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Abstract

Background Since its first introduction into the German wild boar population in 2020, African swine fever (ASF)

has been spreading slowly from the eastern border westwards and has been introduced into eight domestic pig
farms thus far. The European Food Safety Authority has named deficits in farm biosecurity and increased human
activity as major risk factors for the introduction of the ASF virus into pig farms. Studies have shown that pig farms

in Germany generally have a high level of biosecurity. However, veterinary practitioners and policy-makers have
expressed concerns that not all pig farmers are appropriately prepared to deal with the threat of ASF. This study aimed
to evaluate the level of biosecurity on pig farms in Lower Saxony and explore the reasons for deficits in the implemen-
tation of biosecurity measures. For this purpose, pig farmers were interviewed in open structured face-to-face inter-
views about their perception of ASF and biosecurity, and the implemented measures on their farms were assessed
with a checklist. In the data analysis, the farmers’answers and the results of the biosecurity check were compared

to gain further insights into the factors influencing the implementation of biosecurity measures on the farms.

Results The biosecurity check showed that on most farms, a high level of biosecurity had been implemented. Nev-
ertheless, deficits were found concerning the fences and the delimitation of clean and dirty areas on farm grounds
and in the anteroom. Overall, the farmers were well informed about ASF and had a realistic perception of their own
biosecurity. They considered the farm layout, financial means and practicality of hygiene measures to be the main
barriers to implementing biosecurity measures against ASF. However, the results also suggested that farmers'attitudes
and legal regulations were major influencing factors.

Conclusion The results indicated a high level of biosecurity against ASF on most pig farms and a realistic percep-
tion of their own biosecurity by the farmers. Current knowledge transfer and information should focus on building
upon the farmers’own motivation and expertise and supporting them to put existing knowledge into practice.

Keywords Biosecurity, Pig farms, African swine fever, Qualitative research, Biosecurity evaluation, Knowledge transfer

*Correspondence:

Leonie Klein

leonie klein@tiho-hannover.de

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40813-024-00365-x&domain=pdf

Klein et al. Porcine Health Management (2024) 10:14

Background

African swine fever (ASF) is a complex viral disease that
usually causes severe systemic infections and fatal haem-
orrhagic fever in domestic pigs and European wild boar.
The virus (ASF virus, ASFV) has its roots in sub-Saharan
Africa where it is transmitted in a sylvatic cycle among
warthogs and soft ticks [1]. In 2007, ASFV was reintro-
duced to the European continent via Georgia and has
now gained panzootic dimensions [2]. In Germany, ASF
was first reported in 2020 [3]. The virus has been spread-
ing slowly from the eastern border westwards within the
wild boar population while also affecting domestic pig
farms far away from regions with endemically infected
wild boar [4-6]. To date, outbreaks on domestic pig
farms have remained restricted to single farm sites (Ani-
mal Disease Notification System [7]). Nevertheless, the
risk remains that ASF will be introduced repeatedly and
spread further via wild boar or human activities such as
pig transportation, vehicular traffic, hunting, and other
routes [8].

African swine fever virus is transmitted within herds
mainly via direct contact between pigs. High viral loads
have been found in the blood but also in the faeces, urine
and saliva of infected pigs [9]. The virus shows a high
tenacity at room temperature or lower and can persist
for weeks in the environment [10, 11], pork products [12]
and carcasses so that inter-herd transmission most likely
results from contaminated materials [13]. Via the usual
oral or oro-nasal routes, relatively high doses of ASF
virus are usually needed [14] for infection, but experi-
ments have also demonstrated the infectivity of low oral
doses [15, 16]. Research on the potential role of trans-
mission via the feeding of green forage, hay and straw
is ongoing [17, 18]. Over short distances, transmission
might also occur via aerosols [19]. In addition, experi-
ments have shown mechanical transmission by oral
uptake of contaminated stable flies [20], but thus far, no
evidence of infectious ASF virus has been found in flies
in the proximity of affected pig farms [21-23]. Carrion-
eating birds and rodents are discussed as mechanical
vectors but are considered minor risk factors for virus
transmission [24]. Epidemiological investigations into
outbreaks of ASF on pig farms in Latvia, Poland and
Germany have rarely been able to identify a specific
entry point of the disease [13]. Deficits in farm bios-
ecurity and increased human activity have been named
risk factors in many scenarios [6, 13]. Within a pig herd,
the slow spread and unspecific clinical signs of the dis-
ease increase the risk of late detection, thus also increas-
ing the risk of further spread to other farms [25, 26]. It
is generally agreed that strict biosecurity measures can
prevent the introduction of ASF into domestic pig farms
even in regions where ASF is endemic in wild boar [25,
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27, 28]. In European legislation, ASF is listed as a disease
of categories A, D, and E [29] with the aim of keeping all
countries free of ASF by implementing strict preventive
and, upon detection, eradication measures. The Euro-
pean Animal Health Law (AHL [30]) assigns responsi-
bility for the implementation of biosecurity measures at
the farm level to animal owners. It also states that animal
owners should have adequate knowledge of animal dis-
eases, biosecurity and One Health principles. Veterinar-
ians are assigned the responsibility for raising awareness
of disease prevention among animal owners. Mandatory
biosecurity measures include physical and management
measures [Section 1, Article 10, 4. (a), (b)]. The AHL
requires all types of pig farms to implement biosecurity
measures “as appropriate” and differentiates the need
for further measures by disease status of the respective
region. The according German law, the Schweinehaltung-
shygieneverordnung (Pig Husbandry Hygiene Ordinance)
[31] indicates further detailed requirements for biosecu-
rity measures on pig farms. It assigns different levels of
mandatory biosecurity measures to pig farms according
to the number of kept animals. Studies have shown that
these biosecurity measures are implemented in most
of the piglet-producing pig farms in Germany [32—34].
Since the reintroduction of ASF into Europe, compe-
tent authorities, agricultural associations, veterinarians
and others have increased efforts to inform pig farmers
about ASF as well as obligatory and advisable preventive
measures. However, veterinary practitioners and policy-
makers have expressed concerns that not all pig farm-
ers are appropriately prepared to address this threat. In
interviews concerning their threat perception concerning
ASE, pig farmers in the German federal state of Lower
Saxony, the state with the highest pig population (>7
million pigs), said that they do not perceive the disease
as an imminent threat to their livelihoods [35]. Previous
studies on factors influencing farmers’ decisions con-
cerning protective measures against animal diseases have
shown that risk perception has little influence on farm-
ers’ behaviour [36]. Studies have also shown that a lack
of knowledge and a negative attitude towards biosecurity
impede farmers’ implementation behaviours [37, 38],
while the perceived effectiveness of biosecurity measures
encourages them [39]. For these studies, farmers were
usually questioned about their attitudes, perceptions, and
motivations concerning measures for disease prevention.
To the authors’ knowledge, however, these studies did
not include an analysis of the farmers’ actual implemen-
tation behaviours.

Therefore, the aim of this study was to evaluate the
level of biosecurity on pig farms in Lower Saxony and
to explore possible reasons for deficits in the imple-
mentation of biosecurity measures. For this purpose,
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pig farmers were interviewed by the first author in open
structured face-to-face interviews about their percep-
tions of ASF and their decisions on the appropriate bios-
ecurity measures. Subsequently, the first author assessed
the implemented biosecurity measures on these farmers’
pig farms with a checklist. In the data analysis, the farm-
ers’ answers and the results of the biosecurity check were
compared to gain further insights into the factors influ-
encing the implementation of biosecurity measures on
the farms.

Materials and methods
Participant recruitment
The participant group consisted of professional pig farm-
ers from Lower Saxony selected by a two-step process.
First, the farms were selected from a pseudonymized list
of all pig farms that met the inclusion criteria (see Addi-
tional file 1). The list was provided by the Lower Saxony
Animal Disease Fund (TSK) and comprised 9683 pig
holdings, including information on the production type
(farrow-to-finish, piglet producing, fattening herd) and a
code. Randomly selected farmers received a letter from
the Animal Disease Fund inviting them to participate in
the research project. As an incentive, the farmers were
offered a free biosecurity check. Interested pig farmers
contacted the first author to register for the project and
arrange an appointment for the interview and biosecu-
rity check. The actual response rate decreased from 20%
before to 6% during the COVID-19 pandemic, resulting
in more farms randomly selected from the coded list than
originally expected. Recruitment and farm visits had to
be paused for a period of three months in 2020 due to
restrictions caused by the COVID-19 pandemic. A total
of 235 farrow-to-finish farms, 285 piglet-producing
farms, and 315 fattening pig farms from the list were con-
tacted between December 2019 and February 2021.
Outdoor pig farms were included in a separate partici-
pant group, as they face special challenges concerning
biosecurity against ASF. They comprised all pig farms
where pigs permanently had access to an outdoor area
(e.g., a pasture or an outdoor run with concrete floor).
There are few outdoor pig farms in Lower Saxony, and
the coded list did not allow a specific selection by hous-
ing system. To contact a sufficient number of pig farmers
with outdoor pig farms nonetheless, the local veterinary
offices informed the farmers in the corresponding dis-
tricts about the project. Seven outdoor pig farms were
recruited directly. How many outdoor farms were con-
tacted by the veterinary offices is unknown. All outdoor
pig farmers who defined themselves as professional pig
farmers (i.e., they generated a considerable amount of
their income from pig production) were included in this
study.
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The number of participants finally included for inter-
views and biosecurity checks was determined by the
amount of new information gained in each consecutive
interview. Recruitment for further interviews stopped
when theoretical saturation of information for each
production type was reached [40]. According to the
authors’ definition, theoretical saturation was reached
when in three consecutive interviews all statements
could be assigned to existing theoretical codes and no
new codes were generated.

