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ARTICLE INFO ABSTRACT

Keywords:
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Farm biosecurity includes all measures preventing pathogens from entering (external) and spreading within a
herd (internal) and is important in facilitating the shift from cure to prevention in veterinary medicine. To assess
Cattle biosecurity on farm level quantitatively an objective measurement process is required. This study describes the
Risk-scoring tool development and implementation of risk-based weighted biosecurity evaluation tools for veal, beef and dairy
S$;i:;§;alre cattle farms. Based on risk factors and biosecurity measures associated with priority cattle diseases and the

results of a cross-sectional survey on Belgian farms, questions were selected for the Biocheck-tool. The scoring
system consists of three separate questionnaires that contain 69 (veal), 104 (beef) and 124 (dairy) questions.
Experts in various fields of veterinary medicine were asked to weigh the different biosecurity categories and
questions according to the method of Gore. The system obtained provides biosecurity scores per category (ex-
ternal and internal biosecurity) and subcategory (e.g. purchase, transport, health management). The Biocheck
tool was subsequently used in a survey to assess biosecurity in 20 veal, 50 beef and 50 dairy farms. For all
production systems, both internal and external biosecurity were considered low, resulting in low mean total
biosecurity scores of 39.7 points for veal (SD = 7.4), 44.3 for beef (SD = 8.4), and 48.6 points for dairy farms
(SD = 8.1), out of a maximum of 100 points. For all farm types, the scores for internal biosecurity were lower
compared to external biosecurity. Veal farms scored significantly lower for “purchase” than beef and dairy, while
scoring higher for the other subcategories of external biosecurity. In dairy and beef, “purchase and reproduction”
was the highest scoring subcategory. For internal biosecurity, “health management” was particularly low in the
three farm types, while subcategories exceeding 50 points were rare. With this tool, implementation of biose-
curity on cattle farms can be assessed in a standardized and reproducible manner. This evaluation allows for
benchmarking of farms and herd-specific advice for improvements.

1. Introduction preventive medicine. In several production systems, it has already been

demonstrated that improved biosecurity may result in improved animal

In intensive cattle production, the incidence of infectious diseases
plays an important role in profitability. Damage incurred by disease can
cause severe direct and indirect economical losses due to reduced
growth and/or production rate, impaired fertility, or increased sus-
ceptibility to other diseases (Enting et al., 1997; Houe, 1999;
Daugschies and Najdrowski, 2005). Therefore, disease prevention is
preferred above cure as stated by the European Council Regulation
(2016). Biosecurity includes all measures preventing pathogens from
entering (external biosecurity) and spreading within a herd (internal
biosecurity) (Lin et al., 2003; Villarroel et al., 2007; Damiaans et al.,
2018; Dewulf and Van Immerseel, 2018) and is seen as a cornerstone of
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health and welfare, improved productivity, reduced antimicrobial use
and the consequential selection for antimicrobial resistance (Mellor and
Stafford, 2004; Gunn et al., 2008; Brennan and Christley, 2013;
Sarrazin et al., 2014; Noremark et al., 2016; Damiaans et al., 2018;
Postma and Dewulf, 2018).

Despite these positive impacts of biosecurity measures, previous
studies have shown that the implementation of biosecurity measures in
cattle farms is often limited (Néremark et al., 2010; Sarrazin et al.,
2014; Renault et al., 2018a; Damiaans et al., 2019). Frequently men-
tioned reasons for these low levels of biosecurity are the expected re-
quired investment in labor, time and capital (Damiaans et al., 2018).
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Yet, often these hurdles are based on perception and lack of correct
information. Therefore, to enable farmers to implement biosecurity,
there is a need to provide accessible and practical information on bio-
security (Gunn et al., 2008; Brennan and Christley, 2013; Sayers et al.,
2014; Noremark et al., 2016; Damiaans et al., 2018).

The lack of quantitative data truly linking biosecurity with im-
proved health and production may also explain the low implementation
of biosecurity. Although multiple risk factors and biosecurity measures
have been described in literature, they usually focus on a single disease
(Maunsell and Donovan, 2009; Rehman et al., 2011; Humphry et al.,
2012). Unlike for pig and poultry industries, the relationship between
an overall biosecurity level and other farm characteristics such as an-
imal health, technical parameters and antimicrobial use has not been
evaluated in cattle production. This is partially due to the absence of a
quantitative way to measure biosecurity on cattle farms. For pigs and
poultry, the risk-based biosecurity scoring system Biocheck.UGent was
developed (Laanen et al., 2013; Gelaude et al., 2014).

To enable quantification of biosecurity in cattle production, the aim
of this study was to develop and evaluate a risk-based weighted bio-
security evaluation tool for dairy, beef and veal cattle production.

