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Abstract: Covid-19 is a global pandemic caused by the SARS-CoV-2 virus, posing a
significant burden on healthcare systems and impacting the global economy. Therefore, the
development of high-quality working virus seed (WVS) lots derived from the master virus seed
(MVS) is essential to enable rapid, safe, and effective domestic production of Covid-19 vaccines.
A WVS lot was successfully generated from the NDV-HXP-S MVS, a recombinant Newcastle
Disease virus (NDV) modified to express the SARS-CoV-2 spike (S) protein, originally
developed and supplied by the Department of Microbiology at the Icahn School of Medicine,
Mount Sinai, USA. From the MVS, a WVS lot was produced under the designation WS
210521/P1, comprising 200 vials (0,6 mL per vial), with a viral titer of 1088 EIDso/ml. The
WVS met all quality criteria, including sterility, NDV identification, spike protein identification,
absence of Mycoplasma and extraneous viruses (e.g., ALV), and 100% nucleotide sequence
identity compared to the MVS. The WVS maintained its quality after 12 months of storage at < -
60°C. The virus replication titer was determined at a dilution of 107, with an optimal incubation

period of 96 hours.

Keywords: NDV-HXP-S virus, spike (S) protein, Covid-19 vaccine, WVS (Working Virus
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NHAN CHUNG SAN XUAT WVS (WORKING VIRUS SEED)
TU CHUNG GOC NDV-HXP-S MVS (MASTER VIRUS SEED)

CO BIEU HIEN PROTEIN S CUA SARS-COV-2 PAT CHAT LUQNG
DUNG TRONG SAN XUAT VAC XIN PHONG BENH COVID-19
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Ngoc Nhon, Lé Dwong Huyén Vwong, Nguyén Sy Tudn, Lé Phwong Lién
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Nhdn ngay 06 thang 06 nam 2025
Chdp nhédn dang ngay 26 thang 06 ndam 2025

Tom tat: Bénh Covid-19 1a dai dich do vi rat SAR-CoV-2 gay ra, la ganh niang cua nén y
té, anh hudng dén kinh té toan cau. Viéc nghién cau dé san xuat 16 chung WVS c6 chat luong tot
tir chiing gidng gé¢c MVS 14 rét can thiét dé san xuat vac xin phong bénh COVID-19 trong nudc
mét cach nhanh chéng, hiéu qua va an toan. Chuang vi rt giéng gbc NDV-HXP-S MVS duoc san
Xuat bang céach bién doi vi rat Newcastle (NDV) dé biéu hién protein dot bién (S) cua SARS-
CoV-2 do Khoa vi sinh ciia trudng dai hoc Y Icahn, Mount Sinai- M¥ cung cap. Tir ching MVS,
san xuat mot 16 chung WVS 16 s6 WS 210521/P1, sé lwong 200 6ng (0,6 ml/ dng), hiéu gia
chung 1083 EID50/ml, dat tat ca cac chi tiéu vd khuan, nhan dang NDV, nhan dang protein S,
Mycoplasma, vi rdat ngoai lai (ALV) va trinh tu gen twong dong 100% khi so sanh vai chung
MVS. Ching WVS dam bao chét lwong khi bao quan ¢ diéu kién nhiét do < -60°C sau 12 thang.
Thong sb tang sinh vi rat WVS ap dung vao san xuit quy md cong nghiép duoc xac dinh & do
pha lo&ng vi rit 10 va thoi gian nudi cay vi rat 12 96 gio.

Tir khod: Vi rat NDV-HXP-S, protein dgt bién (S), véc xin phong bénh Covid-19, chuing
WVS
1. Pt van dé

Bénh Covid-19 1a mét bénh truyén nhidm do vi rit SARS-CoV-2 gay ra, da dugc T6 chuc
Y té Thé gigi (WHO ) tuyén bé 1a dai dich vao ngay 11 thang 3 nam 2020. Vi kha ning lay lan
nhanh chdng, bénh COVID-19 da nhanh chéng lan rong trén toan thé gidi. S6 ca nhiém va pham
vi anh huéng caa COVID-19 da vuot xa ca SARS va MERS, tré thanh méi de doa nghiém trong

dbi voi stic khoe cong ddng toan cau. Vi rat SARS-CoV-2 gay ra cac hoi ching hd hap cép tinh
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nghiém trong dic trung cha yéu bai sét, ho, dau co va thuong kém theo khé thé. SARS-CoV-2
lay truyén qua bot va giot khi tiép xdc gan khong dwoc bao vé giita ngudi bi nhidm va chua bi
nhiém. Tinh dén ngay 27/5/2025, téng s ca mac tich liy Covid-19 trén toan thé gisi duoc béo
cao khoang 778 triéu ca nhiém. Theo T6 chic Y té thé gidi SARS-CoV-2 van tiép tuc su luu
hanh va din bién kho luong. [1,2,8]

