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Simple Summary: Many factors contribute to the welfare and health of animals in commercial
production systems and, if not well managed, might contribute to the onset of abnormal behaviors
such as tail biting on pig farms. This is an expensive and welfare-decreasing complication in the
current modern swine industry that might be particularly challenging in farms rearing undocked
pigs. Legal and market-driven requirements of pork production from undocked pigs are increasing
the percentage of animals with long tails and consequences should be evaluated. The aim of the
present work was to monitor tail, pluck (lungs, pleurae, and liver), stomach, carcass, and thigh lesions
in slaughtering pigs belonging either to conventional docked batches or to batches from farms with
the complete ban on tail docking. Results showed a higher prevalence of tail lesions on undocked
batches, suggesting that more and alternative efforts to manage long-tailed animals are needed.
Moreover, undocked batches showed higher frequencies for mycoplasma-like lesions in lungs and
gastric ulcers, even if it is still not clear whether tail lesions share the same predisposing factors of
lung lesions and gastric ulcers, or whether tail lesions might have a role in the causality and onset of
the other conditions.

Abstract: Tail biting is an economical and behavioral problem in the pork production system world-
wide and systematic tail docking has been applied for decades to decrease the risk of its onset.
However, legal and market-driven requirements are leading pig producers to rear undocked animals.
The aim of this work was to monitor tail, pluck (lungs, pleurae, and liver), stomach, carcass, and thigh
lesions in slaughtering pigs belonging to either docked or undocked batches. A total of 525 batches
were evaluated at slaughter: 442 docked and 83 undocked batches. The presence of tail lesions was
only recorded in undocked batches (44.0 ± 0.402 vs. 0.2 ± 0.2% compared to docked ones, p < 0.001),
with a prevalence of severe chronic lesions of 27.3% ± 0.032, suggesting that more and alternative
wide efforts to manage long-tailed animals are needed. On the contrary, docked animals showed
more frequent ear lesions (9.6% ± 0.037 vs. 4.6% ± 0.019; p = 0.0001). Severe lung lesions were found
more frequently in undocked animals (9.2% ± 0.043 vs. 6.6% ± 0.011, p = 0.006), as well as gastric
ulcers (26.1% ± 0.021 vs. 20.3% ± 0.37, p = 0.006). These lesions might share the same predisposing
factors of tail lesions; the latter might be investigated as an iceberg indicator for other pathological
conditions in undocked pigs and eventual causal association among lesions in these organs should
be explored.

Keywords: tail docking; pig welfare; slaughter evaluation; mycoplasma-like lesions; gastric ulcers

1. Introduction

There are 70 billion animals raised annually worldwide for milk, meat, and eggs.
On average, 66% animals are reared intensively [1]. With growing debate over how
animal-derived food is produced, it is difficult to separate the interests of producers and
stakeholders. A lot of factors contribute to the welfare and health of animals in commercial
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production systems, i.e., housing system, feeding plans, and health programs [2]. Most
of them, if not well managed, contribute to the onset of abnormal behaviors such as tail
biting on pig farms, and this is an expensive and welfare-decreasing complication in
the current modern swine industry. It is an economical and behavioral problem in the
pork production system worldwide [3] and a systematic tail docking has been applied for
decades to decrease the risk of biting. More recently, the European legislation in force,
laying down minimum standards for the protection of pigs (EU Directive 120/2008), obliges
farmers to not consider tail docking as a routine operation and to adopt the practice only
where there is the evidence of injuries to the tails of other pigs. It is also mandatory that,
before carrying out tail docking, measures shall be taken to prevent tail biting, taking into
account environment, stocking densities, and management systems. In addition to this,
the increased level of awareness of consumers and citizens in recent years has motivated
several stakeholders of the production chain to develop a market-driven strategy on animal
welfare standards [3], leading to the development of pork production from undocked
pigs. Tail lesions derived from tail biting might be serious injuries, considered to be
one of the most reliable indicators of animal welfare in pigs [4], and it is fundamental
to monitor their occurrence during this transitional era towards long-tailed pig farming.
Abattoir inspections provide a valuable tool for animal health and welfare monitoring,
a source of data for epidemiological surveillance, and an opportunity for disease and
lesions investigation that is more cost-effective for many pathologies and conditions than
collecting data on farm [5,6]. Regarding tail lesions at slaughter, some studies have shown
that such lesions, however mild, increased pleuritic and lung lesions, and that the risk
increases with the severity of tail lesions [7]. However, other studies failed to find any
correspondence [8–10]. The relationship between tail lesions and respiratory diseases is
still uncertain [4,11] as both problems can have the same predisposing factors [4]. For
example, poor housing conditions and management (i.e., incorrect airspeed in the barn,
thermal discomfort, season, and low air quality due to the presence of dust and gas) have
been shown to predispose the occurrence of both respiratory diseases and tail biting [4].
Tail biting and respiratory disease have also been described as the cause of similar effects
on performances, such as lower carcass weight and higher carcass condemnation and/or
carcass trimming [6,12]. In fact, other authors have reported a correlation between tail
biting outbreaks and poor health conditions [7,13], leaving open the discussion about the
relationship between respiratory disease and tail lesions. However, in the knowledge of the
authors, literature is poor of investigations on the potential connection of these parameters
between entire batches of pigs with undocked tails versus docked ones, as the majority
of the studies mentioned above were performed on mainly docked animals. Moreover,
gastric ulcers and quality of the thighs to produce Protected Designation of Origin (PDO)
hams have not been investigated at all comparing docked and undocked pigs. Prevalence
of gastric ulcers might increase after physical injuries, for example foot lesions or tail biting,
as well as other secondary diseases that may result in the release of histamine due to an
inflammation process [14]. Regarding PDO products, considering that only hams without
defects are admitted to the market, it might be important from an economic point of view
to investigate the eventual effect of undocked tails on defects of traumatic origin on the
ham [15].

The study aimed at monitoring tail, pluck (lungs, pleurae, and liver), stomach, carcass,
and thigh lesions or defects in slaughtering pigs belonging to either conventional docked
batches or high-welfare standard batches from farms with the complete ban on tail docking.