2. Materials and methods
2.1. Development of a biosecurity scoring system

2.1.1. Biosecurity questionnaire

To assess biosecurity on different types of cattle farms, the Biocheck
Cattle tool was developed in several steps. In a first step, a biosecurity
questionnaire was drafted. This questionnaire was based on a list of 47
priority diseases for cattle and the risk factors and biosecurity measures
associated with these diseases (Renault et al., 2018b). The ques-
tionnaire consisted of 19 categories with a total of 304 questions and
can be found in Annex 1 (Renault et al., 2018a; Damiaans et al., 2019).

After pilot testing, this questionnaire was used in a survey of 20
randomly selected veal farms, 50 dairy and 50 beef farms in Belgium. In
a random sample of all Belgian farms, each farm was assigned a number
and subsequently sorted. Farmers were contacted in that order. If the
farmer agreed, a farm visit was made to fill in the questionnaire after
observing biosecurity practices and measures on the farm. This was
done to minimize reporting bias. Using the results from this survey
together with the information previously gained by the literature re-
view, questions were selected for the Biocheck Cattle-tool according to
the procedure in Fig. 1. First, all questions to which no clear score could
be assigned were removed from the questionnaire, e.g. breed was a risk
factor, but one breed could not be considered better than another, so a
higher score could not be assigned to a certain breed. Next, all questions
with less than 15 % variation in the application of the corresponding
biosecurity measures in the survey were removed, except for the
questions based on risk factors relevant for multiple diseases or highly
stressed by multiple sources in the literature review. These questions
were considered too important to remove even if the implementation
varied little. For each question, the correlation with the other questions
within the same category was calculated. Possible correlations between
questions of different categories were also explored. For continuous
variables, the Pearson correlation was calculated, while for ordinal and
dichotomous variables the Spearman correlation was used. This process
was carried out separately for veal, beef and dairy farms. If a correlation
between two questions was larger than 0.5 and biologically explain-
able, the question containing the least information was removed.
Through this approach, the number of questions was reduced to the
minimum number required to achieve a full evaluation of all relevant
aspects of biosecurity on the farm.

As the veal, dairy and beef industry are inherently different, three
different questionnaires were developed. For some biosecurity compo-
nents, the questions are very comparable across the sectors, whereas for
other components a different approach is used.
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Each of the questionnaires was divided into the main categories
external and internal biosecurity. The category external biosecurity was
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divided into five subcategories: “purchase and reproduction”, “trans-
port and carcass removal”, “feed and water”, “visitors and employees”
and “vermin control and other animals”. Internal biosecurity was di-
vided into three to six subcategories: “health management”, “calving
management” (only beef and dairy), “calf management”, “dairy man-
agement” (only dairy), “adult cattle management” (only beef and dairy)
and “working organization and equipment”. The resulting ques-
tionnaires are available in English, Dutch and French and can be con-

sulted on the website: http://www.biocheck.ugent.be and in Annex 2.

2.1.2. Prioritization of different biosecurity measures

Some transmission routes are more probable to transmit disease
than others (Gelaude et al., 2014; Dewulf and Van Immerseel, 2018;
Sarrazin et al., 2018). Therefore not all biosecurity measures are
equally important. Besides the importance, also the frequency of oc-
currence of the risk will influence the likelihood of transmission
(Dewulf and Van Immerseel, 2018). Therefore, different biosecurity
measures should receive different weights in accordance with the im-
portance of the prevented transmission route and the frequency of oc-
currence of the risk. To achieve this, the biosecurity measures were
weighted according to their relative importance as previously done for
the pig (Laanen et al., 2013) and poultry industries (Gelaude et al.,
2014).

To obtain the weights, fourteen experts, including epidemiologists
(n = 2), sector-specific experts (n = 3; for dairy, beef and veal),
European board certified specialists in herd health management (n =
5), hygiene (n = 2) and infectious disease specialists (n = 3) were
asked to weigh the different biosecurity categories, depending on their
perceived importance in disease prevention. This was done according to
the method of Gore (1987) in which the experts had to distribute a total
of 100 points over the subcategories in proportion to their perceived
importance, for external (five subcategories) and internal biosecurity
(six subcategories) separately.

Once the weight of each subcategory was determined, the separate
questions within each subcategory were also weighted according to the
same principles (importance and frequency of occurrence). This
weighting was done by a separate group of five experts included in the
author list again according to the method of Gore (1987) resulting in a
distribution of 100 points per subcategory. The final weights per
question were determined in consensus after face-to-face discussion
among the five experts.

