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Abstract

Introduction. The emergence of new vector-borne diseases necessitates the development of adequate medical
regulations, prevention measures, rehabilitation programs, etc. Among all these measures, timeliness is the most crucial
element, which cannot be achieved without reliable forecasting of the epidemic situation. In fact, the situation can
deteriorate when two epidemics occur simultaneously, emphasizing the need for predicting the corresponding time
intervals accurately. The aim of this study is to scientifically predict the periods when traditional influenza and
COVID-19 epidemics may overlap.

Materials and Methods. The scientific research was based on the analysis of statistical data, which was processed using
Fourier decomposition and autoregression techniques to study and predict various processes. The original mathematical
model of COVID-19 dynamics was adjusted with new statistical data. The resulting scale-time and random
characteristics of COVID-19 within the model were compared with known parameters of traditional influenza.

Results. 1t was established that the dynamics of the COVID-19 epidemic had a pronounced seasonal character with a
frequency of three times a year. It was found that the method of forecasting COVID-19 incidence using Fourier
decomposition was not reliable, but it allowed for a good description of the observed dynamics of the epidemic.
Autoregressive analysis, on the other hand, was only suitable for short-term forecasting of coronavirus epidemics. The
features of the two seasonal diseases, COVID-19 and influenza, have been compared, and the moments when their
combined effects on a person would be particularly harmful have been predicted.

Discussion and Conclusion. All methods of mathematical analysis have convincingly demonstrated that the frequency
of COVID-19 outbreaks occurs three times per year, while influenza occurs annually. During times when the activities
of both viruses (coronavirus and influenza) coincide, special attention should be paid and measures taken to reduce the
risk of contracting a seasonal viral infection, including through regular vaccination.

Keywords: epidemic, pandemic, COVID-19, epidemiological characteristics of the virus, counteracting the spread of
COVID-19, mathematical model of epidemic process, omicron
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Opueuﬁaﬂbﬂoe amnupudecKkoe uccnedosatue

YT1ouHenue nporuosa 3adonesaemoctu COVID-19 ¢ HajoxkxeHnemM
HA Ce30HHbIE BCIBIIIKH IPUIINA
H.H. AzumoBa ', JI.X. 3aupoBa = <, A.C. Epmaxos"~, E.H. Jlaxoma

JloHCKOM rocyapCTBEHHbIN TEXHUYECKUI yHUBEpCUTET, T. PoctoB-Ha-JloHy, Poccuiickas deneparust
D4 gulyazair@gmail.com

AHHOTaNUs

Beeoenue. TlosiBenre HOBBIX TPAHCMUCCHBHBIX 3a0osieBaHMil TpeOyeT pa3paboTKU COOTBETCTBYIOLIMX JIeUeOHBIX periiaMeH-
TOB, MEp MPEYPEXRICHUI OONIE3HHM, CXeM peabMnTayy U T. A. BaXHEHIIM 371eMEHTOM BCeX 0003HAYEHHBIX BBIIIIE MEpO-
TIPUSITUH SBISIETCS CBOEBPEMEHHOCTD, KOTOpasi HEBO3MOXKHA 0€3 Ha/IE&KHOTO MPOTHO3MPOBAHMS SIHIEMUYECKON OOCTaHOBKU.
DaKTHIECKH SMUIEMUYECKasi CUTYaIHsI MOXKET OOOCTPHTHCS MPH HAIOKCHHUH JIBYX SMUIEMHIL, 9TO aKTyaJM3yeT MPOrHO3UPO-
BaHKE COOTBETCTBYIOIIMX BPEMEHHBIX HHTEPBAIOB. Llenb maHHON paboThl — Hay4HO OOOCHOBAaHHOE IIPEJICKa3aHue TIEPHOJIOB,
OTBEYAOIIVX HAJIOKEHHIO SIUIEMUN TPaJUIIMOHHOIO TPUIIA U BHOBB nosiBuBIIErocs COVID-19.