Interview structure and procedures

Prior to the biosecurity check, the farmers were inter-
viewed about their perception of ASF and their atti-
tudes and decisions concerning biosecurity measures
on their farms (see also [35]). The open, structured
interview guide (see Additional file 2) was designed
by the first author and reviewed and discussed by the
co-authors and three veterinarians specialised in pig
farming. It was adjusted according to their feedback,
and test interviews were conducted on five pig farms
that were then excluded as participants in the final
project. All interviews were conducted in German by
the first author on the participants’ farms. Interviews
were audio recorded and later transcribed by the first
author using the software f4transcript (Dr. Dresing
& Pehl GmbH, Deutschhausstrasse 22a, 35037 Mar-
burg, Germany, www.audiotranskription.de). Separate
notes taken during or immediately after the interviews
included information about the interview situation and
provided further input for later analysis.

Interview analysis

Interview transcripts were analysed by the first author
with qualitative content analysis [41, 42]. For the inter-
view analysis, the software f4analyse [43] was used. The
initial code system was developed deductively from the
first eight interviews based on the interview questions.
Additional themes and subcategories were added in an
inductive approach during the analysis process (for more
details, see [35]).

In addition, the quantitative results from the content
analysis were exported into Microsoft® Excel®2016 (Ver-
sion 16.0.5356.1000) and analysed by applying descrip-
tive data analysis in SAS© (Version 9.4 [44]) to determine
how many pig farmers had responded in similar ways and
which themes were mentioned most often in the inter-
views. It is important to keep in mind, however, that the
interviews only included open interview questions, and
therefore, it is not possible to draw decisive conclusions
about missing mentions of certain topics [45].
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Evaluation of farm biosecurity

For the evaluation of the biosecurity measures imple-
mented on the farms, a checklist was developed based
on the German Pig Husbandry Hygiene Ordinance (Sch-
weinehaltungshygieneverordnung [31]), various checKklists
that veterinary authorities use during their control visits
and an online tool developed for farmers to evaluate their
own biosecurity measures against ASF, the ASF-Risiko-
ampel (translated as traffic light for ASF risk, online
available at https://risikoampel.uni-vechta.de/). Prior to
the development of the checklist, risks for the introduc-
tion of ASFV into pig farms were discussed among the
authors and with veterinarians from three veterinary
offices in Lower Saxony. As a result of their feedback, the
checklist was condensed to focus on those biosecurity
measures that were considered most important to pre-
vent the introduction of ASFV into pig farms. The initial
draft of the checklist was then reviewed and discussed
with the co-authors and with five veterinary practition-
ers who specialised in pigs and refined according to their
feedback. In a pilot phase, the checklist was tested on five
pig farms that did not participate in the final project. The
final biosecurity checklist consisted of 62 questions (see
Additional file 3).

The pigs were often situated at more than one farm site
location, and biosecurity evaluations were performed at
as many farm sites as the pig farmers wanted and time
allowed. In the biosecurity check, farm sites were dif-
ferentiated by location, layout, and ownership. The main
farm sites were the farmers’ primary production sites,
usually situated in residential areas, comprised of multi-
ple buildings including the farmers’ homes. Leased farm
sites were similar to the main production sites in location
and layout but were leased and not owned by the inter-
viewed farmers. Farm sites next to the main site or sepa-
rately located farm sites were usually located outside of
residential areas and consisted of only one pig barn. Out-
door farm sites were defined as all sites where pigs were
kept in pastures or pig barns with an outdoor area. All
farm sites, irrespective of size and production type, were
evaluated with the same checklist and by the same cri-
teria. During farm visits, the checklists were replenished
with survey maps of the farm sites to support the later
analysis of the data.

Analysis of biosecurity evaluation
The data from the biosecurity checklists were coded in
Microsoft® Excel®2016 (Version 16.0.5356.1000) and
analysed by applying descriptive statistical analysis in
SAS® (Version 9.4).

To condense the results, enable a comparison between
production types and simplify the joint analysis of the
biosecurity evaluation and interview statements, a
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scoring system was developed (see Additional file 4). The
scoring system assigned the questions from the check-
list to nine biosecurity subsets: (1) perimeter fences, (2)
building structure of pig barns and pastures, (3) pathways
on farm grounds and vehicle hygiene, (4) loading areas,
(5) construction and fencing of feed silos, (6) storage of
feed and bedding materials, (7) shoe hygiene measures,
(8) anteroom facilities, and (9) rodent control measures.
Measures in these subsets were rated from zero (low
biosecurity) to two (high biosecurity) depending on how
far biosecurity measures had been implemented. The
scoring system was based on considerations about the
highest risks for the introduction of ASF into pig farms,
as discussed in scientific literature and reports from
affected regions, as well as assessments from veterinary
epidemiologists. The range and distribution of scores
were then also analysed by applying descriptive statistical
analysis in SAS®© (Version 9.4).

Joint analysis of biosecurity evaluation and comments

by farmers

For the joint analysis, statements from the interviews,
in which farmers evaluated the biosecurity measures at
their farm sites, were coded and scored similarly to the
checklists. A score of 0 meant that, in the farmer’s opin-
ion, a biosecurity measure was missing or not sufficiently
implemented; a score of 1 indicated that the farmer con-
sidered the measure to be implemented with room for
improvement; and a score of 2 indicated that the farmer
regarded the biosecurity measure as fully and correctly
implemented. Farmers were not specifically asked to
rate specific biosecurity measures in the interviews, but
rather their evaluation of their own biosecurity measures
was the result of more general questions about how they
perceived their own biosecurity measures as prevention
of an introduction of ASFV and where they saw deficits
in their own biosecurity measures. When farmers held
pigs at more than one farm site, general comments about
the implementation of specific biosecurity measures
on the farm were coded accordingly for all farm sites.
If farmers specified the farm site in the comment, the
score was only given to that farm site. The scores given
by the farmers were then compared to the scores from
the checklist by applying descriptive statistical analysis
in SAS®© (Version 9.4). The statistical unit for the analysis
was the farm site.

Results

Participants

In total, 81 pig farmers were recruited for participation:
28 with farrow-to-finish (ftf), 17 with piglet-produc-
ing (pi), 22 with fattening pig (fa) and 14 with outdoor
pig farms (of). Among pig farms with indoor housing
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systems (ftf, pi, fa), the farms ranged in size from 80 to
1200 sows (pi and ftf, median: 300) and from 205 to 6000
fattening pigs (fa, median: 2400), and among outdoor pig
farms from 50 to 1500 fattening pigs (median: 50) and
from 4 to 850 sows (median: 10). Approximately half of
the farms with indoor housing systems produced in a
multi-site system, while most of the outdoor farms had a
one-site system (Table 1). In total, biosecurity measures
were evaluated at 47 farrow-to-finish, 27 piglet-produc-
ing, 38 fattening pig and 16 outdoor pig farm sites.

Farmers’ evaluations of their biosecurity measures

and results from the biosecurity check

In total, 588 evaluations of specific biosecurity measures
were coded in the interviews, varying from two to ten
evaluations per interview (median: ftf: 5, pi: 5, fa: 4.5, of:
4.5). Farmers spoke more often and in more detail about
biosecurity subsets that they considered critical on their
farm sites than about areas of less importance for them
(Table 6). More than half of their evaluations concerned
perimeter fences, anterooms and shoe hygiene measures.

Perimeter fences

Most of the farmers evaluated the implementation of a
perimeter fence as one of the most important biosecu-
rity measures for ASF prevention (Table 6). Not only is
a fence obligatory for pig farms of a certain size [31], but
farmers also perceive it as effective against the introduc-
tion of animal diseases.

“Well, against ASE the most important measure
is the protection to the outside, right? Since ASF is
here, we have built an additional fence, and if it
comes closer, you have to watch slightly more inten-
sively that it is closed” (Interview-nr. 40, ftf)

Nevertheless, among farmers of piglet-producing and
fattening pig farms, more than one-third perceived their
fences as inadequate (score 2: ftf: 44.7% n=21, pi: 22.2%
n=6, fa: 21.1% n=38, of: 43.8% n="7; score 0: ftf: 12.8%
n=6, pi: 37.0% n=10, fa: 44.7% n=17, of: 0%). According
to the results of the biosecurity check, at least one-third
of farm sites were not sufficiently fenced, most among
fattening and outdoor pig farms (score=0, for criteria

Table 1 Number of production sites of participating pig farms

Production type Amount of farm sites All
1 2 3 4
Farrow-to-finish farms 13 13 0 2 28
Piglet-producing Farms 11 2 4 0 17
Fattening pig farms 9 10 3 0 22
Outdoor farms 13 1 0 0 14
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see the Scoring System in the supplementary materials)
(Table 2, 3, 4, 5). The implementation or lack of fences in
multisite systems was often consistent within one farm
(and therefore for one farm manager). For seven out of
eight outdoor farmers, the biosecurity check indicated
that the farms were less securely fenced than the farmers
claimed. (Table 6). These farmers considered the double
fence around the pig pastures to be sufficient protec-
tion and saw no need for an additional perimeter fence
around the whole farm site. Major obstacles to the con-
struction of fences among all pig farmers were the high
costs and impracticality of fencing farm sites consisting
of multiple buildings. These obstacles outweigh the rela-
tively low perceived risk of being directly affected by ASF
in the near future.

“However, as I said, we are located in the village and
the veterinarian has been here before; she also said
then, "Yes, if the wild boars run over here from the
federal highway eventually...” However, that is some-
thing I cannot imagine, that wild boars truly run on
the road here” (Interview-nr. 64, fif).

There were also concerns about the interpretation of
regulations concerning fences: whether the outer walls
of barn buildings counted as sufficient barriers, which
structures should be fenced, and which materials should
be used for the fences.

