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Abstract

Brucellosis is a typical zoonotic disease that has a serious impact on both livestock production and
public health. This paper incorporates the dynamic market price of mutton and farmers’ willing-
ness to rear sheep to construct a sheep-brucellosis dynamic model that couples economic behaviour
with disease transmission mechanisms. Theoretical analysis verifies the existence of optimal con-
trol solutions for two types of optimal control problems under five categories of control measures,
provides an explicit form for the control solution regarding the farmer’s profit maximisation prob-
lem, and demonstrates that the control solution for minimising the duration of brucellosis control
can only be a bang-bang control. Model parameters were estimated using statistical data from the
Ningxia region for the period 2012~2024, and numerical simulations were conducted to analyse the
effectiveness of different control strategies. The results indicate that, in the absence of control
measures, brucellosis will continue to spread; implementing optimal control strategies can signifi-
cantly reduce the number of infected sheep and the rate of increase in human cases, whilst improv-
ing the overall profitability of the livestock system in the long term. Under the profit-maximisation
scenario, the culling of infected flocks and government economic intervention measures play a cru-
cial role in the optimal control strategy, whereas measures to reduce human-animal contact were
not adopted. Under conditions of limited resources, reducing human contact with infected sheep
flocks demonstrated the most significant effect in shortening the duration of disease control; how-
ever, resource constraints would lead to prolonged control periods and an increase in the cumula-
tive number of infections.
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Table 2. Actual data on sheep stock numbers, market prices for mutton, and human brucellosis cases in the Ningxia region
between 2012 and 2024

522.2012~2024 FETEMXFEHFEE, FATIHNE, URABGHFHRGIZIFETE
E4y EARERCTR) ERT M OT) N AT 97 37 4895 151 4 N B A7 B9 1 5

2012 506.40 30.8902 449 449
2013 570.10 30.7548 883 1332
2014 611.95 23.4212 2063 3395
2015 587.78 17.4106 2888 6283
2016 580.73 19.3416 2160 8443
2017 506.59 25.1344 1696 10,139
2018 534.28 26.7118 1581 11,720
2019 568.46 29.3402 2199 13,919
2020 596.11 34.7762 2934 16,853
2021 677.10 31.9846 4976 21,829
2022 710.55 30.3710 6174 28,003
2023 720.50 26.7674 4509 32,512
2024 692.12 27.0236 2538 35,050
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4 15
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t(year) t(year) t(year)

(a) (b) (©

Figure 1. Results of the data fitting for the Ningxia region. (a) Fitting results for susceptible sheep flocks; (b) Fitting results
for sheep meat market prices; (c) Fitting results for cumulative human brucellosis cases

E 1. TEMXERBIEMEER. () ZREFUSER; b)) FATBHNEUEER; o ABFERRITHRGHIBE
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Table 3. Parameter values in the model and their sources

3. BARHSHEREFRR

24 il He V5 24 Hfy Hei
u 2.442x10° [19] D 2.74x10° [12]
a 0.4508 [19] d 0.3 [12]

5.4833 iz b 559.1024 [12]
S 0.3671 B e 45.18 [19]
o 5.2391x107 L Do 24.8828 [19]
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58.9887
0.9874
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0.585
0.165
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LS
LS
LS
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{E8%
£
LS

M, 1350
b, 36679
d, 5.19x107
0.4
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B, 3.0003x107°
By 6.8033x10™"°

5854
[12]
[12]
[12]
S
S
LS

4.2. MBS

NZNEE R O B A AR B2 AR B, SR AL T 32 J7 KA (Latin Hypercube Sampling, LHS)Z
AW FRAH % R £ (Partial Rank Correlation Coefficient, PRCC) /7 125 S5t 47 4= Ry UM b o 17 1 RERS
TEZ SR AR HITEOL T, A RO A S H00 48 BRI S 52
BAR S, fEASHPRARE M (+10%38 Bl N)BEAT LHS #fFE(REA Ry 1000), FEiHRERAHSHON M
HIFEA A% b5 F A Spearman 2 PRCC 73 #2805 i th 2 [A) B SR RAH Sk, AT SRAS- &S 200 B Y
U AR bR . 25 R 4.

Table 4. Sensitivity of R, to parameter values in the model
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Figure 2. The optimal control solution for maximising farmers’ profits
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