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Background. The epidemic situation with scarlet fever has become more complicated in Ukraine, which requires
improving surveillance. Forecasting the intensity of the epidemic process plays an important role, which will allow
for a prompt response to the situation, implementation of anti-epidemic measures.

Objective. Statistical forecasting of scarlet fever incidence rates in Ukraine and its regions based on the analysis of
long-term time series.

Methods. The analysis of scarlet fever incidence for 2005-2024 was conducted in Ukraine and its regions: central-
southern, eastern-northern and western. Generally accepted methods of applied statistics were used. To predict the
incidence, ETS exponential smoothing models and Box-Jenkins ARIMA models were used.

Results. The intensity of the epidemic process of scarlet fever in Ukraine and its regions during 2005-2024 had
common features, in particular, cyclicality with periods of 4-5 years, anomalous declines and an increase in morbid-
ity. This may indicate the influence of similar internal and external factors on the process. The projected incidence of
scarlet fever in 2025-2030 in Ukraine and the regions will not undergo significant changes, while in the central-
southern region there is a possible tendency to stabilize; in the eastern-northern region to decrease; in the western
region - to an increase in morbidity.

Conclusions. Based on the ETS and ARIMA models used to analyze the 20-year incidence of scarlet fever, a forecast
of the intensity and trends of the epidemic process in Ukraine and the regions for 2025-2030 was made.
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Introduction

Scarlet fever is an infectious disease that is etio-
logically caused by  Streptococcus  pyogenes
(S. pyogenes). Before the introduction of antibiotics, it
was extremely common among the world's population
and was accompanied by a high mortality rate [1, 2].
Better living conditions, the effectiveness of control
and treatment of scarlet fever have significantly influ-
enced the manifestations of its epidemic process.
There was a significant decrease in the incidence rate,
the structure of clinical forms was dominated by a
mild course of infection, and mortality in scarlet fever
was practically not recorded. But, despite the success-
es achieved, reports of complications of the epidemic
situation with scarlet fever in many countries of the
world on different continents [3, 4] have now begun to
appear. Thus, outbreaks of scarlet fever were recorded
in European countries [5, 6], Asian countries [7 - 9],
Australia [10] and the USA [11], which were accompa-
nied by a more severe course with a fatal outcome and
seasonality atypical for this infection. This may indi-
cate certain changes in the interaction of the popula-

tion components of its parasitic system, which re-
quires research. In modern conditions, a number of
hypotheses are put forward regarding the cause of the
increase in the incidence of scarlet fever and the evo-
lution of the course of its epidemic process. It is as-
sumed that this is due to the active circulation of high-
ly virulent forms of the scarlet fever pathogen [12, 13],
the increase in its resistance to antibiotics [8, 12, 14],
the weakening of collective immunity in organized
groups [6], the influence of social, natural and other
environmental factors [15, 16].

Therefore, the evolution of the epidemic process
of scarlet fever demonstrates the need to improve the
epidemiological surveillance system in order to suc-
cessfully identify and track the circulation of
S. pyogenes, determine their properties, adequately
treat patients and prevent negative consequences. An
important role in this system is played by forecasting
the intensity of the epidemic process, which will allow
obtaining options for trends in its development in time
and space, promptly responding to the situation and
implementing appropriate preventive and anti epi-
demic measures aimed at preventing the spread of
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infection.

At the same time, a detailed mechanistic analysis
of the impact of demographic, social and climatic fac-
tors remain a difficult task due to the limited amount
of available parameters. In this study, we did not build
mechanistic epidemiological models (such as SIR or
their modifications). Our approach is based on meth-
ods of statistical analysis of time series, which allow us
to identify inertial patterns of the epidemic process,
reflecting the integrated impact of the listed factors in
multi-year data.

The aim of the study is to statistically predict
the incidence of scarlet fever in Ukraine and its re-
gions based on the analysis of long-term time series.

