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Figure 1 (Color online) Population ratios of diagnosed, incubation and
cured vary with time. The initial conditions are set to be Ny(0)=3% 107,
Ny(0)=1, Nyy(0)=0, Nz(0)=0; #=33, T=1. (a) The result without
intervention; (b) the result with intervention
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Figure 2 (Color online) The relationship between infectious ratio and
the proportion of immunization duration to healing period. T and Ty
denote the average healing period and the average immunization
duration, respectively

BET (A1 K T 24936 Bt E] g e, Jr e (12) [l £
SEIRFERY; X -1y G e ] /s 1443363 J ek [l )



it 3Z

I8, JTRR(12)% M T SEISHLAY.

5 &L

FRATRIGE 1 il i 2 A e I 3l ) 27458, 5]
FHE T f AN I B B R AR M D7 TR A R A AR
IR BIRIEIER . RRECR . IR AR MER SR
55X AR GG R AR, LL— B ARy
o, ISEHTR AR EESE T 7 AR AT S R R TR
NBUE AR GIRIEHR . JOR R 6 AR A
KFR. FIHEA M — G R B e 5,
JBR T N Tt MC A T PR EIE T,
FIRNEL BRI EL IR AKEERE E A2 fL. 1t
Hh, VR T RBE A IRAYTEIE, 45 T RERRR
e NBL A5 G i SIS 8] L 22 R S 2R,

MBS TAEGEITE, ZINERIL S A T T A

AMARAET A ZETHE R AR S A BBE R F] AT 5 R
PINERRERAE T (1) BES S B T3 71
RO, ORI IEER . AR A
HARF SRR AR IR R G BOWARE; (2) R %
U GENADIETRIPS Y ZEANRLE N €1 e S
KNI, X2 A7 A 30T bR N 2 ke 3] Tk B AR
Hls (3) ATRARG 28 S (e[l B A A R L, flan s i
FEAIP AR S (B 2).

HRJa B, BTG AT A5 R B AR
22 F LU R AR (1) FR BB
A% YRR R R T 2 R M) e 2 T A A R 2 LA S
AVTEERREL, (2) S RAR By 2R i e e
FE. SIRBAPEALTTIE, HE—275 BA A oAy
F R AN BAR EAF IR, of S B ) R4 1 B o e
T 4 .

B RS FENFRARDE S HEFARERF AR, PETENEFARFLLRERLR. LT EHET A
GINEE S S R INCTE
RPN

10
11
12

Bailey N T J. The Mathematical Theory of Infectious Disease. 2nd ed. New York: Hafner, 1975

Tang B, Wang X, Li Q, et al. Estimation of the transmission risk of the 2019-nCoV and its implication for public health interventions. J Clin Med,
2020, 9: 462

Tang B, Bragazzi N L, Li Q, et al. An updated estimation of the risk of transmission of the novel coronavirus (2019-nCov). Infect Dis Model, 2020,
5:248-255

Yan Y, Chen Y, Liu K J, et al. Modeling and prediction for the trend of outbreak of NCP based on a time-delay dynamic system (in Chinese). Sci
China Math, 2020, 50: 1-8 [, BRHL, XUTT{%, 5. 36T KATHERN 1% R SURT R b A A5 AR b OO RIBI, AR KO,
2020, 50: 1-8]

Chen Y, Cheng J, Jiang Y, et al. A time delay dynamic system with external source for the local outbreak of 2019-nCoV. Appl Anal, 2020, doi:
10.1080/00036811.2020.1732357

Lin Q, Zhao S, Gao D, et al. A conceptual model for the coronavirus disease 2019 (COVID-19) outbreak in Wuhan, China with individual reaction
and governmental action. Int J Infect Dis, 2020, 93: 211-216

Lekone P E, Finkenstéddt B F. Statistical inference in a stochastic epidemic SEIR model with control intervention: Ebola as a case study. Biometrics,
2006, 62: 1170-1177

Hotta L K. Bayesian melding estimation of a stochastic SEIR model. Math Popul Stud, 2010, 17: 101-111

Zacks S. Introduction to Reliability Analysis Probability Models and Statistical Methods. New York: Springer-Verlag, 1992

DuY M, Ma Y H, Wei Y F, et al. Maximum entropy approach to reliability. Phys Rev E, 2020, 101: 012106

Guan W J,Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med, 2020, doi: 10.1056/NEJM0a2002032
Li Q, Guan X, Wu P, et al. Early transmission dynamics in Wuhan, China, of novel coronavirus-infected pneumonia. N Engl J Med, 2020, 382:
1199-1207

FhFErtt

B3Rl HESHFRRADRYHE LY
FisR2 TP O BUE BRI GETr

AR SCUL B AR T8 A WL 25 M esb.scichina.com. #h 75 4 4 1E & $2 4k i R A6 204, 1R 3 A Efo A f 3R

2361



M43 E B 2020588 H£65% HF2M#

Summary for “HeF e AR J5 BT SE 53T 93 B AL AL AL

Maximum entropy approach to reliability analysis based
epidemic disease model
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This study analyzes the dynamic model of epidemic disease system based on the maximum entropy approach to reliability.
The epidemic disease system is assumed to be composed of several classes, namely susceptible class, infective class,
resistance class, exposed class and so on. The dynamics of the populations in each class are depicted by a number of
differential equations, where the populations transmitting between the classes are the averages of transmitting populations
in microscopic stochastic transmission process. In microscopic transmission process, several basic variables are assumed to
be random, such as incubation period, hospitalization duration and so on. To infer the probability distributions of these
variables is a main task of this study. Inspired by the recent study of reliability, the maximum entropy based approach is
applied to determine the parameters in the dynamic model. The basic idea of this study is presented below.

In this study, degrade (hazard) function, which is a fundamental quantity in the disciplines of risk and reliability analysis,
is associated with death rate, incidence rate and healing rate. Specifically, death rate and healing rate of the infective people
are associated with hazard rate and repair rate of the repaired system in reliability theory, respectively; the incidence rate is
associated to the hazard rate during incubation period. By means of the maximum entropy principle, the moments of the
period from onset to death, the period from onset to recovery and the incubation period are fused to infer the most probable
death rate, incidence rate and healing rate. Applying the maximum-entropy based statistical inference, the information of
macroscopic transmission process is fused, such as average values, fluctuations and median values. To the best of our
knowledge, the traditional fitting approaches to determine parameters usually rely on the information of macroscopic
phenomenon. It is different from these fitting approaches that the maximum-entropy based approach applied in this study
relies on the information of microscopic process. Thus this approach is adapted to practice scenario where the limitations of
information access and number of samples both exist. And the parameter determination is independent on the choice of the
macroscopic epidemic disease dynamic model.

After applying the maximum entropy principle based inference and the SEIR (susceptible-infective-exposed-removed)
model, several discussions associated with coronavirus disease 2019 (COVID-19) are made. With the help of recent
information of microscopic transmission process, the parameters in SEIR model are determined directly by the maximum-
entropy principle. Then with numerical calculation, dynamics of the populations in infective class, resistance class and
exposed class are obtained. Besides, some typical phenomena are revealed by the analytical and numerical results. For
example, the calculation shows that the peak of the infectious ratio in transmission process is unique; the infectious ratio of
steady state tends to zero when the immunity duration is much larger than the healing period. Additionally, limited
immunity duration model is also considered. The relationship between the infectious ratio of steady state and the proportion
of immunization duration to healing period is presented.

maximum-entropy principle, reliability theory, epidemic disease model, novel coronavirus pneumonia
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