Tap chi Khoa hoc Bai hoc Cén Tho Tap 60, Sé 1A (2024): 78-85

%
Tap chi Khoa hoc Dai hoc Can Tho ek
Phan A: Khoa hoc tu’ nhién, Cong nghé va Moi trudng

ISSN 1859-2333 | e ISSN 2815-5599

DOI:10.22144/ctujos.2023.234

PANH GIA CO MAU CHO UGC LUQNG THAM SO TRONG NHUNG MO HINH
CAU TRUC GIAI POAN

Pham Thi Thu Hoa"va Pham Thi Thu Huong ’ o
Khoa Su pham, Truong Pai hoc An Giang, Pai hoc Quoc gia Thanh pho Hé Chi Minh
*Tac gid lién hé (Corresponding author): ptthoa@agu.edu.vn

Thong tin chung (Article Information) TOM TAT ,
MG hinh cau truc giai dogn nghién ciru qua trinh phat trién dwoc phan
Nhdn bai (Received): 20/08/2023 chia theo timg giai doan. M6 hinh nay rd'tphé bién trong nghién ctru
Sira bai (Revised): 21/09/2023 sw phat trién cia cdc logi bénh va sw phat trién sinh hoc cua thiec vat
Duyét ding (Accepted): 19/10/2023 va dong vat. Cach tiep can Bayes nhiing phép bien doi tham so vao
thudt toan Metropolis-Hastings dwoc sw dung dé woc luong cac tham
Title: Evaluation of sample size for s6 cho cdc mé hinh nay cho dén nay dwoc danh gia la cach tiép cdn
estimation in stage structured chinh xdc voi cac nghién ciru thuc nghiém. Muc dich chinh cua bai
development models viét la ap dung phwong phdp tiép can Bayes wéc hwong tham 6 trong
mo hinh cau tric giai doan khong xudt hién 1y 1é chét cho cdc nghién
Author(s): Pham Thi Thu Hoa" and cteu mé phong dé xac dinh ¢ mau thich hop cho mé hinh gau triic voi
Pham Thi Thu Huong cac giai doan cho trudc. Ket qua cua viéc danh gid c6 mau nay dioc
dp dung cho dit liéu thoi gian v bénh ciia COVID-19. Nghién ciru trén
Affiliation(s): Vietnam National dit liéu nay dwoc xem la sw tlep néi ciia cac nghién cieu truée va cé ¥
University, Ho Chi Minh City nghia trong ¢ong tdc phong chong dai dich.

Tir khod: Dit liéu phdt trién theo giai doan, diF liéu tan sé theo giai
dogn, giai doan u bénh ciia COVID-19, mé hinh cau tric giai doan,
phan tich Bayes

ABSTRACT

Stage-structured models consider development processes which are
divided by different developmental stages. These models are common
statistical models in disease progressions and biological development
of plants and animals. A Bayesian approach based on deterministic
transformations in the Metropolis-Hastings algorithm is considered
the most accurate estimate to estimate parameters for these stage-
structured models. The main purpose of this paper is to evaluate the
appropriate sample size for the given stage-structured model by
applying the Bayesian approach to estimate parameters. The results
of the proposed sample size assessment method are very useful in
finding out the sample size at each sampling time and the appropriate
number of sampling times for designing experiments. The results of
this sample size assessment are also applied to COVID-19 incubation
period data. This study on the COVID-19 incubation period is a
continuation of previous studies and has implications for pandemic
prevention.

Keywords: Bayesian analysis, incubation period of COVID-19, multi-
stage models, stage duration data, stage frequency data
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1. GIOI THIEU