Materials and Methods

The work used materials from official statistics of
the Ministry of Health of Ukraine (form No. 2 “Reports
on certain infections and parasitic diseases (annual)”).
Based on these data, an analysis of the incidence of
scarlet fever for 2005-2024 in Ukraine and its regions:
central-southern, eastern-northern and western was
conducted; epidemiological patterns in the long-term
dynamics of the incidence per 100 thousand popula-
tion were studied and a forecast for 2025-2030 was
made. The following were included in the western re-
gion: Volyn, Zakarpattia, Ivano-Frankivsk, Lviv, Rivne,
Ternopil, Khmelnytskyi and Chernivtsi areas; to the
central-southern region: Vinnytsia, Zhytomyr, Kyiv,
Mykolaiv, Odesa, Cherkasy, Kherson areas and the city
of Kyiv; to the eastern-northern region: Dniprope-
trovsk, Zaporizhia, Kirovohrad, Poltava, Sumy, Kharkiv
and Chernihiv areas. Temporarily occupied territories
(Donetsk, Luhansk areas and the Autonomous Repub-
lic of Crimea) were not taken into account, but the fact
that pronounced demographic processes have been
taking place since 2022, in particular international and
internal population migration due to military opera-
tions in the territory of Ukraine, was taken into
account.

The time series of scarlet fever incidence were
analyzed using the following methods of applied sta-
tistics: descriptive statistics, non-parametric analysis
of variance, methods for identifying trends, cycles and
anomalous levels of time series. To predict the inci-
dence, ETS exponential smoothing models (built using
the Forecast Sheet tool in Microsoft Excel 2021) and
Box-Jenkins ARIMA models (built using the Time Se-
ries/Forecasting tool in the Statistica 12 program)
were used. The following principle is at the heart of
these methods: most social phenomena are character-
ized by a certain inertia, that is, past values of indica-
tors affect the following ones [17].

Considering the relatively small number
(20 years) and significant heterogeneity of data in the
time series studied, forecasting models were built
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based on actual and theoretical (smoothed indicators)
data. The time series smoothing procedure was used
to eliminate anomalous values of the series for a clear-
er identification of its trend. Smoothing of actual data
was carried out using a moving average with parame-
ter 3 and using the Urbach formula to determine the
first and last values of the series, that is, for each re-
gion a new time series (y) was constructed, in which:
y1=(7*x1+4*x2-2%*x3) /9, y20=(7*x20+4*x19-2%x18) /9,
yi=(Xi-1+Xi+Xi+1) /3, where i=2, 3,...19. This made it pos-
sible not to reduce after smoothing the number of val-
ues of the studied time series.

Thus, for each studied region and for Ukraine as
a whole, 3 series of forecast values for the period
2025-2030 (6 years) were constructed and analyzed:
2 series according to the exponential smoothing model
- according to actual and theoretical data and 1 series
according to the ARIMA model - according to actual
data.

The adequacy of the ETS model is guaranteed by
the developers of Microsoft Excel, and the adequacy of
ARIMA was determined by the following criteria:
1) the forecast values have a positive value, 2) all
model coefficients are significant, 3) the autocorrela-
tion of the residuals is insignificant, 4) the residuals of
the model are distributed according to the normal law.
To assess the accuracy of the forecast, MAPE (Mean
Absolute Percent Error - the average percentage value
of forecast errors) was used. The forecast accuracy
was considered satisfactory when the MAPE values
were less than or equal to 50%, and unsatisfactory
when they were greater than 50%.

Forecasting trends in the epidemic process of
scarlet fever in the regions was carried out according
to the data of the summary table of forecast values for
all models. The data elements of the summary table
were designated a;j;, where the rows of the matrix cor-
respond to the years (i=1,..,,6), the columns to the re-
gion and the forecasting method (j=1,...,12). Based on
these data, a matrix of directions of change of predict-
ed values of scarlet fever incidence indicators was
constructed with elements b;;, the values of which
were determined by the following rule: for the first
row b1,="- for the other rows

empty if a, ; = a,_, ; (does not change over time)

—ifa <a

.; (decreases over time)

+if a, ;> a,, ; (increases over time)

i=2,..,6,j=1,..,12.
Results

Based on the analysis of the long-term dynamics
of scarlet fever incidence for 2005-2024, the average
incidence rates (Al), coefficients of variation (CV) and
average growth rates (AGR) were determined in the
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central-southern, eastern-northern, western regions
and in Ukraine as a whole (Table 1).

Thus, in the central-southern region Al the inci-
dence rate of scarlet fever in 2005-2024 was
25.42 per 100 thousand population, CV - 0.43% and
AGR - (+1.03); in the western region - 26.75, 0.57%
and (+1.09), respectively; in the eastern-northern re-
gion - 27.28, 0.46% and (+1.02), respectively; in
Ukraine as a whole - 26.45, 0.44% and (+1.05), re-
spectively.

