A Mathematical Consideration for the Effect of Regional Lockdown on Endemic Size
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What is consider Endemic equilibrium

Regional lockdown can be considered as a policy to suppress the spread of a transmissible disease when the epidemic Theorem 1. Disease-free equilibrium
breaks out. In this work, we consider a simple mathematical model to theoretically discuss the efficiency of the lockdown, Eo(1,0,0,0,1,0,0) is unstable if one of the follow-
for which we introduce different restrictions on the mobility of individuals and define four types of lockdown: complete ing conditions is satisfied.
lockdown, strong lockdown, weak lockdown type 1, and weak lockdown type 2. The efficiencies of those lockdowns are (i) B° > 1;
compared according to the endemic size, that 1s, the number of infective individuals at the endemic equilibrium. g; -
(i) %5 > 1;
iy (1) (L 1) < o
. i1 .
Assumptions 7 7 12
Lemma 1 Endemic equilibrium

E* (¢>{7 wika Cikla CSI? QS;) ¢§7 CSZ) umquely exists lf
and only if one of the conditions (1), (i1) and (ii1) in
Theorem 1 is satisfied, independently of which type of
lockdown is adopted to the community.

i
| Bo1,S, [+ il S, Weak lockdown type 1
I

p
_I_
N ' Weak lockdown type 2 + 0 + Theorem 2. Under the strong lockdown with a1 = o =
(A —pnly IT prih yalz IT Strong lockdown 0 0 n 0 or the complete lockdown with cc; = a2 = p = 0, the
! endemic equilibrium E™ is globally asymptotically stable
0 q 8 y asymp Yy
when it exists.

Figure 1 : Structure on the epidemic dynamics Table 1: Different types of lockdown _ _
Endemic size

* The disease 1s not fatal; We define p := N;/N2. The endemic size is defined by
U™ = (N1 + N2 — 51 —53)/(N1+ N2) =1 —(pp1 +
®5)/(1 + p). We can get the following formulas for the
complete, strong, and weak (type 1 and 2) lockdowns by

Complete lockdown 0 0

e The community 1s composed of the peripheral area (area 1) and central area (area 2) which respectively have
different qualities about the medical treatment for the disease;

e Susceptible individuals of one area can temporarily visit to the other area; U, W, UF L and U,
e Some 1nfective individuals of the peripheral area (area 1) can get the medical treatment at the central area (area 2),

for example, transported by ambulance; vr — P (1 1 ) | 1 (1 1 ) .
* Recovered individual becomes susceptible again; (1+p) o (1 T ) 8

. Jo, 1 . 1
e The population size is constant in each area according to the epidemic dynamics. v, = (1+p) (1 7 ) | 1+ p) (1 T ) )
. 1 1 .
Mathematical model Non-dimensionalized system P 0 P
Uiy = P (1) (1 1)
w2 — Y1 | c |
16 p T+ T+o\ %
1 . I T c .
dt —PLhSt = aafzlzSi o+ OrHu 4 02 Hai dt —Hon1P191 — Hov201thad1 £ 01Gun + 020215 | pere ¢7 is the smaller root of the following quadratic
dl, dan , . equation of x, which is less than 1/%:
e B11151 + a1 B2l251 — 111 P Hoip191 + Zove1h201 — y1¢1;
dH d , , N
dtll = (1 —=p)y1l1 — 01 H11; 27151 = (1 =p)ndr = 0rCu; Rov101023° — {(%o + 1)710102 + Zooipay2
H d
ddtzl = py1l1 — 02 Hou; f;l = p71¥1 — 02Q21; [916’2 + (1 — p)v102 —|—p716’1] }m + 710102 =0
dS d C T . % C k o
d—t2 = —B21252 — aa 811152 + 02 Hoo; % = —HoV2W202 — Hoy1a21 P2 + 02(as; with 15 = 92[1 — (1/%0)]/((92 + v2). @5 is the smaller
a7 i) root of the following quadratic equation of x, which 1s less
d—tQ = B21252 + as 11152 — y2l>; d—t2 = KoV210202 + Ko 1021192 — Y21h2; than 1/%0:
dH>: dG22 ]
dt V2lz = 0222, dt 1292 = 02622, %872925’32 — [(%(()3 + 1)7v202 + Zyo2ip1 y1 (2 + 92)}x
with S1 + I1 + Hi1 + H21 = N1, S2 + I2 + Ha2 = No. where o1 + Y1 + (11 + (o1 = 1, ¢2 + Yo + (22 = 1, + 202 =0

e S;: Susceptible population density in area z.

py161].
e [;: Infective population density 1n area <.

| | i The order of endemic size is W, = U, < U,,,.
o H;;: Population density of infected individuals Epidemic scenarios

who belong to area 7 and isolated under the med-

lcal treatment 1n arcd /[:. Periphi?a)l area Periprg)ril area COnC|USiOn

e /V;: Total population size 1n area ¢. ;:\ ” 0_85

e 3;: The infection coefficient at area ¢ for the indi- e oo * The cOmp .lete and strong lockdown has the same
vidual belonging to area i oaf 04 # endemic size, smaller than the weak lockdown.

0'2} (111 0'2; 21 . . . .

* «;[3;: The infection coefficient at area j for the in- —— S = o * The .\yeak lockdown with m%nlmal. restriction on
dividual belonging to area ¢ during the temporary mobility has the l.owesF efficiency in suppressing
visit to area j, which is smaller than 3; (0 < a; < | the spread of an epidemic.

1). o i 0-8\ e For the weak lockdown, more efficient 1s the prohi-

e ~,;: The detection/isolation rate of the infective in- 0 ol " bition of mobility for susceptible individuals from
dividual belonging to area «. - o an area of high population density to that of low

. . . il @ v opulation density.

* 0;: The discharge rate from the isolation under the e  IBTIaL / e pop y

medical treatment at area 1. e When the hospital in the central area has a suffi-
. . . . ciently longer 1solation period than the peripheral

e p: The proportion of infectives belonging to area 1 , o , ,

b pTOP 576 Figure 2 : (%2, %) = () (0.4,0.7); (b) (1.5, 1.2). Commonly, area, free infectives under the strong lockdown are

get the medical treatment 1n the central area (0 < p=04:a; =as =0.5:0, = 0.6: 05 = 0.8: v, = 0.5:

p<1) ~o = 0.8 less than those under the complete lockdown.



