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Python—-enabled development and implementation of a prediction and

early warning model for vector—borne infectious diseases
LI Guo—qun, DUAN Xiao—feng, WANG Hai—qing, CHEN Hai-ping, YANG Wen—gian, LI Rui
Yichun University School of Public Health, Yichun, Jiangxi 336000, China

Abstract: Objective Based on the Python platform, the entire process of vector —borne infectious disease mathematical
models is expanded to better fit models and evaluate intervention effects, to provide new ideas for grassroots prevention and
control, and to open up new perspectives. Methods The SmEmIm-SpEpIpApRp model was fitted using the Imfit library,
solved with the solve_ivp function, and sensitivity analysis of key model parameters was performed. The Rt calculation was
based on the next generation matrix method, and all results were visually displayed with the help of Matplotlib. Results The
results showed that R*=0.98 and RMSE=2.07. Rt was 5.607 in the early stage of the epidemic, and R, was 8.439 on day
41. The period with Rt>1 lasted 81 days, and ¢ had the highest sensitivity (S=35.435). Under a single intervention, when 3,
and f3,,<0.01, Rt<l and the epidemic disappeared. Controlling only y and ¢ would not eliminate the epidemic. Under
comprehensive intervention, Scenario 1 could reduce the cumulative cases by 98.64%, and Rt,,,=0.868. Scenario 2 could
reduce the cumulative cases by 87.95%, and Rt,.,=1.988. For Scenario 3, Rt,,=4.78. Although the increase in Rt was
smaller and the change rate was low, the longer duration could increase cumulative cases by 161.47%. Scenario 4 could
reduce the cumulative cases by 99.38%, and Rt,.,=0.28. Conclusions The high goodness of fit of the model based on the
Python platform verifies the necessity of seasonal dynamic modeling, provides an integrated solution for the prevention and
control of vector —borne infectious diseases, expands the practical boundaries of theoretical models, and opens a new
perspective for precise prevention and control at the grassroots level.
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Figure 1 General modeling flowchart
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def get_seasonal_factor(self, t):#5E X FET1EFH
return self.offset + self.amplitude * 0.5 * (np.cos(2 * np.pi * (t - self.T_shift) / self.T_period) + 1)
! def SEI_SEIAR_model(t, Y, param_obj):#& WIS M E3ummriFEs
! S mEmImSELARX=Y
! ¢=param_obj.get _seasonal factor(t)
| params = param_obj.params
—dS m = params['a’] * ¢ * (params['N_m'] - params['n’] * |_m) - params['beta_pm‘]* S m * (| + A) / params['N'] -\
params['b'] *S_m
dE_m = params['beta_pm'] * S_m * (I + A) / params['N'| - params['omega_m'] * E_m - params['b'] * E_.m
di_m = params[‘a’] * ¢ * params['n'] * |_m + params['omega_m'] * E.m - params['b’] * |_m
ds = -params['beta_mp'] * S * |_m / params['N']
dE = params['beta mp’] * S *|_m / params['N’] - params['omega’] * E
dl = (1 - params['q’]) * params['omega’] * E - params['gamma’] * |
dA = params['q'] * params['omega’] * E - params['gamma_1'] * A
dR = params['gamma’] * | + params['gamma_1°] * A
dX = (1 - params['q’]) * params['omeqga’] * E#EE R
—return [dS_m, dE_m, dI_m, dS, dE, dl, dA, dR, dX]

B 2 SmEmIm-SpEpIpApRp FETR I 5 RS R
Figure 2 Implementation of the SmEmIm-SpEpIpApRp model and equations
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Figure 3 Model fitting evaluation chart
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Table 2 Overview of model parameters

5 P WILHE W EA B S*/ 45 7E
B WA B ATEERER 0.1 0.186 0.046

Bon NHEREA B35 R 0.1 0.179 0.038

a WA B R 0.08 0.099 0

b A FARFET 0.08 0.050 0.537

w, WA ARG S I 1 % 0.1 0.134 0.032

w, ARG A e 1 0.15 0.164 0.033

q VIR N TORE IR IR UL 35 1) L) 0.7 0.706 35.435

Y HREREBGE I R 0.15 0.181 0.010

7 T ARG R 0.15 0.168 0.032

n AR R 0.12 0.199 0

N, UNEP:S S 5000 I 5 EIN A EY)
N, TR 10 000 ] 7

c AT ¢=0.240.8%0.5[cos2 11 (1-76)/365+1]*
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Figure 4 Intervention evaluation chart
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