 (Dolgin, 2021). It targets an epitope in the
receptor binding domain (RBD) of the SARS-CoV-2 spike protein (EMA, 2021c¢). It
contains a two-amino acid Fc modification that increases the half-life and improves
bioavailability (Gupta et al., 2021). Sotrovimab started rolling review on May 7, 2021
by EMA (EMA, 2021b). FDA emergency authorized sotrovimab on May 26, 2021 for
mild to moderate COVID-19 adults and pediatric patients and who are at high risk for
progression to severe COVID-19 (FDA, 2021b). Phase III COMET-ICE trial was
reinforced evidence for FDA licensing for sotrovimab. The results presented a 6%
absolute reduction and an 85% relative reduction in hospitalizations or death among the
sotrovimab recipients compared to the placebo recipients (NCT04545060) (Gupta et al.,
2021). Currently, sotrovimab was recommended for the treatment COVID-19 patients
in Canada, the USA, Saudi Arabia, Singapore, Australia, and Vietnam (Table 1). There
are currently two recruiting clinical trials phase III assessing the benefit of sotrovimab
(NCT04913675 and NCT04790786). Casirivimab plus Imdevimab

Casirivimab/imdevimab  (formerly known as REGN-COV2) are human
immunoglobulin G-1 (IgG1) directly bound to non-overlapping epitopes of the spike
protein RBD of SARS-CoV-2 to block virus entry into host cells (Razonable et al.,
2021). The therapy had significantly lower all-cause hospitalization rates at days 14, 21,
and 28 (Razonable et al., 2021). Ganesh et al confirmed a low rate of all-cause
hospitalization after treatment with anti-spike  monoclonal  antibody
casirivimab/imdevimab of a large cohort of high-risk patients with mild to moderate
COVID-19 (Ganesh et al., 2021). The combination of casirivimab/imdevimab received
FDA emergency use authorization for the outpatient treatment of high-risk patients with
mild to moderate COVID-19. Subsequently, EMA started a rolling review of antibody
casirivimab/imdevimab in early February 2021 (EMA, 2021b). The MoH of Vietnam
added casirivimab/imdevimab to the list of antiviral drugs for the treatment of
COVID-19 in the most updated guidelines. The dose of casirivimab/imdevimab
combination was recommended at 600 mg/600 mg intravenously (NIH, 2021). There
are currently two recruiting clinical trials phase III (NCT04790786 and NCT04425629)
and one active clinical trial (NCT04452318) to
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evaluate the safety and efficacy of anti-spike SARS-CoV-2 monoclonal antibodies
casirivimab plus imdevimab.

Bamlanivimab plus Etesevimab

Bamlanivimab/etesevimab, a neutralizing IgG1 developed by Eli Lilly was
permitted as emergency use by FDA for treatment of mild to moderate COVID-19 in
adults and pediatric patients, and who are at high risk for progression to severe COVID



19 (Company, 2021). Bamlanivimab/etesevimab was designated to bind to distinct yet
overlapping epitopes within the RBD of the spike protein. The safety and efficacy of
bamlanivimab/etesevimab has been indicated in four clinical trials NCT04427501,
NCT04411628, NCT04497987, and NCT04634409 clinical trials (Nathan et al., 2021).
EMA is yet to issue a marketing authorization but has started a review of the data on
March 11, 2021. In Canada and the UAE, bamlanivimab is administered as a single
medication (Table 1). The NIH panel recommended against the use of
bamlanivimab/etesevimab in June, 2021 because both agents were reduced susceptibility
to the Gamma and Beta variants (NIH, 2021). However, bamlanivimab plus etesevimab
retains activity against the Delta variant, the NIH panel decided to include it for the
treatment of nonhospitalized patients with mild to moderate COVID-19 who are at high
risk for clinical progression on October 19, 2021. In Vietnam, bamlanivimab/etesevimab
is recommended for the treatment of COVID-19 patients with mild to moderate onset
less than 10 days and a high risk of severe progression (Caracciolo et al.).

Regdanvimab

Regdanvimab (formerly known as CT-P59) is a monoclonal antibody developed
by Celltrion, Korea with activity against SARS-CoV-2 (EMA, 2021b). Regdanvimab has
been designed to attach to the spike protein of SARS-CoV-2 inhibiting the interaction
between the SARS-CoV-2 RBD and the ACE2 receptor by this means the ability of the
virus to enter the body’s cells is reduced (EMA, 2021a). Based on an interim report
from arandomized, double-blind, placebo-controlled clinical trial phase II/III trial study
of 325 non-hospitalized COVID-19 patients, EMA decided to start rolling review
regdanvimab in late February 2021. According to a press release of Celltrion on
February 5, 2021, patients treated with regdanvimab were reported a significantly
reduced risk of COVID-19 associated hospitalization, progression rates to severe
COVID-19 were reduced by 54% for mild-to-moderate symptoms patients and 68% for
moderate patients aged 50 years and over (Celltrion, 2021). Ryu et al. demonstrated
that regdanvimab could reduce viral load in South African variant-infected ferrets by
therapeutic dosage (Ryu et al., 2021). The Korean Ministry of Food and Drug Safety
approved regdanvimab for extended use in adults and people aged 50 years or above
with COVID-19 on September 20, 2021 (Technology, 2021). There is currently one
recruiting clinical trials phase II/IIT study to assess the efficacy of CT-P59 to the mild to
moderate SARS-CoV-2 infected patients under identifier NCT04602000.

Conclusions & recommendations

Effort in designing new and specific antivirals for SARS-CoV-2 has been put
forth since the beginning of the pandemic. This review presents a summary on what
antiviral therapies are currently considered, and which one is germane to the context of
the pandemic in Vietnam. There have been many candidates, most of which are
repurposing medication in other infectious diseases, yet, a few drugs arise as the
potential medications for COVID-19. These include small-molecule drugs, such as
molnupiravir,
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remdesivir, and favipiravir as well as monoclonal antibodies such as sotrovimab,
casirivimab/imdevimab, and bamlanivimab/etesevimab. With the updated result,
molnupiravir is expected to be the first specific oral drug for SARS-CoV-2. Vietnam has
also approved three small molecule drugs and three antibodies. Especially, using
molnupiravir in the treatment of the mild to moderate COVID-19 community
demonstrates the speedy adaptation of Vietnam’s health system in efforts to reverse the
epidemic. In the long-term, vaccination may be the optimal approach but it is not a
guarantee against virus variants. Therefore, COVID-19 treatment drugs are the



fundamental solution, in which antiviral therapy is a promising therapeutic against
SARS-CoV-2 in the future.
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Virus
(SARS-CoV-2) giy ra, dugc phét hi¢én ndm
2019 nhung hién dang lay lan nhanh chéng,
anh huong dén hang trim triéu nguoi trén
toan thé gidi, dan dén hang tri¢u ngudi tir
vong. Cac ngh1en cuu gan day cho thay, bd
sung va can bang dinh dudng cho co thé co
thé quyét dinh mot phan giam nguy co mic
phai va két qua hoi phuc ctia bénh nhan nhidém
SARS-CoV-2. Selen la mét trong nhiing
nguyén td vi lugng chinh can thiét cho co thé
v6i nhiéu hoat tinh quan trong trong hd tro
ting cuong mién dich, chéng oxy héa va ngin
ngura nhiém virus, dic biét 1a selen & dang
nano. Muyc dich cua bai viét nay nham téng
hop két qua ctia mot sd nghién ciru trén thé
giéi dén thoi diém hién tai vé vai tro ciia selen
va nano selen trong cudc chién chéng
COVID-19. Tir d6 cung cip thém co so ly
luan cho nhitng nghién ctru trong tuong lai vé
ung dung selen va nano selen trong phong va
diéu tri COVID- 19.

ABSTRACT

Type Coronavirus 2019 (COVID-19), an acute
respiratory syndrome caused by coronavirus 2
(SARS-CoV-2), was discovered in 2019.
However, it spreads quickly and creates many
dangerous strains affecting hundreds of
millions of people worldwide, with high
mortality rates. Recent studies show that
balancing and supplementing the body with
nutrition determines the risk of contracting
and recovering from SARS-CoV-2 infection.
Selenium is one of the main trace elements
needed by the body with many essential
activities in supporting immunity, antioxidant
and preventing viral infections, especially
selenium in nano form. The review reveals
several worldwide studies to date on the role
of nano selenium in the fight against COVID
19. Thereby provides a rationale for future
studies on selenium and nano selenium
applied in the prevention and treatment of
COVID-19.
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1. Giéi thiéu COVID-19

COVID-19 13 mot cin bénh xuit hién tir thang 12 nim 2019, anh hudéng dén
hang trim triéu nguoi trén toan thé gidi va dan dén hang triéu ca tir vong. Bénh nay do
coronavirus 2 (SARS-CoV-2) giy ra hoi chimg ho hip cip tinh nghiém trong. Day la
mot loai virus rat dé lay nhiém & ngudi hodc dong vat, chi yéu lay lan qua dudng ho
hap dudi dang giot ban (Adnan va cs, 2020). Hién nay, Coronavirus du0’c tim thay 0
nhiéu blen thé khdc nhau: alpha, beta, gamma va delta. Coronavirus c6 cdu tric mang té
bao gom ba loai protein: glycoprotein gai (S, Spike Protein), glycoprotein vo (E,
Envelope Protein) va glycoprotein mang (M, Protein mang) va mot sd loai c¢6
hemagglutinin glycoprotein (protein HE, Haemaglutinin-esterase) (Schoeman va cs,



2019). Acid nucleic cta coronavirus 12 mot RNA soi don, ¢6 nhiéu kha niang ton tai hon
cac virus DNA (Cascella va cs, 2020).

Bénh COVID-19 thuong c6 bicu hién cdc triéu chimg nhu sét, ho khan va mét
moi. Céc tridu chimg khic c6 thé bao gdm dau nhirc, nghet miii, thiéu mau, dau hong va
tieu chay (Cascella va cs, 2020; Guan va cs, 2020). Biéu hién 1am sang cua bénh c6 sy
khéc nhau giita cdc c4 nhan va hon 80% nguoi mic bénh c6 thé khong c6 triéu ching
hodc biéu hién céc triéu chirng nhe. Nhitng truong hgp nay, cd nhan hoat dong nhu mot
ngudi binh thuong mang mam bénh mot cach tham ling (Guan va cs, 2020). Bén canh
d6, virus SARS-CoV-2 ¢6 kha ning ton tai cao trong méi trudng bén ngoai va cé thé
duy tri kha ning hoat dong t6i da 3 ngay trén bé mit kim loai va nhya, diéu nay lam
tdng kha
ning iy nhiém cho nhiéu ngudi tr mot ngudn lay nhiém duy nhat (Van va cs, 2020).
COVID-19 la mgt bénh tic dong 1én hé théng ho hép, dac biét khi virus xam nhép vao
phoi, ¢6 thé giy nén bénh viém phdi va din dén hoi chitng suy hd hap cip tinh (ARDS).
Céc nghién ctru moi da phét hién ra rﬁng, SARS CoV-2 ciing lay nhiém & cic md va cic
co quan khic ngoai phdi va ¢ thé dan den tén thuong da co quan (Gupta va cs, 2020).
Nhitng biéu hién cta bénh nay bao gom tac mach mau, rbi loan chtrc ndng va ro6i loan
nhip tim, hdi chimg tim mach vanh cap tinh, chan thuong than cép tinh, céc triéu ching
vé tiéu hoéa, ton thuong té bao gan, ting dudng huyét va nhidm toan ceton, céc triéu
ching than kinh, cdc bénh & mét va céc bién chimg da lidu.

2. Stress oxy héa trong COVID-19

Stress oxy héa 1a tinh trang mat cin bing gilra qud trinh tao géc tu do va kha
ning chdng oxy héa. Viéc qué tai cac gbc tu do nhu gbc hydroxyl (OH"Y), gbc anion
superoxide (O,’), hydrogen peroxide (H202) va peroxyl (ROO) la doc hai vi ching c6
kha ndng phan wng va lam hong cac phan tir sinh hoc nhu DNA, RNA, protein,
carbohydrate va lipid. Sy du thira ctia cdc goc ty do 1am ton hai dén céc té bao va mo,
gy ra tinh trang viém. Viéc kich hoat cidc con duong viém cang lam tdng thém cing
thang oxy héa (Liguori va cs, 2018). Trong khi cac loai oxy phan mg (ROS) nhu
superox1de la mot thanh phan khong thé thiéu cua cic co ché bao vé mién dich va tin
hiéu té bao, viéc san Xuét qua nhiéu ROS c¢6 hai cho sirc khoe. Sy xam nhép cua virus
SARS-CoV-2 vao té bao phdi c6 thé giy stress oxy héa té bao vi virus st dung mdy
mée cia té bao chi, can tré qué trinh trao dbi chét va sinh 1y ndi tai cua té bao. Céc
hoat df)ng cua virus s€ tao ra phan tng cdng thfmg cho té bao. Su nay chéi cua virion
virus tir té bao chu s¢ tiép tuc pha v mang té bao va c6 thé gy ly giai té bao. Trong
COVID 19, c6 sy mat can bang trong trang thdi oxy héa khur cia te bao v6i quéa nhidu
goc tu do, dac biét la san xuét ROS va kich hoat céc con duong truyen tin hiéu viém sé
tiép tuc kich hoat sy tao ra cac géc tu do gay tén thuong mo (Checconi va cs, 2020). Do
d6, cdc dau hiéu cua qua trinh oxy héa té bao va qud trinh stress wdc tinh sé ting 1én &
nhirng ngudi nhiém COVID-19. Theo d6, mirc do
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trong mdu cua cdc phan tir gdy viém bao gém protein phan tmg C (CRP) va peptit ¢6
ngudn gdc Nox2 trong huyét thanh gép phan gy ra stress oxy héa di duoc phat hién
ting 1én & nhirng ngudi nhiém COVID-19 (Guan va cs, 2020; Jing va cs, 2020; Violi va
cs, 2020).

3. Giéi thi¢u vé Selen

Selen (Se) 1a nguyén t6 vi luong quan trong trong co thé con nguoi va dong vat.
Su thiéu hut selen trong ché do #n udng c6 thé gy ra nhidu bénh. Tir nghién ciru ctia
Scott va cdng sy (1973), da khéng dinh hoat tinh sinh hoc cta selen va tim quan trong
ctia n6 trong dinh dudng ctia ngudi va dong vat. Selen c6 tac dong tich cuc dén hé thong
mién dich tir d6 gitp cai thién sirc khoe. Selen dugce khuyén nghi trong ché dé in hang



ngay 1a 55 pg/ngay & ngudi 16n va lidu gdy doc cua selen 1a trén 400 ug/ngay dén 700
ug/ngay (Mehdi Va cs, 2013). Se thuc hién céc chirc ning khdc nhau trong co thé: glup
tdng cuong he mién dich, hoat dong nhu mét tac nhan chéng lai stress oxy hoa didu
chinh noi tiét, cai thién kha niing sinh san. Selen ¢ thé cai thién chtic ning mién dich
clia co thé bang cach ting cudng vai trd ciia té bao T (T cell) va té bao tiéu diét ty nhién
(NK cell), do d6 c6 kha nédng tiéu diét cac té bao khdi u (Bano va cs, 2021). Cac chuc
ning khéc nhau ctia Se dugc trinh bay chi tiét trong Hinh 1.

A A

" Ting cwong mién dich
den ' va béo vé vit chi
34 Se

téc va
h¢
Selenium
3.96 g
théng xwong

Tac dong

A

> > P »>

A A

A 4

Hinh 1: Hoat tinh sinh hoc ciia selen d6i v6i cic hoat dong co thé.

Ghi chi: Bano va cong su, 2021.

Selen ton tai chii yéu trong dat va nudc, tuy nhién chiing ciing dwgc tim thdy
trong cac co thé séng nhu dong vat, thuc vat va vi sinh vat (Navarro va cs, 2008). Ngoai
ra, selen con tim théy O trong nhiéu thuc phém nhu cac loai hai san (Navarro va cs,



2008), ngii cdc, nam, thit, tring, ... Trong co thé song, selen chil yéu ton tai ¢ dang
aminoacid nhu selencystin, selencystein, selenmethionin, selenglutathion va cac
selenoprotein
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(Shibata va cs, 1992; Pyrzynska va cs, 1998; Lobinski va cs, 2000). So véi cac dang Se
khéc, nano-selen (nanoSe) c6 ddc tinh thép, sinh kha dung va hi€éu qua cao trong viéc
ngin ngira ton thuong do oxy héa va ting cuong chirc ning mién dich (Huang va cs,
2003; Zhang va cs, 2007; Hosnedlova va cs, 2018; Khurana va cs, 2019). NanoSe c6 thé
quét cic gbc ty do hiéu qua ¢ néng do nhoé hon 0,5 mM (Huang va cs, 2003). Nhiéu
nghién ctru phét hién ra rang, nanoSe vé&i kich thudc nho hon (5-15 nm) c6 kha niing
loai bo cac géc tu do tt hon, dugc su dung trong diéu tri nhiéu bénh bao gém ung thu,
cdc bénh viém nhiém, xo héa gan va cai thién tinh trang bénh do virus gy ra (Wang va
cs, 2005; Li va cs, 2011; Huang va cs, 2013; Kumar va cs, 2014).

4. Lién két giira Selen va COVID-19

Sy thiéu hut selen dudng nhu phé bién & bénh nhan mic COVID-19. Diéu nay
duoc chi ra bdi nghién ctu cia Im va cong su (2020) & Han Qudc, noi ty 1€ thiéu hut
selen cao duwa trén viéc do lugng selen trong miu cua bénh nhin COVID-19.
Moghaddam va cong su (2020), mét trong nhitng nghién ctru dau tién lién quan da nhan
dinh rang, thiéu hut selen c6 lién quan dén ty 1¢ tir vong cao hon & bénh nhan
COVID-19. O nhitng bénh nhan nhap vién, tinh trang thiéu hut chat dinh dudng rat pho
bién va tinh trang bénh COVID-19 tré nén nghiem trong, do d6 tinh trang thiéu hut
selen kha phd blen Vlec hap thy khong du selen van ton tai trong mot ty 1¢ 16n dan sb
thé giéi & mot s6 qudc gia va didu nay c6 thé ¢ tac dong dang ké dén sy 1ay nhidm
COVID-19. Zhang va cOng sy
(2020) da nghién ctru & Trung Qudc cho thdy, ¢ sy lién quan giita lugng selen duoc
hap thu dén ty 1¢ chita khoi ctia bénh COVID-19. Hon nita, cdc bénh do virus truyén
nhiém nhu HIV, cim va Ebola c¢6 nhiéu kha niing tién trién va 1iy lan ¢ nhitng khu vuc
thiéu selen (Harthill va cs, 201 1).

Selen va selenoprotein gép phan lam giam nguy co cao gdy ton thuong phdi do
qua trinh oxy héa trong COVID-19. Selen ciing dugc phat hién 1a c6 lién két truc tiép
v6i COVID-19. Vi dy, ngudi ta thay rang ty 1é chita khéi cia bénh nhan COVID-19 &
Enshi 13 36,4%, trong khi ty 1é chita khoi trung binh céc thanh ph6 ¢ HO Bac 1a 13,1%
(Zhang va cs, 2020). C4c nghién ctru cho thdy muic Se trong cdc mau téc ¢ Enshi 1a 3,13
+ 1,91 mg/kg ddi voi phu nir va 2,21 + 1,14 mg/kg ddi voi nam gidi (Huang va cs,
2013), trong khi mirc do Se & céc viing khdc nhau ctia H6 Béc chi 13 0,55 mg/kg (Li va
cs, 2014). Liéu luong dung nap Se & Enshi dugc bdo cédo 1a 550 pg/ngay vao ndm 2013
(Huang va cs, 2013). Nguoc lai, tinh Hac Long Giang & Péng Béc Trung Qudc c6 ty 18
tr vong cao 2,4% do COVID-19 (Zhang va cs, 2020) so v&i céc tinh khdc ngoai trir H
Bic, noi duge bdo cdo lugng selen duoc dung nap 1a 16 pug/ngay vao nim 2018 (Dinh
va cs, 2018) va mirc Se trong téc & tinh Hic Long Giang chi 1a 0,26 mg/kg (Li va cs,
2014; Dinh va cs, 2018). Nhung khao st nay chi ra rang, ty 1€ bénh nhan khdi bénh &
cac thanh pho bén ngoai HO Béc c6 twong ‘quan ddng ké v6i lugng Se hap thy trong co
thé. Cu thé, ham lugng Se trong co thé bénh nhan cang cao thi ty 1€ khdi bénh
COVID-19 cang 16n. Moghaddam va cong su (2020) dd phat hién ra rang, nong do Se
trong mau huyét thanh ctia nhitng bénh nhan COVID-19 sdng s6t cao hon nhitng nguoi
khong séng sOt (twong Ung voi selen 1a 53,3 + 16,2 va 40,8 + 8,1 ug/L, selenoprotein la
33+1,3va2,1+0,9 mg/L).

