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Analysis of Mpox outbreak in Nigeria based on uncertain Logistic growth model

CHEN Lili, DING Chunxiao "
(School of Mathematical Sciences, Liaocheng University, Liaocheng 252000, Shandong, China)

Abstract: In order to deal with uncertainty in the transmission process of Mpox, an uncertain Logistic growth model was used to
analyze the Mpox epidemic in Nigeria. Firstly, the cumulative confirmed cases of Mpox published by the Nigeria Center for Disease
Control and Prevention were sorted out, and the scatter plot of the data was illustrated. Then, a Logistic growth model was
developed and the fitted Logistic growth model was obtained using least squares estimation, which in turn calculated the residuals.
Verification of the instability of residual frequencies through five tests illustrated the inapplicability of the stochastic Logistic growth
model to study the Mpox outbreak in Nigeria. The uncertain Logistic growth model was further used for modeling. Finally, the
forecast values of the cumulative number of confirmed Mpox cases in Nigeria were given, and 95% confidence intervals were
obtained. And the feasibility of the model was verified by cross-validation method and the direct comparison among observed values,
forecast values and confidence intervals. This study provided some theoretical support for the prevention and control of Mpox
epidemic and policy formulation in Nigeria.
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Table 1 Weekly data of cumulative confirmed cases of Mpox in Nigeria from the 4th week of 2022 to the 3rd week of 2023

JA TS JEER R NaR ST LIVN Ji TS JEER Wesa itz el A
1 2022 455 4 T 3 20 2022 4E55 37 JE 400
2 2022 4E4 8 4 21 2022 4E55 38 JH 456
3 2022 4E45 17 JA 15 22 2022 4E%5 39 481
4 2022 4E55 21 JH 21 23 2022 4E55 40 JH] 530
5 2022 455 22 JR 31 24 2022 4E55 41 JR 552
6 2022 4E55 23 JH 36 25 2022 4E4f 42 JH 583
7 2022 4E55 24 R 41 26 2022 4E%S 43 JH 604
8 2022 4E55 25 JH 62 27 2022 4E45 45 ] 638
9 2022 455 26 R 84 28 2022 4E5 46 JE 659
10 2022 4E55 27 JH 101 29 2022 4E5 47 JH 696
11 2022 45 28 JA 117 30 2022 45 48 JA 720
12 2022 4E55 29 JH 133 31 2022 4E55 49 JH] 744
13 2022 455 30 R 157 32 2022 4E45 50 & 753
14 2022 455 31 A 172 33 2022 4E55 51 755
15 2022 455 32 A 220 34 2022 455 52 R 762
16 2022 4E55 33 JH 241 35 2023 455 1 4 765
17 2022 4E55 34 JH 277 36 2023 4E55 2 1 775
18 2022 4E55 35 A 318 37 2023 455 3 A 786
19 2022 45 36 J4 349

T BERE T e H R B4 6l .0 (https ; //nede.gov.ng/)
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Fig.1 Weekly data of cumulative confirmed cases of Mpox in Nigeria from the 4th week of 2022 to the 3rd week of 2023
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Table 2 Residual

-13.2044 -15.7662 -9.0871 -8.3176 -4.6322 -7.2315 -11.3419 -1.2137 7.8835 9.669 5
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2.1 BEW Logistic ERKER EE ST
BB Ie S 1 AL R A b 22 B & PSRRI E TR 1932, K5 403 & A BEALAS & SR HI BB AL
Logistic 4 A5 Y

y'"'=809.098 4/ ( 1+59.955 Sexp(—0.203 2) ) +& (5)

XFJe H RIS BB 1290 A T B o Ay o LA AR B 2 1 ) B — 1 JE A0 37 ) A1 25 A B BEAIL IR 91
HIHEAEEF P90 0 BA IR F2 e vk

R T BIESR 25 SR AR RR A, AR SUAH T RURE A ] JR B A] 3 K — 7 K % SR A% 5 ( two-sample Kolmogorov-