Building structure of pig barns and fences of pastures

Fattening pig and outdoor farmers evaluated the build-
ing structure of their pig barns and pig pastures more
often than piglet producers and farrow-to-finish farm-
ers (Table 6). Fattening pig farmers considered closed
stables to be a great advantage in terms of biosecurity
in comparison to outdoor pig farms. The results of the
biosecurity check support the farmers’ mostly positive
evaluations regarding the structure of their pig barns
(score 2: ftf: 74.5% n=35, pi: 85.2% n=23, fa: 92.1%
n=35). In contrast, seven outdoor pig farmers (43.8%
of farm sites) evaluated the biosecurity provided by the
double fence around the pig pasture better than the first
author did in the biosecurity check (farmers’ evaluations:
Score 2: 37.5% n=6, score 1: 37.5% n=6, score 0: 0%, no
mention: 25.0% n=4). A double fence around the pig
pastures serves a purpose similar to barn walls, keeping
people and wild animals apart from the domestic pigs.
Most outdoor farmers were confident that the double
fences around their pig pastures were sufficient because
they considered the possibility of carrion eating birds
or rodents introducing ASFV as less important than the
authors. The risk that the authorities could prohibit out-
door pig farming completely, in case wild boar in the area
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Table 2 Implementation of biosecurity measures at different farm sites of farrow-to-finish farms
Biosecurity subset Score At main site Next to main At separate site  Atleased farm Outdoor farm  All
site site site
n % n % n % n % n % n %
Farrow-to-finish farms (n=47)
Perimeter fence 0 10 3846 2 66.67 4 3333 4 80.00 0 0 20 4255
1 3 11.54 0 0 3 25.00 0 0 0 0 6 12.77
2 13 50.00 1 3333 5 4167 1 20.00 1 100.00 21 44.68
-99 0 0 0 0 0 0 0 0 0 0 0 0
Building structure 0 0 0 0 0 0 0 0 0 0 0 0 0
1 9 34.62 0 0 1 833 1 20.00 1 100.00 0 0
2 17 65.38 3 100.00 1 91.67 4 80.00 0 0 12 2553
-99 0 0 0 0 0 0 0 0 0 0 35 7447
Pathways/vehicle hygiene 0 5 19.23 0 0 1 833 3 60.00 1 100.00 10 21.28
1 5 19.23 2 66.67 6 50.00 1 20.00 0 0 14 29.79
2 15 57.69 1 3333 5 41.67 1 20.00 0 0 22 46.81
-99 1 3.85 0 0 0 0 0 0 0 0 1 2.13
Loading ramps 0 6 23.08 0 0 1 833 2 40.00 1 100.00 10 21.28
1 4 1538 0 0 1 833 2 40.00 0 0 7 14.89
2 15 57.69 3 100.00 8 66.67 1 20.00 0 0 27 57.45
-99 1 3.85 0 0 2 16.67 0 0 0 0 3 6.38
Feed silos 0 6 23.08 2 66.67 2 16.67 2 40.00 0 0 12 2553
1 16 61.54 1 3333 8 66.67 2 40.00 0 0 27 5745
2 1538 0 0 2 16.67 1 20.00 1 100.00 8 17.02
-99 0 0 0 0 0 0 0 0 0 0
Enrichment materials 0 1 3.85 1 3333 0 0 0 0 0 0 4.26
1 0 0 0 0 0 0 0 0 0 0 0 0
2 25 96.15 2 66.67 12 100.00 5 100.00 1 100.00 45 95.74
-99 0 0 0 0 0 0 0 0 0 0 0 0
Shoe hygiene 0 8 30.77 0 0 2 16.67 1 20.00 1 100.00 12 2553
1 7 26.92 0 0 2 16.67 1 20.00 0 0 10 21.28
2 1 42.31 3 100.00 8 66.67 3 60.00 0 0 25 53.19
-99 0 0 0 0 0 0 0 0 0 0 0 0
Anteroom 0 0 0 0 0 1 8.33 0 0 0 0 1 213
1 8 30.77 0 0 2 16.67 4 80.00 0 0 14 29.79
2 18 69.23 3 100.00 9 75.00 1 20.00 1 100.00 32 68.09
-99 0 0 0 0 0 0 0 0 0 0 0 0
Rodent control 0 1 3.85 0 0 1 8.33 1 20.00 0 0 3 6.38
1 5 19.23 0 0 4 3333 0 0 0 0 9 19.15
2 20 76.92 3 100.00 6 50.00 4 80.00 1 100.00 34 72.34
-99 0 0 0 0 1 833 0 0 0 0 1 2.13

Scores: 0="no biosecurity measures have been implemented, low biosecurity’, 1 ="some biosecurity measures have been implemented, moderate biosecurity”, 2="all

necessary biosecurity measures have been implemented, high biosecurity”,— 88 =not applicable, — 99 = missing data

were infected with ASF, was perceived as a greater threat

for the existence of the farm.

“However, of course we also have to make sure that
we get away from free-range status faster than ASF
is here. That is actually our most urgent goal now,
because the district office has already told us in no
uncertain terms that if there is ASF and we are free-

range farmers, then they would withdraw our permit

for free-range farming” (Interview-nr. 25, of)

Farm grounds and vehicle hygiene
The farmers were very aware of the possible risk of intro-
ducing disease agents due to crossing paths on farm
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Table 3 Implementation of biosecurity measures at different farm sites of piglet-producing farms
Biosecurity subset Score At main site At separate site At leased farm site All
n % n % n % n %
Piglet-producing farms (n=27)
Perimeter fence 0 7 5833 5 50.00 3 60.00 15 55.56
1 2 16.67 0 0 0 0 2 741
2 3 25.00 5 50.00 2 40.00 10 37.04
-99 0 0 0 0 0 0 0 0
Building structure 0 0 0 0 0 0 0 0 0
1 4 3333 0 0 0 0 4 14.81
2 8 66.67 10 100.00 5 100.00 23 85.19
-99 0 0 0 0 0 0 0 0
Pathways/vehicle hygiene 0 3 25.00 0 0 1 20.00 4 14.81
1 4 3333 8 80.00 3 60.00 15 55.56
2 5 41.67 2 20.00 1 20.00 8 29.63
-99 0 0 0 0 0 0 0 0
Loading ramps 0 4 3333 1 10.00 2 40.00 7 2593
1 0 0 0 0 0 0 0 0
2 7 58.33 9 90.00 3 60.00 19 7037
-99 1 833 0 0 0 0 1 3.70
Feed silos 0 2 16.67 0 0 2 40.00 4 14.81
1 9 75.00 5 50.00 3 60.00 17 62.96
2 1 833 5 50.00 0 0 6 2222
-99 0 0 0 0 0 0 0 0
Enrichment materials 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 12 100.00 10 100.00 5 100.00 27 100.00
-99 0 0 0 0 0 0 0 0
Shoe hygiene 0 3 25.00 2 20.00 2 40.00 7 2593
1 2 16.67 0 0 0 0 2 741
2 7 5833 8 80.00 3 60.00 18 66.67
-99 0 0 0 0 0 0 0 0
Anteroom 0 0 0 0 0 0 0 0 0
1 1 833 1 10.00 0 0 2 747
2 11 91.67 9 90.00 5 100.00 25 92.59
-99 0 0 0 0 0 0 0 0
Rodent control 0 0 0 0 0 1 20.00 1 3.70
1 5 41.67 3 30.00 3 60.00 1 40.74
2 7 5833 7 70.00 1 20.00 15 55.56
-99 0 0 0 0 0 0 0 0

Scores: 0="no biosecurity measures have been implemented, low biosecurity’, 1 ="some biosecurity measures have been implemented, moderate biosecurity”, 2="all
necessary biosecurity measures have been implemented, high biosecurity”,— 88 = not applicable, — 99 = missing data

grounds, especially at older farm sites and in piglet pro-
ducing systems (Table 6).

“(...) the risk is actually that we could carry some-
thing over because we (...) drive through the forest
with the tractor beforehand and then drive into the
pig pasture. So I say that I have to live with that risk,
there’s nothing I can do about it anyway.” (Interview-
nr. 6, of)

According to the results of the biosecurity check, most
farmers implemented measures to prevent their animals
from crossing paths with vehicles or wild boar (Tables 2,
3, 4, 5). However, at many sites external vehicles had to
cross farm grounds to reach feed silos or loading areas
sites (ftf: 97.9% n=46, pi: 92.6% n=25, fa: 100% n=38,
of: 95.7% n=15), which the farmers also considered to be
a risk for transmission (Table 6).
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Table 4 Implementation of biosecurity measures at different farm sites of fattening pig farms

