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ARTICLE INFO ABSTRACT
Keywords: Meat inspection (MI) is essential to verify compliance with legal requirements related to human and animal
Post-mortem meat inspection health and animal welfare protections. Judgement criteria applied during MI, resulting in condemnation data of

Total condemnation criteria
Pig
Meat fitness

importance, among other things, for livestock producers and for benchmarking reasons. However, although the
Meat Inspection Regulation sets out judgement criteria, most are generic, favouring flexibility, but also
subjectivity.

To address the degree of variation on total condemnation (TC) criteria applied during post-mortem inspection
(PMI) of finishing pigs, an online survey was prepared aiming to collect this information from several European
countries. The focus was on TC criteria regarding the following PMI findings: abscesses, arthritis, cachexia,
erysipelas, icterus, Mycobacterium-like lesions, osteomyelitis, peritonitis, pleuritis and pneumonia.

From September to November 2020, a total of 44 completed questionnaires were obtained from 26 European
countries. The results showed a substantial variation in the TC criteria in place in the participating countries. One
of the main reasons for the variability seen in the respondents’ reported answers was related to the indicators
used to define a generalised condition related to the 10 PMI findings addressed, making harmonisation a chal-
lenge and avoiding to draw conclusions when comparing condemnation causes between abattoirs.

This implies that it would make sense to look into how a generalised condition can be identified/described and
how it should be judged.

The results should be used as inspiration towards possible harmonisation, improving decision-making, and
permitting comparative analysis between different reports to allow trend analyses and benchmarking.
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1. Introduction

Meat-producing animals must undergo meat inspection at the abat-
toir before their meat can be placed on the market for human con-
sumption (Collins and Huey, 2015). Meat inspection is essential to verify
compliance with the requirements on human and animal health and
animal welfare (Commission Implementing Regulation (EU) 2019/627).
Also, control of animal by-products and protection of the environment
are tasks performed during meat inspection. For this reason, it is
considered that meat inspection includes broad objectives that fall under
the One Health approach (Guardone et al., 2020).

Meat inspection is part of official controls that currently, in European
member states, are regulated by Commission Implementing Regulation
(EU) 2019/627. The main tasks of meat inspection consist of checking
food chain information (FCI), ante-mortem inspection of live animals,
post-mortem inspection of carcasses and viscera involving visual in-
spection, palpation, and incision of particular organs, and lymph nodes,
and, if necessary, additional laboratory tests. Although at the time they
were introduced, traditional meat inspection procedures were effective
to detect classic zoonoses like brucellosis, tuberculosis and cysticercosis
(Edwards et al., 1997), these and other infections may no longer be
relevant in a country, region or animal species (Alban et al., 2021).
However, post-mortem meat inspection (PMI) remains an invaluable
contribution to the assessment of animal health through the detection of
lesions on carcasses and viscera of slaughtered animals (Harley et al.,
2012; OIE, 2021). This highlights PMI as an important source of data for
the control of issues affecting human and animal health as well as animal
welfare (Alban et al., 2021; Correia-Gomes et al., 2016; Guardone et al.,
2020; Harley et al., 2012; Scollo et al., 2017; Stark et al., 2014). Overall,
meat inspection is considered one of the most broadly applied and oldest
surveillance systems (Stark et al., 2014), and it is without doubt the
critical and most efficient point of surveillance for animal diseases in the
pork value chain (Collins and Huey, 2015).

For each finding detected during PMI, condemnation criteria are
applied in order to remove meat unfit for human consumption from
further processing. From this activity, lists of reasons for condemnations
are created, being useful for monitoring animal health (Collins and
Huey, 2015). Also, these data have the potential to be used for
demonstration of trends and variations in animal disease incidence due
to husbandry methods, epidemiological factors and prophylactic pro-
tocols, as well as being a means to measure, benchmark and improve
animal health at farm level (Collins and Huey, 2015). Therefore, to
benefit from the full potential of these databases, they need to be com-
parable between abattoirs, regions and countries, and to this end, similar
condemnation criteria need to be applied.

Article 45 of Commission Implementing Regulation (EU) 2019/627
sets out 20 judgement criteria, applicable for finishing pigs, to declare
fresh meat unfit for human consumption in all Member States. Among
these, only five refer to deviations detectable during PMI, and even these
are not specific criteria (e.g. one judgement criterion is parasitic infes-
tation, pathological or organoleptic alterations). For this reason, dif-
ferences in interpretation can occur, as the criteria favour flexibility but
also subjectivity in their application by the Official Veterinarian (OV)
during PMI.

Therefore, the objective of this study was to map European post-
mortem condemnation criteria and their application to declare meat
unfit for human consumption regarding important post-mortem findings
in finishing pigs. By publishing this information, we expect to share the
knowledge/experiences of experts in the field, which could be used to
elucidate the different approaches regarding judgement criteria in place.
Also, we aim to draw general conclusions relevant for PMI’s total
condemnation (TC) criteria that could be used as inspiration towards
possible harmonisation of these criteria.
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2. Materials and methods

This work is part of a questionnaire study by COST Action 18,105
(RIBMINS), aiming to collect information on how PMI of finishing pigs is
currently performed in Europe.

An online survey using an in-depth questionnaire was prepared using
SurveyHero® (enuvoGmbH, Zurich, Switzerland). The questionnaire
included open and multiple-choice questions regarding the background
information of the respondent and TC criteria the respondent uses
during PMI of finishing pigs. The TC criteria asked about were targeted
at 10 important gross pathological findings that can lead to TC and that
can be detected during PMI of finishing pigs. These 10 PMI findings were
selected based on internal discussions of RIBMINS members, repre-
senting Denmark, Finland, Germany, Italy, Norway, Portugal and Spain,
who each provided information about the condemnation causes re-
ported in 2019 in their country. The data covered finishing pigs,
slaughtered and inspected in 2019, and mainly raised indoors. The 10
selected findings that can lead to TC were: Abscesses, arthritis, cachexia,
erysipelas, icterus, Mycobacterium-like lesions, osteomyelitis, peritonitis,
pleuritis and pneumonia.

As the survey was focused on TC criteria to declare meat unfit for
human consumption (mostly qualitative data), the questionnaire was
necessarily structured from different question types and also needed to
enable free comments. Such an approach produces numerical results
where these are possible, and it also benefits from qualitative estimation
of prevailing answers by respondents from the enabled free comments.
First, the respondent was asked about their country and years of expe-
rience in pig PMI. Afterwards, questions were asked regarding the use of
the TC criteria (“in all cases” vs. “only in cases of generalised disease™)
regarding the 10 selected gross pathological findings at the time of
slaughter. The group of respondents who answered “only in cases of
generalised disease” was additionally asked to select the judgement
criteria (JC) used for generalised disease, namely JC;: Only choose as an
option our definition of generic PMI findings indicators of generalised
disease (GIGD); JCy: Choose as an option “other PMI findings indicators”
plus our definition of GIGD, and; JC3: Only choose as an option “other
PMI findings indicators” as suggestive of a generalised disease. The
definition of GIGD within the JC; and JCy was offered by the authors of
the current paper, after discussion and based on their own experiences.
GIGD included: congestive carcass and/or organs, petechia and/or
ecchymosis in different organs, and/or several reactive lymph nodes
(Lnn.). Finally, the respondents who selected JCy and JC3 options were
able to describe the other PMI findings used as suggestive of generalised
disease.

