
Epidemiological approach 
for mitigating Mpox 

transmission dynamics

Oluwatosin (Tosin) Babasola

Dept. of Infectious Diseases

PostDoc, University of Georgia.

29-May-2024BU-Keio – Tsinghua workshop



Outline

BACKGROUND MODEL SENSITIVITY 
ANALYSIS

SCENARIOS 
ANALYSIS

PROBABILITY OF 
MAJOR OUTBREAK

HERD IMMUNITY 

CONCLUSION AND 
RECOMMENDATION

BU-Keio – Tsinghua workshop



Background

Mpox is a viral 
zoonotic 

disease. It was 
initially observed 

in central and 
western Africa

First identified 
in 1958 in 

monkeys. First 
human case 

recorded in 1970 
in DRC.

Host:  Rodents, 
Mammals and 

primates

Often affect 
countries with 

tropical 
rainforests 

where the virus's 
animal hosts are 

found

Symptoms 
includes fever, 

rash, and 
swollen lymph 

nodes etc.
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Dynamics

Recent outbreaks have raised concerns 
due to their potential to spread beyond 
endemic areas, prompting increased 
surveillance and research.

Transmission:  Animal – to-human; 
Human-to-human transmission can 
through respiratory droplets. 

Public Health Impact: The disease can 
lead to significant health issues, 
especially in regions with poor access to 
medical care. 
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World Mpox spatial distribution

Source: WHO
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Mpox cases 

Mpox outbreak map Death due to Mpox

Nigeria

DRC
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Main Goal

To formulate a mathematical model to 
provide improve understanding on the 
dynamic of the Mpox transmission and 

an approach of mitigation.

𝑆ℎ
′ = 𝜃ℎ + 𝜖𝑅ℎ − 𝜔 + 𝜇ℎ + 𝜙1 𝑆ℎ + 𝜓𝑉ℎ;

𝑉ℎ
′ = 𝜔𝑆ℎ − 1 − 𝛾 𝜙1𝑉ℎ − 𝜇ℎ𝑉ℎ − 𝜙𝑉ℎ; 

𝐸ℎ
′ = 𝜙1𝑆ℎ + 1 − 𝛾 𝜙1𝑉ℎ − 𝜏 + 𝜇ℎ 𝐸ℎ; 

 𝐼ℎ
′ = 𝜏𝐸ℎ − 𝜎 + 𝜇ℎ + 𝛿ℎ 𝐼ℎ;

 𝑅ℎ
′ = 𝜎𝐼ℎ − 𝜇ℎ + 𝜖 𝑅ℎ;

 𝐷ℎ
′ = 𝛿ℎ𝐼ℎ;

 𝑆𝑟
′ = 𝜃𝑟 − 𝜃2 + 𝜇𝑟 𝑆𝑟;

𝐼𝑟
′ = 𝜃2𝑆𝑟 − 𝜇𝑟𝐼𝑟;

𝜙1 =
𝛼ℎ𝐼ℎ+𝛼𝑟𝐼𝑟

𝑁ℎ
;   𝜙2 =

𝛼𝑟𝐼𝑟

𝑁𝑟

Infective contact rates
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Reproduction Number: without vaccination

➢𝑅0
ℎ =

𝛼ℎ𝜏

(𝜇ℎ+𝜏)(𝜇ℎ+𝛿ℎ+𝜎)
;   Human

➢𝑅0
𝑟 =

𝛼𝑟

𝜇𝑟
;       Animal

➢𝑅0 = max 𝑅0
ℎ , 𝑅0

𝑟 = max(
𝛼ℎ𝜏

(𝜇ℎ+𝜏)(𝜇ℎ+𝛿ℎ+𝜎)
, 𝛼𝑟

𝜇𝑟
)