Biosecurity subset Score At main site Next to main site At separate site At leased farm site All
n % n % n % n % n %
Fattening pig farms (n = 38)
Perimeter fence 0 10 58.82 2 66.67 9 75.00 5 8333 26 68.42
1 4 2353 0 0 0 0 1 16.67 5 13.16
2 3 17.65 1 3333 3 25.00 0 0 7 1842
-99 0 0 0 0 0 0 0 0 0 0
Building structure 0 0 0 0 0 0 0 0 0 0 0
1 1 5.88 0 0 0 0 2 3333 3 7.89
2 16 94.12 3 100.00 12 100.00 4 66.67 35 92.11
-99 0 0 0 0 0 0 0 0 0 0
Pathways/vehicle hygiene 0 2 11.76 0 0 0 0 1 16.67 3 7.89
1 6 3529 2 66.67 7 5833 4 66.67 19 50.00
2 9 5294 1 3333 5 41.67 1 16.67 16 42.11
-99 0 0 0 0 0 0 0 0 0 0
Loading ramps 0 5 2941 0 0 1 833 4 66.67 10 26.32
1 3 17.65 1 3333 0 0 0 0 4 10.53
2 8 47.06 2 66.67 10 8333 2 3333 22 57.89
-99 1 5.88 0 0 1 833 0 0 2 526
Feed silos 0 5 2941 1 3333 2 16.67 3 50.00 11 28.95
1 9 5294 1 3333 6 50.00 3 50.00 19 50.00
2 3 17.65 1 3333 4 33.33 0 0 8 21.05
-99 0 0 0 0 0 0 0 0 0 0
Enrichment materials 0 3 17.65 0 0 1 833 0 0 4 10.53
1 0 0 0 0 0 0 0 0 0
2 14 82.35 3 100.00 11 91.67 6 100.00 34 89.47
-99 0 0 0 0 0 0 0 0 0 0
Shoe hygiene 0 5 2941 0 0 0 0 1 16.67 6 15.79
1 8 47.06 0 0 0 0 3 50.00 1 28.95
2 4 2353 3 100.00 12 100.00 2 3333 21 55.26
-99 0 0 0 0 0 0 0 0 0 0
Anteroom 0 0 0 1 3333 1 833 0 0 2 526
1 5 29.41 1 3333 3 25.00 6 100.00 15 3947
2 12 70.59 1 3333 8 66.67 0 0 21 55.26
-99 0 0 0 0 0 0 0 0 0 0
Rodent control 0 2 11.76 0 0 1 833 0 0 3 7.89
1 3 17.65 0 0 5 41.67 3 50.00 1 28.95
2 12 70.59 3 100.00 6 50.00 3 50.00 24 63.16
-99 0 0 0 0 0 0 0 0 0 0

Scores: 0="no biosecurity measures have been implemented, low biosecurity’, 1 ="some biosecurity measures have been implemented, moderate biosecurity”, 2="all
necessary biosecurity measures have been implemented, high biosecurity”,— 88 = not applicable, — 99 = missing data

Loading areas

Although the farmers perceived buying new pigs or
contact with animal transport vehicles as a risk for
the introduction of ASFV, they did not mention bios-
ecurity measures in the loading areas as often as other
biosecurity measures (Table 6). However, it was very
important to them that the drivers of the animal trans-
port vehicles did not enter the barns from the loading

ramp. According to the results of the biosecurity check,
more than half of the farm sites with indoor housing
systems had an adequately secured loading area for pigs
(score=2) (ftf: 57.5% n=27, pi: 70.4% n=19, fa: 57.9%
n=22, of: 18.8% n=3). However, fences around load-
ing ramps were missing in approximately a quarter of
the farm sites (ftf: 19.2% n=9, pi: 25.9% n=7, fa: 26.3%
n=10, of: 0%). The farmers considered the fencing of
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Table 5 Implementation of biosecurity measures on outdoor
pig farms

Biosecurity subset Score n %
Outdoor pig farms (all sites outdoors, n = 16)
Perimeter fence 0 15 93.75
1 0 0
2 1 6.25
-99 0 0
Building structure and pig pastures 0 3 18.75
1 13 81.25
2 0 0
-99 0 0
Pathways/vehicle hygiene 0 7 43.75
1 8 50.00
2 1 6.25
-99 0 0
Loading ramps 0 3 18.75
1 10 62.50
2 3 18.75
-99 0 0
Feed silos 0 3 1875
1 3 18.75
2 0 0
—88 10 62.50
-99 0 0
Enrichment materials 0 4 25.00
1 0 0
2 12 75.00
-99 0 0
Shoe hygiene 0 13 81.25
1 2 12.50
2 1 6.25
-99 0 0
Anteroom 0 6 37.50
1 5 31.25
2 5 31.25
-99 0 0
Rodent control 0 5 31.25
1 3 18.75
2 7 43.75
-99 1 6.25

Scores: 0="no biosecurity measures have been implemented, low biosecurity”,
1="some biosecurity measures have been implemented, moderate biosecurity”,
2="all necessary biosecurity measures have been implemented, high
biosecurity’, — 88 =not applicable, — 99 =missing data

loading ramps as an unnecessary nuisance, especially
the required height of 1.5 m. Among outdoor pig farms,
most farm sites did not have a separate loading ramp.
Pig loading and transportation on outdoor farms was
mainly performed by the farmers themselves.
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Storage of feed and enrichment materials

Feed and enrichment materials such as green forage, hay
and straw were used more in outdoor pig farms but were
also mentioned by some farmers with farrow-to-finish
farms (Table 6). They perceived the risk of introducing
ASFV with contaminated green forage from their own
fields or the nearby area as lower than the risk of buy-
ing feed from areas further away. Most farmers stressed
the importance of storing feed and enrichment materials
out of the reach of wild boar and evaluated their storage
positively (score 2: ftf: 21.3% n=10, pi: 0%, fa: 7.9% n=3,
of: 43.8% n=7), which corresponds with the results of
the biosecurity check (Table 6). Accordingly, the feed at
farm sites with indoor housing systems was always stored
in closed feed silos that were usually fenced (ftf: 74.5%
n=35, pi: 85.2% n=23, fa: 71.1% n=27). However, the
silos were rarely accessible from the inside area, although
this might be necessary in case of technical difficulties
(ftf: 17.0% n=38, pi: 22.2% n=6, fa: 21.1% n=38). Many
farmers perceived the legal requirement to fence these
silos as unnecessary and impractical.

“We have fenced in the feed silos, for example. There
1 do not see the point, for example, because we don’t
take feed from there. These are measures that we
have actually only done for the auditors.” (interview
nr. 79, fa)

Shoe hygiene

In general, the farmers showed a great awareness of
the risk of carrying infectious materials in their shoes
and mentioned shoe hygiene as one of the key factors
in the effective prevention of the introduction of ASFV
(Table 6).

“With floor mats, disinfection mats, because I guess
that a lot is transmitted through shoes and so on.
Maybe pay a bit more attention to clothing hygiene,
s0 that you don’t necessarily run through the pigpens
with outside shoes to take a quick look at something
or something like that” (Interview-nr. 18, ftf)

Farmers were often critical of their own shoe hygiene
measures (score 2: ftf: 19.2% n=9, pi: 18.5% n=>5, fa:
39.5% n=15, of: 12.5% n=2). Even though or even
because the pig farmers considered shoe hygiene a rather
cheap measure that could be implemented quickly, effec-
tive shoe hygiene was often not yet part of the daily
routine.

“I always calculate with probabilities. I sometimes
find all this disinfecting a bit exaggerated, because
you always have to check whether it is truly neces-
sary. Of course, if it comes, then it has probably
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Table 6 Comparison of self-evaluations by the farmers to the results of the biosecurity check

Production type Biosecurity subset

Self-evaluation compared to checklist evaluation

Missing values Higher than Equal to checklist Lower than
checklist checklist
N % N % N % N %
Farrow-to-finish farms Fence 14 29.79 5 10.64 25 53.19 3 6.38
Building structure and pig pastures 42 89.36 2 4.26 3 6.38 0 0
Pathways/vehicle hygiene 24 51.06 0 0 13 27.66 10 21.28
Loading ramps 28 59.57 6 12.77 10 21.28 3 6.38
Feed silos 34 72.34 1 2.13 12 2553 0 0
Storage of enrichment materials 35 7447 0 0 12 25.53 0 0
Shoe hygiene 22 46.81 5 10.64 15 31.91 5 10.64
Anteroom 8 17.02 6 12.77 28 59.57 5 10.64
Rodent control 35 7447 2 426 5 10.64 5 10.64
Piglet-producing farms Fence 8 29.63 2 741 15 55.56 2 741
Building structure and pig pastures 27 100.00 0 0 0 0 0 0
Pathways/vehicle hygiene 9 3333 4 14.81 6 2222 8 29.63
Loading ramps 22 81.48 1 3.70 3 1.1 1 3.70
Feed silos 19 7037 0 0 8 29.63 0 0
Storage of enrichment materials 23 85.19 0 0 0 0 4 14.81
Shoe hygiene 14 51.85 1 370 8 29.63 4 14.81
Anteroom 3 1.1 2 741 20 74.07 2 741
Rodent control 22 8148 0 0 4 14.81 1 3.70
Fattening pig farms Fence 8 21.05 4 1053 24 63.16 2 5.26
Building structure and pig pastures 21 55.26 3 7.89 10 2632 4 10.53
Pathways/vehicle hygiene 23 60.53 2 526 3 7.89 10 2632
Loading ramps 28 73.68 5 13.16 5 13.16 0 0
Feed silos 29 76.32 0 0 8 21.05 1 263
Storage of enrichment materials 32 84.21 1 263 3 7.89 2 5.26
Shoe hygiene 14 36.84 7 18.42 13 34.21 4 10.53
Anteroom 6 15.79 8 21.05 18 4737 6 15.79
Rodent control 24 63.16 1 263 13 3421 0 0
Outdoor farms Fence 8 50.00 7 43.75 1 6.25 0 0
Building structure and pig pastures 4 25.00 7 43.75 5 31.25 0 0
Pathways/vehicle hygiene 10 62.50 3 18.75 0 0 3 18.75
Loading ramps 14 87.50 2 12.50 0 0 0 0
Feed silos 16 100.00 0 0 0 0 0 0
Storage of enrichment materials 5 31.25 0 0 9 56.25 2 12.50
Shoe hygiene 6 37.50 4 25.00 6 37.50 0 0
Anteroom 3 18.75 4 25.00 8 50.00 1 6.25
Rodent control 11 68.75 1 6.25 3 18.75 1 6.25

helped, but since the virus is not yet widespread in
Germany, we are a bit more relaxed, I would say”
(Interview-nr. 47, ftf)

In addition, the farm layout was perceived as a major
obstacle to effective shoe hygiene, especially at farm
sites with multiple buildings and at outdoor sites. An
efficient layout of the farm site, the fence or lack of and
the management of shoe hygiene all help to prevent an

introduction of disease agents into the farm with the
shoes. The results of a combined analysis of these factors
indicate that caretakers often have to cross farm grounds
during work (farm sites: ftf: 70.2% n=33, pi: 59.3% n=16,
fa: 55.3% n=21, of: 100% n=16) and that a fence is miss-
ing at more than a fifth of these farm sites (ftf: 21.3%
n=10, pi: 29.6% n=3§, fa: 31.6% n=12, of: 93.8% n=15).
Moreover, at some of these farm sites, no effective
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hygiene measures for the shoes were provided (score =0:
ftf: 8.5% n=4, pi: 22.2% n=6, fa: 13.2% n=2, of: 81.3%
n=13) or shoes were disinfected without prior cleaning
(score=1: ftf: 8.5% n=4, pi: 0% n=0, fa: 21.1% n=38, of:
12.5% n=2).