Ebselen 12 mot loai Se hitu co, da dugc chimg minh c6 kha ning trc ché COVID 19
bang cach lién két cong héa tri véi COVID-19 virion MP™ qua mang té bao (Jin va cs,
2020). Ebselen khong gy doc té bao va da duge chirg minh 12 an toan & nguoi (Lynch



va cs, 2009; Masaki va cs, 2016; Kil va cs, 2017). Ebselen ¢6 hi¢u qua nhit & néng do
10 uM Véi cdc té bao Vero bi nhiém COVID-19 (Jin va cs, 2020). Tuy nhién, né ciing
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dugc bdo cdo giy ra nguy co ton thuong gan nghiém trong xdy ra trong trudng hop
COVID-19 (Feng va cs, 2020). Mit khac, Ebselen da duoc tim thiy 1a chét tc ché ton
thuong gan khi co thé bi kich thich boi nhiéu loai héa chat va vi triing.

Tén thuong mé phdi c6 thé bit ddu phan tng bénh 1y mién dich, duoc goi 1a con
bao cytokine ¢ nhirng nguoi bénh COVID-19. Trang thai nay dugc dac trung boi su gia
ting san xudt cdc goc tr do, viém nhiém va phéng thich qud mirc céc cytokine, tat ca
déu gdy viém va ton thuong co quan (Bhaskar va cs, 2020). Cho dén nay, khong c6
bang ching tryc tiép tir bénh nhan COVID-19 khi selen 1am han ché hinh thanh con
bdo cytokine; tuy nhién, bang chtng tir cdc nghién ctru khéc trén dong vat va cdc nha
nghién ctru ting ho vai trd cua selen trong qué trinh hinh thanh mién dich cua
COVID-19 (Jaspers va cs, 2007; Tseng va cs, 2012; Khoso va cs, 2018). Hon nira, selen
t6n tai & phdi thdp c6 thé can tré qud trinh stra chita va chita lanh caa phéi. Trong tinh
trang bénh 1y mién dich, s& c6 nguy co thiéu hut selen va theo d6 selen trong mau c6
kha ning giam so véi nhiing bénh nhén binh thuong. Nguoc lai, trong diéu kién thiéu
selen, muc cytokine gdy viém trong mdu tdng. Trong mot nghién ctru & nhiing nguoi
cao tudi, nhimg ngudi ¢c6 mirc do cao hon ciia cytokine giy viém IL-6, sy thiéu hut
selen ¢6 ty 18 cao va selen huyét thanh c6 lién quan nghich véi IL-6 (Tseng va cs,
2012). O ga, su thiéu hut selen 1am giam sy biéu hién cua cdc gen selenoprotein trong
lach va tdng muc cytokine gay viém (Khoso va cs, 2018) Trong céc dong té bao biéu
md phé quan cua ngudi bi nhidm virus cdm, cdc té bao thiéu selen tao ra nhiéu IL-6
hon hon té bao c6 du selen (Jaspers va cs, 2007). Cic bang chimg khac cho thdy tinh da
hinh (105G/A) & mdt trong nhitng selenoprotein quan trong nhu selenoprotein S, c6
lién quan chit ch& véi muc do hoat dong cua céc cytokine gy viém gom IL-1p, IL-6 va
TNF-a (Curran va cs, 2005). Nghién ctru nay cho thdy tdim quan trong cia
selenoprotein dén phan mg viém.

Nhiém tring mau 12 mét trong nhimng tinh trang bénh 1y mién dich phd bién
duoc dac trung bdi con bao cytokine va tinh trang viém ndng va stress oxy héa thuong
duoc bat dau boi cic khang nguyén dugc giai phéng tir vi sinh vat sau khi nhiém tring.
Thiéu hut selen kha phd bién & bénh nhan nhiém tring mau va murc d6 thiéu hut thudng
lién quan dén mirc do nghiém trong cua bénh (Huang va cs, 2012; Belsky va cs, 2018)
Trong mdt nghién ctru trén nguoi, nong do selen trong huyet tuong thap dugc tim thy
& nhitng bénh nhan bi bénh ning, ndng do selen trong huyét twong & nhirng bénh nhan
nhiém tring mau s& giam hon so véi nhitng ngudi khong bi nhiém tring. So véi bénh
nhan khong nhiém tring mau, bénh nhan nhiém tring mau cé stress oxy héa ting do
chi dinh  GPx3 trong huyét twong thdp hon nhung hydroperoxit lipid va
myeloperoxidase cao hon va muc do cao hon cua dau hiéu viém, CRP va thu thé hoat
h6a plasminogen loai urokinase hoa tan (Mertens va cs, 2015). Béng ching tir cac
nghién ctru trén dong vat va con nguoi cho thay rang, tinh trang selen t6i wu hodc viéc
sir dung selen c6 thé ngin chan viéc san xuit qué nhiéu cytokme O nhitng bénh nhan
ning voi ARDS, bd sung selen qua duong tinh mach va bo sung mirc selen trong mau
lam ting kha ning chong oxy héa ctia phdi va cic chiic ning cua phdi. Hon nira, ndng
d6 IL-1 va IL-6 trong huyét thanh twong quan nghich véi selen huyét thanh
(Mahmoodpoor va cs, 2018). Theo céc két qua nghién ctru nay, bo sung selen c6 thé
hinh thanh mién dich d6i véi SARS-CoV-2 va selen lién quan dén ty 1¢ tir vong va ty 1é
chira khoi cia COVID 19 (Moghaddam va cs, 2020; Zhang va cs, 2020).

Mot s6 chire ning chinh cua selen bao gdm ngin ngira nhidm virus, giam kha néng gay
bénh cua virus, ting cudng mién dich, gidm stress OXy hoa, giam viém va co ché sinh
bénh cia COVID-19, ching tdi théo luan chi tiét vé cdc chic ning nay bén dudi.
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4.1. Két qud nghién citu
4.1.1. Bang

Tat ca cdc bang phai dugc canh giita va phai duoc dit ngay sau ndi dung dé cap
dén ching. Bang dugc danh so tha ty theo su xuat hién cua ching trong bai viét. Viet
hoa ti€u dé cua cdc bang khi dé cap dén chuing trong vdn ban (vi du: "xem Bang 1").

Bang 1
Tiéu dé bang
Tiéu dé cot Tiéu dé cot Tiéu dé cot
Dong 1 1 2
Dong 2 3 4
Dong 3 5 6

Nguén: Can dan nguén (theo chuin APA 6™). Dinh dang TNR, c& chit 10
Ghi chi: Phan ghi chid (néu c6) phai dugc dat ¢ cudi bang

4.1.2. Hinh
4.1.3. Cong thurc

5. Selen irc ché mot s loai virus

Bang ching dau tién cho thiy vai trd cua selen ddi véi cdc bénh nhiém tring do
virus 12 bénh Keshan do virus Coxsackie gy ra. Trong d6, ham luong selen thap 12 mot
trong nhitng nguyén nhan dan dén nhiém bénh (Steinbrenner va cs, 2015). Bé virus c6
thé 1ay nhiém vao té bao chii, né phai tim duoc mot thu thé thich hop dé gin két. Trong
truong hop virus SARS-CoV-2, thy thé chinh 1a thu thé ACE2. Sau khi gan két thu thé,
virus dugc dua vao bén trong té bao chi théng qua qué trinh ndi bao, noi xay ra sy nhan
1én cua virus. Selen va selenoproteln anh hu:orng gidn tiép dén cdc hoat dong cua virus
bang cach gép phan vao mot s co ché mién dich. Selen hd trg tinh toan ven cau tric
ctia hang rao biéu mod hd hip, hang rao nay s& lam giam sy xAm nhap ctia virus vao cic
té bao ho hap.

Arbidol 12 mot tdc nhan khang virus hiéu qua, irng dung 1am sang cua arbidol bi
han ché boi sy xuat hién cta cdc virus khang thudc. Dé khic phuc han ché khang thudc,
Li va cong su (2019) da sir dung céc hat nano bién tinh voi céc vat lidu sinh hoc dé
khidm pha céc loai thudc chdng ciim méi. Hoat dong khang virus cuia céc hat nano selen
(SeNPs) da thu hut sy chd y ngay cang tdng trong linh vuc y sinh. Cidc SeNPs duoc
bién dbi bé mit bing arbidol (Se@ARB) voi céc dic tinh khang virus vuot troi theo
huéng khang thudc duoc tong hop trong nghién ctru hién tai. Arbidol két hop SeNPs
(Se@ARB) véi it doc tinh hon va da (e ché duoc su lay nhiém HiNi. Se@ARB can
thiép vao su twong tdc giita virus cim HiN1 va té bao vat chu bang cdch ngin chin hoat
dong cia hemagglutinin (HA) va neuraminidase (NA). Se@ARB c6 thé ngin HiN1 lay
nhiém vao céc té bao than Madin-Darby (MDCK), ngédn chan sy phan manh DNA va su
ngung tu
chat nhiém sic. Hon nita, Se@ARB di tc ché qud trinh tao ra céc loai phan mg oxy
(ROS). Cdc thi nghiém in vivo cho thiy, Se@ARB ngin ngira ton thuong phdi & chudt
nhiém HiN1 théng qua nhuém hematoxylin va eosin. Thir nghiém TUNEL ctia cic md
phoi cho thay ton thwong DNA dat mic cao nhung giam déng ké khi diéu tri bang



Se@ARB. Xét nghiém héa mé mién dich cho thiy viéc kich hoat cdc con dudng tin
hiéu caspase-3, AKT va MAPK da bi han ché bai diéu tri Se@ARB. Nhiing két qua
nay chung
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minh ring, Se@ARB 12 mot Gmg ctr vién dugce pham khang virus day htra hen dé e ché
virus cim HiN1.

Bang ching méi nhat vé kha ning anh hudng ciia selen tdi céc bénh do virus
cho thdy mbi lién hé giita selen va cic bénh nhidém virus. Mot nghién ciru & Trung Qudc
da chi ra rang, thiéu hut selen 1am ting kha ning nhiém hantavirus & ca loai ggim nham
va con ngudi (Fang va cs, 2015). Hon nira, trong diéu kién thiéu selen, virus dugc phat
hién bién doi nhanh chéng dé tré nén doc hon va khi bo sung dit ham lugng selen, kha
ning giy dot bién ciia virus giam tir d6 giam doc lyc cua ching (Beck va cs, 1994 va
2001; Steinbrenner va cs, 2015). Do dé, selen dong mot vai tro quan trong trong viéc
giam kha ndng gdy bénh cua virus va ty 1¢ nhiém trung co thé. Mot s6 nghién ctru di
phat hién selen c6 lién quan tryc tiép dén kha ning chdng lai cdc loai virus khéc nhau
nhu mot s6
loai virus cim, virus herpes simplex loai 1 (HSV-1), virus viém gan C (HCV), virus
coxsackie va virus gdy suy giam mién dich ¢ nguoi (HIV) dugc thé hién & Bang 1.

Bang 1:

Mot s nghién ctru selen chdng lai virus trén thé gidi
Thi nghiém Virus Két qua Tac gia

Thi Respirator | Viéc bo sung Se 1am ting ddng ké mtc | Liu va

nghi¢m trén y Se va glutathione peroxidase trong | cOng su
35 tr¢ nho [ syncytial [ huyét tuong va cac té bao bach cau, | (1997)
dudi mot virus cho thay Se c6 thé thic day sy phuc
tudi nhép (RSV) hoi cia co thé
vién vi viém sau khi mac bénh nhiém triing dudng
phoi ho@c hé hap dudi cap tinh do virus hop bao
viém tiéu ho hap (RSV) giy ra.

phé quan do
virus hop
bao hd hap

(RSV)
Thi nghiém Epstein Su bién dbi cua té bao lympho B trong | Jian va
trén té bao Barr mau ron dugc kich thich boi virus | cOng su
lympho B virus Epstein-Barr va biéu hién cua khang | (2003)
mau ron early nguyén sém EBV (EBV-EA) trong té
antigen bao Raji c6 thé bi trc ché déng ké boi
(EBV-EA) | chiét xuit gao giau Se. Nghien cuu

cho thay, gao giau Se c6 thé dugc sir

dung dé ngin ngira ung thu biéu mo6

vom hong.
Thi nghiém West B6 sung selen day dii ¢6 thé 1a chia | Verma va
trén t& bao Nile khéa dé bao vé cdc té bao bji nhiém | cong sy

trong 6ng virus West Nile virus (WNV) chéng lIai sy | (2008)
nghiém (WNV) chét cua t€ bao do virus giy ra.




Thi nghiém Coxsack | Ham luong Se thich hop c6 thé gitip | Zhang va
trén chuot ie virus cai thién hoat dong cua per0x1dase cong su
lipid va giam san xudt cdc san pham (2009)
peroxid héa lipid, do dé giam ton
thwong té bao co tim do nhiém virus
coxsackie.
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Thi nghiém | Human Nghién ctru cho thdy bo sung selen c6 Stone va
trén t& bao | immunod | thé lam giam tai luong virus HIV, ting | cong sy
trong  6ng ef iency s6 Iuong té bao T CD4, giam nguy co (2010)
nghiém virus tieu chay. Tu do, giam nguy co nhap
(HIV) vién va cai thién céc triéu chung cua
hoi chiig suy giam mién dich mac
phai (AIDS) cua bénh nhan.
Thi nghiém A/NWS/ B6 sung selen voi ndng do thich hop | Yu va
trén chudt 33 c6 thé lam giam ti 1€ tir vong & chudt | cong su
influenza | bi nhiém virus, lam tdng chi sé mién [ (2010)
virus dich TNF-a va IFN-y in vivo, do d6
(HiN1) cai thién phan mg mién dich chéng
lai virus cdim A/NWS/33 (HiN1).
Thi nghiém | Hepatitis | Muc do thiéu hut selen lién quan dén Himoto va
trén bénh C virus sy tdng 1€n tram trong cua hién tugng cong su
nhan  mic | (HCV) xo hdéa gan ¢ bénh nhan mic bénh (2011)
bénh gan gan mén tinh (CLD) lién quan dén
man tinh lién HCV. Hon nita, ndng do Se trong
quan dén huyét thanh c6 ti 1¢ nghich v6i mo
HCV (CLD) hinh cén bang ndi moi ddi véi cac gia
tri khang insulin (r =- 0,304, p =
0,0338). Vi vay, thiéu Se duong nhu
g6p phan vao viéc dé khang insulin.
Thi nghiém | Herpes Selen chbéng lai HSV-1 trong 6ng | Wang va
trén mo hinh | simplex nghiém bang cdch trc ché hiéu ung té | cong su
tébao vaqua | virus bao va thic ddy qué trinh chét cua té | (2012)
trinh type 1 bao.
apoptosis (HSV-1
trong  ong )
nghi¢m

Do do, selen c6 thé nang cao kha ndng mien dich va chong oxy héa cho co thé con

nguoi 12 co so dé gitp ngin ngira va diéu trj c4c bénh do virus gay ra. B6 sung du selen
c6 thé ting cudng hoat dong mién dlCh ctia con ngudi va thic ddy qua trlnh khang oxy
héa gitp ting kha ning diéu tiét dé chdng lai sy xAm nhap cta cdc mam bénh.

6. Vai tro ciia Selen trong cin bang oxy héa khir

Selenoprotein ¢6 mdt vai trd quan trong trong viéc duy tri sy cin bang oxy héa
khir trong tat ca cac mo. Trong diéu kién thiéu selen, s& dan dén gia ting rd stress oxy
héa trong mau va m6 ¢ dong vat (Yang va cs, 2017). Trong s6 nhitng tré nhiem HiN1
cua dai dich 2009-2010, nguoi ta thay su gia ting mirc do peroxy hoéa lipid va protein



phan tng C, ndng dd selen ¢ cdc ddi tugng nay kha thap trong huyét twong va hong cau
cling nhu cac hoat dong GPx1, GPx3 va TrxR ( Erkekoglu va cs, 2013). Nguoc lai, bd
sung selen di duoc chimg minh c6 kha ning lam giam stress oxy héa va hd trg kiém
sodt cua cdc bénh nhan bi bénh ndng trong ICU (Mahmoodpoor va cs, 2018; Zhang va
cs, 2020; Fakhrolmobasherl va cs, 2021). Noi chung, selenoprotein ¢6 chirc ning chéng
oxy héa gdm: hé thdng thioredoxin bao gom thioredoxin, peroxidase thioredoxin,
TrxRs va hé thong oxy héa khir thiol bao gdm glutathione (GSH), GSH reductase,
glutaredoxin, GPxs
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(Labunskyy va cs, 2014). Cic selenoprotein nay nam & céc vi tri khac nhau trong té bao
nhu bao quan, té bao chat va khong gian ngoai bao. Nhin chung, chiic ning chinh ciia
selenoprotein 12 bao vé té bao khoi stress oxy héa.

COVID-19 biéu hién hoat dong gia ting tan suit oxy héa; do d6, bd sung selen
co loi cho qué trinh lam giam qua trinh oxy hoa. Viéc san xuét qua nhleu ROS Va cac
goc tr do khdc 12 nguyén nhdn giy tén thwong phdi, tir d6 co thé tién trién mot sd benh
hiém ngheéo & bénh nhan COVID-19 (Yang, 2017). Mot s6 bang ching cho thay rang,
cac loai selen co6 tinh oxy hoa khu hoat dong c6 kha nang phan tng voi protease chinh
MP™ ciia SARS-CoV-2. Zhang va cdng su (2020) cho rang, cic hop chét selen phan tir
thdp nhur metyl selenol, dimetyl selen va céc hat nano selen, c6 thé stra di cysteine 145
du lugng cta protein M SARS-CoV-2. Viéc sira d6i nay c6 thé ngin chin sy nhan 1én
clia virus bang cdch giam vong doi cua virus. Trong mot loai virus RNA lién quan bénh
ctim, cdc hat nano selen c6 chtic niing trong thuéc amantadine 1am giam sy hinh thanh
ROS trong dong té bao than khi chiing bi nhiém bénh véi virus cim (Li va cs, 2019).
Viéc sir dung selen c6 thé 1am giam stress oxy héa, 1a mot bién phdp day trién vong &
nhitng ngudi nhiém COVID-19. Vi vdy, ngoai selen, mot sé hop chat khic c¢6 chic ning
chéng oxy héa hién dang duoc thir nghiém. Mot bdo cdo tir thir nghiém giai doan I trén
cidc bénh nhan COVID-19 bi bénh nang cho théy, viéc su dung thude nhudm xanh
methylen, cling véi cdc chat chdng oxy héa: vitamin C va N-acetyl cysteine da cai thién
dang ké cdc ddu hiéu cua stress oxy héa (Alamdari va cs, 2020).

7. Selen hd tro ting cwomg mién dich tiém niing chéng lai SARS-CoV-2 ?
Mién dich 12 co ché bao vé co thé chdng lai nhiém tring bao gdm kha ning mién dich
bam sinh va mién dich méc phai, ca hai déu bao gdm nhiéu thanh phan. Tuyén phong
tht bam sinh dau tién chéng lai virus bao gdm co ché bao vé khdng dic hiéu va cdc rao
can héa hoc dugce tao thanh tir cdc té bao biéu mé con nguyén ven trén bé mit da va
niém mac s& khong cho phép virus dé dang xAm nhap vao co thé. Trén bé mit niém
mac ctia duong hd hap, céc té bao biéu md duoc bao boc bang chét 16ng va chat nhay,
gitip giam thiéu sy bam dinh tryc tiép cta virus. Hon nita, chat 1ong bao gdm céc peptit
va cdc enzym c6 thé tiéu diét cc tdc nhan xAm nhap thong thuong (Marshall va cs,
2018). Selen ting cuong téng hop cdc protein phong thil v céc enzyme chéng oxy héa
c6 trén bé mat ni€m mac (Shi va cs, 2019). Selen can thiét cho cac hoat dong cua té bao
thuc bao. Té bao thyc bao 1a mot thanh phan chinh ciia hé théng mién dich bam sinh.
Viéc hap thu khong du selen 1am giam mic selen trong té bao thyuc bao, c6 thé 1am giam
qué trinh oxy héa trong bach cau trung tinh & chudt thiéu selen (Huang va cs, 2012).
Trong mot nghién citu trén heo, céc bach cau trung tinh tir dong vat thiéu selen biéu
hién sy glam hoat dong thuc bao so véi dong vat dbi chimg (Yang va cs, 2017). O
chudt, cic gdc oxy ty do du thira dwoc san sinh nhiéu hon do thleu selen gay ra, lam
giam kha ning thuc bao cua dai thuc bao trong phuc mac, suy yéu kha niing chdng oxy
héa va ting biéu hién ciia cdc ddu hiéu viém bao gdm cam tng mtrlc oxide synthase
(iNOS), IL-1pB, IL-12, IL-10, prostaglandin E synthase (PTGE) va yéu to hat nhan
kappa beta (NF-kB) (Xu va cs, 2019). Vi vay, trong diéu kién thiéu selen, céc té bao bi
giam kha ndng thuc bao va kha nang loai bo virus xam nhap.