Using the Kruskal-Wallis test, a comparative
analysis of the average values of the incidence rates of
scarlet fever by year and region was conducted. In
2023, a significant difference was found between the
incidence rates in the western and eastern-northern
regions (p=0.005), as well as an anomalous value of
the incidence growth rate in all regions (Fig. 1).

For each region and Ukraine as a whole, Fourier
spectral analysis established the cyclicity of the inci-
dence, which for Ukraine, the central-southern, east-
ern-northern regions was 4 years, for the western -
5 years, and using the Irwin criterion, the years of
anomalous rises and falls in the incidence of scarlet fe-
ver were identified. Thus, rises in the incidence were
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recorded in the central-southern region in 2011 and
2023, in the western - in 2023, in the eastern-
northern region - in 2011 and 2024 and in Ukraine as
a whole - in 2011, 2023 and 2024, and declines - in
2021-2022 in Ukraine and its regions.

Thus, in the long-term dynamics of scarlet fever
incidence, we observed a sharp decrease in incidence
in 2021-2022 and an increase in 2023-2024, which
allowed us to assume the influence of unforeseen en-
vironmental factors on the course of the epidemic pro-
cess in these years. Taking this fact into account, the
time series of scarlet fever incidence indicators was
divided into two periods: a period of relative stability
(2005-2020) and a period of influence of unforeseen
factors (2021-2024), and for each period the average
incidence and average growth rates were determined.
Using the Mann-Whitney test, a significant difference
was found between the average incidence rates of
scarlet fever in 2005-2020 and 2021-2024 only for
the eastern-northern region (p=0.042). No significant
difference was found between the rates of increase in
the incidence of scarlet fever in these two periods (Ta-
ble 2).

Table 1: Scarlet fever incidence per 100 thousand population in Ukraine and its regions (2005-2024)

Regions

Years Central-southern Western Eastern-northern Ukraine
2005 22.29 14.61 23.03 19.84
2006 25.21 21.27 24.34 23.57
2007 30.05 30.96 34.71 31.78
2008 36.51 32.65 46.93 38.34
2009 25.74 19.66 25.68 23.6
2010 26.66 21.36 33.88 27.01
2011 4391 39.87 51.44 448
2012 31.61 24.51 42.87 32.57
2013 24.59 30.27 31.44 28.65
2014 31.07 26.80 27.83 28.6
2015 20.78 18.75 24.42 21.18
2016 15.49 18.44 19.87 17.85
2017 18.80 22.16 21.37 20.75
2018 26.10 31.92 26,41 28,22
2019 36.13 37.40 40.36 37.86
2020 13.77 14.37 17.89 15.23
2021 4.79 413 4.83 4.57
2022 2.30 3.75 2.74 2.94
2023 30.34 52.77 13.61 33.05
2024 42.39 69.34 31.93 48.58
Al 25.42 26.75 27.28 26.45
Ccv 0.43% 0.57% 0.46% 0.44%
AGR 1.03 1.09 1.02 1.05
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Figure 1: Long-term dynamics of scarlet fever incidence in Ukraine and its regions (2005-2024)

Table 2: Average incidence rates of scarlet fever (per 100 thousand population) and growth rates of its indicators (%) in Ukraine and its re-

gions in different periods (2005-2020 and 2021-2024)

Years Regions
Central-southern Western
2005-2020
26.79 / 0.97 25.31/1.00
2021-2024
19.96 / 1.32 32.50/1.48

Incidence/growth rate
Eastern-northern Ukraine
30.78/0.98 27.49/0.98
13.28 /1.16 22.29/1.34

Therefore, in the period 2021-2024, there were
changes in the structure of scarlet fever incidence
rates in the regions of Ukraine, in particular, the share
of incidence rates in the western region increased sig-
nificantly (from 31% to 50%), and decreased in the
eastern-northern region (from 37% to 20%) com-
pared to the period 2005-2020 (Fig. 2).

Period 2005-2020

32%

37%

—

31%

M central-southern =western % eastern-northern

For each region and Ukraine as a whole, the pro-
cedure for smoothing the actual incidence rates of
scarlet fever was performed. The actual and smoothed
data for the period 2005-2024 were examined for the
presence of a trend using a test for comparing the av-
erage levels of the halves of the time series (Table 3).