2.1.3. Operation of the scoring system

The answer describing the ideal biosecurity situation always re-
ceived the full points of the question, while less optimal answers re-
ceived less or no points. For most questions only two scores were
available (measure present or absent). In a minority of the cases an
intermediate score was provided. For some questions three or more
answering options (e.g. always, sometimes, never) were foreseen, yet
for most of these questions only two scores were available as the in-
termediate answer (e.g. sometimes) was scored equal to the lowest
scoring answer.

Some of the questions can only be answered when a prerequisite is
fulfilled in one of the previous questions. When these conditional
questions followed the answer that describes the ideal biosecurity si-
tuation, no issues in the scoring arose. For example, cleaning of the
quarantine stable could not be executed if no quarantine stable was
available. The points for cleaning could only be earned if the question
for presence of a quarantine stable was answered positively. However,
when the conditional questions followed after the choice of a less op-
timal answer, then the score of the answer describing the ideal situation
was higher than the sum of the scores of the less optimal answer and the
conditional questions. For example, following the least optimal answer
(Yes) to the question if animals are purchased, 13 conditional questions
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literature review? (**)
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for Biocheck

informative question

Fig. 1. Flowchart describing the selection proces for a question to be selected for the Biocheck tool.

represented a possible total of 75 points. These questions did not appear
after the ideal answer (No) as they were not applicable, consequently
these 75 points could not be earned. Therefore to this answer 79 points
were awarded. These 79 points consist of the four points awarded to the
question itself and 75 points that could not be earned because the
questions were not asked. The rest of the points (21) could be earned
through unconditional questions. Otherwise the ideal biosecurity si-
tuation would not reach the maximum of 100 points.

The total score of a subcategory was achieved by adding all scores of
the individual questions. The weights of the questions were distributed
in such a way that in the optimal situation (=implementation of all
biosecurity measures) the total score added up to 100 points, whereas
in the worst situation (=none of the biosecurity measures im-
plemented) the total score equaled zero points. The scores for external
and internal biosecurity were obtained by taking the weighted averages
(according to the weights of the subcategories) of all subcategories
included. The overall biosecurity score was calculated by taking the
weighted scores of all the subcategories. To illustrate the operation of
the quantification system the subcategory “feed and water” of the
Biocheck Dairy is illustrated in Table 1.

These results are automatically generated after filling in the
Biocheck questionnaire which is freely available at www.biocheck.
ugent.be.

2.1.4. Reporting of the biosecurity score

The Biocheck system can be used anonymously and free of charge
on the Biocheck website. Overall it takes between 20 and 45 min to fill
in the questionnaire online after which the results are provided im-
mediately. As it is also possible to use the scoring tool to assess the
effect of changes in a farm or as a demonstration tool, the last question
in the questionnaire is whether the provided results are based on a true
farm or an exercise. In the latter situation, the data are not stored or
used to calculate the averages per farm.

Based on the answers given in the questionnaire, the overall bio-
security score and the scores per subcategory are provided and com-
pared to the average score of the country. Country specific averages are
provided as soon as 40 records of this country are available. As long as
this is not the case overall averages (based on all farms in the database)
are provided (Figs. 2 and 3).

2.2. Statistical analysis

To evaluate the scoring system, the data from the 120 farms that
participated in the previously mentioned survey (Renault et al., 2018a;
Damiaans et al., 2019), was entered into the Biocheck scoring system
and analyzed with the statistical package SPSS® Statistics 25.0. Basic
descriptive analysis was executed to determine characteristics of the
scores for each type of cattle and one-way ANOVA’s were executed for
each subcategory to determine differences between the three types. As
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Table 1

The questions in the subcategory “Feed and water” with possible answers and the scores attributed to them.

Answer possibilities

Question

Worst score

Intermediate score  Worst answer

Intermediate answer

Best score

Best answer

Yes, pets only 15 No

30
35

Yes, pets and vermin

Always

L)?

Are feed storage facilities protected from pets and vermin (ensilaged feed, feed mixer, concentrates,

Are feeding utensils used only for feed (no double use for manure)?

0

No/ Sometimes

No

14

Yes/ No, but I'm using the water

supply
Yes

Is the quality of the drinking water checked every year at the source or at the storage tank by means of a

bacteriological analysis?
Is the quality of the drinking water checked every year at the main outlets (where the animals drink) by means of a

No

21

bacteriological analysis?

