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Abstract

A Knowledge, Attitudes, and Practices (KAP) questionnaire was designed to collect

information on farmers’ knowledge of ASF and their practices surrounding that could

impact the spread of the disease. The questionnaire was distributed, and data col-

lected, from 233 backyard farmers from five selectedOblasts (Rivne, Kharkiv, Odessa,

Zakarpattia and Kiev). Kruskal-Wallis tests were conducted to identify factors that

could influence knowledge, and Dunn tests were performed to determine differences

between groups when the Kruskal-Wallis tests were significant. Spearman tests were

carried out to explore the association between knowledge and risky practices. Results

show that comprehensive knowledge on ASF is not common in backyard farmers

and that risky practices that influence the spread of ASF are regularly performed.

Of the respondents, 47% felt well-informed about how ASF can be transmitted and

31.8% felt confident about recognizing clinical signs of ASF. The independent variable

“Oblast” was identified as a significant factor (p = 0.0015) associated with differences

in knowledge on clinical signs. We demonstrated statistically significant differences of

knowledge between backyard farmers from different Oblasts. Knowledge of preven-

tive measures was positively correlated with risky handling practices related to edible

pork products (p = 0.0053) and non-edible pork products (p = 0.0417). In conclusion,

our results show that backyard farmers have knowledge gaps on ASF and practice

various risky behaviours that might favour the spread of the disease in Ukraine. There

are regional differences in ASF knowledge and risky practices that should be taken

into consideration in future evidence-based ASF prevention and control programs,

including public awareness activities.
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1 INTRODUCTION

African swine fever (ASF) is a viral, infectious, and notifiable swine dis-

easewith a very high case fatality rate (Galindo&Alonso, 2017; Guinat

et al., 2016). The disease was detected in Ukraine in 2012 in a back-

yard farm. The outbreak was brought under control and no further

ASF spread was reported during the following 2 years (Cwynar et al.,

2019). ASF caseswere confirmed inwild boar (EFSA, 2014) in 2014and

since then, additional ASF outbreaks in domestic pigs and wild boars

have been reported throughout the country on a regular basis despite

efforts from the authorities to control the disease (EFSA, 2014; FAO,

2013; Kovalenko et al., 2019).

ASF virus (ASFV) can be transmitted to domestic pigs and wild boar

through direct contact with infected animals, contaminated fomites,

and through the ingestion of contaminated meat products (Chenais

et al., 2019). The virus is highly resistant to environmental conditions

and can persist in contaminated fomites andmeat products for several

months, contributing to the disease spread and the risk of transmis-

sion through the contaminated commoditiesmovement (Chenais et al.,

2019;Mazur-Panasiuk et al., 2019).

Currently, there is no specific treatment or available vaccine against

ASF (Chenais et al., 2019; Galindo & Alonso, 2017) and, therefore,

increased awareness of farmers and adequate biosecurity measures

are currently the primary tools to protect pig herds from infection

(Jurado et al., 2018). Formal biosecurity plans are generally focused

on commercial farms or holdings that exceed a specific size defined

by the national legislation of each country (Bellini, 2018). These plans

are often unsuitable or impractical for very small and non-commercial

farms (Bellini, 2018; Bellini et al., 2016). Consequently, the ASFV intro-

duction into small and non-commercial farms is generally due to poor

biosecurity standards and the movement of contaminated fomites

and/or products (Chenais et al., 2019; Costard et al., 2015). These fac-

tors are relevant in backyard systems that employ risky management

practices, such as swill feeding, local farmers offering butcher services

in the area or engaging in pork trade, and emergency sales of ani-

mals potentially exposed to ASFV (Bellini, 2018; Chenais et al., 2019;

Costard et al., 2015); circumstances that likely contribute to the ASFV

establishment in this vulnerable production system (Khomenko et al.,

2013) and promote the disease spread (Bellini, 2018).

The pig population in Ukraine is estimated at 8.2 million pigs, from

which 56% are raised under low or non-existent biosecurity conditions

(FAO, 2013). According to Ukrainian law, backyard farms are defined

as family farms whose products are used for subsistence within the

household and should be registered in an official database (Ministry

of Agriculture Policy and Food of Ukraine, 2003) to facilitate animal

disease control. However, it is very likely that not all backyard farms

are registered, a stance that is also common in other countries (EFSA

2019). Countrywide, the number of backyard farms is estimated at

several hundred thousand but the proportion and density of pig farms

with low biosecurity conditions predominates in the western part of

the country (EFSA 2014; FAO 2013). The Ukrainian State Service on

Food Safety and Consumer Protection (FSCP) estimated that there are

approximately 230,000 backyard farms Ukraine’s Zakarpattia Oblast

(western), more than 180,000 in Rivne Oblast (northwestern) and

roughly 6,000 in Kharkiv Oblast (east)(16).

The Ukrainian government’s activities concerning ASF early detec-

tion (i.e., active surveillance in domestic pigs) were recognised as lim-

ited in a risk assessment conducted by the EFSA, which identified

ongoing practices of swill feeding and the movement of infected pigs

between backyard farms as two main factors that could result in the

ASF spread in Ukraine (EFSA, 2014). The Ukrainian government estab-

lish anewcontrol policy for theASFprevention and control in the coun-

try (Ministry of Agriculture Policy and Food of Ukraine, 2017), which

includes management measures to prevent the introduction of ASFV

in farms, compulsory notification of suspected cases to the veterinary

authorities, and control measures in case of an outbreak (Ministry of

Agriculture Policy and Food of Ukraine, 2017).

