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Abstract

Background: The use of processed secondary data for health monitoring of fattening pigs has been established in
various areas, such as the use of antibiotics or in the context of meat inspection. Standardized scores were
calculated based on several sources of production data and can be used to describe animal health in a large
collective of pig units. In the present study, the extent to which these scores are related to different farm
characteristics and management decisions were investigated. In addition, slaughter scores were compared with the
results of a veterinary examination on the farms.

Results: The comparison of the results of the uni- and multifactorial analyses revealed that almost all of the
examined factors play a role in at least one of the scores when considered individually. However, when various
significant influencing factors were taken into account at any one time, most of the variables lost their statistical
significance due to confounding effects. In particular, production data such as production costs or daily feed intake
remained in the final models of the scores on mortality, average daily gain and external lesions. Regarding the
second part of the investigation, a basic technical correlation between the slaughter scores and the on-farm
indicators could be established via principal component analysis. The modelling of the slaughter scores by the on-
farm indicators showed that the score on external lesions could be represented by equivalent variables recorded on
the farm (e.g., lesions caused by tail or ear biting).

Conclusions: It has been demonstrated that the examined health scores are influenced by various farm and
management characteristics. However, when several factors are taken into account, confounding occurs in some
cases, which must be considered by consultants. Additionally, it was shown that on-farm examination content is
related to the scores based on equivalent findings from slaughter pigs.
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Background

Measuring animal welfare and animal health has stead-
ily increased in importance recently. Many methods
have been developed, and a rough distinction, following
the EFSA [1], can be made between animal-based, ac-
tive indicators and passive, environment-based indica-
tors. The latter can be used if their relation to animal
health issues is very close and their recording is easier,
which is important for monitoring the health status of
a wide range of pig farms. GrosseKleimann et al. [2]
have already derived a set of seven health scores and
one total score for this purpose, which allows longitu-
dinal screening of a target collective of farms under
conventional production conditions in Germany. One-
half of the scores is based on findings in slaughtered
pigs, whereas the other half consists of information re-
garding biological performance (average daily gain and
feed conversion ratio), mortality and treatment with an-
tibiotics. The data were generated from monitoring and
advisory processes along the pig production chain, and
both were checked and processed for secondary data
use beforehand.

Concerning the aforementioned health scores [2],
the question is whether management and farm char-
acteristics could influence them and whether particu-
lar factors for the prevention of health incidents can
be identified. Several studies have addressed this issue
and found production items that can be used as a
basis for extended veterinary and agricultural consult-
ing to improve the health status of fattening pigs in
the long run. However, these factors may vary by pro-
duction system or the particular collective of farms.
Therefore, this study will describe which farm charac-
teristics can be used as adjusting screws for the
health scores in fattening pigs housed in typical
German pig production systems .

Additionally, this investigation addresses the degree to
which health scores, which are based on findings in
slaughtered pigs, can be reflected or complemented by
animal welfare indicators that are collected on farms in
fattening pigs.

Methods

Study design

The joint project “Multivariate Assessment of Animal
Welfare through Integrative Data Collection and
Validation of Welfare Indicators in Finishing Pigs”
(MulTiViS) is conducted by a consortium of the Uni-
versity of Veterinary Medicine Hannover, foundation
(“Stiftung Tierdrztliche Hochschule Hannover”), the
Swine Health Service of the Chamber of Agriculture
in Lower Saxony (“Schweinegesundheitsdienst”), the
swine service provider VzF (registered association,
VzF) and Marketing Service Gerhardy. The owners of
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a sample of 207 commercial fattening pig units from
northeastern Lower Saxony, Germany, all under the
advisory service of VzF, were asked for their written
confirmation of participation.

For each pig unit, several sources of production data
were available, acquired by VzF in the context of farm
branch analysis. These production data contain informa-
tion on various farm and management characteristics,
biological and economic performance data, findings in
slaughtered pigs and information on antibiotic usage.

Additionally, two trained veterinarians visited each
farm on one day between 3 and 2017 and 12 November
2018. They examined fattening pigs in a maximum of
eight randomly selected pens per farm (7.8 +1; arith-
metic mean + standard deviation), according to the
method of Kish, 1949 [3], which led to 24,715 observed
animals in 1,201 pens. Thirty welfare and health indica-
tors were investigated as on-farm health information. To
achieve a holistic “animal health dataset”, on-farm health
information was linked to production data from the cor-
responding half-year in which the on-farm examination
took place.

Since Grosse-Kleimann et al. [2] found the initial
body weight (IBW) on day one of the fattening period
to be an important stratification criterion, only herds
with IBW between 24 and 33.5 kg were chosen for
further analyses. Additionally, data from pigs housed
in pens with straw bedding or outdoor climate were
excluded because the number of pens was too small
to be representative (4 farms with exclusively straw
bedding or outdoor climate). Furthermore, on one
farm, on the day of the examination, unexpectedly, no
animals were present. Finally, a collective of n =154
pig units remained for further analyses. The farm size
varied between 160 and 3,360 (1,153 +582) fattening
pig places (FPs).

Health scores

Seven standardized health scores and one total score ac-
cording to Grosse-Kleimann et al. [2] were chosen as the
target variables: mortality (MOR), average daily gain
(ADQ), feed conversion ratio (FCR), treatment frequency
(TF) and meat inspection indicators associated with re-
spiratory health (RESP), exterior injuries or alterations
(EXT) and animal management (MANG). They are
based on selected indicators from production data
(Table 1) and were standardized on a zscale, with a
mean of 0 and a standard deviation of 1. For respiratory
slaughter findings of pneumonia and pleurisy, in
Germany, four categories are usually documented at
meat inspection. For the study, a unique prevalence was
calculated by combining moderate and high alterations
as positive records and slight and no alterations as nega-
tive records.
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Table 1 Source and descriptive measures of indicators, which are the basis for examined health scores in the study collective of 154

pig units, according to Grosse-Kleimann et al. [2]. (MOR mortality score, ADG average daily gain score, FCR feed conversion ratio

score, TF treatment frequency score, RESP respiratory lesions score, EXT exterior lesions score, MANG animal management score, UDD
used daily doses, FP fattening pig place)