O nhirng ngudi nhiém COVID-19, tong sb té bao lympho gém té bao CD4+ T, té bao
CD8+ T, té bao B va té bao NK dugc phat hién giam manh va nhiing trudng hop ning
c6 s luong té bao nay thap hon so v&i nhitng tru’o*ng hop nhe (Wang va cs, 2020). Tinh
trang thiéu selen ¢6 thé anh huong dén mot sb thong s0 nay, chang han nhu chtic niing
ctia té bao B, su biét héa va chirc ning cia té bao T (Huang va cs, 2012). Selen
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dugc nghién ctru cho thay c6 kha niing diéu chinh mirc d thiol ti do va kich hoat té bao
T. G chudt, thiéu hut selen lam giam sy tdng sinh té bao T, trong khi bd sung selen 1am
ting hoat héa va biét héa té bao T (Hoffmann va cs, 2010). Trong mot nghién ciru &
ngudi khoe manh, nhém duge bo sung selen tao ra hiéu suat cao cta khang thé chbng lai
bach hau so véi nhém khéng bd sung bang dudng tiém (Hawkes va cs, 2001). Trong qud
trinh thiéu hut selen, khong phai tit ca cdc md déu dugc cung cdp twong duong véi
lugng selen thdp va cdc té bao mién dich 12 mt trong nhitng mo dau tién phai déi mat
Vo1 su

suy giam selen nhanh chéng dan dén tong hop selenoprotein it hon. Diéu nay s& lam
ting nguy co bi nhiém SARS-CoV-2 & nhitng ngudi thiéu selen.

8. Sir dung nano-selen dé chong lai COVID-19 ?

Mébi quan tam chinh cua viéc sir dung Se dé chéng lai cac loai virus khac nhau la
doc tinh cia né & lidu luong cao. Do dd, Se c6 doc tinh thép duoc ky vong dat duoc
mirc tuong dwong kha ning khang virus. NanoSe di dugc dé xuat dé diéu trj cdc bénh
khic nhau nhu ung thu (Pi va cs, 2017) va bénh Huntington (Cong va cs, 2019).
NanoSe ciing dugc phat hi¢n 1a it doc hon va cé tinh sinh kha dung cao hon céc hop
chat Se khdc. Vi du: lidu giy chét trung binh (LDso) ciia nanoSe (113,0 mg/kg thé
trong) & chudt cao hon bay 1an so véi selen héa hoc (15,7 mg/kg thé trong) va cao hon
bbn 1an so véi hop chat Se hitu co nhu SeMet (25,6 mg/kg thé trong) (Zhang va cs,
2001; Wang va cs, 2007). NanoSe cling c6 thé 1am tdng hi€u qua céc té bao giét tu
nhién do cytokine gy ra (CIK) trong mdu ngoai vi ctia co thé. Vi du, bang cach két hop
cdc té bao vai nanoSe va CIK, nhiéu té bao giét tu nhién NK c6 thé duogc tao ra dé tham
nhap vao khéi u, diéu niy gy ra phan ing mién dich manh mé cho liéu phap mién dich
ung thu hi¢u qua (Liu va cs, 2020). Liu va cdng sy (2020) cling da phat hi¢n ra r?mg,
selenocystine thiic ddy liéu phap mién dich ung thu dya trén té bao NK. Hu va cong su
(2019) da chi ra rang, nanoSe ¢6 thé ting cuong kha ning gy doc té bao chdng khéi u
ctia t& bao T Vy9V32 vdi hoat tinh chdng khdi u tuyét voi. NanoSe c¢6 trién vong 1am
sang rong rdi trong liéu phdp mién dich. NanoSe c6 thé duoc chuyén héa thanh
selenocystine, do d6 diéu chmh su biéu hién cua nhiéu loai protein va cédc chit chuyén
héa khéc trong CIK va té bao khdi u, gitp thic day liéu phap CIK (L1u va cs, 2020).
Bén canh d6, nanoSe da dugc chiic ning héa ciing c6 thé dugc phat trién dé cai thién
hiéu qua cta chiing trong viéc chéng lai SARS-CoV 2 (Yang va cs, 2017). NanoSe ciing
c¢6 dugc phat hién c6 kha ning tuong thich sinh hoc tot (Yang va cs, 2017; Huang va cs,
2019; Li va cs, 2020; Gao va cs, 2020) va ciing ¢6 thé dugc sir dung nhu mot chat van
chuyén thudc khang virus. Do d6, xét vé nhitng wu diém ndy ciia nanoSe, né c6 trién
vong trong viéc chdng lai COVID-19.

9. Két luan va kién nghj

COVID-19 1a mét cin bénh mdi xuat hién nhanh chéng c¢é thé din dén nguy
kich v&i biéu hién suy ho hap nghiém trong. Ting stress oxy héa va san xudt qua muc
cidc cytokine gdy viém la mot phan rng nghi€m trong ctia bénh COVID-19. Véi hoat
tinh chdng oxy héa cao va kha niing ting cuong kha ning mién dich ciing nhu cdc lgi
ich khac cua selen, dac biét la nanoSe. Viéc xem xét danh gia thém cac hudng nghién

ctru sir dung selen trong cudc chién chdng lai virus SARS-CoV-2 va phuong phéap bo
sung selen dé hd trg cai thién stic khoe ctia bénh nhan COVID-19 1a diéu mong mudn



hop 1y nham cai thién stic khoe ctia bénh nhan COVID-19. Chiing toi hy vong rang Se
va dac biét 1a nanoSe c6 thé dong modt vai trO quan trong trong viéc chong lai
COVID-19 trong tuong lai gan.
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khoa hoc di va dang phit trién vaccine phong
COVID-19 nham giam ty 1¢ mac bénh va tir
vong. Hién tai, 18 loai vaccine dugc chap
nhén trén thé gidi, trong d6 ¢6 sdu loai dugc
cép phép luu hanh tai Viét Nam. Céc vaccine
nay thudc vaccine thé hé thir nhat, thir hai,
va thr ba. Trong bai danh gia nay, ching t6i
da trinh bay so lugt vé cdu tric, co ché xam
nhiém va giy bénh cia SARS-CoV-2. Sau
d6, dua ra mot sd nhan dinh vé uu, nhuoc
diém cua céc thé hé vaccine COVID-19 dang
duoc su dung ¢ Viét Nam. Ngoai ra, mdt sb
chién Iuoc phit trién vaccine duoc trinh bay.
Trong do, ndi bat la vaccine niém mac, hira
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mucosal vaccine which is promising to bring a great
improvement in the prevention of COVID-19.

1. Pai dich COVID-19

Bénh COVID-19 1an dau tién duoc phét hién tai thanh phd Vii Han, tinh H6 Bic,
Trung Qudc vao cudi nim 2019. Bénh 1y lan, va gdy anh hudng nghiém trong dén y té,
kinh té, xa hoi toan cau. Tinh dén 22/8/2021, c6 khoang 211 triéu ngudi mic COVID
19, hon 4,4 triéu bénh nhan tir vong, cic con sd nay khong ngimng ting 1én
(Organization, 2021c). Pén 09/9/2021, nuée ta c6 576 096 ca nhi®m, dan dén 14.470
truong hop tir vong. Thdng ké cho thiy bénh nhan méc COVID c6 cdc biéu hién 1am
sang nhu s6t, ho, dau  hong, viém miii, kh6 tho, mét moi, tiét dom, dau co, tiéu chay...
Trong do biéu hién s6t, ho, kho thé 1a triéu ching dugc tim thay & nhiéu bénh nhan
nhat.

Tir ca nhiém déu tién, cdc nha khoa hoc da xac dinh dugc téc nhan chinh gay ra
dai dich nay 1a coronavirus 2 (SARS-CoV- 2). Virus niy dugc tim thay nhiéu & doi. N6
da tién héa vuot qua rao can vé loai dé gdy bénh trén nguoi. Virus niy c6 kha niing lay
lan nhanh qua giot bin, khi dung dudng hé hip; tiép xic truc tiép voi nguoi bénh hoic
qua céc bé mat nhiém virus.

2. Tac nhan gay bénh

Coronavirus (CoVs) 1a virus RNA s¢1 duong (+ssRNA) mang gai glycoproteins
trén vo. Ching c¢6 hinh ddng nhu chiéc vwong mién (corona/crown) dudi kinh hién vi
nén tén ching ciing dugc xuét phat tir diy. CoVs thudc phan ho Coronavirinae, va bao
gé)m bén  chi: Alphacoronavirus,  Betacoronavirus,  Deltacoronavirus, va
Gammacoronavirus (Pal et al., 2020). SARS-CoV-2 thudc chi Betacoronavirus, cung
chi véi chung virus gy hoi chimg hd hip cap tinh ning (SARS hay SARS-CoV-1), va
chung gdy hoi chimg hé hap Trung Péng (MERS). Cau triic ciia virus SARS-CoV-2
bao gdm mang lipid kép bén ngoai, chira protein gai (Spike - S), protein vo (Envelope -
E), va protein mang (Membrane - M); vat chét di truyén bén trong la RNA, duogc lién
két voi protein Nucleocapsid (N); va 16 protein khong ciu trisc (Nonstructural Protein -
nsp) (Hinh 1) (Zhang et al., 2021).

A

Hinh 1: Ciu tric SARS-CoV-2 (Zhang et al., 2021)

Protein S 1a glycoprotein xuyén mang, hinh thanh homotrimers nho ra khoi bé mit
virus. Protein nay gom hai tiéu don vi S1 va S2. S1 chira viing chtrc ning dau N
(N-terminal Domain - NTD), va viing lién két thu thé (Receptor Binding Domain -
RBD). Ving NTD chira cic vi tri quan trong, hd trg cho RBD. Viing RBD gdm hai
phan: ciu trdc 16i va mo-tip lién két thu thé (Receptor Binding Motif — RBM). CAu tric
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nim phién P, va ba xoan a; RBM duoc hinh thanh tir hai phién B va hai xoén 0. RBM
chira cdc vi tri lién két vé6i thy thé ACE2 trén té bao chi, md dau cho qué trinh xAm
nhiém (Seyran et al., 2021). S2 gém peptide dung hop (Fusion Peptide - FP), Heptad
Repeat 1 (HRI1), X0an trung tam (Central Helix — CH), vung két ndi (Connector
Domain — CD), Heptad Repeat 2 (HR2), ving xuyén mang (Transmembrane Domain —
TM), va dudi ndi bao (Cytoplasmic Tail — CT) (Hinh 2). Protein S c6 hai vi tri phan cit
quan trong 12 S1/S2 (vi tri phan cat Furin — FCS), gitip phan ly hai tiéu don vi trong qué
trinh xdm nhiém; va vi trf phan cit S2° dé boc 16 FP. Chuc ning chinh cta S2 14 hop
nhat mang té
bao virus v6i mang té bao chu (Huang et al., 2020; Yuan & Wen, 2021).

Hinh 2:

CAu tric co ban cua protein gai (Wang et al., 2020)

Prorein E 1a protein xuyén mang, kich thudc khoang 76-109 axit amin. Protein
nay c6 dau N ngan, dai khoang 7-12 axit amin, va ua nudc; tiép dén 1a mot viing xuyén
mang ky nuéc khoang 25 axit amin; va cudi cling 12 mot dau C dai, va nude (Sarkar &
Saha, 2020). Vung xuyén mang ky nudc chira mdt chudi xodn « ludng cuc, dugc dy
doan co6 vai tro nhu kénh van chuyén ion (Kuzmin et al., 2021).

Protein N dai 419 axit amin, c6 ba viing chiic niing 1 ving dau N (N-terminal
Domain — NTD), ving giau Ser/Arg (SR-rich — SR-R), va ving dau C (C-terminal
domain — CTD). Trong d6, NTD 1a ving lién két v6i RNA thong qua mot céu tric
“loop-phién B-loop”, SR-R chiu trdch nhiém qua trinh phosphoryl héa so cap, va CTD
c6 vai tro chinh trong qua trinh oligome héa (Hinh 3) (Matsuo, 2021). Protein N bao
boc bd RNA, gidp duy tri cdu tric RNA, dong thoi hd trg cho qué trinh phién ma, sao
chép RNA virus (Bai et al., 2021).

Hinh 3: CAu trdic protein N cua SARS-CoV-2 (Matsuo, 2021)

Céu tric protein mang M déc trung béi mot cum ba X04n (triple-helix bundle),
tao thanh khu vuc c6 ba viing xuyén mang; ving dau N ngdn, nim bén ngoai vo; va
viing dau C khé dai, ndm phia bén trong. Cau tric protein M ¢6 su twong dong véi
protem van chuyén duong ¢ sinh vat nhan so (SemiSWEET), tu do céac nha khoa hoc
cho ring protein M hd trg ting sinh, sao chép, va tranh né hé mién dich ctia vat chu.
Ngoai ra, protein M ciing c6 su lién két v6i cic protein khéc. Su lién két gitra protein M
v6i protein N gidp 6n dinh, va thitc ddy qud trinh 1ap rdp virus. Dot bién trong lién két
giita protein M va protein E 1am anh huong dén kha niing bam va xdm nhap vao té bao
chu (Bianchi et al., 2020).

SARS-CoV-2 bit dau xdm nhap vio té bao chi bing cich gin ving S1 véi thy thé
Angiotensin-converting Enzyme 2 (ACE2) trén céc té bao biéu mo ho hip (Gadanec et
al., 2021). Sau d6, ching dung hop v6i mang té bao, hoic nhap bao véi sy
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hd tro cua protease Cathepsin-L (Huang et al., 2006). Khi giai phéng vao té bao chit,
RNA virus dugc dich ma, va tao ra cac polyprotein (ppla va pp1b). Protease cta virus
s& cit céc polyprotein nay thanh phtrc hop protem sao chep phi ciu tric, quan trong nhat
1a RNA-dependent RNA polymerase (RdRp). Dé bat dau cho sy nhan déi, virus tao ra
tii mang kép (Double-membrane Vesicles — DMV) tu mang luGi nodi chat; va cic
(-RNA) tor (+RNA) cua virus. Cic (-RNA) nay la khudn dé tao genome cua v1rus va
cic subgenomic (sgRNA). Céc sgRNA chiu trach nhiém dich ma céc protein can thiét
khac nhu: protein N, protein E,... Sau ciing, virus méi duoc 1ap rap thong qua bo may
Golgi, va tiét ra bén ngoai (Hinh 4) (V'Kovski, et al., 2021).

Hinh 4: Quy trinh sao chép cua SARS-CoV-2 (Wit et al., 2016)

Hién nay, nhiéu bién phdp phong ngira dugc thuc hién nhu mang khau trang,
khir khuan, giit khoang céch, cach ly bénh nhan hay ngu(n nghi nhiém. Nhung chung
déu 1a bién phép thu dong, nguy co lay nhidm van rit cao. Do d6, phong bénh bang
vaccine 1a li¢u phép tdi uu nhét hién nay. C6 18 loai vaccine COVID-19 da dugc chap
nhan va sir dung & cic qudc gia khac nhau trén thé gidi nhu: Pfizer, AstraZeneca,
Janssen, Moderna, Vero Cell, Sputnik V, Covax, Novavax, Covivax,
VBC-COV19-154,...(Organization, 2021b). Trong d6, c6 bay loai dugc cap phép sir
dung tai Viét Nam, bao gdm: Hayat-vax, Vero Cell, AstraZeneca, Janssen, Sputnik V,
Pfizer/BioNTech, va Moderna.

3. Vaccine phong SARS-CoV-2

Vaccine 1a ché pham sinh hoc, c6 kha ning kich thich co thé tao cic ddp tng
mién dich dac hi¢u chu dong. Vaccine chira mam b¢nh, hodc thanh phan cua mam
bénh, dugc xtr ly nham dam bao tinh an toan, nhitng van gitr tinh sinh mién dich. Nhin
chung, vaccine dugc chia thanh ba thé h¢: vaccine thé hé thur nhat, thur hai, va thir ba.

3.1. Vaccine thé hé thir nhat — Toan phan

Vaccine toan phén gém hai loai la: vaccine nhugc ddc va vaccine bat hoat.
Thong qua mdt sO phuong phép, virus dugc lam gidm, hodc mat doc luc, va hinh thanh
vaccine nhugc doc (Minor, 2015). Sau khi bi lam yéu, virus van c¢6 kha ndng nhan Ién,
nhung mat kha ndng giy bénh. Vaccine nay cho hi€u qua tuwong doi cao, tao dugc mién
dich dich thé, va mién dich t€ bao, thoi gian mién dich lau dai. Tuy nhién, d an toan
cua
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vaccine nay 1a khong cao. S6 it virus da xir 1y nhirng van chwa hét doc luc. Khi duoc
tiém vao ngudi bi trc ché mién dich, chiing ¢6 kha ning phuc hdi va gy nguy hiém. Do
thong tin vé SARS-CoV-2 1a chwa diy du ciing nhu doc lyc cao, nén it vaccine nhuoc
doc dugc phat trién (Kyriakidis et al., 2021).

Thay vi lam giam doc luc, cdc nha nghién ctu tién hanh giét chét mam bénh
béng céac tdc nhan hoa, ly dé tao ra vaccine bat hoat. Cdc mam bénh da bj tiéu diét,
khong con kha ting sinh, nén tinh ao toan cua loai nay rat cao. Tuy nhién, loai vaccine
nay van con mot sb yéu diém. Van c6 xédc suit (di rat nhd) mam bénh khong chét, c6
thé gy bién chung (Tahamtan et al., 2017). Mam bénh mét kha niing ting sinh nén hau
nhu khéng tao mién dich té bao; ciing nhu d& dang bi loai bo khoi co thé, 1am giam
hiéu qua vaccine. BBIBP-CorV cua Sinopharm (hay con goi la Vero cell) 1a vaccine
dang nay. BBIBP-CorV duwa chung 19nCoV-CDC-Tan-HB02 (HBO02), va dugc phat
trién boi Vién Sinh pham Bic Kinh (Xia et al., 2021). Ching HB02 da dugc thu nhan
va chuyén vao dong té bao Vero dé tao ra san pham vaccine. BBIBP-CorV cho ning
suit cao, voi cdc dat tinh di tmyén on dinh.Trong thtr nghiém giai doan I, lidu cao (8
ug/lidu) cho lugng khang thé cao hon liéu trung binh (4 pg/liéu) & ngay 14 sau tiém.
Dén ngay 28, luong khang thé trung hoa ¢ hai lidu 13 twong ti nhau. Thir nghiém sang
giai doan II, lidu trung binh duoc tiém hai 1an (ngay 0 va 21) da tao luong khang thé
trung hoa rat cao (Yan et al., 2021). Gan day, mot s bién thé SARS-CoV-2 dang lo
ngai da dugc tim thdy, dic biét 1a 501Y.V2, lam diy 1én lo ngai vé hiéu qua cia
vaccine. Mot thir nghiém da cho thdy cdc miu huyét thanh tir 12 nguoi tiém
BBIBP-CorV da trung hoa duogc bién thé nay (Huang et al., 2021).

Uu diém chung cua vaccine thé hé thi nhét 13 c¢6 kha ning kich thich mién dich
manh mé ma khong can t4 dugc (Frederiksen et al., 2020). Day ciing 1a thé hé vaccine
dugc san xuat pho bién nhat, va dugc tham dinh k§ cang béi WHO.