Following theASF detection inUkraine in 2012, activities have been

implemented countrywide to raise awareness amongworkers in thepig

production sector includingbackyard farmers ofASF clinical symptoms

and transmission pathways, adequate biosecurity measures and the

importance of reporting cases (ASF Vet Ukraine, 2019; De Nardi et al.,

2017). However, the ASF knowledge of backyard farmers in Ukraine,

their attitude towards the disease and their behavioural practices rele-

vant for ASF introduction and spread have never been assessed.

Knowledge, attitudes and practice (KAP) surveys can be used in dis-

ease control programs to identify misconceptions, misunderstandings

and behaviours thatmight constitute barriers in the implementation of

interventions (Chenais et al., 2017; Krentel et al., 2006; Matibag et al.,

2007). In the context of disease control, KAP surveys are based on the

assumption that knowledge leads to behaviour and practices against

disease and thus, to changes that lessen the disease impact (Ahmed

et al., 2020;Mascie-Taylor et al., 2003). Therefore, a better understand-

ing of the KAP of stakeholders towards a disease can help to identify if

awareness campaigns could be necessary or if stakeholders are likely

to comply with measures to reduce the disease spread. KAP surveys

have been used to evaluate KAP of ASF (Chenais et al., 2017; Dione

et al., 2020), to help design a program for rabies control (Matibag et al.,

2007), to evaluate the impact of a communication campaign on filaria-

sis (Krentel et al., 2006) and to assess the success of disease control and

education programs for dengue (Koenraadt et al., 2006; Winch et al.,

2002).

In this study, we aimed to investigate the KAP of backyard pig farm-

ers concerning ASF and to assess if ASF knowledge is associated with

demographic factors or risky practices related to the spread of the dis-

ease. Our hypothesis is that poor knowledge onASFmay be associated

with the implementation of risky practices in the backyard farm sector.

2 MATERIALS AND METHODS

2.1 Study area

This study was performed in five Oblasts in Ukraine (Rivne, Kharkiv,

Odessa, Zakarpattia and Kiev). An Oblast is an administrative region,

of which there are a total of 24 in the country (EP, 2014). The selective
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F IGURE 1 Map of Ukraine representing the studyOblasts where the Knowledge, Attitudes and Practice on ASFwas conducted

Oblasts have the following geographic extension, Rivne with 20,100

km2 (Kupets, 2012), Kharkiv with 31,400 km2 (Ministry of Foreign

Affairs of Ukraine, 2021), Odessa with 33,300 km2 (Ministry of For-

eign Affairs of Ukraine, 2021), Zakarpattia with 12,800 km2 (Min-

istry of Foreign Affairs of Ukraine, 2021) and Kiev with 28,400 km2

(Ministry of Foreign Affairs of Ukraine, 2021). Selected Oblasts had

reported ASF outbreaks in both domestic pigs and wild boars during

the period 2014–2019 (Figure 1). and were selected because these

regions reported the highest density of ASF outbreaks in domestic pigs

and ASF cases in wild boars in Ukraine from 2017 to 2018 (DTRA,

2018). The total number of ASF outbreaks in 2017–2018 was 31 in

Odessa, 25 in Rivne, 21 in Kakarpattia and 14 in Kyiv (DTRA, 2018).

2.2 KAP survey and data collection

A questionnaire was designed to collect data from backyard farm-

ers regarding demographics, characteristics of the backyard pig farms,

farmers’ knowledge of ASF, and their perspectives on reporting sus-

pected ASF cases. The questionnaire comprised 31 questions in total,

including five questions on demographics, 10 questions on characteris-

tics of the backyard pig farm, four questions on knowledge of ASF, six

questions on the suspicion of an ASF case, five questions on reporting

a suspected ASF case, and one last question to self-grade respondents’

honesty in answering. In total, the questionnaire contained 21 single-

select multiple choice questions and 10 multi-select multiple choice

questions. A single-select multiple choice question was defined as a

question in which only one option could be chosen from a set of possi-

ble answers, andamultiple-selectmultiple choicequestionwasdefined

as a question in which multiple or all applicable options could be cho-

sen. The questionnaire was first drafted in English and then translated

into Ukrainian by a professional translator. The pre-final questionnaire

was internally piloted by collaborators of the Institute of Veterinary

Medicine (IVM), and the resulting feedback was integrated into the

final version. The final version of the questionnaire in English is avail-

able in Appendix S1.

ThequestionnairesweredeliveredbetweenSeptemberandDecem-

ber 2019 by project collaborators from two Ukrainian research insti-

tutions, IVM and the Institute of Experimental and Clinical Veteri-

nary Medicine (IECVM). Staff from IVM delivered questionnaires in

Kyiv, Rivne, and ZakarpattiaOblasts, while staff from IECVMdelivered

questionnaires in Kharkiv andOdessaOblasts. Interviewers from both

institutions received instructions from the team leaders involved in the

project on how to administer the questionnaire, approach participants

and on interview techniques.