BU-Keio – Tsinghua workshop



Reproduction Number: with vaccination

➢𝑅ℎ
𝑐 =

[𝑆ℎ
∗ + 1−𝛾 𝑉ℎ

∗]𝛼ℎ𝜏

(𝜇ℎ+𝜏)(𝜇ℎ+𝛿ℎ+𝜎)
;   Human

➢𝑅𝑟
𝑐 =

𝛼𝑟

𝜇𝑟
;      Animal

➢𝑅0
𝑐 = max 𝑅ℎ

𝑐 , 𝑅𝑟
𝑐 = max(

[𝑆ℎ
∗ + 1−𝛾 𝑉ℎ

∗]𝛼ℎ𝜏

(𝜇ℎ+𝜏)(𝜇ℎ+𝛿ℎ+𝜎)
, 𝛼𝑟

𝜇𝑟
)

➢𝑆ℎ
∗ =

𝜃ℎ(𝜇ℎ+𝜓)

𝜇ℎ(𝜇ℎ+𝜔+𝜓)
       𝑉ℎ

∗ =
𝜃ℎ𝜔

𝜇ℎ(𝜇ℎ+𝜔+𝜓)
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Case studies: Nigeria and  DRC

𝑹𝟎 = {𝑹𝟎𝑵, 𝑹𝟎𝑫}

Nigeria
DRC
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Sensitivity Analysis

The Partial rank correlation 
coefficient shows the 

relationship between the 
parameter and the model.
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Scenario Analysis

Transmission probability and 
human projection rate

Nigeria

DRC
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Graphical Representation

Time (year) Time (year)
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Vaccination

Vaccine effectiveness of 68% (one dose)

Vaccine effectiveness of 85.5% (double doses)

Double doses provides more protection against 
the virus compared to the single dose.



Probability of Outbreak: without vaccine

The probability of an outbreak starting from 𝑚 infectious hosts is 
estimated by

     𝑷𝒎 = 𝟏 −
𝟏

𝑹𝟎

𝒎
    

𝑹𝟎𝑵 = 𝟏. 𝟐𝟎𝟐𝟕

 𝑹𝟎𝑫 = 𝟏. 𝟏𝟎𝟑𝟖
Endemic

we have  𝑹𝟎 = {𝑹𝟎𝑵, 𝑹𝟎𝑫} > 𝟏, this confirm 
that the disease is endemic in both Nigeria 
and DRC with high probability of outbreak. 
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Probability of Outbreak: incorporating vaccine

𝑷𝒎
𝒄 = 𝟏 −

𝟏

𝑹𝟎
𝒄

𝟐𝒎

, 

𝑅0𝑁 
𝑐 = 0.6887

 𝑅0𝐷
𝑐 = 0.6349

𝑅0𝑁 
𝑐 = 0.5361

 𝑅0𝐷
𝑐 = 0.4943

The higher the number of  observed cases, 
the greater the probability of major 
outbreak within the region.  

Single 
dose

double 
doses

We have  𝑅0
𝑐 = 𝑅0𝑁

𝑐 , 𝑅0𝐷
𝑐 < 1, this confirm 

that the disease is not endemic with low 
probability of outbreak. 
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Herd Immunity

It’s an indirect method of protection that is effective against infectious 
diseases.

The vaccine induced herd immunity is given as

Φ𝑁 =
𝑅0𝑁

𝑅0𝑁 − 𝑅0𝑁
𝑐 (1 −

1

𝑅0𝑁
)

Φ𝐷 =
𝑅0𝐷

𝑅0𝐷 − 𝑅0𝐷
𝑐 (1 −

1

𝑅0𝐷
)

with 𝑅0𝑁
𝑣 , 𝑅0𝑁

𝑣 ∈ (0,1)

BU-Keio – Tsinghua workshop



Herd Immunity

23.43% of the total susceptible population would have to be vaccinated in order to eliminate Mpox 
from Nigeria, whereas, for double doses, at least 18.70% of the total susceptible population would 

have to be vaccinated in order to eliminate Mpox from Nigeria.
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Summary

➢ The work presented a model to assess the dynamics of Mpox 
transmission and control measure.
➢ Parameter estimation was carried out to identified the values for 

model simulation.
➢ It was observed that the probability of outbreak in the absence of 

vaccination.
➢ Sensitivity analysis was conducted using PRCC and decreases 

with the vaccine rate and efficacy.
➢ Finally, it assess the scenario for herd immunity which indicate 

the efficiency of vaccine.
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Thank you for your attention.
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