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T6i wu hoa phan tng real-time PCR phat hién virus dau
mua khi gay bénh ¢ nguoi

Optimize real-time PCR reaction to detect monkeypox virus in human

Lé Th~i Lan, Tran Thi Liéu, Nguyén Hoang Trung, Bénh vién Trung wong Qudn déi 108
Nguyén Duong Phuong Anh, Tran Kim Thoa,
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Tom tat

Muc tiéu: T6i uu phan lng real-time PCR phat hién virus dau mua khi (Monkeypox virus) véi d6
nhay va dé dac hiéu cla ki thuat cao. Déi tuong va phuong phdp: Mau ching duong DNA plasmid
téng hgp co chia trinh tu virus ddu mua khi dugc st dung trong nghién ctu nay. Ngudng phat hién,
doé nhay ky thuat real-time PCR dugc thuc hién trén mau DNA ching duong pha lodng giam dan
néng do6 tir 10°+10° copies/uL. Mai va probe st dung trinh tu tham chiéu theo khuyén cao ctia CDC.
D06 dac hiéu ctia ki thuat dugc danh gia dua trén kha nang khong bét chéo véi cac virus khac. Mot
phan tng khuéch dai ndi chudn dé danh gia hiéu qua tach chiét va kiém soét chat Gc ché cta phan
Ung real-time PCR. Két qua: Ngudng phat hién Monkeypox virus DNA la 250 copies/mL. D6 nhay va
do dac hiéu cua ky thuat tuang ing 95%, 100%. Két ludn: Da thiét lap thanh céng quy trinh real-time
PCR phat hién Monkeypox virus v&i d6 nhay, do dac hiéu ky thuat cao trén mau ching duong DNA-
plasmid tuong duong véi quy trinh ctia CDC.

Tur khéa: Real-time PCR, monkeypox virus.

Summary

Objective: The study aims to the optimization of a highly sensitive and specific real-time PCR
reaction for the detection of the monkeypox virus. Subject and method: This real-time PCR-based method
was employed for the amplification of target genes, utilizing relevant negative controls, and a
monkeypox virus plasmid control sourced from the CDC. Detection limits and sensitivity were
determined through a range of spiking assays covering a concentration range from 10°+10° copies/pL.
Result: Our data demonstrated that the Limit of Detection (LOD) of our method for detecting monkeypox
virus DNA is 250 copies per milliliter (mL). The assay showed a high level of specificity at 100% and a
sensitivity of 95%. Conclusion: In conclusion, we have successfully established a highly sensitive and
specific real-time PCR assay for the detection of monkeypox virus using a positive standard DNA plasmid
template equivalent to the CDC protocol.
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1.Datvan dé

Virus dau mua khi (Monkeypox virus-MPXV) cé
vat liéu di truyén la DNA sgi doi. Virus c6 thé gay
bénh cho nguai va nhiéu loai déng vat khac nhau.
Cac con duong lay nhiém cta MPXV tir dong vat
sang ngudi, ngudi sang ngudi. Virus nay dugc xac
nhan cé 2 bién ching chinh gom MPXV-I c6 nguén
géc tU Trung Phi, va MPXV-Il c6 ngudn goc tir Tay
Phi, chting MPXV-II c6 dién bién nhe hon, ty 1é t&
vong va kha nang lay truyén thap hon [6], [7]. Virus
lan dau tién dugc phan lap nam 1958 tir not ban cua
khi & Vién huyét thanh Statens, Copenhagen, Dan
Mach. Ca bénh dau mua khi dau tién dugc ghi nhan
trén ngudi vao nam 1970 tai Cong hoa Dan cha
Congo (DRC). Nam 2003, MPXV dugc phat hién tai
Hoa Ky, danh ddu lan dau tién virus nay xuat hién
bén ngoai chau Phi va tiép tuc lan rong ra khap cac
chau luc [7]. Ngay 23/7/2022, T6 chic Y té€ Thé gidi
(WHO) da cong bé dich bénh dau mua khi la tinh
trang khan cdp vé suc khée trén toan cau. Dén hét
nam 2022, hon 82.000 trudng hgp mac bénh dau
mua khi da dugc ghi nhan tai 110 qudc gia. Ngay
24/9/2023, Viét Nam da ghi nhan ca nhiém MPXV
thd tu (trong d6 2 trudng hgp phat hién nam 2022).