2.3 Selection of participants

A complete list of pig backyard farmers per Oblast in Ukraine does

not exist and therefore we lacked this source of information to draw

our sample. A sample size of 250 respondents (50 per Oblast) was

targeted. This sample size was determined without conducting statis-

tical sample calculations but it was both considered to be a sufficient

number to make inferences on the source population and a feasible

number considering the available human resources for conducting

interviews and time period.

Backyard farmers were approached by the interviewers either

randomly at street markets and backyard farms located in convenient

villages that were on the road map or based on the advice of the local

veterinarians’ and pre-existing contacts. Participants were asked if

they had a pig backyard farm and only after a positive answer, consent

for participation was requested. Participants were informed that

participation in the study was completely voluntary that unwillingness
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to participate would not have negative consequences and that they

could withdraw their consent at any time.

Following their consent to participate, the questionnaire was deliv-

ered. Interviewers were instructed to find a suitable place to conduct

the interview undisturbed. In some cases, notebooks and bags with

the logo of the institutions were given to respondents as a “thank you”

for participating. Thequestionnairewasdelivered through face-to-face

interviews, took approximately 45–60 min and responses were noted

on paper.

Before initiating each interview, a confidentiality statement was

presented by the interviewers informing that personal data obtained

in connection with the study would remain confidential.

2.4 Data management and data cleaning

All data were entered into aMicrosoft Excel® spreadsheet. Guidelines

onhow to transfer the data to the spreadsheetwere developed to stan-

dardize data entry into the electronic database. Upon data entry, all

information was translated into English. Data cleaning was performed

to check for misspellings and inconsistencies.

Answers for multiple-select multiple choice questions were consid-

ered invalid and removed from the database if within the same ques-

tion both the answer option “none of these” and other options were

selected. In total, 37 responses were excluded.

2.5 Data analysis

The electronic database was analyzed in Stata® (StataCorp, 2017).

First, a descriptive analysis of all questions was conducted. Then, ques-

tions related to specific topicswere selected for further analysis. These

specific topics were knowledge of ASF, demographics, activities and

management practices related to feeding pigs and handling of edible

and non-edible pork products.

2.5.1 Knowledge of ASF

Questions 17–19 in the KAP questionnairewere used to assess knowl-

edge of clinical signs, transmission pathways, and preventive measures

of ASF. For each of these multiple-select multiple choice questions, a

set of answer options reflected correct knowledge (checked answers

options in Supporting Information S1), while other options revealed

incorrect knowledge or knowledge gaps. For the question concerning

clinical signs of disease, nine out of 12 options were considered cor-

rect responses. The three other answer options were “vesicles around

the tongue and lips”, “lameness”, and “I do not know any signs”. For

the question on transmission pathways, nine out of 11 answer options

were deemed correct. The two others were “through sexual contact”

and “I do not know any pathways”. For the question on preventive

measures, seven out of 11 options were considered adequate pre-

ventive measures. The three others were “provision of a salt block”,

“vaccination,” and “I do not take any measures”. The option “other”

for this last question had an empty space for respondents to pro-

vide further information. Only two respondents selected this option

and added more details. These additional details were not further

analysed.

2.5.2 Factors influencing knowledge of ASF

A Kruskal-Wallis rank test was performed to assess if backyard farm-

ers’ knowledge of ASF was correlated with selected demographic fac-

tors. For this, the number of selected answers from the three knowl-

edge questions discussed above were identified as dependent vari-

ables, whereas Oblast, age, and educational level were selected as

independent variables. A Dunn test was conducted as a post hoc test

when results of the Kruskal-Wallis tests were statistically significant

(p < 0.05) to check which specific groups were significantly different

using rank sums.

2.5.3 Association between knowledge of ASF and
risky practices

Spearman correlation testswere performed to understand if therewas

a correlation between ASF knowledge, risk pathways and preventive

measures, and application of risky practices that could play a role in the

ASF spread. These risky practices were related to commercial activi-

ties carriedoutbymembersof thehousehold, pig feedingpractices, and

handling practices of edible and non-edible pork products after slaugh-

tering a pig.

Regarding the activities carried out by members of the household,

six out of seven options were considered risky practices. The only

non-risky option was “no member of the household carries out any

of the aforementioned activities”. Concerning pig feeding practices,

five out of seven options were considered risky practices. Only the

options “I use commercial feed for pigs” and “Other” were consid-

ered non-risky practices. In relation to the handling practices of edi-

ble pork products, four out of six options were considered risky prac-

tices. “Consumption within my household” and “Other” were consid-

ered non-risky practices. For non-edible pork products, four out of six

options were identified as risky practices. The two non-risky practices

were “dispose of them at official dump” and “Other”. For all four ques-

tions, participants had the opportunity to include additional informa-

tionwhen selection “other”. This additional informationwas not further

analysed.

