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A B S T R A C T

Live animal markets (LAMs) are central to livestock trade but can also facilitate the spread of endemic or 
emerging diseases, making biosecurity a highly relevant tool for risk reduction. As such, this study evaluates 
biosecurity practices and identifies potential gaps in implementation in LAMs trading ruminants in Armenia, 
Azerbaijan, Georgia, and the Republic of Moldova. Across all four countries, 41 markets were visited from April 
to July 2025. Biosecurity practices were assessed through visual observation and face-to-face interviews with 
market managers and users, using structured surveys. Results showed that although some measures were applied, 
significant gaps in biosecurity remained, including a lack of infrastructure in some LAMs, partial segregation, 
inadequate cleaning and disinfection of animal holding areas, and minimal post-market quarantine of traded 
animals, among others. Nevertheless, LAMs with personnel trained in biosecurity implementation more 
consistently and comprehensively applied measures, regardless of structural limitations. Both managers and 
users expressed interest in improving biosecurity, highlighting opportunities for context-specific interventions 
through sustained stakeholder engagement and infrastructural improvements. Beyond these findings, this study 
piloted a survey-based assessment intended for future comparative assessment and longitudinal monitoring of 
biosecurity in LAMs.

1. Introduction

Live animal markets (LAMs) are essential for livestock trade, 
particularly in low- and middle-income countries. They facilitate 
smallholder participation in livestock supply chains, thus supporting 
local economies, rural livelihoods, and food security [61,62,64–67]. 
Concurrently, LAMs create conditions conducive to the emergence and 
spread of infectious diseases [19]. Trade networks and markets have 
been identified as a major driver of the rapid transboundary spread of 
diseases by aggregating animals from different species and origins [38]. 
The circulation of animals through these systems increases the number 
of contact points, and consequently, the risk of pathogen transmission 
and recirculation within and between regions [20,25,26,52,7].

In Armenia, Azerbaijan, Georgia, and the Republic of Moldova 
(hereafter “Moldova”), animal movement and trade networks, some of 
which occur outside official registration and traceability systems, along 
with often under-resourced public veterinary services, allow the 
continued circulation of different endemic or emerging transboundary 
animal diseases (TADs) such as foot-and-mouth disease, lumpy skin 
disease, peste des petits ruminants, and brucellosis [2,31,37,48,50]. 
Situated between Eastern Europe and Western Asia, these countries rely 
heavily on agropastoral economies, with ruminant production being the 
most important subsector of both commercial livestock systems and 
smallholder backyard production [13–16,2]. In this context, LAMs are 
one of the venues for aggregating, trading, and redistributing ruminants 
across local, national, and cross-border supply chains. Yet, because they 
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operate within a complex epidemiological landscape, they are potential 
hotspots for disease transmission.

In this context, biosecurity—defined as “a set of management and 
physical measures to reduce the risk of introduction, establishment, and 
spread of animal diseases, infections or infestations to, from, and within 
an animal population” [57]—becomes an extremely relevant tool to 
mitigate these risks. Livestock market biosecurity can be broadly divided 
into external biosecurity, which refers to measures aimed at preventing 
the introduction of pathogens into the market, such as animal health 
screenings, documentation checks, and transport hygiene at entry, and 
internal biosecurity, which encompasses measures to reduce pathogen 
spread within the premises, such as segregation of animals and sanita
tion of animal holding areas. However, effective biosecurity in livestock 
markets, and in livestock production in general, also heavily relies on 
stakeholder awareness, communication, training, and engagement to 
support the consistent implementation and adoption of these measures. 
Strengthening biosecurity within LAMs is essential to balance their 
economic function with disease prevention, yet despite the increasingly 
recognized importance of such measures, they are rarely systematically 
implemented in livestock market settings [27,28,32,8,41,42]. Little is 
known about current biosecurity implementation in LAMs where 
ruminant trade occurs in our study region, or how stakeholders perceive 
and prioritize them in practice, resulting in a significant knowledge gap 
in a high-risk setting.

This study assessed biosecurity practices in live ruminant markets 
and supply chains in Armenia, Azerbaijan, Georgia, and Moldova. By 
characterizing market structures, stakeholder practices, and percep
tions, we identified gaps in implementation and opportunities to 
strengthen risk management through context-specific interventions. 
These findings inform ongoing international and national efforts to 
enhance disease prevention and control in regional farming systems.

2. Materials and methods

2.1. Study design

This observational cross-sectional study was designed to assess bio
security practices and their level of implementation in LAMs trading in 
ruminants across Armenia, Azerbaijan, Georgia, and Moldova. Although 
the survey initially targeted all nine countries within a regional TAD 
control initiative in Europe and Central Asia, surveys were only con
ducted in the four aforementioned countries. The five remaining coun
tries were not included due to a lack of LAMs selling ruminants (Belarus 
and Ukraine), markets being closed due to disease control operations 
following recent TADs introduction (Bulgaria and Romania), and the 
survey not being prioritized by national authorities (Türkiye).

The study was also designed to pilot a survey-based methodology 
intended for future replication and longitudinal monitoring of bio
security in live animal markets.

Country focal points (CFPs) contracted by the Food and Agriculture 
Organization of the United Nations (FAO) provided data on the number 
and operational status of LAMs in their respective countries, drawing on 
official registration records, regional FAO databases, and cross- 
referencing with data collected in previous regional assessments [2]. 
This provided the most complete listing of known, officially registered 
active markets available at the time of data collection, though unregis
tered or informal markets operating outside official oversight were not 
systematically captured. Markets were eligible for inclusion if they were 
active at the time of data collection and traded ruminant species. In 
Armenia and Azerbaijan, where the total number of known active 
markets is low, a census approach was applied and all identified LAMs 
were surveyed. In Georgia and Moldova, where the number of officially 
registered markets was larger, a convenience sampling approach was 
applied, with the assessment limited to markets that were accessible to 
CFPs within the allocated fieldwork period. This was further constrained 
by the operational reality that most LAMs in the region operate only on 

specific days, typically weekends or designated market days, meaning 
that each site visit required individual scheduling and significantly 
limited the number of markets that could be assessed within the avail
able timeframe. While this approach maximized feasibility under oper
ational constraints, it may have introduced selection bias, and findings 
for Georgia and Moldova should be interpreted with this limitation in 
mind.

2.2. Survey design and data collection

We developed two structured questionnaires to collect standardized 
data across livestock markets: one targeting market managers and one 
for market users. The content of the questionnaires was informed by a 
review of relevant literature and expert elicitation. Considering key 
pathways and risk factors for pathogen transmission within LAMs, and 
associated biosecurity measures, the survey covered the following 
aspects: 

○ Inter- and intraspecies mixing and segregation measures;
○ Cleaning and disinfection (C&D) of animal holding areas, waste 

management, and pest control practices;
○ Practices during transport of live animals, such as sharing and C&D 

of transport vehicles;
○ On-site and on-farm quarantine/isolation practices;
○ Stakeholder hygiene practices, such as handwashing and personal 

protective equipment (PPE) use
○ On-site slaughter practices, including infrastructure, hygiene mea

sures, and personnel involved.

The content of each questionnaire was tailored to the respondent 
type. Managers, defined as the person responsible for overseeing market 
activities, were asked about the overall structure and operations, general 
animal movements and trade practices, and market-level biosecurity 
practices, and on-site slaughter practices where applicable. While the 
frequency and conditions of slaughter were captured, the survey did not 
include a dedicated question on reasons for on-site slaughter. This gap 
was identified during peer review and recommended for inclusion in 
future iterations of the assessment tool. Users, defined as farmers, 
traders, butchers, or individuals with a combination of these roles, 
engaged in selling and/or buying ruminants at the market, were asked 
about their individual trade, transport, and biosecurity practices. To 
identify potential knowledge gaps, implementation difficulties, and 
opportunities for raising biosecurity awareness and compliance, both 
questionnaires also included a section about the interviewees’ percep
tions and priorities around biosecurity in LAMs.

Both questionnaires were piloted and adapted in collaboration with 
CFPs at four LAMs in the Central Anatolia region and the Mediterranean 
Region of Türkiye in February 2025, and at two markets in the Ararat 
and Armavir regions of Armenia in April 2025. CFPs translated finalized 
questionnaires in their respective national languages, and translations 
were validated by experts with a relevant technical background. Both 
questionnaires are included in the supplementary materials (S.1. and 
S.2.).

To ensure high-quality data collection and limit social desirability 
bias, CFPs received training on how to perform biosecurity assessments 
in LAM contexts. They were instructed to use the structured question
naires as a basis for semi-structured interviews with open questions, 
allowing respondents to elaborate on their answers and clarify their 
reasoning when necessary. A field guide with instructions was also 
provided to support consistency in data collection across countries (see 
Supplementary materials S.3.). This approach was intended to reduce 
social desirability bias in several ways: open-ended questions discourage 
simple yes/no responses that respondents might tailor to perceived ex
pectations; probing follow-up questions allow interviewers to explore 
inconsistencies between reported practices and observed conditions; 
and the conversational format creates an environment in which 
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respondents are more likely to reflect on and accurately describe actual 
practices rather than ideal ones [24,44,5]. Triangulation with direct 
field observations and photographic documentation provided an addi
tional check, allowing CFPs to identify and reconcile discrepancies be
tween reported and observed practices. Nevertheless, we acknowledge 
that social desirability bias cannot be fully eliminated in 
interview-based studies, and this remains a limitation of the current 
study design.

From April to July 2025, CFPs conducted field visits to LAMs to 
conduct these assessments in Armenia, Azerbaijan, Georgia, and Mol
dova. At each market, CFPs were instructed to interview the manager 
(interviews lasted 40–60 min) and survey at least five market users per 
site (approximately 10 min per user), prioritizing regular participants 
actively engaged in trading ruminants. This target was established based 
on experience from the piloting phase, during which interviewing the 
manager and five users required at least two hours per market. Given 
that CFPs were required to visit multiple markets per fieldwork day, 
often located considerable distances apart, and that most markets 
operate only on specific days and for limited opening hours, this number 
represented a pragmatic balance between data richness and operational 
feasibility. We acknowledge that this fixed minimum did not account for 
market size, and that a larger sample per market would have been 
preferable; however, the operational constraints of the fieldwork period 
precluded this. In practice, the number of users interviewed varied 
across markets and countries, reflecting differences in market atten
dance, availability of ruminant traders, and seasonal fluctuations in 
trade activity. Participant selection was based on convenience sampling, 
as time constraints and operational settings did not always allow 
random or representative sampling. In markets without a designated 
managerial role, reflecting the unsupervised nature of these markets 
rather than a data collection gap, the manager questionnaire was 
completed through observation and informal discussions with market 
users. For questions presupposing the existence of a managerial func
tion, such as training participation or formal protocols, this likely 
resulted in default negative or not-applicable responses rather than a 
true assessment of practices, since no such role existed to report on. 
Conversely, directly observable practices (e.g., segregation, cleanliness, 
infrastructure) are less likely to be affected and are also less susceptible 
to social desirability bias than self-reported data, as they could be 
independently corroborated through observation and photographic 
documentation. A photographic documentation protocol was thus 
developed to complement self-reported practices more broadly and was 
particularly valuable for corroborating the questionnaires completed in 
markets with no managerial role, where no manager-led account was 
available to verify against. Photographs were used to compare reported 
practices with observed conditions, such as the type and condition of 
animal holding areas, the segregation of different species, flooring type 
(e.g., beaten sand or dirt, which are difficult to clean and disinfect), and 
the presence of animals that may serve as mechanical vectors or inter
mediate hosts for certain diseases, such as dogs, which could pose a 
higher risk due to their roaming or feral behavior. Amendments were 
made where discrepancies were identified.

