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ABSTRACT

BACKGROUND: The study of infectious disease epidemiology among military personnel has long been a priority in military
medicine. The COVID-19 pandemic underscored the critical role of pathogen genetic variability in shaping the patterns of the
disease, serving as a demonstrative case for applying Belyakov's (1983) theory of self-regulation of parasitic systems. Al-
though numerous studies have addressed the epidemiologic aspects of COVID-19 in various organized communities, the spe-
cific characteristics of the disease among service members of the Armed Forces of the Republic of Kazakhstan remain insuf-
ficiently studied, underscoring the importance of the present research.

AIM: to investigate the epidemiologic characteristics of novel coronavirus disease (COVID-19) in the Armed Forces of the Re-
public of Kazakhstan through the lens of the theory of self-regulation of parasitic systems.

MATERIALS AND METHODS: A retrospective epidemiologic analysis was conducted to assess COVID-19 incidence among
military personnel and the civilian population of the Republic of Kazakhstan. Data were obtained from departmental military
medical statistical reports of the Armed Forces (Form 2/med) and publicly available official statistics provided by the National
Center for Public Health under the Ministry of Health of the Republic of Kazakhstan. The comparative trends in COVID-19 inci-
dence rates among military personnel and the civilian population were examined, along with the identification of epidemiologic
features across the military-administrative territories of the Armed Forces of the Republic of Kazakhstan. A combination of
epidemiologic and mathematical-statistical methods was used for data analysis and interpretation.

RESULTS: The study demonstrated that the genetically determined ability of the infectious agent to alter its epidemiologically
significant properties (e.g., transmissibility, pathogenicity) in response to implemented anti-epidemic measures is a key factor
influencing epidemic intensity. This adaptation may manifest as an increase in the number of cases, changes in disease severity
and clinical forms, shifts in distribution across population groups, and other epidemic patterns.

CONCLUSION: The genetic plasticity of pathogenic microorganisms, activated in response to changes in human population
characteristics, significantly influences the regional epidemiologic features of disease spread. These patterns must be consid-
ered when designing epidemic control systems in structured military settings.
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3I'IVIAEMMOJ10FM‘-IECKME 0C00EHHOCTU HOBOM
KopoHaBupycHou uH¢ekuuu COVID-19

B BOOpY)KEHHbIX cunax Pecnyﬁnuxu KasaxcraH

B acrneKkTe Teopuu caMoperyndauuum napa3mtapHbix CUCTeM
AM. Xucamutos, A.A. KyauH, A.E. 30608, B.B. 3akypaaes

BoeHHo-MeamuMHCKas akagemus, CaHkT-[Metepbypr, Poccus

AHHOTALIUA

AxTtyanbHocTb. V3yyeHne anuaeMnonoruu MHPEKLMOHHBIX 3aboneBaHmii Cpefn BOEHHOCAYXALUMX TPaAMULMOHHO SBRseTCA
aKTyasnbHOW 3afayeil BOBHHOW MeaMLyHbI. [aHaeMus HOBOW KopoHasupycHoi uHbekumn COVID-19 nopyepkHyna 3Hauumyio
pOSb FEHETUYECKOW M3MEHYMBOCTM Bo3byauTeneii B GOpMUPOBaHUM AMHAMMKM 3aD0NeBaeMoCTH, YTO ABNSETCS HArMSAHbIM
MPMMEPOM peanu3auun Teopuu camMoperynsumm napasutapHbix cucteM B.J. benskosa (1983). HecMoTps Ha To uTO MMe-
€TCA 3HAUNTENIBHOE KOMMYECTBO HayuyHbIX paboT Mo M3Yy4eHUo acreKkToB 3MWUAEMUONOTMM HOBOW KOPOHABUPYCHOW MHbEK-
umm COVID-19 B pasnnyHbIX OpraHU30BaHHbIX KOMNEKTUBAX, 3NMAEMMONOrMYeckue 0cobeHHOCTU 3abo1eBaeMoCTU AaHHOM
nHdeKumeir B BoopyeHHbix cunax Pecnybnukn KasaxcraH octaloTcs ManousyyeHHbIMW, YTO MOAYEPKUBAET aKTyasbHOCTb
[aHHOr0 UCCe0BaHUA.