M@ hinh céu trac giai doan duoc ap dung cho cac
su phét trién dugc phan ra thanh cac giai doan phat
trién khac nhau. Mot ca thé s& phét trién qua tirng
giai doan va khong bé qua mot giai doan nao. C6
nhiéu qué trinh trong ty nhién duoc thé hién bang
md hinh c4u truc giai doan nhu sy phat trién cua cac
loai vi khuan hay sy phat trién cua céac loai dong vat
va thyc vat. Dac biét, cac mo hinh céu tric giai doan
rat phd bién trong cac nghién ciru ¢ cac phong thi
nghiém cho céc qué trinh phét trién c6 cau tric giai
doan (Read & Ashford, 1968; Schuh & Tweedie,
1979; Hoeting et al., 2003; Knape et al., 2014; De
Valpine & Knape, 2015; Knape & De Valpine,
2016). Dir liéu cia mé hinh 1a s6 lwong cé thé trong
ting giai doan phat trién tai mdi thoi diém 1y mau.
Trong cac md hinh céu truc giai doan, thoi gian
chuyén tir giai doan nay dén giai doan ké tiép 1a
khong thé xac dinh dugc. Do d6 xac suat dé mot ca
thé song st tai thoi gian t ¢ giai doan nao dé trong
qua trinh phat trién 1a tich chap ctia xac suat song sot
& cac giai doan trudc do6 trong khoang thoi gian t
(Pham & Branford, 2016; Pham et al., 2019; Pham
& Pham, 2019).

Mot s6 nghién ciru trude day di dua ra cac
phuong phap udc lwong tham sb cho mé hinh cau
tric giai doan (Knape et al., 2014; Knape & De
Valpine, 2016; Pham & Branford, 2016; Pham et al.,
2019; Pham & Pham, 2019). Trong d6 ¢ céach tiép
can Bayes nhing phép bién doi tham s vao thuat
toan Metropolls Hastings (MH) duoc str dung dé
wdc lugng céc tham sb trong cac mo hinh cau tric
giai doan (Pham et al., 2019; Pham & Pham, 2019).
Céc phuong phéap wdc luong nay cho dén nay duoc
xem 4 c6 céch tiép can chinh xac hon vi trong mo
hinh thoi gian chuyén tir giai doan nay dén giai doan
ké tiép duoc mo hinh giéng véi thuc nghiém 1a
khéng thé xac dinh duoc. Trong bai bao nay, cac
phuong phép uge lugng nay duoc ap dung dé danh
gia ¢ mau cho mé hinh cau trac giai doan khong
Xuit hién ty 18 tir vong c6 3 giai doan, 5 giai doan va
7 giai doan. Cac nghién ctru mo phong dwoc ap dung
dé chon ra ¢& mau thich hop cho mé hinh cau tric
¢6 3 giai doan, 5 giai doan va 7 giai doan. Viéc nay
¢6 y nghia trong viéc chon ¢c& mAau tai cac lan lay
mau va sb thoi diém lay mau thich hop cho mé hinh
thuc nghiém trude khi tién hanh thi nghiém.

Két qua cua viéc danh gia ¢& mau cta cac mo
hinh ciu trac giai doan dugc &p dung cho dit lidu
thoi gian 0 bénh cua COVID-19 (Backer et al.,
2020; Yin et al., 2021) va 4p dung céch tiép can
Bayes dé wdc lugng tham sé cho giai doan u bénh
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ciia COVID-19. Viéc biét duoc qua trinh phat trién
cua giai doan u bénh cua virus COVID-19 c6 y
nghia quan trong trong viéc diéu tra dich t& hoc dé
phong chéng su lan rong caa dich bénh. Hiéu rd thoi
gian u bénh gitp gidm sat tich cyc nhitng ngudi c6
mirc do phoi nhiém cao va gitp xac dinh thoi gian
cach ly dbi vé6i cac bénh nhan nhim bénh COVID-
19. Kién thirc vé qué trinh phat trién cta giai doan
bénh rat can thiét trong viéc udc tinh kha nang lay
truyén cua dich bénh va cai thién cong tac phong
chdéng dich bénh (Backer et al., 2020; Goel &
Kumar, 2020; Mingyue et al., 2020; Wang et al.,
2020; Rai et al., 2021).

Dir liéu thoi gian u bénh caa COVID-19 dugc
mo hinh la dit liéu cau tric gém 2 giai doan bao gom
giai doan tiép xdc v6i mam bénh va giai doan u
bénh. Thoi gian chuyén tir giai doan tiép xdc véi
mam bénh dén giai doan & bénh ciing nhu tir giai
doan u bénh dén giai doan tiép theo cia COVID-19
1a khong xac dinh dugc. Tur dir liéu goc, dir lieu 98
bénh nhan nhiém COVID-19 dugc quan sat trong 22
ngay. Dit ligu dugc thu thap bao gom thong tin cua
giai doan tiép x(c vi mam bénh va giai doan u bénh
nam trong mot khoang thoi gian dugc cac bénh nhan
cung cap. l\/lol ngay s6 bénh nhan hét thoi gian phoi
nhiém va xuat hién triéu ching dugc thu thap lai.
Can luu 'y rang, cac ‘phuong phap va cach danh gia
¢& mau duoc dé xuét trong bai béo c6 thé dugc &p
dung dé phan tich thém cac giai doan khéc cua virus
COVID-19 ciing nhu cac giai doan phét trién cua
cac loai virus gay bénh khéc.