score Indicator source mean sD min max
MOR mortality [%] performance data 256 1.77 0.17 1373
ADG average daily gain [g] performance data 849 77 631 1,036
FCR feed conversion ratio [kg/kg] performance data 283 0.19 245 334
TF treatment frequency [UDD/FP] antibiotic usage data 2.22 3.57 0.00 20.13
RESP pneumonia [%)] findings in slaughtered pigs 11.99 852 0.65 80.82
pleurisy [%] findings in slaughtered pigs 643 6.18 0.00 2992
pericarditis [%)] findings in slaughtered pigs 369 3.20 0.00 21.83
EXT arthritis [9%] findings in slaughtered pigs 0.58 048 0.00 243
abscess [%)] findings in slaughtered pigs 097 0.68 0.00 367
ear lesions [%] findings in slaughtered pigs 0.01 0.05 0.00 0.37
tail lesions [%] findings in slaughtered pigs 0.76 1.12 0.00 742
dermal alterations [%] findings in slaughtered pigs 0.16 0.23 0.00 1.54
bursitis [%] findings in slaughtered pigs 046 0.70 0.00 6.14
MANG liver milk spots [%] findings in slaughtered pigs 6.89 10.69 0.00 61.16
dermal damage (handling) [%] findings in slaughtered pigs 0.05 0.24 0.00 230
intestinal alteration [%)] findings in slaughtered pigs 0.60 1.18 0.00 1393
whole carcass condemnation [%)] findings in slaughtered pigs 0.17 0.21 0.00 1.05

Factors selected from farm characteristics

Sixteen categorical factors, e.g., type of buying in criteria,
boar fattening or feeding techniques, and 14 metric fac-
tors, e.g., costs for veterinary service or daily feed intake,
were extracted from farm characteristics (for a complete
list of all factors see Additional file 1). Factor levels with
less than ten pig units were omitted for statistical ana-
lyses to avoid extended variation due to sparse data.

To investigate both the individual influence of farm
characteristics on the health scores and the interaction
with others, uni- and multifactorial ANOVA and linear
regression models were conducted. To find the set of
variables in FC that showed the most significant influ-
ence on each health score, multifactorial analyses of co-
variance were conducted with a combination of forward
selection (entering criterion: p-value < 0.1) and manual
backward selection (removal criterion: pvalue > 0.05).

In preparation for statistical modelling and to control
multicollinearity, association analyses within influencing
factors were previously applied to all variables [4].

Preparation and analysis of on-farm indicators

During investigation on the farms, two different age
groups of pigs were distinguished: first to sixth fattening
weeks (age group 1) and seventh to twelfth fattening
weeks (age group 2). Since regrouping of pigs for fatten-
ing and mixing of unfamiliar pigs often cause rank fights

[5, 6], an increased incidence of health- and production-
relevant findings may occur in age group 1. In addition,
the time until slaughter is longer in age group 1, and
thus, the probability is higher that injuries developed in
the early fattening period have healed or are no longer
visible. Hence, t-tests were carried out to identify those
indicators whose mean prevalence differed significantly
between the age groups. If differences were identified,
for these characteristics, a correction factor for age
group 1 was calculated by the following formula:

MeaAgoup2

pcorr = p X
Meangoup1

where p,,, = corrected prevalence of age group 1
and p = observed prevalence of age group 1. This
approach is in line with a general adjustment by ratio
extrapolation [7].

On-farm health information was originally examined
as pen-specific prevalence (number of affected animals
per pen), but health scores were calculated at the
farm level. To bring them to a uniform level, an aver-
age farm-specific prevalence for each on-farm indica-
tor and farm was calculated. To meet the
requirements for modelling, logit transformation and
z-standardization were applied on all variables follow-
ing the approach of Nienhaus et al. [8].
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To investigate whether the slaughter scores could suf-
ficiently depict pig health or whether investigation of liv-
ing animals is necessary, several analyses were carried
out. A principal component analysis was implemented
to provide an overview of the interconnections between
on-farm indicators and RESP, EXT and MANG. As the
first and second components of the principal component
analysis are considered the most discriminating, they
were plotted on a factor map. Unifactorial ANOVA for
each selected on-farm indicator and three slaughter
scores were conducted to examine the degree of predict-
ability and to reveal possible supplemental factors for
health monitoring. Previously, the Spearman correlation
coefficient was calculated for each on-farm and slaughter
indicator.

All statistical evaluations were performed with SAS®,
version 9.4 TS level 1M5 (SAS Institute Inc., Cary, NC,
United States).

Results

Health status (scores)

On average, the mortality was 2.56 % + 1.77 %, and the
mean average daily gain was 849 g+ 77 g. The food con-
version ratio ranged between 2.45 kg/kg and 3.34 kg/kg,
and the mean number of used daily doses per fattening
place was 2.22 + 3.57. Pneumonia, pleurisy, pericarditis
and liver milk spots showed a mean prevalence of
11.99% + 8.52%, 643% + 6.18%, 3.69% * 3.20 and
6.89 % + 10.69 %, respectively, whereas all other slaugh-
ter indicators occurred only at a very low level (mean
prevalence < 1 %). Detailed results are shown in Table 1.

Farm characteristics and their impact on health scores
Most of the pig units (48.1 %) purchased surgically cas-
trated male pigs that were housed in the same pen as fe-
males. The majority of the study farms (46.7 %) offered
0.75 m? per fattening pig place, and 81.8 % had pens that
were equipped with fully slatted floors. Regarding feed-
ing techniques, the main type was fully automatic liquid
feeding (38.0 %). On average, the production costs varied
between 0.57 € and 0.91 € per kg of live weight gain.
The mean costs for veterinary service per sold animal
were 1.00 € + 1.17 €, and the feed intake per pig and day
was 240 kg+0.21 kg. Detailed descriptive results are
shown in Additional file 1.

In preparation for modelling, the two variables number
of FP and live weight at slaughter were excluded for fur-
ther analyses to avoid multicollinearity. The results of
unifactorial ANOVA revealed that three farm character-
istics had no significant influence on any of the observed
health scores (feed, phase feeding and feed availability).
The factor with the highest number of pvalues for enter-
ing final models was feed intake per pig and day. Manual
backwards selection was performed for the multifactorial
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models with a p-value < 0.05 as the selection criterion. It
was shown that ADG was the most influential health
score, with R* =96.1 % by observed farm characteristics.
The results of uni- and multifactorial analyses for MOR,
ADG and EXT are shown in Table 2. Detailed results for
all scores are listed in Additional file 2.

