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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Salmonellosis remains a relevant public health
problem, requiring continuous epidemiological monitoring
based on reliable surveillance data.

Aim: To analyze long-term trends in salmonellosis incidence in
the Republic of Kazakhstan during 20132024, with assessment
of temporal dynamics, age-specific patterns, and laboratory
confirmation indicators based on official monitoring data.

Materials and Methods: A retrospective epidemiological
analysis was conducted using aggregated laboratory surveillance
data provided by the Scientific and Practical Center for Sanitary
and Epidemiological Expertise and Monitoring of the Ministry
of National Economy of the Republic of Kazakhstan. Incidence
rates were analyzed for the total population and defined age
groups. Long-term dynamics were assessed using descriptive
statistics, average annual change indicators, and the Cochran—
Armitage trend test.

Results: During 2013-2024, salmonellosis incidence in the
Republic of Kazakhstan exhibited a statistically significant long-
term decline (average annual rate of change, CAGR: —4.5% per
year; p<0.001), accompanied by marked interannual variability.
This trend was strongly influenced by a pronounced reduction
in reported incidence during the COVID-19 pandemic period
(2020-2021). The highest incidence rates were consistently
recorded among children under 1 year of age and those aged
1-2 years, in whom statistically significant decreasing trends
were observed (p <0.001). Among children aged 3—6 years and
7—14 years, no significant linear temporal trends were identified
(p > 0.05), indicating fluctuating incidence without a consistent
directional change over time. The proportion of laboratory-
confirmed cases demonstrated a statistically significant
increasing trend over time (p < 0.001).

Conclusions: Salmonellosis incidence in the Republic of
Kazakhstan demonstrates a statistically significant long-term
downward trend with persistent interannual fluctuations, which
should be interpreted in the context of changes in surveillance
intensity and healthcare utilization during the COVID-19
pandemic. Early childhood remains the most affected age
group, while the absence of significant temporal trends
among preschool and school-aged children indicates stable
incidence levels over time and supports the need for continued
epidemiological surveillance in these populations.

Key words. Salmonellosis, incidence, epidemiological

© GMN

surveillance, temporal trends, age laboratory

confirmation, Republic of Kazakhstan.

groups,

Introduction.

Salmonellosis remains one of the most important foodborne
infections and continues to pose a significant challenge to
public health systems and food safety worldwide. Bacteria of
the genus Salmonella are Gram-negative, facultative anaerobic
members of the family Enterobacteriaceae with a high epidemic
potential due to their ability to survive for prolonged periods in
the environment and to contaminate water and food products
[1,2]. The genus includes a large number of Salmonella enterica
serovars, which determines the diversity of circulating strains
and sources of infection [1,2]. From a public health perspective,
it is essential to distinguish between typhoidal and non-typhoidal
forms; non-typhoidal Salmonella (NTS) are responsible for the
majority of acute gastroenteritis cases and foodborne outbreaks
in most countries [1-3].

The foodborne transmission pathway is realized at all stages
of the “farm-to-table” chain, including primary production,
processing, storage, and food preparation [1,3]. Products of
animal origin, particularly poultry and eggs, as well as meat
and other animal products, remain the most common sources of
Salmonella infection. At the same time, violations of sanitary
regulations and cross-contamination during food handling play a
crucial role in maintaining the risk of transmission [3,4]. Studies
have demonstrated that even an adequate level of consumer
knowledge does not fully eliminate the risk of salmonellosis
if food-handling practices are inadequate [4]. Food handlers
represent a particularly important epidemiological link, as
insufficient hygiene and gaps in training increase the likelihood
of food contamination and outbreak formation [5].

From a clinical and epidemiological perspective, the most
significant serovars are those associated with large outbreaks
and a substantial contribution to overall morbidity, including
S. Enteritidis and S. Typhimurium [1-3]. Contemporary
epidemiology is characterized by the emergence and spread of
specific clones and variants, including the monophasic variant of
S. Typhimurium, which has become one of the leading causes of
infection in several countries and is frequently associated with
multidrug resistance [6]. Advances in molecular epidemiology
and whole-genome sequencing (WGS) have substantially
improved understanding of the evolution, transmission, and
global dissemination of epidemiologically important lineages,
including the DT104 clone of S. Typhimurium [7,8].
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The pathogenicity of Salmonella is determined by a complex
set of virulence factors that enable adhesion, invasion, and
survival within the host organism. Key determinants include
pathogenicity islands and secretion systems, as well as other
genetic elements influencing invasiveness and disease severity
[2,9]. One of the most pressing contemporary challenges is the
increasing antimicrobial resistance of Salmonella strains and
the spread of multidrug-resistant variants, which reduces the
effectiveness of standard therapy and increases the importance of
prevention and control at the level of the food production chain
and epidemiological surveillance [1]. Additional difficulties
arise from biofilm-forming strains capable of persisting on
industrial surfaces and maintaining long-term contamination,
necessitating strengthened biosecurity measures and systematic
monitoring of critical control points [10].