3 RESULTS

A total number of 233 backyard farmers from five Oblasts of Ukraine

(Kharkiv [n = 36], Kyiv [n = 50], Odessa [n = 47], Rivne [n = 50], and

Zakarpattia [n = 50]) were interviewed. The demographic character-

istics of respondents are presented in Table 1. The predominant age
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TABLE 1 Demographic characteristics of respondents to the KAP questionnaire

Variable Category Number

Frequency

(%)

Oblast Kharkiv 36 15.5

N† = 233 Kyiv 50 21.5

Odessa 47 20.2

Rivne 50 21.5

Zakarpattia 50 21.5

Age ≤20 years old 9 3.9

N† = 231 21-35 years old 31 13.4

36–50 years old 96 41.6

51–65 years old 67 29.0

≥ 66 years old 28 12.1

Role in taking care

of the pigs

Main person in taking care of the pigs 118 51.3

N† = 230 Anothermember of the household takes care of the pigs 86 37.4

An external person to the household takes care of the pigs 14 6.1

Amember of the household and an external person of the

household take care of the pigs

12 5.2

Highest education

level

Primary school 0 0

N† = 232 Secondary school 44 19.0

Technical school 71 30.6

Advanced technical school 60 25.9

University 57 24.6

Post-graduate 0 0

N†: Number of valid answers.

category was 36–50 years old (41.6%, 96/231), and the most preva-

lent educational level among respondentswas technical school (30.6%,

71/232). None of the respondents declared having primary school or

post-graduate level as the highest education level. Half of the respon-

dents (51.3%, 118/230) declared to be the main person in taking care

of the pigs and 37.4% (86/230) mentioned that another person living

in the same household was the main person taking care of the pigs

(Table 1). The large majority of all respondents (87.2%, 203/233) had

up to five pigs. Full characteristics of backyard farms are available in

Appendix S2.

3.1 Knowledge of ASF, attitudes on ASF, and
confidence in recognizing suspect ASF cases

A total of 222 respondents (95.7%) declared having heard about ASF.

Fourteen of 228 (6.1%) respondents had suspected ASF in their pigs at

some point in time, and these respondents were mainly from Kharkiv

(6/36, 16.7%) and Kyiv (3/46, 6.5%). Almost half of the respondents

(104/221, 47.0%) felt well-informed about how ASF can be transmit-

ted and 31.8% (70/220) felt confident about recognizing clinical signs

of ASF. The two Oblasts in which respondents felt best informed were

Kharkiv with a total of 69.2% (18/26) respondents and Zakarpattia

with 61.2% (30/49). The Oblasts in which respondents felt the most

confident in recognizing clinical signs of ASF were Zakarpattia (31/49,

63.3%) and Kharkiv (10/25, 40.0%; Table 2).

Almost one fourth of the respondents were able to correctly iden-

tify four clinical signs of ASF (52/221 respondents, 23.5%), three trans-

mission pathways (52/227 respondents, 22.9%), and three preventive

measures (51/227 respondents, 22.5%) (Table 3). Furthermore, 14.5%

(32/221) and 10.1% (23/227) of respondents respectively declared

that they do not know any clinical signs or transmission pathways, and

12.3% (28/227) mentioned that they do not take any preventive mea-

sures (Table 3).

The clinical signs indicative of ASF that were selected most fre-

quently were “highmortality” (147/221, 66.5%), “reddening or darken-

ing of the skin” (132/221, 59.7%), and “fever” (131/221, 59.3%). “Vesi-

cles around the tongue and lips” and “lameness”, which had been cat-

egorized as non-indicative ASF clinical signs, were selected by 9.1%

(20/221) and 7.2% (16/221) of respondents, respectively (Table 4).

The transmission pathways that were selected most frequently were

“through direct contact with a diseased pig or carcass of a diseased

pig” (183/227, 80.6%), “through direct contact with diseased wild boar

or carcass of a diseased wild boar” (155/227, 68.3%) and “through
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TABLE 2 Attitudes on ASF and confidence in recognizing suspect ASF cases by participants. Values in the table represents the “Yes” option

Questions

Kharkiv (n,

%) Kyiv (n, %)

Odessa (n,

%) Rivne (n, %)

Zakarpattia (n,

%)

Total positive

answers (n, %)

Have you ever heard about

ASF? (N† = 232)

35 (100) 48 (96) 43 (91.5) 48 (96) 48 (96) 222 (95.7)

Have you ever suspected

that youmay have ASF in

your pigs? (N† = 228)

6 (16.7) 3 (6.5) 1 (2.1) 2 (4) 2 (4.1) 14 (6.1)

Do you feel confident that

you can recognize the

clinical signs of ASF?

(N† = 220)

10 (40) 19 (38) 2 (4.3) 8 (16) 31 (63.3) 70 (31.8)

Do you feel you are

well-informed about how

ASF can be transmitted?

(N† = 221)

18 (69.2) 26 (52) 9 (19.6) 21 (42) 30 (61.2) 104 (47)

N†: Number of valid answers.

