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Introduction: Ruminant production in the Black Sea basin (BSB) is critical for 
national economies and the subsistence of rural populations. Yet, zoonoses and 
transboundary animal diseases (TADs) are limiting and threatening the sector. To 
gain a more comprehensive understanding, this study characterizes key aspects 
of the ruminant sector in nine countries of the BSB, including Armenia, Azerbaijan, 
Belarus, Bulgaria, Georgia, Moldova, Romania, Türkiye, and Ukraine.

Methods: We selected six priority ruminant diseases (anthrax, brucellosis, Crimean 
Congo haemorrhagic fever (CCHF), foot-and-mouth disease (FMD), lumpy skin 
disease (LSD), and peste des petits ruminants (PPR)) that are present or threaten to 
emerge in the region. Standardized questionnaires were completed by a network 
of focal points and supplemented with external sources. We examined country 
and ruminant-specific data such as demographics, economic importance, and 
value chains in each country. For disease-specific data, we analysed the sanitary 
status, management strategies, and temporal trends of the selected diseases.

Results and discussion: The shift from a centrally planned to a market economy, 
following the collapse of the Soviet Union, restructured the ruminant sector. 
This sector played a critical role in rural livelihoods within the BSB. Yet, it faced 
significant challenges such as the low sustainability of pastoralism, technological 
limitations, and unregistered farms. Additionally, ruminant health was hindered 
by informal animal trade as a result of economic factors, insufficient support for 
the development of formal trade, and socio-cultural drivers. In the Caucasus and 
Türkiye, where diseases were present, improvements to ruminant health were 
driven by access to trading opportunities. Conversely, European countries, mostly 
disease-free, prioritized preventing disease incursion to avoid a high economic 
burden. While international initiatives for disease management are underway 
in the BSB, there is still a need for more effective local resource allocation and 
international partnerships to strengthen veterinary health capacity, protect animal 
health and improve ruminant production.
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1. Introduction

Livestock production is critical for the subsistence of rural 
populations as a source of food, income, transportation, hides, 
and fertilizers, contributing to 40% of the agricultural economy 
worldwide (1). However, in recent decades, there has been a surge 
and spread of endemic and exotic diseases affecting livestock (2, 
3), which significantly impact the sector and threaten public 
health and welfare (4). This surge has been intensified by several 
factors, including the high increase in international trade of 
animals and animal products (3), rise in intensive farming driven 
by higher market demands for animal protein and increasing 
middle-class purchasing power (5–7), changes in land use (8), 
shifts in migration and tourism patterns (9), and the effects of 
climate change (9).

TADs such as foot-and-mouth disease (FMD), lumpy skin disease 
(LSD), and peste des petits ruminants (PPR), along with zoonoses, 
particularly anthrax, brucellosis (Brucella abortus and Brucella 
melitensis), and Crimean Congo haemorrhagic fever (CCHF) (Table 1) 
are diseases that are either threatening ruminants or emerging in the 
Black Sea Basin (BSB). Ruminant production is the most important 
livestock subsector in most countries in the region, ensuring food 
security for rural populations and contributing significantly to 
national economies (16–25).

Nevertheless, key aspects linked with the dynamics of these 
diseases in the region remain poorly understood. Knowledge gaps 
include disease geographic coverage and prevalence, morbidity and 
mortality rates, economic impact, and risk factors influencing their 
spread and persistence. These gaps arise from weaknesses in a country’s 
veterinary management programmes, which can be associated with 
lack of human resources (authorities, veterinarians and technicians) to 
sustain them, inadequate government funding for agriculture or 
livestock sectors, limited surveillance coverage (26), insufficient 
legislative action, and lack of support for implementing biosecurity 
measures (27). As a result, disease reporting is delayed, incomplete or 
biased, leading to ineffective responses to disease outbreaks (28, 29). 
These challenges are more pronounced in rural areas of lower to 
middle-income countries, as the BSB, where social inequality persists. 
In these regions, livestock, particularly ruminants, are ubiquitous and 
critical for livelihoods, and animal diseases hinder food security and 
the sector’s development.

This study characterizes ruminant production and its importance 
around the BSB and describes the disease status and management 
efforts (i.e., surveillance and control activities) for the selected 
ruminant diseases (Table  1) in nine countries of the region (i.e., 
Armenia, Azerbaijan, Belarus, Bulgaria, Georgia, Moldova, Romania, 
Türkiye, and Ukraine). It also explores the most relevant factors that 
may influence the incursion and spread of these diseases in the region.

TABLE 1 Overview of the studied diseases.

Disease Agent Main domestic 
host (s)

Transmission Vaccine 
availability

Zoonoses

Bacterial

Anthrax (10) Bacillus anthracis All mammals
Contact with B. anthracis 

spores
Yes

Brucella (11)
Brucella abortus Cattle

Direct/indirect contact Yes
Brucella melitensis Sheep and goats

Viral

CCHF (12)

CCHF virus

 • g. Orthonairovirus

 • f. Nairoviridae

Cattle, sheep, and 

goats
Tick-borne No

TADs

FMD (13)

FMD virus

 • g. Aphthovirus

 • f. Picornaviridae

Cattle, sheep, goats, 

and swine
Direct/indirect contact Yes

LSD (14)

LSD virus

 • g. Capripoxvirus

 • f. Poxviridae

Cattle Arthropod vector Yes

PPR (15)

Small ruminant 

morbilivirus

 • g. Morbillivirus

 • f. Paramixoviridae

Sheep and goats Direct contact Yes

g.: genus, f.: family.
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2. Materials and methods

The current paper is a component of the GCP/GLO/074/USA 
project, which contributes to the broader “Global Framework for 
the Progressive Control of Transboundary Animal Diseases 
(GF-TADs)” initiative. This project targets nine countries located 
around the BSB, namely Armenia, Azerbaijan, Belarus, Bulgaria, 
Georgia, Moldova, Romania, Türkiye, and Ukraine. Herein, 
Armenia, Azerbaijan, and Georgia are referred to as “Caucasus,” 
when the statement is true for the three countries, and Türkiye is 
referred to as either “Thrace” or “Anatolia” when specific differences 
apply to each of the regions.

The primary focus of the project is on six diseases that are relevant 
for the region: anthrax, brucellosis, CCHF, FMD, LSD, and 
PPR. Consequently, this study focused on domestic ruminants (cattle, 
sheep and goats), which are the animal species most impacted by these 
diseases. These species are also interchangeably referred to as large 
ruminants (LR) and small ruminants (SR).

A report template was designed to collect information from each 
of the participating countries (Supplementary material S1). This 
document was developed by four authors of this paper (AA, DB-A, 
JC, and MA) as a semi-structured questionnaire. The selection of 
topics was based on the project’s objectives and aimed at addressing 
knowledge gaps in the BSB about the ruminant sector and the impact 
of the selected diseases. The initial version of the document was 
presented and shared with respondents from the nine participating 
countries during a virtual meeting. The final version of the report 
template accounted for edits and suggestions provided by 
the participants.

The report template was divided into two sections. The first 
section focused on the ruminant demographics, types of ruminant 
production, national and international trade, livestock markets, 
slaughterhouses, seasonal movements, and value chains. The 
second section focused on the six targeted diseases, requesting 
information on disease status, recent outbreaks, surveillance and 
control activities, awareness campaigns, and research activities 
in place.

Moreover, each report template requested information in two 
formats: narrative answers (e.g., description of a system or production 
type) and quantitative data in a database format (e.g., Excel datasheet). 
In some cases, quantitative data could complement descriptive 
information. To have high-quality figures, we requested the highest 
level of detail (e.g., the number of smallholder farms at the smallest 
administrative level) and, when applicable, exact locations (e.g., 
georeferenced locations of a livestock market). Further instructions 
prompted respondents to refer to additional documents like local 
veterinary authority national reports and national publications (i.e., 
grey literature).

One focal point (FP) of each participating country was appointed 
by FAO to answer the report template and collect country-specific 
information. FPs were carefully selected based on previous 
collaborations, the quality of their work, their expertise in the 
ruminant sector and selected diseases, and access to the data necessary 
for further analyses. FPs were based in each respective country and 
were working (or had recently worked) within relevant national 
institutions (e.g., veterinary services, food safety authorities, or 
national laboratories), during data collection. All nine FPs are 
co-authors of this paper.

FPs received the report template via email, filled it in with 
preliminary information, and iteratively and upon request, added 
further detail, following a back-and-forth exchange of emails and 
virtual meetings. Data collection was carried out by the FPs in 
collaboration with local peers, and all activities were coordinated with 
national authorities to request and obtain approval for data sharing. 
Data collection took place between October 2020 and December 2021.

Descriptive information and quantitative data were obtained 
and analysed from completed report templates. Then, data were 
assessed, and specific topics were selected to examine in this paper. 
To complement data on these topics, information was sourced from 
national reports and websites of the Food and Agriculture 
Organization of the United Nations (FAO), the World Organisation 
for Animal Health (WOAH), and the World Bank. To assess the 
economic importance of ruminant production for each country, 
we sourced data for the gross production value (GPV) of the main 
domestic production species from FAOSTAT (30). To find the 
proportional contribution of ruminant GPV to each country, 
we divided GPV for cattle, sheep, and goats, by the total GPV for all 
domestic species in 2020. Finally, ruminant distribution maps for 
ruminant populations (31–33) were sourced from FAO-NSAL 
(FAO’s Livestock Information, Sector Analysis and Policy) branch.