100

sum
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“dairy management” cannot be compared over the different types, no
ANOVA was performed for this subcategory. Although the residuals of
five subcategories (“purchase and reproduction”, “feed and water”,
“health management”, “adult management” and “working organization
and equipment”) were not normally distributed according to the Sha-
piro-Wilk test, the histograms indicated that deviations from normality
were limited. Therefore, following the central limit theorem and the
expectation that with a larger sample size, most respondents would
score about the mean with a low number of extreme scores, normality
of the data was assumed. After performing a Levene’s test, the variances
were not equal for the subcategories of “purchase and reproduction”,
“feed and water”, “visitors and employees” and “working organiza-
tion”. For these four subcategories a Welch ANOVA was performed.
Post-hoc, a Tukey-Kramer was performed for the one-way ANOVA’s to
take the unequal sample size into account, and a Games-Howell was
performed for the Welch ANOVA’s. As the subcategories “calving
management” and “adult management” only contained data for dairy
and beef farms, a separate ANOVA was performed. Statistical sig-
nificance was set at a p-value of 0.05, while p-values lower than 0.10
were considered borderline non-significant.

3. Results

The Biocheck Cattle contains 3 separate questionnaires that consist
of 69 (veal), 104 (beef) and 124 (dairy) questions. The final weight of
each subcategory was determined as the average of all experts’ weights
(Table 2). The experts considered external biosecurity to be equally
important as internal biosecurity to estimate beef and dairy farms’
biosecurity level. For veal farms, external biosecurity was assessed to be
more important than internal biosecurity, so a 60/40 ratio was adopted
for the calculation of the final biosecurity score.

Table 3 contains the means of the Biocheck-scores for the 120 farms
of each subcategory, internal and external biosecurity and the total
score for veal, beef and dairy farms separately. The detailed description
of the corresponding farms’ application of biosecurity can be found in
Damiaans et al. (2019) for the veal farms and in Renault et al. (2018a)
for the beef and dairy farms, with a few examples used here as illus-
tration.

3.1. Veal farms

Veal farms scored particularly low for “purchase”, the highest
weighted subcategory for external biosecurity. The maximum score for
“purchase” obtained by a farm was 35. The difference between the
highest and lowest scores was only 30 points, showing the veal farms
pursued very similar purchase policies. On all farms, the number of
source farms was very high, whereas the time between start and end of
filling the stable varied substantially.

The measures in the subcategory “transport and carcass removal”
were well implemented. In none of the farms, transporters had access to
the animals’ living quarters and in 75 % of the farms, transport vehicles
were always cleaned and disinfected before entering the farm. Though a
limited number of different visitors entered veal farms, the visitors who
entered often did not implement measures such as passing through a
hygiene lock and wearing farm specific boots and clothing. Even though
three of the subcategories scored fairly high, each approaching 70
points, the score for external biosecurity was low (on average 41.2
points) due to the high influence of “purchase”.

For internal biosecurity, especially the scores for “health manage-
ment” were low, partly due to the lack of a physically separated hos-
pital pen. The range of scores was limited, ranging from zero to 32. The
subcategory “working organization and equipment” scored relatively
high and very similar among the veal farms, ranging from 47 to 68
points. Division in physically separated compartments was a common
quality of most veal calf farms. A difference could be found in the
maximum age difference within the compartments, partly explaining
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Average score of
participated farmers

Score obtained by
farmer

External biosecurity

1  Purchase and reproduction 78 % 73 %
2  Transport and carcass removal 49 % 49 %
3  Feed and water 0% 45 %
4  Visitors and employees 51% 52 %
5  Vermin control and other animals 65 % 53 %
Subtotal external biosecurity 58 % 59 %

Internal biosecurity
1  Health management 31% 24 %
2 Calving management 49 % 47 %
3  Calf management 49 % 47 %
4 Dairy management 55 % 49 %
5  Adult management 10% 16 %
6  Working organization and materials 59 % 41 %
Subtotal internal biosecurity 43 % 38 %
Total 51% 49 %

Fig. 2. Online results in the Biocheck tool of a dairy farm after completing the questionnaire. Scores in red represent a score below the average.

the difference in scores for the subcategory. None of the subcategories
of internal biosecurity scored high, yet especially the score for “health
management” notably lowered the score for internal biosecurity to an
average of 37.5 points. Overall, external biosecurity was slightly higher
than internal biosecurity and the mean overall biosecurity score was
39.7 points.