Data presented in this study derive from three complementary 
sources: market manager interviews, market user interviews, and direct 
field observations. Manager interviews informed market-level data on 
infrastructure, biosecurity practices and operational characteristics 
(Table 1, 3 [market-level rows], 4 [manager rows], 5, 7, and 8). User 
interviews informed individual-level data on trading practices, trans
port, and biosecurity behaviors (Table 2 [all rows except number of 
users per year], 3 [user-level rows], 4 [pre-market health measures 
taken by users], and 6). The estimated number of market users per year 
(Table 2) was provided by market managers as an operational estimate. 
Direct field observations by CFPs complemented the interview data for 
specific questions where visual assessment was more straightforward 
than self-report, such as species present, flooring type, and pen infra
structure. Photographs collected during field visits were reviewed by the 

first author as a contextual check, and minor amendments were made to 
survey responses in cases of clear discrepancy between reported prac
tices and observed conditions.

2.3. Data analysis

2.3.1. Data cleaning and preprocessing
Raw data were centralized as digital forms on EuSurvey, a secure, 

web-based survey platform [12]. From there, they were exported to 
Microsoft Office Excel for cleaning and coding before analysis. This 
involved harmonizing spelling and formatting in free-text responses, 
transforming multiple-choice responses into binary variables, and 
resolving inconsistencies through clarification with CFPs and the 
photographic documentation. Free-text and open-ended responses were 
systematically reviewed and thematically summarized to identify 
recurring patterns in stakeholder perceptions, priorities, and reported 
practices. Where responses were sufficiently consistent across re
spondents, these themes were quantified and integrated into the results 
and discussion; where quantification was not possible, findings are 
attributed explicitly to CFP field observations or open-ended interview 
responses.

Cleaned data were exported to RStudio® [49] for descriptive sta
tistics and regression analysis.

Table 1 
Characteristics of live animal markets (LAMs) in Armenia, Azerbaijan, Georgia, 
and Moldova.

Country 
(n = number of markets)

Armenia 
(n = 6)

Azerbaijan 
(n = 10)

Georgia 
(n = 10)

Moldova 
(n = 15)

Markets registered with 
authorities (%)

50 (3/6) 100 (10/ 
10)

100 (10/ 
10)

100 (15/ 
15)

Type of market (%)
Primary collection 100 (6/6) 30 (3/10) 80 (8/10) 100 (15/ 

15)
Secondary distribution 0 70 (7/10) 10 (1/10) 0
Terminal 0 0 10 (1/10) 0
Supervised markets (%) 50 (3/6) 100 (10/ 

10)
100 (10/ 
10)

100 (15/ 
15)

Personnel per market day (average (min–max))
Veterinarians 0.7 

(0.4–1.0)
1.2 
(0.8–2.0)

1.7 
(0.9–2.7)

1.0

Officials/administrators 0.3 
(0.2–0.4)

1.2 
(0.9–2.0)

2.5 
(1.7–3.0)

1.0

Species traded (%) ​ ​ ​ ​
Cattle 100 (6/6) 100 (10/ 

10)
100 (10/ 
10)

100 (15/ 
15)

Sheep 50 (3/6) 100 (10/ 
10)

60 (6/10) 93 (14/ 
15)

Goats 17 (1/6) 90 (9/10) 50 (5/10) 93 (14/ 
15)

Camelids 0 (0/6) 20 (2/10) 0 (0/10) 0 (0/15)
Pigs 67 (4/6) 10 (1/10) 60 (6/10) 93 (14/ 

15)
Poultry 50 (3/6) 100 (10/ 

10)
20 (2/10) 100 (15/ 

15)
Othera 67 (4/6) 10 (1/10) 10 (1/10) 87 (13/ 

15)
Cattle per year 

(thousands; min–max)
2.7–8.4 37.4–127.4 3.2–10.0 0–0.6

Small ruminants (SR) 
per year (thousands; 
min–max)

0.7–1.3 53.6–260.0 3.5–8.4 0.0–1.3

Market infrastructure
Market setup (%) ​ ​ ​ ​
Fully outdoors 50 (3/6) 60 (6/10) 30 (3/10) 27 (4/15)
Both indoor and 

outdoor areas
50 (3/6) 40 (4/10) 70 (7/10) 73 (11/ 

15)
Market area (m²) 8666.7 26537.0 12311.5 1806.1

Data source: market manager interviews and field observations.
a “Other” species include horses, rabbits, and dogs.
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2.3.2. Market-level biosecurity scores and their association with different 
variables

Each of the 21 market-level biosecurity practices included in the 
questionnaire directed at market managers was scored 0 (poor or non- 
existent), 0.5 (partial/intermediate), or 1 (good) and summed up to 
obtain an overall biosecurity score. Candidate predictors for the score 
included market type (i.e., primary collection, secondary distribution, or 
terminal market), professional background of the manager (i.e., farmers 
or veterinarians versus non-exposed to livestock, such as accountants or 
economists), frequency of operations, animal species present (ruminant 
and non-ruminant), market setup (i.e., indoor/outdoor or mixed), area 
of the market, manager’s perception of markets as a source of disease 
transmission, manager’s participation in trainings, and presence of 
awareness materials about animal diseases at the market.

To identify which variables were most strongly associated with the 
overall biosecurity score, we first examined pairwise associations be
tween each predictor and the outcome. For predictors with a significant 
association with biosecurity, we calculated Cramer’s V to identify pairs 
of predictors with strong correlations. Following Cohen [9], the inter
pretation of effect size was based on the largest contingency table in our 

dataset (a 4 × 3 table, df=2). The thresholds used were V 
< 0.07 = negligible, 0.07 ≤ V < 0.21 = weak, 0.21 ≤ V 
< 0.35 = moderate, and V ≥ 0.35 = strong. Among predictors showing a 
strong correlation, we kept the variable that was most directly relevant 
to biosecurity. For example, market type and presence of other species 
were strongly correlated; therefore, we kept the latter for subsequent 
analysis. Using the remaining predictors, a stepwise selection based on 
Akaike information criterion (AIC) was applied to identify the most 
parsimonious model. These selected variables were then included in an 
ordinary least squares (OLS) linear regression model:

Equation 1: 

Biosecurity Scorei = β0 +
∑p

k=1

βkXki + εi 

where i indexes markets, β0 is the intercept, representing the expected 
biosecurity score when all predictors are at their reference level, Xk are 
the selected market-level predictors, βk are their associated effects, and 
εi is the residual error. To account for potential clustering of markets 
within countries, we then fitted a linear mixed-effects model with 
country as a random effect:

Equation 2: 

Biosecurity Scoreij = β0 +
∑p

k=1

βkXkij + uj + εij 

where i indexes markets, j indexes countries, uj is the random effect 
capturing extra between-country variability not explained by the pre
dictors, and εij is the residual error for each market. This approach 
allowed us to account for the potential lack of independence of market 
observations within each country and to determine whether the asso
ciations identified in the OLS model remained significant.

Model assumptions were checked for all models by examining re
siduals, Q-Q plots, Cook’s distance, and variance inflation factors (VIF), 
and predictor significance was evaluated using F-tests for the OLS model 
and likelihood ratio tests for the mixed model, comparing the full model 
against nested models with each predictor removed in turn [59]. The 
total number of markets included in the regression models was n = 38, 
after excluding three Armenian markets with no designated manager to 
avoid conflating manager-reported and observation-derived data in a 
model assessing manager-level predictors (2.2). Given the small 
country-level sample sizes, regression results should be interpreted as 
exploratory rather than confirmatory, and replication in larger samples 
is recommended. Additionally, given the small number of markets with 
trained managers (n = 6), we conducted sensitivity analyses to assess 
the stability of this effect, including leave-one-country-out and 
leave-one-observation-out refits, group-level and observation-level in
fluence diagnostics (Cook's distance, DFBETAS), and bootstrapped and 
profile-likelihood confidence intervals for the training coefficient (see 
4.3).

All analyses were conducted in RStudio® using the packages MASS 
[56], car [18], rstatix [30], lmtest [59], sandwich [58,60], nlme [46], 
and lme4 [4].

2.4. Ethical considerations

This study was conducted in collaboration with national veterinary 
authorities and CFPs from each country under the coordination of FAO. 
Written and/or verbally informed consent was obtained from all re
spondents before data collection commenced. Participation was volun
tary, and interviewees were informed of the study's purpose, the 
intended use of the data, and their right to withdraw at any time. No 
personal identifying information was collected, and all data, including 
photographs, were anonymized before analysis and presentation. As this 
study focused on collective and operational practices rather than indi
vidual behaviors, all data were analyzed and presented in an aggregated 

Table 2 
Market activity and livestock trading patterns among live animal market users 
surveyed.

Country 
(n = number of 
users)

Armenia 
(n = 28)

Azerbaijan 
(n = 43)

Georgia 
(n = 40)

Moldova 
(n = 4)

Number of users 
per year* 
(thousands; 
min–max)

4.8–8.4 4.9–9.5 4.4–10.2 2.9–4.7

User roles (%)
Farmer 82 (23/28) 65 (28/43) 23 (9/40) 75 (3/4)
Trader 4 (1/28) 3 (1/43) 25 (10/ 

40)
0 (0/4)

Butcher 10 (3/28) 16 (7/43) 20 (8/40) 0 (0/4)
Combined roles 4 (1/28) 16 (7/43) 32 (13/ 

40)
25 (1/4)

Purpose of the visit (%)
Buying only 57 (16/28) 30 (13/43) 11 (4/40) 0 (0/4)
Selling only 39 (11/28) 26 (11/43) 33 (13/ 

40)
100 (4/4)

Both selling and 
buying

4 (1/28) 35 (15/43) 45 (18/ 
40)

0 (0/4)

Other 0 (0/28) 9 (4/43) 11 (5/40) 0 (0/4)
Frequency of market visits (%)
Weekly or more 7 (2/28) 26 (11/43) 44 (18/ 

40)
25 (1/4)

Monthly 4 (1/28) 21 (9/43) 44 (18/ 
40)

50 (2/4)

Every 2–3 months 18 (5/28) 30 (13/43) 0 (0/40) 25 (1/4)
A few times per year 39 (11/28) 23 (10/43) 12 (4/40) 0 (0/4)
Once a year or less 32 (9/28) 0 (0/43) 0 (0/40) 0 (0/4)
Mean number of ruminants traded per user and per year
Sold ​ ​ ​ ​
Cattle 2.1 9.1 87.5 —a

Sheep 1.0 31.6 51.3 2.0
Goats —a 4.9 12.6 0.0
Bought
Cattle 5.7 17.1 99.8 —a

Sheep 23.3 59.3 62.6 0.0
Goats —a 8.3 11.9 2.0
Mean distance 

from farm to 
marketb (km)

21.4 16.1 10.9 26.0

Data source: market user interviews; * number of users per year estimated by 
market managers.

a “—" indicates that no interviewed users in the respective country reported 
buying or selling this species (i.e., all responses were not applicable). Values of 
0.0 indicate that while some users reported involvement in transactions for that 
species, the mean volume traded was zero.

b Calculated only for users who reported having a farm.
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way, generally or by country. All principles of voluntary participation 
and responsible data handling were adhered to throughout. This work 
has been approved by an institutional ethics committee.