2. Materials and Methods
2.1. Data Collection

Data were collected in one of the biggest Italian pig slaughterhouses (Società Co-
operativa Agricola OPAS—Organizzazione Prodotto Allevatori Suini, Carpi, MO; Italy)
for a period of 9 months (January–September 2021). Pigs designated for the PDO ham
production (around 170 kg live body weight and 9 months of age) were transported to the
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slaughterhouse by trucks in batches of about 135 (from 130 to 140) animals reared in the
same farm [16]. In each batch, an average of 100 animals (from 95 to 105) were selected for
the evaluation. With biweekly visits, a total of 525 batches of pigs (52,500 animals) from
intensive systems were evaluated: 442 batches from conventional farms adopting tail dock-
ing procedures (short, long-docking, or tipping) and 83 batches from high-welfare standard
farms with the complete ban on tail docking. Batches from high-welfare standard farms
were slaughtered early in the morning, followed by farms adopting tail docking procedures.
Batches that were subjected to overnight lairage were noticed. The batches derived from
208 farms, with an average of 2.6 batches monitored for each farm. All the farms were
located in Northern Italy, in the three regions more involved in the rearing of pigs for PDO
ham (Lombardy, Emilia-Romagna, and Piedmont), where 77.2% of Italian commercial pig
farms are located [17] and where last available data (2017) reported that 94.5% of farms
rear pigs with docked tails [18]. Speed of the slaughter line was 480 animals/hour and
the inspection was performed directly during the slaughter course. The time available for
scoring each animal, determined by the speed of the line, was about 6–8 s.

Three veterinary expert evaluators were positioned in different platforms along the
slaughter line to assign a score for each type of lesion (Table 1) and always conducted the
inspection on the same position. Each veterinarian was previously trained through an
introductory lecture regarding all the different scores in a 120-min oral presentation. The
lecturer was a veterinarian expert in the slaughter lesions evaluation. After the lecture, the
three auditors attended practical sessions on the slaughter line for 5 days in weekly scoring
sessions, always under the guide of the expert.

Table 1. Scoring system used for the assessment of pleural, liver, and lung lesions at slaughter
from January to September. A total number of 525 batches of pigs (135 pigs per batch, around
170 kg weight) were monitored. Reprinted and slightly adapted with permission from Elsevier [5].
Copyright 2017, Elsevier B.V.

Injuries Scale Description

Lungs

Lung score
(mycoplasma-like lesions)

0–24 Pulmonary lesions (mycoplasma-like lesions),
often due to Mycoplasma Hyopneumoniae: purple
to grey rubbery consolidation, increased
firmness, failure to collapse and edema were
scored according to Madec’s grid [19]. Cranial,
medial, and diaphragmatic lobes of both lungs
were scored each from 0 to 4.

Absence of lesions
Severe lesions
Scars

0–1
0–1
0–1

Lungs receiving score 0 in all the evaluated lobes.
Lungs with a score ≥5/24.
Presence of retracted tissue from recovered
enzootic pneumonia-like lesions, with thickened
interlobular purple to grey connective tissue.

Abscesses
Consolidations

0–1
0–1

Presence of at least one abscess in the evaluated
lobes.
Pulmonary lesions complicated by secondary
bacterial pathogens (e.g., Pasteurella spp.,
Bordetella spp.). Lesions appeared firmer and
heavier than mycoplasma-like lesions. On a cut
surface, lesions were mottled by arborized
clusters of grey to white distended alveoli with
exudation. A mucopurulent exudate could be
expressed from the upper respiratory tract [20].
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Table 1. Cont.

Injuries Scale Description

Lungs

Lobular/chessboard pattern
lesions

0–1 Presence of scattered multifocal spots of purple
to grey discoloration indicative of probable
co-existence of respiratory viruses (e.g., porcine
reproductive and respiratory virus, porcine
circovirus, influenza virus) and/or Mycoplasma
spp. or foreign body (e.g., dust/particulate
matter) [21].

Pleura

Pleura score
(SPES score)

0–4 SPES grid [22]. 0: absence of pleural lesions; 1:
cranioventral pleuritis and/or pleural adherence
between lobes or at ventral border of lobes; 2:
dorsocaudal unilateral focal pleuritis; 3: bilateral
pleuritis of type 2 or extended unilateral pleuritis
(at least 1/3 of one diaphragmatic lobe); 4:
severely extended bilateral pleuritis (at least 1/3
of both diaphragmatic lobes).

Severe lesions
Sequestra

0–1
0–1

Pleura with a SPES score ≥3.
Presence of at least one sequestra in the lungs:
abundant fibrin on the surface, and hemorrhagic,
necrotic parenchyma; in case of chronicity, the
remaining cavitated necrotic foci after partial
resolution are surrounded by scar tissue. Often
associated with Actinobacillus pleuropneumoniae
infection [23].

Liver

Liver score 1–3 Scoring based on the presence of lesions due to
Ascaris suum (milk spots) and its migration. 1: no
lesions or less than 4 lesions; 2: from 4 to 10
lesions; 3: more than 10 lesions.

Severe lesions
Total lesions

0–1
0–1

Livers with a score of 3.
Livers with a score ≥2.

Stomach

Gastric ulcers 0–3 0: healthy; 1: hyperkeratosis; 2: erosion and/or
mild ulcer; 3: severe ulcer.

Absence of lesions 0–1 Stomachs that received score 0.
Total ulcers (mild to severe, %) 0–1 Stomachs that received score 2–3.

2.2. Evaluation of the Pluck (Lungs, Pleurae, Liver, Heart)

The inspection of the pluck was carried out directly during the slaughter course from
a dedicated platform placed right after the evisceration area. The examination of the lungs
(mycoplasma-like lesions), pleurae, liver, and heart were performed by visual inspection
and manual palpation of the organs, without any incisions. The score system is shown in
Table 1 [5]. The scores were recorded using a voice recorder, and were transcribed in an
Excel file for analysis.

2.3. Carcass (Skin) Lesions

Inspection of carcasses was performed directly during the slaughter course from
a specific platform on the line after scalding and de-hairing of the carcass, and before
dissection. Examination of external lesions was conducted by a visual inspection; the scores
were registered in real time directly into an Excel file using a tablet.