3.2 Vaccine thé h¢ thir hai - Tiéu don vi

Vaccine thé hé thir nhat sir dung toan bg virus dé lam khang nguyén, c6 thé dan
dén mot sd truong hop virus hoi tinh. Nham khic phuc cdc nhugc diém nay, nhidu
vaccine COVID-19 dang dugc phét trién theo vaccine thé hé hai.

O vaccine nay, khang nguyén 12 céc thanh phan cta virus chir khong phai virus
toan ven. Chién Iuoc nay loai bd moi nguy co tiém tang & vaccine toan phan, nhung né
doi hoi ting luong, ting lidu, va sy hd tro cua ta duge. Ban chat cia khang nguyén c6
thé 1a protein, polysaccharide,... Vi sy phat trién vuot bat ctia cong nghé protein,
khang nguyén protein ngay cang duoc sir dung phd bién, va dugc thu nhan bang cac
phuong phép protein tdi to hop, hodc thu nhan va tinh sach protein truc tiép tir mam
bénh. G SARS-CoV-2, co ché xdm nhép phu thudc protein S, do d6, protein S tré thanh
muc tiu cua céc khang thé. Khang nguyén c6 thé 1a toan b protein S, hodc ving RBD
ctia n6. Mot s vaccine dang nay dang duoc thir nghiém 14m sang trén ngudi, vi du dé
thdy nhét chinh Ia Nanocovax, do cong ty Nanogen Viét Nam phit trién. Nanocovax da
tao thanh cdng khang thé IgG khang dat hiéu protein S, c6 kha niing chéng lai chiing
gbc & Vi Hén, va bién thé B.1.1.7 ctia Anh. Céc két qua thir nghiém da cho thay do an
toan ctia Nanocovax, cic phan ting phu 12 rit nho, s& bién mét trong vong 48 gid. Tuy
nhién, tin hiéu ctia mién dich té bao 1a khong 16 rang, ddp tng thién vé huéng Th2, diéu
nay c6 thé do tic dong cua ta duoc nhom.

Tuy nhién, protein c6 kich thudc nhd, dé bi phan huy trudc khi sinh mién dich.
Do d6, ching thuong dugce tron voi ta dugc, hodac dinh 1€n céc vat mang. Vat mang
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thuong thiy 1a hat Virus-like particle (VLP). Céc hat niy c¢6 ciu tao gidng virus, khong
chta vat liéu di truyén bén trong, va dinh khidng nguyén bén ngoai. Ciu hinh gidng
nhung khong phai virus, VLP cho tinh an toan tuyét ddi, va c6 kha ning kich hoat phan
ng mién dich manh mé&. Quy trinh phirc tap, v6i cong nghé cao chinh 1a kho khidn 1on
nhit cua vaccine nay. Novavax 1a vaccine sit dung VLP, dugc phét trién boi cong ty
Novavax (My) Vaccine duge xdy dung bang céch thu nhan protein S tai to hop tir
baculovirus gin ching vao 1én hat nano lipid, va két hop ciing ta duoc Matrix-M (Tian
et al., 2021). Cau trdc protein S duoc 6n dinh bang cdch dot bién vi tri phan cat FCS
(Pallesen et al., 2017), va Matrix-M 1a ta dugc c6 kha ndng hd tro mién dich manh
(Reimer et al., 2012). Novavax da kich thich tao IgG khdng dic hiéu protein S, dong
thoi phan ng mién dich té bao huéng Thl ciing duoc nhan thay (Keech et al., 2020).
Mot nghién ciru vé tinh an toan va hiéu qua cia Novavax cho thay kha ning chdng lai
SARS-CoV-2 12 89,7% & nhitng ngudi tiém hai miii, va ¢ phép co thé khang lai bién
thé B.1.1.7 cua Anh (Heath et al., 2021). Vi du m6 phong vé hinh anh mdt VLP duoc
minh hoa trong Hinh 5.

A

Hinh 5: Trai chau Noel dugc dinh gai protein virus. (GS. Liz Klein ¢ College of Public
Health, Ohio State University)

3.3 Vaccine thé hé thir ba — Vector virus va Nucleic acid

Khic véi cdc loai trén, & vaccine thé hé thir ba, khang nguyén protein khong
duoc thu tir vi sinh vat, ma duoc san xuat ngay trong té bao chu (Rauch et al., 2018).
Vaccine ndy bao gdm vaccine vector virus va vaccine nucleic acid. Nguyén tic chung
ctia loai nay 1a dwa vao cdc tai nguyén san c6, va vat liu di truyén tir vaccine, protein
khiang nguyén s& dugc san xudt ngay bén trong té bao chii. Sau khi nhap bao,
DNA/mRNA s& dugc phién ma, dich ma thanh khing nguyén protein. Protein nay bi
pha v thanh cac doan nho, hodc biéu hién lén bé mat té bao. Céc doan nho trong té bao
chat s& kich thich mién dich qua trung glan te bao, hoat héa té bao T giy doc (TCDS)
(Kim et al., 2021). Cac protem S trén bé mat té bao s& dugc nhan dién Va trinh dién trén
MHC-II, gidp hoat hoda té bao T hd trg (TCD4), kich hoat dap ung mién dich dich thé,
hoat héa va kich thich té bao B tao khang thé.

O vaccine vector virus, vector dugc st dung thuong la adenovirus, retrovirus,
hay lentivirus (Ura et al., 2014), va cdc chiing nay c6 hodc mét kha niing sao chép. Véi
virus c¢6 kha ning sao chép, liéu luong st dung du thép van tao dugc dap (g mién dich
manh O virus khong sao chép, luong sir dung can nhiéu hon do ching khong thé tu lan
truyén. Du luong su dung nhiéu hon, nhung virus khong sao chép ¢6 do an toan cao
hon Nhuge diém cia vaccine virus nay dén tir ban chét cua vector. Khi co thé da co
sdn cic khang thé chdng lai vector nay, hiéu qua mién dich ctia vaccine s& giam xudng
dang ké (Callaway, 2020) Vén dé nay s& duorc giai quyét mot cach don gian 1a st dung
cic vector khong xuat hién & ngudi. Mot sb vaccine virus SARS-CoV-2 ¢6 kha ning
sao chép dang
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duoc thu nghiém 1am sang. Tuy nhién, chi loai khong sao chép mai duge thuong mai
héa, hay thu nghiém lam sang giai doan III. Cic vaccine nay cling sir dung khang
nguyén la protein S, tiéu biéu Ia: Astrazeneca, SpunikV hay Janssen.

Vaccine Astrazeneca st dung adenovirus khong sao chép ChAdOx1, va duogc
thiét ké biéu hién day du céu tric cia protein S sau khi x4m nhdp vao té bao chi.
ChAdOx1 la chung virus dugc phan 1dp tur tinh tinh, do d6 hi€u qua vaccine s€ it bi anh
huong. O Astrazeneca, khing thé khang protein S dat dinh sau ngay 28 (Arashkia et al.,
2021). Mién dich dich thé dugc thé hién qua viéc hiéu gid khang thé IgG ting manh.
Bén canh d6, ddp tng theo Thl duoc nhédn thy théng qua su gia ting cta IFNy, TNF,
va giam IL-4, IL-10 (Doremalen et al., 2020). Astrazeneca cho hiéu qua tét hon &
ngudi 16n tudi sau mii dau tién, nhung sau miii thi hai, kha ning bao vé 1a nhu nhau &
ca cdc do tudi (Ramasamy et al., 2021). Vaccine nay str dung cong nghé it ton kém dé
san xudt, nén gid thanh rat thap, 3—4 USD mdi lidu (Sharun et al., 2021).

Tuy nhién, nguoi tiém Astrazeneca thuong gip tac dung phu nhu sét va dau co.
Viéc str dung thudc chita paracetamol 1a can thiét, va diéu nay hoan toan khong anh
huong dén hidu qua vaccine. Nhiéu truong hop dong mau di duoc béo cdo sau khi tiém
Astrazeneca. Diéu nay cé thé do hién tuong giam tiéu cau do mién dich sau tiém. Céc
truong hop nay déu cé su ting dot bién cia khang thé khang Platelet Factor 4, lién quan
dén sy hinh thanh phtc hop adenovirus-tiéu céu—bach clu (Stephenson et al., 2021).
Thanh phan vaccine khong chira virus, nén loai niy nay c6 tinh an toan cao, it tac dung
phu, hiéu qua mién dich cao, diéu kién bao quan d& dang (2-8°C), va c6 thé sir dung cho
ngudi bi trc ché mién dich.

Vién Vic xin va Sinh phidm Y té (IVAC) da phat trién thanh cong vaccine
Covivac — mdt vaccine vector virus, ¢6 hodc khong c6 td dugc. Vaccine nay su dung
vector Newcastle disease virus (NDV), va mang RNA ma héa protein S. NDV khong
phai 12 mam bénh & ngudi, nén vaccine nay s& khong gip phai tinh trang nhu ChAdOX 1.
Ngoai ra, vector nay dugc thiét ké dé han ché su sao chép trong té bao chii (Shirvani et
al., 2020) Protein S dugc tao dot bién Hexapro, gitip protein 6n dinh va biéu hién nhiéu
hon. Két qua nghién ctru tién lam sang trén d6i twong chudt nhit va chudt lang cho thiy,
Covivac kich thich ddp ung mién dich manh, khang thé cho kha ning trung hoa trung
hoa céc bién  chung dang lo ngai nhu B.1.1.7, B.1.351, va P.1 (Sun et al., 2021). Covivac
dugc san xudt bang cong nghé trimg ga ¢6 phoi, 12 cong nghé san Xuat vaccine don gidn,
it tn kém, va dugc sir dung rong rdi. Viét Nam c6 kha ning san xuat vaccine & quy mo
16n, chi phi hop 1y (dudi 60.000 vnd/liéu), va ciing nhu diéu kién bao quan dé dang
(28°0C).

Viéc sir dung vector virus nham muc dich dua vt liéu di truyén vao té bao chu.
Nhung néu da duoc st ding, vector d6 s& khong thé ding dé phat trién mot loai vaccine
khac, va that sy kho khin dé phat trién mot vector virus méi. Dé giai quyét van dé nay,
ciing nhu don gian héa viéc van chuyén vat liéu di truyén, cdc nha khoa hoc da xdy
dung vaccine nucleic acid. Ban chit cua vaccine nucleic acid 12 DNA hodc mRNA,
chira théng tin mi héa khang nguyén (Hinh 6). Do c6 thé tao khang nguyén nhanh hon
(chi can budc dich ma), dé dang xam nhdp va té bao, va han ché viéc chén DNA ngoai
lai vao genome véat chu, vaccine mRNA dugc su dung nhiéu hon vaccine DNA (Leitner
et al,, 1999). Hai vaccine mRNA dugc st dung & nudc ta la Moderna, va Pfizer. O
Mordena, tur trinh ty ctia protein S, cidc nha nghién ctru da tao ra doan mRNA vdéi cac
amino acid & vi trf 986 va 987 duoc thay bang proline, gitip giit protein S & cau triic ban
dau (prefusion protein), tdng kha ndng kich thich mién dich (Jackson et al., 2020).
Trinh ty mRNA duogc dong
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g6i trong hat nano liposome (ban chét lipid), tao thuan lgi cho viéc nhéap bao. Theo Két
qua nghién ctru 14m sang giai doan III, Moderna dat hiéu luc 1én dén 94,5% sau 2 lan
tiém, va cho hiéu qua nhu nhau trén moi ddi tuong (Mascellino, 2021). Ngoai ra,
Moderna cho thay kha ning khang lai cdc bién thé cia SARS-CoV-2 bao gém alpha,
gamma, beta, delta, epsilon, voi hiéu qua tdi thiéu 12 6 thang (Imam et al., 2021). Co ché
twong ty vé1 Moderna, tuy nhi€n ban chat cia mRNA cua Pfizer c6 mot s6 khéc biét
nham ting cudng tinh sinh mién dich (Hofman et al, 2021). Gi4 thanh cta hai vaccine
nay ciing khac nhau, cu thé 1a: 32-37 USD/ liéu voi Morderna, va 19,5 USD/ lidu véi
Pfizer (Sharun et al., 2021).

A

Hinh 6: Co ché hoat dong vaccine nucleic acid (Anand et al., 2021) Sau khi
duogc chuyén giao cong nghé tir Arcturus Therapeutics (M), vaccine mRNA
VBC-COV19-154 s€ dugc san xuét ngay tai Viét Nam. Vaccine nay dua theo sing ché
vaccine ARCT-154, duoc phit trién theo cong nghe saRNA (self-amplifying mRNA —
RNA tu nhan ban). Ngoai cic tuong dong vé cau tric voi mRNA, kich thudc saRNA
16n hon, va cho phép ma héa thém bdn protein khdc ngoai protein S. Bén proteln nay la
cac nsp, co nguon gdc tir mot alpha virus, gitip khuéch dai soi saRNA trong té bao chu
(Hinh 7). Diéu nay gitp luong khdng nguyén dugc biéu hién & vaccine saRNA nhiéu
hon vaccine mRNA, tir d6 giam RNA mdi liéu tiém. Vaccine nay dugc dya trén nén tang
STARR (Self-Transcribing And Rephcatlng RNA) Technology ™ déng gbi saRNA
trong hat nano LUNAR®. Két qua tién 1am sang cho thdy, sau 1 miii tiém, chudt tao
mién dich dich thé manh mé, véi hidu gid khang thé trung hoa ting lién tuc trong 60
ngay. Xét nghiém nhu¢m cytokine ndi bao cho IFN-y va IL-4 ciing nhu ty 1¢ 1gG2/IgG1
cho thiy té bao TCD4 gitp d& dép tng thién hudng Thl (Alwis et al., 2020). Thir
nghiém tién 1am sang trén ddi twong linh truéng cho thay loai vaccine nay c6 kha ning
tao ra khang thé trung hoa ddi véi cdc bién thé SARS-CoV-2, bao gom ca bién thé
Delta c6 kha ning 1ay nhiém cao. Hién tai vaccine VBC-COV 19-154 da bat dau thir
nghiém giai doan I & Viét Nam. Néu thanh cong, vaccine nay c¢6 thé duge cp phep su
dung khan cdp tai Viét Nam vao thang 12/2021. Dang chd ¥ 1a vaccine thanh pham s&
duogc dong kho, tao thuan loi cho viéc van chuyén va phan phdi.
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A

Hinh 7: Sy khéc biét gitta mRNA va saRNA (Bloom et al., 2021)

Do mRNA rét dé bi phan huy nén loai vaccine nay it dé lai phan ing phy. Ngoai
ra, loai vaccine nay c6 thé thiét ké nhanh déap tng kip thoi cho céc bién the C6 nhiéu
wu diém, nhung day 1a lan dau tién vic xin loai nay dugc cap phép nén can xem xét
than trong. Ngoai ra, nhu cdu bao quan siéu lanh cua vaccine mRNA s& anh hudng
nhiéu dén qua trinh van chuyén, phan phdi & cdc nude dang phat trién.

4. Chién lwoc phat trién vaccine

V6i s6 loai it 6i, sb lugng vaccine hién nay 1a khong du ddp tng nhu cau cta thé
gii. Piéu nay doi hoi nhiéu hon nita céc loai vaccine trén thi truong. O thé hé thi nhat,
vaccine nhugc doc dang dugc nghién ctlru, va thi nghiém lﬁm sang giai doan I (Mullard,
2020). Neu thanh cong, diéu nay giip tao mién dich té bao, va giam luong khing
nguyén mdi lidu tiém. Vaccine tiéu phan nén dugc da dang hda khing nguyén, cling
nhu phét trién td dugc. Nghién ctru gan diy cho thiy t4 duoc 3M-052-alum di hd tro
tao mién dich té bao (Pino et al., 2021). Ddi véi vector virus, sd it nguoi tiém co san
khang thé khang virus ChAdOx1, Iam giam hiéu qua vaccine, doi hoi phai da dang héa
vector virus. Vaccine nucleic acid ciing can da dang héa khdng nguyén, gitip chdng lai
céc bién chung nguy hiém méi. Nhu chiing ta di biét, theo phuong phdp xam nhap,
vaccine dugc chia thanh hai loai la vaccine ti€m, va vaccine niém mac (vaccine
ubng/hit). Hién nay, vaccine phong COVID-19 trén thi truong chi ¢ dang tiém, ma
khong c6 dang niém mac.

Vaccine niém mac 1a chién lugc giau tiém ning, da thanh cong trong viéc phong
mot sb bénh 14y qua niém mac (Hellfritzsch et al,. 2019; Liebowitz et al., 2020). Céc
nghién ctu cho théy hidu qua cia vaccine udng nhanh hon nhiéu so vO1 vaccine tiém,
tao duoc IgG lan IgA (Brandtzaeg, 2011) Ngoai ra vaccine udng ciing don gian hon
Vaccme tiém & nhiéu khia canh nhu: dé bao quan, van chuyén; sir dung don glan khong
can chuyén mon, han ché du:oc hién twong lay nhim chéo. Nhiéu vaccine uéng phong
COVID-19 dang dugc phit trién va cho céc tin hiéu lac quan, chiing kich thich hé mién
dich tao sIgA, gitim loai b6 SARS-CoV-2 ngay khi chiing xuat hién ¢ niém mac. Vaxart
gan day da phat trién vaccine COVID-19 tii to hop dang udng. Vaccine ndy 1a cic
vector virus, biéu hién protein S, va protein N. Két qua thir nghiém trén chudt cho thay,
vaccine c¢6 hiéu qua sau hai 1an udng. Luong khang thé trung hoa virus 14 rat cao, dong
thoi ¢6 céc diu hiéu cho thdy céc ddp tng cuia TCDS. Khi tién hanh cong cuong doc,
chudt khong cé bat ki tri¢u chiing nao cuia COVID-19 (Arthur et al., 2020). Mot Grng
vién vaccine niém mac khic dang dugc phit trién boi cong ty isoBio, ¢6 tén 1a OraPro
COVID-19. Vaccine nay dua trén vector virus khéng sao chép adenovirus-5, biéu hién
protein S. Tuwong tu vaccine cua Vaxart, cic tin hiéu cia mién dich dich thé 13n mién
dich té bao chéng lai SARS-CoV-2 di duoc quan sat (Kumar et al., 2021).
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Theo cac nghién clru vé mién dich niém mac rudt, dé tao duoc cic dap tng, cac
khang nguyén can duoc dua dén té bao thu nhan dic biét (té bao M), hoic s& tré thanh
“thirc #n”. Khic véi cdc té bao rudt xung quanh, t& bao M 1a té bao c6 clu tric dat biét,
gitip dam bao su nguyén vén cua khdng nguyén, va van chuyén né tdi cic té bao mién
dich bén trong (Corr et al., 2008). Tuy nhién, $6 luong té bao M trong rudt la cuc ki thép
(5%), cong voi diéu kién pH khéc nghiét, va dién tich rudt rong 16n, viéc dua dugc
vaccine dén d6 1a hét sirc kh6 khin. Vige dinh huéng, dua khang nguyén dén € bao M
la het strc can thlet va diéu nay c6 thé thuc hién théng qua tuong giit phdi tir va cac thu
thé sén c6 trén té bao M (Kun et al., 2014). Nhiéu nghién ctru vé viéc dinh hudng té bao
da duoc thuc hién trén thé gioi. O Viét Nam hién nay, nhom nghién ctrtu Y-Sinh hoc
GMIF ciia PGS.TS. Tran Vin Hiéu ciing c¢6 nhiéu cong bd vé van dé nay (Nguyen et al.,
2016; Huynh et al,. 2019; Nguyen-Thi et al., 2019; Huynh et al., 2020).