3.2. Beef farms

In beef farms, the highest scoring subcategory in external biose-
curity was “purchase and reproduction”. This is partly due to the fact
that 26 % of the beef farms did not purchase animals at all. In those

External biosecurity

100

farms that did purchase animals, measures such as quarantine and
checking the sanitary status of the farm of origin were often not or
incorrectly implemented causing a large range in scores from 23 to 100
points. “Transport and carcass removal” was the second highest scoring
subcategory with an average of 55.1 points. Measures concerning
transport were variably implemented. Lowest scoring subcategory of
external biosecurity was “feed and water” with an average score of
29.1. Few farms checked the quality of drinking water and safeguarded
feed storages from contamination. Concerning the subcategory “visitors
and employees, farm staff often wore farm specific boots and clothing,
while visitors were less likely requested to take similar precautions.
Veterinarians and artificial insemination technicians took these

Internal biosecurity
A

100

D

Fig. 3. Visual representation of the online results in Fig. 2, with the scores of the farm in blue and the country’s average in purple. The results and averages are also
provided in a spider web for both external and internal biosecurity to provide visual insight as to where improvements can be achieved and how the farm specific

results relate to the country’s average.gr3
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Table 2
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Number of questions in each subcategory of the Biocheck and weights attributed by the experts to the subcategories, for each farm type. The sum of the subcategories

for both external and internal biosecurity add up to 100 points.

Veal Beef Dairy

#Questions Score #Questions Score #Questions Score
External biosecurity
Purchase and reproduction 9 48 17 41 19 39
Transport and carcass removal 11 16 11 18 11 17
Feed and water 4 10 4 9 4 10
Visitors and employees 9 15 13 19 13 20
Vermin control and other animals 9 11 11 13 11 14
Internal Biosecurity
Health Management 13 40 13 33 13 29
Calving management / / 10 22 10 20
Calf management 5 34 16 25 16 21
Dairy management / / / / 17 13
Adult management / / 2 10 3 7
Working organization and material 9 26 7 10 7 10

measures on 20-35% of the farms. In the subcategory “vermin control
and other animals”, vermin like rodents, insects and wild birds were
considered a problem. Yet little to no farms had a standard control
program to keep them out of the stables. In more than half of the farms,
direct contact was possible with animals from other farms. In almost all
farms pets had access to the stables. Three of the subcategories for
external biosecurity varied between 50 and 55 points, resulting in a
score for external biosecurity of 54.2 points.

As seen in the veal farms, “health management” was one of the
lowest scoring subcategories of internal biosecurity with a mean of 28.6
points. This could be explained by the fact that very few farmers con-
sistently isolate their sick animals. If sick animals were isolated, very
few measures were taken to avoid indirect spread of infectious disease.
Yet most farmers eliminated the carriers of infection that were detected.
In the subcategory “calf management”, only ten percent of the farmers
administered four liters or more colostrum before the calves were six
hours old. The colostrum was not checked for quality in any of the
farms. Individual hutches for calf housing were cleaned in 30 % of the
farms, while group housing of older calves was never completely empty
in half of the farms. “Adult management” including cleaning and dis-
infection of adult stables, scored the lowest with 14 points. With a mean
score of 48.5 points, “working organization and equipment” scored
highest on internal biosecurity for beef farms. In most farms the animals
were grouped per age category, although the age groups were fully
separated in only half of the farms. No additional measures were taken
between age groups. The beef farms in this study scored 33.9 points for
internal biosecurity on average. Through the combination of the scores
for internal and external biosecurity, a total mean biosecurity score of

44.3 points was obtained for the beef farms.
3.3. Dairy farms

As in beef farms, in dairy farms “purchase and reproduction” was
the highest scoring subcategory in external biosecurity. In dairy farms,
this high score was due to the fact that many farms did not purchase
cattle. Farms that did purchase generally took few extra measures to
limit the risks, similar to beef farms and resulting in a large range of
scores from 25 to 100 points. The lowest scoring subcategory in ex-
ternal biosecurity was “feed and water” with an average score of 45.9
points. Drinking water quality was often checked. Few farms protected
the feed storages from pets and vermin. The subcategory “visitors and
employees” scored second highest of all external biosecurity sub-
categories. Visitors had free access to the stables in two third of the
farms, while they took no additional measures before entering. As in
beef farms, veterinarians and artificial insemination technicians took
additional measures more often than other visitors. Concerning the
subcategory “vermin control and other animals”, contact with cattle
from other farms was possible in half of the farms, risking disease
transmission through direct contact. Dogs were more often kept out of
the stable than in beef farms, but cats were still able to enter the stables
in almost all farms. The mean score calculated for external biosecurity
added up to 58.9 points, the highest score for external biosecurity in the
three types of cattle.