Quantitative data was managed, cleaned, harmonized, and 
collated in Microsoft Office Excel (2019), RStudio® (34), and analysed 
and visualised in Quantum GIS (35) and RStudio® (34).

3. Results

Selected topics from the nine participating countries were 
organized into two sections following the structure of the report 
template: (1) study region and ruminant-specific information, and (2) 
disease-specific information.

3.1. Study region and ruminant-specific 
information

3.1.1. Study region
The main political changes and affiliations from countries of the 

study region between 1988 and 2021 are illustrated in Figure  1. 
Supplementary material S2 summarizes data for human and ruminant 
demographics, relevant economic indicators, and other characteristics of 
ruminant production. In 2020, most countries were classified as upper-
middle-income economies, with the exceptions of Ukraine and Romania, 
which had a lower-middle-income economy and a high-income 
economy, respectively (36). The median GDP per capita of each region 
in 2020 was $4,547 USD, ranging from $3,725 USD in Ukraine to 
$12,896 USD in Romania. For livestock production indicators, Moldova 
and Bulgaria had the lowest contribution to agricultural 
GDP at 23%, while Belarus had the highest at 57% (30). The proportion 
of ruminant GPV (per total domestic production species) ranged between 
23% in Moldova to 92% in Belarus (30). Further details about this 
indicator are supplied in Supplementary material S3.

3.1.2. Ruminant demographics
The ruminant distribution varied significantly throughout the 

study region, both for LR and SR. LR heads ranged from 159,000 in 
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Moldova to 18 million in Türkiye, whereas SR heads were lowest in 
Belarus (148,000) and highest in Türkiye (54 million). Figure  2 
illustrates the spatial distribution for LR and SR in the region and 
shows higher abundance of LR in Belarus, certain regions of Türkiye, 
western Georgia, and Azerbaijan, and higher number of SR in parts 
of Türkiye (Thrace and southeast Anatolia), Romania, and 
Azerbaijan. Additionally, the figures highlight lower LR populations 
in Ukraine, Moldova, southern Romania, and northern Bulgaria, and 
lower SR populations in Belarus, Ukraine, Moldova, and 
northern Bulgaria.

3.1.3. Production types
Countries classified ruminant production types using distinct 

terminology. To allow for comparisons, production types were 
grouped based on herd size and commercial purpose into 
smallholder and commercial farms, as defined in 
Supplementary material S6. In the Caucasus and Romania, over 90% 
of cattle farms were smallholdings, while Belarus had the highest 
proportion of cattle production in commercial herds. Across the 

entire region, more than 75% of herds keeping sheep and goats 
were smallholdings.

3.1.4. Animal identification and registration 
systems

Most countries in the BSB had established National Animal 
Identification and Traceability Systems (NAITS). In contrast, the 
Caucasus had NAITSs under development, but not yet fully 
implemented at the time of data collection. In Azerbaijan, this system 
was being developed through a European Commission (EC) 
framework. It entered a regional pilot stage in late 2021 and began a 
country-wide phased implementation over 2022 (37). In Armenia, the 
Centre of Agribusiness and Rural Development (CARD), with support 
from the Austrian Development Agency (ADA) (38, 39), developed 
and conducted a pilot of its NAITS in the cattle sector in January 2022. 
Similarly, in Georgia, after a 5-year project supported by FAO and 
financed by the ADA and the Swiss Agency for Development and 
Cooperation (SDC) (40), the system was launched nationwide in 
February 2022 (40).

FIGURE 1

Political affiliations from 1988 to 2021 for the studied countries.

FIGURE 2

Distribution of large ruminants (LR) – cattle – and small ruminants (SR) – sheep and goats – in the study region. Source: GLW4 (Gridded Livestock of 
the World) data modified with countries’ data and adjusted for FAOSTAT 2020 (31–33).
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3.1.5. National trade of live ruminants
Recordings of live animal movements were linked to the existence 

of a NAITS in each country. Therefore, most countries in the region 
recorded these movements within a national centralized database. 
Each registration included information regarding the individual 
identification of the animal and the farm of origin, the destination 
farm, and a veterinary health report issued by an official veterinarian.

Conversely, Georgia did not have a recording system for animal 
movements. In Armenia and Azerbaijan, movements between 
provinces were registered, but the record consisted solely of a paper-
based veterinary health certificate. These records were issued by 
official veterinarians and archived in regional divisions. There were no 
centralised databases for recording live animal movements in these 
three countries.

Live animal movements were characterized by a seasonal pattern 
that is not detailed in this paper. Nevertheless, it is worth noting that 
these movements significantly surged during cultural-religious 
celebrations such as Novruz, Kurban Bayram, and Ramadan Bayram 
in Azerbaijan and Türkiye, in which animals are transported to cities 
to be ritually slaughtered. Similarly, Easter and St George’s Day in 
Bulgaria and Romania were also preceded by an increase in live 
animal movement due to the traditional consumption of mutton.

Furthermore, it is important to highlight that livestock trade was 
closely linked to animal density in each region, the demand for animal 
protein in densely populated areas, the location of slaughterhouses, 
and specific commercial partnerships with regions or countries. For 
example, in Georgia, ruminant trade primarily occurred from west to 
east due to the high exports to Azerbaijan. As for Bulgaria, the 
southern regions, where LR and SR production was more intense, also 
had an increased movement of ruminants. Moreover, in Türkiye, 
ruminants were moved from small to large provinces, and more 
specifically from east to west and north to south of the country.

3.1.5.1. Livestock markets
The role of livestock markets in live ruminant trade varied across 

the region. Azerbaijan and Türkiye run ten and 150 licensed live 
animal markets, respectively, which played a significant role in 
ruminant trade. During Kurban Bayram in these two countries, 
markets worked exceptionally to sustain the surge in animal 
movements. In Armenia, Georgia, and Bulgaria, these facilities existed 
but were not as relevant for animal trade. In Belarus, official markets 
for live ruminant trade were absent, instead occasional fairs and 
exhibitions were held at the district level and on a small scale. In the 
same country, ruminant trade for breeding purposes occurred 
through state breeding companies. In Ukraine, smallholders used live 
animal markets for local ruminant trade.

3.1.5.2. Seasonal movements
Pastoralism includes seasonal movements to pastures and can 

be sub-classified as nomadism, transhumance, or agropastoralism 
(definitions provided in Supplementary material S6). These 
practices are key to the seasonal sourcing of graze and water for 
livestock and were common across the study region. In Bulgaria, 
the Caucasus, Romania, and Türkiye, transhumant animals were 
moved to summer pastures, often found in mountainous areas, in 
spring and summer, and to lowland pastures or stables in autumn 
and winter. Migrating months had slight variations yearly 
depending on weather and pasture conditions. Georgia, Azerbaijan, 

and Türkiye set up Veterinary Surveillance Points (VSP) along 
migration routes. These premises primarily focused on mass 
vaccination campaigns in Azerbaijan, but also served as rest points 
for supplying feed and water, as sanitary checkpoints for health 
status control, and anti-parasitic application in Georgia and 
Türkiye. The mingling of animals from various herds, regions or 
even neighbouring countries was common in seasonal pastures. 
Consequently, these animals were vaccinated either before going to 
pasture or during migration in VSPs. Furthermore, movements to 
seasonal pastures were recorded in centralized systems for 
movement control in Bulgaria, Romania (41) and Türkiye; however, 
these recordings, similarly to national movements, were not done 
in the Caucasus.

In Belarus, Moldova, and Ukraine, ruminants kept in 
smallholdings or smaller private farms in rural settings grazed 
seasonally in fields surrounding their holdings, in an 
agropastoral manner.

3.1.6. International trade of live ruminants
Partner trading countries with the BSB region are presented in 

the last two columns of Supplementary material S2. International 
trade of live animals was done based on country partnerships, 
contingent on the trust in the exporting country’s animal health 
capacity and/or the sanitary status for the main contagious 
zoonoses and TADs (at a specific time) (42). To guarantee disease 
freedom on entry into a country, imported live ruminants were 
accompanied by a health certificate validated by a veterinarian of 
the exporting country’s competent authority. Particularly for the 
importation of live animals (and animal products) into the EU, the 
intra-EU trade, and EU exports of live animals, TRACES (Trade 
Control and Expert System) (43), an EC online platform, facilitates 
sanitary certification required for trade and centralizes trade 
information. Thus, Bulgaria and Romania along with other BSB 
countries exporting live animals or animal products into the EU, 
used this platform.

Similar to national live animal movements, international trade 
was influenced by cultural-religious events. Therefore, a surge in live 
animal imports preceded Kurban Bayram and Ramadan Bayram in 
Azerbaijan and Türkiye, and Easter and St George’s Day in Bulgaria 
and Romania.

3.2. Disease-specific information

3.2.1. Disease status, surveillance, and control 
activities

Figure  3 illustrates the country-level disease statuses for each 
selected disease. Countries self-classified their disease status as 
endemic, sporadic, or absent (definitions in Supplementary material S6). 
An Absent status was subclassified for brucellosis as “officially free” and 
for FMD as “officially free with or without vaccination” when WOAH 
officially recognised these disease statuses.