5. Két luan

Ngoai cic chién lIuoc stic khoe cong dong nhu dam bao thé chit, phat hién som,
tu cach ly va kiém sodt bung phat, sy phét trién ciia cc hé thong vaccine gép cong 16n
trong cudc chién chéng lai COVID-19. Céc vaccine dugc st dung nhiéu nhét bao gém
vaccine bat hoat, vaccine “virus ban gid”, va vaccine nucleic acid. Trong d6 vaccine
RNA va “virus ban gia” dang dugc wa chudng. Viéc phét trién mot loai vaccine thong
thuong mét khoang 10 nidm, va hiéu qua trong cdc thir nghiém l1am sang chi 1a budc
khoi dau ctia qué trinh nay. Nhitng thach thirc phia trude 12 rt nhiéu, ching ta van can
theo doi, danh gid va hoan thién thém. Ngoai ra, sy uu viét cua vaccine uéng cling
mang lai nhiéu hira hen cho nganh san xuét vaccine trong twong lai.
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COVIVAC SARS-CoV-2 was first detected at the end of

SARS-CoV-2 phit hién 1in dAu tién vao cusi 2019 in Wuhan (China), causing an outbreak
ndm 2019 tai Vi Han (Trung Quéc) giy bing of the Covid-19 pandenpc. According to the
phflt dai dich Covid-19. Theo Té) chiic Y té World Health Organizatlon, as of September
Thé gioi, tinh dén ngay 17 thang 9 nim 2021, 17, 2021, globally there are 226,844,344

trén todn cau c6 226,844,344 ca nhidm va infections and 4,666,334 deaths. Because the
4,666,334 ca tir vong. Do dich bénh vin con epidemic is still complicated and new variants
are constantly appearing, in order to quickly
control the epidemic situation, many countries
have licensed the emergency use of some

dién bién phuec tap va lién tuc Xuat hién nhiéu
bién thé méi, nhiéu nudc di cap phép sir dung
khan cap mot s6 loai vic xin nén dé nhanh ) :
chéng kiém sodt tinh hinh dich bénh. Ty 18 vaccines. The numl?er of fully V'accm.atc'ad.
ngudi dan duoc tiém ching di lidu trén thé people in the world is .31.41%; in Asia it is
glé'l 1a 31’41%’ tal chau A 1a 34’21% Tuy 34.21%. HOWCVCI', until September 24, 2021,
in Vietnam, only 10,19% of this number is too
low to create herd immunity. Therefore, to
improve this rate and create initiative in

vdy, dé cai thién ty 1é nay va tao su chit dong vaccine supply, Vu?tnam has researchqd apd
P developed domestic vaccines. The objective

trong ngudn cung tng vac xin, Viét Nam da . s X )
A . of this review is to provide an overview of the

nghién ciru va trién khai phét trién véc xin ndi

dia. Muc tiéu ctia bai tdng quan nay la cung ~ development plans and test results of several
cAp mot cdi nhin tong quat vé ké hoach phat ~Promising vaccines being studied by domestic
trién va két qua thir nghiém ctia mot vai vac ~ companies.
Xin trién vong dang duoc nghién ctru béi cic

nhién, cho dén ngay 24 thang 9 nim 2021, &
Viét Nam chi dat 10,19%, con s0 nay la qua
thap dé c6 thé tao mién dich cong dong. Do
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1. Toéng quan vé SARS-CoV-2 va vic xin Covid-19
1.1. Ciu tao SARS-CoV-2

SARS-CoV-2 duge cho 12 bat nguén tor dong vat thudc nhém vi rit bé-ta corona
(Ma et al., 2020; Putter & Seghatchian, 2020). Vi riit nay c6 4 protein cau triic chinh
gém 1 nucleocapsid (N) bao boc RNA va 3 loai protein xuyén mang la protein mang
(M), protein vo (E), protein gai (S) (Yang et al., 2020; Ke et al., 2020). Trong nhung
protein noi trén, proteln S déng vai trd gidp vi rit mée ndi voi vat chu thong qua 2 tleu
phan la S1 Va S2. Tiéu phan S1 chira viing lién két thu thé (RBD) gin v6i ACE2 trén té
bao dich, tiéu phan S2 c¢6 dinh S vao mang virus va tao diéu kién dung hop mang
(Scialo et al., 2020; Wu, Deng, Li & Yang, 2020). Nguoi ta cling nhan thdy rang, khang
thé dic hiéu S va RBD c6 tam quan trong rat 1on trong loai bo vi rit va phuc hoi ¢ benh
nhan nhiém SARS-CoV-2 (Li et al., 2020). Do d6, dén nay, hau hét cdc nha san xudt
vac xin trén thé gidi déu nham muc tiéu vio protein S dé nghién ctru va phat trién vac
Xin chéng lai Covid-19, trong d6 c6 ca Viét Nam (Ma et al., 2020; Nanogen, n.d.).

Hinh 1: So d6 céu tric tong thé cua SARS-CoV-2 (Yang et al., 2020) 1.2. Bién

thé

Trong qué trinh thich nghi va phét trién & vat chi méi, SARS-CoV-2 bi dot bién
theo thoi gian, ddn dén su xuét hién cua nhiéu bién thé (Aleem et al., 2021). Pac diém
chinh ciia chiing 12 4i Iyc lién két voi thyu thé ACE2 ciia té bao cao hon so véi ching vi
rit Vii Han xuat hién dau tién, ting cuong kha ning dé khang voi cic khang thé trung
hoa va gia tang doc luc (Gémez et al., 2021).

T6 chirc Y té Thé gigi (WHO) chia cdc bién thé ciia SARS-CoV-2 1am 2 nhém:
bién thé dang quan tim (VOIs) va bién thé ddng quan ngai (VOCs) (VNVC, 2021). Dya
trén cap nhat dich t& hoc cia WHO, tinh dén ngay 22 thang 6 nim 2021, bén VOCs
SARS-CoV-2 dugc xic dinh ké tir khi bat dau dai dich: Alpha (B.1.1.7), Beta (B.1.351),
Gamma (P.1), Delta (B.1.617.2) va bay VOISs: Epsilon (B.1.427 va B.1.429); Zeta (P.2);
Eta (B.1.525); Theta (Tr.3); Iota (B.1.526); Kappa (B.1.617.1) va Lambda (C.37). Theo
d6, bién thé Alpha (B.1.1.7) da lan rong dén 170 qudc gia, bién thé Beta (B.1.351) da
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duogc bdo cdo & 119 qudc gia, bién thé Gamma (P.1) da dugc phat hién ¢ 71 quc gia va
bién thé Delta (B.1.617.2) da lan rong dén 85 qudc gia trén thé gidi (Aleem et al., 2021).
Hién nay, bién ching Delta dang 1am ting nhanh chéng mirc do 1y lan trén nhidu qudc
gia, ké ca nhitng qudc gia c6 ty 1¢ tiém chung cao (Bian et al., 2021). Dy 1a bién thé da
lam bung phat dot dich thir 4 & Viét Nam. So véi céc bién ching trudce ddy, thoi gian
lay lan ctia Delta ngan hon rat nhiéu, chi 1-2 ngay sau mic bénh (Bo Y té, 2021). Bénh
nhan nhiém bién thé Delta c6 nguy co nhap vién va ty 1 chim séc cap ciru cao hon so
v6i bénh nhan nhidm bién thé Alpha (Twohig et al., 2021). Kha ning 1y nhiém cao c6
nghia 1a ty 1¢ dan s can duogc tiém ching cao hon dé giam ganh ning bénh tat, do do,
bién thé Delta dit ra thach thirc 16n hon cho toan thé gidi cling nhu Viét Nam trong viéc
loai b6 SARS-CoV-2 (Bian et al., 2021).

1.3. Quy trinh chung phit trién vic xin

Vic xin va tiém ching 12 mot trong nhﬁ:ng yéu t6 khong thé thiéu trong cudc
sdng clia con ngudi ngay nay. Theo T6 chirc Y té thé giéi (WHO), nhor ¢ vdc xin va
tiém chung ma hang nim thé giéi giam khoang 2-3 tridu ca tir vong do mic cic bénh ho
ga, cum, bach hau, udn van va soi (WHO, n.d.). Dé san xuét thanh cong mot vic Xin,
can trai qua 1 quy trinh chuan gom 5 giai doan (VABIOTECH, 2020):

Giai doan 1: Nghién ctru vac xin trong phong thi nghiém

Giai doan 2: Thir nghiém va dénh gia tién 1am sang trén dong vat.

Giai doan 3: Thur nghi¢ém va danh gia 1am sang qua 3 giai doan trén nguoi ¢ cac
quy mo khéic nhau.

Giai doan 4: Phé duyét vic xin st dung trong cong dong.

Giai doan 5: Tié€p tuc theo doi va danh gid do an toan ctia vac xin trén nguoi

Hinh 2: Quy trinh san xuét vac xin (Chakraborty, Mallajosyula, Tato, Tan, Wang,
2021)

Ciing glong nhung loai vic xin trudc, Vac xin Covid-19 pha1 trai qua 1 quy trinh
nghiém ngat, tiéu ton rat nhiéu thoi gian cling tién bac. D vy, dén nay nho viée két
hop
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va dua vao st dung rong rdi trong cong dong. Tuy nhién, Van chua co Vac Xin nao co
hiéu qua bao vé 100%. Do viy, viéc nghién ctru va phét trién vic xin van phai tiép tuc
trong tuong lai.

1.4. Phédn logi vac xin Covid-19
Vac xin bat hoat va vac xin song giam dgc luc

La céc loai vic xin truyén théng str dung chinh mam bénh da bj bién do6i dé lam
khéng nguyén (Li et al., 2020).

Vic xin bat hogt: Cac mam bénh bi 1am bat hoat hoan toan bang héa chat, nhiét,
btrc xa. Qua trinh nay, cic mam bénh c6 thé bi bién dang cAu tric nén phai thém chit bd
tro va tiém nhéc lai dé tao ra d4p ung mién dich dﬁy du (S¢ Y Té thanh phé Hb Chi
Minh, 2021).

Vac xin song giam déc lwc: Cic mam bénh bi suy yéu bang cdch x6a hodc bién
d6i thanh phan gay bénh. Vic xin nay gdy sinh mién dich manh va kéo dai chi vi mot
liéu ma khéng can bd sung chit bo tro (Li et al., 2020; Tregoning et al., 2020). Vic xin
véc to vi rit

Vic xin véc to vi rit dua trén céc loai vi rdt khdc véi mam bénh, duoc sira doi
mang cic vat liéu di truyén ciia vi rit gdy bénh (Kyriakidis, Lépez-Cortés, Gonzélez,
Grimaldos & Prado, 2021). Cdc véc to vi rit sau khi xam nhap vao té bao s& ma héa céc
khéng nguyén ddc hiu cua mam bénh kich thich hé mién dich (Kyriakidis et al., 2021).
Ching gdm hai loai 13 véc to vi-riit c6 kha niing sao chép va khong c¢6 kha ning sao
chép (Kyriakidis et al., 2021).

Vic xin tiéu don vi protein

Vic xin nay gdm mdt hodc nhiéu khdng nguyén cé ban chét 1 protein tir mam
bénh, c6 tinh sinh mién dich manh (Sumirtanurdin & Barliana, 2019). bé tao ra cac
protein niy can phin lap tir mam bénh hodc san xuit dua trén cong nghé tii to hop
(Vetter, Denizer, Friedland, Krishnan & Shapiro, 2018).

Vic xin axit nucleic

Cé4c cong nghé dua trén viéc st dung RNA hodc DNA plasmid ma hoa céc
protein quyét dinh khdng nguyén ctia mam bénh tir d6 tao ra cic phan tng mién dich
dich thé va té bao (Rauch, Jasny, Schmid & Petsch, 2018).

Vic xin mRNA: Ching kém 6n dinh vi mRNA bj phan hay boéi RNases, dé bao
quan va phan phdi can duy tri & nhiét do < —20C (Pardi, Hogan, Porter & Weissman,
2018).

Vic xin DNA: Dé tao ra dap ung mién dich, DNA phai vao nhén té bao, nhung
mot phan 16n DNA khéng thé vuot qua mang té bao hodc vo nhan, do d6 can cdc nén
tang phan phdi dac biét nhu tiém dién va tiém sinh hoc (Tregoning et al., 2020;
Kyriakidis et al., 2021).

2. Tinh hinh nghién ciru phat trién vic xin trong nuwéc

Sau gan mot nim ké tir dot bung nd vic xin, tinh dén ngay 03/6/2021, WHO da
cap phép su dung khan cip 6 10a1 Vac xin trén toan cau (WHO, 2021). Va cong cudc tim
kiém “0ng clr vién vic xin” van tiép tuc thyuc hién véi hon 400 loai dang dugc thir

nghiém & nhiéu quéc gia (COVID-19 NMA, 2021). Tai Vi¢t Nam hién c¢6 5 nha san
xuat dang
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nghién ciru, hop téc thir nghiém va san xut vic xin phong Covid-19 theo nhiéu huéng
cong nghé va trong cac giai doan phat trién khac nhau.



ST | Tén vic xin Nha san Loai vic xin Tinh trang
T xuat
Thir nghiém | Phé duyét
su dung
1 Vic xin Nanogen | Tiéu don vi protein | Giai doan 3 Chua phé
Nanocovax duyét
2 Vic xin IVAC Véc to vi rit Giai doan 2 | Chua phé
COVIVAC duyét
3 ARCT-154 | VinBioCar saRNA (self Giai doan 1 Chua phé
N . e amplifying) duyét
(hay con goi mRNA - mRNA
fa. vac xin tu nhan ban)
VBC i
COV19-154)
4 | Chuadattén | Vabiotech Véc to vi rit Tién lam sang | Chua phé
duyét
5 | Chuadattén | POLYVA Véc to vi rut Chua Chua phé
C duyét

2.1. Vac xin Nanocovax

Vic xin Nanocovax 1a vic xin dugc nghién ciru boi Cong ty c¢6 phan Cong nghe
sinh hoc du’orc Nanogen, V0’1 hai liéu cich nhau 28 ngay (Nanogen 2021). bay la vac
x1n phét trién theo hudng tiéu don vi protein, trong dé tleu don vi proteln S t4i to hop
gan trén gid thé 1a cdc hat nano silica trong moi truO’ng té bao CHO (té bao budng tring
cua chudt hamster Trung Qudc). Vic x1n nay hap phu vao hat nhom va c6 su dung
adjuvant chuyén biét dé kich dap ung mién dich dich thé va mién dich qua trung gian té
bao (Nanogen, n.d.).

Ngay 9/12/2020, B6 Y té phé duyét thir nghiém 1am sang vic xin Nanocovax
(VNVC, 2021). Ngay 8/2/2021, Nanocovax da hoan thanh thir nghiém giai doan 1 trén
60 tinh nguyén vién. Theo két qua bdo cdo, & ca 3 liéu tiém (25mcg, 50mcg, 75mcg)
déu c6 do an toan, sinh mién dich tdt, hidu qua bao vé cao (Nanogen, 2021).

Ngay 26/2/2021, thu nghiém lam sang g1a1 doan 2 v6i tren 560 tinh nguyen vién tu
18-65 tudi, str dung ca 3 nhém lidu. Két qua cho thay véc xin an toan, tat ca tinh
nguyén vién déu dat mién dich, ty 1¢ chuyén doi huyét thanh 1én t&i 99,4% va c6 kha
ning bao vé trudc vi rit SARS-CoV-2 ciing cdc bién thé cua n6 (Nanogen, 2021).

Ngay 11/6/2021, Bo Y té chinh thtic phé duyét phac db thir nghiém giai doan 3
voi liéu luong 25mcg/ml nham danh gid tinh an toan, sinh mién dich va hiéu lyc bao vé
ctia vic xin (VNVC, 2021). Theo y klen Phé Gido su, Tién sy Nguyen Viét Luong cho
biét tiéu chi danh gid tinh sinh mién dich cia Nanocovax bao gém xét nghiém dinh
luong khdng thé; danh gid khang thé trung hoa (surrogate neutralization antibody);
danh gid khang thé trung hoda trén virus séng bang phuong phip PRNT (plaque
reduction
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neutralization test); ddnh gid mién dich qua trung gian t& bao. Trong d6, ngoai xét



nghiém dinh lugng khing thé, dinh gia khang thé trung hoa va danh gid khing thé
trung hoa trén virus sdng bang PRNT dugc xem 1a céc tiéu chi quan trong (Truong
Diép, 2021). Tuy nhién, nha san xut chi cong b s6 lidu ciia phuong phap xét nghiém
dinh luong khang thé va danh gia khéng thé trung hoa con céc dif liéu con lai van chua
duoc néu r5. Han ché cua cdc tiéu chi trén 12 chua wée tinh hiéu qua cua véc xin trong
viéc giam kha niing ldy truyén va du phong nhdp vién, tr vong. Chiing ciing chua danh
gia dugc hiéu luc trong viéc phong ngira nhiém bénh Covid-19 c6 triéu ching.

Theo két qua tir Hoc vién Quan y, ndng do khang thé IgG khiang SARS-CoV-2
clia vic xin tai ngay 42 dat 60,47 U/ml, dén ngay 90 chi con 16,25 U/ml (giam 3,7 lan),
tuy vay, so v6i cdc bénh nhian mic Covid-19 di hoéi phuc thi cao hon 2,9 lan (16,25
U/ml so v6i 5,63 U/ml) (Truong Di€p, 2021). Mac du ¢6 su suy giam néng do khéang
thé, nhung vic xin Nanocovax van chimg to6 dugc kha nang sinh mién dich dé bao vé
co thé d01 v6i vi rit SARS-CoV-2. Tuy nhién, vigc tiém nhic lai sau mot khoang thoi
gian 12 can thiét dé dam bao tinh hiéu qua cta véc xin.

Ngoai ra, vic xin dugc ddnh gid an toan, cu thé trong ca 3 giai doan nghién ctru,
ghi nhan 2 truong hgp theo déi phan v¢ (phan v¢ do 1 va phan vé do 2) va khong c6
truong hop phan vé do 3 (hay con goi la sbc phan v¢) (Truong Diép, 2021). Va uu diém
ctia vac xin nay 1a dugc bao quan trong nhiét do tu lanh binh thudng (2-8°C) (B Y té,
2021). Hién nay, nang lyc san xuat thanh pham véc xin Nanocovax tai nha mdy cta
cong ty dat 8 triéu licu m01 thang, va cong ty dang hoan thién hé thong kho lanh voi suc
chtta 10 triéu lidu sudt thoi gian van chuyén dé ddp tng nhu cau trong tuwong lai
(Nguyén Nga, 2021). Véc xin dy kién gid khoang 120.000 dong/ liéu - thap nhat trén
the gio1 (Nanogen 2021). Chmh nhirng uu thé trén da néu bat duoc tinh tiém niing ciia
vic xin dé dugc xem xét cip phép khan cép trong tuong lai.

2.2. Viic xin COVIVAC

COVIVAC dugc nghién ctru va phét trién bai Vién Vic xin va Sinh pham Y té
Viét Nam (IVAC) phdi hop voi mét sd trudng dai hoc va to chitc qubc té. Pay 1a véc xin
véc-to vi-rut dya trén viéc st dung vi rat Niu-cat-xon tai to hop va dugc nudi céy trén
trimg ga ¢6 phdi. COVIVAC duoc bao ché dudi dang dung dich tinh khiét, bat hoat,
khong chira chit bao quan va ¢ thé bao quan ¢ nhiét do ta lanh (2 — 8°C). Vic xin nay
duoc ding theo ché do hai liéu, v6i cdc lidu cach nhau 28 ngiy bang céch tiém bap
(IVAC, 2021).

Pay 1a vic xin phong SARS-CoV-2 thir hai duoc cip phép thir nghiém 1am sang
& Viét Nam sau vic xin Nanocovax. Vac xin nay hién dang trong thir nghiém 1am sang
giai doan 2 sau khi duoc Bo Y té phé duyét dé cuong nghién clru niy vao ngiy
26/02/2021. Thtr nghi¢m giai doan 1 da dugc tién hanh trén 120 tinh nguyén vién tai Ha
Noi vao ngay 15/3/2021 va cho thay két qua tich cuc véi do an toan & ca 4 nhom liéu
vic xin (lpg, 3ug, 10pg va lpg + 1,5mg ta chat CpG 1018). Hau hét cdc bién cb bat loi
déu vira va nhe, chii yéu 1a cdc phan ung tai chd nhu dau, do, sung tai vi trf tiém, va tu
khéi sau 24 - 48h; chi ¢6 1 phan Ung bat lg1 nghiém trong dugc bdo cdo sau miii 2 va
khong lién quan dén vic xin. 100% céc liéu vac xin nghién ciru déu sinh mién dich véi
cdc muc do khdc nhau theo cic tiéu chi GMT, GMFR, ty 1¢ chuyén dbi huyét thanh
ting > 4 1an va > 10 lan so véi trudc khi tiém ting dan tir nhém 1 pg, nhém 3 pg, nhém
1 ug (c6 ta chat) va cao nhat 1a nhém 10 pg (IVAC, 2021). Ngay 10/08, nha nghién ciru
da cong bd bit dau trién khai thir nghiém giai doan 2 tai Thai Binh v&i 375 tinh nguyén
vién. Muc
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tiéu cua giai doan nay la danh gia cong thirc va lya chon liéu lugng vac xin t01 vu nhat,
c6 dap tng mien dich manh mé va an toan, dé tién hanh thur nghi¢m giai doan tiép theo



(U.S. National Library of Medicine, 2021; IVAC, 2021). C6 sy thay doi 16n trong giai
doan thtr nghi€ém nay, thay vi thong thuong nhém chirng dugc nhan gia duogc, IVAC sé
tiém vic xin AstraZeneca (AZD1222) cho nhém nay. Véi muc dich d6i ching tinh sinh
mién dich cta hai loai vic xin, ngoai ra con bao vé cho tinh nguyén vién trong thoi gian
dich bénh dang bung phét nhu hién nay (IVAC, 2021).