Llenib — u3yyeHmne anuaeMmoNornyeckux 0cobeHHoCTe HOBOW KopoHaBupycHoii nHdekumm COVID-19 B Boopy»eHHbIX cunax
Pecnybnuku KasaxctaH ¢ no3uuuv Teopum caMoperynsium napasuTapHbIX CUCTEM.

Matepuanbl U Metoppl. [lpoBefeH peTPOCMEKTUBHBIA 3NMAEMUONOTMYECKUIA aHanu3 3aboneBaeMoCcT HOBOM KOpPOHaBU-
pycHoi uHdekumern COVID-19 BoeHHOCNYKALLUMX M FpaXAaHCKOro HaceneHus Pecnybnukm KasaxctaH no gaHHbIM BeAOM-
CTBEHHOM BOEHHO-MELMLMHCKON CTAaTUCTUYECKOW OTYETHOCTU BoopyeHHbix cun Pecnybnuku KasaxctaH (dopma 2/men)
“ oduUuManbHOM 00LLe[OCTYNHOW CTAaTUCTUKM HauuoHanbHOro LeHTpa 06LLecTBEHHOro 3ApaBooXpaHeHusi MuHucTepcTBa
3apaBooxpaHeHus Pecnybnmku Kasaxcran. M3yyeHa cpaBHMTENbHas AMHAMMKa MoKasatenen 3abonieBaeMoCTU BOEHHOCHY-
MallMX M rpaXKAaHCKOro HaceneHus, onpefeneHbl UX 3MMULEMMONIONMYeCKMe 0COBEHHOCTM Ha BOEHHO-afMUHUCTPATUBHBIX
Tepputopusx BoopyxeHHbix cun Pecnybnuku KasaxctaH. Mpu aHanuse u uccnepoBaHWW MaTepuanoB Bbii UCMONb30BaH
KOMMJIEKC 3NMAEMMUONOTMYECKMX U MaTeMATUKO-CTaTUCTUYECKUX METOLL0B UCCNIEA0BaHNS.

Pe3ynbratbl. [loka3aHo, UTO FeHETMYECKU AeTEPMUHMPOBaHHas CNocobHOCTb BO3OyaMTeNs MHAEKLMM U3MEHATb CBOM 3MM-
AEMUOJIOTMYECKN 3HaYMMbIe CBOWMCTBA (KOHTArMo3HOCTb, NAaTOreHHOCTb) B OTBET Ha NpeLnpuHUMaeMble NpOTUBO3NUAEMUYE-
CKVe Mepbl ABNSAETCS BaXKHbIM (QAKTOPOM, BAIUSIOLLMM Ha M3MEHEHME CTeNeHW HanpsXKeHHOCTU ANMAEMUYECKON CUTyaLmu.
370 MOXET NpoSBNATLCA YBEMYEHNEM KOJIMYECTBA CNydaeB MHAEKLMM 3ab0NneBaHNN, U3MEHEHNEM TSKECTU KIIMHUYECKOro
TeyeHus 1 hopM 3aboneBaHns, pacnpoCTPaHEHHOCTU MO Pa3HbIM KaTeropusM HaceneHus U ApYruM1 3NULEeMUYECKUMU Npo-
ABNEHUAMN.

3akntoueHue. [eHeTUUECKas NNACTUYHOCTb NATOMEHHbIX MUKPOOPraHW3MOB, peann3yHLLascs B 0TBET Ha M3MEHEHUS CBOMCTB
MONyNALMM Yesl0BEKa, OKa3bIBAeT 3HAYMMOE BJIUSIHME Ha PervoHabHble ANMAEMMONIOrMYeCKe 0COBEHHOCTM pacnpocTpaHe-
Hus 3abonieBaHuiA, 4T0 HE0BX0AMMO YyuMTbIBaTL NPKU QYHKLMOHMPOBAHWM CUCTEMBI MPOTMBO3NMAEMUYECKON 3aLLMTLI B Opra-
HW30BaHHbIX BOMHCKUX KOJIEKTUBAX.