2. PHUONG PHAP TIEP CAN BAYES
CHO UGC LUQNG THAM SO TRONG
MO HINH CAU TRUC GIAI POAN

Céac md hinh Céu trac giai doan dugc dé cap la
m6 hinh khdng xuét hién ty 1€ tir vong trong d6 diém
khoi dau qué trinh phét trién cua c4c ca thé duoc
kiém soat (Pham et al., 2019; Pham & Pham, 2019).
Trong cac mo hinh ciu triic giai doan nay, qua trinh
phét trién ciia mdi ca thé dwoc bién d6i qua | giai
doan duoc phan chia trudc. Thoi gian dé mot ca thé
chuyén tir mot giai doan sang giai doan tiép theo 1a
khong thé xac dinh dugc. Trong lan ldy mau dau
tién, chang ta cho rang tat ca cac cé thé bat dau o
giai doan 1. O mdi lan lay mau, dir liéu duoc thu
thap 12 sb lwong cac ca thé séng sot & cac giai doan
khéc nhau. Dir liégu mé phong mé hinh cau trac 3
giai doan, c6 15 thoi diém lay mau, c& mau 12 50 ca
thé & mdi thoi diém lay mau dugc trinh bay ¢ Bang
1.
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Bang 1. Dir li¢u mé hinh c6 3 giai doan véi 50 ca
thé & méi thoi gian thu mau

Giai Giai Giai  Giai doan

doanl doan2 doan3 cudi

0,1 50 0 0 0
0,5 30 20 0 0
0,9 23 21 6 0
14 12 28 9 1
18 9 24 16 1
2,2 1 22 18 9
2,6 3 14 21 12
3,1 2 10 21 17
35 0 9 19 22
39 0 8 15 27
43 0 1 9 40
47 0 1 9 40
5,2 0 0 3 47
5,6 0 1 1 48
6,0 0 0 4 46

2.1. Mb hinh khéng xuét hién ty I¢ tir vong

Phan phéi cua giai doan thtr j, j=1,..., 1, trong
qua trinh phét trién dugc mo hinh theo phan phdi
Gamma véi tham s6 hinh dang va vi tri (a;, 4;). bat
0=(a,,4,...a,,4,) latap hop cac thamsé trong |
giai doan phéat trién. Tai thoi diém liy mau
t, k=1..,K, sé luong céc cé thé sdng sot & giai
doan thir j1a N;(t)=N,, j=1..1 va téng sb
luong ca thé song sot ¢ thai gian t,, k =1,...,K duoc

1+1

dinhnghiala N, = N, (t,). Tai thoi diém lay mau

i=1
t. k=1,..,K, di liéu dwoc quan sét la s6 lwvong céc
cé thé séng s6t & cac giai doan duoc ky hiéu la
Y = (Nl(tk)' Nz(tk)""' Nl+l(tk)) .

Do thoi gian chuyén giira céc giai doan la khong
xac dinh nén xac suat ¢é mot ca thé séng sét & giai
doan j, j=1,...,1 & thoigian t dugc xac dinh bai
céc tich chap nhu sau:

By =h*h, % *h (O, j=1..1 @

ta c6 trong md hinh cdu tric giai doan khong
xuat hién ty 1€ tir vong ham mat d6 ctia mot ca the
sdng s6t ¢ thoi diém t, giai doan thir i hy(t) dwoc md

hinh 12 phan phdi Gamma g;(t) nhu sau:
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h(t) =g,(t) =t* exp(-A) A" IT(a),i=1,.., j-1
la ham mat do phét trién ¢ giai doan thu i va
H, (t) =I:ogj(x)dx.