In Supplementary material S4, a table summarizes key details for 
the six studied diseases in each of the countries of the BSB. Moreover, 
temporal trends of disease outbreaks per country from 2010 to 2020 
are shown in Supplementary material S5. In this subsection of the 
results, we review the disease status and management practices applied 
in the region.
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3.2.1.1. Anthrax
Anthrax was endemic or sporadic in all countries. All countries 

implemented passive surveillance and, upon suspicion, applied further 
clinical examinations, sampling, and testing. Due to the environmental 
nature of this disease, most national management programmes, in 
addition to guidelines for disease containment and carcass disposal, 
also included regulations for historically infected fields (e.g., signalling, 
fencing, digging restrictions, and awareness campaigns). Vaccination 
was compulsory for all ruminants in Azerbaijan, and Moldova, and all 
LR in Armenia. A risk-based vaccination approach was applied for all 
ruminants in Bulgaria, Georgia, Romania, Türkiye, and Ukraine, and 
exclusively for SR kept or moved to high-risk areas in Armenia. In 
Belarus, anthrax vaccination was not conducted.

3.2.1.2. Brucellosis
Brucellosis was endemic in the Caucasus and Türkiye, sporadic in 

Bulgaria, and absent in all other countries of the BSB. In 2012, Belarus 
was officially recognised by WOAH as brucellosis-free, and to 
maintain this status, serosurveillance was conducted every three years. 
Moreover, surveillance was exclusively passive for Georgia, and active 
and risk-based in all other countries. In most of the BSB, passive 
surveillance for brucellosis was associated with the report and 
investigation of abortions in ruminants, which is a syndrome of this 
disease, but not exclusive to Brucella spp. infection. In Azerbaijan, 
Georgia, and Türkiye, vaccination for brucellosis was mandatory for 
all ruminants and performed at the same time as serosurveillance. 
Brucellosis vaccination was not part of the national veterinary control 
plan in Belarus, Bulgaria, Moldova, Ukraine, or Romania.

3.2.1.3. Crimean Congo haemorrhagic fever
CCHF was endemic in Georgia and Türkiye. These countries 

applied control measures upon outbreak identification, focusing on 
tick control and community awareness campaigns. These activities 

comprised the application of acaricide sprays to ruminants, including 
during seasonal migrations from early spring to late autumn, and 
environmental tick elimination. Educational campaigns in Türkiye 
promoted contact restriction between livestock and wildlife, and tick 
management. These campaigns were included in the state budget at 
no cost to farmers. For the remaining countries, CCHF had never 
been reported in ruminants and there was no national surveillance 
programme in place. At the time of data collection, no licensed 
vaccine was available for CCHF in ruminants.

3.2.1.4. Foot-and-mouth disease
The WOAH official FMD status varied between the two regions 

of Türkiye: Anatolia was classified as endemic, and Thrace held 
FMD-free status with vaccination. FMD was sporadic in Armenia, 
absent in Georgia and Azerbaijan, while in all other countries, 
WOAH recognised the official status FMD-free without vaccination.

FMD surveillance was active in the Caucasus and Türkiye, as well 
as in regions of Bulgaria and Romania. The countries of the Caucasus 
were collaborating with EuFMD through the Progressive Control 
Pathway for Foot and Mouth Disease (PCP-FMD) to design and 
establish risk-based surveillance programmes. As part of these efforts, 
they implemented NSP (Non-Structural Protein) and SP (Structural 
Protein) serosurveys to evaluate the FMD virus circulation, 
seroconversion, and vaccination coverage. In regions bordering 
Thrace, Bulgaria conducted risk-based serosurveys on a sample of 
ruminants every three months. While in Romania, surveillance 
focused on clinical examination of LR and SR on high-density 
premises (e.g., live animal markets, exhibitions, ports, and airports), 
serosurveillance of all ruminants close to international borders, and 
SR upon their arrival from seasonal pastures.

In Türkiye, the FMD management programme in 2021 aimed 
to achieve FMD-free status without vaccination in Thrace and 
FMD-free status with vaccination in Anatolia by 2025 (44). In 

FIGURE 3

Status of target diseases in the study region. Brucellosis status refer to Brucella abortus and Brucella melitensis.
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Thrace, control measures comprised suspect FMD case culling, 
restrictions on live animal imports from Anatolia, and strict 
adherence to sanitary legislation. In Anatolia’s southeast provinces 
bordering FMD-endemic countries, surveillance activities were 
enhanced and risk-based. Moreover, in case of an FMD outbreak, 
Türkiye conducted a field investigation, and vaccination, 
established a cordon sanitaire, animal quarantine, and thorough 
cleaning and disinfection, organized training, and awareness 
campaigns, and closely monitored all premises within a 10 km 
radius of the event.

FMD vaccination varied throughout the BSB. Türkiye vaccinated 
LR twice a year, and SR once a year only in Thrace. In case of an 
outbreak in Anatolia, SR were also vaccinated in established 
protection and surveillance zones. In Azerbaijan, LR were vaccinated 
twice a year (spring and autumn) and SR once a year, while Armenia, 
applied the same strategy only in high-risk areas. Since 2017, Georgia 
has conducted vaccination exclusively in high-risk areas, based on 
risk assessments, which considered seasonal migration, international 
borders with FMD-endemic countries, live animal markets, and 
informal trade.

3.2.1.5. Lumpy skin disease
LSD was sporadic in Armenia, Azerbaijan, and Türkiye, and 

absent in all other countries. Surveillance activities varied: clinical 
examination was conducted in Belarus to a sample of LR in spring and 
summer, and in the six regions of Bulgaria bordering Thrace monthly. 
Georgia had active participatory surveillance, Türkiye implemented 
both active and passive surveillance activities, and all other countries 
only applied passive surveillance. Compulsory vaccination was 
practised nationwide in Azerbaijan, Bulgaria, and Türkiye, and in 
high-risk areas of Armenia and Georgia. Vaccination was not applied 
in Belarus, Moldova, Romania, or Ukraine.

3.2.1.6. Peste des petits ruminants
PPR was endemic in Türkiye and absent in all other countries. In 

March 2021, Thrace was granted the classification of “PPR-protected 
area.” PPR surveillance varied across the BSB: Belarus did not conduct 
it, Moldova, Ukraine, and Anatolia exclusively applied passive 
surveillance, while Thrace and all other countries applied active 
surveillance. In Bulgaria, areas previously affected by PPR (2018 
outbreak) implemented enhanced surveillance, and regions bordering 
Thrace applied risk-based serosurveillance on a sample of SR every 
two months. In Romania, active surveillance included clinical 
inspection of a sample of SR herds before and after pasture season.

Vaccination was implemented in Georgia, following the first PPR 
occurrence in 2016. In Türkiye vaccination was conducted, yet it 
ceased in Thrace after the region was granted a “PPR-protected area” 
classification in March 2021. This measure, coupled with strict live SR 
movement restrictions from Anatolia to Thrace, aimed at Thrace’s 
application for WOAH PPR zonal freedom status in 2023. In Anatolia, 
PPR vaccines were applied to all newborn SR and unvaccinated adults.

4. Discussion

In this paper, we summarized the ruminant production sector and 
reviewed the sanitary status and management of six diseases affecting 
ruminants (anthrax, brucellosis, CCHF, FMD, LSD, and PPR) in the 

BSB. Furthermore, we  explored key factors contributing to the 
introduction and spread of these diseases in the region.

4.1. Post-Soviet Union reform

The fall of the Soviet Union caused a deterioration of public 
infrastructures and services across the former Soviet Union (FSU) and 
Communist Bloc countries, significantly affecting agricultural and 
livestock sectors (18, 45–48). In BSB countries, except Belarus, 
changes included the shift from collective and state-owned farms to 
private ownership, removal of government subsidies to the livestock 
sector (49), closure of large slaughterhouses (50), and depletion in 
resource allocation to veterinary services (51). Such factors left 
livestock production in the hands of unspecialized farmers, and 
unsupervised by veterinary services (52), resulting in increased 
disease incidence (52, 53). Thereafter, the region suffered a steep 
decline in the number of ruminants (49, 54) and, in some countries, 
as Ukraine and Belarus, a significant abandonment of agricultural 
lands (55). These abrupt structural changes were followed by a 
transition phase with gradual agricultural recovery and increasing 
productivity (56). Yet, rural poverty, particularly in the Caucasus and 
Moldova, persists and requires new and efficient policy measures that 
enable technological development and access to market channels and 
services (51). EU’s farmer association model could aid smallholders 
of the FSU to actively engage to improve their marketing, input 
supplies, and support services (57).

4.2. Rural livelihoods and pastoralism

Pastoralism played a critical role in rural areas in most countries 
of the BSB (16–18, 20–25, 46, 58–60), creating a unique 
interdependence between ruminants, farmers, and the environment 
(61, 62). Preserving this practice is crucial, given its resilience to severe 
climates in arid and inhospitable areas, socio-cultural importance, and 
the potential opportunities brought to younger generations (62). 
However, its sustainability in the BSB is a matter of concern. Ageing 
rural farmers show reluctance to adopt new technologies and 
measures to improve animal production and health, and the mass 
migration of younger populations to urban centres leaves families 
without essential support for farming activities (57). Moreover, they 
have limited access to veterinary services also caused by ageing rural 
veterinarians, and difficulties in attracting young graduates due to 
low-income prospects and prevailing urban migration trends (57). 
These factors result in underperforming veterinary services (63) and 
high costs for disease management impeding improvements, even 
when advancements are made at higher levels (28). Solutions for these 
challenges need to be explored, as building private veterinary capacity 
and developing training programmes for veterinary paraprofessionals.