“Health management” was one of the lowest scoring subcategories
in dairy farm internal biosecurity. Hospital pens were available in half
of the farms, however sick animals were not physically isolated in most

Table 3
Mean, minimum, maximum and standard deviation of the Biocheck-scores for the 20 veal farms, 50 beef farms, 50 dairy farms separately.
Veal Beef Dairy
Mean Min Max SD Mean Min Max SD Mean Min Max SD
Purchase and reproduction 17.9 5 35 11.3 60.6 23 100 25.3 72.9 25 100 27.8
Transport and carcass removal 69.1 30 94 17.7 55.1 12 87 16.2 49.3 13 87 17.2
Feed and water 67.5 35 85 15.1 29.1 0 70 18.6 45.9 0 100 26.7
Visitors and employees 49.4 13 94 25 53.7 24 85 13.5 52.2 27 98 16.6
Vermin control and other animals 67.6 39 93 13.9 50.7 18 81 16.5 50.3 24 91 16.6
Health management 13.1 0 32 7.8 28.6 7 64 12.2 24.3 8 42 9.3
Calving management 46.6 5 81 18.5 46.9 6 73 15.6
Calf management 50 17 79 17.3 31.8 7 73 17.6 46.6 13 72 15
Dairy management 49 22 920 14.8
Adult management 14 0 75 24.2 16.4 0 40 11.2
Working organization and equipment 58.3 47 68 5.8 48.5 3 69 18.5 41.1 0 77 20.4
External biosecurity 41.2 26 55 9.2 54.2 29 76 12.9 58.9 35 83 12.7
Internal biosecurity 37.5 21 52 8.3 33.9 17 62 9.8 37.8 18 57 7.4
Total biosecurity 39.7 26 51 7.4 44.3 24 69 8.4 48.6 31 69 8.1
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farms. Many farmers eliminated carriers of infection, but part of the
farmers delayed the elimination, e.g. a cow with a persistent udder
infection would be kept until the end of her lactation, increasing the
possibility of transmission to other animals. Unlike on beef farms,
calves were not always separated immediately. Other measures such as
cleaning and disinfecting hands and obstetric equipment before each
calving were well established among the participating dairy farms. In
only four percent of the farms calves received the recommended four
liters colostrum within the first six hours after being born. Most calves
were housed in individual hutches that were cleaned and disinfected
after use, resulting in an average score of 46.6 points for the sub-
category “calf management”. “Dairy management”, the only sub-
category specific for dairy farms was the highest scoring subcategory of
internal biosecurity on dairy farms. Most farmers cleaned the teats prior
to milking and disinfected them after. Few farmers milked the cows
with mastitis or high somatic cell counts last. Only 20 % of the farmers
worked from young to old as milking the cows is the first action in the
morning. Age groups were often divided into categories but not phy-
sically separated. None of the subcategories for internal biosecurity
scored higher than 50. The mean score for internal biosecurity was
37.8, less than for external biosecurity, resulting in a total score for
dairy biosecurity of 48.6 points.

3.4. Comparison between the three types

When comparing external biosecurity of the three types of cattle,
the Welch ANOVA for “purchase and reproduction” was significant,
meaning the three types significantly differed from each other
(Table 4). Upon further comparison with the Games-Howell post hoc-
test the score for veal farms was significantly lower than for beef and
dairy (p < 0.01), while the difference between beef and dairy was
borderline non-significant (p = 0.06). In other subcategories, the veal
farms scored significantly higher (p < 0.01 for both (Welch) ANOVA
and Games-Howell/Tukey Kramer post hoc-test), except for “visitors
and employees” where no significant difference could be demonstrated
between the three types. For “feed and water”, the Games-Howell post
hoc-test also indicated a significant difference (p < 0.01) between beef
and dairy, with dairy farms scoring higher than beef farms.

For internal biosecurity, a significant difference was found for

” o«

“health management”, “working organization and equipment” and “calf

Table 4

P-values of the ANOVA’s and subsequent post hoc tests for the comparison
between the different types of cattle farms. * represents the results of a Welch
ANOVA. Significant and borderline non-significant ANOVA’s were followed by
a Tukey Kramer post hoc-test, significant Welch ANOVA'’s were followed by a
Games-Howell post hoc-test. The subcategory Dairy management was removed,
as it was exclusive to dairy farms.

ANOVA/ Post hoc-test
Welch*
Veal-Beef Veal-Dairy Beef-Dairy
p-value p-value p-value p-value
Purchase and reproduction < 0.01*% < 0.01 < 0.01 0.06
Transport and carcass < 0.01 < 0.01 < 0.01 0.20
removal
Feed and water < 0.01*% < 0.01 < 0.01 < 0.01
Visitors and employees 0.72%
Vermin control and other < 0.01 < 0.01 < 0.01 0.99
animals
Health management < 0.01 < 0.01 < 0.01 0.09
Calving management 0.95
Calf management < 0.01 < 0.01 0.72 < 0.01
Adult management 0.53
Working organization and < 0.01* < 0.01 < 0.01 0.14
equipment
External biosecurity < 0.01 <0.01 < 0.01 0.14
Internal biosecurity 0.06 0.27 0.99 0.07
Total biosecurity < 0.01 0.08 < 0.01 0.03
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management” (p < 0.01). For “working organization and equipment”,
veal farms scored significantly higher than beef and dairy farms
(p < 0.01), while they scored significantly lower for “health manage-
ment” (p < 0.01 for both beef and dairy farms). Beef farms differed
from dairy and veal farms (p < 0.01) concerning “calf management”,
the beef farms scoring significantly lower. In the subcategories specific
to dairy and beef farms, no significant difference could be demon-
strated.