3. Results

3.1. Market structure and functional characteristics

A total of 41 markets were assessed: 6 in Armenia, 10 in Azerbaijan, 
10 in Georgia, and 15 in Moldova (Table 1). In supervised markets, the 
market manager was interviewed (n = 38). CFPs interviewed a total of 
115 users: 28 in Armenia, 43 in Azerbaijan, 40 in Georgia, and 4 in 
Moldova. In Moldova, due to the seasonality of ruminant trading, only 4 
LAM users trading ruminants were identified in all the markets visited. 
The geographic distribution of the LAMs surveyed is provided in 
Supplementary materials S.4.

Registration and oversight of the assessed markets were generally 
similar across countries (Table 1). In Azerbaijan, Georgia, and Moldova, 
all visited markets were registered with the relevant authorities and 
operated under some form of supervision, typically by a designated 
market manager. Depending on the country, this role was fulfilled by an 
official veterinarian, a private veterinarian under government contract, 
the market owner, or an appointed administrator. In Armenia, only half 
of the assessed markets were formally registered and supervised; how
ever, LAMs without formal legal status or a registered address were still 
listed by the national food safety authority and subject to veterinary 
oversight.

All the markets surveyed in Armenia and Moldova operated as pri
mary collection markets, where producers sold livestock directly to 
other producers, local butchers, or traders for resale in larger markets. In 
Azerbaijan, 30% of the visited markets served the same primary 
collection function, while the remaining 70% functioned as secondary 
distribution markets, characterized by traders selling primarily to 
butchers or other intermediaries. In Georgia, 80% of markets operated 
as primary collection markets, 10% as secondary distribution, and 10% 
as terminal markets, where traders sold to slaughterhouses or engaged in 
export activities.

Across countries, all markets traded cattle and most also handled 
other ruminant species such as sheep and goats. Most markets also 
traded non-ruminant species, including pigs and poultry. Countries 
differed in the reported annual volumes of traded ruminants. Azerbaijan 
recorded the highest volumes of cattle and small ruminants traded per 
year, while Armenia, Georgia, and Moldova reported substantially lower 
and more variable annual trade volumes. Market infrastructure char
acteristics appeared to align with reported trading volumes. The LAMs 
surveyed were either fully outdoors or featured both indoor and outdoor 
facilities. Moldova had the smallest market area (1806.1 m²), while the 
largest areas were recorded in Azerbaijan (26,537 m²).

Fig. 1 illustrates the structural diversity observed across the LAMs 
surveyed, featuring contrasting market layouts and infrastructure that 
condition the feasibility of biosecurity implementation.

In addition to market-level characteristics, individual-level data 
were collected from LAM users to understand their roles, reasons for 
market attendance, and trading behavior (Table 2). In Armenia, 
Azerbaijan, and Moldova, most respondents were farmers attending the 
market to sell ruminants. In Georgia, combined roles were more com
mon, with many respondents identifying as both farmers and traders and 
engaging in both selling and buying activities.

Weekly or more frequent visits were most common in Georgia, in 
contrast to Armenia, where many interviewed users visited LAMs only a 
few times per year or less. Respondents in Azerbaijan and Georgia 
typically participated in LAM activities on a monthly basis, a pattern 
reflected in the annual number of ruminants traded per user. In 
Armenia, trading volumes per user were much lower than in Georgia, 
which had the highest volume.

The estimated number of market users annually ranged from 1,806 

in Moldova to 23,405 in Azerbaijan. Reported ranges in the number of 
users and volumes of animals traded reflect seasonal fluctuations in 
market activities, with notable increases during specific periods such as 
the Easter holidays in Moldova, before and after the pasturing season (i. 
e., spring and autumn) in Armenia and Georgia, and the Eid and Novruz 
holidays in Azerbaijan.

Estimates for the number of visitors per year (i.e., general public) 
vary substantially between countries, largely reflecting the nature of the 
markets. In Georgia and Armenia, LAMs are very specialized and pri
marily serve as trading hubs for farmers, traders, etc. In Moldova and 
Azerbaijan, markets often have a multipurpose nature, with livestock 
trading occurring alongside the sale of animal products or fresh produce. 
This setup contributes to higher visitor numbers as these markets also 
attract more general clientele. The increase in public attendance is 
further compounded ahead of holidays such as Eid, when people visit 
markets to select sacrificial animals.

3.2. Operational implementation of biosecurity measures across the 
market continuum

3.2.1. En route: biosecurity during animal transport
We started by examining transportation practices to and from the 

markets (Table 3). Most ruminants were transported to the market in 
privately owned vehicles (Armenia, Georgia, Moldova) or with rented 
vehicles (Azerbaijan). Loading and unloading facilities were variably 
available: most of the Armenian (67%), Georgian (70%), and Moldovan 
(88%) markets had designated areas, but their use was not always 
consistent.

Cleaning and disinfection (C&D) of transport vehicles was most 
consistently reported in Armenia (82% reporting “always” or “most of 
the time”) and Georgia (75%), with lower and more variable imple
mentation in Azerbaijan (44% “always” or “most of the time” and 

Fig. 1. Structural diversity of live animal markets assessed in the study. 
Examples of market layouts and infrastructure illustrating the range of struc
tural conditions observed across surveyed LAMs, from markets with fixed, 
cleanable infrastructure and defined animal holding areas (A) to markets with 
open layouts, limited physical barriers, and surfaces that constrain cleaning and 
disinfection (B). These structural differences influence the feasibility of imple
menting biosecurity measures and contextualize observed variation in bio
security practices across sites.
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Moldova (25%). Respondents described their C&D protocols, which 
were evaluated against a three-step “ideal” standard: removal of organic 
material, high-pressure washing with detergent, and application of 
disinfectant. Few of the reported protocols met all three steps, with most 
rated as “moderate” or “poor.” C&D was primarily conducted at the 
respondent’s farm or in specialized C&D centers and was usually per
formed after every trip or when vehicles were visibly dirty. Vehicle 
sharing (i.e., transporting animals from different herds in the same 
vehicle, at the same time) occurred occasionally in Georgia and more 
frequently in Azerbaijan. Transporting animals from different sources in 
the same vehicle did not specifically prompt C&D.

3.2.2. Managing risk at the gate: pre-market biosecurity practices
Biosecurity measures in place before and at LAM entry included 

physical barriers to entry, health requirements, inspection procedures, 
and transport-related practices (Table 4). Although the types of 

measures were comparable, the extent to which they were implemented 
differed between countries.

Mandatory vaccination requirements, primarily against anthrax and 
foot-and-mouth disease in Armenia, and anthrax in Azerbaijan and 
Moldova [2], were consistently reported by managers in Armenia 
(100%) and Moldova (94%), and moderately in Georgia (60%), where a 
risk-based vaccination approach is applied. Notably, no managers in 
Azerbaijan reported mandatory vaccination requirements despite na
tional legislation mandating vaccination against anthrax for all rumi
nants, suggesting either limited awareness of requirements or 
inconsistent enforcement at the market level. Diagnostic testing re
quirements were most common in Moldova, but less so elsewhere. 
Armenian (83%) and Moldovan (81%) managers more commonly 
acknowledged the need for animals to be certified free from certain 
diseases. Sellers in all countries also reported taking preventive mea
sures before bringing animals to market, including vaccination, 

Table 3 
Overview of animal transport practices and related biosecurity measures.

Country 
(n = number of users, number of markets)

Armenia (n = 28, 6 markets) Azerbaijan 
(n = 43, 10 markets)

Georgia (n = 40, 10 markets) Moldova 
(n = 4, 15 markets)

Market-level Market has a separate loading/unloading area (%)
Yes 33 (2/6) 10 (1/10) 60 (6/10) 88 (13/15)
No 33 (2/6) 50 (5/10) 30 (3/10) 6 (1/15)
Yes, but not always used 34 (2/6) 40 (4/10) 10 (1/10) 6 (1/15)
Market has cleaning and disinfection (C&D) facilities for transport vehicles (%)
Yes 17 (1/6) 0 (0/10) 30 (3/10) 50 (7/15)
No 50 (3/6) 50 (5/10) 60 (6/10) 0 (0/15)
Yes, but not always used 33 (2/6) 50 (5/10) 10 (1/10) 50 (8/15)

User-reported Transport method (%)
Privately owned vehicle 97 (27/28) 28 (12/43) 83 (33/40) 100 (4/4)
Rental vehicle 3 (1/28) 46 (20/43) 15 (6/40) 0 (0/4)
Transporter/transport 
company

0 (0/28) 26 (11/43) 2 (1/40) 0 (0/4)

Transport sharing frequency (%)
Always 0 (0/28) 26 (11/43) 5 (2/40) 0 (0/4)
Most of the time 0 (0/28) 40 (17/43) 20 (8/40) 0 (0/4)
Occasionally 7 (2/28) 14 (6/43) 20 (8/40) 0 (0/4)
Rarely 4 (1/28) 16 (7/43) 18 (7/40) 25 (1/4)
Never 86 (24/28) 4 (2/43) 28 (11/40) 50 (2/4)
Respondent doesn't knowa 0 (0/28) 0 (0/43) 2 (1/40) 0 (0/4)
Not applicableb 3 (1/28) 0 (0/43) 7 (3/40) 25 (1/4)
Transport vehicle sanitation
C&D frequency (%)
Always 71 (10/28) 18 (8/43) 40 (16/40) 0 (0/4)
Most of the time 11 (3/28) 26 (11/43) 35 (14/40) 25 (1/4)
Occasionally 7 (2/28) 28 (12/43) 7 (3/40) 50 (2/4)
Rarely 0 (0/28) 21 (9/43) 3 (1/40) 25 (1/4)
Never 4 (1/28) 5 (2/43) 0 (0/40) 0 (0/4)
Respondent doesn't knowa 0 (0/28) 2 (1/43) 10 (4/40) 0 (0/4)
Not applicableb 7 (2/28) 0 (0/43) 5 (2/40) 0 (0/4)
Assessment of C&D protocol (%)
Ideal 0 (0/28) 0 (0/43) 3 (1/40) 0 (0/4)
Good 4 (1/28) 12 (5/43) 47 (19/40) 25 (1/4)
Moderate 56 (16/28) 53 (23/43) 21 (8/40) 25 (1/4)
Poor 40 (11/28) 35 (15/43) 29 (12/40) 50 (2/4)
When C&D is performed (%)
After every trip 64 (18/28) 65 (28/43) 46 (18/40) 75 (3/4)
At regular intervals 20 (6/28) 10 (4/43) 50 (20/40) 0 (0/4)
When there is visible dirt 
or manure

88 (25/28) 35 (15/43) 6 (2/40) 25 (1/4)

When transporting animals 
from different origins

0 (0/28) 3 (1/43) 0 (0/40) 0 (0/4)

When required by 
regulations/market 
management

0 (0/28) 5 (2/43) 0 (0/40) 75 (3/4)

Where C&D performed (%)
At the market 0 (0/28) 50 (22/43) 0 (0/40) 0 (0/4)
At specialized C&D centers 60 (17/28) 13 (6/43) 54 (22/40) 0 (0/4)
At the slaughterhouse 0 (0/28) 35 (15/43) 0 (0/40) 0 (0/4)
At the user's farm 80 (22/28) 93 (40/43) 63 (25/40) 100 (4/4)

Data source: market manager interviews (market-level rows) and market user interviews (user-level rows), supplemented by field-observation.
a Refers to participants who use rental vehicles or transport companies and are not themselves involved in transportation or C&D of vehicles.
b Refers to participants who bring their animals to the market on foot.
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deworming, diagnostic testing, and visual inspection.
Documentation and inspection practices also varied across countries 

and depended strongly on whether markets had designated supervisory 
personnel. Requirements for vaccination records, health certificates, 
transport documents, and animal passports were more consistently 
implemented in Georgia and Moldova than in Armenia and Azerbaijan.

