
Abstract
Objects for Targeted Surveillance (OTS) are infrastructure

entities that can be considered as focal points and conduits for
transmitting infectious animal diseases, necessitating ongoing epi-
demiological surveillance. These entities encompass slaughter-
houses, meat processing plants, animal markets, burial sites, vet-
erinary laboratories, etc. Currently, in Kazakhstan, a funded
research project is underway to establish a Geographic
Information System (GIS) database of OTSs and investigate their
role in the emergence and dissemination of infectious livestock

diseases. This initial investigation examined the correlation
between brucellosis outbreaks in cattle and small ruminant farms
in the southeastern region of Kazakhstan and the presence of
OTSs categorized as “slaughterhouses,” “cattle markets,” and
“meat processing plants. The study area (namely Qyzylorda,
Turkestan, Zhambyl, Almaty, Zhetysu, Abay and East Kazakhstan
oblasts), characterized by the highest livestock density in the
country, covers 335 slaughterhouses (with varying levels of biose-
curity), 45 livestock markets and 15 meat processing plants.
Between 2020 and 2023, 338 cases of brucellosis were reported
from livestock farms in this region. The findings of the regression
model reveal a statistically significant (p<0.05) positive associa-
tion between the incidence of brucellosis cases and the number of
OTSs in the region. Conversely, meat processing plants and live-
stock markets did not exhibit a significant influence on the preva-
lence of brucellosis cases. These results corroborate the hypothe-
sis of an elevated risk of brucellosis transmission in regions with
slaughterhouses, likely attributable to increased animal move-
ments within and across regions, interactions with vehicles and
contact with slaughterhouse staff. These outcomes mark a pivotal
advancement in the national agricultural development agenda. The
research will be extended to encompass the entire country, com-
piling a comprehensive OTS database.

Introduction
Today, a significant proportion of contagious diseases affect-

ing humans are zoonoses. Often, epizootics of zoonotic infections
pose a real threat to the health and lives of the human population
that can lead to substantial economic losses in agriculture. It is
known that the dynamics of the epidemic process of many socially
significant zoonoses in a certain territory are influenced by the
presence of “epidemically significant veterinary facilities”
(Dudnikov et al., 2008; Counotte et al., 2016) hereinafter referred
to as “Objects for Targeted Surveillance” (OTS). Those objects are
infrastructure facilities that require constant monitoring and
surveillance because of the risk for disruption and deterioration of
the epidemiological situation, which may lead to the emergence
and spread of diseases with significant epidemiological, environ-
mental, economic and social consequences. OTS can thus be
understood as facilities that concentrate and increase the risk for
the spread of contagious diseases (Dzhupina, 2004; Mamadaliyev
et al., 2010; An et al., 2023)

The list of OTS includes animal burial grounds (Beccari pits),
collection of animal carcasses, biological waste disposal facilities,
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slaughterhouses, veterinary laboratories, zoos, hunting grounds,
meat processing plants, etc. They all require strict control and
supervision because non-compliance with sanitary and hygienic
requirements and deterioration of the epidemiological situation at
these sites can facilitate the emergence and spread of diseases.
This, in turn, will have a significant negative impact on the health
and safety of animals and humans. In the Russian Federation, the
following classification of veterinary OTSs is proposed: agricul-
tural, veterinary, municipal and others (Dudnikov et al., 2008;
Belchikhina et al., 2011). Information on OTS is essential for
assessing and interpreting the intensity of the epizootic process and
planning anti-epizootic measures.

Kazakhstan is traditionally considered an agrarian country.
According to official statistics from 2023, agriculture accounts for
4.7% of the Gross Domestic Product (GDP) of the country, mainly
producing meat, dairy products, wool and leather from livestock
products (UNECE Data Portal, 2024). The industry’s gross output
structure shows a significant share of products from private, sub-
sidiary farms. Approximately 80% of agricultural products in
Kazakhstan are sold as raw materials without processing, while
finished products often have low competitiveness (Muminov,
2019). The majority of farm animals are kept on private farms by
the rural population (Shaikenov et al., 2003). Owners of private
farmsteads utilize livestock products for personal consumption.
Simultaneously, some segments of the population sell a portion of
these products through intermediaries in the market or directly to
neighbours, acquaintances, and relatives. Industrial livestock
breeding is also progressing in Kazakhstan. According to official
statistics, currently, 10% of cattle and 5.8% of small ruminants are
housed in large industrial enterprises, while 41.6% of cattle and
49.9% of small ruminants are owned by individual entrepreneurs
and peasant farms (Beauvais et al., 2017).