To score traumatic lesions, the carcass was divided into three parts: the “posterior”
region (hind legs and tail), the “trunk” (the ribs region), and the “anterior” region (the



Animals 2023, 13, 305 5 of 12

remaining area starting from the shoulders up to the front limbs, the head, and the ears). A
3-point scoring system was used for each of the three carcass regions to easily scan carcasses
as they moved through the dressing line: score 0, up to one scratch or bite; score 1, from
two to five scratches or bites; score 2, more than five scratches or bites, or any wound which
penetrates the muscle [15]. In the case of lesions on ears and tail, the “chronic” (notches,
necrosis, scab bites, and scars) or “fresh” (presence of blood or open wounds) classification
was added.

2.4. Gastric Ulcers

Each stomach was opened by a machine about 15 min after jugulation of the animal
by cutting along the large curvature and most of the gastric contents with a jet of water.
Oesophago-gastric ulcers were classified using a 4-point scale proposed by Robertson [24]
and Gottardo [25]: 0 = healthy, 1 = hyperkeratosis, 2 = erosion and/or mild ulcer, 3 = severe
ulcer. The score system is shown in Table 1.

2.5. Defects of The Thigh

On the day after slaughter, all the separated thighs belonging to the batches previously
scored for skin lesions were individually evaluated. The evaluation was performed by
experts of the PDO ham according to PQI (Parma Quality Institute) standards [26]. Three
traumatic (hematomas, muscular lacerations, tendon-bone lacerations) and three stress-
related defects (pale soft exudative meat, petechial hemorrhaging, veining) were included
for investigation as responsible for ham exclusion from the PDO market. In the case of more
than one defect on the same ham, only the more severe and extensive one was considered.

2.6. Statistical Analysis

All the data were analyzed by using statistical software SAS (SAS Institute Inc., Cary,
North Caroline, NC, USA, version 9.4). For each batch, the average score of each lesion was
calculated, as well as the frequency of binary variables. Descriptive statistics of frequency
of different scores for lesions were carried out (PROC UNIVARIATE). Normality of the
data was checked by the Shapiro-Wilk test. For normally distributed data, the effect of tail
docking on the different variables was assessed by ANOVA by using the Generalized linear
model (PROC GLM). For non-normally distributed data, a log (ln + 1) transformation was
applied. If normality was not achieved with transformation, the non-parametric Mann-
Whitney test was used. The relationship between the prevalence or the average score of
the different lesions was assessed at the batch level using Spearman’s rank correlation
(PROC CORR).

3. Results

The frequency of undocked batches was 15.8%. The percentage of batches that arrived
at the slaughterhouse the night before slaughtering and were subjected to overnight lairage
was 53.3% for docked batches and 35.7% for undocked ones. The presence of tail lesions
was only recorded in animals with undocked tails (44.0 ± 0.402 vs. 0.2 ± 0.2% compared
to animals with docked tail, p-value < 0.001; minimum = 0.0%, maximum = 100.0%),
with a prevalence of severe chronic lesions of 27.3% ± 0.032 (Table 2; minimum = 0.0%,
maximum = 66.3%). On the contrary, docked animals showed more frequent ear lesions
(9.6% ± 0.037 vs. 4.6% ± 0.019; p = 0.0001; minimum = 0.0%, maximum = 57.5%).
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Table 2. Frequency of tail and ear lesions (±standard error) in relation to tail docking: data expressed
as affected subjects/batch.

Parameters Docked Tail Undocked Tail p-Value

Absence of tail lesions (%) 99.8 ± 0.2 56.0 ± 0.402 <0.001
Mild and fresh tail lesions (%) 0.1 ± 0.1 8.8 ± 0.005 <0.001

Mild and chronic tail lesions (%) 0.1 ± 0.1 0.9 ± 0.002 <0.001
Severe and fresh tail lesions (%) 0.0 ± 0.0 7.2 ± 0.008 <0.001

Severe and chronic tail lesions (%) 0.0 ± 0.0 27.3 ± 0.032 <0.001
Ear lesions (%) 9.6 ± 0.037 4.6 ± 0.019 0.001

Severe lung lesions were found more frequently in undocked animals (9.2% ± 0.043
vs. 6.6% ± 0.011, p = 0.006; minimum = 0.0%, maximum = 48.4%), as well as gastric ulcers
(26.1% ± 0.021 vs. 20.3% ± 0.37, p-value = 0.006; minimum = 0.0%, maximum = 60.3%) and
milk spot lesions in liver (17.8% ± 0.084 vs. 14.2% ± 0.302; p = 0.004; minimum = 1.0%,
maximum = 99.0%). No difference was found for the pleura, skin lesions other than ears,
and ham defects. Coefficient of variation among batches was <70.0% for all the statistically
significant variables.

The descriptive analysis is reported as the average percentage of lesions detected for
the different organs in relation to tail docking (Tables 3 and 4). The presence of severe tail
lesions (i.e., detected only in pigs with undocked tails) was correlated to mycoplasma-like
lesions average score (chronic severe tail lesions: 0.135, p = 0.048; fresh tail lesions: 0.160,
p = 0.019).

Table 3. Average percentage of lesions (±standard error) observed in different organs of the pluck
(lungs, pleurae, liver, heart) and gastric ulcers. Only p-values lower than 0.090 are reported.