Trudc nhiing dién bién phuc tap va kha nang cé
thé bung phat thanh dich bénh, yéu ciu dat ra la
phai chan doan sém (ngay ti thai ky 0 bénh) d€ han
ché nguy co lay lan. Phuong phap real-time PCR da
dugc Trung tdm Kiém soat bénh tat (CDC) khuyén
cdo va dua ra huéng dan, la phuong phéap cho két
qua nhanh va chinh xac nhat. Tuy nhién, viéc xac
dinh MPXV va néi chuan dugc thuc hién bang cac
phan tng don [&, nhu vay sé tén kém vé chi phi va
qua trinh thuc hién phuc tap. Do dé, dé khic phuc
nhugc di€ém trén chung téi tién hanh thar nghiém
danh gia da moi (multiplex real-time PCR) phat hién
déng thai gene dich va ndi chudn va xac dinh hiéu
suat chan doan so vai phuong phap don gene
(singleplex real-time PCR).

2. Déi tuogng va phuong phap
2.1. Béi tuong

Chuing duong: S dung DNA plasmid chiia ving
gene dich MPX-pUC19 téng hop theo trinh ty tham
chiéu cua CDC.

Ching am: Nhdm kiém tra d6 dac hiéu cla cac
b6 méi thiét k&, dé tai st dung cdc mau DNA dugc
tach chiét tir virus cé quan hé di truyén gan gdi nhu
virus varicella-zoster (VZV).

2.2. Nguyén vt liéu va thiét bi sirdung

Vat liéu acid nucleic dugc tach chiét trén hé
thong tu déng Samag (Sacace Biotechnologies,
Italy).

Mastermix QuantiTect Probe PCR Kits (Qiagen,
USA) va cac trang thiét bi thudng quy cla xét
nghiém sinh hoc phan td: Tu an toan sinh hoc cap 2,
mdy ly tam (Eppendorf, Germany), mdy phan tich
real-time PCR-Cycler (Applied Biosystems/CFX96-
Biorad).

Chuing t6i stt dung trinh ty theo khuyén cdo cla
CDC nhu sau: Cap moi xudi va moi ngugc phat hién
virus MPXV lan lugt la G2R_G forward primer: 5'-
GGAAAATGTAAAGACAACGAATACAG-3/, G2R_G
reverse primer: 5'-GCTATCACATAATCTGGAAGCGTA-
3, mau do G2R G probe:  5FAM-
AAGCCGTAATCTATGTTGTCTATCGTGTCC-3’'BHQ1
[6]. MOt bd méi nodi chudn Rnase P dugc st dung
kiém soat qua trinh tach chiét va hoat déong cua
enzyme khuéch dai véi trinh ty moi xuodi: 5-
AGATTTGGACCTGCGAGCG-3'; mobi  ngugc:  5-
GAGCGGCTGTCTCCACAAGT-3; mau do: 5'HEX -
TTCTGACCTGAAGGCTCTGCGCG-3'BHQT) [9].

2.3. Khdo sdt diéu kién phdn dng va ddnh gid
dé nhay, dé tdi Idp, dé dung va dé ddc hiéu ky
thuat real-time PCR

Mau DNA tach chiét dugc do nong do va do
sach & budc song A260, ty 1& do sach A260/A280
trong khoang 1,9-2,1. Céc diéu kién phan tng dugc
khao sat nhu nong do, nhiét d6 gan moi/mau do.
Nong doé moi cia MPXV va ndi chuén (IC) dugc khao
sat trong khoang 50-600nmol/phan (ng, néng dé
Probe dugc t6i uu sao cho gia tri dRn dat muc cao.
Trai v6i muc tiéu khuéch dai gene dich cla virus
trén, viéc téi uu néng dd moi/probe clia ndi chuan
dugc hudng téi viéc néng do t6i thiu can st dung
dé dat muc tiéu khuéch dai dugc gene néi chuan tot
ma khéng anh hudng tdi tin hiéu ctia gene dich.
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Quy trinh tach chiét DNA st dung bo kit Samag
viral nucleic acids extraction (Sacace
Biotechnologies, Italy). Thé tich tach chiét 400puL
mau, théi trong 100uL Tris EDTA 1x pH 8.0. D€ xac

dinh dugc ngudng phat hién (LOD) ky thuat, s
dung plasmid. Cach tinh s6 ban sao dugc tinh theo
cong thuc tinh:

S8 ban sao mau chiing = (ndng dé * 6.022x10%)/(chiéu dai * 1x10° * 650)

D6 nhay ky thuat dugc danh gia trén dai pha
lodng tur 10°+10° copies, trong dé tir 10" copies/uL
dugc pha loang thanh 5 copies va 1 copy/uL. Gidi

3.Két qua

han phat hién la néng dé pha loang thap nhat cho
két qua duong tinh trén 95% mau chay.