Mamepuanvt u memoowst. Hayunsle U3bICKaHUS OCHOBBIBAIOTCSA HA aHAJIN3€ CTATUCTUUECKUX JAHHBIX. [l n3ydeHus u
MIPOrHO3UPOBAHUS MPOLIECCOB UCHOIB30BaHbl TeXHUKU Dypbe-pasnoxeHus u aproperpeccul. CKOppeKTUPOBaHA OPH-
THHaJbHAsg MaTeMaTtudeckas Mozenb AuHaMukn COVID-19 ¢ yueToM HOBBIX CTaTUCTHUECKUX JaHHBIX. COMOCTaBIIEHBI
pe3ynbTHPYIOIINE MacITaOHO-BpeMEHHBIE U ciydaiiHbie xapakTepucTuku COVID-19 B pamkax MoJienu ¢ U3BECTHBIMU
napamMeTpamMy TPaJUIHOHHOTO IPUIIIIA.

Pe3ynomamul uccnedosanus. YcraHoBieHo, yto quHaMuka stunemun COVID-19 uMeer sipko BbIpakeHHBIH CE30H-
HBIA XapakTep ¢ MEPHOIMYHOCTRIO TPH pasa B rofl. BreIsBieHo, 4To anroputMm mporHosa 3aboneBaemoctn COVID-19
MeTooM Dypbe-pa3noKeHUs HE SBISETCS Ha/lEKHBIM, OJHAKO ITO3BOJIIET XOPOIIO ONKCATh HAOMI0JaeMYI0 THUHAMUKY
Pa3BUTHS 3MUIEMHU. ABTOPETPECCHOHHBIM aHAIHM3 ITOAXOAWT JIMIIb JUIl KPaTKOCPOYHOTO HMPOTHO3MPOBAHMS KOPOHA-
BHUpycHOH smaemMud. COTOCTaBIIeHB 0COOCHHOCTH TEYCHHUS ABYX 3a00ieBaHmid ce30HHOTO Xapakrepa — COVID-19 u
rpumnmna. CriporHo3upoBaHbl MOMEHTHI, KOT/1a IX COBMECTHOE JICHCTBHE Ha YeIOBEKa OKaXETCsl 0COOCHHO MaryOHbIM.
Oébcysycoenue u 3akniovenus. Bece MeTopl MaTeMaTHUECKOTO aHaNM3a yOeIUTENbHO JOKa3ald, YTO MepHOANIHOCTh
Benbimek COVID-19 — Tpmkapl B rof, a rpuriia — eKeroJHo. B nepronsl, Koraa neidcTBHS IBYX BHPYCOB (KOpOHa-
BUpYyCa ¥ TPHIINA) HAKIABIBAIOTCS, CJIEAYET OBITh 0cO00 OCTOPOKHBIMH M COOIIO/IaTh MEPHI, HAlpaBJICHHbIE HA CHH-
JKEHHUE PHCKa 3a00JIeTh CE30HHOM BUPYCHOW MH(EKIMEH, B TOM YHCIIE TPOBOJMUTH PETYIISAPHYIO BaKIIMHALIMIO.

KiaroueBnbie cnoBa: smugemus, nanaemusi, COVID-19, smuaemuonornyeckne XapakTepuUCTUKNA BHpPYyca, IPOTHUBOJCH-
ctBue pacnpoctpaHernio COVID-19, MmaTemaTrueckass MOAEb AMHIEMUYECKOTO MPOIIecca, OMUKPOH

BaaromapHocT. ABTOPEI BEIPaXaloT 0co0yI0 61arogapHOCTh KOHCYJIBTAHTy HayyHoro npoekra O.B. Snenko, noues-
Ty, KaHAWAATY (PU3UKO-MaTeMaTHYECKHX HAayK, KOTOPBI BHEC HEMAIOBaXHBIA BKJIa] B CONOCTABICHIE XapaKTEPUCTHK
Bupycos rpunma 1 COVID-19 u nax nueHssle 3aMedanus Ipu 0HGOPMIICHUH JAaHHOH PabOTHI.