Parameters Docked tail Undocked Tail p-Value

Pluck lesions

Lung’s
mycoplasma-like

lesions
Absence of lesions

(%) 59.4 ± 0.811 54.4 ± 0.815 0.017

Severe lesions (%) 6.6 ± 0.011 9.2 ± 0.043 0.006
Average score 1.12 ± 0.14 1.44 ± 0.023 0.001

Scars (%) 10.67 ± 0.49 11.87 ± 0.86 ns
Abscesses (%) 0.89 ± 0.10 0.73 ± 0.19 ns

Consolidations (%) 0.16 ± 0.04 0.28 ± 0.07 0.082
Lobular/chessboard
pattern lesions (%) 2.25 ± 0.19 2.20 ± 0.34 ns

Pleural injuries
Severe lesions (%) 12.55 ± 0.60 12.83 ± 1.07 ns

Average SPES score 0.89 ± 0.03 0.97 ± 0.05 ns
Liver injuries

Severe lesions (%) 5.4 ± 0.015 4.1 ± 0.014 0.021
Total lesions (mild to

severe, %) 17.8 ± 0.084 14.2 ± 0.302 0.004

Average score 1.23 ± 0.053 1.18 ± 0.102 0.005
Pericarditis (%) 5.43 ± 0.33 6.36 ± 0.59 ns

Gastric ulcers

Absence of ulcers (%) 10.06 ± 1.58 7.16 ± 2.47 ns
Total ulcers (mild to

severe, %) 20.3 ± 1.46 26.1 ± 2.29 0.006

Average score 1.13 ± 0.03 1.22 ± 0.05 0.030
ns: not statistically significant (p-value > 0.090).
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Table 4. Average percentage of lesions (±standard error*) observed in different parts of the carcass
(anterior, trunk, posterior) and ham defects in relation to tail docking. Only p-values lower than 0.090
are reported.

Parameters Docked Tail Undocked Tail p-Value

Carcass lesions

Anterior region
Absence of injuries (%) 80.1 ± 0.890 74.8 ± 0.972 0.071

Mild injury (%) 15.4 ± 0.789 18.9 ± 0.654 0.065
Severe injury (%) 4.5 ± 0.476 6.4 ± 0.782 0.059

Trunk
Absence of injuries (%) 85.3 ± 0.803 82.0 ± 0.764 ns

Mild injury (%) 12.2 ± 0.912 12.3 ± 0.546 ns
Severe injury (%) 3.2 ± 0. 510 4.8 ± 0.128 ns
Posterior region

Absence of injuries (%) 77.5 ± 0.06 75.5 ± 0.023 0.073
Mild injury (%) 18.1 ± 0.50 20.2 ± 0.902 ns

Severe injury (%) 3.2 ± 0.07 3.6 ± 0.891 ns

Ham defects

Traumatic defects
Hematomas (%) 1 3.3 ± 2.1 3.0 ± 1.9 ns

Muscular lacerations (%) 1 0.9 ± 1.1 1.1 ± 1.2 ns
Tendon-bone lacerations (%) 1 0.3 ± 0.5 0.4 ± 1.0 ns

Stress related defects
PSE (%) 1 0.2 ± 0.4 0.3 ± 0.8 ns

Petechial hemorrhaging (%) 1 0.6 ± 1.0 0.7 ± 1.0 ns
Veining (%) 1 5.0 ± 4.6 4.7 ± 4.0 ns

1 Data analyzed with a non-parametric Mann Whitney test; standard error is replaced by standard deviation. PSE:
Pale Soft and Exudative meat. Ns: not statistically significant (p-value > 0.090).

4. Discussion

The observation of lesions at the slaughterhouse is an investigative approach that has
been previously adopted across Europe because it provides useful feedback to the farm.
In fact, some information at the farm level is often unavailable for management purposes,
for example the presence of visceral lesions in animals reaching the slaughter age without
obvious clinical signs [27–29]. Several studies used the slaughterhouse as an important
observatory for several kinds of lesions, including tail damage. However, the majority of
these studies were performed on tail-docked animals [10,15,30] and investigations that
compared these animals with pigs reared in farms that completely banned tail docking
from their procedures are lacking. Analysis of the data collected in this study showed that
animals with undocked tail had a higher frequency of tail lesions, both chronic and fresh,
than docked ones. Actually, the percentage of docked animals with tail lesions was close
to zero, opposite to the frequency of 44.0% of pigs with undocked tail showing damage.
Results regarding the proportion of lesions in docked animals were in agreement with the
low prevalence in heavy pigs reported by other authors [15,31,32], even if studies on lighter
pigs in Europe showed higher frequencies and strong differences among countries, with
values ranging from a prevalence of 72.5% [7] to 20–30% [33,34]. These differences were
mainly explained by the large variability reported among different farms and batches [34],
probably due to the unpredictable and multifactorial origin of tail biting [35]. Probably,
considering that animals of older age are less likely to show tail lesions [31], the involvement
of heavy pigs in the present study might be a factor reducing the observed frequency of
tail lesions. Differently, the greater frequency of tail lesions observed in heavy pigs with
undocked tail might confirm the findings of Scollo [31], who stated that the length of the
tail after tail docking (short, long-docked, or tipped) might be responsible for different
degrees of prevalence. In this case, the observation of both chronic and fresh lesions at
slaughter put in question the age factor, which seems to be less relevant in the case of
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undocked tails. On the other hand, in batches of pigs with docked tails, a higher percentage
of animals with ear lesions was observed, confirming results reported by Hunter et al. [36]
and Bottacini [15] that suggested a substitution effect between tail and ear biting.