The results of multifactorial analyses usually revealed
no substantial differences in parameter estimates for cat-
egorical characteristics in comparison to unifactorial
analyses (see Tables 2, 3 and 4). The type of buying in
criteria and boar fattening were the variables with the
most influence, as they are the only categorical charac-
teristics remaining in a final model. The type of buying
in criteria is a variable that contains information on
where farms source their piglets from and the manage-
ment type behind it. The reference group, type A, stands
for the typical VzF farm with pigs originating from a
German farm and having BHZP (German Federal Hy-
brid Breeding Programme) as the dominant sow and
boar breed. Types B and C also obtain German piglets
with BHZP as the main boar breed, but DAN (DanBred
P/S) and PIC (Pig Improvement Company) are the pri-
mary sow breeds. Types D and E have mixed sow breeds
and BHZP or mixed breeds for boar, respectively. Type
F obtains imported piglets from Denmark, whereby the
sow and boar breed are not taken into account. Type G
was created by merging subtypes that were too few for a
separate group. Farms with type E buying in criteria
seemed to have fewer exterior lesions, whereas type B
farms showed better EXT scores than the reference
group. In farms with boar fattening, animals showed
higher values in EXT than in farms that purchase cas-
trated males.

With regard to the metric variables, it is noticeable
that above all, monetary factors such as production costs
or costs for veterinary service seem to play an important
role. Thus, in the unifactorial approach, increasing pro-
duction costs per kg live weight gain (LWG) had the ef-
fect of poorer scores for MOR and ADG. However,
when the influence of other significant factors is taken
into account, production costs no longer seem to have
such a strong effect on ADG and are even associated
with a considerably lower mortality. Poorer performance
in MOR is also reflected by higher veterinary costs. An
increase in feed intake per pig and day is reflected in sig-
nificantly better daily gain and better scores on the EXT.

On-farm health indicators

Contrasting the characteristics under study by age group
showed that significant differences in prevalence level
occurred for ten of the remaining on-farm indicators
(Table 5). Tail biting lesions, ear haematoma and cough-
ing index did not vary substantially between the age
groups. Bursa auxiliaris, bursitis, faecal skin dirtying,
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ophthalmic discharge, conjunctivitis and lameness were
more often found in age group 2, whereas skin lesions,
purulent nasal discharge, flank biting lesions, ear biting
lesions and pigs showing signs of diarrhoea at the pen
level showed a higher prevalence in age group 1.

Taking the adjustment of Table 5 into account, it was
found that Bursa auxiliaris was by far the most fre-
quently observed finding (76.0% + 18.3%). This was
followed by faecal skin dirtying (12.4% + 15.7 %) and
ophthalmic discharge (8.9 % + 9.9 %), whereas flank bit-
ing lesions were found the least (0.7 %+ 1.3 %). In gen-
eral, it could be stated that most prevalence levels were
very low (<5%) and therefore showed a right-skewed
distribution, which justifies logittransformation and
zstandardization. Detailed results are shown in Table 6,
and the observed prevalence of all on-farm indicators
can be found in Additional file 1.

The majority of the Spearman correlation coefficients
for on-farm and slaughter indicators lay beneath 0.2 and
the highest coefficient was calculated for tail biting le-
sions recorded on-farm and at slaughter with 0.33.
Nevertheless, the factor map of the principal component
analysis of selected on-farm indicators and slaughter
scores (Fig. 1) underlines the technical association be-
tween scores based on findings in slaughtered pigs and
corresponding indicators in living animals. However,
Bursa auxiliaris and bursitis were spotted at some dis-
tance from the other exterior lesions, and RESP was
found to be closer to lameness than to the respiratory
indicators. The first component explains 13.2 %, and the
second component explains 11.8 % of the total variance.

The results of the unifactorial ANOVA revealed that
none of the selected on-farm indicators could predict
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any slaughter score to a higher degree than 8.26 % (R* of
model “EXT = ear haematoma”), and the majority of R?
values were lower than 1% (Table 7). Ear haematoma
and faecal skin dirtying showed significant p-values in
two models, whereas skin lesions, flank biting lesions,
tail biting lesions, ear biting lesions and lameness each
predicted one score significantly, and the remaining fac-
tors showed no significant p-value. Therefore, these fac-
tors may be considered potential supplemental
indicators for health monitoring, as scores based on
findings in slaughtered pigs cannot be depicted by any of
them.

EXT was the score with the highest number of signifi-
cant associations with on-farm indicators. There was
also a great degree of professional agreement, since all
observed indicators concerning exterior lesions, despite
bursa and bursitis, predicted EXT significantly. In con-
trast, RESP indicated a significant association with ear
haematoma only, but none of the respiratory indicators
and MANG could be significantly predicted by only fae-
cal skin dirtying.

Discussion

Animal-based indicators may be an important tool for
health monitoring, although they cannot replace but
supplement good stockmanship or consultancy for early
detection of herd health problems [9]. The present study
provides insight into the different management and farm
characteristics of 154 typical German fattening pig units
and their influence on established health scores. Further-
more, an interconnection between selected health scores
and welfare indicators recorded on-farm was analysed.