TABLE 3 Number of clinical signs, risk pathways, and preventive measures of ASF identified by Ukrainian backyard farmers

Clinical signs indicative of ASF

Number of

clinical signs

mentioned

“I do not

know any

signs”

0 1 2 3 4 5 6 7 8 9 Total†

Number of

respondents

32 2 24 28 32 52 30 12 4 4 1 221

Percentage (%) 14.5 0.9 10.9 12.7 14.5 23.5 13.6 5.4 1.8 1.8 0.5 100

Transmission pathways of ASF

Number of

transmission

pathways

mentioned

“I do not

know any

pathways”

0 1 2 3 4 5 6 7 8 9 Total†

Number of

respondents

23 1 30 31 52 27 19 17 12 8 7 227

Percentage (%) 10.1 0.4 13.2 13.7 22.9 11.9 8.4 7.5 5.3 3.5 3.1 100

Preventivemeasures of ASF

Number of

preventive

measures

mentioned

“I do not take

any

measures”

0 1 2 3 4 5 6 7 Total†

Number of

respondents

28 4 32 43 51 32 25 8 4 227

Percentage (%) 12.3 1.8 14.1 18.9 22.5 14.1 11 3.5 1.8 100

†: Number of valid answers.

contact with contaminated clothing, footwear and/or transport vehi-

cles” (105/227, 46.3%). The transmission pathway that is not applica-

ble to ASF, “through sexual contact”, was selected by 21.1% (48/227)

of respondents (Table 4). In the case of preventive measures, respon-

dents reported that their main preventive measures are “no outside

access of pigs” (143/227, 63.0%), “fencing” (137/227, 60.4%) and “no

introduction of new pigs in the farms from non-commercial farms”

(76/227, 33.5%). “Vaccination” and “provision of a salt block”, both pre-

ventivemeasures that are not relevant forASF,were selected by21.6%

(49/227) and 2.6% (6/227) of respondents, respectively (Table 4).

3.2 Risky practices related to ASF spread

A total of 92.9% (210/226) of respondents mentioned performing

home slaughter of their pigs, and only 7.1% (16/226) slaughter their
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TABLE 4 Summary of knowledge questions related to clinical signs, risk pathways, and preventive measures on ASF

Which of the following clinical signs do you associate with ASF in pigs? N† = 221

Answer Number Percentage (%) Answer Number Percentage (%)

Fever 131 59.3 Vomiting 27 12.2

Diarrhoea 36 16.3 Lethargy 100 45.3

Vesicles around the tongue and

lips

20 9.1 Difficulty to breathing 53 24.0

Lameness 16 7.2 Stillborn or weak piglets 18 8.1

Reddening or darkening of the

skin

132 59.7 Nervous signs 31 14.0

Highmortality 147 66.5 I do not know any signs 32 14.5

Throughwhich of the following pathways can pigs get infectedwith ASF? N† = 227

Answer Number Percentage (%) Answer Number Percentage (%)

Through direct contact with a

diseased pig or carcass of a

diseased pig

183 80.6 Through a bite of an infected tick 38 16.7

Through direct contact with

diseasedwild boars or carcass

of a diseasedwild boar

155 68.3 Through use of contaminated surgical equipment 32 14.1

Through consumption of kitchen

waste

51 22.5 Through sexual contact 48 21.1

Through consumption of

leftovers from the slaughter

process

83 36.6 Through airborne transmission 42 18.5

Through contact with

contaminatedmanure

75 33.0 I do not know any pathways 23 10.1

Through contact with

contaminated clothing,

footwear and/or transport

vehicles

105 46.3

Which preventivemeasures do you take to protect your pigs against ASF? N† = 227

Answer Number Percentage (%) Answer Number Percentage (%)

No exchange of feed or bedding

with other backyards

106 46.7 My pigs are not allowed to roam around freely

outside of my premise

143 63.0

Quarantine period for new

animals in a separate room

61 26.9 Using only commercial pig feed 20 8.81

Provision of a salt block 6 2.6 Disinfecting and cleaning the areas around the

backyard

69 30.4

Vaccination 49 21.6 My entire premise is fenced 137 60.4

No introduction of pigs from

non-commercial farms

76 33.5 I do not take anymeasures 28 12.3

N†: Number of valid answers.

pigs at the slaughterhouse. Among respondents that carried out

home slaughter, 85.2% (179/210) slaughtered without veterinary

inspection and 14.8% (31/210) with veterinary inspection. The most

important economic activity that was mentioned by the respondents

was carrying out slaughter and butchery services for the private sector

(155/227, 68.3%) and only 9.3% of the households (21/227) did not

report any potentially risky economic activity (Figure 2a). The most

important pig feeding practices were a farmer’s own production of

pig feed (165/233, 70.8%), use of kitchen leftovers (125/233, 53.6%)

and use of commercial pig feed (61/233, 26.2%) (Figure 2b). Following

slaughter of one’s own pigs, the most common uses of edible pork

products are consumption within the household (200/231, 86.6%)

and giving it to neighbours and/or relatives (72/231, 31.2%). Various

trading activities of edible pork products, including selling to the

local butcher, to traders and to the market in their village or a neigh-

bouring village were mentioned by 91/231 (39.4%) of respondents

(Figure 2c). The two most common handling practices of non-edible

pork products were the disposal in a composting pit for organic use
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F IGURE 2 Activities carried out by anymembers of the household (a). Feeding habits of pigs (b). Management practices of edible food
products after slaughtering the pigs (c). Management practices of non-edible food products after slaughtering the pigs (d)
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TABLE 5 Output of the Kruskal-Wallis tests, assessing knowledge of clinical signs, risk pathways, and preventive measures

Response variable

Explanatory

variables

Number of

observations RankMean

Chi-

squared P- value

Clinical signs Educational level 220 20052.5 1.648 0.6485

Oblasts 221 4906.2 15.845 0.0032*

Age 219 4818.0 8.169 0.0856

Risk pathways Educational level 226 6412.6 5.517 0.1377

Oblasts 227 5175.6 6.979 0.1370

Age 226 5130.2 2.868 0.5801

Preventivemeasures Educational level 226 6412.8 6.342 0.0961

Oblasts 195 5175.6 5.430 0.2460

Age 225 5085.0 7.535 0.1102

*P< 0.05, statistically significant.