s nuruposanusi. Azumosa H.H., 3auposa /1. X., EpmakoB A.C., Jlagoma E.H. YTounenne nporxosa 3aboieBaemo-
ctu COVID-19 ¢ HanokeHHEeM Ha CE30HHBIC BCITBIIIKH TPHIIIA. He30nacHocms mexHO2eHHbIX U NPUPOOHBIX CUCTEM.
2024;8(3):57-66. https://doi.org/10.23947/2541-9129-2024-8-3-57-66

Introduction. Harmful effects of epidemics on humans and their livelihoods as a whole are prevented through the
constant improvement of preventive measures. These measures aim to break the chain of disease transmission, reduce
its severity, and reduce the risk of infection. These elements have been carefully developed for seasonal viral diseases,
such as SARS and influenza, in particular. The emergence of new vector-borne diseases requires the development of
new measures, such as medical regulations, prevention strategies, rehabilitation plans, medications, and specialized
medical facilities. An example of this is the recent COVID-19 pandemic and the response from global governments and
healthcare systems [1]. The most important aspect of these measures is their timeliness, which requires reliable
forecasting of epidemic situations.

The aim of this study is to identify the periods of overlap between traditional influenza epidemics and the recently
emerged COVID-19 pandemic. This information will help us prepare for future outbreaks, minimizing the severity and
impact of the diseases.

Materials and Methods. The emergence of new epidemiological data for the period from September 23, 2021, to
March 3, 2023, requires a radical revision of the previous scenario for the development of the disease. Specifically, the
previous scenario assumed that the pandemic would continue indefinitely, with an average daily incidence of 600,000
people, fluctuating three times per year with an amplitude of £300,000. This corresponded to what was referred to as
the “pessimistic” scenario. However, the emergence of new viral strains has led to an increased fitness between the
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virus and human hosts, redirecting the dynamics of COVID-19 towards an “optimistic” trajectory. This development
necessitates adjusting the mathematical model in order to accurately predict the timing and magnitude of disease
outbreaks [2, 3]. To accomplish this, the following objectives should be addressed:

1. to clarify the results of parametric identification of the external model based on new data [4];

2. to assess the impact of the regular component and random factors on the dynamics of the pandemic;

3. to make a forecast of the epidemic situation using both a stochastic model (adjusted based on new data) and new
algorithms — Fourier analysis and autoregression;

4. to compare the resulting time-scale and random characteristics of COVID-19 within the framework of the model
with the known parameters of traditional influenza.

As a template function describing the dynamics of COVID-19, we take

A[oc+cos([3t+y)]
ch® (Bt+C)

®(1,4,B,C,D,E,F,0.,B,7,5,¢) = +D[1+th(Et+F)](8+cos (3t +¢)). (M
The first term of this function corresponds to a high peak caused by the Omicron strain. The second term represents
the scenario where morbidity exits to an average level of 500,000 people, oscillating around this value with a frequency
of B/(2m). The parameters included in equation (1) have an obvious meaning of duration, frequency, amplitude and
initial phase of individual disease modes.
To find all the parameters of model (1), according to the updated WHO data for the period from 01.04.2022 to
03.03.2023, we solved a significantly nonlinear mathematical programming problem:

I® =%, (lg®(t;, 4,B,C,D,E, F,0.B,7,8,)~Ig®,)" = min. Q)
The results of parametric identification (1) are shown in Table 1 and in Figure 1.
Table 1
Numerical characteristics of the COVID-19 template morbidity model
A B C D E F a B y 8 € L

4381.458 | 0.036 | —25.085 | 58.159 | 0.009 | —1.280 | 1.233 | 0.043 | —1.827 | 4.346 | 1.767 | 23.64
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Fig. 1. Results of calculating the number of cases by date

According to the calculations performed, formula (1) takes the form:
4,381.458| 1,233+ cos (0.043¢t —1.827

58.159[ 1+ 11(0.009¢ —1.280)|(4.346 0.043¢+1.767)). (3
h20.036¢ — 25.085 ] [1+eh( )](4.346 + cos ( +1.767)). (3)

Oscillation period is 147 days versus 120—125 in the previous version of model [2]. However, this increase appears
to be an artifact (Fig. 1) and is the result of a failure of the morbidity phase in an outbreak of omicron. Value (y — )
characterizes the phase shift between the incidence of traditional COVID-19 and omicron modification.
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The removal of the trend and oscillatory components from the data prevented us from obtaining a purely noise
background (Fig. 2) [5]. This is due to the presence of some non-linear interaction in reality that does not fit within the
framework of our model (3).