Tai thoi diém lay mau t, k=1..,K, y, co
phan phéi da thirc nhu sau:

(Y, IN,.,6) ~ Multinomial

(2
(Ns Pu(t)s Po (8,0 Pra ()

, | N .,
trong d6 p,,(t.) :1_Zj:1pj(tk ). Ham hop ly
clia tt ca cac thong tin dwoc quan sat ¢ dang

f (y | 9) :ﬁp(Nk' P (t), P2 (), s pl+l(tk))'(3)

2.2. Thuat toan Bayes

Phuong phap nhing phép bién doi tham sb vao
thuat todn MH (Read & Ashford, 1968; Robert &
Casella, 2009; Pham et al., 2019; Pham & Pham,
2019) duoc sir dung dé ude lwong céc tham sé trong
chc giai doan. Gia sir rang cac tham sb trong mé hinh
0=(a,4,...a,4)1a khdng cé thong tin tién
nghiém, do d6 phan phdi tién nghiém cua cac tham
s6 dwoc chon 1a c6 phan phdi déu. Ta c6 ham phan
phdi hau nghiém c6 dang:

z(0]y)ec f(y|0)p(0)

=

oC
k

I
1N

8
=

P(N P8, P (E) s (4)

21

Pt ] p(6,)

m=1

=~
I
N

trong d6 gia tri cua cac ham p;(t), j=1,..,1

tinh dugc bing cach ldy ham nguoc cia ham
Laplace nhu sau:

£(p;(1))= T p;(t)exp(-st)dt

a 2. Y 1-58
(-]
A +s A +S S

tham sb s dugc xac dinh 1a gia tri trung binh cla
giai doan phat trién dang de cap va
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Bi(s)=L(h;)= T g;(t)exp(-st)dt. Xac  suat

chap nhan trong thuat toan MH dugc tinh bang cong
thirc

A ) )|
@A yaE ) )

trong d6 phan phdi q(a}" |a§*))duqc chon tir

o oC min{l,

nhitng budc ngiu nhién cta thuat toan MH. Mbi lién
hé gitra tham sb a;va 4; duogc xac dinh nhu sau
(Pham et al., 2019)

log 5,(s)

a(*) S)= ~ J,\ ” . 7
) log[4,” 1 (4, +3)] ()

Cac tham s6 ciia mo hinh duoc cap nhét tir giai
doan 1 dén giai doan | qua thuat toan MH dugc trinh
bay trong Bang 2.

Bang 2. Thuat toan MH dé cap nhat cac tham sé
& giai doan thir |
Chon gi tri ban dau cho cac tham so.
Vi cac tham so6 trong mé hinh la

Budc 1 khong c6 thong tin tién nghiém, nén
Cac gia tri ban dau nay dugc chon tly
y.
Chon sé vong lap T cua thuat toan,
Buéc 2 vong lap dugc chay tir t =1 cho dén
T.
Gia st gid tri dang co tai budc t 1a
Buoc3 A", d&xuat gia tri méi la
a® ~ q(a‘*) | a“)).
Vi 2 giatri @ va a tinh gia tri
Budéc 4 . .
A9 vai® st dung cong thuc (7).
] Tinh xac suat chap nhan « sir dung
Budc 5 . ,
cong thuc (6).
Dit (a(t+l) ; /’L(l+1)) — (a(*) , l(*)) Vvai Xac
Budc 6 Suat a, nguoc lai ta dat
(a(t+l) l(Hl)):(a(t) ﬂ“’)
Budc 7  Két thic vong lap.
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3. NGHIEN CUU MO PHONG

Nghién ctrtu md phong dugc tién hanh dé tim ra
¢& mau thich hop cho mé hinh cau trlc véi cac giai
doan cho truée. Phuong phap nhing phép bién doi
tham sb vao thuat toan MH & phan 2 duoc sir dung
dé u6c luong tham sé cho cic mod hinh cu tric
khéng cé ty 1€ tir vong c6 3 giai doan, 5 giai doan va
7 giai doan. Cac giai doan phét trién trong mé hinh
dugc md phong theo phan phbi Gamma. Cac md
hinh dwgc m6 phong véi cac ¢ mau khac nhau. Cac
¢& mau duoc giir lai 1a cac ¢& mau cd hiéu suit tin
cay lon hon 90%, tic I tinh ty I€ caa cac gia tri
trung binh wdc luong nam trong khoang tin cay tir
2,5% dén 97,5%. Céc ty & phan tram duoc tinh toan
nay la 16n hon 90%, dic biét & cac giai doan cudi.