Period 2021-2024

20%/

50%

mcentral-southern = western % eastern-northern

Figure 2: Comparison of the shares of average incidence rates of scarlet fever in the structure of incidence in regions for

2005-2020 and 2021-2024
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Table 3: Average incidence rates of scarlet fever per 100 thousand population of the halves of the time series in Ukraine and its regions

2005-2014 and 2015-2024

Regions Actual data Smoothed data

2005-2014 2015-2024 P-value  Tendency of 2005-2014 2015-2024 P-value Tendency of

U-test  incidence rates U-test incidence rates

Central- 29.762 21.087 0.088 stable 29.279 22.187 0.011 decrease
southern
Eastern- 34.215 20.343 0.014 decrease 33.856 20.902 0.005 decrease
northern
Western 26.194 27.303 0.623 stable 25.636 28.845 0.57 stable
Ukraine 29.87 23.023 0.185 stable 29.405 24.112 0.045 decrease

Given the lack of a clear trend for most regions
and Ukraine as a whole, the augmented Dickey-Fuller
test (DF-test) was used to test the stationarity of the
time series of scarlet fever incidence rates for 2005-
2024. The results of the analysis showed that the time
series are non-stationary, but become stationary after
taking the first difference of the data, as a result of
which the number of observations decreases to 18.

Using actual and smoothed data, a correlation
analysis was conducted between the time point (time
series element number) and scarlet fever incidence
rates. Significant Spearman correlation coefficients (r)
were found only for the eastern-northern region, in
particular for actual data r=(-0.44), for smoothed data
r=(-0.5).

Central-southern region

Autocorrelation and partial autocorrelation func-
tions were constructed and analyzed for each of the
time series. Based on the values of these functions, it
can be stated that there are significant relationships
between consecutive elements of the time series of
scarlet fever incidence rates, therefore, exponential
smoothing (ETS) models, as well as autoregression
and integrated moving average (ARIMA) models were
used for forecasting.

We built 2 forecast models using exponential
smoothing algorithms based on actual (ETS1) and
smoothed (ETS2) data for the period 2025-2030. The
average forecast values of scarlet fever incidence indi-
cators and their confidence limits in the regions and
Ukraine as a whole were determined (Fig. 3).
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Figure 3: Forecasting the incidence of scarlet fever using ETS models in Ukraine and its regions for 2025-2030
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Figure 3 shows that the forecast values based on
smoothed data exceed the corresponding forecasts ob-
tained based on actual data.

For each region and Ukraine as a whole, an
ARIMA model was built based on actual data and a
forecast was made for 2025-2030. The value of the
parameter d in all models was equal to 1, since the

Central-southern region

first-order differentiation procedure transformed the
actual data into a stationary time series. The actual
and forecast values obtained using the ARIMA model,
as well as their confidence intervals, are shown in
(Fig. 4).

The main characteristics of the models and aver-
age of forecast values are given in Table 4.
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Figure 4: Forecasting the incidence of scarlet fever using ARIMA models in Ukraine and its regions for 2025-2030

Table 4: Main characteristics of ARIMA forecasting models of time series of scarlet fever incidence in Ukraine and its regions

Actual data (ARIMA1)

Regions Model type Estimate Average Average MAPE (%)
actual value predictive value

Central- ARIMA (2,1,0) p1=0.49506 25.43 22.00 61.18

southern p2=-0.9178

Eastern- ARIMA (2,1,0) p1=0.45258 27.28 17.65 65.4

northern p2=-0.6999

Western ARIMA (0,1,2) q1=-0.1038 26.75 28.68 80.0
q2=0.87791

Ukraine ARIMA (2,1,0) p1=0.58056 26.45 25.34 53.3
p2=-0.9645

Smoothed data (ARIMA2)

Central- ARIMA (1,0,0) const=26.313 25.73 34.73 30.3

southern p1=0.69217

Eastern- ARIMA (1,0,0) const=24.781 27.38 29.21 28.41

northern p1=0.79810

Western ARIMA (0,0,1) const=27.413 27.24 32.19 28.9
q1=-0.7074

Ukraine ARIMA (1,0,0) const=26.855 26.76 34.43 324

p1=0.66618
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The adequacy conditions of the constructed
models are met. Based on the residuals of the ARIMA
models, the MAPE indicator was calculated. Its high
value for models built on actual data can be explained
by the insufficient number of observations in the time
series, as well as the presence of anomalous values.
Smoothed data exhibit stationarity problems. The op-
erations required to make them stationary significant-
ly reduce the length of the series. The best forecasts
constructed from smoothed data outperform those ob-
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tained using the actual data, although they are charac-
terized by an acceptable level of MAPE.