3.1. Két qua téi uu nhiét dé phdn irng real-time PCR dich va méi néi chudn
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Hinh 1. Két qua khao sat nhiét d6 gdn méi clia phan (ing real-time PCR phat hién MPXV (hinh 1A)
va ndi chudn (hinh 1B)

Viéc khao sat nhiét d6 gan moi dua trén dai nhiét
dd tinh toan ly thuyét la 60 + 2°C. Két qua cho thay tin
hiéu khuéch dai cho gene dich & cac dai nhiét dé khao
sat déu lén tot va dat gia tri Ct tot nhat & nhiét do
60°C, gene ndi chudn lén tét & hai nhiét dé 1a 60 va
61°C. D& tién hanh dong thai phat hién dich MPXV va
ndi chudn trong cing mét phan wng, nghién ctu lua
chon diéu kién 60°C dam bao hiéu suat tot nhat.

3.2. Két qud khdo sdt néng dé méi, probe sir dung

Pé xéac dinh néng d6 méi t8i uu st dung cho
phan (ng realtime PCR, tién hanh danh gia trén

A (Gid tri ct gene ndi chuin RaseP
280 25.8
26.0 5.5
240 24.5
220
50 100 150 200 250
nmao

dai nébng dé ti 50-600 nM [1], [4]. Nong d6 moi
dugc lua chon dam bao hai yéu cau: Nong do
khéng dugc qua cao dan ti du thira nguyén liéu la
tao primer dimer va ddm bdo gia tri Ct dat dugc
thap nhat. Trai lai, viéc toi uu khuéch dai chiing noi
IC, nhém nghién cdu sé thuc hién nong do
moi/probe sif dung phai nhé nhat dé dam bao tin
hiéu nodi chudn dugc khuéch dai ma khéng canh
tranh nguyén liéu véi dich MPXV. Két qua cu thé
nhu sau:

B Gid tr ct gene dich MPVX
A5 4 A
35.0 - ez 325
326
30.0
250 300 400 500 600 nmo

Hinh 2. Két qua lua chon ndng dé maéi real-time PCR phat hién don gene dich
ctia méi ndi chuan (hinh 2A) va MPXV (hinh 2B)
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Nhdn xét: Bi€u d6 trén cho thdy, & néng do 500nmol gia tri Ct 1én thap nhat & gene dich MPXV va c6 xu thé
6n dinh gia tri ct & néng d6 600nmol. Béi véi ndi chuan, néng d6 100nmol la gia tri thich hgp dam béo cho tin
hiéu ndi chuin dugc khuéch dai t6t ma dadm bao néng do téi thiéu gidm thiéu canh tranh vai gene dich.

Tiép theo, nhém nghién ciu tién hanh t6i uu ndng dé probe sao cho dRn dat gia tri cao nhat, két qua
cho thay, 3 ndng d6 250nmol la diéu kién t6i uu cho MPXV, néng dé probe cho IC la 100nmol.

Sau khi tim dugc néng dé mai/probe thich hop, thuc hién tron cdc méi va probe dich va ndi chuan dé néng
dé cudi cung dat nhu trén dé danh gia muc d6 anh hudng ctia méi IC véi gene dich MPXV, két qua nhu sau:

A Amplficason B Rmphec wvon

MPWVX khing cd 1C e | wel nPVX csIC e

RIU

You [Sio3/ 102 dO2y

Cycies

Hinh 3. Két qua real-time PCR ctia hén hgp méi/probe
ctia MPXV (hinh 3A) va MPXV két hop vdi ndi chuén (hinh 3B)

Qua két qua hinh 3B cho thdy, trong diéu kién t6i uu phan ting multiplex real-time PCR phat hién MPXV
va ndi chudn khdng co su khac biét véi phan ing don gene (hinh 3A). Qua hinh 3C phan anh ré viéc téi uu
nguyén liéu cho phan ting uu tién gene dich, néng d6 MPXV cang cao thi tin hiéu gene ndi chuan cang thap.

Nhu vay, diéu kién téi uu khuéch dai phan (ing multiplex real-time PCR trong nghién ctu nay la: Su
dung 20-50ng/uL DNA/phén ting; Diéu kién nhiét d6 95°C, 15 phut; (95°C-15 giay; 60°C-60 giay) x 45 chu ky.
NOong do6 méi, probe cho MPXV tuang tng 500nmol, 250nmol. Phan Ung két hap nodi chudn khéng anh
huéng téi hiéu suat phan (ing khuéch dai virus nhung van dam bao tin hiéu nodi chuan.