Vi rat SARS-CoV-2 thudc ho Coronaviridae, phan ho Coronavirinae rat phd bién & ca
ngudi va dong vat. Protein S cua SARS-CoV-2 khac biét véi hau hét cac thanh vién trong nhom
Sarbecovirus, chia s¢ 76,7-77,0% su twong dong trinh ty axit amin voi SARS-CoVs ¢ cay
huong va nguoi, 75,0-97,7% véi cac coronavirus tir doi cung nhom va 90,7-92,6% véi cac
coronavirus tu té té. [2,3,4,7]

COVIVAC- mét loai vac xin Covid-19 dang dugc nghién clru 1a véc-xin bat hoat toan hat
vi rtit vector Newcastle (NDV) da ma héa gen biéu hién protein S cia SARS-CoV-2 trén bé mit.
Cong nghé tao ching dugc phat trién tai Truong Y khoa Icahn & Mount Sinai (ISMMS), New
York, Hoa Ky va truong Dai hoc Texas (Austin, TX, Hoa Ky).

NDV phat trién cho hiéu gia vi rit cao trong trimg ga c6 phdi nén c6 hiéu qua trong san
xuat vic xin. NDV bi lay nhiém qua duong ho hap va da dugc chimg minh 1a giy ra cac phan
mg mién dich dich thé va té bao & cip d6 niém mac. Nhitng diéu nay ching to rang vic xin véc
to NDV cung cép mot nén tang thuén tién cho viéc tiém ching nhanh chéng, hi¢u qua va tiét
kiém. Hién nay, trén thé giéi da c6 nhitng nghién ciru tmg dung NDV nhu 1a mét véc to trong
san xuat vac xin phong bénh Ebola, HIV, ciing nhu d3 dugc sir dung dé san xuét vac xin H5N1
vi rat cam gia cam c6 kha niang gay bénh cao (HPAIV). [5-10]

Nham muyc tiéu san xuat 1 16 chung WVS c6 chat lwong tot tir chung MVS dé san xuit vac
xin phong bénh Covid-19 trén quy md cong nghiép, ching tdi tién hanh nghién ciu “ Nhan
chang san xuat WVS (Working virus seed) tir ching gc NDV-HXP-S MVS (Master virus seed)
c6 biéu hién protein S cia SARS-CoV-2 dat chat luong dung trong san xuat vac xin phong bénh
Covid-19 ™.

2. Phwong phap nghién ciru

2.1. Poi twong, thoi gian, dia diém nghién ciru
—  Déi twong nghién ctru: chung vi rat san xuat NDV-HXP-S (WVS)
—  Pjadiém: Vién Vic xin va Sinh phém y té

+ Giai trinh ty gen: Vién Kiém dinh quéc gia Vic xin va Sinh pham y t& (NICVB)
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— Thoi gian: tir thang 04/2021 — thang 5/2022
2.2. Vit liéu, hod chit

—  May moc, thiét bi chinh: phong p, phong 1, BSC, tii 4m, ti mat, bé on nhiét, may doc
Elisa , may rira Elisa, may u nhiét kho 4-100°C, ta 4m, may chay gel dién di dung, iBlot 2 gel
transfer device, Fusion Solo S new Edge gel imager, may luan nhiét PCR real-time, hé thong
chup anh quang ho4 Fusion Solo S, mang nitrocellulose, may lc.... Tit ca cac may moc thiét bi
con han thAm/chuén dinh va bao dudng.

— Chung gidng gbc NDV-HXP-S, ma sé6 BN:2020-08-27-NDV duogc cung cip boéi Trudng
Dai hoc Y Icahn tai Mt Sinai, My.

— Tring ga

+Tring ga siéu sach SPF, tur Cong ty VALO BioMedia GMbH, CHLB Duc duoc str dung
nhan chung WVS.
+Tring ga sach CE tir giéng ga siéu trimg NovoWhite nudi tai IVAC dugc st dung dé san
xuét va kiém dinh.