In addition, initiatives addressing pastoralism’s limited 
sustainability and its associated risks to ruminant health and welfare 
are underway (64, 65). In Georgia (62), Türkiye, and Azerbaijan, VSPs 
were established along migration routes. In Armenia, the “Project 
Coordination Platform for Sustainable Management of Natural 
Grazing Lands – Pastures and Grasslands” was launched to address 
pasture management-related problems in the country (66). 
Internationally, the Pastoralist Knowledge Hub (PKH) by FAO aids 
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the development of synergies for dialogue and pastoralist development, 
while an extension of the Performance of Veterinary Services (PVS) 
(67) evaluation tool prioritizes finding solutions to control animal 
diseases in pastoralist areas (63). Collectively, these initiatives aim to 
foster and protect pastoralism while ensuring its sustainability.

4.3. Disease management and related 
factors

Disease management in the Caucasus and Türkiye was often 
inefficient. Nonetheless, improvements were being made in the field. 
Particularly in the Caucasus, the full operability of the NAITSs is 
expected to make disease management programmes (68) and disease 
traceability (69) more efficient. As a result, these improvements will 
positively influence animal health and ruminant production, 
ultimately, leading to better trade opportunities and economic growth 
in these countries.

Sociocultural-religious events in Türkiye and Azerbaijan 
prompted the implementation of contingency plans and extraordinary 
measures, which, at times, proved inefficient in preventing disease 
introduction and spread. In fact, the epidemiological investigation 
conducted upon the PPR incursion to Bulgaria in July 2018 concluded 
that the high demand and resulting price difference of mutton between 
Bulgaria and Thrace during these festivals contributed to increased 
informal movements of people and animals (70).

In the BSB, only Türkiye reported the presence of all studied 
diseases. This can be attributed to its unique conditions, including a 
large ruminant population, vast geographical area with socio-
economic disparities, and extensive rural regions. Moreover, its shared 
borders with six countries including Syria and Iraq, where social 
unrest leads to informal movement of people with their livestock, 
create a significant pathway for disease spread (71, 72). Recognising 
the high risk to animal and public health through this route, Türkiye 
introduced legislative acts for border control and supervision of the 
main roads (73, 74). These acts are open to amendment, and they aim 
to manage and identify informal/illegal trade for livestock and 
products of animal origin, along with enforcing animal culling. 
Following the implementation of these controls, a national report 
highlighted a significant reduction of nearly 95% and 50% of 
confiscated smuggled animals and animal products, respectively, 
caught during border controls conducted in 2011 and 2018. This 
demonstrates the successful impact of these actions (75).

EU countries, such as Bulgaria and Romania, had high resource 
allocation for disease management and prioritised the prevention of 
disease incursion to reduce economic losses. These countries followed 
harmonized live animal trade regulations set by the EC, enforcing 
additional control measures and trade restrictions (76) in the event of 
an exotic disease incursion. Therefore, responses to Bulgaria’s FMD 
(2011), LSD (2016), and PPR (2018) outbreaks were quick and 
intensive (77). And LSD and FMD outbreaks resulted in an economic 
burden estimated at €8 million (78), and $1.5 billion USD annually 
(79), respectively. To prevent disease re-emergence and further 
economic losses, disease management activities established upon 
these events, were still in place as of 2021.

Moreover, Thrace’s proximity to Europe and shared borders with 
the EU through Bulgaria and Greece, prompted the establishment of 
partnership programmes between the EU and Türkiye. These 

initiatives involved significant investments to curb disease 
introduction and spread into Europe, while also promoting trade 
opportunities (80, 81). Therefore, FMD and PPR statuses varied 
between Thrace and Anatolia, leading to distinct classifications by 
WOAH, along with distinct approaches for disease management and 
movement control in these two regions.

4.4. The exception of CCHF

Türkiye and Georgia were the only countries in the BSB reporting 
the presence of CCHF in ruminants. In spite of this, past studies 
identified CCHF virological or serological evidence and the presence 
of competent vectors in most countries of the study region, except for 
Belarus (12, 82–84), while CCHF human cases were also notified in 
Bulgaria and Türkiye (84). Non-reporting of CCHF in ruminants was 
linked to two factors. Firstly, its exclusion from national veterinary 
programmes resulted in the absence of routine official surveys, and 
secondly, the subclinical nature of the disease in these species allows 
it to circulate unnoticed (85–87). Nevertheless, domestic ruminants 
play an important role in the epidemiology of the disease as they are 
involved in its vector life cycle (83) and amplification and spread of 
the virus (88, 89). Moreover, ruminant CCHFV antibody titers 
correlate with virus presence in a region (84), as well as human 
disease incidence (82). Given CCHF’s public health threat, including 
potential human incurred deaths, the prudent course of action is to 
include the disease in national veterinary programmes. This would 
ensure regular disease monitoring and prompt response to any 
reported cases.

4.5. Current initiatives

Achieving effective disease management requires not only efficient 
resource allocation for national disease preparedness and response but 
also promoting collaborations with other countries and unions. An 
initiative that strengthens regional alliances for TADs management is 
the GF-TADs, a joint FAO and WOAH effort, created to support 
capacity building and the establishment of disease management 
programmes based on regional priorities (77). GF-TADs’ priority 
diseases in the BSB include brucellosis, FMD, LSD, and PPR. Under 
this initiative, the Global Strategy for the Control and Eradication of 
PPR aims to control and eradicate PPR and strengthen veterinary 
services (90, 91). Additionally, FAO’s PCP-FMD guides endemic 
countries in progressively managing FMD risks and reducing its 
impacts and viral circulation (92–94).

4.6. Limitations

Study limitations were linked to country-specific factors and data 
quality issues. Absent or not fully operable NAITSs are likely to have 
affected data validity, and completeness is limited due to unregistered 
herds along with underreporting across the BSB. Underreporting is 
often linked to farmers’ poor disease awareness, distrust in 
governmental authorities, risk of penalty or stigmatization, or at a 
higher level, lack of capacity to enforce regulations (95) and low 
transparency. Additionally, variability in data availability and spatial 
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resolutions between countries led to reduced accuracy of certain 
indicators or made it impossible to compare and examine others. 
Finally, data quality might have been affected by resource reallocation 
during the COVID-19 pandemic, which partly coincided with the 
two-year data collection period.

4.7. The armed conflict in Ukraine

The armed conflict in Ukraine, starting in February 2022, had 
a significant impact on its livestock sector. Since its beginning, the 
conflict led to decreased agricultural production due to land 
abandonment, animal losses from death or forced slaughtering, and 
reduced demand for meat and milk due to mass emigration (96). It 
has disrupted the accessibility to veterinary services, vaccines, 
medication (97), and critical inputs, such as feed and fodder (96), 
compromising disease prevention and control, and increasing the 
risk of stress, malnourishment, and susceptibility to disease in 
livestock. Moreover, amongst security issues, unavailability of 
consumables and equipment, and competing urgent priorities, 
appropriate carcase disposal became challenging. These effects are 
expected to reshape ruminant demographics, its associated 
production sector, and value chains, particularly in front-line 
regions. International cooperation is vital to address the 
consequences on livestock health and revive the sector post-
conflict. Guidelines aiming to support the livelihoods of livestock-
keeping communities in humanitarian emergencies that affect 
livestock are in place (98, 99), being used to alleviate the 
consequences of the presented conflict.

5. Conclusion

This study provides a comprehensive overview of the ruminant 
production sector and the management of six major diseases of 
concern in the BSB. By examining the effects of the post-soviet reform, 
the importance of pastoralism, differences in disease management and 
countries’ response to disease incursion, as well as the influence of 
cultural events and political affiliations on live animal trade, we have 
gained a valuable understanding of how these different factors work 
together to determine disease dynamics in the region.

Unlike the other studied diseases, CCHF was not included in 
veterinary management plans, and not surveyed in ruminants 
across the region, presenting a public health threat. Furthermore, 
the armed conflict in Ukraine starting after data collection will 
likely have a significant impact on ruminant production and animal 
disease emergence in this country, with potential spread to 
neighbouring countries.

Finally, despite recent developments in veterinary 
infrastructures, including the implementation of NAITSs in the 
Caucasus, substantial support from international agencies and 
targeted initiatives for ruminant disease management, the need to 
improve animal health persists, particularly in rural and remote 
regions. A thorough understanding of the primary challenges, 
needs, and constraints faced by smallholders in each specific 
country context is essential. Establishing priorities and closely 
assessing them in collaboration with farmers, national stakeholders, 
and international agencies, will aid in identifying opportunities for 

more effective disease management strategies contributing to 
alleviating and preventing future outbreak scenarios. These 
considerations go hand in hand with providing incentives for rural 
development, by seeking financial aid, efficiently allocating financial 
and human resources, and most importantly ensuring the 
sustainability of the implemented strategies.

Data availability statement

The datasets presented in this article are not readily available for 
public access due to restrictions imposed by the governmental entities 
of the nine participating countries. The data that support the findings 
of this study were used under license from these entities and are 
subject to confidentiality and legal constraints. Requests to access the 
datasets should be directed to margarida.decastro@uab.cat.

Ethics statement

Ethical review and approval was not required for the study of 
animals in accordance with the local legislation and 
institutional requirements.

Author contributions

AA, DB-A, JC, and MA developed the report template and 
contributed to the conception and design of the study. JA, TC, IK, TM, 
DM, AP, MP, NS, and AZ were hired as country FPs to fill in the report 
template and provide quantitative data and descriptive information 
for the project. SO wrote a document summarizing preliminary 
information. MA performed the data management, descriptive 
analysis and visualization materials, and wrote the first draft of the 
manuscript. All authors contributed to the article and approved the 
submitted version.

