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Abstract

Ebola virus is a deadly infectious disease, which seriously endangers human life and safety. Ac-
curate prediction of the development trend of an infectious disease is of significant importance
for the timely allocation and mobilization of relevant medical resources, developing reasonable
strategies, as well as solving the problem of experience dependence in emergency treatment
of the health sector. In order to effectively deal with the spread of the virus, this paper intro-
duces three different methods to establish the prediction model of the Ebola virus transmission
process, i.e. the probability model, the disease development course model and the system dy-
namics model. Through data mining of the time series variables in the disease spreading history,
we can establish our predicting model based on the spreading rules of Ebola epidemic disease.
Through the Ebola epidemic prediction model, we can make predictions on the future spread of
the virus and simulate different control strategies under different scenarios to explore for the
most effective measures. Therefore, through this research, we can provide effective technical
support and suggestions for epidemic countries in Ebola disease management and to improve
the public health emergency response ability. In addition, the proposed models of this paper al-
so take some realistic factors, such as the difficulty degree of drug distribution and the medical
service level in different epidemic areas into account to make improvements on the original
model, which help the models to be more realistic in the simulation of the Ebola virus spreading
process.
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Figure 1. The framework of the paper
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Figure 5. The fitting results of contact transmission rate
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Figure 9. The comparison between fitting results and actual value of
recovery rate in Guinea
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Figure 10. The comparison between fitting results and actual value of contact
transmission rate in Liberia
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Figure 11. The comparison between fitting results and actual value of
recovery rate in Liberia
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Figure 12. The comparison between fitting results and actual value of contact
transmission rate in Sierra Leone
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Figure 14. Causal feedback loop diagram of Ebola virus infectious system
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Figure 15. Flow diagram of Ebola virus infectious system
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Figure 16. Flow diagram of Ebola virus infectious system in vaccination scenario
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Figure 17. Flow diagram of Ebola virus infectious system in isolation scenario

E 17 XBREEETRERRSEERGRE

© BAERIE T . £ ECHHRBIN SIR BRALHI R G 3 ) # A b, b TR A s E , #
SR NSO, B A R A Te ik B, (HRAE R 1, JRATT R 77 B Bl AR A
AEH, JFHAS R RUT XZ m R P th R A 2 2 4R

@ faprh. AT L3O RN SIR AR G2 /1A, BERAURE i S g, AFRE
TR ZE D T R A A0 B, XA R AR 5

AR R AT LUR JL A
@© BRI 8 AL A2 e O RO, B ISR 2adh IR . AR5 I AR 22
HAb A .

@ HEE T B ke G ™ B, SEhr b, fEARRIMIX, B3R R 5] R R
YEE R RHNOZMGE WA T . NV ST W g i i XS i RS R = 5 pE k& . A, iR
TXFE 2 RN AR M e HERA I R A, DR AT A 2 T Bk B e 2 R RECR AT I 9T

2) WK RARA

AR AR A W R YA T T

O ZEAEET REHIEE L. BTG HRO TR, 46 TIRZHIX A Z G S, i
TR B AN 2 4 B 44 45 R 3 RS 3 AT 5 o

@ AP SIR B i AL Gt BRI O A 2R, DR R LA 1R 5 (AT S U

@) LAY g H BT ade X ) B AR X LA o WY S T R TR0 i SR SRR N S T B B AR
BRI, AT TASEADL A Bl 5 R 5 s A bR ZE R I

AR B SRS DU LA

O R T EHAE, SIR AR A5 —H A &, e A DA AR SR RIBE T 2 (4 SR AR T
HARSET) R DA RN XA 7E [ KA 5 R J I se I = 5.

@ AR E 24 b A 7 S PR 5 Al 2 A ) 1 DX T 240 P 75 3R o SR S o 2 A P R S I T AR
K, IBATNT T T IRNRALHT 5T

@ FRERLEE T B A YAEAE BT . ERRATIBI AR G, (B 9T SRR AR E RS . ST,
FEILSL, RIS B 5 1078 57 1T B 25 SR 0 22 () 1) A

3) REFNSIHEA

IR AL A A



KR, WA

© RGN — MR R B RS, REARGF ROBIARNE, mifiK, 2 3 RSN AT R
IS AR 2 R G

@ RENL AR T7 (E IR AN R BRI M AT RN, A2 DL 3R (BT e 557K, B mi (R E
BUFHRCBIRIIRE S, BURF B BNBEI ) BB, SEILEUE I 2 ootk

© T LA L 3 e B O SR T MU M A AT R, DR O RS

@ RPEIR A RS DB TR, (T REEE, BRI E .

TR R R A

@ AR TARRE, & EH &R ETE .