Two other important findings should be highlighted from the present study: the
increased frequencies of pulmonary mycoplasma-like lesions and gastric ulcers in pigs
with undocked tail. In the literature, several authors reported contrasting results on the
possible association of tail lesions with other anatomopathological lesions, lung lesions
in particular. Teixeira [30] reported a higher frequency of carcass condemnations due to
pleurisy, pneumonia, and pleuropneumonia in the case of greater overall tail lesion score
at batch level. Schrøder-Petersen and Simonsen [37] reported that the lungs are one of
the organs most frequently affected by infection after the onset of a tail lesion. Similarly,
Kritas and Morrison [13] reported an association between the severity of tail biting and the
presence of mycoplasma-like lesions also at the individual level. However, other authors
failed in identifying such association [10,38], probably because Mycoplasma hyopneumoniae,
the bacteria mainly responsible for lung lesions recorded at slaughter, does not spread to
the lungs via the blood [13]. Hence, the pathogenesis of mycoplasma-like lesions seems to
be unrelated to tail trauma, which suggests that tail biting and mycoplasma-like lesions
may share similar risk factors [4]. This hypothesis is supported by the correlation found
in the present study between the presence of severe tail lesions and the mycoplasma-like
lesions average score. However, it should be noted that mild mycoplasma-like lesions
in lungs recorded at slaughter are often non-diagnostic of M. hyopneumoniae [39], and
diagnosis based exclusively on macroscopic evaluation, especially in early or late stages
of the disease, might lack reliability [40]. This might also suggest the involvement of
different etiologies in the development of some mycoplasma-like lesions. In fact, the result
of the adhesion of M. hyopneumoniae to the respiratory epithelium and its stimulation is a
prolonged inflammatory reaction, with the suppression and modulation of the innate and
adaptive immune responses of the host. Then, infected animals become more susceptible
to secondary infections of other respiratory pathogens [41]. In situ hybridization results
reported by Amass [40] suggested that the destruction of pulmonary macrophages after
infection by M. hyopneumoniae is an indication of its direct pathogenic effect. Such changes
adversely affect the respiratory defense mechanisms of the host and commonly lead to
secondary bacterial infections with Pasteurella multocida and Actinobacillus pleuropneumoniae,
but also with Actinomyces pyogenes, streptococci, and staphylococci [42,43]. Some of these
latter pathogens, in particular Streptococcus spp. and Staphylococcus spp., may originate
from a systemic infection most often secondary to bacterial infections of skin traumas, first
of all tail biting lesions [44], that cause septicemia and generalized hematogenous spread
of bacteria [45]. Due to this mechanism, previous studies regarding tail-docked pigs [33]
have reported a close association between tail lesions and the presence of abscesses on the
carcass and/or in the lungs, or even with the development of pyemia. In the present study,
no difference was found in lung abscesses between docked and undocked pigs, but the
tendency to a higher prevalence of lung tissue consolidation might support this hypothesis.
Regarding the frequency of mycoplasma-like lesions observed in the present study, results
are lower than those reported by the same authors in 2017 [5] and by older research in
heavy pigs [46], confirming the lower frequency reported in a more recent study [10]. These
authors suggested that the differences between the studies over time might be imputable
to the wide diffusion of vaccination against M. hyopneumoniae in Italy in recent years and
to its protective effects. Differently, the average SPES score is similar to those reported in
previous studies [5,10,16,47].

In the present study, undocked batches showed a higher percentage of gastric ulcers
compared to docked ones. It might confirm the hypothesis that physical injuries, for
example tail biting but also foot lesions or other secondary diseases, may cause a release
of histamine after an inflammation process, resulting in increasing prevalence of gastric
ulcers [14]. Also, lung lesions might be a factor increasing gastric ulcers [25], not only
for the increased levels of histamine due also to infection with respiratory pathogens, but
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possibly also as a consequence of inappetence due to illness [14]. Another hypothesis might
be that the pathogenesis of gastric ulcers, as well as the onset of mycoplasma-like lesions,
might be unrelated to tail trauma but they may share similar risk factors. In fact, several
factors that are generally considered important for pig welfare on farm also showed an
association with gastric ulcers. For example, the presence of solid flooring, straw, and other
environmental enrichments, as well as the absence of mixing animals, are all protective
factors that decrease the risk, suggesting the potential for psychological and physical
stressors to affect gastric ulcers [25]. An important predisposing factor to gastric ulcers is
the overnight lairage at slaughter [25], but both docked and undocked groups in the present
study had a percentage of batches that were subjected to lairage and to the consequent
fasting time, reducing a possible confounding effect. Regarding the frequency of gastric
ulcers observed in the present study, results are in agreement with Gottardo et al. [25].

In the present study, batches from farms abandoning tail docking showed lower
frequency of liver lesions. However, the authors consider this finding as minor due to
possible confounding factors in the data collection. In fact, most of the undocked batches
came from farms voluntarily adopting high-welfare standard protocols of production
required by specific supplying chains. Among the requirements is a greater attention to
antiparasitic treatments on animals. Unfortunately, data regarding drug use were not
collected and the hypothesis could not be confirmed. However, it would be important to
note that Gottardo [25] found that when antiparasitic treatments were not provided, risk
of gastric ulcers increased by a factor of three. Tarakdjian [48] described the high welfare
standard farms rearing heavy pigs as a type of production characterized by a higher level
of veterinary support to farmers and more intensive and frequent education programs for
farm personnel on good management practices (including antiparasitic treatments and
drug usage), biosecurity, and animal welfare [48]. Frequency of liver lesions observed in
the present study are lower than those reported by Scollo [5], supporting the hypothesis of
a greater attention to antiparasitic treatments in several of the farms involved.

A minor importance was attributed also to the higher frequency of lesions in the
anterior part of the carcass of undocked batches, showing only a statistical tendency and
few biological causalities with long tails. Scratches on the anterior part of the carcass
are usually attributed to fighting behavior before slaughter, which are more likely to
take place when unfamiliar pigs are mixed together during or after loading/unloading
procedures [15]. Unfortunately, data regarding groups management on farm or at slaughter
were not available.

The last result was the absence of significant increase of ham defects in undocked
batches. This is very important for the ham market because PDO production schemes,
which are designed to produce typical charcuterie products, admit in their market only
high-quality hams without defects [26]; this leads to a higher economic impact of thigh
lesions compared to other production systems, considering that PDO thighs have a 20–40%
of extra value [15]. The absence of differences in the frequency of ham defects in pigs with
undocked tail reassures this specific market about the ban of tail docking. The doubt was
legitimate as other kinds of economic losses have been reported by other authors in tail-
bitten animals, in particular frequency of carcass condemnations and a lower carcass weight
associated to the severity of tail lesions, where considerable financial losses were identified
and primarily associated to lesions caused by tail biting [7]. For the specific Italian area,
data obtained in the present study might be of interest as the Ministry of Health recently
recommended, for the triennium 2020–2023, that farmers rear pilot groups of pigs with
intact tails (>1.5% in farms with >2000 pigs; >3.0% in smaller farms), defining progressive
goals which have the potential to drive the production towards the abandonment of routine
tail docking and the accomplishment of the European standards [49].