Based on the obtained results of forecasting the
incidence of scarlet fever, a general forecast table was
constructed (Table 5).

The data in Table 5 were used to construct a ma-
trix of trends in the predicted incidence of scarlet fe-
ver according to all models in Ukraine and its regions
(Table 6).

Table 5: Summary data on forecasts of the incidence of scarlet fever per 100 thousand population using ARIMA and ETS models in Ukraine

and its regions

Ulkrai Regions
raine Eastern-northern Central-southern Western

< o < < o < < o < < o <

N N N N [a\] [a\] [a\] [a\] [a\] [a\] [a\] [aN]

o o o o (] (] (=] (] (] (] (] (]

N [o\} [\l [\l [\l [\l [\l [\ [\ [\ [\ [\l

h h - 1h Lh - 1h th - Lh Lh -

[« [« [\ [« [e] [Nl [e=] [e] [aN] (] (] [aN]

Years o o o o o o =) =) o =) =) =)
[a\} [V} [\l [\l [\l [\l [\l [\l [\l [\l [\l [\l

2645 2749 2229 27.28 30.78 13.28 2543 26.79 1996 26.75 2531 32.50
ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA

1 2 3 4 5 6 7 8 9 10 11 12
2025 26.17 36.31 32.08 19.54 27.74 20.68 22.79 3188 26.74 3841 4143 26.03
2026 2593 36.20 3.99 18.53 26.82 14.70 22.36 31.55 3.81 39.04 42.26 31.32
2027 25.70 36.10 7.13 17.52  25.90 7.93 2192 31.23 1094 39.67 43.08 26.03
2028 2546 36.00 32.52 16,51 2498 2099 2148 3091 3140 4029 4390 31.32
2029 2523 3589 47.75 1550 24.06 19.70 21.04 30.58 39.10 4092 44.73 26.03
2030 2499 3579 2859 1449 2314 2191 2061 30.26 20.01 4155 4555 31.32

Average

2025-2030 25.58 36.05 2534 17.02 2544 17.65 21.70 31.07 22.00 3998 4349 28.68

Table 6: Matrix of trends in the predicted incidence of scarlet fever per 100 thousand population according to all models in the regions and

in Ukraine as a whole

Ukraine Regions
Eastern-northern Central-southern Western
Years ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA
1 2 3 4 5 6 7 8 9 10 11 12
2025 - - - - - - - - - - - -
2026 - - - - - - - - - ¥ + +
2027 - + + - - - - - ¥ + + -
2028 - - + - - + - - + + i ¥
2029 - - + - - - - - ¥ + + -

2030 - - - - - +
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Given the results obtained, it is possible to as-
sume an increase in the incidence of scarlet fever in
the western region and, possibly, in 2028-2029 in the
central-southern region and in Ukraine as a whole.

In order to confirm the forecast of the trend in
the incidence of scarlet fever in the regions and in
Ukraine as a whole, we used another statistical tech-
nique. Combining the predicted values with the actual
data on the basis of which they were constructed, we
obtained 12 new time series of 26 values
(2005-2030). These series were examined for the
presence of a trend using a test for comparing the av-
erage levels of the halves of the time series: the 1st
half - 2005-2017, the 2nd half - 2018-2030 (Table 7).

Thus, if the forecasts are fulfilled, a trend to-
wards an increase in morbidity rates is likely in the
western region, and a trend towards a decrease in the
northeastern region.

Discussion

The aim of the study was to predict the incidence
of scarlet fever in Ukraine and its regions based on the
analysis of the long-term dynamics of the epidemic
process. The dependent variable was the incidence of
scarlet fever per 100 thousand population for
2005-2024, which is a key indicator of the intensity of
the epidemic process, and the independent variable
was the year.

The intensity of the spread of infectious diseases
is determined by a complex of demographic, socio-
economic, environmental and medical-organizational
factors. Building multivariate regression models re-
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quires significant resources and time, and many pa-
rameters that potentially affect the accuracy of the
forecast are inaccessible or unclearly defined. To take
into account regional characteristics, the areas of
Ukraine were combined into three enlarged regions -
central-southern, eastern-northern and western - tak-
ing into account the geographical location and approx-
imately equal population size. Due to the lack of offi-
cial data from the Ministry of Health of Ukraine for the
Autonomous Republic of Crimea, Luhansk and Do-
netsk regions, these territories were excluded from
the analysis. Thus, the second independent variable
was the region of Ukraine with three levels.