@ TEMEREHIE, A L5 DA R0 v RO XE L R AL, B8 BT BT R 2 A A X DLIRAS

© T EMER IR AR Z BRI R, @RI, TR,

7. &ig

e eI PR AT HE Xk N SIS F) 2 i ) J ™ FEL B » A X A% et BTN, 3 B AR 1 R Je - 11
NFE DA R B 2 B A BT 4% SR ML A N 2 BH IR B S (A B iR SRS, DAL PR SRR
BNS A - A S St LA AR QY9 A J e 55 100N B AR OGRIE FU AT A B, B a5 A FTARIL S 5 A AL,
SRJEIET IS BORAN SR, M R PN, AR SR B S A Dt HedbAT Sk, AT S KRR FE AL
DA P R IR B AR AL, Ba xS B BRI, A TR . A BT RN b B A G
PR Tt 1) R AT 07 AN

XL, RSO = MR A, PR B8 R PO LR, SR
HE SR D) OISR 2 (B IOR 2, JFRENS R AT AR 5¢ R I AR I (i, AT PR e
XTHUIR B 25 IO R o AR AR T SR E R NS R . TR R A SR AR A i 2 2 S ) R R AN it L2 R
B MR T WATIR AR, SRR R T KRR A A, AR mE RUE ER AT 5, REBIR
U PRI T A% e (R S AR A 3, DRt AR it T EEBAR S H . T H BB X AN
B sl e, SCEAE 4.5 506t J5UA B E A @SB AT S0, JHE SIRT A, &5, L LW
MRS B, SO T IR B IR RS S AR, KRB LSRR BB SN, SRAN 1T
PR AR 22 A je 2 Ak, BE 1T SE DR S RS DL L (A S AR, AN R T 6 Bt 1 25 AT 15
SR, 3R G 1 SEms

LRLERTE, AT AR R R P A DA (R G R, BB RE B E S &R, I
FUSEIA) S MR R 499 35 (1 WO R, Al e xS (R Bl 42 1 P e X ROR AT (5 L, RERE AR SC AR T 4R
PEB A% ) TR S SRR BOR $R/ 5 AN RIS oot 305 PR 3R 1025 B B e 6 D9 4 Ja BT T S 1 228 . R
P AR 2 T B B R, Hh AR R G i pUR 2 25 00 17 2 20 ah oIk oo A B AT
WHE K AETIER R, RARRIATLE SRR AT 3 — PRI S5 1771

SE 3 #Ek (References)
[1] 4RE0E, YL, X5, HIEE, A%, KT AR RSB SR RS 3T [3]. VAR, 2015,
26(1): 22-32.

[2] Meltzer, M.I., Atkins, C.Y., Santibanez, S., et al. (2014) Estimating the Future Number of Cases in the Ebola Epidem-
ic—Liberia and Sierra Leone, 2014-2015 [J]. MMWR Surveill Summ, 63, 1-14.

[3] Butler, D. (2014) Models Overestimate Ebola Cases. Nature, 515, 1. http://dx.doi.org/10.1038/515018a

[4] Chowell, G., Hengartner, N.W., Castillo-Chavez, C., et al. (2004) The Basic Reproductive Number of Ebola and the
Effects of Public Health Measures: The Cases of Congo and Uganda. Journal of Theoretical Biology, 229, 119-126.

http://dx.doi.org/10.1016/j.jtbi.2004.03.006



http://dx.doi.org/10.1038/515018a
http://dx.doi.org/10.1016/j.jtbi.2004.03.006

KK, HIER

(5]
(6]

(7]

(8]

(9]
[10]
[11]

[12]

[13]

[14]

[15]
[16]
[17]

(18]

[19]
[20]
[21]
[22]

[23]

Legrand, J., Grais, R.F., Boelle, P.Y., et al. (2007) Understanding the Dynamics of Ebola Epidemics. Epidemiology
and Infection, 135, 610-621. http://dx.doi.org/10.1017/S0950268806007217

Bwaka, M.A., Bonnet, M.J., Calain, P., et al. (1999) Ebola Hemorrhagic Fever in Kikwit, Democratic Republic of the
Congo: Clinical Observations in 103 Patients. Journal of Infectious Diseases, 179, S1-S7.
http://dx.doi.org/10.1086/514308

Ndambi, R., Akamituna, P., Bonnet, M.J., et al. (1999) Epidemiologic and Clinical Aspects of the Ebola Virus Epi-
demic in Mosango, Democratic Republic of the Congo, 1995. Journal of Infectious Diseases, 179, S8-S10.
http://dx.doi.org/10.1086/514297

Rowe, A.K., Bertolli, J., Khan, A.S., et al. (1999) Clinical, Virologic, and Immunologic Follow-Up of Convalescent
Ebola Hemorrhagic Fever Patients and Their Household Contacts, Kikwit, Democratic Republic of the Congo. Journal
of Infectious Diseases, 179, S28-S35. http://dx.doi.org/10.1086/514318

Milner, F.A., lannelli, M. and Feng, Z. (2002) A Two-Strain Tuberculosis Model with Age of Infection. SIAM Journal
on Applied Mathematics, 62, 1634-1656. http://dx.doi.org/10.1137/S003613990038205X

Riley, S., Fraser, C., Donnelly, C.A,, et al. (2003) Transmission Dynamics of the Etiological Agent of SARS in Hong
Kong: Impact of Public Health Interventions. Science, 300, 1961-1966. http://dx.doi.org/10.1126/science.1086478

Kermack, W.0O. and McKendrick, A.G. (1991) Contributions to the Mathematical Theory of Epidemics. I. 1927. Bulle-
tin of Mathematical Biology, 53, 33-55.

