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Introduction

Mpox is a viral illness caused by the monkeypox 
virus, a member of the Orthopoxvirus genus. It is char-
acterized by a painful rash, swollen lymph nodes, fe-
ver, headaches, muscle aches, back pain, and fatigue. 
While most individuals recover completely, some may 
experience severe illness.

Mpox can spread from person to person through 
direct contact with infectious skin lesions, it can also 
be transmitted via respiratory tract and sexual contact. 
thorn et al. [20] discussed in details Transmission, risk 
factors, clinical presentation, and outcomes of infection.

Animal-to-human transmission of Mpox occurs 
when an infected animal transmits the virus to humans 
through bites, scratches, or activities like hunting, 
skinning, cooking. Long et al. [12] provides a focused 

overview of the epidemiology, presentation, evalu- 
ation, and management of monkeypox for emergency 
clinicians to ensure appropriate diagnosis and treat-
ment of this emerging disease.

On August 13, 2024, the Africa CDC declared 
Mpox a public health emergency of continental se-
curity (PHECS) to address the escalating outbreak. 
Since 2022, 40,874 cases and 1,512 deaths have been 
reported across 15 AU member states, with the DRC 
accounting for 96% of cases and 97% of deaths in 2024. 
Cases surged by 160% and deaths by 19% in 2024 com-
pared to 2023, highlighting a worsening trend.

For successful prevention and management, Mpox 
forecasting in Africa is essential. Early forecasting can 
assist in identifying high-risk regions, allowing for the 
prompt distribution of resources, including medical 
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Abstract 
Objective: The main objective of our work is to forecast 

the daily Infection Fatality Rate (IFR) index for Mpox, a dis-
ease that has posed significant challenges, particularly in 
African countries. Mpox has become a major public health 
concern due to its rapid spread and the strain it places on 
healthcare systems

Methods: In this paper, we use a hybrid approach to en-
hance the performance of traditional models. First, we apply 
the ARIMA model, which is more suitable for the task, and 
then we implement a noise reduction technique to further im-
prove the results.

Results and discussions: We utilize four performance 
measures RMSE, MSE, MAE, and MAPE to evaluate the effi-
ciency of our approach. By combining a denoising technique 
with ARIMA and integrating Singular Spectrum Analysis 
(SSA) with the ARIMA model, the SSA-ARIMA model demon-
strates the best performance.

Conclusion: Forecasting the Infection Fatality Rate with 
an appropriate model provides a deeper understanding of 
this phenomenon, enabling authorities to effectively control 
and manage the risks associated with Mpox.

Key words: IFR, Forecasting, ARIMA, noise reduction, 
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In 2022, the IFR index exceeded 4 due to a signifi-
cant Mpox outbreak worldwide, largely driven by the 
lack of local diagnostic infrastructure, which often left 
suspected cases unconfirmed. However, IFR values 
dropped significantly from 2023 onward, thanks to the 
availability of vaccines and efforts by affected commu-
nities, which reduced global infections. Between 2023 
and 2024, the IFR remained stable as authorities effec-
tively managed the spread of the disease, followed by 
a continued decline starting in early 2024 till nowdays. 
We provide a descriptive statistics in Table 1.

Methodology

Prior to applying any time series forecasting mod-
els, we conduct several essential tests to help deter-
mine the most appropriate model. adf.test for station-
arity test Shapiro wilik test to test normality of data. 
Teravista’s Test for nonlinearity of data.

Tsay’s test, Perform the Tsay’s test for quadratic 
nonlinearity in a time series. TAR’s test, Perform the 
Likelihood ratio test for threshold nonlinearity.

The results of tests are presented in Table 2.

Table 2

Test performance results

Tests Results Comments

adf.test 0.01 Stationary

Shapiro-Wilk test 2.2e-16 Normally distributed

Teravista’s test 0.07748 Linear

After conducting these tests, we have a clear un-
derstanding of the model to use. The adf.test confirms 
the stationarity of the data, indicating that its statisti-
cal properties are not influenced by time, as the p-val-
ue (0.01) is less than 0.05.

personnel, vaccines, and therapies. It makes it pos-
sible to implement focused public health initiatives, 
like increasing awareness, improving surveillance, 
and preventing transmission via early detection.