In Armenia, markets with supervisors reported full compliance, but 
half of the markets lacked supervisory personnel, leaving no one 
responsible for enforcing document checks. In Azerbaijan, supervisors 
were present but did not routinely verify documentation.

Physical inspection practices followed a similar pattern. In Armenia, 
systematic entry inspections were reported in markets with supervisors, 
while unsupervised LAMs relied on self-inspection by users. In 
Azerbaijan, supervisors were present but rarely conducted inspections. 
Systematic inspections were reported more frequently in Georgia (80%) 
and Moldova (56%).

Regarding animal health status at entry, in Armenia and Georgia, 
markets implementing entry inspections typically reported denying 
entry to animals showing clinical signs of disease (e.g., fever, respiratory 
or digestive signs, lameness), and market managers reported instructing 
users to return these animals to their premises of origin, in line with the 
absence of quarantine facilities within markets. In Azerbaijan and 
Moldova, entry rejection criteria were less consistently applied or re
ported, meaning that animals showing clinical signs may not always 
have been systematically identified or excluded at entry.

3.2.3. Containing risk on-site: internal biosecurity and hygiene
Internal biosecurity practices varied in terms of animal segregation 

and sanitation procedures of animal holdings, and available hygiene 
infrastructure.

Reported segregation practices differed across countries, but effec
tive implementation was rarely complete. Based on a composite indi
cator combining declared segregation measures (by species, age, owner, 
health status, or a combination thereof) with direct observations on pen 
mixing and nose-to-nose contact, most markets in all four countries were 
classified as having partial segregation (Table 5). Species-based segre
gation was reported in all markets in Georgia, in 70% of markets in 
Azerbaijan, in 33% of markets in Armenia, and in only 6% of markets in 
Moldova. Owner-based segregation was common in Armenia (83%), 
Georgia (80%), Azerbaijan (70%), but less frequent in Moldova (6%). 
Despite these measures, mixing of animals from different herds still 
occurred in one-third of markets in Armenia, in all markets in Azerbaijan 
and Moldova, and in 10% of markets in Georgia. Moreover, nose-to-nose 
contact was possible in most markets, regardless of formal segregation 
rules. As a result, only very few markets met the criteria for complete 
segregation.

As mentioned previously, isolation areas for animals with clinical 
signs of disease were available in some markets in Armenia and 
Azerbaijan, and in 50% of surveyed Georgian markets, but their use was 
generally limited.

Cleaning and disinfection (C&D) of market pens was inconsistently 
implemented. Half of Armenian markets managers and 90% of those in 
Azerbaijan reported that pens could not be cleaned or disinfected at all, 

Table 4 
Pre-market entry requirements, document checks, and inspection practices.

Country 
(n = number of users, 
number of markets)

Armenia 
(n ¼ 28, 6 markets)

Azerbaijan 
(n ¼ 10, 10 markets)

Georgia 
(n ¼ 40, 10 markets)

Moldova 
(n ¼ 4, 15 markets)

Market-level Access restriction (%) 33 (2/6) 100 (10/10) 90 (9/10) 100 (15/15)
Free-roaming animals 
can access premises (%)

83 (5/6) 70 (7/10) 40 (4/10) 100 (15/15)

Pre-market health requirements (%)
Mandatory vaccinations or 
anti-parasitic treatments

100 (6/6) 0 (0/10) 60 (6/10) 94 (14/15)

Mandatory diagnostic tests 0 (0/6) 0 (0/10) 30 (3/10) 94 (14/15)
Animals need to be certified 
free from certain diseases

83 (5/6) 0 (0/10) 50 (5/10) 81 (12/15)

Documents to be presented at entry (%)
No documents 50 (3/6) 100 (10/10) 10 (1/10) 0 (0/15)
Passports 0 (0/6) 0 (0/10) 90 (9/10) 0 (0/15)
Health certificates 50 (3/6) 20 (2/10) 40 (4/10) 100 (15/15)
Vaccination records 33.3 (2/6) 0 (0/10) 60 (6/10) 100 (15/15)
Transport documents 0 (0/6) 0 (0/10) 50 (5/10) 63 (9/15)
Inspection at entry (%)
Yes 50 (3/6) 20 (2/10) 80 (8/10) 56 (8/15)
No 50 (3/6) 20 (2/10) 0 (0/10) 0 (0/15)
Not always/Not all animals 0 (0/6) 60 (6/10) 20 (2/10) 44 (7/15)
Reasons for denied entry* (%)
Generic symptoms of illness 100 (3/3) 0 (0/8) 70 (7/10) 0 (0/15)
Respiratory symptoms 100 (3/3) 25 (2/8) 80 (8/10) 7 (1/15)
Digestive symptoms 0 (0/3) 0 (0/8) 0 (0/10) 0 (0/15)
Lameness or mobility issues 100 (3/3) 0 (0/8) 30 (3/10) 0 (0/15)
Skin or coat conditions 33 (1/3) 25 (2/8) 50 (5/10) 7 (1/15)
Missing documents 100 (3/3) 0 (0/8) 40 (4/10) 0 (0/15)
Instructed procedure after denied entry* (%)
Reported to return to 
premises of origin

100 (3/3) 25 (2/8) 80 (8/10) 53 (8/15)

None 0 (0/3) 75 (4/8) 20 (2/10) 47 (7/15)
User reported Pre-market health measures taken by users for animals intended for sale* (%)

Does not take measures 4 (1/28) 67 (29/43) 8 (3/40) 0 (0/4)
Takes measures 50 (14/28) 12 (5/43) 90 (36/40) 100 (4/4)
Not applicable (doesn't sell 
animals at the market)

46 (13/28) 21 (9/43) 2 (1/40) 0 (0/4)

Data source: market manager interviews; * pre-market health measures taken by users from user interviews.
* Percentages refer to the proportion of markets reporting each reason for denied entry and the instructed procedure after denied entry among those that conduct 

entry inspections.

S. Oste et al.                                                                                                                                                                                                                                     Preventive Veterinary Medicine: Regional Studies and Reports 1 (2026) 100030 

7 



largely due to structural constraints. In contrast, most of the Moldovan 
markets reported that pens were cleaned but not disinfected (73%). Only 
a minority of markets in any country performed both cleaning and 
disinfection, ranging from 17% in Armenia to 30% in Georgia. Dry, wet, 
or mixed cleaning methods (i.e., both wet and dry cleaning) were used 
where cleaning was possible, with mixed methods being most common. 
Disinfection of animal holding areas was either not performed or only 
implemented under certain circumstances, such as disease outbreaks. 
Disinfection was never performed in 70% of Azerbaijani markets, 60% of 
Moldovan markets, and 67% of Armenian markets. Georgian markets 
showed comparatively better practices, with 60% performing routine 
disinfection and the remaining 40% doing so intermittently.

In all countries, at least half of the managers reported that C&D fa
cilities for transport vehicles were non-existent in their market, and 
when they were, they were often not used. Disinfection mats or baths for 
footwear were uncommon in all countries. Handwashing facilities were 
common, but the availability of soap, disinfectants, and hand-drying 
options varied, especially in Armenia and Azerbaijan, which showed 
the most limited hygiene infrastructure overall.

Solid waste management systems were uncommon, with many 
markets having no structured system, except in Georgia and Moldova, 
where waste was removed off-site (100%). Systems such as composting, 
manure pits, or incineration were rarely reported. Liquid waste man
agement systems were similarly limited: most markets lacked any 
dedicated system, aside from drainage systems reported in Azerbaijan 
(10%) and Georgia (60%). Pest control programs were also inconsis
tently implemented, being reported in only 17% of markets in Armenia 
and in none of those in Azerbaijan, but in all markets in Georgia and 
Moldova. Laboratory testing facilities were generally absent, except in a 
few sites in Georgia and Moldova.

On-site slaughter was reported in six markets in Azerbaijan, occur
ring routinely in three and rarely (emergency or special request only) in 
the remaining three. No on-site slaughter was reported in Armenia, 
Georgia, or Moldova. Among markets where slaughter occurred, prac
tices and infrastructure varied considerably. Two markets had a desig
nated enclosed slaughter area with restricted access, while one market 
reported slaughter taking place in an open non-designated space with no 
restricted access. Hygiene measures during slaughter were inconsistent: 
most markets reported handwashing and cleaning of the slaughter area, 
but PPE use was only occasional in most cases. Veterinary inspections 
during slaughter were reported in most Azerbaijani markets, though not 
always systematically. C&D of slaughter areas was performed in most 
cases, though frequency and thoroughness varied. Biological waste 
management was limited, with most markets reporting no specific sys
tem. Notably, in the market where slaughter occurred in an open un
designated space, no specific hygiene measures were required and PPE 
use was only occasional, representing a particular biosecurity and zoo
notic disease risk given the proximity to live animals and market 
visitors.

Table 5 
Internal biosecurity and hygiene practices in live animal markets: infrastructure, 
cleaning and disinfection (C&D), and animal holding.