Salmonellosis has particular importance in vulnerable
population groups due to a higher risk of severe and invasive
disease. In children, especially in settings characterized by high
population density and limited resources, significant incidence
levels, seasonal patterns, and the role of specific serovars have
been demonstrated, along with the influence of environmental
and living conditions [11,12]. Asymptomatic carriage and
prolonged fecal shedding of non-typhoidal Salmonella among
healthy individuals or convalescents may play an important
role in sustaining transmission within communities [12,13].
Among adults and older populations, specific risk factors and
vulnerabilities have also been identified, underscoring the need
for targeted food safety measures and preventive strategies [7].

InCentral Asiaand Kazakhstan,salmonellosisremainsarelevant
infectious process that requires integration of epidemiological
and veterinary surveillance data. Regional studies confirm the
importance of analyzing the epidemic process and improving
control measures [14,15]. For the Republic of Kazakhstan,
this issue has additional practical significance in the context
of Salmonella circulation within the “human-—animal-food
products” system and documented differences in antimicrobial
resistance profiles between isolates of different origins [16,17].
Several studies conducted in Kazakhstan demonstrate the
prevalence and resistance of Salmonella enterica in poultry
products and at industrial enterprises, highlighting the need for
continuous monitoring and strengthened biosecurity measures
[17-21]. Local data on the pediatric population of Almaty
emphasize the importance of microbiological monitoring within
the epidemiological surveillance system [9]. The improvement
of preventive and anti-epidemic measures in Kazakhstan is also
supported by current regulatory documents that define sanitary
and epidemiological requirements and rules for monitoring
infectious diseases [22,23].

Thus, salmonellosis should be considered a complex
intersectoral problem at the intersection of epidemiology,
food safety, and veterinary control. Key determinants include
the circulation of dominant serovars, antimicrobial resistance,
production-related and behavioral risk factors, and the quality of
laboratory confirmation and surveillance systems [1,4,9,10,16].
In this context, an analysis of salmonellosis incidence dynamics
in the Republic of Kazakhstan for the period 2013-2024,
taking into account age-related characteristics, risk factors,
and laboratory monitoring data, is of practical importance for
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refining prevention priorities and further improving the national
epidemiological surveillance system [9,17,22,23].

The aim of this study was to analyze long-term trends in
salmonellosis incidence in the Republic of Kazakhstan during
2013-2024, with assessment of temporal dynamics, age-specific,
social and occupational characteristics of the epidemic process,
as well as to examine the structure of laboratory-confirmed
cases and the distribution of Salmonella spp. serotypes based on
official sanitary and epidemiological surveillance data.

Materials and Methods.

Study design: The study was conducted as a retrospective
descriptive and analytical epidemiological investigation with an
analysis of long-term dynamic series of salmonellosis incidence
indicators in the Republic of Kazakhstan. The analysis covered
overall population trends as well as age-specific patterns and
laboratory-confirmed cases.

Data sources:

The study was based on official data obtained through an
authorized request from the Branch “Scientific and Practical
Center for Sanitary and Epidemiological Expertise and
Monitoring” of the National Center of Public Health of the
Ministry of Health of the Republic of Kazakhstan.

Two complementary types of data generated within the
national infectious disease surveillance system were used.

Case-based epidemiological surveillance data were applied
to analyze the incidence of salmonellosis, age-specific and
socio-professional distribution, temporal trends, and contact
tracing indicators, including the number of identified contacts,
examination coverage, and carriage rates among contacts.

Laboratory monitoring data were used to assess laboratory
confirmation rates and the distribution of Salmonella spp.
serotypes among confirmed cases (Table 4).

Although both datasets originate from the same institution,
they differ in scope, purpose, and data structure and therefore
are not directly interchangeable.

Study period: The observation period covered 2013-2024 for
the analysis of salmonellosis incidence in the total population
and age groups.

For selected analytical blocks related to laboratory
confirmation, data were available and analyzed for 2014-2024,
reflecting the completeness of reporting in the source database.

Object and subject of the study: The object of the study was
the system of epidemiological surveillance of salmonellosis in
the Republic of Kazakhstan.

The subject of the study included:

salmonellosis incidence rates in the total population;
age-specific incidence patterns;

absolute numbers of registered and laboratory-confirmed
cases;

indicators of laboratory confirmation over time.

Age group classification:

Age stratification was performed in strict accordance with
the officially defined reporting structure applied in national
epidemiological surveillance. The following age groups were
analyzed:

children under 1 year;



Table 1. Dynamics of salmonellosis incidence (total population of the Republic of Kazakhstan).

Year il(l);l’((l)ggce per 1:;::33:;){ cases cAl:);r?;;t: . gﬁl?:il:zn ¢ Growth rate, % Rate of increase, %
2013 8.20 1,404 - - - -
2014 8.00 1,397 -0.20 0.98 97.56 —2.44
2015 7.80 1,360 —-0.20 0.98 97.50 -2.50
2016 6.70 1,185 -1.10 0.86 85.90 -14.10
2017 6.10 1,099 —-0.60 0.91 91.04 —8.96
2018 7.80 1,291 +1.70 1.28 127.87 +27.87
2019 5.60 1,275 -2.20 0.72 71.79 -28.21
2020 2.70 627 -2.90 0.48 48.21 -51.79
2021 2.50 380 -0.20 0.93 92.59 —7.41
2022 4.90 965 +2.40 1.96 196.00 +96.00
2023 4.70 944 -0.20 0.96 95.92 —4.08
2024 4.90 983 +0.20 1.04 104.26 +4.26
Average annual

indicators (2013— -0.30 0.955 95.5 —4.5
2024)*%**

*Note. Data presented in Table 1 were obtained from national case-based epidemiological surveillance reports of salmonellosis, aggregated by
age groups, provided by the Branch “Scientific and Practical Center for Sanitary and Epidemiological Expertise and Monitoring” of the National
Center of Public Health of the Ministry of Health of the Republic of Kazakhstan. These data reflect registered salmonellosis cases used for
calculating incidence rates per 100,000 population. The figures in Table 1 are derived from case-based epidemiological reporting and therefore
differ from laboratory surveillance data presented in Table 4, which are based on laboratory diagnostic reports and use a different reporting
framework and denominator.