Kniouesble cnoBa: BoopyeHHble cuibl Pecniybnnku KasaxcTaH; reHeTudeckas M3MeHUMBOCTb; FpaX AaHCKOe Hacene-
Hue; 3aboneBaeMocTb; COVID-19; Teopus camoperynauuy napasuTapHbIX CUCTEM; 3NUAEMUYECKMI NpoLLecc.
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BACKGROUND

The COVID-19-pandemic has fundamentally trans-
formed the global healthcare system and expanded sci-
entific understanding of the features and mechanisms un-
derlying the epidemic process of this infectious disease.
Moreover, the pandemic spread of COVID-19 has had an
impact on the combat readiness of armed forces in virtu-
ally all nations, posing a threat to the normal execution of
training, routine, and operational tasks. The organization
of military personnel deployment, military personnel inter-
actions during training and combat operations, the shared
use of military infrastructure facilities, and the formation of
units with personnel from different geographic regions of
the country collectively heighten the risk of epidemic spread
of acute respiratory infections, including COVID-19 [1].

As the COVID-19 pandemic evolved, Belyakov's theory
of self-regulation in parasitic systems in 1983 received re-
newed confirmation [2]. According to this theory, an epidemic
develops through mutually determined phase changes in the
biological properties of interacting populations of the patho-
gen and humans. These evolutionary changes are associated
with genetic variability and a complex of polydeterminant
characteristics of the pathogen. For instance, emerging ge-
netic variants of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) have demonstrated reduced human
pathogenicity coupled with increased contagiousness. This
observation is significant for epidemiological theory and
practical antiepidemic measures, offering prospects for im-
proving epidemic situation forecasting [3-5].

Additionally, Belyakov's theory on the relative au-
tonomy of epidemic process development, determined
by demographic characteristics and local social/envi-
ronmental conditions, is of particular scientific interest
for organized military collectives [6]. This has warranted
research into COVID-19 transmission patterns within the
framework of parasitic system self-regulation theory
to identify its developmental regularities in the Armed
Forces of the Republic of Kazakhstan (RK AF).

Military service is a unique form of professional ac-
tivity wherein personnel are exposed to multiple adverse
factors. The specific nature of military service, including
living conditions, duty requirements, and significant psy-
chophysiological stressors, can affect the health status of
service members, as reflected in the distinctive incidence
pattern of military personnel [7, 8].

The study aimed to evaluate the epidemiological fea-
tures of COVID-19 in the RK AF based on the parasitic
system self-regulation theory viewpoint.

METHODS

The study used publicly available statistical data on
population incidence indicators from the National Cen-
ter of Public Health of the Ministry of Healthcare of
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the Republic of Kazakhstan (RK), departmental mili-
tary medical statistical reporting of the armed forces
(Form 2/Med), and annual reports from the Sanitary-Epi-
demiological Center of the RK AF. The observation period
was 3 years (2020-2022).

Epidemiologic and mathematical-statistical meth-
ods were employed for data analysis and interpretation.
A retrospective epidemiological analysis of COVID-19 in-
cidence among armed forces personnel and the civilian
population of RK was conducted using available datasets
for the specified observation period.

RESULTS AND DISCUSSION

The COVID-19 pandemic underscored the role of patho-
gen genetic variability in shaping disease patterns, repre-
senting an example of Belyakov's theory of self-regulation
of parasitic systems. Since the beginning of the COVID-19
pandemic following its first identified case in November
2019 in Wuhan, China, experts have accumulated an exten-
sive database on the transmission features and epidemio-
logical characteristics of the disease. Researchers com-
prehensively analyzed the biological and social aspects of
the epidemic process. Scientific investigations established
key infection parameters: the pathogen reservoir, modes of
transmission, and factors contributing to its spread. Thus,
a comprehensive system of preventive and anti-epidemic
measures was developed, controlling infection rates,
minimizing complications, and reducing mortality [9].

The pathogen emerged as a zoonotic virus, but
overcame the interspecies barrier and entered the hu-
man population, primarily spreading through contact-
household transmission. After the upper respiratory
tract became the primary entry point for infection, the
virus' epidemic potential increased. The arising poten-
tial for airborne droplet transmission enabled the virus
to achieve pandemic spread. The fundamental mecha-
nisms of population dynamics in infectious diseases are
described in Belyakov et al.’s theory of self-regulation
of parasitic systems [10]. This phenomenon is influenced
by the interaction between heterogeneous human and
pathogen populations characterized by phenotypic and
genotypic polymorphism. Under specific environmental
and social conditions, this interaction can lead to asymp-
tomatic and symptomatic forms of the disease [11].