Country 
(n = number of 
markets)

Armenia 
(n ¼ 6)

Azerbaijan 
(n ¼ 10)

Georgia 
(n ¼ 10)

Moldova 
(n ¼ 15)

Segregation at market (%)
None 0 (0/6) 30 (3/10) 0 (0/10) 60 (9/15)
Partial 100 (6/6) 70 (7/10) 60 (6/10) 40 (6/15)
Complete 0 (0/6) 0 (0/10) 40 (4/10) 0 (0/15)
Segregation criteria 

(%)
​ ​ ​ ​

None 0 (0/6) 90 (9/10) 0 (0/10) 94 (14/15)
By species 33 (2/6) 70 (7/10) 100 (10/ 

10)
6 (1/15)

By health status 17 (1/6) 0 (0/10) 0 (0/10) 0 (0/15)
By size or age 17 (1/6) 50 (5/10) 10 (1/10) 0 (0/15)
By owner 83 (5/6) 70 (7/10) 80 (8/10) 6 (1/15)
Ruminants from 

different herds can 
be mixed 
in the same pens

33 (2/6) 100 (10/10) 10 (1/10) 100 (15/ 
15)

Ruminants from 
different herds can 
have nose-to-nose 
contact

83 (5/6) 100 (10/10) 40 (4/10) 100 (15/ 
15)

Isolation area (%) 33 (2/6) 20 (2/10) 50 (5/10) 0 (0/15)
General cleaning and disinfection (C&D) practices for market pens (%)
Pens cannot be 

cleaned/ 
disinfected

50 (3/6) 90 (9/10) 40 (4/10) 0 (0/15)

Pens are used as they 
are, without 
cleaning

17 (1/6) 10 (1/10) 0 (0/10) 0 (0/15)

Pens are cleaned, but 
not disinfected

17 (1/6) 0 (0/10) 10 (1/10) 73 (11/15)

Pens are cleaned and 
disinfected

17 (1/6) 0 (0/10) 30 (3/10) 0 (0/15)

C&D depends on 
market day or 
animal 
type

0 (0/6) 0 (0/10) 20 (2/10) 27 (4/15)

Cleaning method (%)
No cleaning 67 (4/6) 50 (5/10) 10 (1/10) 0 (0/15)
Dry cleaning 17 (1/6) 30 (3/10) 60 (6/10) 0 (0/15)
Wet cleaning 0 (0/6) 0 (0/10) 0 (0/10) 0 (0/15)
Mixed cleaning 17 (1/6) 20 (2/10) 30 (3/10) 100 (15/ 

15)
Implementation of disinfection (%)
Yes 17 (1/6) 10 (1/10) 60 (6/10) 13 (2/15)
Yes, but not always 

performed
17 (1/6) 20 (2/10) 40 (4/10) 27 (4/15)

No 67 (4/6) 70 (7/10) 0 (0/10) 60 (9/15)
Market waste management system (%)
Solid waste 33 (2/6) 0 (0/10) 100 (10/ 

10)
100 (15/ 
15)

Liquid waste 33 (2/6) 0 (0/10) 70 (7/10) 25 (4/15)
Pest control 

program (%):
17 (1/6) 0 (0/10) 100 (10/ 

10)
100 (15/ 
15)

On-site facilities for basic diagnostic testing (%):
Yes 0 (0/6) 0 (0/10) 30 (3/10) 12 (2/15)
Yes, but not always 

used
0 (0/6) 40 (4/10) 10 (1/10) 0 (0/15)

No 100 (6/6) 60 (6/10) 60 (6/10) 88 (13/15)
Hygiene facilities for stakeholders (%)
Disinfection facilities for footwear (staff)
Yes 17 (1/6) 0 (0/10) 40 (4/10) 6 (1/15)
Yes, but not always 

used
0 (0/6) 20 (2/10) 10 (1/10) 25 (4/15)

No 83 (5/6) 80 (8/10) 50 (5/10) 69 (10/15)
Disinfection facilities for footwear (visitors)
Yes 17 (1/6) 0 (0/10) 10 (1/10) 0 (0/15)
Yes, but not always 

used
0 (0/6) 20 (2/10) 20 (2/10) 38 (6/15)

No 83 (5/6) 80 (8/10) 70 (7/10) 62 (9/15)
Components of handwashing facilities (%) ​ ​

Table 5 (continued )

Country 
(n = number of 
markets) 

Armenia 
(n ¼ 6) 

Azerbaijan 
(n ¼ 10) 

Georgia 
(n ¼ 10) 

Moldova 
(n ¼ 15)

Running water 33 (2/6) 20 (2/10) 100 (1/ 
10)

94 (14/15)

Soap 33 (2/6) 10 (1/10) 100 (1/ 
10)

94 (14/15)

Alcohol-based 
disinfectants

17 (1/6) 0 (0/10) 60 (6/10) 100 (15/ 
15)

Paper towels 0 (0/6) 0 (0/10) 100 (10/ 
10)

88 (13/15)

Hand dryer 0 (0/6) 0 (0/10) 50 (5/10) 19 (3/15)

Data source: market manager interviews and field observation.
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3.2.4. Closing the loop: on-farm practices and destinations of traded 
animals

Animals returning from markets may carry pathogens acquired 
during market activities. In this study, reported movement practices 
offer an insight into the potential risks associated with post-market 
practices. Based on user-reported survey responses, market users 
across all countries reported using multiple trade channels when buying 
and selling ruminants. LAMs were the predominant channel, with the 
majority of respondents reporting using them frequently or usually for 
selling (n = 51/115, 44%) and buying (n = 61/115, 53%), while farm- 
to-farm transactions and traders were used less consistently and varied 
more by country.

Following market transactions, purchased animals were directed 
towards a range of destinations. Commercial slaughter was the most 
frequently reported destination (n = 33/115, 29%), followed by 
fattening (n = 29/115, 25%) and resale (n = 29/115, 25%), with 
breeding (n = 14/115, 12%) and personal consumption slaughter 
(n = 15/115, 13%) less commonly reported. This variability in desti
nations reflects important differences between countries: in Azerbaijan 
and Georgia, non-terminal destinations such as fattening and breeding 
predominated, while in Armenia the higher proportion of slaughter 
destinations reflects the fact that several respondents were butchers 
purchasing animals exclusively for immediate slaughter. In Moldova, 
most reported movements were likewise non-terminal. The lower 
observed activity levels likely reflect the seasonal nature of ruminant 
trading in the country; across the 15 markets surveyed, only four in
dividuals engaged in ruminant trading were present and available for 
interview at the time of data collection.

Despite the continued post-market circulation of animals, quarantine 
measures (i.e., physical separation from the main production herd, 
without the possibility of direct or nose-to-nose contact) of newly pur
chased or unsold animals were infrequently applied (Supplementary 
materials S.5.). For newly purchased animals, no quarantine was re
ported by 82% of Armenian, 84% of Azerbaijani, 56% of Georgian, and 
100% of Moldovan respondents. Short quarantine periods (<15 days) 
were reported mainly in Georgia (41%), followed by Armenia (18%) and 
Azerbaijan (13.9%), while only a minimal proportion of Georgian and 
Azerbaijani users (3% and 2%, respectively) reported quarantining an
imals for more than 15 days. For unsold animals returning from markets, 
quarantine practices were similarly rare: 96% in Armenia, 86% in 
Azerbaijan, 65% in Georgia, and 100% in Moldova reported not 
isolating returning stock. Short quarantine periods (<15 days) were 
reported in Georgia (35%), Azerbaijan (14%), and Armenia (4%). Users 
from all countries also reported administering vaccines, dewormers, or 
antibiotics to newly acquired animals, sometimes during the quarantine 
period if one is implemented, but often without isolating them from the 
main herd (Supplementary materials S.5.).

3.2.5. Stakeholder perceptions, priorities, and communication around 
biosecurity

Across all surveyed countries, market stakeholders acknowledged 
that LAMs play a role in disease transmission pathways, although per
ceptions of risk varied (Table 6). Users perceived it to be higher than 
managers and 36% described this risk as “extremely significant,” 54% as 
“very significant,” and 9% as “moderately significant.” Among man
agers, 29% considered the risk “extremely significant,” 34% “very sig
nificant,” and 37% “moderately significant.”.

Users and managers identified largely overlapping biosecurity pri
orities across countries. Among users (n = 115), the most frequently 
cited measures were vaccinating animals (81%), restricting the entry of 
sick animals (64%), and having a veterinarian present during market 
operations (60%). In contrast, quarantine (18%), reliance on trust or 
social control among users (9%), record-keeping (9%), verification of 
animal documentation (5%), pest control (4%), and restricted visitor 
access (3%) were rarely cited (Table 8). Managers’ priorities were 
broadly consistent with those of users. The presence of a veterinarian 

(81%), vaccination (76%), inspection of animals before entry (61%), 
C&D of the market (61%), and restricting the entry of sick animals 
(49%) were the most frequently reported measures. Quarantine (17%), 
segregation (32%), and C&D of transport vehicles (37%) were cited less 
frequently, while record-keeping (5%), restricted visitor access (5%), 
and trust or social control (0%) were rarely mentioned.

Communication strategies also differed. Managers reported relying 
primarily on posters, individual advice, and government campaigns to 
inform users about prevention measures and biosecurity 
(Supplementary materials S.6.). However, 86% of users stated they had 
not seen any awareness materials on market premises (Supplementary 
materials S.7.).

Participation in training on biosecurity was reported by 21% of users 
in Armenia, 17% in Georgia, and 14% in Azerbaijan. Trainings were run 
either by national government agencies, international organizations (e. 
g., FAO, WHO), or non-governmental organizations. Among managers, 
33% in Armenia and 50% in Georgia reported participating in, and in 
some cases organizing, similar trainings for market staff.

Information sources for animal health and disease prevention also 
differed. Veterinarians were the most cited source among users in 
Armenia and Moldova (100%), Georgia (98%), and Azerbaijan (63%). 
Other reported sources included the internet or social media (37%), 
national government agencies (22%), radio or television programs 
(22%), and family or neighbors involved in farming (22%). Market 
managers mainly cited veterinarians (95%), the internet or social media 
(68%), local municipal authorities (49%), and national authorities 
(38%).

Beyond structured responses, open-ended interview questions and 
free-text fields revealed recurring themes in stakeholder perceptions and 
priorities. In Armenia, the large majority of sellers spontaneously re
ported that they exclusively bring healthy animals to market (11/12 
sellers), relying on visual self-assessment rather than objective in
dicators or documentation. Notably, the same respondents described 
evaluating the health status of animals they purchased through certifi
cates or veterinary checks, suggesting an asymmetry in how market- 
exposed and incoming animals are perceived as disease risks. When 
asked how biosecurity in LAMs could best be improved, the most 

Table 6 
Biosecurity perceptions and priorities reported by market managers and users.