52 R R % M (B % R 55 60 &

Smirnov test) | EREL 7 ZRFL AL ( Wilcoxon rank sum test) | % % HL — A7 $i7 7 F| K 56 ( Ansari-Bradley test) |
WEEA T K555 (two-sample T-test) UEEA F K556 (two-sample F-test) 5 Fhr ik 5o ubsk 2= A 22k A [/l —4345 .
KT 5 BT TR . 7ERI T MATLAB H R 2 X 3R 22 TR S I, p (B TE SR IR R AT T, 15
F Y FIAEAGE T I SR AR R . AR p B/ T B EPKF-(0.05)  UHEZ S5 R A W3 1Y
B S ZH AT (BB R R A R —73 A1) o 5 PRI R AR FE p ¥9/hT 0.05, HHr, two-
sample T-test LM two-sample F-test J& TS 40K 590 1 , Y0 A 0o O A4 4508, BARA 15 a0 F
(1) two-sample Kolmogorov-Smirnov test
B 37 A5k 2E TP R A3
(&,,85, )M (&85, ey),
fE& B MATLAB #{F-rh “kstest2” PR %Y, il i two-sample Kolmogorov-Smirnov test 155 p {H 4 0.003 9, X &k
&, LR 22 2 HA AN A B 4 sR AL, RIS 2k H [R]—> VAR
(2) Wilcoxon rank sum test
B 37 A ER2E TP R AT
(&,,8,, &) M (&g,8,,,€5),
B MATLAB #4-+ “ranksum” PR, i 1 Wilcoxon rank sum test £5% p {H} 0.003 8, X B E , A%
ZE K B T HAARNF AN 04, B IS Z K B TRl — A,
(3) Ansari-Bradley test
B 37 AR 25 B PR 41
(&1,8,,,85) M(&53,85,,85) ,
B MATLAB #{4:+} “ ansaribradley” PR, i i Ansari-Bradley test 1543 p {H 4 0.005 2, X EWE, A%
ZEA AR it R IEAS K A TRl —ASEdk
(4) two-sample T-test
B 37 AR 25 PR 43
(&1,8,,,85) M (&g,8,0,",85) ,
fE& B MATLAB %4+ “ ttest2” pRAL, 1815 two sample T-test £33 p {4 0.003 0, X EME, [iksk 2= 40 178
JRIEAS AR Ay 22 S PE R A ETEE T, BA R R 3(E , IR A [R]—A4~ A
(5) two-sample F-test
B 37 AS5R 25 Th MR 43
(£1,8,,,85) M (85,85, ",65) ,
fE B MATLAB %44+ “ vartest2” PR, 1 two-sample F-test 133! p {H°4 0.034 7, XEWKE , bk 24 1E
RIS AR R T, BA AR 5 25, IR A [ —4~ S,

H T 37 MR ZEAIE R H [F— SR BIBR A E Kk AR — 0 M, X EIRE IR ¢, ,6,, -, e NIRRT,
WAEERI T L ERREHUT S, WRAE X MG O T AT AR K5 i IR 813 3 A%t Je H R A e 1% A4 7
BRI
2.2 AT Logistic I8 KER EEH 7

MFRZEWRATLE B GBI & A ANH & A8 i, BRI TN BRI I AN 22 Logistic #5271

vy =809.098 4/ ( 1+59.955 Sexp( -0.203 2¢) ) +& (6)
XTJe H RS B 1295 B 01 T B AT
TR 22 IR IE S AT E G A (e, o) R 2T E P & BN

1 37
b= =-1.146 2 7
=3 & & , (7)
k-
1 37
&2:5 Y (&,-2)*=8.5220°, (8)
t=1

R L, 5 2 R 5 Logistic 3 AR Y
y®'=809.098 4/( 1+59.955 Sexp(-0.203 2¢) ) +N(—1.146 2,8.5220) , (9)



551249 MR , 25  J& H A AT BEAE AN AE Logistic 3R 34 53

PN 2 ARG 90 T AT A€ Logistic HAAY (9) J2 B AREF HuHUL-5 Je H R A R 0120 141 ]

Bl EIRGE 37 k2 6,8y, 0, &4, S T IR IE ZSASHA SE 40 -
AN(-1.1462,8.5220) ,
AR
Hy:e=-1.1462 H 0=8.5220 5H,:e#~-1.146 2 & 0 #8.522 0,
I B KO a=0.05 AR AN 2 (R 36, 459 HZ R 56k
W=1{(e,,8,, ", &y)  Z/VHLE2 AN TIR t W 1 <r<37 i} £,<-18.359 2 5k £,>16.066 7| ,

WELE 2 BRI 45 58, R e, € [ -18.3592,16.066 7], A5 (&, ,&,,,&5,) € W, HILIEZ H, , BI5% 2
FIHAEE J—1.146 2, 97254 8.522 0, FFLL, AN E Logistic 3K RIIR il & 1 S8 B FI W s St w02
B

B2 Ao B R H 25
Fig.2 Results of uncertainty hypothesis test
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Fig.3 Comparision of observed, fitted Logistic growth model and forecasts of the cumulative confirmed cases in Nigeria
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Table 3 Forecast values and confidence intervals for the 4th to 9th week of 2023

JE& FURIUE(ED THA{E FeR ]
2023 4E4f5 4 A 789 787 [770,804]
2023 4E45 5 J 796 791 [774,808]
2023 445 6 JE 800 794 [777,811]
2023 455 7 JE 805 796 [779,814]
2023 445 8 JE 807 799 [781,816]
2023 445 9 JE 812 800 [783,817]
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