Based on annual data, average regional morbidi-
ty rates were calculated and their graphical and statis-
tical comparison was performed. To study intensive
indicators, a time series analysis methodology was ap-
plied, which included data visualization; calculation of
statistical characteristics (coefficient of variation, av-
erage absolute increase, average growth rate); deter-
mination of structural components (trend, cyclicality,
anomalies); stationarity check; assessment of autocor-
relation properties; construction of predictive models.

The analysis showed that the time series are het-
erogeneous, which is confirmed by the high coefficient
of variation. The average growth rate of regional indi-
cators in 2005-2020 approached 1, which made it dif-
ficult to identify clear trends. The detected anomalous
rises and falls made it possible to distinguish two time
periods: a period of relative stability (2005-2020) and
a period of influence of unforeseen external factors
(2021-2024).

Table 7: Average incidence rates of scarlet fever per 100 thousand population of the halves of the time series in Ukraine and its regions

(2005-2017 and 2018-2030)

Regions
Ukraine
Eastern-northern Central-southern Western
Years
ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA ETS1 ETS2 ARIMA
1 2 3 4 5 6 7 8 9 10 11 12
2005-2017 27.58 27.60 2758 3137 31.31 31.37 27.13 27.21 2713 2472 24.74 24.72
2018-2030 2492 30.21 2481 1845 2255 18.74 22.00 26.72 2214 34.89 37.24 29.67
P-value U-test
0.758 0.199 0918 0.002 0.035 0.004 0.182 0.959 0.505 0.045 0.024 0.282
Tendency of incidence rates
stable Stable stable decr. decr. decr. stable stable stable incr. incr stable
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The epidemic process of scarlet fever in Ukraine
was characterized by a cyclicity with periods of 4-5
years, which corresponds to natural fluctuations in
population susceptibility and seasonality of infections
with an aerosol-aspiration transmission mechanism
[18].In 2021-2022, abnormally low levels of morbidi-
ty were recorded, which coincided with the period of
strict quarantine restrictions during the COVID-19
pandemic. Similar dynamics were characteristic of
other infections with a similar mechanism of trans-
mission of the infectious agent [19 - 21]. In
2023-2024, there was a sharp increase in the inci-
dence, which may be associated with the lifting of
quarantine, the accumulation of susceptible individu-
als, and increased internal migration processes in war
conditions [7].

In 2023, the incidence in the western region was
significantly higher than in the eastern-northern re-
gion, which is likely due to an increase in population
density due to the displacement of the population
from regions of active hostilities. A comparison of the
average values between the periods 2005-2020 and
2021-2024 revealed a statistically significant differ-
ence only in the eastern-northern region (p=0.042),
which may reflect depopulation and migration chang-
es.

According to the results of the test of comparison
of the average levels of the halves of the series in the
eastern-northern region, the actual data showed a
pronounced trend towards a decrease in morbidity. In
contrast, the smoothed time series demonstrated sta-
ble trends towards a decrease in indicators in all re-
gions, except for the western region (Table 3).

Different approaches are used to forecast medi-
cal data: the basic epidemiological model SIR (Suscep-
tible-Infected-Recovered) [22], exponential smoothing
models [23, 24], polyharmonic model [25], ARIMA
[24], and LSTM neural networks [26]. It is believed
that the best short-term forecasts are provided by ex-
ponential smoothing (ETS) and ARIMA models. Unlike
the compartmental SIR model, which requires a pre-
liminary determination of the coefficients of
B-transmission of infection and y-recovery of a person
after transferring the disease, using the ETS and
ARIMA models, it is possible to build forecasts of indi-
vidual indicators only on the basis of observations of
this indicator accumulated over time. After comparing
forecasts built by different methods, more reliable fi-
nal conclusions are possible. Therefore, these ap-
proaches were chosen for modeling. The abbreviation
ARIMA (p, d, q) includes the following elements:
p - the number of lags in the autoregression part;
d - the order of differentiation, which ensures integra-
tion; q - the number of lags in the moving average
part. ARIMA models built on raw data (ARIMA1)
demonstrated high MAPE values (> 50%), which indi-
cates their limited accuracy for quantitative interpre-
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tation of short-term forecasts. This may be due to the
small number of observations in the time series
(n=20), the presence of sharp anomalies in 2021-
2024, and significant data heterogeneity. At the same
time, models built on smoothed data (ARIMAZ2)
showed significantly lower MAPEs (< 30-32 %).