Random deviation of the number of cases from the
regular model
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—-500
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12.01.2020  30.07.2020  15.02.2021  03.09.2021  22.03.2022  08.10.2022  26.04.2023

Date, days

Fig. 2. Error in the approximation of WHO data by model (3)

The inability to accurately describe the dynamics of COVID-19 with 11-parametric function (1) encourages the use
of alternative approaches for this purpose.

The results of representing the observed dynamics of the epidemic using Fourier decomposition with 40 and 100
harmonics are shown in Fig. 3.
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Fig. 3. The initial dynamics of the epidemic and its Fourier approximation. The initial data is shown in blue. The Fourier

decomposition with 100 harmonics is shown in yellow, and the decomposition with 40 harmonics is in red

Comparison of the data in Figures 1 and 3 shows that considering a larger number of modes allows for a better
description of the real dynamics of the epidemic. This is supported by both the slower decrease of a; coefficients in the
decomposition (Fig. 4) and the more dispersed nature of the residual random component (Fig. 5).
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Fig. 5. The result of the elimination of the Fourier image from the source data:
a — Fourier decomposition into 40 harmonics; b — Fourier decomposition into 100 harmonics

According to the data in Figure 5, the residual relative noise is random. In practice, knowledge of the Fourier
expansion coefficients a; [6] makes it possible to synthesize a regularly random function for forecasting [7]. To make
the result more transparent, only the trend is included in the forecast line (brown in Fig. 6) and compared with new
statistical data [8]. The comparison suggests that the proposed algorithm does not provide long-term forecasts [9].
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Fig. 6. Forecast of epidemic situation based on Fourier decomposition in comparison with new WHO data. Orange indicates a model
based on the Fourier decomposition of a time series; brown indicates the predicted development of the coronavirus; blue indicates the
initial data; dark blue indicates the real data compared to the predicted values

In this regard, the possibility of improving the quality of forecasting based on the autoregressive approach is
investigated. The autoregression procedure is regulated by the following algorithm: 1) initialization of the initial data;
2) a suitable model is selected, depending on the characteristics of the time series and the requirements of the forecast;
3) training the model on a training sample; 4) validation of the model (checking the quality of the forecast on a test
sample); 5) forecasting.

The dynamics of the epidemic have been predicted from March 4, 2023 until the present, comparing the results with
current WHO data [6-8]. The results of this comparison are shown in Figure 7. As it can be seen, the autoregression
technique is only suitable as a tool for short-term forecasting.

Fig. 7. Forecast of epidemic situation based on the autoregression method in comparison with new WHO data. The blue dots indicate
the source data; orange — predicted values; green — real data compared to predicted values

Due to the fact that COVID-19 has rapidly evolved into a seasonal viral disease, it is interesting to compare its
epidemic characteristics with those of influenza, as well as to analyze the combined effects of two virulent diseases on
the human population.

To successfully compare the characteristics of the COVID-19 and influenza epidemics, statistical data on the
incidence of influenza on a global scale from 03.01.2000 to 03.20.2023 were used, which can be found on the resource
and shown in Figure 8.
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Fig. 8. Actual data on the influenza incidence according to WHO data
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The logistic dependence was used as a trend model for the influenza epidemic [10] (Fig. 9):
e
1+e1)

Initialization of the model using mathematical programming methods gives the following parameter values:
1 = 6,847 thousand people/day (the maximum average incidence of influenza); n = 0.29 years™ (the rate of increase in
the coverage of patients with the global morbidity control system); y =2,013.9 year (the moment of half coverage of
patients with the accounting system). Within the framework of this trend model, the incidence of influenza is reaching a
historical plateau, and its recorded growth is associated exclusively with informatization in healthcare.