Over the past three years, Mpox forecasting has 
been a widely studied topic among researchers, who 
have explored various methods and techniques.

Frank et al. [7], describe the Mpox describing using 
four models SIR-SIR, SEIR-SIR, SIR-SEIR, and SEIR-
SEIR models, Jena et al. [10] implemented a time series 
modeling in Africa’s most affected countries, Priyan-
ka et al. [14] used deep learning approach to forecast 
Mpox epidemiological situation in the most affected 
regions Africa, Americas, and Europe, Langat et al. [11] 
used a Bayesian hierarchical model, Munir et al. [13] 
Time series analysis and short-term forecasting of mon-
keypox outbreak trends in the 10 major affected coun-
tries outside Africa, a statistical and regression analy-
sis is implemented by Yasmin et al. We can mention 
also many other research such as the works of Singh 
et al. [18], Bleichordt et al. [2], Priyadarshini et al. [15], 
Cuba et al. [5], Chadaga et al. [4],Elshabrawy et al. [6], 
Rohrer et al. [16], Shishkin et al. [19].

In the present work, we implement a modeling and 
forecasting time series approach on infection fatality 
rate (IFR) of Mpox disease, IFR was discussed in infec-
tion disease modeling, we note the works of Grewelle 
et al. [9], Seba et al. [17] and Basu et al. [1] predict and 
estimate IFR of COVID-19.

We utilize a hybrid approach to forecast the IFR of 
mpox, employing an enhanced ARIMA model. A de-
noising technique is applied to minimize the impact of 
fluctuations on the data before implementing the ARI-
MA model. This method enhances the accuracy of the 
forecasting results. The methods section outlines the 
data, methodology, and forecasting models. In the third 
section, we present the results both numerically and 
graphically, accompanied by their interpretation. Final-
ly, we discuss our findings and provide recommenda-
tions for managing the risks associated with the disease.

Methods

Descriptive data

Infection fatality rate (IFR) is a measure used to as-
sess the proportion of infected individuals with fatal 
outcomes. Here is the formula used to calculate IFR 
for cumulative Mpox

 Number of daily new confirmed deaths × 100 (1) 

Number of daily new confirmed cases 

 

 

ϕ(L)(1 − L)dXt = θ(L)εt ∀t ≥ 0

 (

2) Where d ∈ N, L is lag operator, εt ∼ N (0, σ2) i.i.d. errors, with σ2 < ∞. 

ϕ(L) = (1 − ϕ1L − ... − ϕpLp) with ϕp  = 0 

θ(L) = (1 − θ1L − ... − θqLq) with θq  = 0 

 

 (1)

We have dealt with new cases and new deaths in 
Africa from May, 1st 2022 to November 11th 2024

Table 1

Desciptive Statistics
min 1st Qu Median Mean 3rd Qu max NA’s

0.7536 1.0304 1.1965 1.4068 1.4286 4.7619 0

Fig. 1. Daily IFR of Mpox from May, 1st 2022  
to November 11th 2024



Оригинальное исследование

Том 17, №2, 2025           ЖУРНАЛ ИНФЕКТОЛОГИИ98

Table 3

Performance measures

RMSE MSE MAE MAPE

ARIMA 0.3558 0.1266 0.3092 38.45%

ARIMA with denoising 0.3195 0.1021 0.3095 37.61%

SSA-ARIMA 0.0740 0.0055 0.0651 8.04%

Now, we use RMSE, MSE, MAE, MAPE to mea-
sure the performance of our models. As mentioned 
in the previous section, the improved ARIMA model 
(SSA-ARIMA) demonstrates the best performance due 
to its ability to separate the data into linear patterns 
and non-linear fluctuations. Since the data is predom-
inantly linear, the denoising technique based on av-
eraging is relatively simple and does not significantly 
enhance the results.