3.3. Két quad xdc dinh nguéng phdt hién, dé nhay, dé ddc hiéu ky thuat
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Hinh 4. K&t qua real-time PCR phat hién MPXV trén cac dai pha loang 10%+10° copies

Nhdn xét: Két qua cho thay, & nguéng 10° copies DNA/UL MPXV ky thuat cé thé phat hién dugc. LOD
dugc udc tinh bang kha nang phat hién ndng dé téi thiéu ma ky thuat c6 thé phat hién dugc vai dé tin cay 95%
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bang cach ldp lai 20 lan véi mot dai néng dé quanh ngudng phat hién. Theo cong thiic: LOD = mean + 35D [3]
cho thay: LOD MPXV dat 1 copy DNA/uL (95%,1<10). Cach tinh s6 ban sao/mL dugc tinh theo cong thuic sau:

Két qua (copy/pl) X Thé tich rira giai (pl)

Két qua (copy/ml) =

Nhu vay, ky thuat cé thé phat hién dugc MPXV &

Thé tich mau (ml)

ngudng 1 copy/pL tuong duong 250 copies/mL.

Do dac hiéu ky thuat dugc danh gia dua trén kha nang bat chéo khong dac hiéu véi DNA virus VZV. Két
qua cho thdy, cdc mau DNA virus khac déu khong co tin hiéu khuéch dai véi d6 dac hiéu dat 100%, cac bod
moi ching to6i thiét ké c6 d6 dac hiéu cao, khong nham lan véi cac mam bénh khac ciing nhu DNA cla bo

gene ngudi. Hinh dnh minh hoa dudi day:
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Hinh 5. Két qua real-time

H
40
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PCR moéi MPXV trén virus VZV

Nhan xét: Qua két qua cho thay khéng c6 két qua duang tinh gia nao dugc ghi nhan trén cac bénh pham

th nghiém.

4. Ban luan

Dé thiét lap dugc quy trinh real-time PCR trudc
hét chung t6i phai t6i uu cac diéu kién nhu néng dé
moi, nhiét d6. Két qua cho thay khi thi nghiém real-
time PCR cac tin hiéu huynh quang dep, ré nét, dRn
cao. Viéc danh gia do nhay, ngudng phat hién duogc
tién hanh trén cac dai DNA pha loang dugc tach
chiét tir chiing. K&t qua cho thay ky thuat c6 d6 nhay
cao, xdy dung dudng chudn cho hiéu suat phan ting
cao MPXV (R? = 0,999). Gia tri LOD cGia MPXV la 1
copy/uL tuong Ung 250 copies/mL. Két qua cla
nghién cdu tuong duong véi nghién clu cula
Margaret G. mills va cong su (2023) véi LOD dat 330
copies/mL va gia tri R2 = 0,09972 [8]. Két qua cling
phu hgp véi nghién clu cta Alberto Paniz-Mondolfi
va cdng su (2023) [1]. Két qua danh gia do dac hiéu
dat 100%, khong c6 su bat chéo khong dac hiéu nao
gilta moi phat hién MPXV véi cac virus khac nhu
VZV, nghién ctu nay ciing phu hop vaéi két qua clia
nhém tac gia Katharine Uhteg (2023) [5].

134

Viéc bé sung ndi chudn dugc chd trong, nham
kiém soat chat lugng DNA tach chiét. Dua trén trinh
tu gene RaseP do CDC khuyén cdo, nhém nghién
clu da thiét 1ap phan ing da moi két hgp méi dich
va ndi chuan, gia tri Ct ndi chuan mau trong khoang
24< Ct, < 35 la khoang chap nhan duac.

5. Két ludn

Phuong phép real-time PCR phat hién MPXV da
dugc thiét 1ap thanh cong vai ngudng phat hién la 1
copy/pL tuong duang véi 250 copies/mL. D6 nhay
va do dac hiéu cuda ky thuat dat tuong Uing la 95% va
100%.

Kién nghij

Nham xdy dung, hoan thién quy trinh phat hién
virus dau mua khi, chiing t6i dé xuat kién nghi sau day:

Thu thap mau bénh pham ti ngudi nhiém virus
dau mua khi: Dich phét tén thuong trén da, dich
duong hé hap, mau toan phan dugc chéng dong
bang ethylenediaminetetraacetic acid (EDTA).
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Tién hanh tach chiét DNA va danh gia hiéu qua

tach chiét DNA tUr cac phuong phap tach chiét khac
nhau: Chat lugng DNA dugc danh gia dua trén néng
dd DNA thu dugc (dugc xac dinh bang phuong phap
do quang phé hap thu & budc séng 260nm), dé tinh
sach dugc danh gia bang ti I& gitta d6 hap thu anh
sang & hai budc sdbng 260nm va 280nm, va khd nang
khuéch dai gen dich thanh céng théng qua phan
ung PCR.
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