** Incidence rates per 100,000 population shown in Table 1 were taken directly from official national case-based epidemiological surveillance
reports and are presented as published. These indicators were not recalculated by the authors, as the exact population denominators used in

the surveillance system are defined by national reporting methodology and may differ from general demographic estimates. Absolute numbers
represent registered salmonellosis cases reported within the same surveillance framework.

*#* The average annual growth rate and rate of increase/decrease were calculated as geometric means (CAGR-based), using the first and last
values of the series.

Table 2. Age-specific dynamics of salmonellosis incidence in the Republic of Kazakhstan, 2013—-2024.
Children <1 year Children 1-2 years Children 3-6 years Children 7-14 years >15 years
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

2013 28.1 99 376,611 [23.6 (165 727,944 |11.7 154 1,363,368 4.8 97 1,968,589 7.8 889 5,726,851
2014 21.6 77 383,355 225 161 741,859 9.0 123 1,421,947 5.6 119 2,054,231 7.2 917 5,695,587
2015 [19.0 68 395938 182 133 757,519 125 (172 1,449,370 6.7 151 (2,173,380 6.8 865 5,652,048
2016 143 |51 395,143 19.0 141 776,655 9.8 139 1,479,651 3.0 70 2,296,686 6.0 784 5,601,878
2017 |17.7 63 397,601 17.6 136 788,503 9.4 138 1,511,223 2.7 64 2,419,706 5.3 698 5,553,403
2018 22.0 67 387,133 29.3 192 790,475 142 183 1,537,427 45 96 2,534,449 6.5 753 5,507,332
2019 12.0 54 394246 (17.8 197 782,791 9.8 186 1,557,543 2.7 77 2,635,989 48 771 5,460,923
2020 5.8 26 398,444 9.0 86 778,984 4.8 92 1,562,451 1.3 44 2,743,633 |19 296 5,417,516
2021 125 37 423283 |12.7 |80 790,746 4.6 185 1,572,815 1.1 26 2,931,967 1.7 177 5,374,743
2022 135 49 442301 (19.0 148 823,082 |11.1 [172 1,575,888 [3.4 100 2,993,505 (3.6 496 5,367,122
2023 11.6 42 401,061 |18.7 |152 864,968 10.1 |156 1,601,186 |3.8 114 3,027,059 3.4 480 5,366,924
2024 149 51 384,763 146 117 842,968 8.5 135 1,655,454 3.5 106 3,056,578 4.1 574 5,405,385
Note. For each age group, the following indicators are presented: (1) incidence rate per 100,000 population; (2) number of reported

salmonellosis cases (absolute values); (3) population size of the corresponding age group for the given year. Proportion-based trend analysis was
performed using these data.
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children aged 1-2 years;

children aged 3—6 years;

children aged 7-14 years;
individuals aged 15 years and older.

Indicators and calculations.

The analysis included:

* incidence rates per 100,000 population, analyzed as
officially reported in national epidemiological surveillance
data and not recalculated by the authors. Incidence rates by
occupational and social groups were obtained directly from
official national epidemiological surveillance reports and
are presented as reported. The denominators used for these
calculations correspond to the population size of each respective
occupational or social group, as defined by the national
surveillance methodology. Individual denominator values were
not available in the aggregated datasets provided to the authors.

* absolute numbers of registered cases;

* population size of the relevant demographic groups, used for
descriptive purposes and age stratification only;

* laboratory-confirmed case counts and proportions.

For the assessment of long-term dynamics, the following
indicators were calculated:

absolute change;
growth coefficient;
growth rate (%);
rate of increase (%).

Average annual growth rate was calculated as the geometric
mean (CAGR) of the incidence time series using the first and

last values: K * avg' =™ \/}Ifx 100. The average annual rate of
y

increase/decrease was calculated as k" avg = K ’-100. Average
annual absolute change was calculated as Ay avg =y, -y1/n-1.

The average annual absolute change was calculated as the
difference between the final and initial values of the time series
divided by the number of observation intervals.

The average annual growth coefficient was calculated as the
nth root of the ratio between the final and initial values.

Average annual growth and increase rates were expressed as
percentages.

These calculations were applied only to absolute and intensive
indicators for which such analysis was methodologically
justified. Relative proportions (%) were not subjected to average
annual growth calculations.

