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SIR

(thoi gian rdi rac va tham so6 thay doi)

e Uu diém:

* M6 hinh don gidan nhat phu hop dich COVID-19 hién nay [2]

* Thoi gian r&i rac — dé hiéu, dé st dung

e Tham sé thay doi theo thoi gian — phu hop khi cé nhiéu bién phap can thiép
* NOi dung:

* Trinh bay mo6 hinh SIR

» Basic/effective/control reproduction numbers
 Diéu khién so ca bénh qua effective reproduction number



Vi du truc quan

* Trweong hop 1: Tap vat chi chi cé 1 cé thé bénh. Ca thé bénh nay gdp toan cé thé
lanh khéng cé mién dich va sé gay ra 10 ca thé bénh mdi (goi hé sb |ay nhiém co
banla R, = 10).

* Trwdng hop 2: Gidng trén nhung gia s&r 60% tap vat chd cd mién dich (khéng thé
bi nhiém bénh). Ca thé bénh trén van gap 10. Vé trung binh, 6 ca thé (60% cla
10) cé mién dich nén khéng bi bénh, chi 4 ca thé con lai bj bénh (goi effective
reproduction numberla R, = Ry * (1 — 60%) = 10 * 40% = 4). Van v&i Ry =
10 nhu trén, nhung s6 ca thé bénh maila R, = 4. R, c6 thé khéng déi nhung R,
thay d6i khi s6 ca thé cé mién dich thay déi.

* Trwdng ho'p 3: Gidng trén nhuwng gid st 92% sé ca thé céd mién dich. Vé trung
binh, 1 cd thé bénh gdyra R, = 10 * 8% = 0.8 c4 thé bénh mdi (twvong duong
v3i 10 cd thé bénh gay ra 8 ca thé bénh md&i). S6 ca thé bénh sé gidam dan roi hét.
Dich bi kiém ché.



SIR

SIR la mo6t trwong hop dac biét cia moé hinh Kermack-
McKendrick [1]

* Gia thiét 1: thoi gian la ngay (t € N) va sy kién gdp
g& cling nhu 1ay bénh chi xay ra tai cac thoi diém
cach nhau dung 1 ngay.

* Tap vat chd dugc chia thanh 3 tap thay d6i theo thoi
gian:
 S;: (susceptible) lanh khéng cé mién dich, cé thé nhiém
bénh
¢ J,: (infective) bénh, c6 thé 1ay bénh cho ca thé trong S,
* R;: (removed) khong lién quan dén qua trinh truyén bénh
(cach ly (isolation), cé mién dich, khoi bénh/chét)
 S;:50 ca thé trong S;. Twong tu cho I, va R;.

* Gia thiét 2: Tongs6 cathé N = S, +I; + R, > 0
khéng doi
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e Gia thiét 3: M6t cd thé gdp m > 0 ca thé bat ki 1 ngay. Cac su
kién gap go la doc lap.

Pé 13y bénh can ca thé trong 7, gap ca thé trong S, ngay t + 1.

Mot cd thé trong J, gap m% ca thé trong §; trong ngay.

* Gia thiét 4: Ty lé 1y bénh 13 0 < p < 1 cho moi gap g& gilra
J¢ va S;.

SO ca thé chuyén tir S, sang 7,4 la

(s6 ca thé J,)*(s6 ca thé S, ma 1 ca thé J, gap)*(ty 1é lay)
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Gidm t&c do lay tr dé dén bat kha thi (phu hop kinh nghiém thuc té):
* Giam ty 1é 1y bénh p: khau trang, rira tay, .v.v.

e Gidm sb gap g& m: gian cach xa hdi, quang dwong di chuyén, .v.v.

e Giam so ca bénh I: cach ly

* Gidm s6 ca thé khéng mién dich S: vac-xin

e Tang N: dé thém © (dua ti, N khong d6i, ma S tang khi N tang)

Tuy nhién muc dich la diéu khién s6 ca bénh I,



f: transmission rate

N&uS, = Ny, I, =1,va N = Ny + 1 thi
ASy = —fp Ny = —mp% ~ —mp.
Nghia la thd 1 ca bénh vao mot tap thé toan S thind tao ra BN, ca bénh mdi trong
ngay dau tién. BN, xap xi
BN = mp = (s6 gdp g&/ngay)=(ty 1& lay/moi gdp g&).
BN chicé y nghia thyc té khi hdu nhu toan bo tap vat cha la § (S, /N xap xi 1).
Nhac lai rang
BS, = (s ca thé S, ma 1 ca thé 7, gap)«(ty 1& lay) = mp .