Funding

The project or effort depicted was or is sponsored by the 
United  States Department of Defense, Defense Threat Reduction 
Agency. The content of the information does not necessarily reflect the 
position or the policy of the Federal Government of the United States, 
and no official endorsement should be inferred.

Acknowledgments

The authors acknowledge the national authorities from the nine 
countries for providing all the data and documents on ruminant 
demographics and diseases. We also acknowledge Giuseppina Cinardi 
from FAO-NSAL for her contribution to generating GLW 4 maps for 
ruminant distribution. These maps, presented in Figure  2, were 
adjusted to incorporate data obtained during the project. We would 
also like to acknowledge the United States DoD DTRA Cooperative 
Threat Reduction Program’s support of project HDTRA1-19-1-0037 
“Global Framework for the Progressive Control of Transboundary 
Animal Diseases (GF-TADs)”.

https://doi.org/10.3389/fvets.2023.1174560
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
mailto:margarida.decastro@uab.cat


Arede et al. 10.3389/fvets.2023.1174560

Frontiers in Veterinary Science 10 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fvets.2023.1174560/
full#supplementary-material

References
 1. FAO. The state of food and agriculture. Livestock in the balance; (2009). Available 

at: https://www.fao.org/3/a-i0680e.pdf

 2. Berezowski J, Lindberg A, Ward M. Surveillance against the odds: addressing the 
challenges of animal health surveillance. Prev Vet Med. (2015) 120:1–3. doi: 10.1016/J.
PREVETMED.2015.02.020

 3. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL, et al. Global 
trends in emerging infectious diseases. Nature. (2008) 451:990–3. doi: 10.1038/
nature06536

 4. Cartín-Rojas A. Transboundary animal diseases and international trade In: V Bobek 
(editor), International trade from economic and policy perspective. InTech; (2012) 143–166.

 5. Rushton J. Improving the use of economics in animal health – challenges in 
research, policy and education. Prev Vet Med. (2017) 137:130–9. doi: 10.1016/J.
PREVETMED.2016.11.020

 6. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of 
obesity in developing countries. Nutr Rev. (2012) 70:3–21. doi: 10.1111/J.1753-4887.2011. 
00456.X

 7. HLPE. Sustainable agricultural development for food security and nutrition: what 
roles for livestock? A report by the High Level Panel of Experts on Food Security and 
Nutrition of the Committee on World Food Security, Rome. (2016).

 8. Magouras I, Brookes VJ, Jori F, Martin A, Pfeiffer DU, Dürr S. Emerging zoonotic 
diseases: should we rethink the animal–human interface? Front Vet Sci. (2020) 7:748. 
doi: 10.3389/FVETS.2020.582743/BIBTEX

 9. Myers SS. Planetary health: protecting human health on a rapidly changing planet. 
Lancet. (2017) 390:2860–8. doi: 10.1016/S0140-6736(17)32846-5

 10. World Organization for Animal Health (WOAH). 3.1.1 Anthrax. In: WOAH, ed. 
Terrestrial Manual 2023. 12th ed. WOAH; (2023). Available at: https://www.woah.org/
fileadmin/Home/eng/Health_standards/tahm/3.01.01_ANTHRAX.pdf

 11. World Organization for Animal Health. 3.1.4 Brucellosis (infection with Brucella 
abortus, B. melitensis and B. suis). In: WOAH, ed. Terrestrial Manual 2022. 11th ed. 
WOAH; (2022). Available at: https://www.woah.org/fileadmin/Home/eng/Health_
standards/tahm/3.01.04_BRUCELLOSIS.pdf

 12. World Organization for Animal Health (WOAH). 3.1.5 Crimean–Congo 
haemorrhagic fever. In: WOAH, ed. Terrestrial Manual 2023. 12th ed. WOAH; (2023). 
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.05_CCHF.
pdf

 13. World Organization for Animal Health (WOAH). 3.1.8 Foot and mouth disease 
(infection with foot and mouth disease virus). In: WOAH, ed. Terrestrial Manual 2022. 
11th ed. WOAH; (2022). https://www.woah.org/fileadmin/Home/eng/Health_
standards/tahm/3.01.08_FMD.pdf

 14. World Organization for Animal Health (WOAH). 3.4.12 Lumpy skin disease. In: 
WOAH, ed. Terrestrial Manual 2023. 12th ed. WOAH; (2023). https://www.woah.org/
fileadmin/Home/eng/Health_standards/tahm/3.04.12_LSD.pdf

 15. World Organization for Animal Health (WOAH). 3.8.9 Peste des petits ruminants 
(infection with small ruminant morbillivirus). In: WOAH, ed. Terrestrial Manual 2021. 
10th ed. WOAH; (2021). https://www.woah.org/fileadmin/Home/eng/Health_
standards/tahm/3.08.09_PPR.pdf

 16. Dreve V, Călin I, Bazgă B. Analysis on the evolution of Romanian sheep and goat 
sector after EU accession. Scientific Papers Series D. Animal Science (2016) 59.

 17. FAO. Smallholders and family farms in Georgia – country study report 2019 
Budapest (2020). doi: 10.4060/ca9822en

 18. Punjabi, M. Developing the sheep value chain in Azerbaijan – Vision 2025. Rome: 
FAO. (2020).

 19. Rukhkyan L. Country report on the state of the Armenian animal genetic resources. 
Food and Agriculture Organization. (2003). Available at: https://www.fao.org/3/a1250e/
annexes/CountryReports/Armenia.pdf

 20. General Directorate of Agricultural Research and Policies. Turkey Country Report 
on Farm Animal Genetic Resources. Food and Agriculture Organization. (2004). 
Available at: https://www.fao.org/3/a1250e/annexes/CountryReports/Turkey.pdf

 21. Sen O, Ruban S, Getya A, Nesterov Y. Current state and future outlook for 
development of the milk and beef sectors in Ukraine. In: A Kuipers, G Keane and A 
Rozstalnyy, eds. Cattle Husbandry in Eastern Europe and China. EAAP Scien. 
Wageningen Academic Publishers; (2014):169–80.

 22. Tarassevych A. Ukraine – livestock and products annual, 2019 USDA Foreign 
Agricultural Service report. Kyiv: Office of Agricultural Affairs. (2019). Available at: 
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=
Livestock%20and%20Products%20Annual_Kiev_Ukraine_8-30-2019.pdf

 23. Kuznetsova A. Prospects for the Development of the Dairy Industry in the 
Republic of Belarus and in the Russian Federation. In: Hradec Economic Days. University 
of Hradec Kralove, (2020).

 24. Stankov K. Economic efficiency analysis of dairy cattle farms in Bulgaria. Trakia J 
Sci. (2015) 13:226–32. doi: 10.15547/tjs.2015.s.01.038

 25. FAO. Smallholders and family farms in the Republic of Moldova – country study 
report 2019. Budapest (2020).

 26. Randolph TF, Schelling E, Grace D, Nicholson CF, Leroy JL, Cole DC, et al. Invited 
review: role of livestock in human nutrition and health for poverty reduction in 
developing countries. J Anim Sci. (2007) 85:2788–800. doi: 10.2527/jas.2007-0467

 27. Can MF, Altuğ N. Socioeconomic implications of biosecurity practices in small-
scale dairy farms. Vet Q. (2014) 34:67–73. doi: 10.1080/01652176.2014.951130

 28. Goutard FL, Binot A, Duboz R, Rasamoelina-Andriamanivo H, Pedrono M, Holl 
D, et al. How to reach the poor? Surveillance in low-income countries, lessons from 
experiences in Cambodia and Madagascar. Prev Vet Med. (2015) 120:12–26. doi: 
10.1016/J.PREVETMED.2015.02.014

 29. Worsley-Tonks KEL, Bender JB, Deem SL, Ferguson AW, Fèvre EM, Martins DJ, 
et al. Strengthening global health security by improving disease surveillance in remote 
rural areas of low-income and middle-income countries. Lancet Glob Health. (2022) 
10:e579–84. doi: 10.1016/S2214-109X(22)00031-6

 30. FAO. FAOSTAT. Published (2022). Available at: https://www.fao.org/faostat/
en/#data/QV (Accessed July 5, 2022).

 31. Gilbert, M, Cinardi, G, Da Re, D, Wint, WGR, Wisser, D, and Robinson, TP. Global 
sheep distribution in 2015 (5 minutes of arc), Harvard Dataverse, V1. (2022). doi: 
10.7910/DVN/VZOYHM

 32. Gilbert, M, Cinardi, G, Da Re, D, Wint, WGR, Wisser, D, and Robinson, TP. 2022, 
Global goats distribution in 2015 (5 minutes of arc), Harvard Dataverse, V1. (2022). doi: 
10.7910/DVN/YYG6ET

 33. Gilbert, M, Cinardi, G, Da Re, D, Wint, WGR, Wisser, D, and Robinson, TP. Global 
cattle distribution in 2015 (5 minutes of arc), Harvard Dataverse, V1. (2022). doi: 
10.7910/DVN/LHBICE

 34. RStudio Team. RStudio: Integrated development environment for R. Boston, MA: 
RStudio, PBC, (2022). Available at: http://www.rstudio.com/

 35. QGIS.org. QGIS Geographic Information System. Open Source Geospatial 
Foundation Project. (2022). http://qgis.org

 36. World Bank Open Data. GDP per capita (current US$) – Armenia, Azerbaijan, 
Georgia, Belarus, Bulgaria, Moldova, Romania, Ukraine, Turkey | World Bank. Data. 
(2022). Available at: https://data.worldbank.org/indicator/NY.GDP.PCAP.
CD?locations=AM-AZ-GE-BY-BG-MD-RO-UA-TR-ES-PT (Accessed March 24, 2022).