Trend analysis: To assess monotonic temporal changes in
proportions, the Cochran—Armitage trend test was applied.
For age-specific analyses, annual incidence rates per 100,000
were derived from the ratio of the number of reported cases
to the corresponding age-specific population size (case count
/ population), i.e., as a proportion; multiplying by 100,000 is a
linear rescaling and does not affect the direction or significance
of the trend. Therefore, the Cochran—Armitage test was used to
evaluate whether the proportion of the population with reported
salmonellosis changed monotonically over time within each age
group. For laboratory surveillance data, the test was applied
to laboratory confirmation rates, defined as the proportion
of laboratory-confirmed cases among all cases referred for
laboratory examination in a given year. The test was not applied
to absolute case counts. A trend was considered statistically
significant at p < 0.05.

The analysis included:

Z statistic;
¥ value;
p-value.
A trend was considered statistically significant at p < 0.05.

Handling of missing data:

For several indicators, data for individual years were
unavailable and marked as “n/a”. These missing values reflected
absence of reporting rather than absence of cases.

No data imputation or substitution methods were applied.
All calculations were performed only on the basis of available
observed data, ensuring that long-term dynamics were not
artificially distorted.

Data presentation: Study results were presented using tables
and graphical materials.

Tables included absolute values, incidence rates per 100,000
population, laboratory confirmation proportions, and calculated
dynamic indicators. Graphs were used to visualize long-term

Table 3. Summary of average annual salmonellosis incidence rates and temporal trends by age group in the Republic of Kazakhstan, 2013-2024.

Average

Mean
R annual Average
incidence,

Age group absolute annual growth
2013-2024 (per :
100,000) change (per coefficient

’ 100,000)

Children under 16.08 ~1.20 0.949

1 year

Children aged 1850 ~1.10 0.953

1-2 years

Children aged 962 ~0.29 0.971

36 years

Children aged 359 ~0.12 0.972

7-14 years

>15 years 4.93 -0.60 0.920

Total population _

(RK) 5.83 0.30 0.955

82

Average Average

annual annual Z (Cochran— N _value
growth rate, increase rate, Armitage) X P

% %

94.9 =5.1 -3.28 10.76 0.001
95.34 —4.66 -5.15 26.56 <0.001
97.14 —2.86 —-0.71 0.50 0.48
97.17 -2.83 -1.55 2.40 0.12
92.31 —7.69 —21.46 460.71 <0.001
95.5 —4.5 -3.70 13.66 <0.001



Table 4. Long-term dynamics of laboratory-confirmed salmonellosis cases and distribution of Salmonella spp. serotypes in the Republic of
Kazakhstan, 2014-2024.

Average Average

Indicator /50,4 015+ 2016 2017 2018 2019 2020 2021 2022 2023 2024 2noual amnual oo
Type absolute growth
change rate
Total
salmonellosis —41.4 —3.5%
cases referred 1397 |n/a 2363 2019 1538 1163 645 500 965 944 983 cases per | ’
per year

for laboratory year
examination**
Laboratory- LS s s,
confirmed 1,396 n/a 1,139 [1,089 1,227 1,087 625 500 955 927 981 cases per er. eoar
cases year pery
Laboratory +23£’ 12;
confirmation 999 n/a 482 539 79.7 93.5 96.9 100.0 99.0 98.2 99.8 X

. 1304,92;
rate, %

P <
0,001*
200039 S. 6 1
Reading n/a n/a (0.53) (0.09) n/a 3(0.28) '1(0.16) 1(0.20) |n/a n/a n/a
200058 S. 59 w/a 59 66 89 57 34 43 32 42 39
Typhimurium [(4.23) (5.18) [(6.06) ((7.25) [(5.24) ((5.44) |(8.60) ((3.35) (4.53) (3.97)
200085 S.
Heidelberg n/a n/a n/a n/a n/a n/a n/a n/a 1(0.10) 1(0.11) n/a
300042 S.
Newport (code n/a n/a n/a n/a n/a n/a n/a 1(0.20) 6 (0.63) 1(0.11) n/a
300042)
301081 S. 17 13 27 29 11
Virchow (1.22) n/a (1.14) (248) (236) 7 (0.64) 5(0.80) 3 (0.60) 3 (0.31) 5(0.54) (1.12)
302042 S.
4 24 27 20
Newport (code n/a 6 (0.55) n/a 1(0.20) n/a n/a 2 (0.20)
302042) (2.44) (2.11) (2.48) ((1.63)
400000 Group 2 20
b na n/a 0.18) (1gay > (04D 1(0.09) 4(0.64) nja 1(0.10) n/a n/a
401030 S. /a Wa Wa wa 880 928 557 435 868 786 830
Enteritidis (71.72) (85.37) (89.12) (87.00) (90.89) (84.80) (84.61)
401031 S. 10
Blegdam n/a n/a n/a n/a 1 (0.08) n/a n/a 1(0.20) 2 (0.21) (1.08) n/a
401036 S.
Dublin n/a n/a n/a n/a n/a n/a n/a n/a 1(0.10) n/a 2 (0.20)
600000 Rare 85 74 15 25 36 27
groups va  n/a wa a0 68y 2400 080 06 388y (2.75)
700000 Non- 17 23
typable strains n/a n/a n/a n/a n/a n/a n/a 4 (0.80) n/a (1.83) (234)
Other / 16
unspecified — — — — — — — 2 (0.40)
(1.68)