Managers 
(n ¼ 41)

Users 
(n ¼ 115)

Perceived role of markets in disease spread (%) ​ ​
Not significant at all 0 (0/41) 0 (0/115)
Slightly significant 0 (0/41) 2 (2/115)
Moderately significant 37 (15/41) 9 (10/115)
Very significant 34 (14/41) 54 (62/115)
Extremely significant 29 (12/41) 35 (41/115)
Priority biosecurity measures for live animal markets (%)
Cleaning and disinfection (C&D) of the market 61 (25/41) 47 (54/115)
C&D of the transport vehicles 37 (15/41) 39 (45/115)
Limit access of sick animals to the market 49 (20/41) 64 (74/115)
Separate animals from different herds 32 (13/41) 11 (13/115)
Inspect animals before entry 61 (25/41) 36 (41/115)
Presence of a veterinarian 81 (33/41) 60 (69/115)
Vaccinate animals 76 (31/41) 81 (93/115)
Quarantine 17 (7/41) 18 (21/115)
Ensure that animals that enter have the 

appropriate documents
10 (4/41) 5 (6/115)

Restrict visitor access 5 (2/41) 3 (3/115)
Personal hygiene (handwashing, disinfection of 

footwear, use of appropriate PPE)
27 (11/41) 17 (20/115)

Pest control 29 (12/41) 4 (5/115)
Record-keeping 5 (2/41) 9 (10/115)
Trust and social control among users (e.g., 

excluding those who bring sick animals)
0 (0/41) 9 (10/115)

Other 0 (0/41) 2 (2/115)

Data source: market manager interviews (n = 41) and user interviews 
(n = 115).
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frequently cited approaches among users who provided open-ended 
responses (n = 67) across countries were individual advice from veter
inarians (n = 25, 37%), infrastructural improvements (n = 20, 30%), 
and training or awareness campaigns (n = 20, 30%). Among managers 
who provided open-ended responses (n = 39), infrastructural improve
ments and broader institutional support were consistently emphasized 
(n = 25, 64%), with managers, particularly in Armenia and Moldova, 
stressing that effective interventions would require the active involve
ment of cooperatives, veterinary authorities, and local stakeholders, and 
that training alone would be insufficient without this institutional 
backing. These themes were consistent across CFP field observations and 
open-ended responses and are discussed further in 4.2.

3.2.6. Market-level predictors of biosecurity scores and implementation
Results from the mixed model described in Equation 2 were broadly 

consistent with the OLS model (Equation 1; Supplementary materials 
S.8.) but allowed us to account for differences between countries. The 
analysis included 38 markets out of the total 41 surveyed. Three markets 
in Armenia were excluded because no market manager was available, 
and therefore key predictor variables could not be obtained for these 
observations, making them unsuitable for inclusion in the regression 
analysis.

The final mixed-effects model (Equation 2) included the presence of 
non-ruminant species, manager perception of the significance of LAMs 
as a source of disease transmission, and manager participation in 
training as fixed effects, with country included as a random effect 
(Table 7).

Substantial between-country variability in biosecurity scores was 
observed (random-effect variance = 7.40; SD = 2.72). Fixed effects 
alone explained 32% of the variance in biosecurity scores (marginal R² =
0.32) and increased to 73% when including both fixed effects and 
country-level variability (conditional R² = 0.73).

Among fixed effects, markets with trained managers had signifi
cantly higher biosecurity scores (β = 4.70, SE = 1.38, t = 3.42). Man
agers who perceived the market as a “very” significant source of disease 
transmission had higher biosecurity scores compared with those 
selecting “extremely” significant (β = 3.16, SE = 1.12, t = 2.82). A 
similar positive, though non-significant, association was observed for 
managers rating the market as “moderately” significant (β = 1.65, SE =
1.53, t = 1.08). The presence of non-ruminant species was associated 
with lower biosecurity scores, but this effect was not statistically sig
nificant (β = –2.30, SE = 1.41, t = –1.63).

For interpretation, the intercept (β0 = 8.01) represents the expected 
biosecurity score for a market with no non-ruminant species, where the 
manager rated LAMs as an “extremely significant” source of disease 
transmission, and with an untrained manager, in an average country. 
Positive or negative coefficients (β) indicate the expected change in 
biosecurity score relative to the reference category. For example, mar
kets with trained managers had a score 4.7 points higher on average 
than those with untrained managers.

The distribution of overall biosecurity scores across all 38 markets 
included in the model is shown in Supplementary Figure S.9. The sub
stantial between-country variability in biosecurity scores is illustrated in 
Fig. 2, which also shows the distribution of scores across all markets 
included in the regression model. Among markets with trained managers 
(n = 6), biosecurity scores were substantially higher (mean = 14.75, SD 
= 3.48) compared with markets with untrained managers (n = 32; mean 
= 6.94, SD = 3.92). However, the small sample size of the trained group 
should be considered when interpreting this result.

To examine whether differences in biosecurity scores between mar
kets with trained and untrained managers could be explained by dif
ferences in market infrastructure, we compared markets across 
structural characteristics, including market type, operation frequency, 
setup, area, access control, and presence and volumes of ruminant and 
non-ruminant species traded (Table 8). No significant differences were 
found between markets with trained (n = 6) or untrained (n = 32) 
managers (all p > 0.05), indicating that infrastructure alone did not 
explain observed differences in biosecurity scores. In contrast, signifi
cant differences were observed in implemented biosecurity practices. 
Markets with trained managers were more likely to apply measures 
including segregation of animals, prevention of mixing in pens and nose- 
to-nose contact, the use of quarantine or isolation areas, C&D of animal 
holdings, proper waste management, and record-keeping of animal 
movements (all p < 0.05) (Table 8).

4. Discussion

While risks associated with ruminant trade in LAMs are increasingly 
documented in Africa and Asia, our target area remains largely over
looked [10,11,34,38,41]. This study provides a comprehensive assess
ment of biosecurity practices in LAMs in Armenia, Azerbaijan, Georgia, 
and Moldova, highlighting structural vulnerabilities, operational gaps, 
and opportunities for risk mitigation. Overall, our findings indicate that 

Table 7 
Mixed-effects linear regression examining associations between market char
acteristics, manager training, and perceived disease transmission with overall 
market-level biosecurity score (random effect: country).

Predictor Estimate 
(β)

SE* t 
value

Significance

(Intercept) 8.01 1.94 4.14 —
Non-ruminant species (Yes) − 2.3 1.41 − 1.63 0.081
Perceived significance of 

markets as a source of 
disease transmission 
(Moderately)

1.65 1.53 1.08 0.009**

Perceived significance of 
markets as a source of 
diseases transmission 
(Very)

3.16 1.12 2.82 0.009**

Trained manager (Yes) 4.7 1.38 3.42 0.0008
Random effect (country) Variance 

= 7.40
SD 
= 2.72

– –

Residual variance 4.97 SD 
= 2.23

– –

Data source: market manager interviews.
* SE = standard error
** Note: p-value for “perceived significance of markets as a source of disease 

transmission reflects the overall likelihood ratio test for the variable as a whole.

Fig. 2. Distribution of overall market-level biosecurity scores by country 
(n ¼ 38 markets). Boxes represent the interquartile range, horizontal lines 
indicate the median, and whiskers extend to the minimum and maximum 
values excluding outliers. Scores range from 0 to 21, with higher scores indi
cating better biosecurity implementation.
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LAMs in this region operate within a context of structural and organi
zational constraints that increase the risk of pathogen introduction and 
spread through market operations. Despite these challenges, markets 
with trained managers consistently demonstrated significantly higher 
biosecurity scores, suggesting that training is a critical determinant of 
effective biosecurity implementation.

An important outcome of this work is the development and piloting 
of a structured survey-based assessment tool for biosecurity in live an
imal markets. The tool was iteratively refined through piloting at six 
markets in Türkiye and Armenia prior to full deployment, and subse
quently applied across 41 markets in four countries, demonstrating its 
feasibility and practical applicability in diverse field settings. While 
formal psychometric validation and systematic comparison against in
dependent observational data were beyond the scope of this study, the 
piloting process and cross-country application provide a foundation for 
future refinement and validation. As such, this tool provides a practical 
basis for future comparative and longitudinal biosecurity assessments in 
live animal markets.

4.1. Structural and operational vulnerabilities

LAMs are dynamic environments, characterized by intense animal 
movement, frequent mixing of animals from different origins, species, 
and health status, and interactions between multiple stakeholders. From 
an epidemiological perspective, LAMs can be understood as amplifiers of 
disease risk through a sequential pathway of aggregation, contact 
amplification, and redistribution [19,25,52].

Prior to market entry, animals originating from multiple herds and 
epidemiological units with heterogeneous health status are aggregated, 
often with limited pre-entry filtering [38]. At the market, this aggre
gation is compounded by high contact rates through direct animal 
mixing, nose-to-nose contact, and indirect transmission pathways 
involving contaminated surfaces, transport vehicles, equipment, and 

Table 8 
Comparison of market characteristics, infrastructure, and biosecurity practices 
in markets with trained vs. untrained managers. Values represent the proportion 
of markets within each group (trained, n = 6; untrained, n = 32) in each 
category.

Trained 
(n ¼ 6)

Untrained 
(n ¼ 32)

P-value 
(Fisher)

Manager characteristics
Livestock exposure No 17 (1/6) 31(10/32) 0.65

Yes 83 (5/6) 69 (22/32)
Market characteristics and infrastructure
Market type Primary 83 (5/6) 75 (24/32) 1.00

Secondary 17 (1/6) 22 (7/32)
Terminal 0 (0/6) 3 (1/32)

Operation 
frequency

One day per week 67 (4/6) 81 (26/32) 0.58
More than one day 
per week

33 (2/6) 19 (6/32)

Setup Both indoor and 
outdoor areas

100 (6/6) 50 (16/32) 0.07

Fully outdoors 0 (0/6) 50 (16/32)
Area < 5000 m² 33 (2/6) 56 (18/32) 0.62

5000-20000m² 33 (2/6) 22 (7/32)
>20000m² 33 (2/6) 22 (7/32)

Access control (i. 
e., fencing, 
gates)

No 17 (1/6) 3 (1/32) 0.57
Yes 83 (5/6) 97 (31/32)

Ruminant species Cattle only 33 (2/6) 12 (4/32) 0.27
SR only 0 (0/6) 0 (0/6)
Both cattle and SR 67 (4/6) 88 (28/32)

Non-ruminant 
species

No 17 (1/6) 12 (4/32) 0.57
Yes 83 (5/6) 88 (28/32)

Biosecurity/hygiene infrastructure
Loading/ 

unloading area
No 17 (1/6) 22 (7/32) 1.00
Yes, but not always 
used

16 (1/6) 19 (6/32)

Yes 67 (4/6) 59 (19/32)
Laboratory testing 

section
No 67 (4/6) 75 (24/32) 0.62
Yes, but not always 
used

16 (1/6) 13 (4/32)

Yes 17 (1/6) 13 (4/32)
Cleaning and 

disinfection area 
for transport 
vehicles

No 50 (3/6) 50 (16/32) 0.003
Yes, but not always 
used

0 (0/6) 47 (15/32)

Yes 50 (3/6) 3 (1/32)
Footwear 

disinfection 
-visitors

No 33 (2/6) 78 (25/32) 0.007
Yes, but not always 
used

34 (2/6) 22 (7/32)

Yes 33 (2/6) 0 (0/32)
Footwear 

disinfection 
-staff

No 33 (2/6) 75 (24/32) 0.03
Yes, but not always 
used

50 (3/6) 16 (5/32)

Yes 17 (1/6) 9 (3/32)
Handwashing 

facilities
No 0 (0/6) 56 (18/32) 0.0005
Yes, but not always 
used

0 (0/6) 22 (7/32)