Mbi ddy Markov theo phuong phap Monte Carlo
(MCMC) véi céch tiép can Bayes ¢ phan 2, duoc
chay vai s6 vong lap 1a 100.000 va duoc loai bo
10.000 vong lp ban dau dé tang tinh hoi tu cua day
MCMC. Biéu db vét va bang twong quan & cac day
MCMC dugc danh gia dé xét tinh hoi tu cua céc day
d6. Ngoai ra kiém dinh Gelman and Rubin ciing
duoc st dung dé danh gia sy hoi tu cia cac day nay.
Gia tri wdc lwong cac tham sb trong mo hinh 14 gia
tri trung binh ciia 50 1dn md phong.

3.1. M6 hinh cé 3 giai doan

M6 hinh ¢6 3 giai doan phat trién dugc md
phong theo phan phbi Gamma véi tham sb tham s6
hinh dang va vi tri (a,4) =(2,2),(a,,4)
=(2,1.7)va(a,,4) =(2,1.4) lan luot ¢ 3 giai doan.
Mo hinh dwgc md phong véi 15 thoi diém 1y mau
dugc chia du tir 0 dén 6 (Bang 1). C6 10 m6 phong
duoc tién hanh véi cac c& mau 10, 20, 30, 40, 50,
60, 70, 80, 90, 100 ca thé & mdi thoi diém lay mau.
Sau khi wdc lwong so sanh hiéu suat tin cdy c& mau
mo phong véi 30 ca thé & mdi thoi diém 1y miu
dugc chon duoc ¢6 hiéu suat tin cay ¢ ca 3 giai doan
déu 16n hon 90%. Tuy nhién hi¢u Suét tin cay di
v6i m6 phong co ¢y mau 50 ca thé & mdi thoi diém
ldy mau c6 gié tri I6n hon 98% & ca 3 giai doan.

Két qua udc lugng tham sé tir 50 dir liu mo
phong cho m6 hinh 3 giai doan véi 50 ca thé & mdi
thoi diém ldy mau duoc trinh bay ¢ Bang 3. Gié tri
ude luong la gia tri trung binh cta 50 dit liéu md
phong. Cac tham sé uéce luong & 3 giai doan co gid
tri gan véi gid tri thuc. Hiéu sudt tin cay véi ¢ mau
50 ca thé & mi thoi diém ldy mau cé gia tri rat dang
tin cay. So sanh ty 1é u6c lugng va ty 1€ moé phong &
3 giai doan duoc trinh bay & Hinh 1. Tai 15 thoi
diém lay mau, ty 18 uéc lwong rat gan vai ty 16 md
phong.
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Bang 3. Két qua wéc lwong tham sé ciia md hinh
c6 3 giai doan

Tham  Giatri Giatriwéc  Hiéu suit
sb thuc lwong tin cay
Y 2,0 2,1 99%
A 2,0 2,0 99%
a, 2,0 2,2 99%
A 1,7 1,7 98%
a, 2,0 2,2 97%
A 1,4 1,5 98%

Giai doan 1 Giai doan 2

&

Ty1é
00 02 04 06

00 02 04 086

Thod gian

Giai doan 3

-+ Gid tri wée leong
— Gid tri m6 phong

== 95%Cl

Ty 1é
00 02 04 08

3 4 5 6

Théd gian

Hinh 1. Ty 1€ thuc va ty 1€ woe lwgng ciaa md
hinh cé 3 giai doan

3.2. Mo hinh co 5 giai doan

Mb hinh ¢6 5 giai doan phét trién dugc md
phong theo phan phoi Gamma véi tham s6 tham so6
hinh dang va vi tri (a,4) =(2,2), (a,4,)
=(2,1.7), (a5, 4) =(2,1.4), (a,,4,) =(2,1.3) va
(85, 4) =(2,1.2) lan lugt & 5 giai doan. Md hinh
dugc md phong voi 15 thoi diém lay mau dugc chia
déu tir 0 dén 6. C6 10 md phong dugc tién hanh véi
Cc4c ¢& mau 50, 100, 150, 200, 250, 300, 350, 400,
450, 500 ca thé & moi thoi diém lay mau. Sau khi
udc luong so sénhﬂhiéu suat tin cay €& mau mo
phong véi 100 ca the ¢ moi thoi diem lay mau dugc
chon c6 hiéu suat tin cay ¢ ca 3 giai doan déu lon
hon 90%.