serotypes

Note: n/a indicates absence of data rather than absence of cases or diagnostics. *Cochran—Armitage trend test. The laboratory confirmation
rate for 2014 reflects specific reporting characteristics of the initial surveillance period and is not directly comparable with subsequent years.
**Data for “Total salmonellosis cases referred for laboratory examination” were obtained from annual laboratory diagnostic reports of the Branch
“Scientific and Practical Center for Sanitary and Epidemiological Expertise and Monitoring” of the National Center of Public Health of the
Ministry of Health of the Republic of Kazakhstan. These figures represent the total number of salmonellosis cases registered within the laboratory
surveillance system (i.e., cases referred for laboratory examination), including both laboratory-confirmed and non-confirmed cases, and are used
exclusively as the denominator for calculating laboratory confirmation rates. These data do not represent the total number of epidemiologically
registered cases and are not intended for incidence calculation.

*** Laboratory surveillance data for 2015 were not available in aggregated form due to differences in reporting structure and coverage during
the initial phase of the national laboratory monitoring system. Therefore, 2015 data are marked as “n/a” and were excluded from laboratory trend
analyses.
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trends and interannual variability of incidence indicators and
were presented as line charts reflecting changes over time.

Statistical analysis:

Statistical data processing was performed using: SPSS
Statistics, version 26.0; Microsoft Excel 2010.
The study employed descriptive statistics, dynamic series
analysis, and trend analysis using the Cochran—Armitage test.
Ethical considerations and study limitations: The study was
based on aggregated, anonymized official statistical data and did
not require individual informed consent.
Study limitations included:
incomplete data for certain years and population groups;
pronounced interannual variability of indicators;
fluctuations in laboratory confirmation volumes across
the observation period, which may have influenced case
detection levels.
The study was approved by the Local Ethics Committee of
the Kazakhstan Medical University — Higher School of Public
Health (protocol number to be specified).

Results.

Dynamics of salmonellosis incidence in the Republic of
Kazakhstan (total population)

According to Table 1, salmonellosis incidence in the Republic
of Kazakhstan during 2013-2024 demonstrated pronounced
interannual variability with an overall decreasing direction.
From 2013 to 2017, incidence gradually declined from 8.20
to 6.10 per 100,000 population. A temporary increase was
observed in 2018, followed by a subsequent decrease in 2019—
2021, reaching the lowest value in 2021 (2.50 per 100,000).

In 2022-2024, incidence levels increased compared with the
minimum values but remained below those recorded at the
beginning of the study period. Over the entire observation period,
the average annual growth coefficient was 0.955, corresponding
to an average annual rate of decrease of 4.5% per year.

The presence of a statistically significant linear temporal trend
was confirmed using the Cochran—Armitage trend test, which
demonstrated a significant downward trend in salmonellosis
incidence over time (Z = —3.70; y*> = 13.66; p < 0.001).

Age-specific patterns of salmonellosis incidence (Figure 1 and
Table 2)

Figure 1 and Table 2 demonstrate distinct periods of increase
and decrease in salmonellosis incidence across age groups in the
Republic of Kazakhstan during 2013-2024.

Among children under 1 year, incidence declined from 28.1
per 100,000 in 2013 to 14.3 in 2016, increased to 22.0 in 2018,
then decreased to a minimum of 5.8 in 2020, followed by a
subsequent rise to 14.9 per 100,000 in 2024.

A similar pattern was observed in children aged 1-2 years,
with a decrease from 23.6 in 2013 to 17.6 in 2017, a pronounced
increase in 2018 (29.3), a sharp decline in 2020 (9.0), and
renewed growth reaching 19.0 in 2022, followed by a decrease
to 14.6 in 2024.

In children aged 3—6 years, incidence decreased during 2013—
2014, increased in 2015, declined again in 20162017, peaked
in 2018 (14.2), and reached the lowest level in 2020 (4.8), with
a subsequent increase to 11.1 in 2022 and decline thereafter.

Among children aged 7—14 years, incidence increased during
2013-2015, sharply declined in 2016, rose again in 2018,
decreased in 20192021, and increased in 2022-2023, followed

Dynamics of Salmonellosis Incidence by Age Groups, Kazakhstan (2013-2024)
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Figure 1. Trends in salmonellosis incidence by age groups in the population of the Republic of Kazakhstan, 2013-2024.
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Salmonellosis Incidence by Occupational Groups (2013-2024)
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Figure 2. Incidence of salmonellosis by occupational groups, 2013—2024 (per 100,000 population).
Note: The incidence rates shown reflect officially reported values calculated within the national surveillance system and may include zero values
in years with no registered cases in specific occupational groups.

Salmonellosis Incidence by Social Groups (2013-2024)
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Figure 3. Incidence of salmonellosis by social population groups, 2013-2024 (per 100,000 population).
Note: The incidence rates shown reflect officially reported values calculated within the national surveillance system and may include zero values
in years with no registered cases in specific occupational groups.
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Dynamics of contact tracing and examination
(salmonellosis, Kazakhstan)

Examination coverage, carriage rate
and dominance of Salmonella Enteritidis
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Figure 4. Dynamics of contact tracing, examination coverage, Salmonella spp. carriage rate and dominance of Salmonella Enteritidis in

Kazakhstan, 2014-2024.

by a slight decrease in 2024.