— Hoa chét chinh: dung dich Phosphate-Buffered Saline, Tris-Glycine-SDS buffer, Non-
reducing sample buffer (4x), Pierce 1-Step Ultra TMB Blotting Solution, Mini-PROTEAN TGX
Gels 12%, dung dich DPBS, Goat anti Human IgG HRP, mau chuan protein S, khang thé khang
protein S, khang thé trung hoa, dung dich TMB, HRP,...

— Dung cu: chai thuy tinh, tube nhya, kep, pipet céc loai, dau con céc loai, bom kim tiém cac
loai, mang chuyén, hop 0, khay rira, phién ELISA,. ...

2.3. Phwong phap nghién ciru
2.3.1. So do nghién cizu tong quét
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( Do pha lodng vi rat: 106

— Liéu gay nhiém: 0,2 ml/triing
Nhiét d6 u triing: 37 £ 0,5°C

t: Oh, 36h, 60h, 72h, 84h, 96h, 108h

Khao sét thoi gian phat trién (t)
caa chiing NDV-HXP-S MVS
trén trieng CE

( Chung str dung: MVS

= Do pha lodng vi rat: 106
Liéu gay nhiém: 0,2 ml/tring
L Nhiét do u trizng: 37 £ 0,5°C

Nhan ching WVS
trén trivna SPF

Thu dich va phan én : ,
Kiém dinh chit lugng WVS

l Z "

Danh gia tinh 6n dinh cua

. ] — 16 chung WVS
B4ao quan \ J
N

Xac dinh diéu kién tang sinh chiing ]

san xuat WVS

\

Hinh 1. So' @6 nghién ciru tdng quat

2.3.2. Nhan chung WVS tir chiing MVS

Gay nhiém ching MVS & d6 pha lodng 10®vao tring CE, 0,2 ml/ triing, u trang & nhiét
d6 37°C dé tang sinh vi rat, 1y mau theo thoi gian Oh, 36h, 60h, 72h, 84h, 96h, 108h. Kiém tra céc
chi tiéu hiéu gia chung bang phuong phap xac dinh liéu E1Dso, hiéu gia khang nguyén HA bing
phuong phap ngung két hong cau, thé tich thu dich, cam quan, ham luong protein S bang phuong
phap ELISA, dé xac dinh thoi gian thich hop dé thu dich vi rGt, xac nhan lai thoi gian nudi cay
theo khuyén c&o cua nha san xuat ching MVS ( 72h).

Sau khi chon thoi gian thich hop, nhan chung MVS trén trimg ga SPF dé san xuat 1 16
chung san xuat WVS dat tiéu chuan chat lugng co so.

Quy trinh san xuat WVS duoc tién hanh trong ti cay sinh hoc (BSC) (cap sach A), xung
quanh mai truong khong khi (méi trudng dém) 1 cap sach C.
2.3.3. Kiém dinh chdt lirong ching WVS

Kiém tra chat lwong 16 chung WVS bing cac phuong phéap va chi tiéu chat luong theo
bang 1 dudi day. Riéng nhan dang ching WVS bang phwong phép giai trinh ty gen toan bo bo
gen vai chung tham chiéu MVS, mang trinh tu protein S ciia chang Wuhan — Hu — 1 mi s6
Genbank: MN908947.3.
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Bang 1.Tiéu chuin chét lwong chiing san xuat WV

TT Chi tiéu Phuong phép Tiéu chuin Ta'd'l'l‘i]‘é ap
7 , ’ Khong c6 su phat trién cia | Dugc didn Vit
1 | VO khuan Cay tryc tiep vi sinh vat sau 14 ngay Nam V, 2018
_’ theo doi. Phu luc 15.7
2 | Hieu gi ching Chuan do EIDS0 |~ 106 £1ps50/mI TCCS
trén trang ga cé phoi
3 | Nhan dang NDV Western blot Duong tinh TCCS
A . Dot Blot va ,
4 | Nhan dang protein S Western blot Duong tinh TCCS
Mycoplasma
5 | gallisepticum va PCR Khoéng phat hién TCCS
Mycoplasma synovia
6 | Virus ngoai lai (ALV) ELISA Khdng phét hi¢n TCCS
, N A 0,
7 | Nhan dang Gial trinh ty gen Mire do tuong dong > 95% TCCS

50 s&nh vagi chung MVS

Panh gia tinh 6n dinh cua 16 chung WVS sau khi bao quan ¢ nhiét d6 <-60°C dya trén 3
chi tiéu: kiém tra hiéu gia chung bang phwong phap xac dinh liéu EIDso , hiéu gia khang nguyén
HA bing phuong phap ngung két hong cau va cam quan. Chét lugng chiing 6n dinh khi két qua
hiéu gia chang (log EID50/ml) giam dudi 10% va hi¢u gia khang nguyén HA > 32 HAU/50pl,

cam quan dich trong d6ng nhat, khdng tia.