Két qua ude lugng tham sé tir 50 dir ligu mo
phong cho mé hinh 5 giai doan véi 100 cé thé & mdi
thoi diém Idy mau duoc trinh bay ¢ Bang 4. Gié tri
ude luong la gia tri trung binh cua 50 dir liéu mo
phong. Cac tham sb wéc luong & 3 giai doan cd gia
tri gan vai gid tri thuc. Hiéu suét tin cay véi ¢ mau
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50 ca thé & mi thoi diém ldy mau cd gia tri rat dang
tin cay. Ty 1€ udc lugng va ty 1€ md phong ¢ 5 giai
doan duoc so sanh qua Hinh 2. Tai 15 thoi diém lay
mau, ty 1& uéc luong rat gan vai ty 1é md phong.

Bing 4. Két qua wéc lwgng tham sb ciia md hinh
¢6 5 giai doan

Tham  Giatri  Giatriwéc Hiéu suat
sb thuc lwong tin cay
a, 2,0 1,9 99%
A 2,0 1,9 99%
a, 2,0 2,1 98%
A 1,7 17 99%
a, 2,0 2,2 98%
A 1,4 15 95%
a, 2,0 1,9 95%
A 1,3 1,2 97%
a, 2,0 2,0 94%
A 11 1,2 95%

3.3. M0 hinh co6 7 giai doan

Mo hinh c¢6 7 giai doan phét trién dugc mQ
phong theo phan ph6i Gamma véi tham s6 tham so6
hinh dang Va Vi tri (aliﬂi) :(27 2)1 (aZIAQ)
=(2,17), (a;,4) =(2,1.4), (a,,4,) =(2,1.3),

(aslﬂs) :(211'1)1 (aevﬂr)) :(2110) Va(aﬂ'ﬂ’?)
=(2,0.9) lan luot ¢ 7 giai doan. M6 hinh dwgc md
phong vai 15 thoi diém ldy mau dugc chia déu tir 0
dén 6. C6 10 mé phong dugc tién hanh véi cac co
mau 100, 200, 300, 400, 500, 600, 700, 800, 900,
1000 ca thé & mdi thoi diém ldy mau. Sau khi woc
lwong so sénh hiéu suat tin cay ¢& mau mo phong
v6i 500 cé& thé & mdi thoi diém 1y mau duoc chon
duogc ¢6 hiéu suat tin cay ¢ ca 3 giai doan déu lon
hon 90%.

Két qua udc luong tham s6 tir 50 dit ligu mo
phong cho mo hinh 7 giai doan véi 500 ca thé & mdi
thoi diém Idy mau duoc trinh bay ¢ Bang 5. Gié tri
ude luong la gia tri trung binh caa 50 dit liéu md
phong. Cac tham sé uéce luong & 7 giai doan co gia
tri gan véi gid tri thuc. Hidu sudt tin cay véi ¢& mau
50 ca thé & mdi thoi diém Iy mau cé gia tri 1on hon
90%. So sanh ty 1é wéc lugng va ty 1€ md phong 6 7
giai doan duoc trinh bay ¢ Hinh 3. Tai 15 thoi diém
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ldy mau, ty 18 woc luong twong ddi gan vai ty 16 md

N
phong.
Giai doan 1 Giai doan 2 Giai dogn 3

ER| 2 ER|

ER ER ER
o 2 aw oo €
@ 2 =g - S
et B (S
(SR N °]

e T ° e

001 2 3 4 5 8 01 2 3 4 5 8 01 2 3 4 5 8
Théi gian Thoi gian Théi gian
Giai doan 4 Giai dogn 5

=7 =7 -+ Gid tri wdc lugng

24 24 — Gid tri m6 phong

+ | < - - %0l
P 7 wr Do 2y
B e . oo

= | . = | i
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Hinh 2. Ty 1€ thuc va ty 1€ woe lwgng cia md
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Bang 5. Két qua wée lwong tham sé ciaa md hinh
c6 7 giai doan