Anteroom

The farmers mentioned the implementation of an ante-
room and the use of farm-specific clothes for over 80%
of the farm sites (Table 6) mostly positively (score 2: ftf:
57.5% n=27, pi: 81.5% n=22, fa: 50.0% n=19, of: 37.5%
n=6). For many of the farmers, changing into farm-spe-
cific clothes and shoes when entering the pig barns was a
matter of course. The results of the biosecurity check sup-
port this evaluation, as most of the farm sites provided
clean farm-specific clothing and a sufficiently equipped
anteroom (see Scoring System) (score 2: ftf: 68.1% n=32,
pi: 92.6% n=25, fa: 55.3% n=21, of: 31.3% n=5). Farm-
ers with piglet production also stressed the importance of
structuring the anteroom—providing a clear delimitation
of an inside (farm-specific) and outside (street clothes)
area—and were, according to results of the biosecurity
check, the only ones who had usually implemented it (ftf:
51.0% n=24, pi: 29.6% n=38, fa: 73.7% n=28, of: 62.5%
n=10). Farmers with farrow-to-finish and fattening pig
farms said that they were unable to do so at their fatten-
ing sites due to a lack of space in the stables. However, in
the biosecurity check, the implementation of anterooms
did not differ much between the different farm sites
(Tables 2, 3, 4, 5).

“We would have the structure for that. We just have
to do it. The rooms are there. (...) However, at the
moment, when there is nothing, you're just too lazy”
(Interview-nr. 71, fa)

The outdoor pig farmers considered the delimitation
inside the anteroom a futile effort at their farms since on
most outdoor farms (93.8%), the caretakers had to cross
the outside area between the anteroom and the pig pas-
tures. At six farm sites (37.5%), no farm-specific clothing
was available, and the animal caretakers wore their regu-
lar work clothes.

Rodent control

A possible introduction of infectious agents with rodents
can be prevented through a regularly scheduled control
system. Approximately a quarter of the farmers men-
tioned rodents, especially rats, as a possible risk for the
introduction of animal diseases, such as ASF (Table 6). To
comply with legal regulations, more than half of the farm
sites with indoor housing had rodent control at regular
time intervals (score 2: ftf: 72.3% n=34, pi: 55.6% n=15,
fa: 63.2% n=24, of: 43.8% n="7). Within multiple-site
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systems, the implementation of rodent control was con-
sistent among all farm sites. However, rodents were often
perceived as an uncontrollable risk for the introduction
of animal diseases, and some farmers mentioned former
cases in which they suspected rats had carried classical
swine fever from one farm site to the next.

Overall biosecurity evaluation by farmers

Approximately half of the farmers were confident that
they had implemented sufficient measures overall to pre-
vent the introduction of ASFV into their farms (ftf: 53.6%
n=15, pi: 52.9% n=9, fa: 40.9% n=9, of: 50.0% n=7).
A fifth to half of the farmers still saw need for improve-
ment (ftf: 32.1% n=9, pi: 41.2% n=7, fa: 50.0% n=11, of:
21.4% n=3). Some interviewees were not content with
their biosecurity and considered their pigs insufficiently
protected against ASF (ftf: 10.7% n=3, pi: 5.1% n=1, fa:
9.1%, n=2, of: 28.6% n=4).

Discussion

This study noted deficits in specific biosecurity subsets
on pig farms in the federal state of Lower Saxony in Ger-
many and provides insight into the multitude of factors
influencing farmers’ decisions for or against implement-
ing measures protective against ASF on their farms. It
was based on a mixed-method approach [46, 47] and
combined the quantitative assessment of on-farm biose-
curity with a qualitative approach to understanding farm-
ers’ decision-making concerning the implementation of
biosecurity measures for ASF.

Methodology

The qualitative interview approach allowed an explo-
ration of the complexity of factors influencing farmers
in their decisions concerning disease risk management
[48]. The quality of the interviews depended very much
on the farmers’ openness and willingness to participate,
which might have limited this study due to selection bias
towards farmers who were more aware of the importance
of biosecurity. In addition, due to the open structure of
the interviews (i.e., no standardised, concrete biosecurity
checklist was gone through), the amount and specificity
of farmers’ comments about their biosecurity measures
varied strongly between the interviews, and it was not
possible to draw decisive conclusions from missing men-
tions. However, it can be assumed from the results that
farmers tended to make more mentions of biosecurity
measures that were the cause of uncertainties and ques-
tions (e.g., fences and shoe hygiene) and spoke less about
measures they had implemented and considered a matter
of course (e.g., feed storage and hygiene measures at the
loading ramp). This was also observed by Casal et al. in
their research on pig farms in Spain, where pig farmers
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mostly mentioned biosecurity measures they had not yet
implemented on their farms [49]. Thus, this study com-
plements recent studies on pig farmers’ attitudes and
motivational goals in the context of disease prevention.

The biosecurity check in this study did not differentiate
farms by size because it aimed to point out biosecurity
deficits based on epidemiological considerations con-
cerning the risk for an introduction of ASF rather than on
the German legal requirements for biosecurity measures.
Therefore, the identified biosecurity deficits in this study
do not necessarily imply that the farmers did not adhere
to legal regulations. From an epidemiological point of
view, the differentiation of legal biosecurity requirements
for farms of different sizes in the Pig Husbandry Hygiene
Ordinance (Schweinehaltungshygieneverordnung [31])
cannot be justified. It is even possible that the lack of
legal requirements for smaller pig farms impedes farmers
in implementing measures that would be necessary from
an epidemiological point of view. Smallholder pig farms
are considered a special challenge regarding the imple-
mentation of biosecurity measures [50] and have been
described to have less awareness of animal disease risks
[39, 51]. Further research is needed to estimate the risk
these small farms pose in Germany.

The farm site was chosen as the statistical unit because
differently structured farm sites were expected to have
different prerequisites. However, the results show that
the farmer himself also has a major effect on how biose-
curity measures are implemented on the farm, especially
measures that require little structural change and rely
primarily on management.

Results
In the interviews, most farmers were confident that their
own biosecurity measures would be sufficient to protect
their animals from ASF. In accordance with the farmers’
perception and previous research [32, 33], the results of
the biosecurity check indicate a high level of biosecu-
rity and hygiene routines in most of the participating pig
farms. For all production types, the results of the bios-
ecurity check usually correlated with the farmers’ percep-
tion of relevant biosecurity subsets. Most deficits were
found and discussed in the subsets fence, shoe hygiene
and the structure and management of the anteroom
(scores varied between the groups). In addition, farm-
ers with outdoor pig farms often discussed the fencing of
their pig pastures and the storage of green forage.
According to the results of the biosecurity check, far-
row-to-finish and piglet-producing farms provided a
slightly higher level of biosecurity than fattening and out-
door pig farms. This could be because farmers with pig-
let production have a higher interest in preventing ASF
introduction than farmers with fattening pigs. According
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to the pig farmers, piglet-producing farms have to expect
much higher costs for rebuilding after an outbreak of ASF
than fattening pig farms. In Germany, farmers receive
financial aid from the Animal Disease Fund for replac-
ing culled animals, cleaning and disinfection measures in
case of an outbreak of ASF on their farm as long as their
farm biosecurity meets the legal biosecurity require-
ments [31, 52]. In addition, many farmers have taken out
private animal health insurance that replaces the subse-
quent financial losses in the non-productive months until
the farmer is allowed to buy new animals and rebuild
the herd, depending on the individual insurance policy.
However, many farmers with piglet production expressed
concerns that the financial compensation would not be
enough to cover the necessary time and costs of rebuild-
ing a productive herd of sows. In contrast, farmers with
fattening pigs were less concerned and more confident
that they would receive sufficient compensation.

Many farmers named legal requirements as their main
motivation to implement biosecurity measures. This indi-
cates that the German legal system encourages the imple-
mentation of biosecurity measures. However, according
to the results of the biosecurity check, many farm sites
were not adequately fenced, a deficit that could be attrib-
uted to the fact that a fence is legally not required for
smaller pig farms (fewer than 700 fattening pigs, fewer
than 100 (farrow-to-finish)/150 (farrow-to-weaning)
sows) [31]. As a fence is an important protective meas-
ure against the introduction of ASF—independent of the
herd size [28, 53]—the fact that so many farm sites were
not fenced is alarming. Many of the pig farmers criti-
cised the legal differentiation by farm size and considered
smaller pig farms to be a high risk for the introduction of
animal diseases.