Table 2 Results of unifactorial analyses (factors with pvalue < 0.1) and final multifactorial model (factors with pvalue < 0.05) for MOR
(mortality score). R? of final model = 17.54 %. Factors remaining in the final model are in bold letters, and the reference level is in
italic letters (BFCD benefits free of direct costs, LWG live weight gain)

Factor factor unifactorial multifactorial

levels p-value estimate p-value estimate
BFDC/100 kg LWG < 0.0001 -0.04 < 0.0001 -0.05
feed energy/kg LWG 0.0161 0.08 00314 0.08
feed availability 0.0570

misc. 0.7548 0.09

ad libitum 0.0175 042

rationed * *
costs for veterinary service/pig 0.0672 0.13 0.0482 0.14
production costs/kg LWG 0.0813 223 0.0043 -5.59
feed energy 0.0992 0.08

<13 MJ 0.0992 0.28

13-13,4 MJ * *

* No p-value and estimate for reference level
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Table 3 Results of unifactorial analyses (factors with pvalue < 0.1) and final multifactorial model (factors with pvalue < 0.05) for ADG
(average daily gain score). R* of final model = 96.10 %. Factors remaining in the final model are in bold letters, and the reference
level is in italic letters (BFCD benefits free of direct costs, LWG live weight gain, FP fattening pig place)

Factor factor levels unifactorial multifactorial
p-value estimate p-value estimate
needed feed/pig/day < 0.0001 -349 < 0.0001 -4.31
feed energy/kg LWG <0.0001 0.18 < 0.0001 0.24
group size < 0.0001
misc. 0.0227 046
21-50 pigs 0.0144 -0.58
13-20 pigs 0.0034 -0.56
1-12 pigs * *
space per FP < 0.0001
>09m’ <0.0001 -1.14
0.825 m’ 0.0277 -0.37
075 m’ * *
type of buying in criteria** 0.0001
G 0.0142 0.75
F 0.0010 -0.99
E 0.0507 -0.50
D 0.2479 0.30
C 0.8341 -0.06
B 05755 -0.12
A * *
pigs/FP 0.0011 -0.83
feeding techniques 0.0022
misc. 0.1604 0.38
mash 0.0073 -046
liquid * *
water supply 0.0049
public 0.0012 -0.56
private well, water treated 0.6106 -0.16
private well * *
production costs/kg LWG 0.0083 327 <0.0001 1.29
floor type 0.0145
misc. 0.0048 0.70
partially slatted 0.3237 032
fully slatted * *
feed availability 0.0192
misc. 0.3581 0.26
ad libitum 0.0177 -040
rationed * *
live weight of losses 0.0227 -0.02
boar fattening/single sex 0.0245
yes/yes 0.8974 0.03
no/yes 0.0103 -044

no/no *
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Table 3 Results of unifactorial analyses (factors with pvalue < 0.1) and final multifactorial model (factors with pvalue < 0.05) for ADG
(average daily gain score). R* of final model = 96.10 %. Factors remaining in the final model are in bold letters, and the reference
level is in italic letters (BFCD benefits free of direct costs, LWG live weight gain, FP fattening pig place) (Continued)

Factor factor levels unifactorial multifactorial
p-value estimate p-value estimate

slaughter weight 0.0272 -0.08
BFDC/100 kg LWG 0.0311 -0.02
post fattening 0.0478

yes 0.0478 037

no * *
weight gain/pig 0.0890 -0.04

* No p-value and estimate for reference level

** For explanation of factor levels see “Discussion/Impact of farm and management characteristics”

Herd selection and availability of data

Based on the results of Grosse-Kleimann et al. [2], only
those farms were taken into account that started the fat-
tening period, with pigs having an initial body weight of
24 to 33.5 kg. This bodyweight range is typical in
Germany and therefore implemented by the majority of
fattening pig farmers. As the health scores in the cat-
egories above and below this weight range deviate
strongly, the results of the study can only be related to

this collective and would have to be validated for pigs of
other weight or age by means of additional
investigations. The production data were collected in a
harmonized way by the VzF advisors as part of the farm
sector analysis and were processed for the project espe-
cially as described in a previous publication. For the level
classification of categorical factors, it must be kept in
mind that a level fulfils the situation on a farm to at least
90 %. This means that a certain inaccuracy in the data

Table 4 Results of unifactorial analyses (factors with pvalue < 0.1) and final multifactorial model (factors with pvalue < 0.05) for EXT
(exterior lesions score). R? of final model = 26.12 %. Factors remaining in the final model are in bold letters, and the reference level is

in italic letters

factor factor unifactorial multifactorial
levels p-value estimate p-value estimate
type of buying in criteria** 0.0014 0.0024
G 06629 0.08 0.8411 0.04
F 0.0011 -0.57 0.0107 -047
E 0.9358 0.01 0.6050 0.08
D 04364 0.12 0.8524 0.03
C 0.0053 -0.50 0.0010 -0.60
B 0.5943 -0.07 02323 -0.15
A * * * *
feed intake/pig/day 0.0040 -0.64 0.0400 -048
phosphor reduction 0.0135
yes 0.0135 -0.26
no * *
costs for disinfection***/pig 0.0137 -0.49 0.0069 -0.53
boar fattening/single sex 0.0479 00112
yes/yes 0.0168 0.36 0.0078 0.38
no/yes 0.8943 0.01 05161 -0.06
no/no * * * *
animals sold 0.0531 0.00

* No p-value and estimate for reference level

** For explanation of factor levels see “Discussion/Impact of farm and management characteristics”

*** Within the scope of the final cleaning of the stables
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Table 5 Mean prevalence [%] at the pen level of on-farm indicators and p-value of the t-test for age group 1 (n =669 pens) and

age group 2 (n =532 pens)

Indicator age group 1 age group 2 p-value correction
mean sD Mean sD factor

bursa auxiliaris 63.0 234 764 178 <0.0001 1.21
bursitis 1.7 3.7 24 44 0.0012 141
faecal skin dirtying 9.0 16.6 122 186 0.0020 1.36
skin lesions 55 9.9 30 6.6 <0.0001 0.54
purulent nasal discharge 22 48 13 33 0.0002 0.59
ophthalmic discharge 48 77 89 12.7 <0.0001 1.85
conjunctivitis 29 74 50 103 <0.0001 1.72
flank biting lesions 22 59 0.7 29 <0.0001 032
tail biting lesions 2.7 8.2 32 86 0.2694 -

ear haematoma 13 35 1.6 33 0.1415 *

ear biting lesions 3.1 75 09 49 <0.0001 0.29
lameness 1.7 3.7 23 4.6 0.0091 1.35
coughing index 13 0.1 16 0.1 0.0843 -

* No correction factor calculated because of nonsignificant t-test

cannot be ruled out. Since many pig units have grown
over a long period, a 100% accurate classification is
often not possible.