Xac dinh diéu kién tang sinh WVS (thoi gian nudi cay, do pha lodng vi rat tiém vao

trang) dua trén danh gia ham luong protein S bang phuong phap ELISA va hiéu gia chang bang

phuong phap xac dinh liéu EIDso/ml theo so @ b tri thi nghiém dudi day:
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Ap trimg ga CE

v

Gay nhiém vi rat

Khao sat d6 pha w1
: 10 -5 -6
lodng vi rut 10 10
A
U 4m & nhiét do 37 + 0,5°C
, v
Khao sat thoi v Y v v
\ A ¢ ¢ Y\
Ly mau - —y
Kidmtra > Ham lugng protein S, Hi¢u gia chung

Hinh 2. So' @6 quy trinh xac dinh cac diéu kién nudi ciy vi rit
2.3.4. Phwong phdp xit Iy s6 liéu
Xir ly s6 liéu bang phan mém Microsoft Excel 2016, sir dung phan tich phuong sai 1 yéu
t6 (ANOVA-single factor).
3. Kétqua
3.1. Két qud sdn xuadt 16 chiing WVS tie chiing MVS
3.1.1 Két qua khao sat thoi gian phat trién cia vi rat NDV-HXP-S MVS
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Bang 2. Két qua khao sét thei gian phat trién caa vi rat NDV-HXP-S MVS

Cic chi tiéu khao Thoi gian theo doi ( gio)
sat 24 36 48 60 72 84 96 108
Ham lugng protein S 1,16+ (190+(2,14+|261+|357+ 455+
0 4,96 = 0,07
(' pg/ml) 0,12 | 0,06 | 0,11 | 0,26 | 0,15 | 0,12
Higu gié chung 780+ (8,03+|820+|8,77+|863+|8,70+
0 8,88 +£0,10
(log EID50/ml) 0,05 | 0,18 | 0,18 | 0,08 | 0,10 | 0,07
Hi¢u gia khang

4+ | 112+ 216 |544+|576+| 48+
nguyén HA 0 54,4 + 14,66
2,53 | 3,92 | 8,80 | 14,66 | 12,80 | 16,00

(HAU/50pl)
Thé tich dich virat | 9,87 + | 9,64 + |9,57 + |9,64+ [ 9,76+ (9,75 + (9,69 +
8,85+0,16
TB/tring (ml) 0,20 0,13 | 0,15 | 0,6 | 0,13 | 0,13 | 0,16
Khoéng dat,
Cam quan Pat Pat Pat Pat Pat Pat bat | (dich nhéy, co
hong cau)

Sau thoi gian 72h két qua hiéu gia chung, hiéu gia khang nguyén HA khéng cé su thay
d6i rd rét, ham lugng protein S ting theo thoi gian. Thoi gian thich hop nhét ap dung dé thu dich
vi rt cho 16 chang WVS 1a 72h. Két qua nay phi hop véi khuyén céo ciia nha san xuét: nhan
chang WVS ¢ d6 pha lodng 10, 72h nudi cdy, nhiét 6 37+0,5°C.

3.1.2 Két qua san xuat 16 ching WVS tir ching MVS

Ching MVS & d6 pha loang 10, gay nhiém 0,2 ml/tring SPF (20 trang), 0 4m ¢ nhiét do
37 + 0,5°C sau 72h thu dich niéu nang timg trimg va kiém tra nhanh hiéu gia HA. Chon céc
trimg ¢ hiéu gia HA > 32 HAU/50pl, dich trong, khong lang cin, khong hong cau. Trong s6 20
trimg dugc thu dich, loai 2 trung hiéu gia HA khong dat (8 HAU/50ul va 16 HAU/50ul) va 1
trimg chét phdi. Tong thé tich dich vi rit thu duge 122,5 ml tién hanh phan ong, dong bing 16
WYVS. Théng tin 16 ching WS 210521/P1 nhu sau:

+ Thé tich dong 6ng: 0,6 ml + 10% (Ong Cryo 2 ml)