Brucellosis is one of the zoonotic infections, the registration
and spread of which directly depends on human economic activity
(Corbel, 1997; Rubach et al., 2013). Humans become infected with
brucellosis only through direct contact with infected animals. Such
situations often occur during the calving of sheep and cows,
slaughtering of animals, cutting of carcasses, etc. A person can also
get infected by consuming dairy products from brucellosis-infect-
ed animals that have not undergone thermal treatment or alterna-
tively by inhaling the pathogens present in the air (Pappas et al.,
2005; Papadatos et al., 2017). The main causes of infection are
violations of sanitary and hygienic rules and requirements at the
relevant OTS such as livestock farms, enterprises for production
and processing of livestock products, slaughterhouses, etc.
(Corbel, 1997; Ergazina et al., 2013).

Brucellosis in humans is characterized by a severe, chronic
course and affects all organs of the human body, including the car-
diovascular, nervous, and reproductive systems (Hasanjani
Roushan & Ebrahimpour, 2015; Jin et al., 2023). Globally, approx-
imately 2.1 billion human cases are estimated annually (Laine,
2023). Brucellosis is currently a serious problem in Kazakhstan
affecting both veterinary and public health. For many years, the
country has experienced a high incidence and prevalence of this
disease among animals, posing a significant risk of transmission to
humans (Syrym et al., 2019; Yespembetov et al., 2019). According
to numerous publications, the widespread occurrence of brucel-
losis in animals in Kazakhstan can be attributed to factors such as
the low efficiency of preventive measures, non-compliance with
sanitary and hygienic norms in livestock breeding, production, and
processing of livestock products, inadequate provision of veteri-

nary services, as well as natural and climatic factors (Shevtsova et
al., 2019; Syrym et al., 2019; Yespembetov et al., 2019; Abutalip
et al., 2024). The current epizootic situation on brucellosis shows
564 outbreaks among cattle and 135 outbreaks among small rumi-
nants from 2020 to 2023. There is a consistent trend of a yearly
decrease in the number of reported outbreaks. For instance, in
2020, there were 223 outbreaks of brucellosis in cattle, which
decreased to 83 by 2023. A similar pattern is evident for brucellosis
among small ruminants.

Although the disease is widespread throughout the country,
different regions have varying levels of incidence among animals
and humans. This discrepancy is attributed to the influence of var-
ious socioeconomic and natural-climatic factors (Shevtsova et al.,
2019; Syrym et al., 2019).

According to Yespembetov et al. (2019), certain regions of
Kazakhstan, particularly the southern and western areas, are more
vulnerable to brucellosis due to factors, such as high livestock den-
sity, warmer climate and livestock production conditions.
Ryskeldinova et al. (2021) reached similar conclusions; their
research indicates that ineffective livestock husbandry practices,
such as the lack of specific preventive measures and inadequate
biological protection on farms, contributing to the transmission of
brucellosis among animals.

In the last few years, the annual incidence in cattle has been
about 0.6% and in small ruminants (sheep and goats) about 0.4%
(Charypkhan et al., 2019). Brucellosis in humans in Kazakhstan
was first registered in 1932, and since then, the country has
become endemic for this infection (Shevtsova et al., 2016).
Currently, the country has more than 1,300 registered cases of
human brucellosis annually (7.6 per 100,000 inhabitants), and this
rate is one of the highest in the world (Charypkhan et al., 2019;
Laine et al., 2023). The most potentially dangerous objects are
considered to be organized livestock farms engaged in breeding
cattle, ruminants, camels, pigs, etc. Another category of infection
spreaders is presented by small-scale private farms, mainly owned
by the rural population (Shevtsova et al., 2019)

Facilities engaged in animal slaughter (including sanitary
slaughter of sick animals) and processing of slaughter products are
another type of dangerous objects. At such facilities, contact with
sick animals and their carcasses can infect workers, and the sale of
meat products contaminated with Brucella bacteria creates a risk
of transmission to consumers (Mioni et al., 2018; Ayoola et al.,
2017; An et al., 2023). Thus, Mioni (2018), in a study of the system
of veterinary and sanitary control of slaughterhouses in Brazil,
found that 2.2% of samples taken in slaughterhouses were positive
for brucellosis, making them potential sources of transmission of
brucellosis to humans through contaminated meat products. A spe-
cific issue is linked to the contamination of soil, water, and other
environmental elements by the brucellosis pathogen due to the
negligence of workers at livestock farms, processing plants, own-
ers of infected animals on private farms, and veterinary workers
providing services to infected animals. Charypkhan and Rüegg
(2022) indicate that brucellosis can contaminate soil and water
sources in areas where animals are buried or disposed of, potential-
ly leading to the transmission of the disease to other animals and
humans. Other studies also focus on assessing the prevalence of
brucellosis at livestock-related facilities and its potential impact on
their staff (Madut et al., 2019; Bugeza et al., 2024; Kakooza et al.,
2022).