In individuals aged 15 years and older, incidence decreased
steadily from 7.8 in 2013 to 5.3 in 2017, increased in 2018
(6.5), declined to a minimum in 2020 (1.9), and subsequently
increased to 4.1 per 100,000 in 2024,

Table 3 summarizes the average annual incidence levels
and results of temporal trend analysis. Children under 1 year
and children aged 1-2 years demonstrated the highest mean
incidence over the study period (16.08 and 18.50 per 100,000,
respectively). In both age groups, a statistically significant
decreasing linear trend was identified (Cochran—Armitage test:
Z=-3.28,%=10.76, p=0.001 and Z = —5.15, ¥* = 26.56, p
< 0.001, respectively), despite marked year-to-year variability.

Among children aged 3—6 years and 7—14 years, mean incidence
levels were lower (9.62 and 3.59 per 100,000, respectively).
Although average annual growth coefficients in these groups
were below 1.0 (0.971 and 0.972), the Cochran—Armitage test
did not reveal a statistically significant linear temporal trend (p
= 0.48 and p = 0.12), indicating fluctuating incidence without a
consistent directional change.

In individuals aged 15 years and older, the mean incidence
was 4.93 per 100,000, with a statistically significant decreasing
temporal trend (Z = —21.46, > = 460.71, p < 0.001). A similar
statistically significant downward trend was observed in the
total population of the Republic of Kazakhstan (Z = —3.70, 2
=13.66, p <0.001).

Overall, the results demonstrate that salmonellosis incidence
in Kazakhstan is characterized by substantial interannual
variability across all age groups, with statistically significant
long-term declines confined to early childhood, adult population,
and the population as a whole, while preschool and school-
aged children exhibit persistent oscillatory patterns without a
significant linear trend.

Figure 2 illustrates the annual dynamics of salmonellosis
incidence among major occupational groups in the Republic of
Kazakhstan from 2013 to 2024.

Among clerks, incidence was highest at the beginning of the
period (7.0 per 100,000 in 2013), followed by a steady decline
to 2.4 in 2017 and 1.8 in 2019, reaching a minimum in 2021
(0.9). In subsequent years, a gradual increase was observed,
with incidence rising to 1.7 per 100,000 in 2024.
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In agricultural workers, incidence demonstrated marked
instability. After an increase from 0.3 in 2013 to 5.4 in 2014,
values declined sharply, reaching 0.0 in 2016, and remained
sporadic thereafter, with isolated low-level peaks not exceeding
0.33 per 100,000 after 2020.

Among food industry workers, incidence increased from 7.7
in 2013 to a peak of 8.1 in 2015, followed by a pronounced
decline to 1.6 in 2020. After this minimum, incidence rose
again, reaching 4.1 per 100,000 in 2024.

In healthcare workers, incidence data became available from
2016 onward. Values fluctuated between 3.9 in 2016 and 2.0 in
2020, decreased to a minimum of 0.63 in 2021, and subsequently
increased, reaching 4.2 per 100,000 in 2024, the highest value
recorded for this group.

Figure 3 presents the dynamics of salmonellosis incidence
across selected social population groups from 2013 to 2024.
Among schoolchildren, incidence increased from 4.6 per
100,000 in 2013 to a peak of 6.6 in 2015, followed by a decline
to 3.2-3.51in 2016-2017. A secondary increase was observed in
2018 (4.6), after which incidence decreased to 1.3 in 2020, with
partial recovery to 3.3 per 100,000 in 2024.

In organized children, incidence rose from 4.3 in 2013 to 9.8
in 2015, declined to 5.3 in 2016, and increased again to 8.1 in
2018. The lowest value was recorded in 2020 (2.1), followed
by renewed growth, with incidence remaining above 7.0 per
100,000 in 2022-2024.

Among non-working adults, incidence increased from 10.5 in
2013 to 12.5 in 2015, declined to 9.2 in 2017, and reached a
secondary peak in 2019 (11.3). A marked decrease was observed
in 2020 (5.7), followed by an increase to 8.0 per 100,000 in
2024.

In pensioners, incidence increased from 2.7 in 2013 to 4.3 in
2016, declined to 1.6 in 2020, and subsequently increased to 2.6
per 100,000 in 2024, remaining consistently lower than in other
social groups throughout the study period.

Data for students were available from 2021 onward, showing
an increase from 1.47 per 100,000 in 2021 to 4.75 in 2022,
followed by the absence of registered values in subsequent
years.

According to Table 4, the number of laboratory-confirmed
salmonellosis cases decreased from 1,396 in 2014 to 981 in



2024, with the lowest value observed in 2021 (500 cases). After
this decline, a moderate increase was recorded in 2022-2024.

The proportion of laboratory-confirmed cases increased
markedly over time, rising from 48.2-53.9% in 2016-2017 to
79.7% in 2018 and remaining above 93% during 2019-2024.
A significant increasing trend in laboratory confirmation was
confirmed (Z = +36.12; x> = 1304.92; p < 0.001).

From 2018 onward, Salmonella Enteritidis predominated,
accounting for 71.7% of cases in 2018 and 84.6-90.9% in
2019-2024. Salmonella Typhimurium remained the second
most frequently detected serotype, with annual proportions
ranging from 3.35% to 8.60%. Other serotypes were identified
sporadically and individually accounted for less than 3% of
cases per year.

