STOCHASTIC DIFFERENTIAL
EQUATION MODEL FOR
DISEASE SURVEILLANCE
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Surveillance

e ongoing systematic collection, collation, analysis
and interpretation of data and the dissemination
of information to those who need to know in
order that action may be taken
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The first large outbreak of hand, foot, and
mouth disease (HFMD) with severe
complications primarily caused by
enterovirus 7| was reported in Taiwan in
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The specific goals of Integrated
Disease Surveillance and Response

 Strengthen district level surveillance and
response for priority diseases,

* Integrate laboratory with laboratory support
e Reduce duplication in reporting,

» Share resources among disease control
programs

* Translate surveillance and laboratory data
into specific and timely public health actions.



A dynamic model for the outbreaks of hand, foot, and mouth

disease in Taiwan
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Fig. 1. The reported cases of hand. foot, and mouth disease (HFMD) or herpangina (HA) in a Ehﬁ*siciem-bused sentinel
surveillance system and the severe cases of HFMD or HA in Taiwan from 1999 to 2008.



Natural History
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Fig. 2. HFMD model. S, Susceptible; 1. infectious cases before developing symptoms; AS-I. asymptomatic cases with
infectiousness; R, asymptomatic subjects with immunity after infection; EV-I, infectious cases after developing symptoms;
EV-R, symptomatic cases with immunity: HA, cases with herpangina or other symptoms; HFMD, cases with hand, foot,
and mouth disease; C, severe cases due to HEMD virus: g, birth rate; g, death rate; 4, force of infection; a, transfer rate
from I to EV-1 or AS-I; p, proportion of symptomatic cases; 7,, rate of recovery from AS-I: z,, recovery rate from EV-1; y,
transition rate from EV-R; 6, ratio of the HFMD: 4. proportion of severe cases to all symptomatic cases with the

enterovirus which result in HFMD.



Table 1. The parameters of model for HEMD outbreaks in Taiwan

Outbreak Outbreak Outbreak Outbreak Outbreak
Variable Range 2000 2001 2005 2008 2008*
Parameter setting
N — 22092387 22276672 22689112 22958 360 22958360
m — 381077 32x107°  2:5x1077 2:37x107°  2:37x107°
7 — 16x107°  1-6x1077  1-7x107° 1711077  1-71x107°
a >0-167 0-35 0-35 0-35 0-35 W32:92, 0-01)
Ty 0-028-0-125 008 0-08 0-08 0-08 128-44, 0-0028125)
Ts 0-028-0-125 008 0-08 0-08 0-08 n28-44, 0-0028125)
¥ — I I I I 1
p 0-47-0-94 0-7 0-7 0-7 0-7 £(0-6225, 0-26048)
0 0-45-0-49 0-47 0-47 0-47 0-47 0-47
Infected number at beginning ~ — 80 240 110 500 500

of outbreak

N, Number of total population; g, birth rate; g, death rate: S, proportion of susceptible; E, proportion of exposed to infec-
tious subjects; a. transition rate from 7 to EV-I or AS-I: 7. rate of recovery from AS-I; z,. recovery rate from EV-I: y, transition
rate from EV: p, proportion of symptomatic cases; €, ratio of HFMD: d. proportion of severe cases; f, transmission

coefficient.

*The parameters for calculating Ry with Markov Chain Monte Carlo.



Table 2. The results of associated parameters for model fitting the outbreaks

Outbreak Outbreak
Variable Range 2000 2001 Outbreak 2005 Outbreak 2008 Outbreak 2008*

f (per day) — 57x1077 56x 1077 45% 1077 (<34 weeks) 5-3x 1077 (<25 weeks) Inverse gamma
-2 % 107° (=34 weeks) 2% 1077 (25-33 weeks)  (2:00,5-85x 1077)
4% 1077 (=34 weeks)
d (per day) 0-0-21 0-0018 0-0023 0 (<24 weeks) 0-0036 0-0036
6:75 x 107% (24-32 weeks)
[-35 x 107 (>32 weeks)

Proportion of — 25% 22% 22:5% 22% 22%
cases reported
Predicted severe  — 365-38 403-7 66-63 373-52
cases
(reported cases) (367) (395) (57) (373) -
Ry — 1-22 1-21 1-59 1-18 1-37

(95% CI 0-23-5-71)

d. Proportion of severe case; f, transmission coefficient; CI, confidence interval.
*The results in sensitivity analysis after 15000 times sampling simulation.
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Fig. 3 (a, b). The observed and predicted HFMD cases in Taiwan in (a) 2000; (b) 2001. Fig. 3 (¢, d). The observed and predicted HFMD cases in Taiwan in (c) 2005; (d) 2008.



(a)y

The number of severe cases

The number of severe cises

Fig. 4 (a, b). The observed and predicted severe HFMD cases in Taiwan in (a) 2000; (b) 2001.
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Fig. 4 (¢, d). The observed and predicted severe HFMD cases in Taiwan in (¢) 2005; (d) 2008.
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Fig. 5. The results ol an 1solation strategy for HFMD at different 1solation rates.



e R, computed was | 37 (95% confidence interval 0 24—
5 84), suggesting a higher likelihood of the spread of HFMD

 The isolation strategy against the spread of HFMD not
only delayed the epidemic peak with the delayed time
o ranging from 4 weeks for only 20% isolation to 47 weeks
100% isolation

> reduced total number of HFMD cases with the percentag
reduction ranging from | 3% for only 20% isolation to
13 3% for 100% isolation.

Epidemiol Infect. 2016 May;144(7):1500-11.



Stochastic Ordinary Differential Equations

* An Example of Middle East Respiratory
Syndrome

 Bayesian Markov Chain Monte Carlo
method



Middle East Respiratory Syndrome

TOTAL Republicof
CONFIRMED

Confirmed cases of MERS-CoV in the Republic of Korea and China
, Reported to WHO as of 17 Jul 2015 (n=186)

17 - .C-asas

16 Daalhs
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Month

Please nole that the underlying data s subgect B changs as e investigations around cases are angoing, Onset date esfimated if not availatle, Source: WHO



The differential equations of the three- compartmental model can be
described mathematically as follows,

ds
—~ =15, (1
~ (1)
dl
— =AS—ul, (2
it wul, (2)
drR
— = ul. 3
b 3)

* The denote the number of susceptibles, infectious individuals.

* The distribution of S, |, and R, at time t, with probability of Ps(t), P;(t),
and Py (t), respectively

* The conditional probability for the truncation of subjects of susceptible,
and model number of infective as a random variable following binomial
distribution

denoted by Bin{['r +R1, P (tl)DlJr(tF)> (t)j
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