Although veal farms scored higher on three out of five subcategories
for external biosecurity, due to their low scores for “purchase and re-
production” and its high impact on the score, veal farms scored sig-
nificantly lower on external biosecurity (p < 0.01). No significant dif-
ference could be demonstrated between dairy and beef farms.
Differences between subcategories of internal biosecurity were less
pronounced than in external biosecurity. A significant difference for the
total biosecurity score between dairy and beef farms (p = 0.03) and
dairy and veal farms (p < 0.01) was noted, with dairy farms scoring
significantly higher. The Tukey Kramer post hoc-test between veal and
beef farms was borderline non-significant (p = 0.08).

4. Discussion

Although risk factor studies considering the efficiency of biosecurity
measures for single diseases have been performed (Al Mawly et al.,
2015; Delafosse et al.,, 2015; Tarazi and Abo-Shehada, 2015), the
overall level of biosecurity is still largely unknown in cattle. In this
study, a risk-based evaluation tool was developed to assess the im-
plementation of biosecurity on cattle farms by quantifying the level of
biosecurity in a standardized and reproducible manner. In the study,
this tool was also used to assess biosecurity levels in Belgian veal, beef
and dairy farms.

By quantitatively assessing biosecurity, the Biocheck scoring system
indicates possible areas of improvement and allows for benchmarking
of farms and comparison with peers. These aspects can motivate
farmers to improve their biosecurity. With this tool it is possible to
differentiate between farms based on the implemented biosecurity
measures and their relative importance instead of the number of mea-
sures implemented. Benchmarking in the Biocheck system is established
by comparing the own results to the national or international averages.

As with every scoring tool, the presented Biocheck system has some
limitations. The weights attributed to the biosecurity measures could be
a subjective assessment of their importance, influenced by the experts’
opinion. However, this effect was limited as much as possible by the
stepwise development based upon a thorough literature search and the
estimation of the weights by an expert panel. This methodology has
already been applied previously for the development of the Biocheck
scoring systems for pigs and broilers (Laanen et al., 2013; Gelaude
et al., 2014). Also the completeness of the list of biosecurity measures
included could be discussed. Yet it was attempted to include all major
risks and at the same time limit the number of questions to keep the use
of the system workable in the field.

As “purchase and reproduction” was weighed almost twice as high
as the second highest scoring subcategory, it has a high influence on the
score of external biosecurity. The first question of the subcategory,
whether animals are purchased or not, has a high influence on its score,
as the subsequent questions are dependent on it (e.g. how often do you
purchase animals). Consequently, it also has a large influence on the
score of external biosecurity. Besides, purchase is an important and
highly cited risk factor for cattle diseases in literature (Maunsell and
Donovan, 2009; Dias et al., 2013; Amelung et al., 2018). The sub-
category “visitors and employees” was considered less important in veal
than in beef and dairy farms, possibly because less types of visitors
enter veal farms (Damiaans et al., 2019).

For internal biosecurity the subcategory “health management” was
considered the most important, though the differences in scoring were
not as high as in external biosecurity. The importance of health
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management is confirmed by Wells et al. (2002) who stated that in-
fected animals are a major reservoir of infection and contact with
healthy animals should be avoided. None of the questions in the sub-
categories had a high influence on the internal or final biosecurity
score.

In veal farms, external biosecurity was considered more important
than internal biosecurity for the final score, considering the risk of
purchasing new calves of different origin each production cycle.

It’s logical that in the subcategories with a low number of questions,
each question has a higher influence on the score of the subcategory.
This also means these subcategories could have more extreme scores,
either high or low, as can be seen in the scores for “adult management”
and “feed and water” in dairy and beef farms.

The precaution of not awarding points to the intermediate answer is
taken because experience in the existing Biocheck systems has learned
that users desire to answer “sometimes” even if the measure is only
implemented seldom. It may seem severe, yet giving the lowest score
provides an opportunity for improvement when the tool is used as a
starting point for counseling towards improved biosecurity.