Tai thoi diém t, 1 ca bénh gay ra S, ca bénh md&itrong 1 ngay. BS; cd y nghia thuc
té tai moi thoi diém va phai duoc dung khi S, /N khac xa 1 (ca khi t = 0).
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* Mean infectious period: 1/y (0 <y < 1) Phén phoi deu

I ca thé bénh bj loai bd trong 1/y ngay (trung binh), nén
ndém na Iéé = [y ca thé bj loai bo trong 1 ngay. Ta ¢

|4
phuong trinh 2:
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Ba nglt canh cho Al = (S; — y)I; (t 1a hdm nay)

Hét gao: BS, >y Can bang: BS, =y I bl gao: fS, <y
—[rﬁ\ ﬁ /N
:\ = > L 7
-+ o L oo A sO

Can bang nghia 1a s ca thé md&i mac bénh = sd ca thé khoi bénh/chét. Nhu hé théng y
t€ sap dat ngudng thi duy tri vay (chi khé ace y té).



Viét lai Al

Al, = (BS: —v)I;
Chuy rang

S, < (:Sﬁ<1<:>SIR <1, R —'BN
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LS <y ty NO voi Rg Y
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@Ret < 1, voi Ret —SN]RO

Chay R, ; = Ry * (phan tridm ca thé trong S;)

Phuwong trinh cho I, duoc vilé't lai nhu sau (I; > 0)
_Alt .
y — Re t — 1

I; /




Basic reproduction number IR,

Ry: the average number of secondary cases caused by a typical primary case in an
infinite and entirely susceptible population during its entire period of infectiousness [3]

NOm na la thd mot cd thé bénh vao mot tap thé toan susceptible thi né tao ra R, ca khac
trong su6t qua trinh truyén bénh ctia né (cho dén khi né bi loai bd)

R, chi dé hiéu khi sy truyén bénh déng nhat (loai bd duoc “average” va “typical”). Con
“infinite” dé tap vat cht da 1&n (khéng chi cé 1 nham). “infinite” cling giup don gian hda
Ry trong SIR vi kha nang primary case gdp lai mot ca da bi lay tlr né la 0 trong infinite
population. Do d6 coi nhw primary case gap toan susceptible trong sudt qua trinh truyén
bénh (thay vi chi ngay dau tién).

Tinh R, cho SIR: Tha mot ca s6 0 vao tap thé toan §, tinh s ca duoc tao ra bdi no, va lay
gidi han cta sé nay khi N = oo nhuwng m va p ¢6 dinh. Nhac lai véi Sy = Ny, I, = 1, va
N = Ny + 1thicasé0taora SNy, = mpN,y/(Ny + 1) ca mdi trong ngay dau tién. Khi

N — oo thi ﬁNO dan dén mp. Khi N — oo thi ca s6 0 tao ra mp ca m&i moi ngay trong
suot 1/y ngay (trung binh). Vi vay

R, = (s6 gap g&/ngay)*(ty 1& 1ay/moi gép g&)*(sd ngay truyén bénh trung binh) = mp/y



* R, = mp/y khac nhau cho tirng nudc/tinh/thanh pho .v.v. Né phu thudc:
* m: mat do dan so, quang dwong di chuyén trung binh, .v.v.
 p:van héa (6m hon, khau trang), gidi tinh (vé sinh ca nhan), .v.v.
e y:cach ly, nhap vién, .v.v.
* R, hay néi duoc hiéu la Ry-xa hoi hoat dong binh thuwong. N6 van khac nhau cho
tirng nwdc/tinh/thanh phé .v.v.