A pre-test of the draft of the questionnaire was given to 10 OVs with
relevant experience in pig meat inspection, from five countries
(Portugal, Italy, Finland, Germany and Denmark), to assess the level of
understanding of the questions and detect any missing relevant infor-
mation. Based on the answers, the survey was validated with minor
modifications (Fig. 1). This final version was sent out in September 2020
via the RIBMINS national contact points and members of the European
Commission’s Expert Group on food hygiene and control of food of
animal origin. At least one OV from each participating country was
requested to answer.

The form was anonymous, and no personal data were requested as
defined in Regulation (EU) 2016/679 for personal data protection.

3. Results and discussion

Responses from 44 OVs were obtained. The median duration of work
experience in pig meat inspection was 10 years, ranging from 1 to 34
years. The responses came from 26 European countries (one to three
responses from each country), as summarised in Table 1.

The responses obtained were from a wide subset of European coun-
tries, reflecting well the area’s geographical, jurisdictional, cultural,
scales of pig production and economic variations. The responding
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Total condemnation criteria for each post-mortem finding
abscesses, arthritis, cachexia, erysipelas, icterus, Mycobacterium-like lesions, osteomyelitis, peritonitis,
pleuritis, pneumonia

15t question “In all cases”

|

“Only in cases of generalised
disease”

|

| |

Jc,
2"dquestion

Our definition of generic PMI
findings indicators of
generalised disease (GIGD*)

ic, ic,
Other PMI findings indicators Only other PMI
of generalised disease plus findings indicators of
our definition of GIGD * generalised disease

Fig. 1. Summary scheme of the answers addressed in the questionnaire.

3rdquestion

Provide the other PMI findings indicators used as
suggestive of generalised disease

JC: Judgement criteria; JC: Only choose as an option our definition of generic PMI findings indicators of generalised disease (GIGD); JC,: Choose as an option “other
PMI findings indicators” plus our definition of GIGD; JC3: Only choose as an option “other PMI findings indicators” as suggestive of a generalised disease; GIDG
included: congestive carcass and/or organs, petechia and/or ecchymosis in different organs, and/or several reactive lymph nodes.

Table 1
Description of country origin given by the 44 respondents to the questionnaire.
Group Number of Number of Countries
responses countries
EU member 34 20 Austria, Belgium, Croatia,
states Denmark, Estonia, Finland, France,
Germany, Greece, Ireland, Italy,
Latvia, Lithuania, Netherlands,
Poland, Portugal, Slovakia,
Slovenia, Spain, Sweden
Other 10 6 Albania, Iceland, Norway, Serbia,
Switzerland, United Kingdom
Total 44 26

countries produce 79% of European pork, but the responses in our sur-
vey results were not weighted for volume. Also, respondent-dependent
selection bias must be considered due to the few responses per country.

3.1. Total condemnation criteria: all cases vs. generalised disease
For the total number of answers (N = 400), considerable variation

Table 2

regarding the TC criteria used by OVs was revealed (Table 2), which is in
agreement with findings described by Arzoomand et al. (2019).

The TC criterion “only in cases of generalised disease” (OGD) was
used more often by the respondents than the criterion “in all cases” (AC)
(72.7% versus 27.3%) (Table 2), which stresses the importance of
achieving consensus about the definition of a “generalised condition”
macroscopically detectable during PMI of finishing pigs. The greatest
variability in the use of these two criteria was found for erysipelas and
icterus cases (Table 2), that are, in some European countries like Spain
(Alban et al., 2022) and Italy (Alban et al., 2022; Guardone et al., 2020),
important causes of TC of pig carcasses.

Of all the theoretical cases where TC was decided only in cases of
generalised disease (n = 291), our JC; option was found relevant by
respondents in 144 theoretical cases (49.5%), while in 62 theoretical
cases (21.3%), respondents applied additional judgement criteria (JCy),
and in 85 theoretical cases (29.2%), respondents applied their own
criteria of generalised disease (JC3). The distribution of applied judge-
ment criteria options for each of the ten selected pathological findings
are given in Table 2.

From the total number of answers, 70.8% (206: 144 JC; + 62 JC5) of
respondents used our definition of generic PMI findings of generalised

Distribution of answers regarding the use of the TC criteria for each of 10 important PMI findings (N = 400).

PMI findings Number (%) of answers for TC judgement

In all Cases Only in cases of generalised disease Total
JC; JC, JC3 Total
Abscesses 1 (2.4%) 26 (65.0%) 11 (27.5%) 3 (7.5%) 40 (97.6%) 41
Arthritis 1 (2.5%) 19 (48.7%) 11 (28.2%) 9 (23.1%) 39 (97.5%) 40
Cachexia 33 (80.5%) 6 (75.0%) 0 (0.0%) 2 (25.0%) 8 (19.5%) 41
Erysipelas 24 (54.8%) 11 (57.9%) 5 (26.3%) 3 (15.8%) 19 (44.2%) 43
Icterus 27 (62.8%) 8 (50.0%) 3 (18.8%) 5 (31.3%) 16 (37.2%) 43
Mycobacterium-like lesions 6 (15.8%) 20 (62.5%) 7 (21.9%) 5 (15.6%) 32 (84.2%) 38
Osteomyelitis 9 (22.5%) 12 (38.7%) 7 (22.6%) 12 (38.7%) 31 (77.5%) 40
Peritonitis 6 (15.4%) 13 (39.4%) 10 (30.3%) 10 (30.3%) 33 (84.6%) 39
Pleuritis 2 (5.4%) 14 (40.0%) 3 (8.6%) 18 (51.4%) 35 (94.6%) 37
Pneumonia 0 (0.0%) 15 (39.5%) 5 (13.2%) 18 (51.4%) 38 (100%) 38
Total 109 144 62 85 291 400

PMI: Post-mortem findings; TC: Total Condemnation; JC: Judgement criteria; JC;: Only choose as an option our definition of generic PMI findings indicators of
generalised disease (GIGD); JC,: Choose as an option “other PMI findings indicators” plus our definition of GIGD; JC3: Only choose as an option “other PMI findings
indicators” as suggestive of a generalised disease; GIDG included: congestive carcass and/or organs, petechia and/or ecchymosis in different organs, and/or several

reactive lymph nodes.
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disease: “congestive carcass and/or organs, petechial and/or ecchymosis
in different organs, and/or several reactive lymph nodes”. Similar def-
initions can be seen in Collins and Huey (2015), Jensen et al. (2017), and
Lindén et al. (2014). This answer was mainly chosen for abscesses,
arthritis and Mycobacterium-like lesions, as opposed to pneumonia and
pleuritis, where the majority choice was to use “ other PMI findings
indicators™ as suggestive of a generalised disease” (JC3) (Table 2, Fig. 2)
(See in detail Section 3.2).

As aforementioned, generalised disease is one of the criteria defined
in Article 45 of Commission Implementing Regulation (EU) 2019/627,
but its related lesions are not explained.

Given the lack of details in the legislation, and given the large
number of respondents who actively chose our definition of generalised
disease, we suggest it could be used in the future as a generic definition
for this TC criterion. Our TC criterion could be especially suitable for the
three post-mortem findings for which respondents mostly chose this
criterion (abscesses, arthritis and Mycobacterium-like lesions).