Duy kién ngay 20/9 két thic giai doan 2 va s& c6 két qua danh gi cia giai doan
thir nghiém 1am sang nay vao thang 11 (IVAC, 2021). Néu két qua tt sé trién khai ngay
giai doan 3; céc giai doan tht nghi¢m thuan 191, chirng minh dugc dd an toan va hi¢u
qué cao thi c6 thé s& xem xét, cap phép khan cap (Ngoc Minh, 2021).

Cong ngh¢ cﬁa COVIVAC da duoc sir dung rong rii dé ché tao vic xin cim
truyén thong, do d6 néu vac xin nay du diéu kién lvu hanh thi Viét Nam c6 du ning lyc
san xudt trén quy mé 16n véi gid ca hop 1y (Ngoc Minh, 2021). DBiéu d6 s& glup cho Viét
Nam som chi dong trong cung mg véc xin, dong thoi toan dian som duoc tiép can vic
xin phong chéng dai dich nay.

2.3. Viic xin ARCT-154

Vic xin ARCT-154 (con goi 1a vic xin VBC-COV19-154) 14 véc xin dugc phat
trién boi Cong ty CP Cong nghe Sinh hoc VinBioCare (cong ty thanh vién cua
Vingroup) duya trén sing ché vic xin ARCT-154 ciia Cong ty Co phan Cong ngh¢ sinh
hoc Arcturus Therapeutics (Hoa K¥) - don vi nghién ciru phét trién véac xin phong
Covid-19 theo cong nghé mRNA. Vic xin dugc phat trién theo cong nghé tan tién nhat
hién nay la saRNA  (self-amplifying mRNA - mRNA tu nhan ban). Bac biét, nho dac
tinh héa hoc, vat 1y cia mRNA van giit nguyén, vac xin ny c6 thé bao vé con ngudi
trudc cac blen thé moi cia SARS-CoV-2. Uu dlem cua cong nghé nay la cho phep su
dung lidu vic xin thap hon, trong khi kich thich mién dich kéo dai hon, dic biét véc xin
c6 dang dong kho, da dang duong truyen, van chuyen thuén tién & nhiét do tir 2 — 8°C,
mang dén uu thé vuot troi vé kha ning phd cap va tdi wu chi phi (Bloom et al., 2020;
Vingroup, 2021).

Ngay 02/8/2021, Bo Y té di quyét dinh phé duyét dé cuong nghién ciru thir
nghiém 1am sang vic xin ARCT-154 phong Covid-19. Ngay 15/8/2021, truong Pai hoc
Y Ha Noi da khoi dong chuong trinh thir nghiém 1am sang vac xin ARCT-154 phong
Covid-19 giai doan 1 cho 100 tinh nguyén vién & Ha Noi tir 18 tudi tré 1én. Trong giai
doan 1, c4c tinh nguyén vién khoe manh phan nhém ngﬁu nhién theo ti 1€ 3:1 (75%
ARCT-154 va 25% gia dugc) véi muc ti€u chinh la danh gid tinh an toan va tinh sinh
mién dich (B Y té, 2021).

Hién nay, dit liéu vé két qua thir nghiém 1am sang giai doan 1 cta vic xin nay
chua duoc ghi nhan. Tuy vdy, cong ty CP Cong nghé Sinh hoc VinBioCare da du kién
ké hoach: hoan thién hd so va gii Bo Y té xin cép phép khan cip c6 diéu kién dé sir
dung vic xin ARCT-154 (VCB-COV19-154) tai Viét Nam va 16 vic xin dau tién s&
duoc xudt xuong vao dau nim 2022 (Vingroup, 2021).

2.4. Viic xin POLYVAC va VABIOTECH

Vic xin cia POLYVAC 1a vic xin tdi t6 hop dua trén vi rit séi, dang duogc
nghién ciru boi Trung tim Nghién ctru, san xuat vic xin va sinh pham y té (POLY VAC)
(Bo Y té, 2021). Hién nay, POLYVAC dang 12 nha san xuit véc xin soi hang dau Viét
Nam Voi cong suat 7.5 triéu lidu/nam, do dé, véi s am hiéu vé soi cling nhu nang lyc
san xuat
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nhu véy, vic xin cia POLY VAC rit déang duoc ky vong trong tuong lai (S¢' Y té tinh
Nam DPinh, 2019).



Vic xin cia VABIOTECH la vic xin tdi to hop dua trén hé thong biéu hién
baculovirus, hién dang do Céng ty TNHH MTV vic xin va sinh pham sé 1
(VABIOTECH) nghién ctru (Pagliusi et al., 2020; Bo Y té, 2021). Theo du kién, vic xin
s& c6 2 mili, mdi miii cdch nhau 18-21 ngay (VABIOTECH, 2020). Ngay 27/10/2020,
VABIOTECH tién hanh thir nghiém giai doan tién 1am sdng trén khi, sau khi tiém 2
thang
cho thdy vic xin an toan trén dong vat va c6 tinh sinh khang thé khang SARS-CoV-2
(VABIOTECH, 2020; B6 Y té, 2021). Mic di két qua tién 14m sang chua khiang dinh
duoc vic xin c6 thuc sy dap Gmg voi ngudi hay khéng nhung né ciing di danh gia dugc
vic xin c¢6 thé c6 hiéu qua va do an toan trén ngudi, ddy 1a mot khoi dau tét trong san
xudt va nghién ctru vic xin. Pau thang 4/2021, VABITOTECH du kién trién khai thir
nghiém giai doan 1 (VABIOTECH, 2021).

Tinh dén thoi diém hién nay, mic di thong tin cap nhat ctia ca hai loai vic xin
chua duoc cong bd rong rii, nhung sy ¢ mit cia chiing ciing da gép phan nang cao co
hoi cht dong véc xin chéng Covid-19 & Viét Nam.

3. Két luan

Bai tong quan nay dya trén cic thong tin mdi nhat dugc cap nhat tir cdc nha san
xuét vic xin dé gidi thiéu vés loai véc xin dang dugc nghién ctru va thir nghiém tai Viét
Nam. Trong dot bung phét dich thr 4 nay, mic di da 4p dung cic bién phap chéng dich
nhu gian cach xa hdi, deo khéu trang, sat khuén, ... nhung dich bénh van kéo dai, s6 ca
nhiém trung binh mdi ngiy 1én téi khoang 10000 ca. Dé tro lai trang thdi binh thuong
moi, vic xin 12 chia khéa quan trong dé kiém soét dich bénh. Tuy nhién, Viét Nam véi
100 triéu dan, can khoang 200 tri¢u lidu vic xin dé tao mién dich cong déng, cho nén,
vigc phat trién vac xin ndi dia d@ mé ra co hoi nam thé chii dong trong viéc cung ng
vic xin trong nude. Ca 5 loai deu dang 0 cac giai doan nghién ctru va thir nghiém khéc
nhau véi két qua duoc danh gid rat tot, co trién vong, dac bi¢t 1a Nanocovax dang trong
giai doan xin cip phép st dung khan cip. Céc vic xin duoc nghién ctru trén nhiing
phuong thirc khac nhau 1a mét 1gi thé boi né mang dén nhidu co hdi san xuat thanh
cong hon cho Viét Nam, nhat 13 trong bdi canh hién nay, nhiéu bién thé méi ra doi c6
kha ning gy v hiéu héa vic xin. Viéc san xudt vic xin trong nudc lai cang cho thy
vu thé hon khi dd an toan va tinh sinh mién dich phu hop vé1 nguoi Viét Nam, nhét 1a
gitip giam chi phi véan chuyén va bao quan. Do vy, can c6 nhiing nghién ctru danh gia
sau rong hon, thir nghiém 1am sang giai doan cudi vdi quy mo 16n, da dang chung toc dé
thém minh ching vé kha ning sinh mién dich va tinh an toan trong thoi gian dai. Tuy
nhién chi v6i cic vu diém da ghi nhan, vic xin ndi dia xing dang dugc quan tim dau tu
dé chéng lai dai dich trong twong lai.
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Do dai dich Coronavirus 2019 (COVID-19) da

dé lai nhirng hau qua tan khdc trén toan thé

giéi, mot quy trinh chan doén sang loc hiéu

qua déng vai trd rit quan trong trong viéc hd ABSTRACT

trg cho nganh y té cong dong va ngin chin

dich bénh. Nghién ctru nay gidi thiéu mot quy As the Coronavirus Disease 2019 (COVID-19)
trinh tinh chinh cho viéc huin luyén cdc mé have left devastating consequences over the
hinh du dodn hoc sau dé phat hién COVID world, an effective screening test procedure is
19 tir anh chup X-quang 16ng nguc, ciing nhu  crucial to strengthen public health and put the
chinh cdc két qua mo hinh thu duoc. Quy trinhdisease to a halt. This study introduces a

nay bao gom nhiéu k¥ thuat dé tranh tinh refined pipeline to train deep learning

trang m hinh qua khép va ti wu héa cac két predictive models for the detection of

qua du dodn, chang han nhu ting dit liéu, tdi COVID-19 from chest X-rays, as well as the
vu héa Bayes dé diéu chinh siéu thong so, resulting models themselves. The pipeline
chon trj s6 higu suat phit hop va dimg sém involves multiple techniques to combat

trong qué trinh huén luyén mo hinh. Trén tdp overfitting and optimize predictive results,

dir liéu COVID XRay-5K v3, ba kiéu mé hinh such as data augmentation, Bayesian
ResNet50, NASNet-A-Mobile va Xception dd optimization for hyperparameter tuning,

dat dugc chi s6 AU-PRC 12 0,9773, 0,9633 va selecting the appropriate performance metric,
0,9003; va AU-ROC lan luot 12 0,9940, 0,9964 and early stopping during model training. On
va 0,9812. O d6 nhay 98%, chiing duy tri d6 the COVID-XRay-5K v3 dataset, the three
dac hiéu cao 12 97,53%, 97,60% va 86,00%. models, ResNet50, NASNet-A-Mobile, and
V6i hiéu sudt nhu vdy, cic md hinh hoc sdu  Xception. achieved the areas under

nay 12 nhiing cong cu day hira hen dé hd tro
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the precision-recall curves of 0.9773, 0.9633, and 0.9003; and
the areas under the receiver operating characteristic curves of
0.9940, 0.9964, and 0.9812, respectively. At 98% recall
(sensitivity), they sustained high specificity of 97.53%,
97.60%, and 86.00%. With such performance, these deep



learning models are promising tools to aid in the combat
against the pandemic.

1. Giéi thi¢u

Pai dich Corona 2019 (COVID-19) giy ra da 1am suy yéu thé gi6i cta chiing ta
trong hai nim qua bang cich cudp di sinh mang cta hang triéu ngudi va dé lai nhiing
bién chung vinh vién cho hang trim triéu ngudi mac bénh. Hang tridu doanh nghiép
da}ng trén bd vuc sup d6 va gan 1,65 ty luc luong lao dong toan cau dang gip khé khin
de
kiém sbng (Chriscaden, 2020).

Dl s& mat kha 1au dé khong ché dich hoan toan nhung cung ¢ y té du phong
bang cach thuong xuyén thuc hién cdc xét nghiém sang loc cong dong duoc ching minh
12 mot cach hiéu qua dé kiém sodt su tién trién cta dich bénh. Hién tai, mot s6 k¥ thuat
chan dodn da dugc thyc hanh, phd bién nhat 1a phan tmg chudi polymerase phién ma
ngugc (RT-PCR), PCR thoi gian thuc va b xét nghi¢m nhanh, chup cit 16p vi tinh (CT)
va chup X quang 16ng nguc.

Bén canh do, hoc sau la cong nghé ngéy cang tré nén phd bién va hitu ich hon
trong cudc song hang ngay cua ching ta. Su két hop giita hoc sau va phan tich X- -quang
16ng nguc nham chan doian COVID-19 da dat dugc nhitng thanh tyu méi va cung cip
mot giai phdp thay thé kha thi dé chan doan bénh.

Nghién ctru nay cd géng trién khai cic k¥ thuat hoc siu dé tao ra cdc mo hinh du
dodn c6 thé phat hién COVID-19 tir anh X- -quang 16ng nguc. Diéu nay thé cat giam chi
phi chan do4n, giam nhan lyc thuc hlen chan dodn ciing nhu nguy co Iay nhidm va phoi
nhiém trong pham vi gan, dong thoi van duy tri d dac hi¢u ding tin cdy.

Muc tiéu ciia nghién ctru nay 1a thiét ké mot quy trinh hoan chinh dé xay dung
cidc md hinh hoc sdu nham phét hién COVID-19 tir chup X-quang nguc sau - trudc,
khao sat ddy du va toi vu héa ting giai doan cua duong éng, dong thodi cung cap cic
mo hinh c6 thé sir dung duoc da qua huan luyén.

V& pham vi, nghién ctru nay nham thuc hién phén loai nhi phadn COVID-19 trén
tap dir licu COVID-XRay-5K v3 bé‘mg cach str dung cac ky thuat hoc sau hién dai. Ba
md hinh dugc dao tao trudc dugce thay thé cho nhi€ém vu nay véi su trg gidp cua vigc
hoc chuyén giao. Diéu chinh siéu tham sb da duogc thuc hién véi kiém tra chéo k-1an va
tdi uu héa Bayes cho céc diéu kién dao tao tdi vu cho mdi mo hinh. Chién luoc dung
som duogc dp dung va cai tién. Ngoai ra, mot phén tich chi tiét vé mot sé chi sb danh gid
hiéu suat dugc trinh bay dé giai thich lya chon chinh cia AU-PRC va cich né c6 thé
chéng lai cdc van dé mét cin bang tap dir lidu va ngudng quyét dinh di dong. Cubi
ciing, sau khi dao tao, cdc mé hinh duoc danh gid trén mau déi chtng va so sanh véi
cic cong trinh khdc. Két qua c6 thé bi han ché boi cdc ngudn tai nguyén tinh todn phat
huy hét kha ning ciia n6. Mot sd sira doi va chién lugc di dugc dp dung dé vuot qua
khoé khén nay.
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2. Co s Iy thuyét

ResNet (Residual Network) 1a md hinh hoc sau dugc gidi thi¢u vao ndm 2015
(He, Zhang, Ren, & Sun, 2016). Vao lic d6, xdy dung md hinh siu bang cich thém
nhiéu 16p chap dé dat dugc két qua tot hon dang 1a xu hudng chung cia thé gidi . Tuy
nhién, viéc ting cdc 10p chap da xay ra hién twong “Vanishing Gradient”, din dén qua



trinh hoc tap ctia md hinh khong tt. Mang ResNet ra doi dé giai quyet hién tuong nay
bang cich dua ra giai phdp st dung két ndi “tat” (skip connection) ddng nhat dé xuyén
qua mot hay nhiéu 16p. Mot khéi nhu vay dugc goi 1a mot Residual Block.

Xception dugc gidi thi¢u vao ndm 2017 (Chollet, 2017) va dya trén cAu trdc cua
md hinh Inception (Szegedy et al., 2015). Piém dic biét ciia md hinh nay 1a sir dung
kién trdc tich chap tach biét theo chiéu sau (Depthwise Seperable Convolution) c6 tac
dung giam thiéu s6 lugng tham sé va khdi lugng tinh todn. Tuy nhién, khic voi ngudi
tién nhiém, Xception st dung 16p tich chap diém (Pointwise Convolution) trudc 16p
tich chap chiéu siu (Depthwise Convolution). Két qua cho thay mo hinh Xception dat
duge két qua tot hon Inception voi cing mot tap dit lidu.

NASNet (Neural Architecture Search neural network) dwoc phat trién boi
Google va gidi thi€u vao nam 2018 (Zoph, Vasudevan, Shlens, & Le, 2018). M6 hinh
duoc xdy dung bang cich hoc ting cu’orng (reinforcement learmng) dua trén céc kién
tric cia md hinh khac dé hoan thién kién tric ctia minh. Kién tric md hinh NASNet
cho phén loai hinh anh bao gdm hai thanh phan chinh 1a Normal Cell va Reduction
Cell. S6 Iwong cua hai khdi ndy c6 thé thay doi nhu 1a mot tham sé dé diéu chinh mo
hinh hoat dong t6t hon. Nho kha ning tu diéu chinh cua cdc khdi, NASNet c6 nhiéu
phién ban khac nhau, trong bai nghién ctru nay, NASNet-A-mobile dugc chon vi su gon
nhe cua no.

Ba mo hinh trén déu c¢6 nhitng wu diém khdc nhau trong viéc phan loai hinh anh.
Mo hinh ResNet tap trung vao giam nhe khdi luong tinh todn va giai quyét van dé
“Gradient Vanishing” khi céc 16p trong m6 hinh dugc ting 1én bang cach sir dung cic
“skip connection” nhung van ddm bdo do chinh x4c trong qu4 trinh phan loai anh.
Xception tich riéng cdc dit liéu ddu vao thanh ting chiéu (dimension) khac nhau va xir
1y céc chiéu nay doc 1ap. Viéc dp dung kién tric Depthwise Seperable Convolution da
gitip md hinh ¢6 két qua t6t véi khdi luong tinh toan khong quéa cao. NASNet-A-Mobile
c6 thé dat dugc két qua tt nhat véi md hinh nho voi do phic tap it nhat bang cac khbi
duoc xay dung thong qua qua trinh hoc tdng cuong.

3. Phwong phap nghién ctiru
Nghién ctu 4p dung mot quy trinh tong quat gém c6 bdn ching tuan tu: (1)
Chuan bi bo dir heu (2) Tinh chinh trong sd, (3) Huén luyén md hinh, (4) Danh gia két

qua. Két qua tir mdi chang déu déng vai trd tién dé dé thuc hién cong viéc cua ching
lién sau.

3.1. Chuan bj bj dir ligu

B6 dit liéu duoc diing trong nghién ciru nay 1a Covid-Xray-5K v3, chuan bj boi
Minaee va cic cong su. Covid-Xray-5K v3 goém cic hinh chup X-quang thing 16ng
nguc, dugc gidm dinh bdi mot chuyén vién da dugc hoi déng chtirng nhan (Minaee,
Kafieh, Sonka, Yazdani, & Jamalipour Soufi, 2020). Trong bd dir li¢u, 5000 mau am
tinh duoc
tong hop tir 13 phan loai: xep phdi, tim to, dong dic, phit né, mé rong trung thét tim,
gdy xuong, ton thwong phoi, mang phoi, mang phdi, viem phdi, tran khi mang phoi,
ding thiét bi hd trg, va khong c6 phat hién nao. 184 miu dwong tinh duoc 13y tir céc
nghién ciru khéc, va chi bao gdm cdc mau thé hién rd dau hiéu cia COVID-19. Bo dir
lidu gbc da duogc chia sin thanh tip train ¢6 2000 mau 4m tinh, 84 mau duong tinh va
tap test co
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3000 mau Am tinh, 100 mau dwong tinh. Trong nghién ciru ndy, tap train da dugc chia
lai thanh mdt tap train nho hon va tap validation voi ti 1€ 4:1 (Tuong duong véi 1600
mau am tinh, 67 mau am tinh ¢ tap train va 400 mau am tinh, 17 mau duong tinh ¢ tap



validation)

Dé dbi phé voi van dé overfit, bo dir lidu dugc lam giau bang cdch dp dung cdc
phép bién hinh. Pau tién, cdc miu anh s& duoc thay doi kich thudc vé 256x256 diém
anh. Tiép dén, dbi véi tap train, cdc bién thé ngiu nhién sé& tao ra thong qua cic phép
bién hinh nhu cat hinh ngdu nhién (224x224), xoay hinh ngau nhién (t6i da 10°), lat
ngau nhién theo phuong ngang (50%), dé mo phong nhitng thay dbi trong cic tinh
hudng thuc té. Dbi voi tap validation va test, cdic mau s€ dugc cat 224x224 vé trung
tam, dam bao phép bién hinh s& ludn giéng nhau va cho két qua cb dinh trong qua trinh
danh gia. Cubi ciing, moi mau anh s& dugc chuan héa vé cic tensor 3x224x224 dé dua
vao mo hinh.