* Khi dich bénh xay ra can R, ; do cac bién phap can thiép thay doi R,. Rg ¢ cling
duoc goi la control reproduction number. Thuvong Ry—xa hoi binh thuong =
max Ry ¢ va la hdng s6 cho xa héi do.
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Re ¢ = Ry * (phan trdm cd thé trong S¢)

* R,: the average number of secondary infections caused by a typical primary infection at time t.

* BN va BS; la vé s ca dugc tao ra tai mot thoi diém, con R, va R, la vé sé ca dwgc tao ra trong
suot quang thoi gian truyén bénh. Su khac biét gitta R, va R, gidng vdi sy khac biét gitta SN va
BSt.

* Cdi khé cua R, la khéng cé “infinite” dé S, /N khéng d6i trong 1/y ngay. Trong SIR, ta xap xi R,
bdi R, bang cach coi S;/N khéng d6i trong 1/y ngay (phu hop thyc t&). Tai thoi diém t, 1 ca bénh
gay ra BS; = mp(S;/N) ca bénh méi trong ngay. Nhu vay tai thoi diém t, 1 ca bénh gay ra xap xi
BS:/y = R, ca md&itrong 1/y ngay (trung binh).

= I, xap xi gdy ra R, ;I; ca mé&i cho dén khi toan bd I, b loai bd (trung binh).

A, Iar,
Diéu nay giai thich y nghia cua yl—t = Re¢ — 1. % chi ndi 1én 1 ngay, con ca yl—t va Rg ¢ noilén1/y
t t t

ngay trong tuong lai.

* Nhiéu tinh chat cia Ry van dung cho R, ;. NEu S; = N thi Ry ~ R, ;. Ry chi dung khi nay. Khi
S¢/N khac xa 1 thi can dung R, ;. Tom lai R, ; tong quat hon R, va nén dwoc dung dé danh gia
dich dang xay ra. Ry—xa hoi binh thudng gitip phan anh mdc d6 nguy hiém cta bénh cho mét x3
hoi nhat dinh (do khéng phu thudc S;).
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Udc luvgng R, ¢ trong mot truong hop dac biet

Gia st su truyén bénh da s6 xay ra sau moi T := 1/y ngay [2]. /‘tﬁé’%
e Buwdc 1: Udc lvong y tir nghién ctru khac. :T"\_’j/jo A

 Buwdc 2: Thay vichon 1 don vi thoi gian la 1 ngay, thi chon 1 don vi thoi gian la T ngay. Ki
hiéu don vi thoi gian nay la 7. Thoi gian dwgc chia thanh cac quang T-ngay. Chia thoi gian
sao cho cac thoi diém t va t + 1 13 thudc 2 quing T-ngay lién tiép. Nhw viy moi thoi
diém t cd mét cach chia khac nhau (trung 13p moi T ngay).

* Kihiéu I va R, v&i don vi thoi gian mai la IY va RY .. Khi d6 y bién mét khoi cong thirc
cho IY (I%’ > 0):

ALY _ ALY 4
_J/T:R]e/,r_lz}‘ﬂ%]e/,r:_yr-l_lzr;l'
I‘L’ I‘L’ IT

Uédc lvong R, . bang R, ; twong dng.

« 17 cling xap xi s6 ca m&i mac trong T ngay vi sy truyén bénh da s6 xdy ra moi T ngay



Gia st R, thay doi (Rg ;) va mudn Re,t <1

* Cac bién phap can thiép lam thay d6i mg, p, va y, theo thoi gian. Mudn giam
Ry ¢ thi giam p; (khau trang, rlira tay), giam m, (gidn cdch, di lai), va/hodc tang y,
(cach ly).

e Khi @e’t < 1 thi dich bj ki€ém ché& cho moi I; (m& clra kinh t&/nhap khau thoai
mai). Vi du mién dich cong dong khi N/S; = max R ; (Ry-xd hdi binh thudng),
hodc chua mién dich cdng dong nhuwng ha R ¢ bang phuwong phap nhe nhu khau
trang va gian cach. Chuy IRO ¢ khong tang nira khi Ry ; = max R ;. Nhu’ng St
lubn gidam nén khéng roi vao ngir canh can bang dwoc niva va I, phai giam.