Kermack, W.O. and McKendrick, A.G. (1932) Contributions to the Mathematical Theory of Epidemics. Il. The Prob-
lem of Endemicity. Proceedings of the Royal Society of London, Series A, 138, 55-83.
http://dx.doi.org/10.1098/rspa.1932.0171

Kermack, W.O. and McKendrick, A.G. (1933) Contributions to the Mathematical Theory of Epidemics. Ill. Further
Studies of the Problem of Endemicity. Proceedings of the Royal Society of London. Series A, Containing Papers of a
Mathematical and Physical Character, 141, 94-122. http://dx.doi.org/10.1098/rspa.1933.0106

Lekone, P.E. and Finkenstadt, B.F. (2006) Statistical Inference in a Stochastic Epidemic SEIR Model with Control In-
tervention: Ebola as a Case Study. Biometrics, 62, 1170-1177. http://dx.doi.org/10.1111/j.1541-0420.2006.00609.x

RS, MG, JCREL ARIMA RSERILE AL Jui A0 5 To0M b i) 2 A [J]. B BR 2522 40 &5, 2007, 20(1): 90-92
. IRE 2L G RO T [D]. i B HK, 2013,
Bisset, K.R., Chen, J., Feng, X., et al. (2009) EpiFast: A Fast Algorithm for Large Scale Realistic Epidemic Simula-

tions on Distributed Memory Systems. Proceedings of the 23rd International Conference on Supercomputing, ACM,
430-439.

Barrett, C.L., Bisset, K.R., Eubank, S.G., et al. (2008) EpiSimdemics: An Efficient Algorithm for Simulating the
Spread of Infectious Disease over Large Realistic Social Networks. Proceedings of the 2008 ACM/IEEE Conference on
Supercomputing, IEEE Press, 37.

M. F HAND JiEm 2 M0 B AR @ BT i BUME 7C[D]. bR B #E T3 4 K2, 2010.
VFIR. 8T8 A2 W4 4% Yuim 98 R Sk b 28 B A [D]. s S R K2, 2013,
MEHI. T8 4% Agent 4% (98 BRAL IR AN BT R [D]. Kvb: EBhRIEEAR K2, 2010.

Mecoli, M., De Angelis, V. and Brailsford, S.C. (2013) Using System Dynamics to Evaluate Control Strategies for
Mosquito-Borne Diseases Spread by Human Travel. Computers & Operations Research, 40, 2219-2228.
http://dx.doi.org/10.1016/j.cor.2012.03.007

Huang, S.K., Lin, M.T., Chen, H.C., et al. (2013) Epidemiology of Kawasaki Disease: Prevalence from National Da-
tabase and Future Trends Projection by System Dynamics Modeling. The Journal of Pediatrics, 163, 126-131.



http://dx.doi.org/10.1017/S0950268806007217
http://dx.doi.org/10.1086/514308
http://dx.doi.org/10.1086/514297
http://dx.doi.org/10.1086/514318
http://dx.doi.org/10.1137/S003613990038205X
http://dx.doi.org/10.1126/science.1086478
http://dx.doi.org/10.1098/rspa.1932.0171
http://dx.doi.org/10.1098/rspa.1933.0106
http://dx.doi.org/10.1111/j.1541-0420.2006.00609.x
http://dx.doi.org/10.1016/j.cor.2012.03.007

	Study on Optimal Control System of Ebola Disease
	Abstract
	Keywords
	埃博拉病毒扩散最优控制系统研究
	摘  要
	关键词
	1. 引言
	2. 模型框架
	3. 概率模型
	3.1. 模型设计
	3.2. 变量
	3.3. 模型构建
	3.4. 结果分析
	3.5. 模型改进

	4. 病程发展模型
	4.1. SIR模型
	4.2. 变量
	4.3. 模型构建
	4.4. 结果分析
	4.5. 改进模型：SIRT模型

	5. 系统动力学模型
	5.1. 因果回路图
	5.2. 系统流图
	5.3. 政策模拟
	5.3.1. 药物措施–接种效果模拟
	5.3.2. 非药物措施–隔离效果模拟


	6. 模型比较与评价
	7. 结论
	参考文献 (References)