3.2. Tinh chinh trong sé

Tinh chinh trong $6 1a qué trinh diéu chinh céc trong s6 dé tim duoc mot bo
trong sb cho ra qué trinh huan luyén t6i uu hodc dap tmg dugc ky vong. M&i md hinh
s€ hoat dong tdt nhat v4i mot bo trong s6 nhit dinh, va hién tuong nhiéu ciing s& anh
huong dén su dao dong cua viéc huén luyén. Hiéu mot cidch don gian, tinh chinh trong
s6 12 bai todn tim gia tri cyc dai cia ham f(x) tr tdp A, voi f(x) 1a mdt ham hop den
phtrc tap vé mat tinh todn, con A 1a tip hop céc bo tham sb dau vao dé xac dinh.

Trong trlmng hop tinh chinh trong 50, tap A la tap chua tat ca cdc truong hop
cia cdc b trong sO, voi gid tri cila moi trong sO nam trong mlen cho trudc, con ham
f(x) 12 qué trinh huan luyén thir md hinh v6i mot b trong s6 dau vao. Bang cach thu
lap di lap lai nhiéu bo trong s6 khéc nhau, dén khi dat dugc két qua tét trén tap
validation, bg trong s6 phii hop s& duoc tim thiy. Tuy vay, dé qua trmh nay dién ra mot
cach hiéu qua, Vlec danh gla két qua (phan f(x)) va mot thuat todn ti vu trén toan mién
(phan max) la can thiét. Kiém chirng chéo k- lan (k-fold cross-validation) va t8i wu hod
Bayes (Bayes1an optimization) (Mockus 1989) da duogc ap dung mot cich twong tng.
Dic biét, tdi vu hod Bayes cho ket qua nhanh hon va tiét kiém tinh todn hon so véi
thuat to4n tim theo luéi hay tim ngiu nhién.

3.3. Hudn luyén mé hinh

Sau khi duoc tinh chinh, cdc bd trong sb s& duoc dung dé cdu hinh vong lip
hudn luyén. Trong vong lip nay, dit liéu tir tap train s& dugc dung dé huén luyén, con
dir liu tir tap validation s& dugc ding dé danh gid qué trinh huan luyén dé. Mo hinh
hoc duge kién thic tir dit liéu dua trén thuat todn gradient descent, béng céach cap nhat
cdc tri s6
trong mang than kinh ciia mo hinh. Khi két qua trén tap validation bat dau cé dau hi¢u
overfit, qud trinh huén luyén s& duoc dimg mot cich tu dong bang thuat todn Early
Stopping, dua trén nghién cuu cua Prechelt (Prechelt 2012). Ddng th(‘ri mdi 1an mo
hinh dat dugc két qua tét nhat trong sudt qua trlnh huén luyén, cic trj s6 ciia mang than
kinh s& duoc luu lai va xem nhu 12 két qua cudi cliing cuia mo hinh. Ung véi timg kiéu
mod hinh ResNet50, NASNet-A- Moblle Xceptlon c6 tong cong 05 md hinh duoc huén
luyén. Cac md hinh cho ra Kkét qua tdt nhat trén tap validation tir moi kiéu s& dugc chon
dé du doan trén tap test.

3.4. Ddnh gid két qua

bé danh gia két qua cua mdt md hinh dy dodn, dac biét 1a du dodn nhi phan, céic
chi s0 sau thuong dugc st dung pho bién: do chinh xac (accuracy), do phti/nhay (recall),
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do dic hiéu (specificity), do chuan xdc (precision). Pic biét, chi s6 diém F1 (F1-score)
s€ hi¢u qua doi voi truong hop bd dir li€u bi mat can bang (s6 lugng mau cia cac nhan
dong déu), chi sO dién tich bén dudi duong Receiver Operating Characteristic



(AU-ROC) hiéu qua trong bai toan ngudng quyét dinh di dong (thay doi ngudng quyét
dinh dé dé

phong céc trudng hop 4m tinh gia hodc duong tinh gia). Pic biét, chi s6 dién tich bén
dudi duong Precision-Recall (AU-PRC) c6 thé giai quyét ca hai vin dé nay (Chou; Saito
& Rehmsmeier, 2015) Vi ly do do, trong nghien ctru nay, AU-PRC la chi sb t6i quan
trong trong viéc quyét dinh Iya chon b trong s6 & va md hinh ¢ cac budc trude trong
quy trinh tong quat da gi6i thidu & ddu muc nay, cdc chi s6 con lai chi dugc ding dé
danh gid. Ngoai ra, v6i bai toin ngudng quyét dinh di dong, nghién ctru nay con tinh
toan chi s6 do dic hiéu tng v6i voi do nhay 98% - ddy 1a do nhay twong ddi cao dé dam
béo tim sodt dich mét cach hiéu qua.

4. Két qua nghién ctru va thao luin

4.1. Két qud nghién ciru

Ca ba md hinh duoc chuyén tiép qua bo thir nghiém dé tra vé két qua danh gia.
Do kich thudc 16n cta tap dit lidu, chi mot sd vi du tir tat ca cac danh muc: duong tinh
that, duong tinh gia, 4m tinh that, 4m tinh gia dugc trich xuat dé dé hinh dung. Dau (+)
va (-) duoc ki hiéu 1an luot cho két qua chan dodn 1a duong tinh hay 4m tinh. Céc du
dodn dugc dua ra bdoi ResNet50, NASNet-A-Mobile va Xception dugc ky hi¢u lan luot
1a R, N va X. Ngoai ra, cic dy dodn sai duge ddnh dau mau do. Céc ngudng quyét dinh
twong duong v61 do nhay 98% da dugce st dung cho mdi md hinh (xem Hinh 1).

Mic dit d6 chinh xdc khong phai 1a thude do hidu suat chinh clia nghién ciru nay,
nhung ba mé hinh da dat dugc nhimng két qua dang chi y. Céc gid tri do chinh xdc da
chon ctia ba md hinh dé so sanh, d6i v6i cdc nghién ctiru khéc, chiing duogc gitr nguyén
nhur trong tai liéu gdc. Sy khac biét vé do chinh xic giita cdc nghién ciru khac nhau chi
c6 thé so sdnh dwa ra mot géc nhin han ché. Mot 1an nira, diéu nay ngu ¥ nhu ciu vé
mot sb lidu c6 kha ning phan biét hiéu suat trong tap dit liéu khéng can bang, chang
han nhu AU-PRC. Vi diéu quan trong 12 phai duy tri mot do nhay cao dé phat hién
COVID-19, d6 nhay ¢ mitc 98% nhé lai da duoc sira d6i dé dua ra mot so sanh rd rang
hon. Cudi ciing, ResNet50 va NASNet-A-Mobile duge dé xuat trong nghién ctru nay da
hoat dong t6t hon nhitng mé hinh khéc (xem Bang 1).

68
Hoi thao Khoa hoc Tré “Vaccine COVID-19: Nghién ciru va Ung dung”

4.1.1. Két qua chan dodn



A

Hinh 1: Két qua thu duoc sau khi hudn luyén cdc mo hinh

4.1.2. So sdnh két qua so véi cdc cong trinh nghién ciru khdc

Bang 1
Béng so sénh két qua so véi cdc cong trinh nghién ciru khic
M6 hinh nghién ciru D9 chinh xac Do dic hiéu AU AU
(d6 nhay 98%) ROC PRC
ResNet50 900090. 97.53% 0.9940 00
Q000% 0009
0009
NASNet-A-Mobile 99.45% ©00090. ©0. 0.9633
Q000% 0009
0009
Xception 98.77% 86.00% 0.9812 0.9003
ResNet50* - 89.6% 0.990 0.899
SqueezeNet* — 92.9% 0.992 0.897
CNN by Chimp optimization™** 98.25% - - -
CNN by hybrid sine—cosine™*** 98.83% 93.2% - -
ResNet]8 ###* — — 0.994 -
AlexNet *#*#* — — 0.995 -

*(Minaee et al., 2020)
**(Hu et al., 2021)

*##%(Wu, Khishe, Mohammadi, Taher Karim, & Rashid, 2021)

**%*(Naviwala & Qureshi, 2021)
4.2. Thdo ludn

Nh¢ ¢6 dung lwong nhe ma mé hinh NASNet-A-Mobile ¢6 kha ning dugc tiép
tuc phat trién dé tro thanh ung dung chan do4n trén dién thoai thong minh (xem Hinh.
2). Dy kién tng dung c6 thé gitip ngudi diing ty tham khao chan dodn ciia minh mot
ciach nhanh chéng nhat néu ho cé anh chup X-quang 1dng nguc cua minh. Diéu nay
gitip giam 4p lyc 1én hé thong y t& va phd cap nhanh hon viéc sir dung tri tué nhan tao




vio chan dodn y khoa tai nhitng co sd y té cip dia phuong va nhitng noi chua c6 thiét bi
y t€ tich hop hé thong tri tu¢ nhan tao.
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Hinh 2: Giao dién du kién cua ing dung chan dodn Covid-19 bang X-quang phdi
5. Két luan & Goi y

T6m lai, nghién ctru nay da tao ra mot s6 két qua déy htra hen mot cich hiéu qua.
Mot quy trinh tinh chinh vé viéc phat trién cc mo hinh hoc siu dé phat hién COVID-19
da duoc hinh thanh. Quy trinh niy xem xét va khic phuc hai cai dit phd bién thuong
Xuyén phat sinh trong cdc van dé chan dodn y hoc mét cin b.':ing tﬁp dir liéu va ngudng
quyét dinh di dong. Quy trinh ndy ciing c6 thé 1a nén tang dé phat trién cac mo hinh hoc
siu dé du dodn céc tinh trang strc khoe khéc. Vi quy trinh nay, viéc hoc chuyén giao
ctia ba loai md hinh hoc sau dugc dao tao trudc di dugc thuc hién dé tao ra ba mo hinh
du doan COVID-19 véi két qua hién dai.

Trong khi d6, ba md hinh nay c6 thé hd tro trong cudc chién khan cip chéng lai
dai dich toan cau. M6 hinh hi¢u suat t6t nhét, ResNet50, c6 thé dugc tich hgp vao mot
tmg dyng mdy tinh dé ban nham hd trg cic xét nghiém sang loc COVID-19 bén canh
cic phuong phdp test nhanh va PCR thoi gian thuc. Ung dung c6 thé duogc cai dit trén
hé
théng mady tinh cua bénh vién dé d:fly nhanh vi¢c phan loai va nhap vién, trén mat thiét
biy té di dong c6 kem X-quang dé thuc hién xét nghiém cuc bo cho mdt ving dan cu
v6i tde dd nhanh chéng va chi phi hop 1y. M6 hinh nhe nhat, NASNet-A-Mobile, c6 thé
dwoc phit trién thanh mot (mg dung di dong dé moi nguoi ¢6 thé dé dang theo dai kha
ning mic bénh néu ho c6 the chup X- -quang ph01

Nghlen cuu nay c6 tiém ning tot dé cai tién nhu c6 thé 1a mé rong kha ning dy
dodn bao gom ca chan do4n X-quang nguc bén. Ngoai ra, cdc mo hinh dy dodn c6 thé
phan loai nhiéu loai tinh trang hd hap hon trong mot bai toan phan loai nhiéu 16p. Cich
tiép can phan loai c6 thé dugc thay doi tir phan loai nhi phan sang phan doan ngit nghia
hodc mét thudt todn dé truc quan héa céc hinh anh du dodn duédi dang ban dd nhiét c¢6
thé duoc phét trién. Cudi ciing, v6i nhidu tai nguyén tinh todn hon, cdc mé hinh c6 kich
thudc 16n hon c6 thé duge dao tao dé cho két qua t6t hon.

LOI CAM ON



Nhém tdc gia xin chan thanh gui 16i cam on dén PGS. TS. Pham Thi Thu Hién
va TS. Lé Thanh Hai vi sy huéng dan tan tinh tir quy thay cb trong qué trinh thyc hién
dé tai ciing nhu nhimng gép y hitu ich trong qua trinh viét bai tham ludn.
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Chét té bao theo chwong trinh va vai tro trong nhiém SARS
CoV-2

Programmed cell death and its role in SARS-CoV-2 infection
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THONG TIN TOM TAT

loan cua qua trinh apoptosis dong vai tro quan

trong trong nhiéu bénh 1y va do nhiéu yéu t&

khéac nhau hoat hod. C6 ba con duong hoat
Ngay nhan: Ngay nhan lai: Duyét ding: hod apoptosis: con duong ndi sinh (qua ty thé),
con duong ngoai sinh (qua cic thy thé chét) va
con dudng perforin/granzyme. Mot s6 virus
dugc biét 1a ¢6 lién quan dén viéc gia ting
apoptosis. Qué trinh nay c6 vai tro trong vi¢c
giup cho vat chu loai bo virus nhung ciing c6
thé dan dén céc thuong

DOI:

Tw khoa:

Chét té bao theo chuong trinh (hay dugc goi la

apoptos1s) 12 mot co ché quan trong dé loai bd

cdc té bao du thira hodc bi thay dbi trong cic

mo trong sudt vong doi ciia sinh vat. Cac roi

chét té bao theo chwong trinh,

apoptosis, caspase, SARS CoV-2, COVID-19 vao muc tiéu apoptosis do virus gdy ra c6 thé
1a chién lugc diéu tri dﬁy htra hen trong nhiém
SARS-CoV-2 va c6 thé gitp lam giam thiéu
thuong t6n do dép g mién dich qua mic gy
ra.

Keywords:

programmed cell death, apoptosis, caspase,

SARS CoV-2, COVID-19

tén ctia mo va tién trién cua bénh. Trong nhiém

SARS-CoV-2, apoptosis dugc hoat hod theo

con duong ngoai sinh va ndi sinh, lién quan

dén protein ORF3a va protein 7a. Cdc nghién ABSTRACT

clru vé apoptosis do SARS-CoV-2 cho thay c6 Programmed cell death (or called apoptosis) is

mdi lién quan gita apoptosis voi kha ning gdyap important mechanism to eliminate the
bénh va mirc d¢ tram trong ctia bénh. Nham



redundant or altered cells in tissues during an progression. In SARS-CoV-2 virus infection,
organism’s lifecycle. Disturbances of extrinsic and intrinsic pathways for apoptosis
apoptosis play a key role in many diseases and are induced and are associated with ORF3a
are activated by many different factors. There and 7a proteins, respectively. Many studies
are three pathways for apoptosis: the intrinsic showed that apoptosis involved in different
(mitochondrial), extrinsic (death receptor), and pathogenicity and severity of COVID-19.
perforin/granzyme pathway. Some viruses are Targeting virus induced apoptosis could be a
known to be associated with increased promising therapeutic strategy in the treatment
apoptosis. Apoptosis triggered by these of SARS-CoV-2 virus infection and decrease
viruses has a role in the viral clearance of the the damage caused by excessive immune
host as well as leading to a mechanism for ~ responses.

virus-induced tissue injury and disease
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1. Giéi thiéu

Virus corona gdy hoi chimg ho hip cip tinh ning 2 viét tit 1a SARS-CoV-2
(Severe acute respiratory syndrome corona virus 2) la mot chung cua coronavirus gay ra
bénh viém dudng hd hap cap xuat hién 1an dau tién vao thang 12 nim 2019 ¢ thanh phd
Vi Han, Trung Qudc va bat dau ldy lan nhanh chéng, sau d6 tré thanh mot dai dich toan
cau (Coronaviridae Study Group of the International Committee on Taxonomy of
Viruses, 2020). T6 chirc Y té Thé giéi (WHO) da dit tén bénh gy ra boi SARS-CoV
2 1a COVID-19. Tinh dén ngay 26 thiang 09 nim 2021, SARS-CoV-2 di lay nhiém cho
hon 231 triéu nguoi trén toan thé gidi va di c6 hon 4.7 triéu ngudi tir vong (Operations
Dashboard for ArcGIS). Cac biéu hién ning cia COVID-19 gom s6t va viém phdi, din
dén hoi ching suy hd hap cap (ARDS acute respiratory distress syndrome). ARDS Ia
mot bién chung thuong gip, chiém khoang 20% céc truong hop COVID-19 va 1/4 bénh
nhan trong s6 d6 can phai chim séc va diéu tri & khoa h01 stc tich cuc (ICU) (Moore &
June, 2020; Ranieri, Rubenfeld et al., 2012). Tang nong do interleukine (IL)-6 huyet
thanh va cdc cytokine viém khédc c6 mbi twong quan véi ARDS va cdc biéu hién 1am
sang khdc ciia bénh (Chen, G. et al., 2019). Dép tng viém tai phdi xay ra do su tap
trung ciia céc té bao mién dich duoc thu hiit dén phoi va san xuit céc cytokine gy viém
qud mtrc din dén ton thuong phdi nghiém trong va réi loan chirc niing da co quan. Do
d6, viéc tim hiéu vé co ché trong dap tmg viém do virus SARS-CoV-2 gy ra rat c6 gid
tri dé phdt trién cédc chién luge diéu tri hiéu qua cho bénh nhan mic COVID-19. Mot
trong nhitng co ché phén tr hién nay dang dugc nghién ctru d6 la cic co ché gay chét té
bao theo chuong trinh.

Ndm 1972, Kerr va cong sy da dat t€n cho chét bao theo chuong trinh la
apoptosis. Py 1a mot qud trinh quan trong dbi viéc loai bo céc té bao binh thudng bi
du thira hogc bi bién doi, va ca trong qué trinh chon loc dong té bao lympho dé dam bao
cho sy phat trién va chuc ning thich hop ctia hé mién dich, su phat trién ctia phdi thai
va loai bo céc té bao do héa chat gdy ra. Réi loan qud trinh apopt051s déng vai tro quan
trong trong co ché benh sinh ctia nhiéu bénh 1y, bao gom rdi loan phat trién, suy giam
mién dich, bénh ty mién, thodi héa than kinh va ung thu (Ameisen, 2002).

Apoptosis 12 mot qué trinh gitp duy tri cin bang ndi méi, thudong xay ra trong
qud trinh phat trién va 1do héa dé giir cac té bao binh thudng tan tai & trong m6 (Norbury
& Hickson, 2001). ApOptOSlS tao ra cdc manh té bao dugc goi 1a cdc thé apoptotlc cac
thé nay sé duge cdc té bao thuc bao nhanh chong loai bd truoc khi cdc thanh phan bén
trong té bao thodt ra ngoai gy ra cic ton thuong cho céc té bao xung quanh. Apoptosis
ciing c6 thé hoat dong nhu 1a co ché bao vé nhu trong ddp Gmg mién dich hay trong
truong  hop té bao bi ton thuong do céc doc t6 hodc do bénh ly. C6 rat nhiéu nguyén
nhan va yéu td kich hoat apoptosis(Norbury & Hickson, 2001). Vi du nhu trong diéu tri



ung thu, cdc thudc va liéu phdp hod tri lam tén thuong DNA va két qua 1a kich hoat
apoptosis thdng qua con duong phu thudc p53. Hay trong bénh COVID-19, apoptosis
duoc kich hoat béi  hiéu luc cua yéu td hoai tir u (TNF: tumor necrosis factor) va
interferon-y (IFN-y). Trong bai trinh bay nay chiing tdi s& dé cap dén co ché ciing nhu
vai tro ctia apoptosis trong nhiém SARS-CoV-2.

2. Céc yéu t6 hoat hoa va céc giai doan ciia apoptosis

2.1. Cdc yéu té hoat hod apoptosis

C6 4 nhém yéu té chinh gy ra apoptosis gdm: hoat hod cdc thu thé, ton thuong
ty thé, ton thuong mang té bao va ton thuong DNA (xem hinh 1):
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Hinh 1: Céc yéu t6 hoat hod apoptosis

2.2. Cdc giai dogn cua apoptosis

Mot sb thay do6i Vé hinh théi té bao c6 lién quan dén cac giai doan khac nhau ciia
qué trinh apopt0s1s bao gém: sy phan manh DNA & nhan, sy co rit cta té bao, ngung
tu chat nhiém séc, tan mang té bao va sy hinh thanh céc thé apoptosic (Elmore, 2007).
Sau khi cic thé apoptotic dwoc hinh thanh, ching nhanh chéng bi thyc bao bai cic dai
thuc bao.