According to Liu et al. (2024), veterinary laboratories that test
and diagnose brucellosis may also be at risk of contamination and
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the spread of infection, necessitating stringent biosecurity mea-
sures to prevent the disease from spreading. In general, the pres-
ence (circulation and/or persistence) of the brucellosis pathogen in
veterinary-related OTS will undoubtedly impact public health, ani-
mal welfare, and the economy of a region. To prevent the spread of
the disease, these facilities must implement strict biosecurity mea-
sures, proper waste management practices, and regular monitoring
and testing for brucellosis. Based on the above, the present pilot
study aimed to examine the degree of influence of various “epi-
demiologically significant veterinary facilities” (or OTS) on the
epidemiological situation of brucellosis in Kazakhstan. This would
further enable the development of specific approaches to reduce
the spread of the disease by these facilities and mitigate the risks
to both public and livestock health.

Materials and Methods

Study area
Kazakhstan, situated in Central Asia, is one of the largest coun-

tries in the world, ranking 9th in terms of area. Despite being the
largest landlocked country globally, Kazakhstan benefits from a
strategic geographical location, sharing borders with key trade and
economic partners, such as Russia and China. To the south, it bor-

ders Kyrgyzstan, Uzbekistan, and Turkmenistan, countries with
which it maintains strong trade, economic and cultural relation-
ships.

The study area includes seven first-level administrative units
(“oblasts”) in the southern and south-eastern parts of Kazakhstan:
Abai, Almaty, East Kazakhstan, Kyzylorda, Turkestan, Zhambyl,
and Zhetisu. These oblasts were chosen for two main reasons: first-
ly, because they appear in the most comprehensive database on
Objects for Targeted Surveillance (OTS) available at the time of
writing; and secondly, because of the highest livestock density,
making this region the most at risk for the spread of contagious
livestock diseases. Administratively, the study regions are divided
into 70 second-level units (districts and urban areas), which were
the units of analysis in our study (Figure 1). The area of the dis-
tricts varies from 531 to 114,720 km². The cattle population densi-
ty ranges from 0 to 161 heads/km² with an average value of 6.6
heads/km². The density of small ruminants ranges from 0 to 277
heads/km² with an average of 18.9 heads/km².

Objects for targeted surveillance
In this study, OTS were defined as infrastructure facilities that

require constant veterinary control and supervision and can act as
concentrators and facilitators of risk regarding the spread of conta-
gious animal diseases. Following Dudnikov et al. (2008) and
Belchikhina et al.  (2011), we categorized all OTSs into four main
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Figure 1. The study area in Kazakhstan, brucellosis cases at livestock farms, and Objects for Targeted Surveillance (OTS).
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categories: i) veterinary facilities (veterinary laboratories, animal
burial grounds, bio-waste disposal facilities, veterinary pharma-
cies, clinics, etc.); ii) agricultural or production facilities (farms,
meat processing plants, agricultural storage facilities, slaughter-
houses, etc.); iii) utilities (airports, train stations, research facili-
ties, landfills); iv) other (animal exhibitions, nature reserves, zoos,
hippodromes, hunting farms, kennels, etc.).

The study area was the first region in Kazakhstan, for which a
complete database of OTS (slaughterhouses, processing plants and
livestock markets) was collected. In Kazakhstan, two types of
slaughter spots can be distinguished: i) slaughterhouses and ii)
slaughter grounds. The former occupy well-equipped buildings
and can be considered as high-biosecurity slaughterhouses (Figure
2), while the latter typically represent simpler locations with less
equipment and biosecurity and can thus be considered low-biose-
curity slaughterhouses (Figure 3).

Each OTS’s name, geographical coordinates, and activity pro-
file were entered into the geographical information systems (GIS)
database. A scheme of cartographic visualization of OTS using
unique symbology was developed using ESRI *.style file format.