Figure 4 shows the annual dynamics of contact tracing,
examination coverage, Salmonella spp. carriage, and the
proportion of Salmonella Enteritidis among carriers in the
Republic of Kazakhstan from 2014 to 2024.

The number of identified contact persons increased from 12,447
in 2014 to a peak of 15,080 in 2017, after which a sharp decline
was observed in 2018-2019 (to 8,926 and 3,164, respectively).
The lowest values were recorded in 2020-2021 (1,133 and
910), followed by a gradual increase to 2,913 contacts in 2024,
without reaching pre-2018 levels.

A comparable pattern was observed for examined contacts.
Their number rose from 10,145 in 2014 to 14,613 in 2017, then
decreased markedly to 2,368 in 2019 and 892-843 in 2020-
2021, with a subsequent increase to 2,167 in 2024.

Examination coverage was high during 2016-2018 (95.6—
96.9%), decreased in 2019 (74.8%), increased again in 2021
(92.6%), and subsequently fluctuated between 74.4% and
75.0% in 2022-2024.

The number of detected Salmonella carriers declined from
157 cases in 2014 to 77 cases in 2017 and 51 cases in 2019,
reaching a minimum in 2021 (10 cases). In the following years,
carrier detection fluctuated, increasing to 52 cases in 2023 and
decreasing again to 19 cases in 2024. The carriage rate varied
over time, with higher values observed in 2019-2023 and a
lower value recorded in 2024.

Throughout most of the observation period, Salmonella
Enteritidis predominated among identified carriers. Its share
exceeded 60% in 2014-2019, decreased markedly in 2020, and
increased again in 2021-2023, followed by a decline in 2024.

Discussion.

The present study demonstrated that salmonellosis incidence
in the Republic of Kazakhstan during 2013-2024 was
characterized by a statistically significant long-term decline
accompanied by pronounced interannual variability. Over the
study period, the incidence rate decreased from 8.20 to 4.90 per
100,000 population, with an average annual rate of decrease
of 4.5% per year (geometric mean, CAGR-based), which was
confirmed by the Cochran—Armitage trend test (p < 0.001). At
the same time, this trend reflects a statistical tendency across
the entire observation period rather than a uniform or steady
decrease in incidence. However, this downward trend should not
be interpreted as evidence of elimination of the epidemiological
problem, as salmonellosis is a preventable foodborne infection,
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and the registration of cases indicates the continued presence
of the pathogen in the food chain and limitations of preventive
measures at the public health level.

The combination of a statistically significant declining trend
with marked year-to-year fluctuations indicates instability of the
epidemiological situation and a strong dependence of incidence
levels on external and systemic factors. Similar patterns have
been reported in international reviews, suggesting that for
controllable foodborne infections, interannual variability more
often reflects changes in surveillance systems, sanitary control,
and behavioral factors rather than true elimination of infection
sources [1,9,24].

The sharp decline in salmonellosis incidence observed in
20202021 coincided with the COVID-19 pandemic and
reached minimum values of 2.50 per 100,000 population
in 2021. Published data suggest that reductions in reported
gastrointestinal infections during the pandemic were largely
attributable to restrictive measures, reduced population
mobility, changes in eating habits, and decreased case detection
due to reallocation of healthcare resources [8,24]. Therefore, the
minimum incidence levels recorded during the pandemic period
should be interpreted with caution and should not be regarded as
indicators of sustained epidemiological improvement or long-
term reduction of disease burden.

Throughout the study period, the age-specific structure of
salmonellosis incidence was characterized by a consistent
predominance of early childhood as the main risk group. Mean
incidence rates among children under 1 year and those aged
1-2 years were 16.08 and 18.50 per 100,000, respectively,
substantially exceeding the corresponding rate among
individuals aged 15 years and older (4.93 per 100,000). The
predominance of early childhood as a vulnerable group has
been widely described in international studies and is commonly
attributed to physiological immaturity of the immune system
and high dependence on feeding and caregiving conditions
[6,15,24].

In the present study, a statistically significant decreasing
trend was identified among children under 1 year and those
aged 1-2 years (p = 0.001 and p < 0.001, respectively), despite
pronounced interannual variability. This finding should be
interpreted as a relative reduction in reported incidence rather
than as evidence of elimination of age-specific epidemiological
risks. Similar findings have been reported in other population-
based studies, where declining incidence in early childhood has
been primarily associated with improvements in sanitation and
medical supervision rather than with elimination of fundamental
epidemiological risks [8,25].

In contrast, among children aged 3—6 years and 7-14 years,
mean incidence levels over 2013-2024 were lower (9.62 and
3.59 per 100,000, respectively), but no statistically significant
linear temporal trend was identified (Cochran—Armitage test:
p = 0.48 and p = 0.12, respectively). Persistent oscillations
with recurrent increases following minimal pandemic values
indicate the absence of sustained improvement in these age
groups. These findings suggest that the observed interannual
variability outweighs any potential long-term directional
change in incidence. Given the role of organized childcare and



school settings in shaping hygiene practices and food-related
behaviors, preschool and school-aged children should be
regarded as priority targets for systematic sanitary education
and preventive interventions, in line with findings from other
studies [6,24].