 37. Trend news agency. Azerbaijan plans to apply animal identification and 
registration system soon. Azernews. (2021). Available at: https://www.azernews.az/
business/182785.html (Accessed October 2, 2022).

 38. Center for Agribusiness and Rural Development (CARD. Holding and 
animal identification and registration in Armenia. CARD, Yerevan, Armenia. 

https://doi.org/10.3389/fvets.2023.1174560
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2023.1174560/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2023.1174560/full#supplementary-material
https://www.fao.org/3/a-i0680e.pdf
https://doi.org/10.1016/J.PREVETMED.2015.02.020
https://doi.org/10.1016/J.PREVETMED.2015.02.020
https://doi.org/10.1038/nature06536
https://doi.org/10.1038/nature06536
https://doi.org/10.1016/J.PREVETMED.2016.11.020
https://doi.org/10.1016/J.PREVETMED.2016.11.020
https://doi.org/10.1111/J.1753-4887.2011.00456.X
https://doi.org/10.1111/J.1753-4887.2011.00456.X
https://doi.org/10.3389/FVETS.2020.582743/BIBTEX
https://doi.org/10.1016/S0140-6736(17)32846-5
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.01_ANTHRAX.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.01_ANTHRAX.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.04_BRUCELLOSIS.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.04_BRUCELLOSIS.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.05_CCHF.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.05_CCHF.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.08_FMD.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.01.08_FMD.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.04.12_LSD.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.04.12_LSD.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.08.09_PPR.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.08.09_PPR.pdf
https://doi.org/10.4060/ca9822en
https://www.fao.org/3/a1250e/annexes/CountryReports/Armenia.pdf
https://www.fao.org/3/a1250e/annexes/CountryReports/Armenia.pdf
https://www.fao.org/3/a1250e/annexes/CountryReports/Turkey.pdf
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Livestock%20and%20Products%20Annual_Kiev_Ukraine_8-30-2019.pdf
https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Livestock%20and%20Products%20Annual_Kiev_Ukraine_8-30-2019.pdf
https://doi.org/10.15547/tjs.2015.s.01.038
https://doi.org/10.2527/jas.2007-0467
https://doi.org/10.1080/01652176.2014.951130
https://doi.org/10.1016/J.PREVETMED.2015.02.014
https://doi.org/10.1016/S2214-109X(22)00031-6
https://www.fao.org/faostat/en/#data/QV
https://www.fao.org/faostat/en/#data/QV
https://doi.org/10.7910/DVN/VZOYHM
https://doi.org/10.7910/DVN/YYG6ET
https://doi.org/10.7910/DVN/LHBICE
http://www.rstudio.com/
http://qgis.org
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=AM-AZ-GE-BY-BG-MD-RO-UA-TR-ES-PT
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=AM-AZ-GE-BY-BG-MD-RO-UA-TR-ES-PT
https://www.azernews.az/business/182785.html
https://www.azernews.az/business/182785.html


Arede et al. 10.3389/fvets.2023.1174560

Frontiers in Veterinary Science 11 frontiersin.org

(2018). Available at: http://card.am/en/categories/3/projects/14 (Accessed October 
2, 2022).

 39. Austrian Development Agency. Holding and animal identification and registration 
(HAI&R) in Armenia: Preparation – strengthening of the animal health and animal 
breeding and administrative capacities. Vienna, Austria: Austrian Development Agency, 
(2018). Available at: https://www.entwicklung.at/en/projects/detail-en/holding-and-
animal-identification-and-registration-hair-in-armenia-preparation-strengthening-of-
the-animal-health-and-animal-breeding-and-administrative-capacities (Accessed 
October 2, 2022).

 40. FAO. FAO in Georgia - Georgia’s National Animal Identification and Traceability 
System implemented successfully. (2022). Available at: https://www.fao.org/georgia/news/
detail-events/es/c/1470714 (Accessed May 24, 2022).

 41. EC. REGULATION (EC) no 1760/2000 OF THE EUROPEAN PARLIAMENT 
AND OF THE COUNCIL of 17 July 2000 – establishing a system for THE identification 
and registration of bovine animals and regarding the labelling of beef and beef 
Productsand repealing Council Regulation (EC) no 820/97. Available at: https://faolex.
fao.org/docs/pdf/eur20924.pdf; (2020).

 42. World Organization for Animal Health (WOAH). Handbook on Import Risk 
Analysis for Animals and Animal Products, Volume 1. 2nd ed. (WOAH, ed.). WOAH; 
(2010). https://rr-africa.woah.org/wp-content/uploads/2018/03/handbook_on_import_
risk_analysis_-_oie_-_vol__i.pdf

 43. EC. TRACES - About TRACES (trade control and expert system). European 
Commission website (2023). Available at: https://food.ec.europa.eu/animals/traces_
en#more-information (Accessed August 15, 2023).

 44. EuFMD vlearning. Fifth online training course for foot and mouth disease 
research in Turkish. EuFMD. (2021). Available at: https://eufmdlearning.works/
pluginfile.php/85731/mod_page/content/16/FITC_TUR_Opening_Webinar.pdf

 45. Meurs M, Bogushev A. Forward to the past? Agricultural restructuring in Bulgaria. 
Méditerranée. (2008) 110:93–104. doi: 10.4000/mediterranee.545

 46. Department of Animal Husbandry, Agriculture M of, Armenia R of. The National 
Strategy for sustainable use and development of farm animal genetic resources in the 
Republic of Armenia Routledge (2013).

 47. Csaki C, Lerman Z, Nucifora A. Land Reform and Private Farming in Moldova - 
EC4NR Agriculture Policy Note No. 9. Washington, DC: World Bank. (1997). Available 
at: https://www.researchgate.net/publication/304936403_Land_Reform_and_Private_
Farming_in_Moldova (Accessed May 27, 2022)

 48. Vasile E, Bălan M, Mitran D, Croitoru I. The restructuring of Romanian 
agriculture. Rom Agric Res. (2011) 28:263–70.

 49. Economic Research Service/USDA. The agricultural sector before and after the 
breakup of the Soviet Union; (2002).

 50. Torgerson PR, Oguljahan B, Muminov AE, Karaeva RR, Kuttubaev OT, Aminjanov 
M, et al. Present situation of cystic echinococcosis in Central Asia. Parasitol Int. (2006) 
55:S207–12. doi: 10.1016/J.PARINT.2005.11.032

 51. Zjalic, M. Remarks and recommendations of the workshop. In K. J. Peters, A. 
Kuipers, M. G. Keane and A. Dimitriadou (Eds.), The cattle sector in Central and Eastern 
Europe  - Developments and opportunities in a time of transition. Wageningen: 
Wageningen Academic Publishers. (2009). 175–8.

 52. Hotez PJ, Alibek K. Central Asia’s hidden burden of neglected tropical diseases. 
PLoS Negl Trop Dis. (2011) 5:e1224. doi: 10.1371/JOURNAL.PNTD.0001224

 53. Kracalik I, Abdullayev R, Asadov K, Ismayilova R, Baghirova M, Ustun N, et al. 
Changing patterns of human Anthrax in Azerbaijan during the post-soviet and 
preemptive livestock vaccination eras. PLoS Negl Trop Dis. (2014) 8:e2985. doi: 10.1371/
JOURNAL.PNTD.0002985

 54. Rozstalnyy A, Hoffmann I, Mack S. Dairy sector challenges and perspectives in 
central and Eastern Europe In: The cattle sector in Central and Eastern Europe: 
Developments and opportunities in a time of transition, vol. 10 (2009). 17.

 55. Lesiv M, Schepaschenko D, Moltchanova E, Bun R, Dürauer M, Prishchepov AV, 
et al. Spatial distribution of arable and abandoned land across former Soviet Union 
countries. Sci Data. (2018) 5:1–12. doi: 10.1038/sdata.2018.56

 56. Lerman, Z. Privatisation and Changing Farm Structure in the Commonwealth of 
Independent States. In: S. Gomez y Paloma, S. Mary, S. Langrell and P Ciaian. (eds) The 
Eurasian Wheat Belt and Food Security. Cham: Springer. (2017).

 57. Millns J. Agriculture and rural cooperation examples from Armenia, Georgia and 
Moldova – FAO-REU report. Published online (2013).

 58. SZUCS T. Detailed assessment report on the cattle farming conditions in Azerbaijan. 
FAO Regional Office for Europe and Central Asia. (2020).

 59. Kyssa, I, Lutayeu, D, Halubets, L, Babenkov, V, Yakubets, Y, and Popov, M. 14. 
Efficiency, cooperative aspects and prospects for the dairy and beef sectors in Belarus. 
In: A Kuipers, A Rozstalnyy and G Keane, eds. Cattle Husbandry in Eastern Europe and 
China. Wageningen: Wageningen Academic Publishers, (2014), 181–190.

 60. Nykolyuk, O., Pyvovar, P., Chmil, A., Bogonos, M., Topolnyckyi, P., Cheban, I., 
et al. Agricultural markets in Ukraine: current situation and market outlook until 2030, 
EUR 30874 EN, Publications Office of the European Union, Luxembourg, (2021).