3.2. Condemnation criteria per each post-mortem finding

3.2.1. Abscesses

Abscesses are one of the most common PMI finding routinely
encountered in finishing pigs during PMI (Alban et al., 2022; Collins and
Huey, 2015).

From the 41 respondents’ answers related to abscesses (Table 2),
only one chose the TC criterion “in all cases”. This result is very coherent
since abscesses per se should not be considered a cause of TC in all
circumstances, and several issues should be considered in deciding if
they should lead to TC or not.

From the remaining 40 respondents who chose the option of TC “only
in cases of generalised disease”, 65% (26), 27.5% (11) and 7.5% (3)
chose JCy, JCy and JCg, respectively (Table 2). Ten out of 14 respondents
who specified the use of other PMI findings indicators suggestive of a
generalised disease related to abscesses provided more details (Table 3),
referring to multiple abscesses (4), acute stage of abscesses (3) and

TC according to the criteria

—— |C]  e—C2 JCc3
PMI findings
30
Cachexia 25 Abscesses
20
15 . : ’
Icterus Mycobacterium-like lesions
10
Erysipelas \/“ Arthritis
Osteomyelitis Pneumonia

Peritonitis Pleuritis

Fig. 2. Prevalence of the three judgement criteria (JC) for total condemnation
(TC) within the group of answers “only in cases of generalised disease” in
relation to the 10 PMI findings assessed.

PMI: Post-mortem inspection; TC: Total condemnation; JC: Judgement criteria;
JCy: Only choose as an option our definition of generic PMI findings indicators
of generalised disease (GIGD); JCy: Choose as an option “other PMI findings
indicators” plus our definition of GIGD; JC3: Only choose as an option “other
PMI findings indicators™ as suggestive of a generalised disease; GIDG included:
congestive carcass and/or organs, petechia and/or ecchymosis in different or-
gans, and/or several reactive lymph nodes.
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Table 3
Other PMI findings indicating a generalised disease related to abscesses pro-
vided by 10 respondents.

PMI findings indicating generalised disease related to Number of

pneumonia answers

Multiple abscesses

Multiple, other, or several

Multiple abscesses in a region with reactive lymph nodes
Acute abscesses

Acute stage of pyaemic abscesses

Acute abscesses in the lungs in combination with tail bites

Acute abscesses associated with tail bite (origin of infection)
Involvement of lymph nodes

Reactive lymph nodes

Lymphadenitis associated with tail bites

Purulent lymphadenitis
Total

e Q) e e e 0 W N

—
53

@ Each respondent was able to provide more than one PMI findings indicator
separately or together, so the total number of indicators is higher than the
number of respondents.

involvement of lymph nodes (3).

The lymph node involvement was described by one respondent as the
detection of “reactive lymph nodes”. Since this is considered a generic
alteration that fits all post-mortem findings related to inflammatory or
infectious processes, it was included in our definition of GIGD that leads
to TC. The other two respondents each gave a more specific answer,
namely: lymphadenitis associated with tail biting, and purulent
lymphadenitis.

Multiple abscesses were specified by four respondents (three
described this condition as the only PMI finding indicator, while one
respondent associated this condition with reactive lymph nodes). Ac-
cording to Collins and Huey (2015), after careful examination of the rest
of the carcass and the viscera, condemnation of the affected part is
usually sufficient for an abscess at a single site. In addition, Jensen et al.
(2017) suggest that if abscesses are present in organs (e.g., spleen, brain
or heart) that do not have direct access to the surroundings, the presence
of even one single abscess should be indicative of pyaemia. According to
these authors, both the location of the abscesses and the port of entry are
to be evaluated, and the OV must ascertain if purulent foci have
occurred because of generalised haematogenous spread (pyaemic con-
dition). In cases with no signs of generalised disease, only local
condemnation is indicated (Collins and Huey, 2015). In an opposite
approach, in cases of the concomitant occurrence of tail lesions and
suppurative lesions in lungs or peritoneum that have resulted due to
spread via the bloodstream, TC should be applied (Collins and Huey,
2015; Jensen et al., 2017). This concept was addressed by two re-
spondents who answered that lesional indicators of generalised disease
were “acute abscesses in the lungs in combination with tail bites” and
“acute abscesses with tail bite (infection origin)” (Table 3).

Respondents also introduced the stage (acute/chronic) of an abscess
as another trait to be evaluated. In fact, if an abscess is in the acute stage
of development (poor capsule formation, with fluid exudate, accompa-
nied by systemic changes), it is very probable that pyogenic bacteria are
in the bloodstream (Collins and Huey, 2015). The dating of the patho-
logical findings is crucial, because old abscesses can be a result of sep-
ticaemia occurring at an earlier stage in life (Alban et al., 2021).
Following Bakbo et al. (2016), an overall assessment should be made in
suspicious chronic cases with dissemination of multiple abscesses.

Furthermore, the distribution of abscesses in the viscera is essential
for macroscopic clarification of haematogenous spread, which is
assessed by their random dissemination in the organs (Jensen et al.,
2017). Since different combinations of additional lesional indicators can
be observed, considerations always depend on the individual case
(Jensen et al., 2017).

Summarising all the information provided by the respondents, the
following lesional indicators related to abscesses are indicative of a
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generalised disease stage at the time of slaughter, in addition to those
included in our definition of GLGD: multiple and acute phase of ab-
scesses, anatomical separation between the port of entry and abscess
location and, in the case of organs, random distribution of the abscesses.

This information could be used as a reflexion on the the criteria
described for abscesses in Codex Alimentarius (1993) recommending TC
in cases of multiple pulmonary abscesses, embolic abscesses of the liver
associated with recent umbilical infections, traumatic abscesses in the
spleen, etc., and brain abscesses resulting from pyaemia.

3.2.2. Arthritis

Arthritis is defined as an inflammation of articular cartilage that can
lead to swollen joints observed during PMI (Thompson, 2006).

Only one of the 40 respondents chose the TC criterion “in all cases”
for arthritis (Table 2). From the remaining 39 who chose the option of
TC “only in cases of generalised disease”, most chose our definition of
GIGD as the criterion for TC of the carcasses, which is in line with several
authors (Collins and Huey, 2015; Jensen et al., 2017; Wilson, 2005) and
with Codex Alimentarius (1993).

From the 20 respondents who specified the use of other PMI findings
indicators suggestive of a generalised disease related to arthritis, 17
provided more details (Table 4). Generally, multiple arthritis (8), acute
arthritis (5), wasting carcasses (4), and presence of abscesses and
endocarditis (3) were the “other PMI findings criteria” provided by these
respondents.

Regarding “multiple arthritis”, five respondents did not specify any
other characteristics, while one specified the number of joints involved
(3 to 4). Surprisingly, another respondent specified “multiple arthritis
associated with pulmonary pathology” without mentioning any other
relevant anatomical structures concomitantly affected with the joints in
pigs, such as serosa (Glasser’s disease) or endocardium (erysipelas)
(Wilson, 2005).

