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A dynamic model of hand, foot and mouth disease under different
vaccine coverage conditions in Shanghai and Zhejiang Province

LI Yi-xuan, WANG Yue, WANG Wei-bing, LU Yi-han”
(Department of Epidemiology,School of Public Health, Fudan University ,Shanghai 200032, China)

[ Abstract] Objective To establish a dynamic model of hand, foot and mouth disease (HFMD) in
Shanghai and Zhejiang Province, so as to analyze the epidemic condition of HFMD and to predict the
impact of different vaccine coverages on the disease. Methods We built an 8-compartment dynamic
model related to vaccination and used the incidence data of HFMD from 2015 to 2017 to fit the model. We
also calculated the basic regeneration numbers, and simulated the incidence of HFMD under different
vaccine coverage conditions. Results From 2015 to 2017, R, of Shanghai and Zhejiang Province were
1.578,1.602, 1.931 and 1.599, 1.724, 1.657, respectively. With the increase of EV-A71 vaccine coverage,
the incidence of HFMD caused by EV-A71 decreased gradually. When the vaccination rate reached 80%,
the number of cases of HFMD caused by EV-A71 decreased by about 1/3.Sensitivity analysis showed that
the parameters P, (proportion of infectious but not hospitalized) , B (transmission rate) and 7y, (recovery
rate of infectious but not hospitalized) had the greatest effect on the number of cases. Conclusion
HFEMD will be prevalent constantly in Shanghai and Zhejiang Province. EV-A71 vaccine has a good effect
on the control of HFMD. In addition, since the vaccine itself does not have the cross-protection effect of

other pathogens, multivalent vaccines should be actively developed to improve the protection effectiveness.
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Tab 1 The total number of HFMD patients reported in
Shanghai and Zhejiang Province from 2015 to 2017

January 2 955 8 254 5783 1572 1300 1334
February 1184 2041 1847 452 639 660
March 2555 5391 2361 1479 1715 691
April 8097 14306 3656 3966 2893 944
May 12972 28587 7601 5247 5919 1297
June 21336 42891 14941 7663 10592 2260
July 11508 25583 12959 5318 11190 2956
August 5783 10404 3939 2974 5654 1489

September 5 446 5 868 4 485 2503 3214 2159
October 7140 13185 9366 2 435 4586 4403
November 10197 18080 7 749 2 885 6018 3495
December 11408 12440 8288 3423 4013 2604

HFMD :Hand, foot and mouth disease.
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Fig1 An extended SEIR model of HFMD including 8 compartments
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Tab 2 Description and source of model parameters

S(0) Number of susceptible children under 5 Fixed '
V(0) Vaccinated Fixed ']
E(0) Number of exposed under incubation periods MSS
L(0) Infectious but not hospitalized MSS
L(0) Infectious with pathogens other than EV-A71 Calculated, 0.55X reported cases in January/30%*]
L,(0) Infectious with EV-A71-HFMD Calculated, 0.45 X reported cases in January/30%- '+
R(0) Recovered Assumed
o Progression rate Assumed
8 ;;::tsir;ris:figrcli:ltcey, contact frequency X MSS
2, Proportion of I, MSS
12, Proportion of I, Calculated, 0.55X (1-P;)
1P Proportion of I, Calculated, 0.45X (1-P,)
T Recovery rate of I, MSS
T, Recovery rate of 1, MSS
T, Recovery rate of I, MSS
T Relapse rate MSS
P Birth rate Fixed "
n Death rate of children under 5 Fixed "
v The number of vaccinated people per day Fixed ']
VE Vaccine efficacy Fixed' '
R, Basic reproductive number Calculated

*The proportions of EV-A71-HFMD and no EV-A71-HFMD are 45 % and 55% , respectively.MSS : Minimum sum of square.
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Fig 2 Fitting result between the simulated number and the monthly reported cases of HFMD in Shanghai (A)
and Zhejiang Province (B),2015-2017.

R3 015207 F LBTHMRTHERNSERNFATRE
Tab 3 Chi-square test results of fitting model in Shanghai and Zhejiang Province, 2015-2017

Degrees of freedom 3 3 3 3 3 3
Accepting value at 5% significant level 7.815 7.815 7.815 7.815 7.815 7.815
b 0.15 0.88 0.03 1.41 3.47 2.18
P value >0.05 =>0.05 =>0.05 =>0.05 =>0.05 =>0.05
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Fig3 Number of EV-A71-HFMD cases changes in Shanghai (A) and Zhejiang Province (B) under

different EV-A71 vaccine coverage rates
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