* KhiS; = N thican IROt <1
* KhiRp: = 1.1 thi L . t < R— = 91%. Nghia la 9% tap vat chu bi loai bo khoi qua

0,t

trinh 13y bénh (c6 mién dich/khdi/chét/cach ly) thi m&i nang Ro¢ |én 1.1 dugc.
Néu max Ry, = 2 thi khi nao xd hdi méi binh thuwong lai (khoai nhi)?



Prediction/Simulation

* Prediction: 4p dung khi R, ; khéng doéi trong twong lai (bao gom
khong thém/bdt cac bién phap can thiép)

* Simulation: Vi du ta biét ndi 1dng gidn cach xa hoi khién m, tang gap
doi (vi du qua cac nghién ctru khac) thi ta tang R, ¢ gap doi réi du bdo



Ban vé cdc gia thiét cda SIR

* Homogeneous mixing: 1 ca thé gap m, ca thé bat ki
* That ra chi can, vé mat trung binh, 1 nguoi 7 gap m; nguoi trong quan/xa va ti
& sO ngudi § trong quan/xa gidng ti |é s6 nguoi S trong ca nwdc
* Can bao vé dia phuong cé Ry-dia phuong Ién hon R,-ca nudce va/hoac S;-dia
phuong lon (so voi N-dia phuwong)
 DONng nhat tai moi thoi diém: my, p,, va v,
Ta lam viéc v&i dam dong chi khdng phai vdi tirng cd thé riéng ré, nén ta chi
quan tdm dén trung binh. Ngay ca khi cé sy khéng déng nhat gitra nhiéu nhom,
thi viéc tim hiéu vé trung binh cling can phai duoc tién hanh trudec.



Két luan/cau hoi

e K&t luan
« D& danh gia dich bénh dan xay ra, nén dung R, ; vino tébng quat hon Ro¢vacoy
nghia thuc té tai moi thoi

« Uu diém cla R, la phan anh murc d6 nghiém trong cua dich bénh cho mét xa hoi
nhat dinh do khong phu thudc kich thudc cla S

* Rg¢ va R, phirc tap va phu thudc nhiéu yéu té

* Xac dinh Ry, va R, ; trong SIR c6 chut khé khan do su loai bo ca bénh khéng dong
nhat. Do do ta dung thdl gian truyén bénh trung binh.

e Cau hoi

* Nang luc can cd de diéu khlen Re? Thay he théng y t€ sap qua tai thi lockdown.
Nhung CO d0 tré nén I van tang gay qua tai. Lockdown ngay lap tirc khéng cé ké
hoach sé& gay hon loan.

* Dénh gia tac dung lam giam R, ; cla cac bién l|;)hap uan chung (mang tinh rong khap
nhu dong ctra truong hoc) va cac bién phap nha nwdc (mang tinh hiru han ve
nhan/nguon lyc nhu cach ly) nhu thé nao? Néu céc bién phap nha nwéc cé kha ndng
qua tai, can dam bao cac bién phap quan ching Ia du dé gidm Re: < 1.

* Néu khbéng phai SIR ma la SIS thi sao?

* Phuong phap la data driven nén khong co tinh dy bao. Mudn dy bdo xa thi Idp ham
nao phu hgp cho R, ;?



Van con tiép co a?

Vang, hi vong mé hinh gitp ban hiéu hon cach l[am cda Viét Nam va thé
gidi. Theo thoi gian, phac do6 diéu tri sé tot hon va ngudn cung thiét bjy
té sé khong thiéu hut tram trong nhu hién nay.

M6 hinh don gian, nhwng van néi Ién rat nhiéu diéu!
¥ simple models
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