Concomitant endocarditis and abscesses were selected by three re-
spondents, underlining the importance of Erysipelothrix rhusiopathiae
infection as causative of arthritis. According to Jensen et al. (2017),
Lindén et al. (2014) and Wilson (2005), pigs with arthritis caused by this
microorganism have a typically pronounced hyperplasia of the synovial
membrane. However, these features can also be present in other, non-
zoonotic chronic arthritis conditions (e.g., that caused by Mycoplasma

Table 4
Other PMI findings indicating a generalised disease related to arthritis provided
by 17 respondents.

PMI findings indicating generalised disease related to arthritis Number of

answers

Multiple arthritis
Multiple joints infected/involved or polyarthritis
Several joints with chronic arthritis
Arthritis in 3-4 joints
Multiple arthritis associated with pulmonary pathology
Acute arthritis
Acute state
Acute infectious arthritis — purulent exudate
Presence of red or purulent exudate inside the joints
Wasting carcasses
Loss of weight or skinny pigs
Presence of abscesses and endocarditis
Nonspecific answers
Ante-mortem appearance (lameness), general condition of
animal, number of joints involved, colour of joint fluid

N WA D U U 00

Severity of the lesion (if it is opened), the chronicity, if other 1
joints are affected, emaciation, decubitus, skin alterations,

other organ affections. If polyarthritis is present, Salmonella

should not be forgotten in this context

Total 22°

@ Each respondent was able to provide more than one lesional indicator
separately or together, so the total number of indicators is higher than the
number of respondents.
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spp.) with different TC criteria, so a differential diagnosis is advisable.

As PMI finding indicators of generalised disease, one respondent
mentioned “several joints with chronic arthritis”, while five defined
“acute arthritis”, pointing out the importance of arthritis’ duration
(acute/chronic) (Weisbrode, 2007). Indeed, apart from the chronicity, it
is necessary to assess if the arthritis is infectious or not, as this criterion
can influence the final judgement. According to Jensen et al. (2017),
aseptic joint inflammation has local significance only and, therefore,
partial condemnation may suffice. In that case, lymph nodes will nor-
mally not be affected. In contrast, infectious acute arthritis must lead to
TC. Moreover, chronic arthritis may only require partial condemnation
of the affected parts and associated lymph nodes (Codex Alimentarius,
1993; Collins and Huey, 2015; Jensen et al., 2017). In addition, Collins
and Huey (2015) specified the pathoanatomical indications for partial
condemnation due to arthritis, based on the involvement of the regional
lymph nodes, as follows: “The hind limb should be condemned if there is
iliac, prescapular or prepectoral lymph node involvement. If three or
more limbs show lymphatic involvement, the carcass warrants rejection.
If the popliteal lymph node is enlarged but the iliac lymph nodes are
normal, it may be sufficient to reject only the lower part of the hind
limb.”

Secondary osteomyelitis caused by the erosion of joint cartilage and
the infection of surrounding tissues may also be seen, especially in case
of suppurative arthritis and some cases of chronic infection (Lindén
et al., 2014). Nevertheless, chronic arthritis may also be simply related
to degenerative processes of the joint with no infection of surrounding
tissues (Weisbrode, 2007). All these macroscopic characteristics due to
arthritis can be observed in multiple combinations during PMI of fin-
ishing pigs, and all of them are important for the final judgement.

Also, according to Lindén et al. (2014), microorganisms can reach
the joints by the haematogenous route (e.g., after tail biting), by
extension of an inflammatory focus (in the adjacent soft tissues or bones)
or through a penetrating wound. Therefore, during PMI, the source of
arthritis should be identified to properly assess the potential spread of
microorganisms and make the final judgement.

Another criterion associated with arthritis and presented by four
respondents was “wasting carcass”, previously cited as a valid reason for
TC (Wilson, 2005).

Based on the above, to totally condemn arthritis cases due to
generalised disease, multiple arthritis, acute arthritis or a wasting
carcass should be observed. This information could be used to be used as
areflexion on the Codex Alimentarius (1993) recommendation that only
indicates TC in cases of acute (fibrinous, purulent) infectious arthritis, e.
g., polyarthritis in new-born animals, unless approved by laboratory test
results. However, the use of laboratory testing was not mentioned by any
of our respondents.

3.2.3. Cachexia

Extreme emaciation, characterised by fatty tissue atrophy added to
atrophy of other organs, such as muscles and liver, and shrunken lymph
nodes, is traditionally called cachexia. Serous atrophy of bone marrow
fat appears as a red, wet, slimy, gelatinous mass (Jensen et al., 2017;
Lindén et al., 2014).

The 41 respondents’ answers are shown in Table 2. Two respondents
specified the use of other lesional indicators suggestive of generalised
disease but did not provide more details.

The majority (33, 80.5%) of the answers (TC “in all cases”) were in
accordance with Commission Implementing Regulation (EU) 2019/627
that defines emaciation as a criterion to declare fresh meat unfit for
human consumption. Since cachexia is the extreme phase of emaciation,
TC is inevitable because of unacceptable organoleptic deviations from
normal meat and because infective causes cannot be excluded.

Although legislation is clear regarding this criterion, the assessment
of the animal’s nutritional state to distinguish between thinness and
emaciation may not be an easy task (Jensen et al., 2017). Both condi-
tions, especially when not associated with concurrent disease, are
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among the most difficult to assess during PMI (Collins and Huey, 2015).

In thin animals, there is a marked scarcity of fat, which is typically
localised in the orbital region, around the large joints, around the cor-
onary vessels of the heart and in the subserous tissue (Jensen et al.,
2017; Wilson, 2005). This fatty tissue commonly has a normal texture
(Jensen et al., 2017). Flesh is generally darker in colour and its surface is
firm and dry on the cut. If the carcass is hung for some time, the surface
becomes very dry and dark (Wilson, 2005). Emaciation, on the contrary,
is a pathological condition, with wasting of muscular tissue and a
reduced amount of fat tissue which has an abnormal appearance, being
oedematous, jelly-like in consistency and sickly yellowish in colour
(serous fatty atrophy) (Collins and Huey, 2015; Jensen et al., 2017;
Lindén et al., 2014; Wilson, 2005). Emaciation typically occurs as a
complication of chronic diseases but also because of malnutrition
(Collins and Huey, 2015; Jensen et al., 2017). Both conditions should be
carefully distinguished by the OV to identify non-compliance with
sanitary and/or welfare rules. Where doubt exists, carcasses should be
hung for 12-24 h to observe if they get wetter, which concomitantly
leads to TC (Wilson, 2005).

3.2.4. Erysipelas

Erysipelas in pigs is caused by Erysipelothrix rhusiopathiae. This dis-
ease has a worldwide distribution and great economic importance.
Infected pigs are the main reservoir of the infection (Opriessnig and
Coutinho, 2019; Wang et al., 2010). Disease in pigs occurs in acute, sub-
acute and chronic forms. The acute form is mostly severe, characterised
by sudden death of seemingly healthy animals or sometimes septicaemia
accompanied by characteristic “diamond-shaped” skin lesions. The sub-
acute form is less severe and is mainly characterised by skin lesions. The
chronic form of pig erysipelas is mainly characterised by arthritis and
endocarditis (Lindén et al., 2014; Wang et al., 2010).

From the 43 respondents’ answers, 24 (55.8%) chose the TC criterion
“in all cases” and 19 (44.2%) choose the option of TC “only in cases of
generalised disease”, which stresses the considerable divergence in the
judgement criterion for this infection (Table 2). Non-harmonised criteria
can be of extreme importance in countries like Spain (Alban et al., 2022)
and Italy (Alban et al., 2022; Guardone et al., 2020), where erysipelas is
one of the main causes of TC of pig carcasses.