Tham Giatri  Giatriwéc Higu suit
) thuc lwong tin cay
a 2,0 2,1 99%
A 2,0 2,1 99%
a, 2,0 1,9 98%
A, 1,7 1,7 99%
a, 2,0 2,0 97%
A, 14 1,4 98%
a, 2,0 2,0 95%
A 13 1,3 97%
a, 2,0 2,0 94%
P 1,1 11 95%
a, 2,0 2,0 93%
P 1,0 1,0 96%
a, 2,0 2,0 91%
A, 0,9 0,9 92%
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4. AP DUNG TREN SO LIEU THOI GIAN
U BENH CUA COVID-19

Thaoi gian u bénh COVID-19 la khoang thoi gian
giita lan tiép xuc dau tién véi virus COVID-19 dén
thoi gian co thé c6 nhiing triéu chung khoi phat
(Backer et al., 2020; Goel & Kumar, 2020; Mingyue
et al., 2020; Rai et al., 2021; Wang et al., 2020; Yin
et al., 2021). Trong thoi gian t bénh, nguoi nhiém
c6 thé lay bénh cho ngudi khac, viéc lay nhiém xay
ra trudc khi xuat hién triéu chimg dau tién. Viéc xac
dinh thoi gian @ bénh cua COVID-19 dugc xem la
chia khoa dé kiém soét sy lay lan caa dich bénh.
Viéc xac dinh thoi gian a bénh nay gilp theo ddi
nhitng bénh nhan ¢ mic do phoi nhiém cao va gitp
xac dinh thoi gian cach ly.

Dir liéu thoi gian u bénh cua bai bao duoc trich
tir dix lidu truc tuyén thu thap tir nhitng bénh nhan &
Vii Han, Trung Qudc 01/2020 (Backer et al., 2020;
Yinetal., 2021). T dir liéu trén, dix liéu caa 98 bénh
nhan duoc trich xuit cd thong tin vé thoi bat dau tiép
xuc vai ngudn bénh, thoi gian két thic tiép xtc véi
nguon bénh, thoi gian xuat hién trigu ching. Thoi
gian gitra lan tiép xtc dau tién véi virus COVID-19
va thoi gian co thé cd nhitng triéu chung khoi phat
thi khong thé xac dinh chinh xac duoc. Theo théng
tin thu thap thi cac thoi gian nay chi dugc xac dinh
nam trong khoang thoi gian ma nguoi bénh c6 thé
xac dinh duoc.

Nhu vay, theo dir liéu thu thap duoc, thoi gian 0
bénh COVID-19 dugc m6 hinh theo 2 giai doan, giai
doan tiép x(c v6i mam bénh va giai doan u bénh.
Thoi gian chuyén tir giai doan tiép xdc véi mam
bénh dén giai doan i bénh ciing nhur tir giai doan
bénh dén giai doan tiép theo cua COVID-19 la
khong xac dinh duoc. 98 bénh nhan nhiém COVID-
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19 duoc quan sat trong 22 ngay. Mai ngay sé bénh
nhan hét thoi gian phoi nhiém va xuat hién triéu
chirg duogc thu thap lai.

Thoi gian tiép xdc véi mam bénh cua cac bénh
nhan duogc dit ¢ thoi diém 0. Giai doan G bénh
COVID-19 dugc md hinh theo phan phbi Gamma.
V6i ¢& mau 98 cho mai thoi diém 1dy mau, ap dung
nghién ciru md phong ¢ phan 3 cho mé hinh cau tric
2 giai doan, két qua udc luong tham sb c6 do tin cay
rat cao. Sau khi tién hanh nghién cu mé phong,
cach tiép can Bayes dugc trinh bay & phan 2 dugc
4p dung udc tham sé cho giai doan u bénh cua
COVID-19. Két qua cho thay thuat toan hoi tu rat
nhanh véi d6 chinh xac cao. Tham sé cua giai doan
1 bénh 14 gié trj trung binh cua 50 lan uéc luong.