N(r)= @)

100,000
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T4
s 2
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1

2000 2005 2010 2015 2020

Year

Fig. 9. Initialization of the influenza incidence trend. The blue color represents the incidence of influenza on a logarithmic scale; the
orange line shows the assumed exponential trend; the yellow one shows trend model (4)

If you know the trend you can exclude it from the observed statistics and thereby highlight the oscillatory
component:

P(t)=A-sin®(Bt+9). )
The degree of sine chosen here equal to 6 is responsible for the “blurring” of the outbreak of the disease over time.
To find the coefficients of the model, optimization problem should be solved
%, (Fi=R)" - min, (©)
where F; — incidence; P; — model value; i € [1,1212].
The results of the calculations are shown in Figure 10 and can be calculated using the following formula:

P(t)=5.03-5in (3.2-1-0.29). (7)
) 45
[ 40 [
‘é 35 p
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g £ b o
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Fig. 10. The result of solving the optimization problem for the improved trend. The blue color shows the initial data cleared from the
trend; the yellow color shows the curve corresponding to the random component
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The presented data indicate that the influenza epidemic is a seasonal process that occurs annually [11, 12]. This
means that, depending on the timing of the initial stages of epidemics, overlapping periods of high morbidity can occur.
To determine these moments, the dynamics of influenza and COVID-19 incidence is presented in parametric form
based on the results of [2]:

G(1)=5.03-sin® [3. 15 (2, 022.48 +%j 0. lSJ — Ju1s rpunma; (8)

K(t)=1+0.2~sin[0.043-t—g) — nist COVID-19. )

In formulas (8, 9), time # is counted from moment # = {03.01.2000} in units of one day. The standard representation
of these data in Figure 11 is not informative, which prompts them to be converted into a parametric form (Fig. 12).
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Fig. 11. Comparison of the dynamics of incidence of COVID-19 and influenza in relative units. The curve corresponding to the
incidence of COVID-19 is shown in green, and the incidence of influenza is shown in orange

Since all methods of mathematical analysis have convincingly proved that COVID-19 outbreaks occur three times a
year and influenza occurs annually, we will plot the data in Figure 11 in a parametric form (Fig. 12)
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Fig. 12. Comparison of the dynamics of incidence of COVID-19 and influenza in parametric form

The joint display of the incidence of influenza and COVID-19, as shown in Figure 12, allows us to identify the most
challenging moments when the effects of these two viruses overlap. During these periods, it is especially important to
be cautious and follow all regulations for sanitary and epidemic control [13—15]. Currently, we are in a situation
indicated by a yellow dot on the graph. From the most severe moment in terms of the epidemic (the red area), we are
separated by approximately 580 days.

Results. As a result of our research, we have reached the following conclusions:

1. We have made significant adjustments to align the existing model with new data.

2. Previous estimates of the severity of COVID-19 were overly pessimistic.

3. We used new methods, such as Fourier analysis and autoregressive techniques, to increase the information
content and reliability of our analysis and epidemic forecasting.

4. Even with the combined use of these methods, we can only make a short-term forecast.

5. We compared the features of two seasonal diseases, COVID-19 and influenza.

6. We predicted the moments when the combined effect of these diseases will be most harmful to humans.


https://bps-journal.ru/

Safety of Technogenic and Natural Systems. 2024;8(3):57—66. eISSN 2541-9129

Discussion and Conclusion. The authors substantiate the need to reliably predict the coincidence of peaks in the
incidence of influenza and COVID-19. It is shown that the visibility of the coincidence is achieved by presenting the
dynamics of both diseases in a parametric form. It has been established that due to the multiplicity of the period of both
epidemics, the maximum and minimum danger of their imposition is also periodic. Numerical indicators of the cyclical
nature of epidemics were revealed according to experimental data by direct approximation, Fourier decomposition and
autoregressive algorithm. A computer experiment has shown that even the combined use of these methods allows only a
short-term forecast of the epidemic situation. The authors predicted the moments when the peaks of the incidence of
influenza and COVID-19 will coincide.
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