Livestock farms
In the course of research activities aimed at creating a digital

database of agricultural facilities in Kazakhstan, farms for keeping

and breeding cattle and small ruminants in the country were locat-
ed, georeferenced, and documented. In the study area, 2,704 cattle
farms with populations ranging from one to 97,627 head (with an
average of 1,634 head) and 1002 small ruminant farms with popu-
lations ranging from one to 167,918 head (with an average of
15,303 head) were identified. The GIS database would include
attributes such as geographic coordinates and the livestock popula-
tion on each farm.

Brucellosis data
In the period from 2020 to 2023, 339 cases of brucellosis were

registered in the study region. Among these cases, 228 (67%)
occurred on cattle farms, and 111 (33%) on small ruminant farms.
In this study, a case is understood as a recorded and laboratory-
confirmed emergence of brucellosis at a single farm, identified by
geographical coordinates. Confirmation the of the diagnosis is
made by district veterinary laboratories of RSE REM «Republican
Veterinary Laboratory», which is part of the Committee of
Veterinary Control and Supervision of the Ministry of Agriculture
of the Republic of Kazakhstan using the Complement Fixation Test
(CFT). Additionally, ELISA tests are performed when necessary.
In accordance with the national brucellosis control strategy, the
Republic conducts bi-annual testing to monitor 100% of cattle and
small ruminants.
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Figure 2. An example of a “high-biosecurity slaughterhouse” (Belkol village at Kyzylorda region). Images taken by the authors.
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The research method
To identify the potential influence of OTS on the incidence of

brucellosis in each district, we conducted regression analysis using
a linear negative binomial regression model (Juarez-Colunga &
Dean, 2024). The choice of this regression model was based on the
over-dispersion of the dependent variable, which is the number of
brucellosis cases in each district of the model region. The potential
explanatory variables considered were the number and density of
cattle, the number and density of small ruminants, the number of
cattle and small ruminant farms, and the number of OTSs of each
of the four types (livestock markets, meat processing plants, high-
security slaughterhouses and low-security slaughterhouses) (refer
to Table 1). The rationale behind including livestock number and
population density was the natural assumption of a correlation

between incidence and the number of susceptible animals and
farms. To address multicollinearity, a preliminary correlation anal-
ysis of all variables was conducted, with a threshold value of |r| <
0.7. In order to develop the regression model, a stepwise exclusion
of insignificant variables was employed to meet the minimum of
Akaike’s criterion (Venables and Ripley, 2002).

Software
The GIS ArcGIS Desktop 10.8.2 (ESRI, Redlands, CA, USA)

was used for data visualization and spatial analysis. Data system-
atization and preparation were performed using the Microsoft
Excel package (Redmond, WA, USA). Regression analysis was
performed using statistically oriented R software, v 4.2.1 (R Core
Team, 2022).
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Figure 3. An example of a “low-biosecurity slaughterhouse” (Bayzak district of the Zhambyl region). Images taken by the authors.

Figure 4. An example of symbols for the cartographic representation of objects for targeted surveillance (OTS). From left to right: animal
burial grounds, high-biosecurity slaughterhouses, low-biosecurity slaughterhouses, veterinary pharmacies, bio-waste disposal facilities,
small ruminants farms, and meat processing plants.
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Results

Database of objects for targeted surveillance
The OTS database compiled at this stage for the study region

includes 395 objects categorized as follows: i) cattle markets (N =
45), ii) meat processing plants (N = 15), iii) high-biosecurity
slaughter facilities (N = 112), iv) low-biosecurity slaughter facili-
ties (N = 223). Figure 4 shows an example of the cartographic
symbols representing some OTS. These symbols are intended for
use on detailed maps to depict locations of OTSs and their associ-
ated epidemiological information.

Regression analysis
The preliminary correlation analysis revealed no significant

correlation between the explanatory variables; therefore, all of
them were used for modeling. The regression analysis conducted
on the number of brucellosis cases in each of the study districts
allowed us to obtain a model of satisfactory quality. After step-by-
step exclusion of insignificant variables, the following factors
remained: the number of cattle farms, the number of cattle popula-
tions, the number of meat processing enterprises, and the number
of slaughterhouses of low and high biosafety (Table 2). All vari-
ables, except for the number of meat processing plants, demon-
strated statistical significance.