According to the self-regulation theory of parasitic
systems, the characteristics of interacting parasite and
host populations show dynamic interdependent variabil-
ity and lead to their self-reorganization, which mani-
fests in distinct phases of the epidemic process [12, 13].
This theory explains the wave-like pattern of the
COVID-19 epidemic process observed through alternating
periods of incidence growth and decline. This postulate is
well-illustrated in organized communities, such as mili-
tary contingents.
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The spread of COVID-19 in the RK AF began in April
2020, 2 months after the first confirmed cases were reg-
istered among the civilian population.

The initial phase involved implementing an effective
complex of anti-epidemic measures in military units,
which stabilized the epidemiological situation until vac-
cination commencement between April and August 2021
(Fig. 1).

The incidence dynamics in military collectives was
heterogeneous. The first recorded incidence surges
across all regional commands did not correlate with civil-
ian population incidence patterns and were detected ear-
lier, indicating enclave-like progression of the COVID-19
epidemic process and the epidemiological vulnerability of
military contingents. Furthermore, average annual inci-
dence rates within the RK AF significantly differed across
regional commands. For example, the Astana Regional
Command demonstrated an average annual incidence rate
during the observation period that was 10.3-13.5 times
higher than other commands, despite having a smaller
total personnel size (Table 1).

Epidemiological investigations of COVID-19 outbreaks
showed that these differences in morbidity are associated
with the massive introduction of pathogens from the ci-
vilian population of Astana and their more active spread
among military personnel due to existing risk factors
(e.g., public transportation, numerous crowded public
spaces, and faster introduction of new genetic variants
of the pathogen).
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The geographic proximity of RK to the People’'s Re-
public of China led to the early implementation of preven-
tive measures in early 2020. During this period, extensive
measures were implemented, encompassing administra-
tive, organizational, anti-epidemic, and medical-diagnos-
tic domains. Intensifying sanitary and epidemiological
surveillance in border territories, implementing public
information and education programs on health literacy,
temporary suspending visa services, adopting diagnos-
tic protocols for COVID-19 detection, developing thera-
peutic standards and antiepidemic measures in medical
facilities, creating country categorization system based
on epidemiological risk levels, and establishing monitor-
ing for individuals arriving from foreign territories were
prioritized [14].

Consistent with the self-regulation theory, in response
to global primary administrative and organizational an-
tiepidemic measures, SARS-CoV-2 began modifying its
biological properties to ensure its survival as a biological
species [15, 16]. This resulted in emerging strains with
genetically altered properties, enabling the virus’ adapta-
tion to changing population conditions [17].

However, the most significant impact on changes in
SARS-CoV-2 characteristics was exerted by global vac-
cination [18].

In RK, the population immunization program with
Gam-COVID-Vac commenced in 2021, followed by revac-
cination in 2022. Vaccination of RK AF personnel was
a three-stage process (Fig. 2).
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Fig. 1. Quarterly trends of COVID-19 incidence among service members of regional commands and the civilian population of corresponding
administrative-territorial regions of the Republic of Kazakhstan, 2020-2022 (%o).

Puc. 1. KBapranbHas auHamuka 3abonesaemocti COVID-19 BoeHHOCHYKALLMX pervoHanbHbIX KOMaHLO0BaHMIA U TP AAHCKOr0 HaceneHus
COOTBETCTBYIOLLMX aMUHUCTPATUBHO-TEPpUTOPUaNbHBIX pervoHoB Pecnybnukv Kasaxctan (PK) B 2020-2022 rr. (%o).
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Table 1. Average long-term incidence rates by regional commands of the Armed Forces of the Republic of Kazakhstan
Ta6nuua 1. CpegHeMHoroneTH1e nokasatenu 3aboseBaeMocTy Mo pervoHanbHbIM KoMaHoBaHuaM BC PK

Regional command name

Average annual COVID 19 incidence,

95% confidence interval,

Py %0 P, %0
Astana 97.3 83.2-106.9
South 9.4 5.1-13.3
East 1.2 4.2-9.9
West 9.3 6.8-12.8

Notably, the wave-like pattern of the epidemic pro-
cess, with a clear upward trend in peak disease inci-
dence, was closely linked to mass vaccination among
the RK civilian population and RK AF personnel. Studies
worldwide reported that the severity of clinical manifes-
tations of COVID-19 varied significantly [19].