A comparison of exponential smoothing models
showed differences between forecasts based on actual
data (ETS1) and forecasts obtained from smoothed se-
ries (ETS2). In all regions, the forecast for ETS2 was
higher than for ETS1. The average forecast values
were in the central-southern region - 21.70 versus
31.07; in the western region - 39.98 versus 43.49; in
the eastern-northern region - 17.02 versus 25.44; in
Ukraine as a whole - 25.58 versus 36.05 per 100 thou-
sand population. We can assume the reliability of the
specified forecast, the adequacy of which is guaran-
teed by the Microsoft Excel program itself, but provid-
ed that there is no influence of random factors and
modern demographic processes are taken into ac-
count.

The ARIMA1 and ARIMA2 forecast models con-
structed for each region and Ukraine as a whole, as
well as the forecast values for 2025-2030, also dif-
fered. Thus, the forecast indicators of scarlet fever in-
cidence based on actual data (ARIMA1 model) and
smoothed data (ARIMA2 model) for the western and
eastern-northern regions almost coincided, and for the
central-southern region and Ukraine as a whole, the
forecast based on smoothed data exceeds the forecast
based on actual data. At the same time, the calculated
forecast accuracy using MAPE turned out to be satis-
factory only for the ARIMA2 model. Thus, according to
the ARIMA2 model, the highest average indicators are
predicted in general in Ukraine and the central-
southern region (34.43 and 34.73, respectively), and
the lowest - in the eastern-northern region (27.46 per
100 thousand population).

Since the main goal of forecasting is to identify
the general trend of changes in indicators, a combined
series consisting of actual data for 2005-2024 and
forecasts for 2025-2030 was tested. The results
showed that in 2025-2030, a further increase in the
incidence of scarlet fever is expected in the western
region and a decrease in the eastern-northern region.

Forecasting trends in the epidemic process of
scarlet fever in Ukraine and its regions using ETS and
ARIMA models indicates a stabilization of the trend in
Ukraine and the central-southern region, while a slight
increase in the incidence is expected in the western
region and, possibly, a decrease in the eastern-
northern region. This may also be associated with de-
mographic processes (natural and migratory move-
ment), the influence of social factors and changes in
the specific immunological stratum of the population.

In conclusion, we would like to emphasize that
the relevance of predicting the intensity of the
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epidemic process of infectious diseases and develop-
ing its sensitive methods is growing from year to year,
especially taking into account the probability of new
epidemics and pandemics associated with both emer-
gent and re-emergent infections [27 - 31]. This is ex-
tremely necessary to ensure readiness for such biolog-
ical challenges and the appropriate operational and
prospective response [32]. At the same time, it is still
impossible to predict the impact on the epidemic pro-
cess of infectious diseases of various factors of both
natural and social nature, in particular those that may
arise in unforeseen situations.

Conclusions

According to the analysis of the long-term dy-
namics of scarlet fever incidence (2005-2024), a simi-
lar intensity of the course of its epidemic process was
determined both in Ukraine and its regions (central-
southern, eastern-northern and western) with a cy-
clicity of 4-5 years. This may indicate a direct or me-
diated effect on the epidemic process of same envi-
ronmental factors. During the period of increased in-
fluence of certain factors, for example, during the
COVID-19 pandemic (2021-2022) and the war in
Ukraine (2022-2024), as well as an increase in the
susceptible population due to a previous sharp de-
crease in the circulation of S. pyogenes, there were
anomalous decreases and increases in incidence rates.

Using two models (ETS and ARIMA), which are
based on different approaches to the analysis of time
series of scarlet fever incidence over a 20-year period,
a forecast was made for 2025-2030. In the absence of
the influence of random and unexpected factors, it is
assumed that the incidence of scarlet fever in the re-
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gions and in Ukraine as a whole will not change signif-
icantly.

At the same time, a trend is predicted towards
stabilization of the epidemic process of scarlet fever in
Ukraine as a whole and in the central-southern region,
towards a decrease in its intensity in the eastern-
northern region and towards growth in the western
region.

Although this study used statistical time series
forecasting models (ETS, ARIMA), a promising direc-
tion is the integration of these approaches with alter-
native methods of epidemiological modeling that can
improve understanding of the epidemic process and
increase forecasting accuracy.