Eight respondents reported the use of other PMI findings indicators
suggestive of a generalised disease related to erysipelas. Skin (5), joint
(4) and heart (2) lesions were the “other PMI findings criteria” provided
by these respondents, pointing out the main topographic areas affected

Table 5
Other PMI findings indicating a generalised disease related to erysipelas pro-
vided by eight respondents.

PMI findings indicating generalised disease related to erysipelas Number of

answers

Skin lesions
Acute cases with skin lesions
Ante-mortem observation of skin lesions combined with fever
Diffuse acute lesions with erythema

Joint lesions
Acute cases with joint lesions
Arthritis

Heart lesions
Endocarditis
Endocarditis with congested lymph nodes, petechiae,
haemorrhages

Nonspecific answer
A bacteriological examination is possible to decide, whether it
is local or generalised. If the altered region remains not local,
with changes in the kidneys (petechial and nephritis forms), or
other organs, lymph nodes or emaciation

Total
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@ Each respondent was able to provide more than one PMI findings indicator
separately or together, so the total number of indicators is higher than the
number of respondents.
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by erysipelas infection (Table 5) (Lindén et al., 2014; Wang et al., 2010).

For most answers, the acute stage was mentioned by the respondents.
Nevertheless, in three (two for arthritis and one for endocarditis) an-
swers, no specification of acute/chronic status was described. According
to several authors (Jensen et al., 2017; Wilson, 2005), TC should be
required in acute cases, while in the chronic form, the judgement de-
pends on how widespread the lesions are. If localised to some organs (i.
e., heart, joint), these can be partially condemned, so not requiring TC.
Therefore, acute/chronic, and local/generalised status are important
criteria that should be adopted to judge if the slaughtered pig is fit for
human consumption. However, the recommendation of Codex Ali-
mentarius (1993) for erysipelas cases is stricter. In a brief way, it rec-
ommends that cases must be condemned as “fresh meat”, although it is
also possible, only after heat treatment, to commercialise meat from the
chronic cases. This consideration about “heat treatment” was not seen at
all in the answers given to our questionnaire, bringing the usefulness of
this practice as a judgement criterion into question.

Regarding the zoonotic trait of this infection, erysipelas is considered
an occupational disease that occurs mostly via contaminated cuts and
skin abrasions in humans who work closely with infected pigs, their
products (like meat) or wastes, i.e., farmers, abattoir personnel and
veterinarians (Ninios, 2014). For these reasons, additional protection of
these workers must be considered.

3.2.5. Icterus

Icterus, or jaundice, is the accumulation of bile pigments, mainly
bilirubin, mostly in elastin-containing tissue (Jensen et al., 2017).
Icterus can be seen as yellow discolouration in pig carcasses. For the
diagnosis of icterus, yellow pigmentation should be visible in other
carcass parts than fat, since carotenoids from feed can also cause yellow
pigmentation of fat (Collins and Huey, 2015; Herenda et al., 1994).
However, cattle are more prone to carotenoid accumulation than pigs
(Alvarez et al., 2015; Collins and Huey, 2015; Herenda et al., 1994).

Icterus was reported by several studies as an important cause of TC of
slaughtered pigs (Alban et al., 2022; Canadian Food Inspection Agency,
2021; Guardone et al., 2020). The causes of icterus can be pre-hepatic
(haemolysis), hepatic (liver injury) or post-hepatic (obstruction of bile
ducts) (Herenda et al., 1994).

From the 43 answers related to icterus, 27 (62.8%) chose the TC
criterion “in all cases” and 16 chose the option of TC “Only in cases of
generalised disease” (Table 2), indicating a considerable divergence in
the judgement criterion for this frequent condition (Alban et al., 2022;
Guardone et al., 2020).

Of the 16 respondents who chose the TC option “only in cases of
generalised disease”, eight specified other PMI findings indicators for a
generalised disease related to icterus. The majority of these (n = 5)
stated that TC should be applied if the yellow colour persists in the
carcass after 24 h refrigeration, since enzymes may remove the yellow
colour (Collins and Huey, 2015; Herenda et al., 1994). If the pigmen-
tation is only slightly evident on the re-examination, the carcass can be
accepted for human consumption, but if not, TC must be applied ac-
cording to Commission Implementing Regulation (EU) 2019/627 Article
45 (0): pathological or organoleptic changes. Jensen et al. (2017) draw
attention to the fact that carcass judgement postponed for 24 h does not
apply to icterus caused by hepatic insufficiency or toxic conditions.
These two arguments related to icterus aetiology were also presented by
four (liver pathology) and three (infectious or toxic) of our respondents,
respectively.

All the criteria presented by our respondents are also included in the
Codex Alimentarius that recommends TC of icterus cases when they are
haemolytic, toxic or obstructive (severe and not disappearing within 24
h), physiological (e.g., neonates) icterus or due to fracture, torsion of
spleen etc., if discolouration is distinct 24 h after slaughter (Codex Ali-
mentarius, 1993).
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3.2.6. Mycobacterium-like lesions

Mycobacterium-like lesions, also known as tuberculosis-like lesions
(TBL), include all those lesions with gross characteristics like those
caused by bacteria belonging to the genus Mycobacterium. Pigs are sus-
ceptible to mycobacteria belonging to Mycobacterium tuberculosis com-
plex (MTC) as well as to Mycobacterium avium complex (MAC), with
M. bovis and M. avium hominissuis as the most representative mycobac-
teria from each group, respectively (Robbe-Austerman and Thoen,
2019). Infection with M. bovis is mainly restricted to tuberculosis-
endemic countries and to outdoor or free-range pigs (Cardoso-Toset
et al., 2015a; Robbe-Austerman and Thoen, 2019). Mycobacterium-like
lesions are usually limited in pigs to head and mesenteric lymph nodes,
since both the respiratory and digestive routes of infection play an
important role (Cardoso-Toset et al., 2015a).

Although gross distinction between lesions caused by MTC and MAC
is difficult, some general remarks can be considered. MTC lesions are
usually paucibacillary, well demarcated, with several foci of minerali-
sation according to the stage of the infection and easily enucleated. MAC
lesions are also paucibacillary, but show a more “diffuse” picture, with
poor demarcation, random mineralisation and a neoplastic appearance
(Robbe-Austerman and Thoen, 2019). Although several factors need to
be considered, mycobacteria belonging to MTC tend to cause general-
ised disease more easily than those belonging to MAC. The generalised
disease is usually observed when the host response fails to retain the
mycobacteria at the point of entry, allowing them to invade the lymph
haematic system and spread to other organs such as lung, liver or spleen.

From the 38 respondents’ answers related to Mycobacterium-like le-
sions as a condemnation criterion, six (15.8%) respondents chose the TC
criterion “in all cases”, and the remaining 32 chose “only in cases of
generalised disease” (Table 2). Twelve answers specified the use of other
PMI findings indicators suggestive of a generalised disease related to
Mycobacterium-like lesions. In a generic way, all respondents mentioned
that TC should be applied if multiple lesions are present “in organs other
than the Lnn. mandibulares and mesenteriales and the liver”; such other
organs are the spleen, lungs and/or other lymph nodes, highlighting the
distribution of the lesions in different anatomical locations.