5. Conclusions

This monitoring study on several visceral lesions and product defects detected on
docked or batches of heavy pigs with undocked tail confirms the importance of the slaugh-
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terhouse as an investigation center not only for notifiable disease or health disorders, but
also for animal welfare. Data from the slaughter line can be collected and used to adopt
preventive measures that could positively affect sanitary and welfare management on-farm.
The higher prevalence of tail lesions on batches with undocked tail compared to docked
ones shown in the present study gave rise to the suggestion that more and alternative
efforts to manage animals with undocked tail are needed towards a more acceptable and
welfare-friendly farming system. In particular, farms rearing pigs with undocked tail that
successfully showed no (or few) tail lesions should be further investigated as an example
of virtuous management for the other farms. Long tail lesions might be suggested as an
iceberg indicator for other pathological conditions, such as the presence of mycoplasma-like
lesions in lungs and gastric ulcers, even if it is still not clear if tail lesions share the same
predisposing factor with lung lesions and gastric ulcers or if tail lesions might have a role in
the causality and onset of the other conditions. Eventual causal association among lesions
in these organs should be explored. The absence of increased frequency in ham defects in
batches with undocked tail might reassure PDO producers on the quality of their product
in the case of a tail docking ban on-farm.

Author Contributions: Conceptualization: A.S. and F.G.; methodology: A.S., B.C. and F.G.; software
and formal analysis: B.C.; writing—original draft preparation: A.S. and M.A.; writing—review and
editing: A.S., M.A., B.C. and F.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The observations involved batches of carcass randomly
selected at slaughter, and no pigs were sacrificed specifically for the study. Since no tissues or any
other samples were collected, there was no need for approval by the Italian Health Ministry in
agreement with the EU legislation DL n. 116, 27/01/1992.

Informed Consent Statement: Not applicable.

Data Availability Statement: All the obtained data are available within the article.

Acknowledgments: The authors thank the abattoir Società Cooperativa Agricola OPAS (Organiz-
zazione Prodotto Allevatori Suini, Carpi, Modena, Italy) for the availability to host the research team.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Balzani, A.; Hanlon, A. Factors that influence farmers’ views on farm animal welfare: A semi-systematic review and thematic

analysis. Animals 2020, 10, 1524. [CrossRef] [PubMed]
2. Freire, R.; Nicol, C. A Bibliometric Analysis of Past and Emergent Trends in Animal Welfare Science; Cambridge University Press:

Cambridge, UK, 2019.
3. Thorslund, C.A.; Aaslyng, M.D.; Lassen, J. Perceived importance and responsibility for market-driven pig welfare: Literature

review. Meat Sci. 2017, 125, 37–45. [CrossRef]
4. European Food Safety Authority (EFSA). The risks associated with tail biting in pigs and possible means to reduce the need for

tail docking considering the different housing and husbandry systems-Scientific Opinion of the Panel on Animal Health and
Welfare. EFSA J. 2007, 5, 611. [CrossRef]

5. Scollo, A.; Gottardo, F.; Contiero, B.; Mazzoni, C.; Leneveu, P.; Edwards, S.A. Benchmarking of pluck lesions at slaughter as a
health monitoring tool for pigs slaughtered at 170 kg (heavy pigs). Prev. Vet. Med. 2017, 144, 20–28. [CrossRef]

6. De Luca, S.; Zanardi, E.; Alborali, G.L.; Ianieri, A.; Ghidini, S. Abattoir-based measures to assess swine welfare: Analysis of the
methods adopted in European slaughterhouses. Animals 2021, 11, 226. [CrossRef]

7. Harley, S.; Boyle, L.; O’Connell, N.; More, S.; Teixeira, D.; Hanlon, A. Docking the value of pigmeat? Prevalence and financial
implications of welfare lesions in Irish slaughter pigs. Animal Welf. 2014, 23, 275–285. [CrossRef]

8. Munsterhjelm, C.; Simola, O.; Keeling, L.; Valros, A.; Heinonen, M. Health parameters in tail biters and bitten pigs in a case–control
study. Animal 2013, 7, 814–821. [CrossRef] [PubMed]

9. Van Staaveren, N.; Vale, A.P.; Manzanilla, E.G.; Teixeira, D.L.; Leonard, F.C.; Hanlon, A.; Boyle, L.A. Relationship between tail
lesions and lung health in slaughter pigs. Prev. Vet. Med. 2016, 127, 21–26. [CrossRef]

10. Vitali, M.; Bosi, P.; Santacroce, E.; Trevisi, P. The multivariate approach identifies relationships between pre-slaughter factors,
body lesions, ham defects and carcass traits in pigs. PLoS ONE 2021, 16, e0251855. [CrossRef] [PubMed]

http://doi.org/10.3390/ani10091524
http://www.ncbi.nlm.nih.gov/pubmed/32872206
http://doi.org/10.1016/j.meatsci.2016.11.008
http://doi.org/10.2903/j.efsa.2007.611
http://doi.org/10.1016/j.prevetmed.2017.05.007
http://doi.org/10.3390/ani11010226
http://doi.org/10.7120/09627286.23.3.275
http://doi.org/10.1017/S1751731112002194
http://www.ncbi.nlm.nih.gov/pubmed/23190797
http://doi.org/10.1016/j.prevetmed.2016.03.004
http://doi.org/10.1371/journal.pone.0251855
http://www.ncbi.nlm.nih.gov/pubmed/34014995


Animals 2023, 13, 305 11 of 12

11. EFSA Panel on Animal Health and Welfare (AHAW). Scientific Opinion concerning a Multifactorial approach on the use of animal
and non-animal-based measures to assess the welfare of pigs. EFSA J. 2014, 12, 3702.

12. Martelli, G.; Nannoni, E.; Grandi, M.; Bonaldo, A.; Zaghini, G.; Vitali, M.; Biagi, G.; Sardi, L. Growth parameters, behavior, and
meat and ham quality of heavy pigs subjected to photoperiods of different duration. J. Anim. Sci. 2015, 93, 758–766. [CrossRef]
[PubMed]

13. Kritas, S.; Morrison, R. Relationships between tail biting in pigs and disease lesions and condemnations at slaughter. Vet. Rec.
2007, 160, 149–152. [CrossRef] [PubMed]

14. Thomson, J.; Friendship, R. The stomach: Gastric ulceration. Dis. Swine 2012, 10, 208–211.
15. Bottacini, M.; Scollo, A.; Edwards, S.A.; Contiero, B.; Veloci, M.; Pace, V.; Gottardo, F. Skin lesion monitoring at slaughter on heavy

pigs (170 kg): Welfare indicators and ham defects. PLoS ONE 2018, 13, e0207115. [CrossRef]
16. Merialdi, G.; Dottori, M.; Bonilauri, P.; Luppi, A.; Gozio, S.; Pozzi, P.; Spaggiari, B.; Martelli, P. Survey of pleuritis and pulmonary

lesions in pigs at abattoir with a focus on the extent of the condition and herd risk factors. Vet. J. 2012, 193, 234–239. [CrossRef]
[PubMed]

17. VetInfo. Italian National Zootechnical Registry. 2021. Available online: https://www.vetinfo.it/j6_statistiche/#/report-pbi/31
(accessed on 2 October 2022).