TABLE 6 Pairwise group comparisons using Dunn’s test, following statistically significant results in the Kruskal-Wallis test (Table 5)

Kharkiv Kyiv Odessa Rivne

Kyiv Difference in rank sum 0.092889 – – –

p-Value 0.4630 – – –

Odessa Difference in rank sum -1.556525 -1.813093 – –

p-Value 0.0598 0.0349* – –

Rivne Difference in rank sum -2.350705 -2.710085 -0.795503 –

p-Value 0.0094* 0.0034* 0.2132 –

Zakarpattia Difference in rank sum -2.790802 -3.198099 -1.266808 -0.490549

p-Value 0.0026* 0.0007* 0.1026 0.3119

*p< 0.05, statistically significant.

(120/224, 53.6%) and the use as feed (76/224, 34.0%) (Figure 2d).

The number of transmission pathways and preventive measures

of ASF mentioned by backyard farmers by Oblast is available in

Appendix S3.

3.3 Factors influencing knowledge of ASF

Using the Kruskal-Wallis test we tested influence of the explana-

tory variables education, oblast and age on the knowledge of the

respondents on clinical signs, risk pathways and preventive measures.

There was only a statistically significant difference in the knowledge

of clinical signs between backyard farmers from different Oblasts

(p = 0.0032; Table 5). The Dunn’s tests showed that backyard farm-

ers from Zakarpattia (p = 0.0026) and Rivne (p = 0.0094) had a higher

knowledge of clinical signs than backyard farmers from Kharkiv. Simi-

larly, backyard farmers from Rivne (p = 0.0034), Odessa (p = 0.0349),

and Zakarpattia (p = 0.0007) had a statistically significant higher

knowledge of clinical signs than backyard farmers fromKyiv. All results

of the Dunn tests are presented in Table 6.

There was a positive correlation between the knowledge of preven-

tive measures and risky handling practices related to edible pork prod-

ucts (p = 0.0053) and non-edible pork products (p = 0.0417; Table 7).

This means that, with increased knowledge, more risky practices are

performed.

4 DISCUSSION

Our study showed that comprehensive ASF knowledge is not very

common among participating backyard pig farmers in the five Oblasts

where this study was conducted. Furthermore, results indicated that

risky practices, which are known to influence the spread and ASF

persistence, are regularly performed in backyard holdings. This is a

known challenge, as surveys in other countries also demonstrated

that frequently, there is a lack of comprehensive disease knowledge

among backyard farmers (Çakmur et al., 2015; Kumar et al., 2013). The

findings of this study show that although the name of the disease is

familiar, there is a clear lack of comprehensive understanding of how to

identify, prevent, and control ASF. These knowledge gaps exist despite

the implementation of various trainings and workshops for promoting

awareness since the ASF introduction in 2012 into Ukraine (ASF Vet

Ukraine, 2019; DeNardi et al., 2017).

Our findings showed that the “Oblast” category was a main factor

associated with a difference in ASF knowledge among respondents.

Generally, backyard farmers fromKharkiv andKyiv had a lower general
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TABLE 7 Output of the Spearman tests, assessing the association between knowledge of ASF and risky practices

Variables

Activities in

the household

Feeding

habits to the

pigs

Management of

edible pork

products

Management of

non-edible pork

products

Number of correct answers

of risk pathways

Correlation

coefficient

0.059 0.035 0.054 0.114

p-Value (2-tailed) 0.406 0.601 0.420 0.082

Number of correct

preventivemeasures

Correlation

coefficient

0.040 0.058 0.185 0.144

p-Value (2-tailed) 0.572 0.385 0.005* 0.042*

*p< 0.05, statistically significant.

ASF knowledge. Respondents fromZakarpattia and Rivne had broader

ASF knowledge. The differences in knowledge between respondents

from different Oblasts could be linked to differences in the ASF epi-

demiological situation and the time gap from the last outbreak. The

rationale behind this logic is that farmers that were more exposed to

the disease could be also more familiar with it and therefore, have a

higher level of knowledge. However, during the period 2012–2018, a

similar number of outbreaks in backyard farms were reported in these

four Oblasts (25 in Kharkiv, 22 in Zakarpattia, 31 in Rivne and 22 in

Kyiv) (DTRA, 2018), which may imply that other factors such as the

ones discussed below, which distant from direct exposure to the dis-

ease affect the level of ASF knowledge among the respondents of this

study.