Discussion

In this section, we present the forecasting re-
sults for the period from November 11th, 2024, to 
December 11th, 2024, to observe the future behavior 
of the daily IFR of Mpox. We observe that the de-
cline is gradual, with a projected decrease of 1.39%. 
Therefore, authorities must implement strategies 
to effectively control and manage this epidemic. 
Strengthening Surveillance and Diagnostics: Estab-
lish and expand diagnostic infrastructure for time-
ly case identification. Promote hand hygiene, use 
of protective equipment, and safe handling of ani-
mals. Strengthen infection prevention protocols in 
healthcare facilities.

Promoting Public Awareness and Education: Edu-
cate communities about Mpox symptoms, transmis-
sion modes, and prevention measures.

Results

We split the data into 80% for training and 20% for 
testing. The training data is used to fit the appropriate 
model, which is then improved using noise reduction 
techniques. The test data length is used as the fore-
casting horizon, and performance metrics are calcu-
lated to numerically evaluate the efficiency of the 
models employed in our approach.

Teravista’s test indicates that the data is linear, 
while the Shapiro-Wilk test confirms that the data fol-
lows a normal distribution.

Therefore, we employ the Autoregressive Integrat-
ed Moving Average (ARIMA(p,d,q)) model, which is 
well-suited due to the normal distribution of the re-
siduals and the data’s linearity. Although this model 
is non-stationary, ARMA(p,q), a special case of ARI-
MA, could be used. However, considering the p-value 
(0.01) is less than 0.05, in practical applications, ARI-
MA(p,1,q) can be applied as it closely aligns with the 
properties of ARMA(p,q).

To enhance the results, we first reduce the noise 
in the data before applying the ARIMA(p,d,q) model, 
We utilize singular spectrum analysis to decompose 
the data into a linear component, where the ARIMA 
model is applied, and residuals. we use also another 
technique, denoising is performed by averaging each 
vector with its neighboring values.

Forecasting models

ARIMA model

Autoregressive integrated moving average (ARI-
MA) models predict future values based on past val-
ues, it gauges the strength of one dependent variable 
relative to other changing variables.

A stochastic process (X
t
)

t≥0
 is said to be an ARIMA(p, 

d, q) an integrated mixture autoregressive moving av-
erage model if it satisfies the following equation

	 ϕ(L)(1 − L)dX
t
 = θ(L)ε

t
 ∀t ≥ 0  (2)

Where d ∈ N, L is lag operator, ε
t
 ∼ N (0, σ2) i.i.d. 

errors, with σ2 < ∞.

ϕ(L) = (1 −	ϕ
1
L − ...	−	ϕ

p
Lp) with ϕ

p
 ̸= 0

θ(L) = (1	−	θ
1
L − ... −	θ

q
Lq) with θ

q
 ̸= 0

In the case of d = 0, we obtain ARMA(p, q) process 
For more details see ([3])

Singular spectrum analysis

A nonparametric spectral estimating technique 
is singular spectrum analysis (SSA) [8]. It combines 
aspects of traditional time series analysis. The name 
”singular spectrum analysis” relates to the spectrum 
of eigenvalues in a singular value decomposition of 
a covariance matrix.

The fundamental goal of statistical component 
analysis (SSA) is to break down time series into their 
sum of identifiable elements, such as trend, periodic 
components, and noise, with no a-priori assumptions 
about the parametric form of these components.

Denoising

This function takes a given time series and denois-
es it. The denoising is achieved by averaging each 
Takens’ vector with his neighbours (time lag=1).

Fig. 2. Forecasting daily IFR using hybrid technique
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Enhancing Vaccination Campaigns: Prioritize 
high-risk populations for vaccination, including 
healthcare workers and exposed individuals.

Fostering Regional and Global Collaboration: Co-
ordinate efforts with the Africa CDC, WHO, and other 
partners to pool resources and expertise.

Conclusion

In summary, this paper examines an important in-
fectious disease over the past three years. We applied 
a forecasting approach to the Infection Fatality Rate 
(IFR) of Mpox to gain a better understanding of its 
behavior. We adopted a hybrid approach, combining 
ARIMA with a noise reduction technique, and found 
that SSA yielded the best results in our test case. Fi-
nally, we offered recommendations for managing the 
risks associated with the spread of Mpox.
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