Discussion
OTS are infrastructure facilities that can be considered as hubs

and conductors for the risk of spreading animal diseases and

require constant monitoring of the epidemic state. They can have a
significant impact on the epizootic and epidemic situation of bru-
cellosis at various scales: regional, district, or local. Facilities such
as farms involved in livestock breeding, slaughterhouses, meat
processing enterprises (particularly those involved in the sanitary
slaughter of brucellosis-positive animals) and milk and dairy pro-
duction enterprises play a crucial role in the epizootic process of
brucellosis (Godfroid et al., 2011; Al Jindan, 2021; An et al.,
2023). In our study, we made the first attempt in Kazakhstan to
directly identify the relationship between the presence of OTSs in
an area and the intensity of brucellosis cases among cattle and
small ruminants. Although the applied regression model demon-
strated a relatively low R2 of 0.34, it was not intended to capture
all possible factors influencing the occurrence of brucellosis on
farms. Instead, it aimed to identify statistically significant relation-
ships. The results demonstrate that the number of brucellosis-pos-
itive farms is correlated with the number of slaughterhouses of dif-
ferent biosafety levels at the level of statistical significance. This
relationship can be explained by the greater intensity of animal
movement in these regions towards slaughterhouses (including
those from other areas), leading to more frequent contact and con-
tributing to the spread of the disease (de Araújo et al., 2022).
Additionally, the spread of the disease can be facilitated by the
contact of slaughterhouse staff with healthy animals, as well as
contamination of the soil and the environment in general. The pos-
itive relationship with the number of cattle farms and negative
relationship with the number of cattle may indicate a tendency for
brucellosis to emerge in areas with a large number of farms with
low livestock population, i.e. in areas with a predominance of
small-scale production with a lower level of biosafety.

The presence and number of meat processing plants showed a
negative relationship with the number of brucellosis cases.
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Table 1. Variables used as potential explanatory factors in the regression model.

Variable                                                                                          Measurement units                                        Range per district

Number of brucellosis positive farms                                                     units                                                          4.8 (0–36)
Number of cattle farms                                                                               units                                                          38.6 (0–131)
Number of small ruminants farms                                                           units                                                         14.3 (0–30)
Cattle population                                                                                         head                                                     63,117 (0–187,280)
Small ruminants population                                                                     head                                                 219,064 (0–836,037)
Cattle density                                                                                          heads/km2                                                   6.66 (0–161.03)
Small ruminants density                                                                      heads/km2                                               18.91 (0–276.97)
Number of meat processing plants                                                             units                                                            5.6 (0–24)
Number of livestock markets                                                                   units                                                          0.6 (0–10)
Number of high biosafety slaughter facilities                                            units                                                            1.6 (0–19)
Number of low biosafety slaughter facilities                                          units                                                          3.2 (0–17)

Table 2. Regression metrics of the model that connects the number of brucellosis cases with the potential explanatory variables.

Variable                                         Regression coefficient                   Standard Error                  Z-value                              p-value

(Intercept)                                                              0.476                                                 0.272                                  1.747                                        0.080
Number of cattle farms                                         0.031                                                 0.008                                  4.009                                      <0.001
Cattle population                                                -0.00001                                           0.000004                              -2.024                                       0.043
Number of meat processing plants                      -0.190                                                0.101                                 -1.882                                       0.059
Number of HB slaughterhouses                           0.335                                                 0.132                                  2.535                                        0.011
Number of LB slaughterhouses                            0.230                                                 0.096                                  2.382                                        0.017
Note: Statistically significant dependencies are highlighted in bold (p<0.05)
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However, due to the lack of statistical significance of this factor
(p>0.05), this is likely because meat processing enterprises consti-
tute only 3.7% of the total number of OTS. However, this correla-
tion cannot be explained within the scope of this study.

The conducted analysis is a pilot project aimed at identifying
the impact of OTS on the occurrence of brucellosis in a region of
the country with incomplete data on OTS categories. As additional
data is collected on other categories of OTS, including the national
scale, this analysis will be continued and conducted using
advanced methods of spatial statistical analysis (such as analysis
using a regular grid instead of linking to administrative districts).

In general, the pattern revealed at this preliminary stage con-
firms the initial hypothesis about the influence of the presence of
OTS on the presence and intensity of an infectious disease. The
results of our analysis can serve as a justification for the need to
increase biosafety measures at slaughterhouses in the region, as
well as further systematization and digitalization of OTS country-
wise. This will enable a prompt assessment of the risks of the
spread of particularly dangerous animal and human diseases.
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