It is important to realize that even though the farms were randomly
selected, they could refuse to participate resulting in a possible selec-
tion bias towards more motivated or more knowledgeable farmers. This
may lead to a higher score in the sample compared to the actual po-
pulation. However, as the biosecurity scores in the study can overall be
considered low, there is ample room for improvement in both the
sample and the population. Variation in the execution of most measures
is high, showing improvement is possible on almost all aspects of bio-
security.

Although there are constraints to compare the different production
systems, the results of our study clearly demonstrate that each farm
type has its own biosecurity strengths and challenges. This difference
also illustrates that biosecurity advice should be sector-specific in order
to be relevant.

In general, the scores for external biosecurity were higher than in-
ternal biosecurity, which is in concordance with results of the
Biocheck.UGent for pigs (Laanen et al., 2013). This might be explained
by the fact that, following epidemic disease outbreaks and the im-
plementation of national eradication programs for bovine viral diarrhea
and infectious bovine rhinotracheitis (KB2017-09-18/09 Royal Decree,
2017; KB2018-04-27/03 Royal Decree, 2018), sensitization of external
biosecurity measures was performed, while information about internal
biosecurity measures was less emphasized. Also, external biosecurity
measures are more often mandatory and concern the involvement of
external parties, while internal biosecurity measures concern the habits
of the farmer (Laanen et al., 2010).

The low mean scores for both external and internal biosecurity show
that there is ample room for improvement in all types. For external
biosecurity, even though the purchase policy may differ between the
farm types, purchasing cattle is always a risk for disease introduction
(Boelaert et al., 2005; Hotchkiss et al., 2011; Dias et al., 2013; Cuttance
and Cuttance, 2014). Beef and dairy farms not keeping a closed farm
scored very low (min. 23, resp. 25 points), showing many biosecurity
measures concerning purchase were not implemented (Mee et al., 2012;
Pardon, 2012; Sarrazin et al., 2014; Damiaans et al., 2018). This means
the farms that do purchase take few measures to reduce the risks, as
described by Renault et al. (2018a) where only 13 % of dairy farms and
30 % of beef farms applied quarantine. The significantly higher score
for other subcategories of external biosecurity in veal farms suggest that
other measures are taken to compensate for the weaker purchase policy.
It also provides the opportunity for dairy and beef farms to improve by
learning from the strong points of veal farms.

For internal biosecurity, “health management” was considered the
most important subcategory by the experts, while scoring very low in
the participating farms. Still, it is of the utmost importance to avoid
contact of healthy cattle with infected animals, as the latter is a major
reservoir of infection (Wells et al.,, 2002; Saegerman and Humblet,
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2018). To implement an effective health management system on a farm,
management decisions should be based on recorded information about
the concerned animals (such as age, sex, previous diseases and thera-
pies) and diseases (such as morbidity, mortality, treatment, carriers)
(Lechtenberg et al., 1998). This data was not available on most farms.

Good calving management is considered an important part of bio-
security to reduce perinatal mortality and morbidity (Svensson et al.,
2003; Mee, 2004, 2008; Damiaans et al., 2018). Therefore, the rela-
tively high scores for calving management and the presence of a high
number of individual maternity pens on the participating farms are
positive. However, often the maternity pens were not separated from
other animals. A group maternity pen can also serve as an indirect
source of infection if not properly cleaned and disinfected between two
parturitions or used as a hospital pen (Fossler et al., 2005a, b).

Even though only two subcategories were significantly different
between dairy and beef farms, the total biosecurity scores of dairy farms
were significantly higher than those of both beef and veal farms. A
possible explanation is that while the differences were too small to be
significant for the separate subcategories, they stacked and revealed the
difference in the total score, indicating a higher overall biosecurity level
in the participating dairy farms.

In pig production, the link between biosecurity and animal pro-
duction, antimicrobial usage and resistance has been established
(Postma et al., 2016). In future studies, the tool developed in this study
can be used to explore the relationships between biosecurity, health
parameters, production characteristics and parameters such as anti-
microbial use and resistance for cattle production.

Although the Biocheck Cattle tool was developed and validated in
Belgian farms, the system is built on universal biosecurity principles
and can be utilized worldwide in all farms with comparable manage-
ment systems. The main focus of the tool was on farms with an intensive
production system, yet the principles of biosecurity on which it was
based, apply to extensive production systems as well.

In conclusion, the tool developed in this study can be used for as-
sessing the biosecurity level of a farm in an objective and repeatable
manner. It also allows to compare farms both with their peers and in
time. Although differences can be found between the three production
types, there is room for improvement concerning biosecurity in all three
farm types in Belgium.
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