 61. FAO. Livestock and agroecology. How they can support the transition towards 
sustainable food and agriculture. Food and Agriculture Organization. Rome. (2018) 
Available at: https://www.fao.org/publications/card/fr/c/I8926EN/

 62. Eloit, M. Editorial: Pastoralism and sanitary challenges. Bull l’OIE. (2018) 
2018:1–3. doi: 10.20506/bull.2018.2.2863

 63. Zinsstag, J, Abakar, MF, Ibrahim, M, Tschopp, R, Crump, L, Bonfoh, B, et al. Cost-
effective control strategies for animal and zoonotic diseases in pastoralist populations. 
WOAH. Rev Sci Tech. (2016) 35:673–81. doi: 10.20506/rst.35.2.2548

 64. Calkins CM, Scasta JD. Transboundary animal diseases (TADs) affecting domestic 
and wild African ungulates: African swine fever, foot and mouth disease, Rift Valley 
fever (1996–2018). Res Vet Sci. (2020) 131:69–77. doi: 10.1016/J.RVSC.2020.04.001

 65. Daversa DR, Fenton A, Dell AI, Garner TWJ, Manica A. Infections on the move: 
how transient phases of host movement influence disease spread. Proc R Soc B Biol Sci. 
(1869) 2017:20171807. doi: 10.1098/rspb.2017.1807

 66. Ayvazyan V. Study on pasture management issues and their causality in the 
Republic of Armenia. Strategic Development Agency. Yerevan, Republic of Armenia. 
(2019). Available at: https://arot.am/wp-content/uploads/2020/09/Study-on-Pasture-
Management-Issues-English-pages-2-81.pdf

 67. WOAH. PVS pathway – OIE tool for the evaluation of performance of veterinary 
services. (OIE PVS Tool), 7th Ed. WOAH, Paris, France. (2019). Available at: https://
www.woah.org/en/what-we-offer/improving-veterinary-services/pvs-pathway/ 
(Accessed October 17, 2022)

 68. WOAH. General principles on identification and traceability of live animals, 
chapter 4.2 In: Terrestrial animal health code (2007)

 69. Congressional Research Service. Animal identification and traceability: overview 
and issues. Published online 2010.

 70. De Clercq K, Cetre-Sossah C, Métras R. Mission of the community veterinary 
emergency team to Bulgaria – PPR incursion (16–21 July 2018), EC presentation by 
CVET experts and DG SANTE officials. (2018). Available at: https://ec.
europa.eu/food/sites/food/files/animals/docs/reg-com_ahw_20180919_pres_ppr_
cvet_bul.pdf

 71. Angeloni G, Guardone L, Buono N, Lazzaro E, Ivascu CM, Rizk AA, et al. A 
methodology to identify socio-economic factors and movements impacting on ASF and 
LSD in rural and insecure areas (Poster). In: Epizone 14th Annual Meeting, Barcelona: 
New Horizons, New Challenges, (2022).

 72. Grace D, Little P. Informal trade in livestock and livestock products. Rev Sci Tech. 
(2020) 39:183–92. doi: 10.20506/RST.39.1.3071

 73. Ministry of Food Agriculture and Livestock General Directorate of Food and 
Control. 5996 law on veterinary services plant health food and feed agricultural Laws; 
(2010). Available at: http://www.lawsturkey.com/law/5996-law-on-veterinary-services-
plant-health-food-and-feed (Accessed October 24, 2022).

 74. Ministry of Food Agriculture and Livestock General Directorate of Food and 
Control. Circular on the liquidation of illegal livestock and animal products no. 2012/06; 
Ankara, Türkiye: Ministry of Food Agriculture. (2012). Available at: https://webcache.
googleusercontent.com/search?q=cache:Y130Al_E-vwJ:https://www.tarimorman.gov.
tr/Belgeler/Mevzuat/Genelgeler/kacak_canli_hayvan_hayvansal_urunlern_tasfiyesi.
pdf&cd=1&hl=en&ct=clnk&gl=es (Accessed October 24, 2022).

 75. Ministry of Agriculture and Forestry. Preventing the entry of smuggled 
animals and animal products across borders. 2018 Activity Report. Ankara, Türkiye: 
Ministry of Agriculture and Forestry. (2018) p 47. Available at: https://www.
tarimorman.gov.tr/SGB/Belgeler/Bakanl%20ı%20k_Faaliyet_Raporlar%20
ı/2018%20ACTIVITY%20REPORT.pdf

 76. EC. Live animal movements: Movements within the union and entry into the EU. 
European Comission website. (2022). Available at: https://ec.europa.eu/food/animals/
live-animal-movements_en (Accessed May 24, 2022).

 77. FAO-WOAH. The Global Framework for the Progressive Control of 
Transboundary Animal Diseases (GF-TADs); (2004). https://www.gf-tads.org/

 78. Casal J, Allepuz A, Miteva A, Pite L, Tabakovsky B, Terzievski D, et al. Economic 
cost of lumpy skin disease outbreaks in three Balkan countries: Albania, Bulgaria and 
the former Yugoslav Republic of Macedonia (2016–2017). Transbound Emerg Dis. (2018) 
65:1680–8. doi: 10.1111/TBED.12926

 79. Knight-Jones TJD, Rushton J. The economic impacts of foot and mouth disease 
– what are they, how big are they and where do they occur? Prev Vet Med. (2013) 
112:161–73. doi: 10.1016/J.PREVETMED.2013.07.013

 80. Motta P, Garner G, Hòvari M, Alexandrov T, Bulut A, Fragou IA, et al. A 
framework for reviewing livestock disease reporting systems in high-risk areas: assessing 
performance and perceptions towards foot and mouth disease reporting in the Thrace 
region of Greece, Bulgaria and Turkey. Transbound Emerg Dis. (2019) 66:1268–79. doi: 
10.1111/TBED.13143

 81. EFSA Panel on Animal Health and Welfare. Scientific opinion on foot-and-mouth 
disease in Thrace. EFSA J. (2012) 10:4. doi: 10.2903/J.EFSA.2012.2635

 82. Fillâtre P, Revest M, Tattevin P. Crimean-Congo hemorrhagic fever: an update. 
Med Mal Infect. (2019) 49:574–85. doi: 10.1016/J.MEDMAL.2019.09.005

 83. Spengler JR, Bergeron É, Rollin PE. Seroepidemiological studies of Crimean-
Congo hemorrhagic fever virus in domestic and Wild animals. PLoS Negl Trop Dis. 
(2016) 10:e0004210. doi: 10.1371/JOURNAL.PNTD.0004210

 84. Mertens M, Schuster I, Sas MA, Vatansever Z, Hubalek Z, Güven E, et al. Crimean-
Congo hemorrhagic fever virus in Bulgaria and Turkey. Vector Borne Zoonotic Dis. 
(2016) 16:619–23. doi: 10.1089/VBZ.2016.1944