Those respondents who chose the TC criterion “in all cases” could be
justified in thinking of the zoonotic risk of mycobacteria. However, it is
noteworthy that not all mycobacterial infections pose a zoonotic risk
(those that do are mostly restricted to the MTC). Moreover, we stress,
too, the difficulty of differentiating only by visual inspection Mycobac-
terium-like lesions from those caused by other pathogens, such as True-
perella pyogenes or Streptococcus spp., which may concomitantly appear
in the same animal (Cardoso-Toset et al., 2015a). This issue emphasises
the necessity of using better, adequate terminology to support the reality
seen at the abattoir or to use supporting ancillary methods to determine
a more accurate diagnosis.

The repertoire of answers regarding JC;_3 evidences a kind of
misunderstanding regarding the application of the term “generalisa-
tion”. In our questionnaire, some respondents considered generalisation,
as stated above, to occur when organs other than mandibular or
mesenteric lymph nodes and the liver have Mycobacterum-like lesions or
when such lesions are observed not only in mandibular lymph nodes.
However, Mycobacterium-like lesions in either lymph nodes or liver may
already be indicative of generalised disease. A further complication is
that several lesions may be found in the head of a pig in locations besides
the mandibular lymph nodes, such as in the tonsils or in the retro-
pharyngeal lymph nodes, and the process can still be considered as
localised.

It is also worthwhile remarking on the answer of one respondent who
considered TC is required when the lesions are located in more than one
organ with laboratory confirmation of Mycobacterium spp. Specifically,
there are several difficulties in achieving proper diagnostic confirmation
of Mycobacterium spp. lesions. Although ante-mortem techniques based
on serology are commercially available for pigs (Cardoso-Toset et al.,
2017) and are in use in one big slaughter company in Germany for
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example, they only evidence the previous exposure to mycobacteria but
not the infection itself. On the other hand, microbiological culture of
Mycobacterium spp. is time consuming and requires several weeks to
obtain a final diagnosis. The best way currently to gain a rapid and direct
diagnosis of Mycobacterium-like lesions in pigs is by performing quan-
titative real-time Polymerase Chain Reaction from fresh tissues (Car-
doso-Toset et al., 2015b), although we note that to avoid false positive or
negative results, intra-laboratory validation is required before utilising
this option.

Our results are somewhat in agreement with Codex Alimentarius
(1993), which recommends TC of pig carcasses in the case of extensive
Mycobacterium-like lesions of lymph nodes or other affected organs.
However, this description can be misinterpreted, and a more precise
definition of generalised disease, including affection of different organs
from different body cavities or systemic spread, should be considered
instead of “extensive lesions”.

3.2.7. Osteomyelitis

Osteomyelitis is an inflammation of the bone tissue with involvement
of the bone marrow (Thompson, 2006). It is commonly caused by pyo-
genic bacteria (Lindén et al., 2014; Vieira-Pinto et al., 2020), so for this
reason, systemic infection related to osteomyelitis is commonly called
pyaemia, which means septicaemia due to generalised haematogenous
spread of pyogenic bacteria (Jensen et al., 2017).

From the 40 respondents’ answers related to osteomyelitis as a
condemnation criterion, nine (22.5%) specified the TC criterion “in all
cases” (Table 2). Total rejection of all carcasses detected with this con-
dition may occur not only due to the traditional perception of the risk of
osteomyelitis being related to pyaemia because of the high vascular-
isation of the bone marrow and its role in the production of blood cells,
but also due to the disgusting visual look that these lesions may have
(Vieira-Pinto et al., 2020).

From the remaining 31 answers from respondents who selected the
TC option “only in cases of generalised disease”, 18 gave additional
information for “other PMI findings indicators”, like presence of
concomitant abscesses (9) and acute stage of osteomyelitis (9).

Abscesses were reported as the most common pyaemia-related le-
sions related to osteomyelitis (Vieira-Pinto et al., 2020). The presence of
concomitant abscesses in different tissues, besides the bone, can be a
sign of pyaemia (Lindén et al., 2014). Importantly, though, concomitant
abscesses can be an additional cause of pyaemia, or can be a cause of
osteomyelitis itself, as this lesion type can be a risk for developing
pyaemia and, secondarily, abscesses. These secondary abscesses should
not be confused with those resulting from osteomyelitis fistulation (bone
necrosis with subsequent rupture of the periosteum and the extension of
the infection to the adjacent tissue) that forms a “secondary dissecting
abscess”, as can be seen in the psoas muscle by fistulation of the lumbar
vertebrae with osteomyelitis (Jensen et al., 2017; Pedersen et al., 2017;
Vieira-Pinto et al., 2020). These facts signify it is of importance to
evaluate, simultaneously, the location of the concomitant abscesses,
osteomyelitis, and the port of entry, to ascertain macroscopically
whether the abscesses have occurred because of generalised haema-
togenous spread (pyaemic condition). Concomitant abscesses in tissues
not anatomically related to osteomyelitis point to haematogenous
spread (Lindén et al., 2014).

The same approach should be adopted when no abscess is present. In
these cases, the location of the osteomyelitis and its source of infection
are analysed simultaneously to evaluate the possible types of bacterial
spread (i.e., local or systemic) (Lindén et al., 2014). An example of this
approach is the spread assessment in connection with tail lesions
(Collins and Huey, 2015; Jensen et al., 2017). Here, an infection spreads
from the pig tail to the pelvis via the local lymphatic system, from the
tail to the ribs and limbs via the bloodstream or from the tail to the spinal
vertebrae via the cerebrospinal fluid (Collins and Huey, 2015). It is
considered that concomitant tail lesion and osteomyelitis in the bones
surrounding up to and including the ileosacral joint is the result of local
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spread via the lymphatic system and is, therefore, not an expression of a
pyaemic condition (Collins and Huey, 2015; Jensen et al., 2017; Lindén
et al., 2014), if no other signs of generalised disease are present. Also, if
an abscess in the tail and one or more in contiguous spinal vertebrae are
found, resulting from infection via cerebrospinal fluid, local condem-
nation of the tail and the spinal column may be sufficient. However, if
vertebral osteomyelitis is present in two independent regions, this may
be a signal of haematogenous spread of pyogenic microorganisms, and
TC is recommended (Collins and Huey, 2015; Jensen et al., 2017). Also,
in the presence of suppurative lesions in the tail and one or more in the
ribs or forelegs, TC is justified (Collins and Huey, 2015; Lindén et al.,
2014).

Nevertheless, it is necessary to be aware that osteomyelitis can pre-
sent as a unique lesion observed in the carcass during PMI (Vieira-Pinto
et al., 2020). Even regarding tail lesions, these may have already healed
at the time of slaughter and, therefore, cannot be detected at PMI (Kruse
et al., 2015). Especially in these single cases, classification of the lesion
as acute or chronic is of major relevance. The acute stage was mentioned
(9 respondents) as an PMI finding indicating generalised disease related
to osteomyelitis. This is in accordance with Ninios (2014), who stated
that acute single osteomyelitis may lead to TC, while chronic single le-
sions mainly lead to partial condemnation, because acute lesions are
more related to generalised disease prior to slaughter (Collins and Huey,
2015; Jensen et al., 2017; Vieira-Pinto et al., 2020). According to Jensen
et al. (2017), if osteomyelitis is not surrounded by a fibrous capsule, TC
should be applied (However, during PMI it can be difficult to classify the
stage of osteomyelitis correctly, although the proposal of Vieira-Pinto
et al. (2020) can help.