Lack of knowledge is known to hinder the implemen-
tation of protective measures [38, 54]. In our study, the
pig farmers were generally well informed about ASF and
the necessary biosecurity measures [35]. Moreover, their
evaluation of the implemented biosecurity measures on
their farms generally corresponded to the findings of the
first author. This shows a great awareness and realistic
assessment of their own biosecurity. The few dispari-
ties in the evaluation of a biosecurity measure could be
attributed to a conflict in the perceived importance of
the measure (i.e., structuring of the anteroom) or a dif-
ferent interpretation of its effectiveness (e.g., disinfectant
for shoes). Some farmers regarded disinfectant mats for
their shoes without prior cleaning as an effective preven-
tive measure. However, disinfectants that are effective
against ASFV require a minimum exposure time of 10
min [55], and the Committee of the German Veterinary
Medicine Society (DVG, Deutsche Veterindrmedizinis-
che Gesellschaft eV.) recommends soaking shoes for
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at least 30 min in an approved disinfectant ([56] listed
under 7b) after prior cleaning, which is unrealistic for the
use of disinfectant mats during daily work routines. In
some cases, insecurities about the contagiousness of the
ASFV and possible ways of transmission led to a fatalis-
tic attitude among farmers. For example, some farmers,
outdoor pig farmers and farmers with indoor housing
systems, expressed concerns about rats and carrion-
eating birds, which they perceived as uncontrollable
risk factors despite rodent control systems, introduc-
ing infectious materials. Similar to their risk perception
concerning the classical swine fever virus (CSFV), the
farmers sometimes overestimated the contagiosity and
risks of the ASFV. However, epidemiological research in
farms recently affected by ASF in Estonia, Poland and
other countries has not yet been able to confirm or dis-
miss scavengers as possible risk factors [13, 21]. Research
on carcasses of wild boar in Germany has suggested that
scavengers such as foxes and ravens can carry smaller
pieces of meat further than a few metres away from the
carcasses [24]. Even though the risk of carrion-eating
birds dropping small pieces of infectious materials into a
pig pasture cannot be ruled out if wild boar in the imme-
diate proximity of the pasture are infected, the likelihood
of such an entry way is much lower than the introduction
by human activities [25]. Therefore, farmers’ perception
of rats or birds as a high risk seems exaggerated. How-
ever, this exaggeration could also be a way of trying to
lighten the responsibility to take appropriate preventive
measures by attributing the threat of ASF to a risk fac-
tor that cannot be influenced. In general, however, the
farmers showed a realistic perception of possible risk fac-
tors. Despite farmers’ awareness of and knowledge about
ASF [35], the epidemiology of ASF and effective disease
surveillance methods should remain part of the current
knowledge transfer efforts to prevent the development of
misunderstandings and uncertainties.

The farmers used a wide spectrum of information
sources, and many regarded it as their responsibility to
stay well informed about ASF [35]. At the same time, they
sometimes felt like advice and information was forced on
them. This can cause a rejectionist attitude and impede
knowledge transfer [57, 58]. Therefore, advice about bios-
ecurity and ASF should remain a voluntary and easily
accessible offer for farmers. In addition, communication
in the context of disease risk management should focus
on putting the existing knowledge into practice. Previ-
ous research on farmers’ attitudes towards information
sources identified farm veterinarians as one of the most
important sources of information and advice for farm-
ers due to a high level of trust and mutual respect [37].
Therefore, veterinarians and other on-farm advisors
could contribute to training in communication aimed at
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collaboration and a “farmer-centred” approach and thus
support farmers even better in protecting their farms
from ASF [59].

Regarding the results of the biosecurity subsets in
more detail, the farmers named the layout of the farm
site and resulting costs as major obstacles to the imple-
mentation of a perimeter fence. However, according to
the results of the biosecurity check, the implementation
of fences was usually consistent within multisite systems,
despite the different layouts of the farm sites. These find-
ings suggest that the implementation of measures that
require long-term planning and construction depends
more on a farmer’s general attitude and motivation to
implement effective preventive measures for diseases
such as ASF than on the layout of the farm site. On the
other hand, the implementation of shoe hygiene meas-
ures differed between different farm sites within multisite
systems; they were less often implemented in main and
leased farm sites than in separately standing farm build-
ings. The farmers perceived changing shoes as some-
thing that could easily and cheaply be implemented but
was an unnecessary complication of their work routines
as long as the risk of being affected by ASF remained
low. The fact that cheap biosecurity measures were also
postponed suggests that financial costs also have a lesser
influence on farmers’ motivation to change work routines
than their general attitude towards biosecurity. This also
underlines the importance and likely success of a more
farmer-centred approach in disease prevention. Taking
farmers’ expertise and their individual circumstances
into account could increase farmers’ willingness to
implement the necessary biosecurity measures. In addi-
tion, a communication platform for farmers could help
increase farmers’ motivation and give them new ideas
for individual biosecurity solutions. For example, farmers
could post pictures or videos online and exchange ideas
via an online communication platform. The results from
the interviews showed how differently the farmers judged
and overcame obstacles to biosecurity implementation.

Conclusion

The aim of this study was to evaluate the level of bios-
ecurity on pig farms in Lower Saxony with special
regards to preventing the introduction of ASFV. In
addition, it aimed to elicit factors influencing pig farm-
ers in their decisions concerning the implementation
of biosecurity measures. The biosecurity check showed
that on most farms, a high level of biosecurity had been
implemented. Most deficits were found concerning the
fences and the delimitation of clean and dirty areas on
farm grounds and in the anteroom. Overall, the farmers
had a realistic perception of their own biosecurity. They
considered the farm layout one of the main barriers to
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implementing biosecurity measures against ASF. How-
ever, the results also suggested that farmers’ attitudes
and legal regulations were major influencing factors.
Although pig farmers were well informed about ASF
and necessary biosecurity measures, up-to-date infor-
mation and a constant offer of advice are essential for
effective disease risk management. Current knowledge
transfer needs to build on farmers’ own motivations
and expertise and support them in putting existing
knowledge into practice.

Abbreviations

ASF African swine fever

ASFV  African swine fever virus

CSFV Classical swine fever virus

TSK Tierseuchenkasse (Animal Disease Fund)
AHL  Animal Health Law

Ftf Farrow-to-finish farms (German: Kb — Kombi-Betrieb)
Pi Piglet producers (German: Fe — Ferkelerzeuger)
Fa Fattening pig farms (German: Mb -Mastbetrieb)

Oof Outdoor farms (German: Fh - Freilandhaltung)

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/540813-024-00365-x.

Additional file 1. "Recruitment flow chart".

Additional file 2. "Original interview questionnaire in German language’,
"Interview questionnaire translated into English language" Interview
guide in original language (German) and translated into English.

Additional file 3. "ASP-Projekt Erhebungsbogen externe Biosicherheit"
Checklist for evaluation of external farm biosecurity in German.

Additional file 4. "Scoring-System for the Evaluation of the Biosecurity
Checklist" Scoring System in English.

Acknowledgements

The authors would like to thank all participating farmers for their consent in
the interviews and inviting us to their farms for the study. We would also like
to thank Maike Palm from the Animal Disease Fund of Lower Saxony for her
support in contacting the participating pig farmers and the veterinary offices
in Lower Saxony for contacting the outdoor pig farmers. Thank you also to
the colleagues at the Field Station for Epidemiology who supported us in the
validation of the interview guide and to the veterinarians from the veterinary
practice Duemmerland for recruiting pig farmers for our test interviews.

Author contributions

The authors confirm contribution to the paper as follows: study conception
and design: AC, EgB, UG, SB, LK, data acquisition and research execution: LK,
analysis and interpretation of results: LK, AC, EgB, draft manuscript prepara-
tion: LK, EgB. All authors critically reviewed the results and approved the final
version of the manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. This study was
financially supported by the Animal Disease Fund of Lower Saxony (Nieder-
saechsische Tierseuchenkasse). In addition, they provided us with the coded
list, from which participants were recruited, and contacted the randomly
chosen farmers, inviting them to participate in the study. This Open Access
publication was funded by the Deutsche Forschungsgemeinschaft (DFG, Ger-
man Research Foundation) — 491094227 "Open Access Publication Funding"
and the University of Veterinary Medicine Hannover, Foundation.

Page 14 of 16

Availability of data and materials

The data were available through university intern cooperation. Therefore, any
data transfer to interested persons is not allowed without an additional formal
contract. Data are available to qualified researchers who sign a contract with
the University of Veterinary Medicine Hannover. This contract will include
guarantees to the obligation to maintain data confidentiality in accordance
with the provisions of the German data protection law. Currently, there exists
no data access committee or another body who could be contacted for the
data. However, for this purpose, a committee will be founded. This future
committee will consist of the authors as well as members of the University of
Veterinary Medicine Hannover. Interested cooperative partners, who are able
to sign a contract as described above, may contact: PD Dr. Amely Campe,
Department of Biometry, Epidemiology and Information Processing, University
of Veterinary Medicine, Hannover, Buenteweg 2, 30,559 Hannover. Email:
amely.campe@tiho-hannover.de.

Declarations

Ethics approval and consent to participate

Data used within this study are based on data, which was generated by the
first author interviewing volunteers from agricultural pig farms in Lower
Saxony. Participating pig farmers were informed that any data generated
would be estranged and pig farmers signed a consent form that estranged
interview transcripts and estranged biosecurity checklist could be analysed
for this study. Our research does not involve any regulated animals and there
were no scientific procedures performed on animals of any kind. For this
reasons a formal approval by an ethical committee was not necessary under
the provisions of the German regulations.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no financial or non-financial compet-
ing interests. There are no patents, products in development or marketed
products to declare.