To record the status quo of the study herds, on-farm
health information was acquired. Since the aim of the
study was to develop factors for monitoring that are easy
to implement under practical conditions, each pig unit
was visited only once, and the fattening pigs from a
maximum of eight randomly selected pens were exam-
ined. In contrast, the production data and health scores
refer to the aggregated data of a complete half-year and

take into account all pigs that were kept or sold for
slaughter during this period. However, with regard to
the whole study collective, the large number of visited
farms and pigs statistically compensates for this. Hence,
to obtain a rough impression of the health status of indi-
vidual pig herds, the survey is indicated to be suitable.

Impact of farm and management characteristics

A positive impact on pig performance through record
keeping by advisory services in general was demon-
strated by van Staaveren et al. [10]. Pandolfi et al. [11]

Table 6 Descriptive measures of selected health indicators from on-farm health information in the study collective of 154 pig units

(farm-specific prevalence, corrected by age group)

Indicator unit mean median SD cv min max
bursa % 76.0 80.8 183 241 105 100.0
bursitis % 24 1.9 2.2 90.6 0.0 132
faecal skin dirtying % 124 56 15.7 126.7 0.0 89.0
skin lesions % 2.8 1.6 36 1265 0.0 21.5
purulent nasal discharge % 13 09 1.6 124.8 0.0 100
ophthalmic discharge % 89 59 99 1106 0.0 593
conjunctivitis % 49 1.1 86 176.7 0.0 45.0
flank biting lesions % 0.7 0.0 13 176.2 0.0 8.1
tail biting lesions* % 29 1.6 4.2 147.1 00 25.7
ear haematoma* % 1.5 1.1 1.5 105.6 00 84
ear biting lesions % 09 03 1.5 1812 0.0 12.1
lameness % 23 16 22 983 0.0 106
coughing index*** bouts/min 0.05 0.03 0.06 1180 0.0 04
diarrhoea % 83 0.0 163 195.7 0.0 87.5

* Observed prevalence (no correction factor because of nonsignificant t-test)

** Number of coughing bouts in 2 x 3 min, divided by number of animals per pen
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lesions, grey; EXT exterior lesions, black; MANG animal management, light grey

found that farm and management characteristics, such
as the ventilation system or group size, can act as poten-
tial starting points for improving animal welfare. For the
present study, comparison of uni- and multifactorial
analyses indicates an association of several factors with
the given health scores. However, in an overall context,
regarding the other characteristics under study, con-
founding changes the risk perspective. Since one aim of
the study was to find the set of farm characteristics for

each health score that showed the most significant influ-
ence and could be usable as regulation screws to im-
prove pig health, the focus was on multifactorial
analyses.

Mortality is generally accepted as an indicator in most
epidemiological studies describing animal health [8, 12—
14]. Here, MOR is primarily associated with direct cost-
free benefits as well as production costs: the higher the
number of animals that died or were culled pre-
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Table 7 Results of unifactorial analyses for on-farm indicators and selected health scores (age group corrected, logit- and z-
transformed, farm specific prevalence). Significant p-values and corresponding indicators are bold

indicator RESP EXT MANG
p-value R? p-value R? p-value R?

bursa auxiliaris 04871 0.32 % 0.7251 0.08 % 05778 0.20 %
bursitis 0.9683 0.00 % 0.2307 0.94 % 05673 0.22 %
faecal skin dirtying 04393 0.39 % 0.0155 3.80 % 0.0168 3.70 %
skin lesions 04036 046 % 0.0066 475 % 0.0587 233 %
purulent nasal discharge 0.1004 1.77 % 04304 041 % 0.3835 0.50 %
ophthalmic discharge 0.7804 0.05 % 0.7521 0.07 % 0.3270 0.63 %
conjunctivitis 0.2180 1.00 % 02741 0.79 % 0.5917 0.19 %
flank biting lesions 0.1635 127 % 0.0071 4.67 % 0.7537 0.06 %
tail biting lesions 0.8921 0.01 % 0.0121 4.07 % 0.2554 0.85 %
ear haematoma 0.0306 3.04 % 0.0003 8.26 % 0.2598 0.83 %
ear biting lesions 0.0987 1.78 % 0.0011 6.82 % 0.3282 0.63 %
lameness 04515 037 % 0.0337 2.93 % 0.1237 1.55 %
coughing index 0.0712 213 % 04843 0.32 % 05382 0.25 %
diarrhoea 04208 043 % 0.3284 0.63 % 0.5431 0.24 %

slaughter, the lower the profits and the more production
costs per kilogram of carcass sold arise. Other farm
characteristics, however, did not show a significant influ-
ence in the multifactorial analysis in the study collective.
In contrast, Agostini et al. [15] found that multiple ori-
gins of pigs led to higher mortality. They also observed
lower mortality in pigs with higher IBW, which is in line
with the present study. An investigation of grow-
finishing pigs in Belgium [16] also identified the origin
of piglets and furthermore the duration of fattening
period and season for the beginning of the fattening
period as risk factors for higher mortality. Similar results
were shown by Oliveira et al. [17]. The different results
reveal that the mortality rate is a multicausal event that
is difficult to attribute to one specific reason or farm
characteristic.

Although average daily gain is a non-animal-based
measure, it could be a sign of animal health problems
and therefore is an important indicator for an overall as-
sessment of pig health [18]. The results of the present
study showed that the ADG is the score that is by far
the most influential or predictable by the production
data. Goodness of fit well over 90 % can be achieved
through modelling with the feed intake per day, the feed
energy per kg of LWG and the production costs. These
variables are closely related in terms of content, as pro-
duction costs largely consist of feed costs and thus the
daily feed intake and feed energy, respectively. However,
these are exclusively variable and measurable factors and
not farm-specific conditions that can be adjusted to in-
fluence the target value. Nevertheless, during a consult-
ation, it is possible to determine which of the three

factors is not within the normal range and use this infor-
mation as a starting point for improvement in daily
weight gain. Other studies that examined the influence
of farm characteristics on average daily gain did not find
a significant effect of group size [19] or castration (phys-
ical and via vaccination) [20] but a positive impact of
straw bedding on average daily gain [21].