Based on the above, to totally condemn osteomyelitis cases due to
generalised disease, it is important to evaluate the presence of
“concomitant abscesses” and their distribution, to assess whether indi-
cate an “acute stage” and to establish the source of infection. This in-
formation could be used as a reflexion on the Codex Alimentarius
recommendations that only require TC in cases of osteomyelitis when
gangrenous, suppurative or when accompanied by metastasis (Codex
Alimentarius, 1993).

For the remaining non-generalised cases, it would be possible to
conduct an overall assessment to evaluate possible dissemination of
purulent lesions not directly visible in the internal and external surface
of the carcass (Baxkbo et al., 2016; Vieira-Pinto et al., 2020).

3.2.8. Peritonitis

Inflammation of the peritoneum is called peritonitis, which can be
caused by impregnation of microorganisms due to perforation of the
peritoneum, haematogenous spread, lymphogenous spread or by direct
invasion from an organ lesion in the adjacent tissues (Jensen et al.,
2017). In slaughter animals, diffuse peritonitis is the most common form
of peritonitis detected (Jensen et al., 2017). Peritonitis can also be
characterised by the peritoneum adhering to the surface of the abdom-
inal cavity or the organs within the abdominal cavity. It can often
become septicaemic (Wilson, 2005).

From the 39 respondents’ answers, six (15.4%) chose the TC crite-
rion “in all cases”. From the 33 who selected the TC option “only in cases
of generalised disease”, 16 provided more details, resulting in 26 an-
swers with other PMI findings indicators of a generalised disease related
to peritonitis (Table 6). The stages of acute (8) and diffuse (6) counted
for 58% of the proposed indicators. According to Jensen et al. (2017),
the decision as to whether acute peritonitis should lead to partial
condemnation or TC depends on the distribution of the lesions. Local
distribution of lesions should lead to partial condemnation whereas a
diffuse distribution of the lesions should lead to TC. However, if a pig
with acute peritonitis also has fever, TC is the only possible decision.

Peritonitis should lead to TC if evidence of systemic infection is
present (Wilson, 2005), which was referred to as septicaemic peritonitis
in two answers given by the respondents (Table 6).

Cases of less complicated chronic peritonitis (e.g., diffuse fibrous
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Table 6
Other PMI findings indicating a generalised disease related to peritonitis pro-
vided by 16 respondents.

PMI findings indicating generalised disease related to Number of

peritonitis answers

Acute peritonitis
Acute status
Acute and generalised
Acute: purulent or fibrinous
Acute congestive
Diffuse peritonitis
Widespread, not local distribution, generalised, diffuse
Associated to other lesions or conditions
Stinking fluid in the abdomen
Abscesses, endocarditis, and other generalised lesions
Congested intestines with reactive lymph nodes
Pericarditis, metritis caused by bladder rupture
Other inflammatory lesions with reactive lymph nodes
Enteritis, icterus, polyserositis
Wasting carcasses
Septic peritonitis
Total
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@ Each respondent was able to provide more than one PMI finding indicator
separately or together, so the total number of indicators is higher than the
number of respondents.

adhesive chronic peritonitis) necessitate partial condemnation, and
cases of complicated chronic peritonitis necessitate TC (Jensen et al.,
2017). Complications of peritonitis were specified in six answers as
“peritonitis associated with other lesions or conditions”, like “abscesses,
endocarditis and other generalised lesions” or “enteritis, icterus, poly-
serositis” (Table 6). These examples show the multiplicity of lesions
associated with peritonitis that can be included in the designation
“complications of peritonitis” proposed by Jensen et al. (2017). In our
opinion, the perspective described by Jensen et al. (2017) could be used
as a reflexion on the Codex Alimentarius, which recommends TC only in
situations of acute, diffuse or extensive peritonitis (Codex Alimentarius,
1993).

3.2.9. Pleuritis

An inflammation of the pleura is called pleuritis (synonymic: pleu-
risy) and is the most common lesion in the pleura of finishing pigs that
can be found during PMI. Initially, hyperaemia and increased thickness
of the pleura may occur, giving it a velvety reddish appearance (Collins
and Huey, 2015). Subsequently, an exudate appears, which may remain
serous, or become fibrinous or purulent. The various types of exudates
may coexist, forming various types of pleuritis, such as fibrinous-
haemorrhagic or fibrinous-purulent, among others (Lopez, 2001). In a
chronic phase, pleuritis may be characterised by fibrosis, with possible
adherences and chronic abscesses (Jensen et al., 2017). These adhesions
may cause lung rupture during evisceration, leaving fragments of the
lung adhered to the costal cavity of the carcass (Collins and Huey, 2015).

In most cases, pleuritis follows inflammation of other organs of the
thorax, mostly the lung, but also the pericardium (Jensen et al., 2017).
When associated with pneumonia, particularly fibrinous pneumonia,
pleuritis cover the affected lung parenchyma (Lopez, 2001). This con-
dition is called pleuropneumonia, as is the case for pleuropneumonia
caused by Actinobacillus pleuropneumoniae, which has an almost patho-
gnomonic localisation in the dorsal-caudal region of the lung (Vieira-
Pinto et al., 2013).

However, pleuritis can also be part of a generalised condition like
polyserositis or septicaemia (Jensen et al., 2017). In these cases, pleur-
itis presents as bilateral lesions, and is caused by agents spread via the
bloodstream, like Mycoplasma hyorhinis or Haemophilus parasuis (Jensen
et al., 2017; Vieira-Pinto et al., 2013).

From the 37 respondents’ answers related to pleuritis, only two
chose the TC criterion “in all cases”, while the others chose “only in cases
of generalised disease” (Table 2), and 15 chose the use of other PMI
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findings indicators (Table 7). As with peritonitis, a high variability of
PMI findings indicators(23) for generalisation of pleuritis-related dis-
ease was observed, with the acute stage presented in four responses and
“extension” mentioned in two answers (Table 7). According to Jensen
etal. (2017), both indicators (acute stage, and the extension of pleuritis)
should be combined, so that in case of acute fibrinous, serofibrinous,
suppurative or putrid pleuritis of more than 25% of the surface of the
pleura costalis or the pleura pulmonalis, the decision should be TC. In the
current study, this combination was presented in two answers, and one
cited the same percentage (25%) of affected pleural surface (Table 7).

The type of pleuritis was a indicator described in nine responses
(Table 7). Of the types of pleuritis, the necrotic or gangrenous type fits as
a TC criterion, and is also recommended by Codex Alimentarius (1993).
Moreover, according to Codex Alimentarius, suppurative pleuritis
should lead to TC. However, this begs the question of whether suppu-
rative pleuritis should always lead to TC? Or should the size of the
lesion, the lesion stage (acute/chronic) and/or the existence of systemic
affection be taken into consideration? Codex Alimentarius recom-
mended, in a non-comprehensive way, that only pig carcasses with
diffuse fibrinous or serofibrinous pleuritis are sent for TC, not consid-
ering other types of pleuritis.