+ S6 lugng thanh pham: 200 éng, Nhiét do bao quan: <-60°C
3.2. Kiém dinh chdt lirong chiing WVS
3.2.1 Kiém d@inh chiing WVS
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L6 chiung WVS dat tiéu chuan noi bo vé vo khuan, hiéu gia chung, nhan dang NDV, nhan
dang protein S, Mycoplasma, vi rut ngoai lai (ALV)
Bang 3.Két qua kiém tra chat lweng 16 chiing san xuat WVS

TT Chi tiéu Két qua dwoc chap nhan Két qua
) Khéng c6 sy phat trién cua vi
1 |VO khuan ] . . bat
sinh vat sau 14 ngay theo doi.
2 |Hiéu gia chung >10° EID50/ml 10883 EID50/ml
3 |Nhan dang NDV Duong tinh Duong tinh (Hinh 4A)
. Duong tinh
4 |Nhan dang protein S Duong tinh .
(Hinh 3, 4B)
Mycoplasma gallisepticum A o A .
5 . ) Khéng phat hién Khdng phat hién
va Mycoplasma synovia.
6 |Virdtngoai lai (ALV) Khong phét hién Khoéng phét hién

Muc d¢ tuong dong > 95% so
7 |Nhan dang ) Dat
sénh vagi chung MVS

a b c d

Hinh 3. Két qua nhan dang protein S bing phwong phip Dot Blot ( a- chirng dwong
(chiing MVS), b - chiing WVS, c¢ - chiing WVS ciy truyén qua 1 doi (WVS-P1), d - chitng
am (dung dich PBS)
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SDS-PAGE kDa Marker wvs.#1 SDS-PAGE

-Spike
245-
180-

136-

75

25

wB (L ! Anti-NDV HN WB 180- . . -'i Anti-Spike
- u4s SN

A B

Hinh 4. Nhan dang NDV va protein S bing phwong phap Western blot ( hinh A- nhan dang
NDV, hinh B- nhan dang protein S) ching WVS va WVS-P1

Két qud gidi trinh tze gen

Chiéu dai doan gen cua chang WVS duogc giai trinh tu ¢ chiéu dai 18.986 nucleotide.
Khi so sanh véi chang tham chiéu NDV-HXP-S, Ma s BN:2020-08-27-NDV thi d6 twong dong
vé mit nucleotide 1a 100%, khdng cé su khac biét nucleotide nao. Tuy nhién, so véi chiéu dai
toan bo bo gen cua chung tham chiéu la 18.986 thi chung duoc giai trinh tu ngin hon 12
nucleotide do tin hiéu bi nhidu & dau 5°.

So sanh trinh ty dugc mé ta 1a mang trinh tu protein S cta chung Wuhan — Hu — 1 mé sé
Genbank: MN908947.3 cho thiy, tai vi tri 682-685 c6 4 acid amin bi cit co trinh tw RRAR trén
chung Wuhan — Hu — 1. Ngoai ra, khi so sanh trinh tu acid amin cua chung WVS duoc giai trinh
tu véi trinh tu protein S cua chung Wuhan — Hu — 1 thi thay c6 6 dot bién acid amin F817P,
AB892P, A8B99P, A942P, K986P and VV987P.
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3.2.2 Két qud kiém tra tinh on dinh ciia 16 ching WVS sau khi bdo qudn & nhiét d¢ < -60°C

Bang 4. Két qua kiém tra tinh 6n dinh cia 16 ching WVS

R Thot gian bao quan
Chi tiéu _ _ _ _ _
Othang | 3thang | 6thang | 9thang | 12 thang

Hiéu gi4 chung (EID50/ml) 10883 108 10803 108 10862
Hiéu gia khang nguyén HA

e S ney 64 64 64 64 64
(HAU/50ul)
Cam quan Dbat Dat Dat Dat Dat

Két qua hiéu gia khang nguyén HA, hiéu gia chung va cam quan dat yéu cau.