During the initial stage of the pandemic, the COVID-19
pathogen had relatively low transmissibility and high
virulence, manifesting in a comparatively low number
of cases but a high proportion of severe and moderate
clinical presentations. In the civilian population, the clini-
cal spectrum ranged from asymptomatic cases to severe
viral pneumonia, often resulting in fatal outcomes, which
forced regional healthcare systems to drastically expand
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inpatient bed capacities to provide medical care to all
patients [20].

The RK AF personnel were no exception, as the ra-
tio of COVID-19 clinical forms among military personnel
demonstrated significant dynamics during sanitary and
anti-epidemic (preventive) measures implementation in
troops (Fig. 3).

During the initial organizational and administrative
anti-epidemic measures implementation phase prior to
immunization launch, the total proportion of moderate
and severe cases in the incidence pattern reached maxi-
mum (70%-85%). Following two vaccination rounds, mild
and asymptomatic infection forms became predominant,
accounting for 50%-90% of cases.

- - — - — Vaccination period in civilian
population

--------------- First vaccination stage
= =— — — Second vaccination stage
— - = = Booster vaccination stage

Ot Dec Feb Apr Jm Ag Ot Dec
2001 2021 2022 2022 2022 2022 2022 2022 Observation period

Fig. 2. Changes in the COVID-19 epidemic process among the civilian population of the Republic of Kazakhstan and military units of the
Armed Forces, December 2019 to December 2022 (absolute numbers).
Puc. 2. [lunamuka anupgemmuyeckoro npouecca COVID-19 cpeam rpaxpaaHckoro HaceneHus Pecnybnukv KasaxcraH 1 B BOMHCKMX KOMNeK-

TuBax BoopyeHHbIx cun B nepuog, ¢ 12.2019 no 12.2022 r. (abe. u.).
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Fig. 3. Changes in the distribution of clinical severity of COVID-19 among service members of the Armed Forces of the Republic
of Kazakhstan during different stages of the pandemic (absolute numbers).
Puc. 3. [IMHaMWKa COOTHOLLEHMA TAXKECTU KMHMYeckux dpopM COVID-19 cpeaym BoeHHocnyKawwmx BC PK B pasHble nepuoabl naHaeMmuu

(abc. u.).

Emerging scientific evidence during that period
combined with systematic monitoring of epidemiologi-
cal trends allowed prediction of incidence rate increase
within a 6-month interval, correlating with expected
decline in postvaccination population immunity levels.
Timely booster vaccination of military personnel pre-
vented morbidity growth and contributed to its sub-
sequent decline during the revaccination period. This
approach was adopted by most countries worldwide
[21,22].

Consequently, the significant surge in COVID-19 cases
since October 2020 was halted and contained within sea-
sonal epidemic thresholds for acute respiratory infections
through comprehensive immunization coverage of mili-
tary personnel.

CONCLUSION

Analysis of the COVID-19 epidemic situation among
the armed forces personnel and general population of
RK demonstrated the wave-like pattern of the epidemic
process, driven by mutually dependent transformations
in the interacting populations of the parasite and host.
The increased mutation density of the virus in response
to global antiepidemic measures led to reduced patho-
genicity of the pathogen and a manifold increase in viru-
lence, manifesting as a pronounced wave-like surge in
incidence alongside a parallel increase in the proportion
of mild and asymptomatic disease forms. These results
corroborate the theory of self-regulation of parasitic sys-
tems, exemplified by both model populations and a model
infection.

The genetically determined ability of a potential patho-
gen to alter its epidemiological properties in response to
implemented anti-epidemic measures is a critical factor
influencing the dynamics of the epidemic situation. In ad-
dition to an increase in the number of cases, this may

DGl hitps://doi.org/ 1017816/ rmmaré42798

show through heightened clinical severity, prevalence
shifts across population strata (age, occupational, etc.),
and other epidemiological patterns.
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