The use of slaughter findings as a monitoring and sur-
veillance tool for pig health is frequently implemented in
Europe [22-24]. However, the influence of farm charac-
teristics on findings in slaughtered pigs has not been
consistently confirmed. Kongsted et al. [25] showed that
the production system has an impact on several health-
related lesions, whereas Cagienard et al. [26] could not
find significant differences in meat inspection data re-
lated to the type of housing.

In the current study, regarding the animal-based
slaughter score EXT, the herd attributes type of buying
in criteria and fattening boars stayed in the final models
as significant effects. Type B (German piglets with BHZP
as main boar breed and DAN as main sow breed) and E
(German piglets with mixed boar and sow breeds) farms
seem to have fewer exterior lesions than the reference
group. However, it must be taken into account that the
comparison groups in this study were relatively small,
with 12 and 13 farms, respectively; therefore, the signifi-
cance of the results needs to be interpreted with caution.
The fattening of boars also plays a role in exterior le-
sions. Farms that housed entire male pigs had more
problems with external injuries, such as skin lesions or
tail and ear biting lesions. This is in line with common
literature, which found increased sexual and aggressive
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behaviour against pen mates in single-sex male groups
[27, 28]. Concerning metric FC, the intake of feed per
pig and day seem to have a protective influence on EXT.
The suggestion is that satisfied animals are lazier and
therefore show less aggression against pen mates.

Reflection of on-farm information in health scores

One aim of the study was to develop health indicators
for monitoring that are easy to implement under prac-
tical conditions. Therefore, no repeated survey was car-
ried out on the farms, and only a random sample of
individual pigs inspected was investigated. In contrast,
the production data and health scores refer to the col-
lected data of a complete half-year and take into account
all animals that were kept or sold during this period.
This aspect is underlined by the relatively low R? of the
unifactorial on-farm health information models (Table 8).
Nevertheless, veterinary examination can give an impres-
sion of the health status of individual pig herds and pro-
vide clues as to which health problems are not
represented by routine processes along the pig produc-
tion chain [29].

The results of official meat inspection are, on the one
hand, animal-based, but on the other hand, the lifetime
health status is displayed in a way such that special
health events are hidden by aggregation.

The idea of comparing the actively recorded health
status of living animals with assessments based on
slaughter findings has already been pursued several
times. Maisano et al. [30] detected similar prevalence
levels of animal-based measures on-farm and slaughter
plants, whereas Carroll et al. [31] were able to establish
little correlation between health problems in live animals
and skin and tail lesions that developed at least ten
weeks before slaughter. Van Staaveren et al. [32] also
identified skin and tail lesions as “potential iceberg indi-
cators” at the slaughterhouse to replace on-farm assess-
ments. This fits with the results from the present study,
as skin lesions and bite lesions on ears, tail and flanks
were also significantly mapped by EXT, and a small cor-
relation was found for tail biting lesions on farm and tail
lesions detected at slaughter.

The respiratory tract findings, on the other hand,
showed only a small statistical correlation between indi-
cators at the slaughter plant and the corresponding indi-
cators at the farm. Other studies that investigated the
association of lung or pleural lesions and on-farm indi-
cators for respiratory diseases also found no or little sig-
nificance [33, 34]. Even though the principal component
analysis supports a substantial relationship, RESP could
be significantly modelled by blood ears only and none of
the technically assigned ones, e.g., coughing index or
purulent nasal discharge. One possible explanation for
this may be that respiratory lesions in slaughter pigs are
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often caused by enzootic pneumonia (Mycoplasma hyop-
neumoniae) [35], which is typically clinically apparent
from the sixth to the eighth fattening week [36]. As the
study included pigs from the first to the twelfth fattening
week, the typical time period for coughing caused by en-
zootic pneumonia was underrepresented.

MANG could also scarcely be modelled by the on-
farm indicators. However, this is to some extent reason-
able, as the score includes, among others, the indicator
“dermal damage by handling”, which occurs during
transport from the farm to the slaughterhouse and
therefore is not expected to be found during on-farm
examination. Another score component, liver milk spots,
usually remains clinically inconspicuous in fattening pigs
[36, 37] and therefore cannot show connection to the
on-farm indicators.

In addition to respiratory on-farm indicators (ophthal-
mic and nasal discharge, conjunctivitis and coughing
index), Bursa auxiliaris, bursitis and diarrhoea showed
no significant association with any of the slaughter
scores. From this, the recommendation can be derived
to consider these indicators in addition to the slaughter
findings for health monitoring.

Conclusions

In general, the present study shows that the investigated
health scores are influenced to varying degrees by differ-
ent farm and management characteristics. However,
many of the influencing variables examined have a
stronger influence when considered individually, but
they do not longer play a decisive role in the multifac-
torial context. In practice, this confounding effect sug-
gests that the whole farm with all its characteristics
should always be taken into account for advising and
changing of just individual factors has to be avoided.

From a specific perspective, ADG can be explained in
a multifactorial model to almost 100 % by production
costs and feed intake, whereas models for animal-based
scores such as MOR or EXT had a much lesser coeffi-
cient of determination. Hence, MOR and EXT seem to
be more important for describing animal welfare.

With regard to the on-farm indicators, a general con-
textual connection could be established via principal
component analysis. In connection with the associated
slaughter scores, however, it became apparent that only
EXT could be mapped significantly by the result of the
survey on the farms. Following this, the on-farm collec-
tion of respiratory indicators, e.g., coughing index or
purulent nasal discharge as well as bursa or bursitis and
diarrhoea, could be recommended as supplemental items
for health monitoring.

Overall, it can be stated that production data are suit-
able to map health issues of fattening pigs in the context
of monitoring and to obtain an impression of possible
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adjusting screws for consultancy in the next step. In this
study, the production data are based on aggregated data
of a sixth month period, and the on-farm examination of
pigs may provide additional information in the form of a
snapshot.

Abbreviations

ADG: average daily gain score; BHZP: German Federal Hybrid Breeding
Programme; EXT: exterior lesions score; FCR: feed conversion ratio score;
LWG: live weight gain; MANG: animal management score; MOR: mortality
score; PIC: Pig Improvement Company; RESP: respiratory lesions score;
TF: treatment frequency score; VzF: Association for Promoting Farming
Economics

Supplementary information
The online version contains supplementary material available at https://doi.
0rg/10.1186/540813-021-00225-y.