Interestingly, despite feeling well informed and having high confi-

dence, respondents fromKharkiv showedoneof the lowestASFknowl-

edge level as discussed above. This discrepancy between a high level

of confidence among the respondents in Kharkiv and their low scores

on ASF knowledge is difficult to explain and should be further investi-

gated. In psychology a similar conflict, still under study, is described as

the Dunning-Kruger effect (Coutinho et al., 2021; Kumar et al., 2013).

This effect is a cognitive bias influencing people’s behaviour: people

with limited knowledge on a topic are more likely to overestimate

their abilities (Coutinho et al., 2021). If this holds true in the current

study, this cognitive bias could prevent people to overcome deficits in

knowledge hampering to some extent the efforts to control the disease

(Coutinho et al., 2021). However, additional plausible factors can be

found in the effectiveness of awareness strategy. It is possible that the

awareness activities implemented in Ukraine were not able to achieve

its intended impact, for example due to a suboptimal delivery method,

or in the formulation of the key messages or in other key aspects like a

proper environment for learning.We lack information on how trainings

have been delivered in Ukraine. However, a study conducted by Dione

et al. (2020), evaluated a participatory training on KAP of biosecurity

related to ASF control in smallholder pig farmers in Uganda, showing a

significantly improvement of farmers’ knowledge in biosecurity (Dione

et al., 2020). This result emphasizes the need for a regular evaluation of

awareness strategies.

No relevant preventive measures for ASF such as “vaccination”, was

selected by 21.6% of the respondents. These results may be due to

respondentsmight get confusedwithClassical SwineFever (CSF), a dis-

ease that also affects domestic pigs and wild boars and for which there

is a vaccine (OIE, 2021). CSF was eradicated in Ukraine in 1997, after

mass vaccination in domestic pigs (Nevolko et al., 2015). However, spo-

radic cases are occasionally still reported in wild boars, posing a risk

of recurrence in domestic pigs (Nychyk et al., 2018). Therefore, it is

plausible that respondents might be mistaken between ASF and CSF

when selecting “vaccination” as a preventive measure for ASF. How-

ever, other possible explanation is that farmers did not know that ASF

vaccine does not exist when selected this answer option and therefore,

have a gap knowledge.

Trading of edible pork products following the slaughter of backyard

pigs were mentioned by 39.4% of respondents. These trading activi-

ties included selling to the local butcher, to traders, and to the mar-

ket in their village or a neighbouring one (Figure 2c). The performance

of these activities highlights the economic importance that backyard

pigs represent for backyard farmers and also underscores the possi-

bility for geographic spread of potentially contaminated pork products

(EFSA, 2014; FAO, 2018). Interestingly, our results showed a positive

correlation between ASF knowledge regarding preventive measures

and riskypractices related to edible andnon-edible porkproducts, indi-

cating that even a certain awareness level on ASF preventivemeasures

may not prevent the performance of risky practiceswith regard to pork

products. This could be driven by the fact that enforcement actions by

the authorities may be limited, and thus expected consequences for

farmers are low. Results from a study conducted in Uganda showed

similar results, smallholder pig farmers had a good knowledge of ASF

and their control measures but this did not ensure its implementation

(Chenais et al., 2017). The authors suggested that initiatives on control

measures should include a financial return component to engage with

farmers and compensate for the economic loss (Chenais et al., 2017).

In Ukraine, although ASF control measures seem to be in compliance

with the program planned, socioeconomic factors are seen as a major

challenge to drive behaviour change (EC, 2018).

Backyard pig farming represents 56% of the pigs in Ukraine (FAO,

2013). Low biosecurity backyard farms have been identified to play

a role in the spread and persistence of ASF in Eastern European

countries (EFSA, 2010), which illustrates the significant challenge

that Ukraine is facing for ASF control. Further, backyard farms could
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facilitate the introduction of ASFV from wild boar to domestic pigs

(Guinat et al., 2016). Previous studies of the main risk factors for ASFV

spread among backyard farms included movement of infected pork

meat, swill feeding, underreporting, and “emergency sales” (Costard

et al., 2015). Our results indicate the widespread presence of two

of these risk factors in the Ukrainian pig backyard farming system,

namely movement of infected porkmeat and swill feeding.

Main pigs feeding practices mentioned included their own produc-

tion of pig feed (70.8%) and the use of kitchen leftovers (53.6%). The

performance of these practices can facilitate the spread of the virus in

healthy pigs (Bellini et al., 2016) as happened in 2012 when ASF was

introduced in Ukraine due to the use of contaminated pork products

in swill feeding in small farms (EFSA, 2019). Our questionnaire did not

include any question about the heat treatment practice (60◦C for 30

min) of swill feeding,whichwould inactive anyASFVpresent in the swill

(FAO-EMPRESS, 2021; Plowright & Parker, 1967), but leaders from

FSCP and from Kharkiv Oblast mentioned that no more than 5% of

backyard farmers perform heat treatment of kitchen leftovers (FSCP,

2020). It is therefore considered unlikely that adequate heat treatment

of kitchen leftovers (heating sufficient to inactivate ASFV) is practiced

widely in the Ukrainian backyard farms.