3. Céc co ché giy apoptosis

Cic con duong hoat hod apoptosis rat phic tap, xay ra theo dang dong théic cua céc
phan tor phu thudc niing lwong 1a cdc caspase. Céc caspase dugc biéu hién rong rii ¢ hau
hét céc té bao dudi dang khong hoat dong (goi 1a pro-caspase). Mot khi dugc kich hoat
thanh céc caspase thi s& dan dén khuéch dai con duong tin hi¢u hinh thanh cic thé
apoptotic va sau d6 giy chét té bao do hoat dong phén giai protein ctia ching.



A

Hinh 2: C4c con dudng hoat hod apoptosis

C6 hai con dudong hoat hod apoptosis chinh 1a con dudng ndi sinh (intrinsic
pathway) hay con goi 1a con dudng ty thé va con dudng ngoai sinh (extrinsic pathway)
hay con goi I con dudng qua thy thé chét (Igney, Krammer, 2002). Mt con dudng hoat
hoa apoptosis khac ciing da dugc cong nhan lién quan dén perforin/granzyme-A hoic B,
la nhiing thanh phan duoc giai phéng boi té bao lympho T gy doc (cytotox1c T
lymphocyte) va té bao diét ty nhién (NK: natural killer). Ca ba con duong nay cudi cung
déu din dén chét té bao bang cdch kich hoat caspase-3/7, 1am co rit té bao, ngung tu
chat nhiém sic va phain manh DNA, suy thodi nhan té bao (Elmore, 2007).
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3.1. Co ché gay apoptosis theo con dwong ngi sinh

Nhu tén goi da chi ra, con dudng ndi sinh duoc khoi dau boi cdc yéu td kich hoat
bén trong té bao chiang han nhu tinh trang thiéu oxy va ndng dé Ca’* qua cao trong bao
tuong (Karp, 2008). Tét ca nhitng yéu t kich hoat niy s& Iam cho ty thé ting tinh thdm
va giai phéng ra cytochrome C vao bao tuong. Con dudng ndi sinh dugc diéu hoa boi
hai nhém protein. Nhém protein thir nhat gom Bcl-2, Bcl-XL, Bel-W, Bfl-1 va Mcl-1, 1a
nhiing protein c6 vai trd chdng apoptosis. Nhém protein Bcl-2 niy tham gia diéu hoa
apoptosis thong qua co ché ngin chin su giai phéng cytochrome C tir ty thé. Nhém
protein thr hai dugc goi la pro- apoptosis g6m Bax, Bak, Bad, Bcl-Xs, Bid, Bik, Bim va
Hrk tham gia diéu hoa apoptosis bang céch thic dy viéc giai phéng cytochrome C,
nguoc lai véi nhém protem Bcl-2. Su can bang hoat dong glua nhém cuia protein chong
apoptosis va nhém thic ddy apoptosis (pro-apoptotis) quyét dinh cho cdch thirc kich
hoat apoptosis duogc gidi thi¢u.

Su giai phéng cytochrome trong con dudng ndi sinh tir ty thé ddn dén sy hinh
thanh apoptosome va hoat hoa caspase 8 va 9. Sau khi dugc hoat hod, cac caspase nay
s& tiép tuc hoat hod céc caspase xudi dong nhu caspase 3, sau d6 gy chét té bao (xem
hinh 2).

3.2. Co ché gay apoptosis theo con dwong ngogi sinh

Con dudng ngoai sinh duoc kich hoat boi mot phdi tir (L: ligand) lién két véi
mot thu thé giy chét (death receptor) tuong tmg. C6 rat nhicu thy thé gay chét khac
nhau, tuy nhién thu thé danh cho TNF va Fas (CD95) dugc biét dén nhiéu nhét trong s6
d6. Cac phdi tir twong tng dbi voi thu thé TNFR1 1a TNF va phéi tir twong tng voi Fas
l1a FasL.
(Lee, S.J, Jeong & Lee, S.J, 2012). Cac thy thé ny c6 mot ving giy chét doi hoi phai
két hop véi céc protein tiép hop. Ving giy chét cia TNFR1 gin véi protein TRADD
(TNF receptor type 1-associated death domain protein) va viing chét ctia Fas gan protein
FADD (Fas-associated protein with death domain) (Schneiderer & Tschopp, 2000). Céac



protein nay lién két véi cic thy thé gdy chét té bao va tao ra mot phirc hop phdi ti- thy
thé -protein tiép hop duoc goi 1a phirc hop tin hiéu giy chét (DISC: death inducing
signalling complex) (O’brien & Kirby, 2008). Sau khi phtrc hop DISC dugc tao thanh,
pro-caspase 8 hoat hod thanh caspase 8 va enzyme nay tiép tuc phan cit truc tiép cic
caspase xudi dong va giy ra apoptosis(Karp, 2008). Ngoai ra caspase 8 ciing c6 thé gidn
tiép hoat hod cdc caspase khic thong qua phan cit BH3 cua protein Bid thudc con
duong ndi sinh (Igney & Krammer, 2002) (xem hinh 2).
3.3. Co ché gdy apoptosis theo con dwong perforin/granzyme
Ngoai hai con dudong hoat hod apoptosis ndi sinh va ngoai sinh, hién nay c6 mot
con dudng khic duoc bd sung lién quan dén co ché tiéu diét té bao phu thudc vao
perforin-granzyme ciia té bao T gy doc (Tc: cytotoxic T cell) va té bao NK. Cic té bao
Tc va NK c6 thé tiéu diét cic té bao dich qua con dudng ngoai sinh thong qua sy tuong
tac gitra Fas va FasL (Brunner, W.C, Torgler, C.I, & Jakob, C.N, 2003). Tuy nhién, cic
té bao nay ciing c¢6 thé giy doc céc té bao khéi u va céc té bao bi nhiém virus thong qua
mot con dudng moi, bang cich tiét phan tir perforin dyuc thung mang té bao dich, sau d6
phéng thich granzyme A va granzyme B (chira trong cic hat & bao twong) qua céc 15
thiing vao té bao dich, gy chét té bao dich.
Granzyme B phan cit protein tai cdc gdc aspartate va do d6 s& hoat héa pro caspasel0.
Granzyme B c6 thé thong qua con dudng ty thé dé khuéch dai tin hiéu gdy apoptosis
bang céch phan cit Bid va giy giai phéng cytochrome C. Ngoai ra, granzyme
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B ciing c6 thé kich hoat truc tiép caspase-3 tao thanh céc thé apoptotic (xem hinh 2).
Mot sd téc gia nhan dinh rang cho rang ca con duong ty thé va su hoat héa truc tiép ctia
caspase-3 déu rat quan trong ddi véi qua trinh giy apoptosis do granzyme B giy ra
(Goping, B.M., Liston, S.T., Constantinescu, M.M., Shostak, R.L, Hunter, K.R,
Bleackley, 2003).

Granzyme A ciing ¢4 vai trd trong co ché hoat hod apoptosis nhung khong phu
thugc caspase ma thong qua viéc lam ton thuong DNA so¢i don (Martinvalet, Z.P., &
Lieberman, 2005). Khi vao trong té bao dich, granzyme A sé& kich hoat DNAse, 12 mot
san pham ciia gene NM23-H1 e ché ung thu. DNAse c¢6 vai trd quan trong trong gidm
st t& bao mién dich dé ngin ngira ung thu théng qua kich hoat qué trinh apoptosis d6i
v6i té bao ung thu. Protein SET thuong trc ché gene NM23-H1. Granzyme A protease
phan cit phtic hop SET, do d6 giai phéng sy tc ché NM23-H1 dan dén tong hop DNAse
lam ton thuong DNA va kich hoat apoptotic (Fan, B.J., Oh, Z.D., & Lieberman, 2003)
(xem hinh 2).

4. Co ché va vai trd cia apoptosis trong nhiém SARS-coV-2

Té bao ctia co thé c6 cdc hé thong phong thu gitp nhan biét va ngin can sy xam
nhap cua virus. Cédc hé thdng bao vé cua t& bao nay bao gdm céc yéu td han ché virus,
cic yéu td hoat hod con dudng gy chét té bao, cic yéu t6 kich thich ddp tmg viém, san
xuat interferon, tham gia mién dich bam sinh va mién dich thich Gng. Sy phéi hop chat
ché giita cdc yéu t6 nay 12 mau chdt trong viéc ngin chin su 1y nhiém va ldy lan cia
virus. Néu virus xam nhdp dugc vao co thé thi céc té bao bi nhiém s& tu chét qua cic co
ché gy chét té bao, diéu nay rat quan trong trong Viéc lam giam su sao chép va nhan Ién
ctia virus. Trong nhiém SARS-CoV-2, mét sb yéu td kich hoat co ché giy chét te bao
dic biét 1a co ché apoptosis, gép phan quan trong trong co ché bénh sinh va tién trién
cua bénh.

Nhiém SARS-CoV-2 kich hoat cdc con dudng apoptosis ngoai sinh va noi sinh.
Bianchi M. va cong su di nghién ctru vé vai trd cua protein ORF3a (ORF3a: open
reading frame 3a), d6 la mot protein phu cua virus corona dugc bao tdn (Bianchi, B.A.,



& Ciccozzi, P.S., 2021). ORF3a la mot protein xuyén mang, hoat dong nhu mot kénh
ion, c6 chirc ning lién quan dén kha niing giai phéng virus. Céc nghién ctru trén cic
dong té

bao khic nhau cho thiy ORF3a giy ra su phan cit va hoat hod caspase-8 va khéng anh
huong dén Bcl-2 (Ren, S.T., Wu, M.J., Wang, HM., Han, Z.X, Zhou, Q.Y, et al, 2020).
Diéu nay c6 nghia 1a ORF3a gy apoptosis théng qua con dudng ngoai sinh. Cac chét trc
ché caspase-8 hoidc caspase-9 lam giam apoptosis ding ké do ORF3a giy ra. ORF3a
ciing hién dién trong SARS-CoV-2 va ¢6 73% tinh tuong dong véi cdc ching cia
SARS-CoV. Su lién két mang 12 diéu kién can thiét cho hoat hoat dong pro-apoptosis
cia ORF3a ddi voéi SARS-CoV-2. Tuy nhién diéu ndy lai khéng can thiét déi véi
ORF3a cua SARS

CoV. Ren va cong sy di chi ra ring ORF3a ctia SARS-CoV ¢6 hoat tinh pro-apoptosis
cao hon ORF3a cua SARS-CoV-2 (Ren, S.T., Wu, M.J., Wang, H.M., Han, Z.X., Zhou,
Q.Y,, et al, 2020). Vi vdy, ngudi ta ciing chdp nhan rang SARS-CoV ¢6 doc luc manh
hon so vdi SARS-CoV-2, diéu nay gép phan vao sy khic biét vé kha ning giy bénh
gifra SARS CoV va SARS-CoV-2. Qua co ché nay da gitip ching ta giai thich dugc
viéc xudt hién céc truong hop nhiém khéng c6 triéu chung trong SARS-CoV-2 va glup
virus nay lay lan nhanh hon. Ngoai ra, cac bénh nhan mac COVID-19 nang thi c6 tan
suat t& bao bi chét theo co ché apoptosis cao hon so v6i bénh nhan nhe, cho thay c6 mbi
tuong quan gitra apoptosis va kha nang gay bénh cling nhu muc do nghiém trong cua
bénh COVID 19 (Ren, S.T., Wu, M.J., Wang, H.M., Han, Z.X., Zhou, Q.Y., et al, 2020).
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Mot protein khac cua SARS-CoV-2 1a protein 7a, khong ¢6 trinh ty tuong dong
dang ké véi protem cua cac chung V1rus corona khic, c6 thé giy ra apopt051s phu thudc
caspase trong cic t& bao c6 ngudn gdc tlr cic co quan khéc nhau, bao gdm phoi, than va
gan. Nghién ctru ctia Ying va cong su da chi ra rang su biéu hién qua muc cia Bel-XL
ngdn chdn qua trinh apoptosis cua protein 7a. Protein 7a tuong tdc voi Bel-XL va cac
protein chéng apoptosis (Bcl-2, Bcl-w, Mcl-1 va Al) nhung khong tuong tac voi cac
protem pro- apoptotlc (Bax, Bak, Bad va Bld) Cu thé 1a protein 7a gy apoptosis bang
cich két horp tryc tiép véi cdc cédc protein chdng apoptosis nhu Bel-XL, Bel- w, Mcl-1
va Al va bét hoat chtrc nang cua céc protein nay (Ren, S.T., Wu, M.J., Wang, H.M.,
Han, Z.X., Zhou, Q.Y., et al, 2020). Tt do, su hoat hod apoptosis xay ra thong qua kich
hoat caspase-3.

Giam té bao lympho 13 mét yéu t6 nguy co gay nhiém virus SARS-CoV-2 va ¢
lién quan dén mirc d6 nghiém trong ctia bénh COVID-19. Céc co ché giy sb luong té
bao lympho vin chua duoc biét 15, nhung ¢ mot s gia thuyét da duoc dua ra. Mot
trong s6 dé 1a do bio cytokine voi ting qud mirc cdc yéu td tién viém va gy ra qud
trinh apoptosis ddi v6i té bao lympho. Bang chimg vé sy tham gia ctia CD95 (Fas)
trong viéc kich hoat apoptosis ¢ t& bao lympho ctia bénh nhan nhiém SARS-CoV-2
dugc ghi nhan boi Wang va cong su. Céc té bao TCD4+ va TCD8+ trong tuan hoan cua
nhém bi nhidm SARS-CoV-2 ting biéu hién CD95 so v6i nhémbinh thuong khoe
manh, ciing trong nghién ciru nay téc gia con cho thdy c¢6 mdi twong quan gitra viéc
ting biéu hién CD95 va giam s lugng tuyét ddi cia TCD4+ (Wang, N.J., Wang, Z.Q.,
Xiong, D. L., Song, M.Z., Mo, Z.Y, 2020). Mot nghién ctru gan ddy cua Xiong Y. va
cong sy di chi ra rang sau khi giai trinh ty RNA cuia cdc bach cdu don nhédn trong mau
ngoai vi ctia cdc bénh nhan COVID-19 c¢6 mot sé gene da bi thay dbi, bao gdm nhiing
gene lién quan dén qud trinh apoptosis va tin hiéu P53. Nhitng gene nay dugc biéu hién
cao ¢ nhitng bénh nhan COVID-19 so véi nhitng ngudi hién mau khoe manh (Xiong,
L.Y., Cao, W. D., Guo, J.A., Guo, HW., Yang, T.Z. et al, 2020).

Mot co ché khédc c6 thé lam giam té bao lympho trong méu ngoai vilién quan
dén phan ti CD147. Phan tt nayduge xem nhu 12 mot thy thé cia SARS-CoV-2 dé xam



nhap vao té bao lympho va giy ra qud trinh apoptosis dbi Vdi té bao lympho T. CD147
la mot glycoprotem xuy€n mang cua siéu ho globuhn mién dich. CD147 ciing 1a mot
thy thé ciia mot sd loai virus khac nhu thy thé cho sy xdm nhap cua HIV vao té bao
lympho T, sy xam nhédp cua CMV vao céac té bao ndi md va biéu mo, va sy xam nhép
ctia Plasmodium falciparum vio cdc té bao hong cau. Thong qua CD147, SARS-CoV-2
xa4m nhép vao té

bao lympho va giy ra sy san xuat qua mirc cdc phan tir tién viém, gian tiép diéu chinh
cac con duong apoptosis qua p53 (Helal, S.S., Abdelwaly, E.A., Essawy, S.S.; Saleh,
E.N., 2020). Thyc nghiém in vitro cho thay c ché CD147 bang meplazumab di ngin
chdn ding ké su nhan 1én cia virus, d@)ng thoi su biéu hién qué muc cua thu thé nay thi
lai thiic déy su lay nhiém virus.

Nhu vdy cé thé nhan thiy rang apoptosis 12 mot trong nhitng co ché giy ra
chtng giam té bao lympho trong mdu ngoai vi nhu da duoc bdo cdo & nhitng bénh nhin
bi nhi€ém COVID-19.

5. Céc hwéng nghién ciru diéu tri méi trong nhiém SARS-CoV-2 Cic bing
chting vé apoptosis lién quan dén co ché giy ton thuong phdi va lién quan dén mic do
1am sang nghiém trong ctia bénh COVID-19 c¢6 thé 1a mot chién lugc day hira hen trong
diéu tri SARS-CoV-2.
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Trong con dudng ngoai sinh, viéc kich hoat caspase-8 s& thic diy cho sy hoat
hod dong thac caspase, dan dén chét t& bao. cFLIP hoat dong nhu mot yéu td chong
apoptotic bang cach trc ché kich hoat procaspase-8. Virus diéu chinh su biéu hién cua
cFLIP, nhu 12 mot co ché dé ngin chin qua trinh apoptosis ngoai sinh ¢ giai doan dau dé
duy tri sy nhan 1&€n ctia n6. Muc do cFLIP cao da dugc quan sat khi bt dau nhiém
SARS CoV-2, ciing nhu trong phéi ciia bénh nhan COVID-19. Do d6, viéc sir dung cic
phan tir chéng lai cFLIP dé kich hoat caspase 8 va gdy ra apoptosis ngoai sinh dugc dé
xudt nhu mot chién luoc quan trong dé chdng lai sy nhan 1én cua virus (Hillert, LN,
Busse, E.J., Konig, P.S., Kolchanov, I.A., Lavrik,2020).

Mot con dudng e ché apoptosis boi virus, bao gom ca SARS-CoV-2, 1a con
duong NF-kB. Viéc kich hoat NF-kB dan dén viéc diéu chinh cdc chat Gc ché apoptosis
quan trong nhu Bcl-2, gép phan vio viéc 1dy nhiém va ddp tng viém cua virus. Do do6,
viéc trc ché NF-kB ciing c¢6 thé 1a mot giai phap kha thi khac can hudng dén trong dicu
tri SARS-CoV-2 (Miller, H.R., Sakamuru, S.S., Attene-Ramos, S.P., Van, L.W., Austin,
X.M., 2010).

Cubi cling, bio cytokine trong nhiém SARS-CoV-2 véi quéd nhiéu cytokine dugc
tiét ra va trong sd d6 thi chi c6 TNFo va IFN-y kich hoat apoptosis, dua dén cic ton
thwong md. Viéc ngin chin con dudng truyén tin hiéu giy chét té bao qua trung gian
cic cytokine viém nay s& gitip cho bénh nhian mac COVID-19 han ché ton thuong va
giam dédp tng viém (Karki, S.B., Tuladhar, W.E., Zalduondo, S.P., Zheng, S.B, Banoth,
M.R. etal, 2021).

6. Két luan

Cic co ché gy chét t& bao 1a mot qud trinh co ban dé duy tri mot mdi trudng
thich hop cho céc té bao binh thuong cta co thé thuc hién dugc cic chire ning. Trong s6
cic co ché gy chét té bao, apoptosis 12 mot co ché gy chét té bao theo chwong trinh
dong vai tro quan trong trong ca truong hop sinh 1y va bénh ly. Apoptosis duoc kich
hoat theo hai con duong chinh la con duong ngoai sinh va noi sinh. Ngoai ra, apoptosis
duoc hoat hod qua con duong tha ba la thong qua perforln/ granzyme. Hau hét c4c con
duong ndy sé& dan dén kich hoat ‘caspase- 3/7 va gay chét té bao véi cac g1a1 doan phan
manh DNA ¢ nhén, co riit cta té bao, ngung tu chat nhidm sic, tan mang té bao tan va



su hinh thanh cdc thé apoptotic.
Trong nhiém SARS-CoV-2, ORF3a kich hoat apoptosis theo con dudng ngoai
sinh, va protein 7a kich hoat apopt0s1s theo con duong ndi sinh. Ngoai ra, apoptosis con

tham gia vao co ché gy giam sb luong té bao lympho trong méau ngoai vi thong qua vai
tro cua Fas va CD147.

St dung céc phan tir tc ché cFLIP hodc NF-kB c6 thé 1a nhitng huéng nghién
ciru maoi trong chién luge diéu tri COVID-19 nham e ché sy nhan 1én cua virus. Ngoai
ra, chién lugc st dung cdc phan tir e ché hoat dong ciia TNFa va IFN-y trong cdc
truong hop ddp Gmg mién dich xdy ra qud muc khong kiém sodt duoc gidp lam giam
c4c thuong ton va giam ddp ing viém trén bénh nhan mac COVID-19.
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