Additional file 1 Descriptive results of all farm characteristics-factors and
on-farm indicators.

Additional file 2 Results of uni- and multifactorial analyses for all health
scores and farm characteristics.

Acknowledgements
This work was conducted under the MulTiViS project. The MulTiViS
consortium would like to thank all participating farmers for their cooperation.

Authors’ contributions

LK, HG and HP designed the study. HP and HM were responsible for raw
data acquisition of production data. Together with HG, they edited the data
and prepared it for transfer to JGK and LK. JGK, BW, IS, EGB, NK, HN, HP, HM,
HG and LK were involved in the development of the survey questionnaire
for on-farm health information, and BW and IS acquired the information via
farm visits. JGK performed further processing steps and analyses of the entire
data and wrote the initial draft. LK and HG critically reviewed the manuscript.
All authors have read and approved the manuscript.

Funding

The project is supported by funds of the Federal Ministry of Food and
Agriculture (BMEL) based on a decision of the Parliament of the Federal
Republic of Germany via the Federal Office for Agriculture and Food (BLE)
under the innovation support programme with the number 2817905315.
The funders had no role in the study design, data collection and analysis,
decision to publish, or preparation of the manuscript. This publication was
supported by “Deutsche Forschungsgemeinschaft” and University of
Veterinary Medicine Hannover, Foundation within the funding programme
Open Access Publishing. Open Access funding enabled and organized by
Projekt DEAL.

Availability of data and materials

The data were collected on an individual basis from farmers and
slaughterhouses. Each participant gave written consent with the
understanding that data would not be transferred to a third party. 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 and VzF. 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 other
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 nominated by the University of Veterinary Medicine
Hannover and the VzF. Interested cooperative partners who are able to sign
a contract as described above may contact:

Prof. Dr. Lothar Kreienbrock

Department of Biometry, Epidemiology and Information Processing
University of Veterinary Medicine, Hannover

Blnteweg 2, 30559 Hannover

Page 12 of 13

Email: lothar.kreienbrock@tiho-hannover.de

Declarations

Ethics approval and consent to participate

The performance data and farm characteristics used within this study were
accumulated and maintained by VzF for consulting advice for farmers.
Information on antibiotic usage is based on mandatory application and
delivery forms, and findings in slaughtered pigs are based on data from
official slaughterhouse inspection. On-farm health information was acquired
solely for the study. All information was provided voluntarily by farmers, sign-
ing individual written consent data to be used by the study team only. The
research does not involve any regulated animals, and there were no scientific
procedures performed on animals of any kind. For this reason, formal ap-
proval by an ethical committee was not necessary under the provisions of
the German regulations.

Consent for publication
Not applicable.

Competing interest
The authors declare that they have no competing interests.

Author details

'Department of Biometry, Epidemiology and Information Processing, WHO
Collaborating Centre for Research and Training for Health in the
Human-Animal-Environment Interface, University of Veterinary Medicine
Hannover, Foundation, Hanover, Germany. “Institute for Animal Hygiene,
Animal Welfare and Farm Animal Behaviour, University of Veterinary
Medicine Hannover, Foundation, Hanover, Germany. Swine Health Service,
Chamber of Agriculture in Lower Saxony, Oldenburg, Germany. “Field Station
for Epidemiology, University of Veterinary Medicine Hannover, Foundation,
Bakum, Germany. °VzF eV, Association for Promoting Farming Economics,
Uelzen, Germany. ®MSG, Marketing Service Gerhardy, Garbsen, Germany.

Received: 12 April 2021 Accepted: 16 July 2021
Published online: 03 August 2021

References
1. Scientific Opinion on. the use of animal-based measures to assess welfare in
pigs. 2012.

2. Grosse-Kleimann J, Plate H, Meyer H, Gerhardy H, Heucke CE, Kreienbrock L.
Health Monitoring of Finishing Pigs by Secondary Data Use — A
Longitudinal Analysis. Porcine Health Management. 2021,7(20).

3. Kish L. A procedure for objective respondent selection within the
household. Journal of the American statistical Association. 1949;44(247):
380-7.

4. Dohoo |, Martin SW, Stryhn H. Veterinary Epidemiologic Research. 2nd
Edition ed. Ver Inc. Charlottetown, Prince Edward Island, Canada. 2009; p.
865.

5. Meese GB, Ewbank R. The establishment and nature of the dominance
hierarchy in the domesticated pig. Anim Behav. 1973;21(2):326-34.

6. D'Eath RB. Individual aggressiveness measured in a resident-intruder test
predicts the persistence of aggressive behaviour and weight gain of young
pigs after mixing. Appl Anim Behav Sci. 2002,77(4):267-83.

7. Cochran WG. Sampling techniques (3rd Edtion). John Wiley & Sons; 1977.

8. Nienhaus F, Meemken D, Schoneberg C, Hartmann M, Kornhoff T, May T,
et al. Health scores for farmed animals: Screening pig health with register
data from public and private databases. PLOS ONE. 2020;15(2).

9. Harley S, More SJ, Boyle LA, O'Connell N, Hanlon A. Good animal welfare
makes economic sense: potential of pig abattoir meat inspection as a
welfare surveillance tool. Irish Veterinary Journal. 2012,65(1):1-12.

10.  Van Staaveren N, Teixeira DL, Hanlon A, Boyle LA. Pig carcass tail lesions: the
influence of record keeping through an advisory service and the
relationship with farm performance parameters. Animal. 2017;11(1):140-6.

11, Pandolfi F, Kyriazakis I, Stoddart K, Wainwright N, Edwards SA. The 'Real
Welfare' scheme: Identification of risk and protective factors for welfare
outcomes in commercial pig farms in the UK. Prev Vet Med. 2017;146:34-43.