Author details

'Department of Biometry, Epidemiology and Information Processing, WHO
Collaborating Centre for Research and Training for Health in the Human-Ani-
mal-Environment Interface, University for Veterinary Medicine, Hannover,
Buenteweg 2, 30559 Hannover, Germany. 2Field Station for Epidemiology, Uni-
versity for Veterinary Medicine, Hannover, Buescheler Strasse 9, 49456 Bakum,
Germany. *Department of Virology, Friedrich-Loeffler-Institute, Federal
Research Institute for Animal Health, Suedufer 10, 17493 Greifswald - Insel
Riems, Germany. *Niedersaechsische Tierseuchenkasse (Animal Disease Fund),
Bruehlstrasse 9, 30169 Hannover, Germany.

Received: 11 September 2023 Accepted: 3 March 2024
Published online: 11 March 2024

References

1. Penrith ML. African swine fever. Onderstepoort J Vet Res. 2009;76(1):91-5.

2. Ward MP, Kegong T, Nowotny N. African swine fever, the forgotten
pandemic. Transbound Emerg Dis. 2021;68(5):2637-9. https://doi.org/10.
1111/tbed.14245.

3. Radar Bulletin September 2020. Friedrich-Loeffler-Inst. 2020. https://
www.openagrar.de/receive/openagrar_mods_00064171.

4. Radar Bulletin Mai 2022. Friedrich-Loeffler-Inst. 2022. https://www.opena
grarde/receive/openagrar_mods_00079949.

5. Radar Bulletin November 2021. Friedrich-Loeffler-Inst. 2021. https.//www.
openagrar.de/receive/openagrar_mods_00076022.

6. Radar Bulletin Juli 2021. Friedrich-Loeffler-Inst. 2021. https.//www.opena
grarde/receive/openagrar_mods_00073092.

7. Tierseucheninformation Afrikanische Schweinepest. Friedrich-Loeffler-
Institut. https:/tsis.flide/Reports/Info_SO.aspx?ts=011&guid=66fb6bb7-
alcd-4bf1-a259-83918a249ad0.


https://doi.org/10.1186/s40813-024-00365-x
https://doi.org/10.1186/s40813-024-00365-x
https://doi.org/10.1111/tbed.14245
https://doi.org/10.1111/tbed.14245
https://www.openagrar.de/receive/openagrar_mods_00064171
https://www.openagrar.de/receive/openagrar_mods_00064171
https://www.openagrar.de/receive/openagrar_mods_00079949
https://www.openagrar.de/receive/openagrar_mods_00079949
https://www.openagrar.de/receive/openagrar_mods_00076022
https://www.openagrar.de/receive/openagrar_mods_00076022
https://www.openagrar.de/receive/openagrar_mods_00073092
https://www.openagrar.de/receive/openagrar_mods_00073092
https://tsis.fli.de/Reports/Info_SO.aspx?ts=011&guid=66fb6bb7-a1cd-4bf1-a259-83918a249ad0
https://tsis.fli.de/Reports/Info_SO.aspx?ts=011&guid=66fb6bb7-a1cd-4bf1-a259-83918a249ad0

Klein et al. Porcine Health Management

20.

22.

23.

24.

25.

26.

(2024) 10:14

FLI. Qualitative Risikobewertung zur Einschleppung der Afrikanischen
Schweinepest aus Verbreitungsgebieten in Europa nach Deutschland.
Greifswald - Insel Riems: Friedrich-Loeffler-Institut, Bundesforschun-
gsinstitut fur Tiergesundheit; 2020.

Guinat C, Reis AL, Netherton CL, Goatley L, Pfeiffer DU, Dixon L. Dynam-
ics of African swine fever virus shedding and excretion in domestic
pigs infected by intramuscular inoculation and contact transmission.
Vet Res. 2014;45(1):93. https://doi.org/10.1186/513567-014-0093-8.

. Plowright W, Parker J. The stability of African swine fever virus with

particular reference to heat and pH inactivation. Arch fur die Gesamte
Virusforsch. 1967;21(3/4):383.

. Davies K, Goatley LC, Guinat C, Netherton CL, Gubbins S, Dixon LK,

et al. Survival of African swine fever virus in excretions from pigs
experimentally infected with the Georgia 2007/1 isolate. Transbound
Emerg Dis. 2015;64(2):425-31. https://doi.org/10.1111/tbed.12381.

. McKercher PD, Hess WR, Hamdy F. Residual viruses in pork products.

Appl Environ Microbiol. 1978;35(1):142-5.

. Boklund A, Cay B, Depner K, Foldi Z, Guberti V, Masiulis M, et al.

Epidemiological analyses of African swine fever in the European Union
(November 2017 until November 2018). EFSA J. 2018;16(11):e05494.
https://doi.org/10.2903/j.efsa.2018.5494.

. McVicar JW. Quantitative aspects of the transmission of African swine

fever [Virus]. Am J Vet Res. 1984;45:1535-40.

. Niederwerder MC, Stoian AMM, Rowland RRR, Dritz SS, Petrovan V,

Constance LA, et al. Infectious dose of african swine fever virus when
consumed naturally in liquid or feed. Emerg Infect Dis. 2019;25(5):891-
7. https://doi.org/10.3201/eid2505.181495.

. Pietschmann J, Guinat C, Beer M, Pronin V, Tauscher K, Petrov A, et al.

Course and transmission characteristics of oral low-dose infection of
domestic pigs and European wild boar with a Caucasian African swine
fever virus isolate. Arch Virol. 2015;160(7):1657-67. https://doi.org/10.
1007/500705-015-2430-2.

. GP/EFSA/ALPHA/2021/09 Survival of African swine fever virus in feed,

bedding materials and mechanical vectors and their potential role in
virus transmission. EFSA - European food safety authority; 2021.

. Mazur-Panasiuk N, WoZniakowski G. Natural inactivation of African

swine fever virus in tissues: influence of temperature and environmen-
tal conditions on virus survival. Vet Microbiol. 2020. https://doi.org/10.
1016/j.vetmic.2020.108609.

. Olesen AS, Lohse L, Boklund A, Halasa T, Gallardo C, Pejsak Z, et al.

Transmission of African swine fever virus from infected pigs by direct
contact and aerosol routes. Vet Microbiol. 2017;211:92-102. https://doi.
org/10.1016/j.vetmic.2017.10.004.

Olesen AS, Lohse L, Hansen MF, Boklund A, Halasa T, Belsham GJ, et al.
Infection of pigs with African swine fever virus via ingestion of stable
flies (Stomoxys calcitrans). Transbound Emerg Dis. 2018;65(5):1152-7.
https://doi.org/10.1111/tbed.12918.

. Depner K, Gortazar C, GubertiV, Masiulis M, More S, Olsevskis E, et al.

Epidemiological analyses of African swine fever in the Baltic States
and Poland: (Update September 2016-September 2017). EFSA J.
2017;15(11):e05068. https://doi.org/10.2903/j.efsa.2017.5068.

Herm R, Kirik H, Vilem A, Zani L, Forth JH, Muller A, et al. No evidence
for African swine fever virus DNA in haematophagous arthropods
collected at wild boar baiting sites in Estonia. Transbound Emerg Dis.
2021;68(5):2696-702. https://doi.org/10.1111/tbed.14013.

Herm R, Tummeleht L, Jurison M, Vilem A, Viltrop A. Trace amounts of
African swine fever virus DNA detected in insects collected from an
infected pig farm in Estonia. Vet Med Sci. 2020;6(1):100-4. https://doi.
org/10.1002/vms3.200.

Probst C, Gethmann J, Amler S, Globig A, Knoll B, Conraths FJ.

The potential role of scavengers in spreading African swine fever
among wild boar. Sci Rep. 2019;9(1):11450. https://doi.org/10.1038/
541598-019-47623-5.

Blome S, Franzke K, Beer M. African swine fever—a review of current
knowledge. Virus Res. 2020;287:198099. https://doi.org/10.1016/j.virus
res.2020.198099.

Lamberga K, Olsevskis E, Serzants M, Berzins A, Viltrop A, Depner K.
African swine fever in two large commercial pig farms in LATVIA-
estimation of the high risk period and virus spread within the farm. Vet
Sci. 2020. https://doi.org/10.3390/vetsci7030105.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,
45,

46.

47.

48.

49.

Page 150f 16

Zani LDK, Dimova Z, Forth JH, Denev D, Depner K, Alexandrov T. African
swine fever in a Bulgarian backyard farm—a case report. Vet Sci. 2019.
https://doi.org/10.3390/vetsci6040094.

Alarcén LV, Allepuz A, Mateu E. Biosecurity in pig farms: a review. Porcine
Health Manag. 2021. https://doi.org/10.1186/540813-020-00181-z.
Commission Implementing Regulation (EU) 2018/1882 of 3 December
2018 on the application of certain disease prevention and control rules
to categories of listed diseases and establishing a list of species and
groups of species posing a considerable risk for the spread of those listed
diseases, 2018/1882.2018.

REGULATION (EU) 2016/429 OF THE EUROPEAN PARLIAMENT AND OF
THE COUNCIL of 9 March 2016 on transmissible animal diseases and
amending and repealing certain acts in the area of animal health (‘Animal
Health Law’). 2016.

Verordnung Uber hygienische Anforderungen beim Halten von Sch-
weinen (Schweinehaltungshygieneverordnung - SchHaltHygV). 2017.
Raasch S, Postma M, Dewulf J, Stark KDC, Grosse BE. Association between
antimicrobial usage, biosecurity measures as well as farm performance in
German farrow-to-finish farms. Porcine Health Manag. 2018;4:30. https://
doi.org/10.1186/540813-018-0106-5.

Postma M, Backhans A, Collineau L, Loesken S, Sjolund M, Belloc C, et al.
The biosecurity status and its associations with production and manage-
ment characteristics in farrow-to-finish pig herds. Animal. 2016;10(3):478-
89. https://doi.org/10.1017/51751731115002487.

Filippitzi ME, Kruse AB, Postm M, Sarrazin S, Maes D, Alban L, et al.