However, after careful reflection, we agree with the opinion of
Jensen et al. (2017), who stated that, if the lesion, even if acute, covers
less than e.g., 25% of the pleura, and there are no complications, partial
condemnation may be possible. Complications referred by Jensen et al.
(2017) are synonymous with the signs of systemic change also described
by Collins and Huey (2015), who stated that carcasses must be con-
demned if there is any sign of infection in the viscera, especially the
liver, kidney or carcass lymph nodes.

Complications associated with pleuritis are very diverse, and those
provided by our respondents can be seen in Table 7.

Since pleuritis is a very common post-mortem finding in finishing
pigs (Alban et al., 2022; Vom Brocke et al., 2019), special attention
should be given to the revision of the criteria for TC cases and more
research should be developed to make any rational conclusion. Although
it makes sense to operate with a fixed criterium regarding the degree of
the lungs affected, such a limit should preferably be evidence-based,
which the 25% limit referred to above is not.

Table 7
Other PMI findings indicating a generalised disease related to pleuritis provided
by 15 respondents.

PMI findings indicating generalised disease related to pleuritis ~ Number of answers

Acute pleuritis with or without extension
Acute state with more than 25% affected
Acute status
Extensive acute
Acute with purulent and/or fibrinous exudate
Type of pleural lesion
Abscesses
Chronic purulent pleuropneumonia
Fibrinous and serofibrinous
Suppurative lesions
Necrotic or gangrenous
Extension of lesions
More than 25% affected and have complications
Diffuse
Associated to other lesions or conditions
Other inflammatory lesions with reactive lymph nodes
Metastatic pneumonia
Generalised abscessation
Polyserositis
Wasting carcasses
Septic pleuritis
Total
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3.2.10. Pneumonia

Pneumonia is an inflammation of the lungs that can be caused by
numerous types of organisms (bacteria, viruses, parasites, fungi) or
physical (foreign bodies) or chemical (toxins) agents. Classification of
pneumonia is complex as it can be based on various criteria: aetiology,
epidemiology, type of exudate (fibrinous, purulent), stage of disease
(acute, subacute, or chronic) or main location of lesions (broncho-
pneumonia, interstitial pneumonia, lobar pneumonia, and focal pneu-
monia) (Collins and Huey, 2015; Jensen et al., 2017; Wilson, 2005).

From the 38 respondents’ answers related to pneumonia as
condemnation criterion, none chose the TC criterion “in all cases”
(Table 2). This result is in accordance with the results reported by Alban
et al. (2022), showing that pneumonia is not a common cause of TC.
Although pneumonia is one of the main lesions observed in pig lungs
during PMI in an abattoir (Collins and Huey, 2015; Vom Brocke et al.,
2019), nearly all cases result in partial condemnation (Alban et al.,
2022).

From the 23 respondents who chose the use of other PMI findings
indicating generalised disease related to pneumonia, 15 provided more
details (Table 8). Eight answers were included in the group of “type of
pneumonia lesions”, like abscesses (2), purulent exudate (3), and
necrotic pneumonia (3). Based on Jensen et al. (2017), carcasses with
those lesions (even if acute), so long as the lesions comprise less than
25% of the lung surface, may be declared fit for human consumption,
while carcasses with lesions covering more than 25% of the lung tissue,
or which have associated complications, require TC. An exception is
focal pneumonia with disseminated (embolic) distribution (not reported
by the respondents) that, in acute cases, always requires TC. Some an-
swers given were partially in line with this judgement criterion proposed
by Jensen et al. (2017), e.g.: acute stage with more than 25% affected;
acute pneumonia with reactive lymph nodes and/or spleen (complica-
tions); more than 25% affected and have complications; extensive and
severe bronchopneumonia (Table 8).

As was seen for pleuritis (Section 3.2.8), complications of pneumonia
referred to by Jensen et al. (2017) are synonymous with signs of sys-
temic change described by Codex Alimentarius (1993), Collins and Huey
(2015), and Wilson (2005), and are a criterion for TC. Complications
associated with pneumonia can be very diverse, as shown in Table 8:
febrile carcasses; abscesses; endocarditis; reactive lymph nodes;
arthritis; lymphadenitis; abscesses and arthritis; generalised

Table 8
Other PMI findings indicating a generalised disease related to pneumonia pro-
vided by 15 respondents.

Number of
answers

PMI findings indicating generalised disease related to
pneumonia

Type of pneumonia lesion
Abscesses
Purulent exudate
Necrotic
Associated to other lesions or conditions
Febrile carcass
Abscesses, endocarditis, reactive lymph nodes
Arthritis
Lymphadenitis, abscesses and arthritis
Generalised abscessation, tail lesions
Abscesses in other locations
Acute
Acute state with more than 25% affected
Acute state
Acute with reactive lymph nodes and/or spleen
Extension of lesion
More than 25% affected and have complications
Extensive and severe bronchopneumonia
Total

NHEWRNF-RAMRRBRKFRRERBNDN WWDND®

N
N

@ Each respondent was able to provide more than one PMI finding indicator
separately or together, so the total number of indicators is higher than the
number of respondents.
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abscessation; tail lesions; abscesses in other locations.

All this variability of indicators shown in the respondents’ answers
highlights the difficulty in harmonising these judgement criteria. How-
ever, we emphasise that the basic principles for correct judgement of
pneumonia can be seen in detail in Jensen et al. (2017) and should
include: stage of evolution (acute/chronic), extent of affected lung tis-
sue, existence of systemic complications, and origin (aerogenous/
haematogenous).

Codex Alimentarius (1993) recommended TC for any kind of acute
pneumonia (such as widespread, severe, purulent bronchopneumonia,
gangrene of the lungs, or necrotic pneumonia). This recommendation
combines the three concepts of the type, extent, and severity of pneu-
monia into one: “acute pneumonia”. For this reason, the authors of the
current study suggests that should be provided am more objective and
scientific-based recommendation that could be used at European level.
Again, the limit for the percentage of the lungs affected before TC should
be recommended should be based upon evidence.

4. Conclusions

To our knowledge, this is the first attempt to characterise, at Euro-
pean level, differences in the TC criteria used for a relevant set of post-
mortem findings in slaughter pigs.

Diverse practical instructions regarding judgement of TC are opera-
tive in different European countries. The various TC criteria partly
reflect that different combinations of lesions can be observed during PMI
in finishing pigs. This constitutes a challenge regarding future harmo-
nisation of the judgement criteria. To overcome this, we suggest a start is
made by identifying the findings that reflect a generalised condition of
disease, as this may often warrant TC. In line with this, it is important to
look at whether the findings observed reflect an acute disease stage or
not, because findings indicating prior lesions and, therefore, a non-acute
condition can indicate a different impact on, e.g., food safety compared
to an acute condition. Flexibility in how to declare meat unfit for human
consumption should always exist, as the meat inspectors’ judgement
depends on the individual case, but it should not depend solely on the
individual assessor. Still, the basic principles for judgement of post-
mortem findings should be harmonised, preferably in an evidence-
based way, focusing among other things, on the food safety impact
related to the various findings. In this way, unnecessary condemnation
can be avoided in a safe manner.

Further studies should be carried out to clarify and define the basis
for the evidence-based TC of pig carcasses affected by PMI findings
detected at slaughter.
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