Analysis of occupational groups revealed that workers in the
food industry experienced comparatively elevated salmonellosis
incidence in certain years, reaching 7.7-8.1 per 100,000
population. Although incidence temporarily declined during
the pandemic period (to 1.6 per 100,000 in 2020), a subsequent
increase was observed, reaching 4.1 per 100,000 in 2024. The
presence of recurrent post-decline increases suggests persistent
occupational and production-related risks and indicates that
reported cases reflect not only individual susceptibility but also
potential systemic deficiencies in sanitary control at various
stages of food production, processing, and distribution [7,11].

Among social population groups, higher and more unstable
incidence levels were observed among organized children
compared with schoolchildren and pensioners. In this group,
incidence rates reached 8.1-9.8 per 100,000 population in the
pre-pandemic period, declined to 2.1 per 100,000 in 2020, but
again exceeded 7.0 per 100,000 in 2022-2024. This pattern
highlights the particular vulnerability of organized childcare
settings as environments facilitating transmission of enteric
infections and underscores the importance of institutional
factors, including catering conditions, sanitary regimes, and
hygiene education [15,24].

An important finding of the present study is the substantial
increase in the proportion of laboratory-confirmed cases,
from 48.2-53.9% in 20162017 to over 93% in 2019-2024
(p < 0.001). This increase reflects improvements in diagnostic
practices and alignment with modern requirements of sanitary-
epidemiological surveillance [14,23,26]. At the same time,
increased laboratory confirmation may influence observed
incidence dynamics and requires cautious interpretation of
temporal trends.

Differences between the total number of salmonellosis
cases registered through epidemiological surveillance and the
number of laboratory-confirmed cases observed in the present
study reflect the characteristics of the data sources used and
do not indicate inconsistencies in the data. Epidemiological
surveillance includes all registered cases based on clinical and
epidemiological criteria, whereas laboratory monitoring covers
only cases in which microbiological testing was performed and
laboratory confirmation of the pathogen was obtained.

For example, in 2016, a total 0f 2,363 salmonellosis cases were
registered by the epidemiological surveillance system, while
only 1,139 cases were laboratory-confirmed, corresponding
to a laboratory confirmation rate of 48.2%. This discrepancy
indicates that a proportion of registered cases was not laboratory-
tested, was tested outside the optimal diagnostic window, did
not yield bacterial growth, or was classified based on clinical
and epidemiological evidence alone.

During the COVID-19 pandemic period (2020-2021),
epidemiological and laboratory indicators showed closer
numerical alignment. In 2021, 380 cases were registered through
epidemiological surveillance, whereas laboratory monitoring
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recorded 500 tested and laboratory-confirmed cases. This
convergence reflects pandemic-related changes in surveillance
priorities and reporting practices, with increased reliance on
laboratory-confirmed cases.

The serovar structure of salmonellosis in Kazakhstan was
characterized by stable dominance of Salmonella Enteritidis,
accounting for more than 80% of laboratory-confirmed cases
in recent years, with Salmonella Typhimurium consistently
occupying the second position. This distribution corresponds to
international and regional data [1,3,4,9,16,24,27]. Persistence
of a stable serovar pattern over time indicates the continued
presence of common infection sources, primarily associated with
animal-derived food products, and suggests that fundamental
epidemiological risks have not been eliminated.

Strengths of the study include a long observation period (2013—
2024), nationwide coverage, and the use of official data from the
national sanitary-epidemiological surveillance system, ensuring
high completeness and reliability of registered salmonellosis
cases at the population level.

Limitations.

Limitations of the study are primarily related to the
characteristics of the source data. First, the analysis was
based on aggregated surveillance datasets, which precluded
assessment of individual-level risk factors and stratified
analyses beyond the categories defined in official reporting
forms. Second, incidence rates per 100,000 population for
occupational and social groups were obtained directly from
national surveillance reports and were not recalculated by the
authors. Information on the exact denominator populations
used in these calculations was not available in the aggregated
datasets, limiting independent verification and standardization
of these indicators. Third, incomplete data for certain years
and population groups resulted in missing values, which were
treated as absence of reporting rather than absence of cases
and restricted the analysis of long-term dynamics for selected
indicators. These missing values primarily reflect differences
in reporting frameworks and transitional stages of laboratory
surveillance implementation rather than true absence of cases.
Finally, the absence of molecular typing data for Salmonella
isolates limited the ability to assess genetic relatedness of
circulating strains and to investigate transmission pathways.

Conclusion.

In conclusion, the observed declining trend in salmonellosis
incidence in the Republic of Kazakhstan should be interpreted
as arelative improvement in reported epidemiological indicators
rather than as resolution of the problem. The findings reflect
changes in surveillance intensity, diagnostic coverage, and
external factors, including the COVID-19 pandemic, rather than
a consistent long-term reduction in infection risk. Salmonellosis
remains an indicator of vulnerabilities in the food safety system
and population sanitary culture. The results support the need
to shift the focus from case registration toward prevention,
including strengthening food chain control, implementing
systematic sanitary education of the population, and prioritizing
preventive interventions in organized childcare settings and
occupational risk groups.
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