https://doi.org/10.3389/fvets.2023.1174560
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
http://card.am/en/categories/3/projects/14
https://www.entwicklung.at/en/projects/detail-en/holding-and-animal-identification-and-registration-hair-in-armenia-preparation-strengthening-of-the-animal-health-and-animal-breeding-and-administrative-capacities
https://www.entwicklung.at/en/projects/detail-en/holding-and-animal-identification-and-registration-hair-in-armenia-preparation-strengthening-of-the-animal-health-and-animal-breeding-and-administrative-capacities
https://www.entwicklung.at/en/projects/detail-en/holding-and-animal-identification-and-registration-hair-in-armenia-preparation-strengthening-of-the-animal-health-and-animal-breeding-and-administrative-capacities
https://www.fao.org/georgia/news/detail-events/es/c/1470714
https://www.fao.org/georgia/news/detail-events/es/c/1470714
https://faolex.fao.org/docs/pdf/eur20924.pdf;
https://faolex.fao.org/docs/pdf/eur20924.pdf;
https://rr-africa.woah.org/wp-content/uploads/2018/03/handbook_on_import_risk_analysis_-_oie_-_vol__i.pdf
https://rr-africa.woah.org/wp-content/uploads/2018/03/handbook_on_import_risk_analysis_-_oie_-_vol__i.pdf
https://food.ec.europa.eu/animals/traces_en#more-information
https://food.ec.europa.eu/animals/traces_en#more-information
https://eufmdlearning.works/pluginfile.php/85731/mod_page/content/16/FITC_TUR_Opening_Webinar.pdf
https://eufmdlearning.works/pluginfile.php/85731/mod_page/content/16/FITC_TUR_Opening_Webinar.pdf
https://doi.org/10.4000/mediterranee.545
https://www.researchgate.net/publication/304936403_Land_Reform_and_Private_Farming_in_Moldova
https://www.researchgate.net/publication/304936403_Land_Reform_and_Private_Farming_in_Moldova
https://doi.org/10.1016/J.PARINT.2005.11.032
https://doi.org/10.1371/JOURNAL.PNTD.0001224
https://doi.org/10.1371/JOURNAL.PNTD.0002985
https://doi.org/10.1371/JOURNAL.PNTD.0002985
https://doi.org/10.1038/sdata.2018.56
https://www.fao.org/publications/card/fr/c/I8926EN/
https://doi.org/10.20506/bull.2018.2.2863
https://doi.org/10.20506/rst.35.2.2548
https://doi.org/10.1016/J.RVSC.2020.04.001
https://doi.org/10.1098/rspb.2017.1807
https://arot.am/wp-content/uploads/2020/09/Study-on-Pasture-Management-Issues-English-pages-2-81.pdf
https://arot.am/wp-content/uploads/2020/09/Study-on-Pasture-Management-Issues-English-pages-2-81.pdf
https://www.woah.org/en/what-we-offer/improving-veterinary-services/pvs-pathway/
https://www.woah.org/en/what-we-offer/improving-veterinary-services/pvs-pathway/
https://ec.europa.eu/food/sites/food/files/animals/docs/reg-com_ahw_20180919_pres_ppr_cvet_bul.pdf
https://ec.europa.eu/food/sites/food/files/animals/docs/reg-com_ahw_20180919_pres_ppr_cvet_bul.pdf
https://ec.europa.eu/food/sites/food/files/animals/docs/reg-com_ahw_20180919_pres_ppr_cvet_bul.pdf
https://doi.org/10.20506/RST.39.1.3071
http://www.lawsturkey.com/law/5996-law-on-veterinary-services-plant-health-food-and-feed
http://www.lawsturkey.com/law/5996-law-on-veterinary-services-plant-health-food-and-feed
https://webcache.googleusercontent.com/search?q=cache:Y130Al_E-vwJ:https://www.tarimorman.gov.tr/Belgeler/Mevzuat/Genelgeler/kacak_canli_hayvan_hayvansal_urunlern_tasfiyesi.pdf&cd=1&hl=en&ct=clnk&gl=es
https://webcache.googleusercontent.com/search?q=cache:Y130Al_E-vwJ:https://www.tarimorman.gov.tr/Belgeler/Mevzuat/Genelgeler/kacak_canli_hayvan_hayvansal_urunlern_tasfiyesi.pdf&cd=1&hl=en&ct=clnk&gl=es
https://webcache.googleusercontent.com/search?q=cache:Y130Al_E-vwJ:https://www.tarimorman.gov.tr/Belgeler/Mevzuat/Genelgeler/kacak_canli_hayvan_hayvansal_urunlern_tasfiyesi.pdf&cd=1&hl=en&ct=clnk&gl=es
https://webcache.googleusercontent.com/search?q=cache:Y130Al_E-vwJ:https://www.tarimorman.gov.tr/Belgeler/Mevzuat/Genelgeler/kacak_canli_hayvan_hayvansal_urunlern_tasfiyesi.pdf&cd=1&hl=en&ct=clnk&gl=es
https://www.tarimorman.gov.tr/SGB/Belgeler/Bakanl%20ı%20k_Faaliyet_Raporlar%20ı/2018%20ACTIVITY%20REPORT.pdf
https://www.tarimorman.gov.tr/SGB/Belgeler/Bakanl%20ı%20k_Faaliyet_Raporlar%20ı/2018%20ACTIVITY%20REPORT.pdf
https://www.tarimorman.gov.tr/SGB/Belgeler/Bakanl%20ı%20k_Faaliyet_Raporlar%20ı/2018%20ACTIVITY%20REPORT.pdf
https://ec.europa.eu/food/animals/live-animal-movements_en
https://ec.europa.eu/food/animals/live-animal-movements_en
https://www.gf-tads.org/
https://doi.org/10.1111/TBED.12926
https://doi.org/10.1016/J.PREVETMED.2013.07.013
https://doi.org/10.1111/TBED.13143
https://doi.org/10.2903/J.EFSA.2012.2635
https://doi.org/10.1016/J.MEDMAL.2019.09.005
https://doi.org/10.1371/JOURNAL.PNTD.0004210
https://doi.org/10.1089/VBZ.2016.1944


Arede et al. 10.3389/fvets.2023.1174560

Frontiers in Veterinary Science 12 frontiersin.org

 85. Whitehouse CA. Crimean-Congo hemorrhagic fever. Antivir Res. (2004) 
64:145–60. doi: 10.1016/J.ANTIVIRAL.2004.08.001

 86. Ergönül Ö. Crimean-Congo haemorrhagic fever. Lancet Infect Dis. (2006) 
6:203–14. doi: 10.1016/S1473-3099(06)70435-2

 87. Hoogstraal H. The epidemiology of tick-borne Crimean-Congo hemorrhagic fever 
in Asia, Europe, and Africa. J Med Entomol. (1979) 15:307–417. doi: 10.1093/
JMEDENT/15.4.307

 88. Zeller HG, Cornet JP, Camicas JL. Experimental transmission of Crimean-Congo 
hemorrhagic fever virus by west African wild ground-feeding birds to Hyalomma 
marginatum rufipes ticks. Am J Trop Med Hyg. (1994) 50:676–81. doi: 10.4269/
AJTMH.1994.50.676

 89. Bente DA, Forrester NL, Watts DM, McAuley AJ, Whitehouse CA, Bray M. 
Crimean-Congo hemorrhagic fever: history, epidemiology, pathogenesis, clinical 
syndrome and genetic diversity. Antivir Res. (2013) 100:159–89. doi: 10.1016/J.
ANTIVIRAL.2013.07.006

 90. FAO, WOAH. Global strategy for the control and eradication of PPR; (2015). 
Available at: http://www.fao.org/3/I4460E/i4460e.pdf (Accessed October 3, 2022).

 91. Legnardi M, Raizman E, Beltran-Alcrudo D, Cinardi G, Robinson T, Falzon LC, et al. 
Peste des Petits ruminants in central and eastern Asia/West Eurasia: epidemiological situation 
and status of control and eradication activities after the first phase of the PPR global eradication 
Programme (2017-2021). Animals (Basel). (2022) 12:2030. doi: 10.3390/ANI12162030

 92. FAO, WOAH, GF-TADs. The progressive control pathway for foot and mouth 
disease control (PCP-FMD). Published online 2018. Available at: https://www.fao.
org/3/a-an390e.pdf

 93. Basiladze V. The PCP-FMD progress in Georgia and how it advances FAST control. 
In: EUDMD OS22; (2022). Available at: https://www.slideshare.net/eufmd1/v-basiladze- 
the-pcpfmd-progress-in-georgia-and-how-it-advances-fast-control

 94. Aliyeva T, Aliyev J, Hajiyeva A, Vatani M, Ch Suleymanova. Comparision of fmd 
serosurveillance results in azerbaijan during 2016 – 2019. In: EuFMD OS20; (2020).

 95. Halliday J, Daborn C, Auty H, Mtema Z, Lembo T, Bronsvoort BMC, et al. 
Bringing together emerging and endemic zoonoses surveillance: shared challenges and 
a common solution. Philos Trans R Soc Lond B Biol Sci. (2012) 367:2872–80. doi: 
10.1098/RSTB.2011.0362

 96. FAO. Ukraine: Impact of the war on agricultural enterprises, findings of a Nationwide 
survey of agricultural enterprises with land up to 250 hectares, January–February 2023; (2023).

 97. FAO. Impact of the Ukraine-Russia conflict on global food security and related matters 
under the mandate of the food and agriculture Organization of the United Nations FAO (2022).

 98. FAO In: P Ankers, S Bishop, S Mack and K Dietze, editors. Livestock-related 
interventions during emergencies, vol. 18: FAO Animal Production and Health Manual 
(2016)

 99. Jode, H, and Watson, C. (eds.) LEGS  - Livestock Emergency Guidelines and 
Standards 3rd ed. Rugby, UK: Practical Action Publishing. (2023).

https://doi.org/10.3389/fvets.2023.1174560
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/J.ANTIVIRAL.2004.08.001
https://doi.org/10.1016/S1473-3099(06)70435-2
https://doi.org/10.1093/JMEDENT/15.4.307
https://doi.org/10.1093/JMEDENT/15.4.307
https://doi.org/10.4269/AJTMH.1994.50.676
https://doi.org/10.4269/AJTMH.1994.50.676
https://doi.org/10.1016/J.ANTIVIRAL.2013.07.006
https://doi.org/10.1016/J.ANTIVIRAL.2013.07.006
http://www.fao.org/3/I4460E/i4460e.pdf
https://doi.org/10.3390/ANI12162030
https://www.fao.org/3/a-an390e.pdf
https://www.fao.org/3/a-an390e.pdf
https://www.slideshare.net/eufmd1/v-basiladze-the-pcpfmd-progress-in-georgia-and-how-it-advances-fast-control
https://www.slideshare.net/eufmd1/v-basiladze-the-pcpfmd-progress-in-georgia-and-how-it-advances-fast-control
https://doi.org/10.1098/RSTB.2011.0362

	Examination of critical factors influencing ruminant disease dynamics in the Black Sea Basin
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Study region and ruminant-specific information
	3.1.1. Study region
	3.1.2. Ruminant demographics
	3.1.3. Production types
	3.1.4. Animal identification and registration systems
	3.1.5. National trade of live ruminants
	3.1.5.1. Livestock markets
	3.1.5.2. Seasonal movements
	3.1.6. International trade of live ruminants
	3.2. Disease-specific information
	3.2.1. Disease status, surveillance, and control activities
	3.2.1.1. Anthrax
	3.2.1.2. Brucellosis
	3.2.1.3. Crimean Congo haemorrhagic fever
	3.2.1.4. Foot-and-mouth disease
	3.2.1.5. Lumpy skin disease
	3.2.1.6. Peste des petits ruminants

	4. Discussion
	4.1. Post-Soviet Union reform
	4.2. Rural livelihoods and pastoralism
	4.3. Disease management and related factors
	4.4. The exception of CCHF
	4.5. Current initiatives
	4.6. Limitations
	4.7. The armed conflict in Ukraine

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