Yes 100 (6/6) 22 (7/32)
Biosecurity practices
Segregation None 0 (0/6) 38 (12/32) 0.001

Partial 0 (0/6) 44 (14/32)
Complete 100 (6/6) 19 (6/32)

Quarantine/ 
isolation area

No 33 (2/6) 84 (27/32) 0.01
Yes 67 (4/6) 16 (5/32)

Cleaning and 
disinfection of 
animal holdings

No effective 
cleaning or 
disinfection

33 (2/6) 44 (14/32) 0.12

Cleaning without 
disinfection or 
inconsistent 
practices

50 (3/6) 50 (16/32)

Cleaning and 
disinfection 
systematically 
applied

17 (1/6) 6 (2/32)

Cleaning methods No cleaning 17 (1/6) 19 (6/32) 0.76
Only dry cleaning 33 (2/6) 25 (8/32)
Only wet cleaning 0 (0/6) 0 (0/32)

Table 8 (continued )

Trained 
(n ¼ 6) 

Untrained 
(n ¼ 32) 

P-value 
(Fisher)

Both dry and wet 
cleaning

50 (3/6) 56 (18/32)

Disinfection of 
animal holdings

No disinfection 0 (0/6) 53 (17/32) 0.008
Not always (e.g., 
only during 
outbreaks)

33 (2/6) 28 (9/32)

Yes, always 67 (4/6) 19 (6/32)
Waste 

management
None 0 (0/6) 34 (11/32) 0.0002
Only liquid 0 (0/6) 0 (0/32)
Only solid 0 (0/6) 47 (15/32)
Both liquid and 
solid

100 (6/6) 19 (6/32)

Pest control No 0 (0/6) 38 (12/32) 0.07
Yes 100 (6/6) 63 (20/32)

Record-keeping 
animal 
movements

No 17 (1/6) 75 (24/32) 0.004
Not always 0 (0/6) 9 (3/32)
Yes 83 (5/6) 16 (5/32)

Record-keeping 
stakeholder 
movements

No 67 (4/6) 81 (26/32) 0.38
Not always 0 (0/6) 3 (1/32)
Yes 33 (2/6) 16 (5/32)

Sharing of 
transport 
vehicles

No 33 (2/6) 9 (3/32) 0.85
Yes 67 (4/6) 91 (29/32)

Inspection of 
animals at entry

No 0 (0/6) 6 (2/32) 0.36
Not always/not all 
animals

17 (1/6) 44 (14/32)

Yes 83 (5/6) 50 (16/32)
Documents 

checked at entry
No 17 (1/6) 34 (11/32) 0.06
Yes 83 (5/6) 66 (21/32)

Display of 
awareness 
materials

No 50 (3/6) 78 (25/32) 0.41
Yes 50 (3/6) 22 (7/32)

Data source: market manager interviews.
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people, with environmental persistence further sustaining transmission 
[10,11,53]. Following market activities, traded animals are frequently 
redistributed to multiple farms, fattening operations, or other markets 
rather than being sent directly to slaughter, often without post-market 
quarantine or isolation. This facilitates the introduction of pathogens 
into new herds [20,26,28]. In this sense, LAMs function not merely as 
points of exchange but as multipliers of disease risk across production 
systems [25,52].

In Armenia, as reported in 3.2.5. the majority of sellers spontane
ously reported in open-ended responses that they “only bring healthy 
animals” to market, relying on superficial assessment rather than 
objective indicators or documentation, which risks overlooking incu
bating, asymptomatic, or subclinical infections. Interestingly, the same 
users evaluated the health status of purchased animals through certifi
cates or veterinary checks, suggesting a dynamic in which incoming 
animals are viewed as potential threats, but market-exposed animals are 
not. This discrepancy may reflect limited awareness of transmission 
pathways and an underestimation of the role that LAMs have in path
ogen dissemination.

The conditions at LAMs are particularly relevant for ruminants sus
ceptible to highly contagious diseases such as foot-and-mouth disease 
[10,11,3,39,40,47], lumpy skin disease [29,36,51,6], and peste des 
petits ruminants [10,35,54]. For ruminants in particular, the internal 
layout of LAMs poses a serious biosecurity risk. In most markets visited, 
ruminants from different owners were held in shared pens or open 
spaces with limited barriers to direct contact, which are primary trans
mission routes for many ruminant pathogens. Although improvements 
to limit contact are possible, complete segregation is inherently difficult 
to achieve in LAMs due to their dynamic nature and limited space. 
During market operations, animals frequently switch hands and move 
from pen to pen, especially when stakeholders are both buying and 
selling, which inevitably results in mixing. Given this, the fact that many 
LAMs surveyed did enforce some segregation, whether by species, age 
group, or owner, is positive, even if only partial.

Given that live animals represent the highest risk in disease trans
mission pathways, efforts to minimize contact remain important, but 
should be considered as part of a broader risk mitigation strategy. 
Perhaps the most critical point is controlling the entry of animals into 
the market, to ensure that only healthy animals are allowed in. Although 
market staff frequently reported strict procedures, the reality on the 
ground suggests these controls are far more limited in practice. The 
sheer volume of animals and people moving through the markets makes 
it operationally difficult to inspect every animal or verify all documen
tation, especially during peak activity. Even when verifications were 
theoretically in place, the effectiveness of screening was further weak
ened by incomplete National Animal Identification and Traceability 
Systems (NAITS) [2]. In some settings, animals with clinical signs or 
missing paperwork were expected to be denied entry, yet enforcement 
varied widely and was sometimes absent. Free-roaming animals 
entering premises further undermined these controls. Without thorough 
screening at market gates, the effectiveness of all downstream bio
security measures, even if fully implemented, is significantly 
diminished.

Attention must also shift to measures such as C&D of animal hold
ings, improved transport biosecurity, and personal hygiene. Although 
C&D of premises was reported in some markets, actual protocols were 
often insufficient, with disinfection only being done in the case of out
breaks, for example. Handwashing was rarely done between animal 
handling and eating, or during self-inspection of multiple animals. 
Inadequate C&D and personal hygiene increase the risk of cross- 
contamination between successive batches of animals and facilitate in
direct transmission via shared equipment, surfaces, or personnel, but 
also expose potential for zoonotic transmission [33,43,55,8]. Unre
stricted movement of stakeholders within markets further complicates 
hygiene control. As expected in LAMs, sellers, buyers, and other actors 
circulate freely to inspect and negotiate animals. Such circulation is 

inherently difficult to restrict, however, because it often occurs in the 
absence of effective mitigating measures (i.e., screening at entry, 
adequate C&D of animal holding areas), and it increases the likelihood 
of pathogen spread through human vectors.

In high-throughput settings, partial or inconsistent implementation 
of biosecurity measures is therefore unlikely to sufficiently disrupt 
transmission pathways.

Despite our study’s focus on ruminants, it is important to note that 
other species, including pigs, poultry, and rabbits, were also present at 
many LAMs across all countries, further complicating internal bio
security as cross-species contamination cannot be excluded. In Georgia, 
Moldova, and Azerbaijan, LAMs also had sellers with fresh produce or 
animal products, due to the mixed nature of their markets, raising po
tential concerns for food safety.

Combined, these findings show that many LAMs in the region lack 
sufficient biosecurity to mitigate the risks posed by intense animal 
traffic, intricate stakeholder interactions, and structural weaknesses. 
Similar results have been shown in other countries, especially in 
informal or resource-limited market settings [1,32,8,41,45].

Beyond animal health, several of the observed biosecurity and hy
giene gaps have potential implications for human exposure in market 
settings, underscoring the relevance of these findings within a One 
Health framework. Market activities involve close contact between an
imals, traders, butchers, visitors, and slaughter personnel, and gaps in 
hygiene infrastructure (e.g., handwashing, waste management, 
slaughter practices) may pose risks to human health, particularly for 
zoonotic diseases such as brucellosis. Where on-site slaughter was 
observed (exclusively in a subset of Azerbaijani markets) conditions 
varied considerably. In the most concerning case, slaughter occurred in 
an open, non-designated space with unrestricted public access and no 
required hygiene measures, creating direct exposure pathways for 
market visitors and traders in proximity to live animals. Even in markets 
with designated slaughter areas, PPE use was inconsistent and biological 
waste management was largely absent. These conditions are particularly 
relevant given the documented burden of brucellosis in Armenia, 
Azerbaijan, and Georgia [31,48,50] and underscore the One Health di
mensions of market biosecurity beyond animal-to-animal transmission.

Although the level of implementation is variable, it is important to 
note that biosecurity is increasingly embedded in national legislation 
throughout the study countries. In Georgia, veterinary and sanitary in
spections at LAMs are regulated by the Food Products/Animal Feed 
Safety, Veterinary and Plant Protection Code (2014 amended through 
2021), together with the Government Resolution No. 417: Technical 
Regulation on the Rules for the Sale of Food and Animals at Agrarian 
Markets (2013) [21,22]. These mandate veterinary inspection hygiene 
measures, animal health requirements and species segregation at mar
kets. In Azerbaijan, veterinary-sanitary norms approved by the Food 
Safety Agency in 2024 set formal requirements for segregation, 
controlled entry and exit, disinfection, and on-site veterinary supervi
sion [17]. Following recent foot-and-mouth disease outbreaks, markets 
were temporarily closed and permitted to reopen only after inspection 
and verified compliance with these standards, indicating that enforce
ment has become more substantial, although it remains dependent on 
market-level capacity and infrastructure. Government Resolution No. 
1829-N: REQUIREMENTS FOR AGRICULTURAL LIVESTOCK MARKETS 
(2024) [23] in Armenia similarly mandates that all LAMs operate under 
state veterinary supervision and adhere to biosecurity and infrastructure 
standards, such as having controlled entry, isolation areas, disinfection 
facilities, and mandatory veterinary inspections. In Moldova, LAMs are 
subordinated to local administration with limited funding at village and 
district levels. Markets operate under the oversight of the National 
Agency for Food Safety and general veterinary and sanitary regulations, 
but there are no market-specific norms, and compliance largely depends 
on the capacity of local authorities. The recent incorporation of these 
measures into a legal framework is a significant step towards better 
biosecurity in LAMs in the country, but legislation alone is insufficient to 
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guarantee consistent implementation and compliance. Taken together, 
these regulatory developments provide an essential policy framework, 
but do not necessarily address the practical challenges of implementa
tion at the market level. This underscores the need to focus on training, 
awareness, and stakeholder engagement as key levers for translating 
formal requirements into effective biosecurity practices.

4.2. The role of training in improving biosecurity, opportunities for 
stakeholder engagement, and recommended interventions

From an implementation perspective, the identified gaps in bio
security differ markedly in terms of feasibility and resource re
quirements. Some measures with potentially high impact, such as 
improving entry control, limiting animal mixing, reducing nose-to-nose 
contact, and promoting post-market isolation of traded animals, could 
be strengthened through training, awareness, and procedural or 
behavioral changes with relatively limited resource investment. In 
contrast, other measures, particularly those related to market infra
structure, waste management, and permanent cleaning and disinfection 
facilities, would require more substantial structural investment. Sus
tainably addressing market-level biosecurity will therefore require a 
combination of both types of interventions, including market design and 
animal movement governance.