18. De Briyne, N.; Berg, C.; Blaha, T.; Palzer, A.; Temple, D. Phasing out pig tail docking in the EU-present state, challenges and
possibilities. Porcine Health Manag. 2018, 4, 1–9. [CrossRef] [PubMed]

19. Madec, F.; Derrien, H. Fréquence, intensité et localization des lesions pulmonaires chez le porc charcutier: Résultats d’une
première série d’observations en abattoir. J. Rec. Porc. France 1981, 13, 231–236.

20. Van Alstine, W.G. Respiratory system. In Diseases of Swine, 10th ed.; Zimmerman, J.J., Karriker, L.A., Ramirez, A., Schwarts, K.J.,
Stevenson, G.W., Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2012; pp. 348–362.

21. Leneveu, P.; Pommier, P.; Pagot, E.; Morvan, H.; Lewandowski, E. Slaughterhouse Evaluation of Respiratory Tract Lesions in Pigs;
Roudenn Grafik Groupe: Plérin, France, 2016; p. 110.

22. Dottori, M.; Nigrelli, A.D.; Bonilauri, P.; Merialdi, G.; Gozio, S.; Cominotti, F. Proposta per un nuovo sistema di punteggiatura
delle pleuriti suine in sede di macellazione: La griglia SPES (Slaughterhouse Pleurisy Evaluation System). Large Anim. Rev. 2007,
13, 161–165.

23. Gottschalk, M. Actinobacillosis. In Diseases of Swine, 10th ed.; Zimmerman, J.J., Karriker, L.A., Ramirez, A., Schwarts, K.J.,
Stevenson, G.W., Eds.; John Wiley & Sons Gottschalk Inc.: Hoboken, NJ, USA, 2012; pp. 653–669.

24. Robertson, I.; Accioly, J.; Moore, K.; Driesen, S.; Pethick, D.; Hampson, D. Risk factors for gastric ulcers in Australian pigs at
slaughter. Prev. Vet. Med. 2002, 53, 293–303. [CrossRef]

25. Gottardo, F.; Scollo, A.; Contiero, B.; Bottacini, M.; Mazzoni, C.; Edwards, S. Prevalence and risk factors for gastric ulceration in
pigs slaughtered at 170 kg. Animal 2017, 11, 2010–2018. [CrossRef]

26. Disciplinare di produzione della denominazione di origine protetta «Prosciutto di Parma». Available online: https://www.
prosciuttodiparma.com/wp-content/uploads/Disciplinare.pdf (accessed on 14 January 2023).

27. Willeberg, P.; Gerbola, M.-A.; Petersen, B.K.; Andersen, J. The Danish pig health scheme: Nation-wide computer-based abattoir
surveillance and follow-up at the herd level. Prev. Vet. Med. 1984, 3, 79–91. [CrossRef]

28. Elbers, A.; Tielen, M.; Snijders, J.; Cromwijk, W.; Hunneman, W. Epidemiological studies on lesions in finishing pigs in the
Netherlands. I. Prevalence, seasonality and interrelationship. Prev. Vet. Med. 1992, 14, 217–231. [CrossRef]

29. Sanchez-Vazquez, M.; Strachan, W.; Armstrong, D.; Nielen, M.; Gunn, G. The British pig health schemes: Integrated systems for
large-scale pig abattoir lesion monitoring. Vet. Rec. 2011, 169, 413. [CrossRef] [PubMed]

30. Teixeira, D.L.; Harley, S.; Hanlon, A.; O’Connell, N.E.; More, S.J.; Manzanilla, E.G.; Boyle, L.A. Study on the association between
tail lesion score, cold carcass weight, and viscera condemnations in slaughter pigs. Front. Vet. Sci. 2016, 3, 24. [CrossRef]
[PubMed]

31. Scollo, A.; Contiero, B.; Gottardo, F. Frequency of tail lesions and risk factors for tail biting in heavy pig production from weaning
to 170 kg live weight. Vet. J. 2016, 207, 92–98. [CrossRef]

32. Maisano, A.; Luini, M.; Vitale, N.; Nodari, S.R.; Scali, F.; Alborali, G.; Vezzoli, F. 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, 108–118.
[CrossRef]

33. Carroll, G.; Boyle, L.; Teixeira, D.; Van Staaveren, N.; Hanlon, A.; O’Connell, N. Effects of scalding and dehairing of pig carcasses
at abattoirs on the visibility of welfare-related lesions. Animal 2016, 10, 460–467. [CrossRef]

34. Van Staaveren, N.; Doyle, B.; Manzanilla, E.; Calderón Díaz, J.; Hanlon, A.; Boyle, L. Validation of carcass lesions as indicators for
on-farm health and welfare of pigs. J. Anim. Sci. 2017, 95, 1528–1536. [CrossRef]

35. Scott, K.; Chennells, D.; Campbell, F.M.; Hunt, B.; Armstrong, D.; Taylor, L.; Gill, B.; Edwards, S. The welfare of finishing pigs in
two contrasting housing systems: Fully-slatted versus straw-bedded accommodation. Livestock Sci. 2006, 103, 104–115. [CrossRef]

36. Hunter, E.J.; Jones, T.A.; Guise, H.J.; Penny, R.H.C.; Hoste, S. Tail biting in pigs. 1. The prevalence at six UK abattoirs and the
relationship of tail biting with docking, sex and other carcass damage. Pig J. 1999, 43, 18–32.