Gid tri u6c lwong tham sb cua giai doan u bénh
COVID-19 duoc trinh bay ¢ Bang 6. Giai doan u
bénh COVID-19 c6 phan phbi Gamma (1,7, 0,3) ¢6
gia tri trung binh Ia 6,1 ngay. Thoi gian G bénh
COVID-19 kéo dai 14 ngay c6 xé4c suat la 1a 0,93.
Nhu vy, bénh nhan COVID-19 trung binh biéu hién
cac triéu ching 1a 6,1 ngay sau khi nhiém virus
COVID-19. Dit liéu thyc nghiém rat gan véi phan
phdi wéc luong (Hinh 4). Khi udc luong tham so cua
giai doan u bénh COVID-19, dit liéu thoi gian
chuyén ddi giita cac giai doan l1a khong xac dinh
chinh xéc, nén céch tiép can Bayes duogc d& xuat két
qua c6 tinh chinh xac cao.

Bang 6. Két qua wée hrgng tham sb caa giai doan
i bénh COVID-19

Tham sb Giatriwoclwgng  Phuwong sai
a 1,7 0,08
A 0,3 0,02

-+ Di liéu thyc nghiém
— Gid tr] wéc leong
== 95%Cl

Phan phébi

000 002 004 008 008 010 012

Giai doan i bénh

Hinh 4. Phan phdi thai gian @ bénh COVID-19
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5. KET LUAN VA NHUNG KHUYEN
NGHI

Céc md hinh ciu tric giai doan rat phd bién trong
cac nghién ctru vé sinh hoc ciing nhu cac nghién ciru
cho nhitng dit liéu c6 sy phat trién ciu tric theo timg
giai doan trong cac phong thi nghiém. Vi du nhu qua
trinh phat trién ciia cac loai bénh, cac loai con trung
hay qué trinh phat trién cia cac glong cay trong.
Trong cac md hinh nay, thoi gian chuyén tiép giita
cac giai doan la khong xac dinh duogc, dir liéu thu
thap dugc chi bao gém ) luong ca thé & cac giai
doan tai cac thoi diém 1dy mau khac nhau. Quy mo
cua nghién ctru thue nghiém bao gom cd mau & moi
thoi diém lay mau va s6 thoi diém 1ay mau thich hop
cho mo hinh can dugc xac dinh trude khi tién hanh
cac nghién ciru thuc nghiém dé viéc udce lugng tham
s6 c6 két qua chinh xac hon.

Véi mé hinh céu tric giai doan cho trudc, cac
nha nghién ctiu c6 thé sir dung phuong phap nghlen
cau mo phong o phan 3 @étim racd Mau tai c&c lan
ldy mau va so thoi diém lay mau thich hop cho mo
hinh thyc nghiém trudc khi tién hanh thi nghiém.
Véi nghién cau md phong, dir liu md phong la
chinh xac tir phan phéi dugc chon cua mé hinh. Tuy
nhién, véi dit liéu thuc té caa md hinh ciu tric giai
doan chtra nhitng sai sé cua dir liéu thyc té. Cho nén,
khi tién hanh thi nghiém vsi ciing cac phan phéi ciia
nghién cttu mo phong, thi ¢ mau cua nghién cau
thuc té nén c6 ¢& mau nhiéu hon so vai nghién ctu
mo phong. Do d6 két qua phuong phap danh gia c&
mau duoc d& xuat rt hiru ich trong viéc tim ra c&
mau tai cac thoi diém ldy mau va sb thoi diém ldy
mau thich hop cho mé hinh thyc nghiém truéc khi
tién hanh thi nghiem.

Céc phuong phap dé xuat duoc trién khai uéc
lwong tham sé trén dit liéu thoi gian a bénh COVID-
19 khi thoi gian chuyén gitra cac giai doan la khong
xéc dinh dugc. Két qua ude luong véi cach tiép can
Bayes cho thiy vé6i ¢& mau cua dit liéu thuc nghiém
thuat toan hoi tu rdt nhanh véi do chinh xéac cao. Két
qua cua nghién ctu twong ng véi cac nghién cau
vé thoi gian 0 bénh trude day va duge danh gid la
két qua nghién ciru c6 cac gia tri ndi tlep trong cong
tac phong chdng dich bénh. Két qua ap dung cach
tiép can Bayes dugc dé xuat cho thay thoi gian cach
ly 14 ngay c6 thé ngan chan phan I6n su 1ay truyén
cua COVID-19. Ngoai ra, phwong phap danh gia c&
mau duoc dé xuit co thé dugc ap dung dé phan tich
thém céc giai doan khac cua virus COVID-19 ciing
nhu céc giai doan phat trién cua cac loai virus gay
bénh khac.
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