Despite this, stakeholders identified priority biosecurity measures 
within LAMs. As described in 3.2.5, stakeholders consistently identified 
practical, interpersonal approaches as preferred means of improving 
biosecurity. The emphasis among managers on institutional support and 
co-developed strategies, particularly in Armenia and Moldova, un
derscores that training programs will only be effective if embedded 
within broader institutional frameworks. Importantly, stakeholders 
themselves recognized these systemic limitations, highlighting that 
training alone will not suffice without institutional support, a finding 
that should inform the design of any future intervention program in the 
region. As noted by Arede et al. [2], public veterinary systems in 
countries of the Black Sea basin are often under-resourced, with limited 
institutional support and aging personnel. Accordingly, lower bio
security should be seen as a reflection of limited resources and capacities 
rather than negligence or disengagement.

Our mixed-effects model indicated that the presence of trained 
market staff was the strongest predictor of higher biosecurity scores, 
independent of market infrastructure. Markets managed by trained 
personnel were more likely to implement effective segregation, avoid 
pen mixing and nose-to-nose contact, utilize quarantine or isolation 
areas, perform cleaning and disinfection, manage waste, and maintain 
movement records. Notably, differences in market infrastructure did not 
explain this effect, highlighting that behavioral and knowledge-based 
interventions can substantially improve biosecurity even under struc
tural constraints. This underscores the potential for training programs to 
be a cost-effective, scalable intervention in regions with limited 
resources.

Our findings suggest that the following interventions should be 
prioritized according to their feasibility and expected impact: 

○ Targeted training programs for market managers and staff, focused 
on practical implementation of segregation, C&D, quarantine, and 
basic documentation and record-keeping.

○ Enhanced awareness and risk communication, including simple vi
sual guidelines (posters, signage), individual advice, and structured 
interactions with veterinarians and local authorities, emphasizing 
disease (particularly asymptomatic) transmission and promoting 
objective health checks over self-assessment.

○ Gradual infrastructural improvements, such as constructing concrete 
or washable floors, dedicated pens to prevent nose-to-nose contact, 
isolation areas, C&D facilities, and handwashing stations, which are 
essential to enable consistent implementation of biosecurity 
measures.

○ Formalization and supervision of markets, ensuring consistent entry 
control, documentation verification, and standardized biosecurity 
procedures, while presenting formal markets as safer trade venues to 
encourage users to move away from informal or online markets 
where biosecurity cannot be guaranteed.

○ Establishment of clear post-purchase disease reporting protocols, 
including accessible notification channels for buyers to report clin
ical signs observed in newly acquired animals, and defined re
sponsibilities for veterinary follow-up.

○ Vehicle hygiene requirements as a condition of market access, 
including minimum C&D standards for transport vehicles entering 
market premises, supported by designated washdown facilities 
where infrastructure permits.

Importantly, stakeholders recognized these needs and highlighted 
the importance of co-developing context-specific strategies with local 
authorities, veterinary services, and cooperatives, emphasizing that 
training alone will not suffice without institutional support.

While these insights provide important levers for intervention 
design, they should be interpreted in light of the methodological limi
tations of this study.

4.3. Study limitations

This study has several limitations. The number of surveyed markets 
and users varied considerably between countries, affecting cross- 
country comparability and overall representativeness of the findings. 
In Armenia and Azerbaijan, all officially operating LAMs were included, 
but both countries have relatively few markets. In Moldova, user-level 
data were limited due to strong seasonal fluctuations in ruminant 
trade, with only four ruminant sellers identified and surveyed by CFPs. 
This very small sample size constrains the robustness of the user-level 
analyses and limits the conclusions that can be drawn for this country. 
In Georgia and Moldova, markets were selected based on convenience 
sampling, as were most users interviewed across countries, reflecting the 
practical constraints of engaging stakeholders in active market settings. 
Additionally, market participants were often wary of discussing their 
trade activities and biosecurity, which may have influenced responses.

The small number of markets with trained managers (n = 6) further 
limits the precision of estimates for this subgroup. To assess robustness, 
we conducted leave-one-country-out and leave-one-trained-manager- 
out sensitivity analyses, group-level influence diagnostics (Cook's dis
tance, DFBETAS), and bootstrapped and profile-likelihood confidence 
intervals for the training coefficient. The effect remained positive and 
statistically significant when Azerbaijan, Georgia, or Moldova were 
excluded individually (β range: 4.5–7.5, all p < 0.025) and when any of 
the five trained Georgian markets were excluded individually (β range: 
4.2–5.0, all p < 0.007). Excluding Armenia, or its single trained market, 
attenuated the estimate (β=1.58–2.47, n.s.), reflecting the small number 
of trained markets available outside Georgia rather than a specific data- 
quality concern. Importantly, bootstrapped (1000 replicates) and 
profile-likelihood 95% confidence intervals for the training coefficient 
excluded zero in all analyses (1.6–7.8 and 2.1–8.2, respectively), and 
100% of bootstrap replicates were positive, supporting the robustness of 
the direction and significance of this association despite the limited 
sample size. Similarly, inspection of predictor distributions revealed 
zero count for several predictors within individual countries. For 
example, no trained managers were identified in Azerbaijan or Moldova, 
and all markets in these countries included non-ruminant species. While 
these zero counts would be problematic in a country-stratified analysis, 
the mixed-effects model estimates fixed effects across all 38 markets 
jointly, with country included as a random intercept rather than a fixed 
factor. This means the model does not attempt to estimate country- 
specific slopes, partially mitigating concerns about zero counts within 
countries. Nevertheless, these distributional imbalances represent a 
structural limitation of the dataset, and findings should be interpreted 
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accordingly.
Additionally, this study relies on self-reported data from market 

stakeholders. While CFPs were trained to perform biosecurity assess
ments through semi-structured interviews to mitigate recall and social 
desirability bias, these biases are difficult to eliminate, particularly for 
questions about biosecurity compliance, such as C&D practices. Trian
gulation with field observations and photographic documentation hel
ped contextualize reported practices but uncertainty remains. 
Additionally, while on-site slaughter practices were captured in the 
survey, the absence of a dedicated question on reasons for slaughter 
represents a gap in the current survey design; future iterations should 
distinguish between planned commercial slaughter and emergency or 
welfare-driven slaughter events, as these carry distinct biosecurity 
implications.

Informal trade and off-market transactions, organized via social 
networks, personal contacts, or online platforms, play an increasingly 
important role in the region’s livestock trade as reported by CFPs and 
market stakeholders. These channels are especially relevant when out
breaks trigger market closures, as trade often shifts from formal to 
informal settings. Evidence from CFPs suggests significant heterogeneity 
in how informal trade operates. In Georgia, a substantial portion of 
ruminant trade occurs through informal markets, often in parallel to 
official LAMs. While we targeted two of these sites during fieldwork, 
they were not included in the present study due to limited information 
on their operational characteristics. Sanitary measures, however, were 
reported to be limited and generally poorer than in official markets. In 
Armenia, some of the markets included in this study lacked formal 
registration but were organized by identified operators and subject to 
official veterinary supervision, reflecting a transitional situation that 
differs from fully informal or illegal markets.

This study could not systematically assess the scale and implications 
for biosecurity of these trading channels as they are unregulated and 
undocumented.

While this study provides a cross-sectional view of market condi
tions, longitudinal research through repeated assessments would be 
required to better understand the consistency of biosecurity measure 
implementation over time, the impacts of policy, and evolving behav
ioral patterns.

5. Conclusion

This study highlights considerable limitations in biosecurity imple
mentation across LAMs. Limited infrastructure, inconsistent enforce
ment, partial segregation, and inadequate sanitation practices 
contribute to observed gaps, while high volumes of ruminant trade, 
limited on-farm quarantine, informal trade channels, and widespread 
mixing of animals throughout the supply chain further exacerbate risks. 
From a policy perspective, the regulatory frameworks needed to address 
these gaps are increasingly in place across the region. Armenia, 
Azerbaijan, and Georgia have all recently introduced legislation 
mandating biosecurity standards in LAMs, including controlled entry, 
disinfection facilities, and veterinary supervision. However, legislation 
alone is insufficient if the practical conditions for compliance do not 
exist at the market level. The gaps documented in this study, earthen 
floors that cannot be effectively disinfected, absent C&D facilities, 
limited veterinary presence, and no formal disease reporting channels, 
reflect an implementation deficit rather than a regulatory one. Bridging 
this gap will require targeted investment in market infrastructure, 
including concrete yards and metal fencing, water access for animal 
holding area and vehicle washdown, and formal communication chan
nels for reporting notifiable diseases such as foot-and-mouth disease, as 
well as mechanisms to verify and audit compliance. Despite these 
challenges, our findings indicate that training of market managers is the 
most important modifiable factor associated with better biosecurity 
outcomes. Markets with trained personnel consistently demonstrated 
improved segregation, cleaning and disinfection, quarantine practices, 

and record-keeping, regardless of structural constraints. While infra
structural improvements and institutional support remain critical, tar
geted training programs and awareness campaigns offer a cost-effective 
and immediate opportunity to enhance LAM biosecurity. The finding 
that trained managers consistently achieved better biosecurity outcomes 
independent of market infrastructure suggests that behavioral and 
knowledge-based interventions have the potential to substantially 
improve biosecurity even under structural constraints, a hypothesis that 
warrants further investigation through prospective intervention studies. 
Future research should examine the design, delivery, and long-term 
effectiveness of training programs in LAM settings, including optimal 
training content, frequency, and target audiences, as well as the condi
tions under which behavioral change can be sustained without parallel 
infrastructural investment. Importantly, stakeholders expressed will
ingness to improve practices and provided concrete suggestions, 
demonstrating both an awareness of risks and recognition of systemic 
limitations. Sustained engagement, combining behavioral interventions 
with gradual infrastructural improvements and formalized market 
oversight, is essential to strengthen biosecurity and promote safer, more 
resilient livestock systems across the region. Findings from this study 
will be shared with relevant authorities to identify (and prioritize) the 
riskiest LAMs (in terms of biosecurity), the main biosecurity gaps, and, 
accordingly, inform the design of training, awareness, and support 
programs aimed at improving biosecurity practices in LAMs. Beyond the 
empirical findings, the survey tools developed here provide a practical 
basis for future comparative and longitudinal assessments of biosecurity 
in live animal markets.
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versitat Autònoma de Barcelona.

S. Oste et al.                                                                                                                                                                                                                                     Preventive Veterinary Medicine: Regional Studies and Reports 1 (2026) 100030 

14 



Declaration of Competing Interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.

Acknowledgements

We would like to extend our gratitude to all participating market 
users and managers for their time. We would also like to thank the As
sociation for Veterinary and Public Health (AVPH) in Georgia, and 
Elshad Rzayev from Azerbaijan, for their support in the data collection. 
Our thanks also go to colleagues from Türkiye who supported the 
piloting of the surveys: Naim Deniz Ayaz, Görkem Cengiz, Gizem 
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