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A Mathematical Model for The Annual Variation of Epidemic Outbreak

with Prevention Level Affected by Incidence Size in The Last Season
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For a variety of infectious diseases, annual oscillation of large and small incidence sizes has been observed. One
of potential causes for such annual oscillation would be the response of prevention level to the incidence size in
the last epidemic season: The prevention level would be increased if the incidence size is large in the last season.
In this work, to theoretically consider this cause for the annual oscillation of incidence size about the infectious
disease, we constructed and analyzed a simple mathematical model about the annual variation of incidence size
affected by that in the last season. We assume that the epidemic dynamics in each season is governed by the
well-known Kermack—McKendrick SIR model, neglecting the variation of total population size within the season.
We can derive the final-size equation that gives Roo = lim R(t) for the SIR model. Let R (k) be the incidence
size in the k th season, N (k) be the total population si;efoand zi = Roo(k)/N (k) be the relative incidence size.
we assume that the incidence size in the last season influences the infection coefficient o and the recovery rate
Pk, so that let o = o(zk—1) and pr = p(zx—1). We regard pi/or as an index of the prevention level at the k th
season, and give pr/or = p(zr—1)/0(2k-1) = f(zk—1). In this work, we considered the below model (1) which
gives the annual variation of incidence size. Our analysis shows that the change of prevention level responding
to the incidence size in the last season could cause the annual oscillation of biennial epidemic outbreaks with
intermediate or subtle incidence size between them. Such response of the prevention level to the past incidence

size could be a driving force for the annual oscillation of incidence size.

AVINZUTERIILOET HEYEDOTITICNE, KT &I 280 EIHRES RS, ZHiciy,
HIEDWMATIC L D, BRI N 28R4 72 PHIONSEDNEASETRAT 2 P 3 2 215 b o T 2 WREE 23S 5 D T
7N A D D, AT, BYSERITDELZFNCOWTO Z DOABEEEICEIT 2 BRI B L2179 720
12, BHAEDBYHIE (BYUERBERE) 25, BUEQRBYYELRRESY A F 2 7 A RIFTHEZEA L AW
BEIE TV 2T 72,

BIEDEGY — R BT 2 BYYEBRY A F 3 7 2%, &b EARRN 2 Kermack-McKendrick 4 SIR €5
LVTRIBRTE S LT 5, By — Xz B T 2 REGHTEY A XOZEHIMLT 5, 2D SIR ETVICOW
T,@%y—fV%Tﬁwﬁﬁﬁﬁﬁm%ﬁﬁ4f?%%ﬁh%@%ﬁﬁRw:ARQMQ%52%@@ﬁ&
KZENT 22 ENTEL, K EHOBYEY — XV I220 TR E R (k), BEERET 4 X% N(k) &
L, 2k = Roo(k)/N (k) T k EH OMRIAAREES 4 21203 2 R A2 £ 9, k EH QBRI 0, [MIFE
# pp, DHHEOBRPHBOWE L2 2 L LI RERBIE FVICEAL, o = 0(26_1) pr = plzr_1) &F
%, pr/or & k FHOTHAMEDIREE L LT\, 21 DB pi/ok = p(zk—1)/0(2k-1) = f(zr—1) 1T &>
THZ6NEbDLT 5, AATIIERBEDOFLE S A F I 7 A2 KT 2ROBILET N EHBE LI

2k =1 —ef{N(k)/f(Zkfﬂ}zk

f(z) = foe**
WEHTIC XD, BOWE T (1) 12 % 2 BB 13, —ERBLOWIT & B DS BB, it e KA
BAOWEAT 2D T, TATL 2504 L KBUOWEAT & . TR M) BT B0 3 88—V AN 5 2
Ehibino e, CORRIE, BIEOBRIBIBICHT 5 FHKMEOI A, KR L CHA 2 BABIBLE Jit
LI)BZEERBLTVS,

(1)