One way to strengthen ASF early detection in backyard holdings is

through the supervision of home slaughtering by veterinary services

(Bellini et al., 2016). Aveterinarian ismore likely tonotice clinical symp-

toms of ASF in pigs presented for slaughter andmay need to overcome

fewer barriers to report suspected cases, which is the starting point

for any official outbreak response measures. Our results showed that

among our respondents, approximately 80% of the backyard pigs are

slaughtered without veterinary supervision, jeopardizing the identifi-

cation and reporting of ASF cases. According to Ukrainian law, home

slaughtering must be performed under the supervision of an official

veterinarian and the sale and consumption of pork products produced

without veterinary inspection during slaughter are not allowed (Min-

istry of Agriculture Policy and Food of Ukraine, 2004). Our results sug-

gest that compliance of backyard farmers with the compulsory vet-

erinary inspection during home slaughter is low. This may be due to

thewaiting time for veterinary inspections stemming from the logistics

involved in reaching remote backyard farms or due to the lack of suffi-

cient numbers of veterinarians in rural areas. It may also be related to

the lack of backyard farmers’ understanding of the importance of vet-

erinary inspections during slaughter processes for animal health and

food safety purposes or to the costs associatedwith veterinary inspec-

tions. Further, backyard farmers possibly fear the economic loss that

will be incurred if the official veterinarian suspects ASF and the herd

needs to be culled for preventive and control measures (Ministry of

Agriculture Policy and Food of Ukraine, 2017).

Public awareness programs are part of the ASF contingency plan

(FAO, 2009). These activities can help in recognising the ASF incursion

before the disease is widely spread, also in ensuring compliance with

control measures (FAO, 2009) and in promoting ownership by farm-

ers in animal disease control (FAO, 2001). As an example, Hasanov

et al. (2018) demonstrated that awareness campaigns for households

were effective in raising knowledge on rabies andwere a cost-effective

method to increase vaccination coverage of domestic dogs by remind-

ing dog owners with good knowledge to have their dogs vaccinated.

The increase of rabies vaccination in dogs would ultimately be bene-

ficial for dog owners through the reduction of the burden of rabies in

both the human and dog population (Hasanov et al., 2018).

Our study provided insights regarding the behaviour and ASF

knowledge among backyard pig farmers in Ukraine, but it also has sev-

eral limitations. A first limitation is related to the sample size and sam-

pling strategy. The sample size was arbitrarily determined based on

what was realistic to perform in the available time period rather than

based on a formal sample size calculation. While this is not the pre-

ferred method, it has been used in other studies as well in situations

where little was known about the target population and resources

were limited (Ansari-Lari et al., 2010; Guinat et al., 2016; Lei et al.,

2019). We used convenience sampling for the selection of intervie-

wees. The implementation of an alternative sampling approach was

not feasible in the absence of a formal register of backyard farms and

with the limited available resources of the project. The use of conve-

nience sampling may have brought selection bias of participants and

mobility bias as participants were selected in conveniently located vil-

lages. This would reduce the validity of extrapolation of our findings to

the larger population of backyard farmers. However, we believe that

through the inclusion of different geographic regions of the country in

the study design, we were able to mitigate this limitation. A third lim-

itation is that we did not gather information in the questionnaire on

the gender, which would have allowed us to shed light on the role that

gender plays in households regarding backyard pig farming. Fourth, we

did not record formally howmany people rejected to participate in the

study. Thiswould have allowed us to assess the receptivity of this study

in our target population. Feedback from the interviewers however did

not indicate that therewas anunwillingness toparticipate amongback-

yard farmers who were approached. Fifth, our questionnaire was rel-

atively long with 31 questions, which may have affected the valid-

ity of the answers towards the end of the questionnaire (Helgeson &

Ursic, 1994; Herzog & Bachman, 1981). However, our questionnaire

mostly contained closed questions, which are less cognitively demand-

ing than open-ended questions (Connor Desai & Reimers, 2019). Also,

the length of the interviews was within the average for a face-to-face

semi-structured interview (DiCicco-Bloom & Crabtree, 2006). Finally,

the interviews were conducted by multiple interviewers, creating a

potential risk of lack of standardization (Aamodt MGEGB and EJK,

2006). This challenge was resolved through the provision of train-

ings and guidelines to interviewers on the importance of standardized

information and data collection.

Considering the high number of backyard farmers in Ukraine, they

are important actors in national efforts to prevent and control the ASF

spread. To our knowledge, this is the first ASF KAP survey carried out

among backyard farmers in Ukraine and therefore our study provides

important insights despite its limitations. Our study provided insights

into the ASF knowledge of backyard farmers and helped to identify

predominant risky practices that are regularly carried out by farmers.

These insights help to better understand the role of backyard farmers

in the ASF epidemic in Ukraine and to inform future evidence-based
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policies, including the development of new and adjusted public aware-

ness activities. Also, these results can be used as a baseline to deter-

mine the impact of awareness activities after targeted activities.

5 CONCLUSION

Backyard pig farmers in Ukraine have important gaps in their ASF

knowledge and practice various risky behaviours that might favour

the spread of ASF virus. There are regional differences in ASF knowl-

edge and risky practices that should be taken into consideration for the

design and implementation of more informed ASF prevention and con-

trol programs, including public awareness activities.
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