37. Schrøder-Petersen, D.L.; Simonsen, H. Tail biting in pigs. Vet. J. 2001, 162, 196–210. [CrossRef]
38. Martínez, J.; Jaro, P.J.; Aduriz, G.; Gómez, E.A.; Peris, B.; Corpa, J.M. Carcass condemnation causes of growth retarded pigs at

slaughter. Vet. J. 2007, 174, 160–164. [CrossRef] [PubMed]

http://doi.org/10.2527/jas.2014-7906
http://www.ncbi.nlm.nih.gov/pubmed/26020756
http://doi.org/10.1136/vr.160.5.149
http://www.ncbi.nlm.nih.gov/pubmed/17277296
http://doi.org/10.1371/journal.pone.0207115
http://doi.org/10.1016/j.tvjl.2011.11.009
http://www.ncbi.nlm.nih.gov/pubmed/22182431
https://www.vetinfo.it/j6_statistiche/#/report-pbi/31
http://doi.org/10.1186/s40813-018-0103-8
http://www.ncbi.nlm.nih.gov/pubmed/30473870
http://doi.org/10.1016/S0167-5877(01)00286-0
http://doi.org/10.1017/S1751731117000799
https://www.prosciuttodiparma.com/wp-content/uploads/Disciplinare.pdf
https://www.prosciuttodiparma.com/wp-content/uploads/Disciplinare.pdf
http://doi.org/10.1016/0167-5877(84)90026-6
http://doi.org/10.1016/0167-5877(92)90018-B
http://doi.org/10.1136/vr.d4814
http://www.ncbi.nlm.nih.gov/pubmed/21881022
http://doi.org/10.3389/fvets.2016.00024
http://www.ncbi.nlm.nih.gov/pubmed/27014706
http://doi.org/10.1016/j.tvjl.2015.10.056
http://doi.org/10.1017/S1751731119001320
http://doi.org/10.1017/S1751731115002037
http://doi.org/10.2527/jas2016.1180
http://doi.org/10.1016/j.livsci.2006.01.008
http://doi.org/10.1053/tvjl.2001.0605
http://doi.org/10.1016/j.tvjl.2006.05.005
http://www.ncbi.nlm.nih.gov/pubmed/16807012


Animals 2023, 13, 305 12 of 12

39. Calsamiglia, M.; Collins, J.E.; Pijoan, C. Correlation between the presence of enzootic pneumonia lesions and detection of
Mycoplasma hyopneumoniae in bronchial swabs by PCR. Vet. Microbiol. 2000, 76, 299–303. [CrossRef]

40. Goodwin, R. Apparent reinfection of enzootic-pneumonia-free pig herds: Early signs and incubation period. Vet. Rec. 1984, 115,
320–324. [CrossRef] [PubMed]

41. Madsen, M.L.; Puttamreddy, S.; Thacker, E.L.; Carruthers, M.D.; Minion, F.C. Transcriptome changes in Mycoplasma hyopneumo-
niae during infection. Infect. Immun. 2008, 76, 658–663. [CrossRef] [PubMed]

42. Amass, S.; Clark, L.; Van Alstine, W.; Bowersock, T.; Murphy, D.; Knox, K.; Albregts, S. Interaction of Mycoplasma hyopneumoniae
and Pasteurella multocida infections in swine. J. Am. Vet. Med. Assoc. 1994, 204, 102–107.

43. Maes, D.; Verdonck, M.; Deluyker, H.; de Kruif, A. Enzootic pneumonia in pigs. Vet. Q. 1996, 18, 104–109. [CrossRef] [PubMed]
44. Maxie, G.M. (Ed.) Jubb, Kenedy and Palmer’s Pathology of Domestic Animals, 5th ed.; Saunders: London, UK, 2006; Volume 1, pp.

2–180.
45. Jensen, H.E.; Leifsson, P.S.; Nielsen, O.L.; Agerholm, J.S.; Iburg, T. Meat Inspection: The Pathoanatomic Basis; Bifolia: Frederiksberg,

Denmark, 2017.
46. Ostanello, F.; Dottori, M.; Gusmara, C.; Leotti, G.; Sala, V. Pneumonia disease assessment using a slaughterhouse lung-scoring

method. J. Vet. Med. Ser. A 2007, 54, 70–75. [CrossRef]
47. Luppi, A.; Bonilauri, P.; Merialdi, G.; Dottori, M. Update on the monitoring of pleural lesions at slaughterhouse using the SPES

grid in Italian slaughtered pigs. In Proceedings of the Atti della Soceità Italiana di Patologia ed Allevamento dei Suini, XXXVII
Meeting Annuale, Piacenza, Italy, 24–25 March 2011; pp. 306–311.

48. Tarakdjian, J.; Capello, K.; Pasqualin, D.; Santini, A.; Cunial, G.; Scollo, A.; Mannelli, A.; Tomao, P.; Vonesch, N.; Di Martino, G.
Antimicrobial use on Italian pig farms and its relationship with husbandry practices. Animals 2020, 10, 417. [CrossRef] [PubMed]

49. Ministero della Salute. Piano Di Azione Nazionale per IL Miglioramento Dell’Applicazione Del Decreto Legislativo 122/2011 (Direttiva
2008/120/Ce) E Del Decreto Legislativo 146/2001 (Direttiva 98/58/Ce) Prevenzione Taglio Code Suini E Arricchimenti Ambientali; Nota
Ministeriale 0015220-22/06/2021-DGSAF-MDS-P; Ministero della Salute: Rome, Italy, 2021.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/S0378-1135(00)00245-5
http://doi.org/10.1136/vr.115.13.320
http://www.ncbi.nlm.nih.gov/pubmed/6495592
http://doi.org/10.1128/IAI.01291-07
http://www.ncbi.nlm.nih.gov/pubmed/18070898
http://doi.org/10.1080/01652176.1996.9694628
http://www.ncbi.nlm.nih.gov/pubmed/8903144
http://doi.org/10.1111/j.1439-0442.2007.00920.x
http://doi.org/10.3390/ani10030417
http://www.ncbi.nlm.nih.gov/pubmed/32131557

	Introduction 
	Materials and Methods 
	Data Collection 
	Evaluation of the Pluck (Lungs, Pleurae, Liver, Heart) 
	Carcass (Skin) Lesions 
	Gastric Ulcers 
	Defects of The Thigh 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