Prospects for further scientific research

Scientific research will be aimed at identifying
the leading environmental factors in the development
and spread of scarlet fever in the regions of Ukraine.
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A.MN. MNopasaneHko', B.I. 3agopoxHa?, T.[l. HeccoHosa', T.A. Cepreesa?, H.B. Binepa'

"XapKiBCbKMI HaUioHaNbHUI MEAVNYHMIA yHiBepcUTeT, Xapkis, YkpaiHa
2[lepxaBHa ycTaHoBa «|IHCTUTYT enigemionorii Ta iHeKUinHMx xBopo6 im. J1.B. Mpomatuescbkoro HAMH Ykpainu», Kuis, Ykpaina

OWHAMIKA TA NMPOrHO3 3AXBOPIOBAHOCTI HA CKAPJIATUHY B YKPAIHI

MNepeaymoBu. B YkpaiHi ycknagHunacs enigemivyHa cutyadii 3i ckapnatuHu, wo noTpebye yaocKoHaneHHs enigemionoriyHoro Harnagy.
BaxnuBy ponb Mae nNporHo3yBaHHS iIHTEHCUBHOCTI enifeMi4HOro npouecy, Lo A03BOMUTL ONepaTMBHO pearyBaTu Ha CUTyalilo, BMpo-
BaJXXyBaTu npoTuenigemiyHi 3axoau.

Meta. CTaTucTMYHe NPOrHo3yBaHHS NMOKa3HWKIB 3aXBOPIOBAHOCTI Ha ckaprnaTuHy B YKpaiHi Ta ii perioHax Ha OCHOBI aHani3y [OBrocTpo-
KOBUX AMHAMIYHUX PSAiB.

MeTtoaun. AHani3 3axBoploBaHOCTi Ha ckapnatuHy 3a 2005-2024 pp. 6yno npoBegeHo Mo YkKpaiHi Ta ii perioHax: LeHTpanbHO-
niBAEHHOMY, CXiAHO-MNIBHIYHOMY Ta 3axigHoOMy. 3acTOCOBYBanu 3aranbHOMPUAHATI METOAM NPUKNaAHOI CTaTUCTUKW. [NA NpOrHOo3yBaHHS
3aXBOPHBAHOCTI BUKOPUCTOBYBANN MoA€eNi eKCNOHEHLiHOro 3rnagpkyBaHHa ETS Ta mogeni Bokca-[xeHkiHca ARIMA.

Pe3ynbTaTh. IHTEHCUBHICTB enigemiyHoro npouecy ckapnatuHu B YkpaiHi Ta ii perioHax npotsrom 2005-2024 pokiB Mana cninbHi pu-
CcK, 30Kpema, LMKNIYHICTb 3 nepiogamu 4-5 pokiB, aHOManbHi cnagu Ta 3pOoCTaHHA 3axBOploBaHOCTI. Lle moxe cBig4MTy nNpo Bnnue
nopibHMX BHYTPILLHIX Ta 30BHILLIHIX dhakTopiB Ha npouec. MNporHo3oBaHa 3axBOPIOBAHICTb Ha ckapnatuHy y 2025-2030 pokax B YkpaiHi
Ta perioHax He 3a3Hae CyTTEBMX 3MiH, BOAHOYAC Yy LeHTpanbHO-MiBAEHHOMY pErioHi MoXnvBa TeHAeHuis fo ctabinisauii; y cxigHo-
NIBHIYHOMY PEerioHi 4O 3HWKEHHS; Y 3aXiAHOMY — 10 3pOCTaHHS 3aXBOPIOBAHOCTI.

BucHoBku. Ha ocHoBi mogenen EST ta ARIMA, BukopucTtaHux ansi aHanisy 20-piyHoi 3aXBOPIOBaHOCTi Ha ckapnaTtuHy, 34iiCHEHO Npo-
rHO3 iIHTEHCUBHOCTI 1 TEHAEHLIN enigemiyHoro npouecy B YkpaiHi Ta perioHax Ha 2025-2030 pp.

KnrouyoBi cnoBa: ckapnatuHa; enigemiyHun npouec; LMKMIYHICTb 3aXBOPHOBAHOCTI; MPOrHO3yBaHHS 3aXxBOPHOBAHOCTI; CTATUCTUYHI MO-
neni.