3.3. Két qud xdc dinh diéu Kién ting sinh ciia chiing san xudt WVS

Bang 5. Két qua xac dinh diéu kién ting sinh caia chiing san xuit WVS

Do pha loang Thoi gian nudi cay Ham lugng protein S Hi¢u gia chung
vi rut (gio) (Hg/ml) (log EID50/mI)
72 2,59 +0,64 8,77 +0,19
10% 84 3,56 £ 0,20 8,83+0,13
96 4,42 +0,16 8,92 + 0,22
108 4,46 + 0,09 8,99 + 0,23
72 2,92 +0,51 8,56 + 0,16
10° 84 3,70+ 0,22 8,82+0,14
96 4,48 + 0,25 8,87 +0,03
108 4,70+ 0,21 9,01 +0,08
72 291+ 0,76 8,58 + 0,09
10% 84 3,23+0,15 8,63 + 0,32
96 4,65 + 0,24 8,75+ 0,08
108 4,76 + 0,17 8,95+ 0,46

Ham luong protein S va hiéu gia ching ting theo thoi gian ¢ cac nong do pha lodng khao
sat. Do pha lodng vi rat NDV-HXP-S WVS 1a 10 va thoi gian nudi cay vi rat 1a 96 gio 1a thong

s6 phu hop dé dwra vao san xuat.
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4. Ban luan

Trong qué trinh phat trién vic xin, viéc san xuét 16 chung WVS chét luong cao c¢6 ¥ nghia
then chét, gitp ting hiéu suit sinh tong hop khang nguyén S, tir d6 nang cao ning luc san xuat
vac xin phong Covid-19 trén quy mo 16n va dam bao hiéu qua kinh té.

Chung NDV-HXP-S MVS 13 vi r(t tai to hop mang gen ma héa protein S ciia SARS-
CoV-2 ¢0 kha nang nhan 1én tdt trén trimg ga cd phoi, hd tro san xuét protein S hi€u qud. Dya
trén két qua khao sat (Bang 2), thoi diém thu hoach dé luu chung WVS 1a sau 72 gio nudi cdy,
phtt hop khuyén céo ciia nha san xuat.

Két qua Western blot cho thdy mot biang dac hiéu xuét hién tai vi tri khoang 180 kDa,
phu hop vé6i khdi lwong phan tir du kién ciia protein S, cho thdy 16 chiung WVS c6 mang gen ma
hoa cho protein nay; cac chi tiéu v khuan, hiéu gia chung, nhan dang NDV, Mycoplasma, vi rit
ngoai lai déu dat theo tiéu chuan co so.

Két qua giai trinh ty doan gen cua chung WVS co chiéu dai 18.986 nucleotide, dat do
tuong ddng 100% véi chung tham chiéu NDV-HXP-S (BN:2020-08-27-NDV), cho thiy sy on
dinh vé mat di truyén cua chung WVS so véi chung MVS. Két qua giai trinh ty gen WVS ¢6 6
gen dot bién, két qua nay phu hop véi dir lidu giai trinh ty gen do nhém nghién ctru ching cta
truong dai hoc Y lcahn cung cép, ching NDV-HXP-S MVS di dugc chén sau dot bién proline
6n dinh (HexaPro), bao gom: F817P, A892P, A899P, A942P, K986P va VI987P, dot bién nay
duogc biét 1a gitip on dinh ciu trac tién hoa nhap (prefusion) cua protein S, ting kha ning sinh
mién dich va phi hop véi cac nén tang véc xin tai t6 hop hién nay.

Két qua theo doi ching WVS bao quan & nhiét do <-60°C c6 hiéu gia chung duy tri on
dinh, phan tich ANOVA 1 yéu t6 cho thdy khong c6 su khac biét higu gia ching qua thoi gian
(p=0,244).

Két qua khao sat cho thay thoi gian nudi cdy 96 gid va do pha loang 10 cho ham lugng
protein S cao va phu hop voi diéu kién san xuat quy md cong nghiép, tiét kiém chi phi san xuét.
5. Két luan

Pi chuan bi 1 16 chung WVS tir ching gbc NDV-HXP-S MVS dat tit ca cac chi tiéu kiém
tra theo tiéu chudn co so; trinh ty gen chung WVS hoan toan twong dong véi chung tham chiéu
MVS. Chang WVS dam bao chat lwong 6n dinh khi bao quan & nhiét do < -60°C sau 12 thang.
Thoi gian 96h va do pha lodng vi rat 10 duoc chon dé 4p dung vao giai doan tang sinh vi rat khi



Nguyén Thi Thuy Poan va cdc cong sw/Tap chi Khoa hoc Kiém dinh Vic xin va Sinh pham y té, Vol.5, No.2 (2025)

san xuat quy mé cong nghiép. Nhitng két qua nghién ciu nay 1a mot bude chuan bi quan trong

dé san xuat vac xin phong bénh Covid-19.
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