12.  Tiergerechtheitsindex fir Mastschweine. In: Gumpenstein BfalB, editor,;
1995.


https://doi.org/10.1186/s40813-021-00225-y
https://doi.org/10.1186/s40813-021-00225-y

Grosse-Kleimann et al. Porcine Health Management

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

(2021) 7:45

Dickhaus CP, Meemken D, Blaha T. Attempts to quantify the health status of
pig herds: developing and validating a Herd Health Score (HHS). Sustainable
animal production: the Challenges and Potential Developments for
Professional Farming, Wageningen Academic Publishers. 2009:191-201.
Pandolfi F, Edwards SA, Maes D, Kyriazakis I. Connecting Different Data
Sources to Assess the Interconnections between Biosecurity, Health,
Welfare, and Performance in Commercial Pig Farms in Great Britain.
Frontiers in Veterinary Science. 2018,5:41(41).

Agostini PS, Fahey AG, Manzanilla EG, O'Doherty JV, De Blas C, Gasa J.
Management factors affecting mortality, feed intake and feed conversion
ratio of grow-finishing pigs. Animal. 2014;8(8):1312.

Maes DGD, Duchateau L, Larriestra A, Deen J, Morrison RB, de Kruif A. Risk
factors for mortality in grow-finishing pigs in Belgium. Journal of Veterinary
Medicine Series B. 2004;51(7):321-6.

Oliveira J, Yus E, Guitidn FJ. Effects of management, environmental and
temporal factors on mortality and feed consumption in integrated swine
fattening farms. Livestock Science. 2009;123(2-3):221-9.

Kuratorium fur Technik und Bauwesen in der Landwirtschaft eV (KTBL).
Tierschutzindikatoren: Leitfaden fur die Praxis - Schwein. KTBL-
Praktikerleitfaden ,Tierschutzindikatoren — Schwein”; 2016.

Turner SP, Allcroft DJ, Edwards SA. Housing pigs in large social groups: a
review of implications for performance and other economic traits. Livestock
Production Science. 2003;82(1):39-51.

Pauly C, Spring P, O'doherty JV, Kragten SA, Bee G. Growth performance,
carcass characteristics and meat quality of group-penned surgically
castrated, immunocastrated (Improvac®) and entire male pigs and
individually penned entire male pigs. Animal. 2009;3(7):1057-66.

Douglas SL, Szyszka O, Stoddart K, Edwards SA, Kyriazakis I. Animal and
management factors influencing grower and finisher pig performance and
efficiency in European systems: a meta-analysis. Animal. 2015,9(7):1210-20.
Pill K. Untersuchungen zur Verwendung von Klinischen und pathologisch/
anatomischen Befunden am Schlachthof fur die Einschétzung der
Tiergesundheit und des Tierschutzes in Schweine-und Rinderbesténden.
Bibliothek der Tierarztlichen Hochschule Hannover; 2014.

Sanchez-Vazquez MJ, Strachan WD, Armstrong D, Nielen M, Gunn GJ. The
British pig health schemes: integrated systems for large-scale pig abattoir
lesion monitoring. Vet Rec. 2011;169(16):413-.

Willeberg P, Gerbola MA, Petersen BK, Andersen JB. The Danish pig health
scheme: Nation-wide computer-based abattoir surveillance and follow-up at
the herd level. Prev Vet Med. 1984;3(1):79-91.

Kongsted H, Serensen JT. Lesions found at routine meat inspection on
finishing pigs are associated with production system. Vet J. 2017,223:21-6.
Cagienard A, Regula G, Danuser J. The impact of different housing systems
on health and welfare of grower and finisher pigs in Switzerland. Prev Vet
Med. 2005;68(1):49-61.

Boyle LA, Bjorklund L. Effects of fattening boars in mixed or single sex
groups and split marketing on pig welfare. Anim Welf. 2007;16(2):259-62.
Rydhmer L, Zamaratskaia G, Andersson HK, Algers B, Lundstrom K, editors.
Problems with aggressive and sexual behaviour when rearing entire male
pigs. Proceedings of the 55th Annual Meeting of the European Association
for Animal Production, Bled, Slovenia; 2004.

Federation of Veterinarians of Europe. Position Paper - Monitoring of farm
animal welfare using animal indicators. 2018.

Maisano AM, Luini M, Vitale N, Rota Nodari S, Scali F, Alborali GL, et al.
Animal-based measures on fattening heavy pigs at the slaughterhouse and
the association with animal welfare at the farm level: a preliminary study.
animal. 2020;14(1):108-18.

Carroll GA, Boyle LA, Hanlon A, Collins L, Griffin K, Friel M, et al. What can
carcass-based assessments tell us about the lifetime welfare status of pigs?
Livestock Science. 2018,214:98-105.

Van Staaveren N, Doyle B, Manzanilla E, Calderén Diaz JA, Hanlon A, Boyle
LA. Validation of carcass lesions as indicators for on-farm health and welfare
of pigs. J Anim Sci. 2017,95(4):1528-36.

Wilms-Schulze Kump F. Untersuchung der Auswirkung infektioser und nicht
infektioser Faktoren auf die Atemwegsgesundheit der Mastschweine und
deren Schlachtkorper. Imu; 2010.

van Staaveren N, Vale AP, Manzanilla EG, Teixeira DL, Leonard FC, Hanlon A,
et al. Relationship between tail lesions and lung health in slaughter pigs.
Prev Vet Med. 2016;127:21-6.

36.

37.

Page 13 of 13

Fablet C, Marois C, Dorenlor V, Eono F, Eveno E, Jolly JP, et al. Bacterial
pathogens associated with lung lesions in slaughter pigs from 125 herds.
Res Vet Sci. 2012,93(2):627-30.

grosse Beilage E, Wendt M. Diagnostik und Gesundheitsmanagement im
Schweinebestand. Stuttgart: UTB; 2013.

Eriksen L, Nansen P, Roepstorff A, Lind P, Nilsson O. Response to repeated
inoculations with Ascaris suum eggs in pigs during the fattening period.
Parasitol Res. 1992:78(3):241-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Study design
	Health scores
	Factors selected from farm characteristics
	Preparation and analysis of on-farm indicators

	Results
	Health status (scores)
	Farm characteristics and their impact on health scores
	On-farm health indicators

	Discussion
	Herd selection and availability of data
	Impact of farm and management characteristics
	Reflection of on-farm information in health scores

	Conclusions
	Abbreviations
	Supplementary information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interest
	Author details
	References
	Publisher’s Note