Review of transmission routes of 24 infectious diseases preventable by
biosecurity measures and comparison of the implementation of these
measures in pig herds in six European countries. Transbound Emerg Dis.
2017,65(2):381-98. https://doi.org/10.1111/tbed.12758.

Klein LH-ZS, Adler F, Gerdes U, Blome S, grosse Beilage E, Campe A.
Exploring pig farmers' decision-making concerning biosecurity measures
against African Swine Fever. Prev Vet Med. 2023. https://doi.org/10.1016/j.
prevetmed.2023.105949.

Mankad A. Psychological influences on biosecurity control and farmer
decision-making. A review. Agron Sustain Dev. 2016. https://doi.org/10.
1007/513593-016-0375-9.

Ellis-lversen J, Cook AJC, Watson E, Nielen M, Larkin L, Wooldridge M,

et al. Perceptions, circumstances and motivators that influence imple-
mentation of zoonotic control programs on cattle farms. Prev Vet Med.
2010;93(4):276-85. https://doi.org/10.1016/j.prevetmed.2009.11.005.
Alarcén P, Wieland B, Mateus AL, Dewberry C. Pig farmers' perceptions,
attitudes, influences and management of information in the decision-
making process for disease control. Prev Vet Med. 2014;116(3):223-42.
https://doi.org/10.1016/j.prevetmed.2013.08.004.

Valeeva NI, van Asseldonk MA, Backus GB. Perceived risk and strategy
efficacy as motivators of risk management strategy adoption to prevent
animal diseases in pig farming. Prev Vet Med. 2011;102(4):284-95. https.//
doi.org/10.1016/j.prevetmed.2011.08.005.

Frieberthduser B, Langer A, Prengel A, Boller H. Handbuch qualitative
Sozialforschung in der Erziehungswissenschaft. 4th ed. Weinheim: Beltz
Juventa; 2013.

Kuckartz U. Qualitative inhaltsanalyse. Methoden, praxis, computerunter-
stlitzung. 4th ed. Weinheim: Beltz Juventa; 2018.

Mayring P. Qualitative inhaltsanalyse: grundlagen und techniken. Wein-
heim: Beltz; 2015.

f4analyse. audiotranskription. Deutschhausstrasse 22a Marburg Germany:
Dr. Dresing & Pehl GmbH; 2019. www.audiotranskription.de.

SAS 9.4 for Windows. 9.4 ed. Cary, USA: SAS Institute Inc,; 2023.

Morse JM. The implications of interview type and structure in mixed-
method designs. In: Gubrium JF, Holstein JA, Marvasti AB, McKinney KD,
editors. The SAGE handbook of interview research. 2nd ed. London: SAGE;
2012.p. 198.

Kuckartz U. Mixed methods—methodologie, forschungsdesigns und
analyseverfahren. Wiesbaden: Springer VS; 2014.

Creswell JW. A concise introduction to mixed methods research. Thou-
sand Oaks: SAGE Publications, Inc; 2015.

Murray J. Qualitative research methods. Principles of social psychiatry.
2010. p. 77-87.

Casal J, De Manuel A, Mateu E, Martin M. Biosecurity measures on swine
farms in Spain: perceptions by farmers and their relationship to current


https://doi.org/10.1186/s13567-014-0093-8
https://doi.org/10.1111/tbed.12381
https://doi.org/10.2903/j.efsa.2018.5494
https://doi.org/10.3201/eid2505.181495
https://doi.org/10.1007/s00705-015-2430-2
https://doi.org/10.1007/s00705-015-2430-2
https://doi.org/10.1016/j.vetmic.2020.108609
https://doi.org/10.1016/j.vetmic.2020.108609
https://doi.org/10.1016/j.vetmic.2017.10.004
https://doi.org/10.1016/j.vetmic.2017.10.004
https://doi.org/10.1111/tbed.12918
https://doi.org/10.2903/j.efsa.2017.5068
https://doi.org/10.1111/tbed.14013
https://doi.org/10.1002/vms3.200
https://doi.org/10.1002/vms3.200
https://doi.org/10.1038/s41598-019-47623-5
https://doi.org/10.1038/s41598-019-47623-5
https://doi.org/10.1016/j.virusres.2020.198099
https://doi.org/10.1016/j.virusres.2020.198099
https://doi.org/10.3390/vetsci7030105
https://doi.org/10.3390/vetsci6040094
https://doi.org/10.1186/s40813-020-00181-z
https://doi.org/10.1186/s40813-018-0106-5
https://doi.org/10.1186/s40813-018-0106-5
https://doi.org/10.1017/S1751731115002487
https://doi.org/10.1111/tbed.12758
https://doi.org/10.1016/j.prevetmed.2023.105949
https://doi.org/10.1016/j.prevetmed.2023.105949
https://doi.org/10.1007/s13593-016-0375-9
https://doi.org/10.1007/s13593-016-0375-9
https://doi.org/10.1016/j.prevetmed.2009.11.005
https://doi.org/10.1016/j.prevetmed.2013.08.004
https://doi.org/10.1016/j.prevetmed.2011.08.005
https://doi.org/10.1016/j.prevetmed.2011.08.005
http://www.audiotranskription.de

Klein et al. Porcine Health Management (2024) 10:14

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

on-farm measures. Prev Vet Med. 2007,82(1-2):138-50. https://doi.org/10.
1016/j.prevetmed.2007.05.012.

Desmecht D, Gerbier G, Gortazar Schmidt C, Grigaliuniene V, Helyes

G, Kantere M, et al. Epidemiological analysis of African swine fever

in the European Union (September 2019 to August 2020). EFSA J.
2021;19(5):06572. https://doi.org/10.2903/j.efsa.2021.6572.

Noremark M, Lindberg A, Vagsholm |, Sternberg LS. Disease awareness,
information retrieval and change in biosecurity routines among pig farm-
ers in association with the first PRRS outbreak in Sweden. Prev Vet Med.
2009;90(1-2):1-9. https://doi.org/10.1016/j.prevetmed.2009.03.008.
Satzung Uber die Gewdhrung von Beihilfen (Beihilfesatzung Tierseuchen-
kasse). 2020.

Guinat C, Gogin A, Blome S, Keil G, Pollin R, Pfeiffer DU, et al. Transmission
routes of African swine fever virus to domestic pigs: current knowledge
and future research directions. Vet Rec. 2016;178(11):262-7. https://doi.
org/10.1136/vr.103593.

Racicot M, Venne D, Durivage A, Vaillancourt J-P. Evaluation of the
relationship between personality traits, experience, education and bios-
ecurity compliance on poultry farms in Québec, Canada. Prev Vet Med.
2012;103(2):201-7. https://doi.org/10.1016/j.prevetmed.2011.08.011.
Juszkiewicz M, Walczak M, Wozniakowski G. Characteristics of selected
active substances used in disinfectants and their virucidal activity

against ASFV. J Vet Res. 2019;63(1):17-25. https://doi.org/10.2478/jvetr
es-2019-0006.

DVG. DVG-gepriifte Desinfektionsmittel fiir den Einsatz in der Tierhaltung.
https://www.desinfektion-dvg.de/index.php?id=1800. https://www.desin
fektion-dvg.de/index.php?id=1800.

Svensson C, Emanuelson U, Bard AM, Forsberg L, Wickstrom H, Reyher KK.
Communication styles of Swedish veterinarians involved in dairy herd
health management: a motivational interviewing perspective. J Dairy Sci.
2019;102(11):10173-85. https://doi.org/10.3168/jds.2018-15731.

Apodaca TR, Longabaugh R. Mechanisms of change in motivational inter-
viewing: a review and preliminary evaluation of the evidence. Addiction.
2009;104(5):705-15. https://doi.org/10.1111/j.1360-0443.2009.02527 x.
Bard AM, Main DCJ, Haase AM, Whay HR, Reyher KK. Veterinary communi-
cation can influence farmer Change Talk and can be modified following
brief Motivational Interviewing training. PLoS ONE. 2022;17(9):0265586.
https://doi.org/10.1371/journal.pone.0265586.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16


https://doi.org/10.1016/j.prevetmed.2007.05.012
https://doi.org/10.1016/j.prevetmed.2007.05.012
https://doi.org/10.2903/j.efsa.2021.6572
https://doi.org/10.1016/j.prevetmed.2009.03.008
https://doi.org/10.1136/vr.103593
https://doi.org/10.1136/vr.103593
https://doi.org/10.1016/j.prevetmed.2011.08.011
https://doi.org/10.2478/jvetres-2019-0006
https://doi.org/10.2478/jvetres-2019-0006
https://www.desinfektion-dvg.de/index.php?id=1800
https://www.desinfektion-dvg.de/index.php?id=1800
https://www.desinfektion-dvg.de/index.php?id=1800
https://doi.org/10.3168/jds.2018-15731
https://doi.org/10.1111/j.1360-0443.2009.02527.x
https://doi.org/10.1371/journal.pone.0265586

	Biosecurity measures for the prevention of African swine fever on German pig farms: comparison of farmers’ own appraisals and external veterinary experts’ evaluations
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Materials and methods
	Participant recruitment
	Interview structure and procedures
	Interview analysis
	Evaluation of farm biosecurity
	Analysis of biosecurity evaluation
	Joint analysis of biosecurity evaluation and comments by farmers

	Results
	Participants
	Farmers’ evaluations of their biosecurity measures and results from the biosecurity check
	Perimeter fences
	Building structure of pig barns and fences of pastures
	Farm grounds and vehicle hygiene
	Loading areas
	Storage of feed and enrichment materials
	Shoe hygiene
	Anteroom
	Rodent control
	Overall biosecurity evaluation by farmers

	Discussion
	Methodology
	Results

	Conclusion
	Acknowledgements
	References


