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Preface 
 

This risk assessment is part of the running process dealing with modernisation of meat inspection. Although 

the discussion of modernisation of meat inspection has been going on for more than two decades, real 

changes have only been introduced in the recent years. This was caused by EU Regulation 854/2004, which 

opened up for introduction of modification to meat inspection of finisher pigs from integrated productions, 

where the animals are reared under controlled housing conditions. 

The risk assessment is the third in a row of risk assessment that deal specifically with finisher pigs in 

Denmark. The first dealt with the value of routine opening of the heart and routine incisions into the 

mandibular lymph nodes. The second dealt with the value of routine palpation of the intestinal lymph nodes. 

And this third risk assessment looks at the value of routine palpation of the lungs and their associated lymph 

nodes as well as routine palpation of the liver and its lymph nodes. 

All three risk assessments show that routine palpation is of limited value – both when considering food 

safety, animal health, animal welfare, as well as the ability to identify notifiable disease. Hence, an entirely 

visual inspection can be undertaken for finisher pigs from controlled housing.  

However, additional post mortem inspection should be undertaken, if food chain information or 

epidemiological data from the area or indicate so. Moreover, findings at ante mortem and/or post mortem of 

relevant abnormalities might indicate that additional inspection should be conducted. This will limit any risk - 

be it for food safety, the animals or the country’s status for a notifiable disease. This approach will benefit the 

abattoir, because meat with an insufficient aesthetic quality can be identified and dealt with appropriately.  

The risk assessment follows international guidelines and has made use of all available data, including 

scientific literature and expert opinion. It is written to ensure that stakeholders - such as consumer groups, 

employees at the slaughterhouses, the Danish Veterinary and Food Administration and trade partners in- 

and outside the EU - can follow and understand the conclusion and the changes it might lead to.  

The authors 
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1
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2
, Jesper Valentin Petersen

1
, Lis Alban

1
 

1
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Summary  
 

The main aim of meat inspection is to ensure safe and savoury meat. However, much has changed since the 

birth of modern meat inspection 100 years ago. Today, Campylobacter, Salmonella and Yersinia fill up the 

human statistics for zoonotic infections. And it is well-known that meat inspection in itself can do only little to 

mitigate the risk associated with such agents, because they do no results in macroscopic lesions in affected 

animals. 

It is therefore necessary to evaluate the various elements of meat inspection and identify which are no longer 

needed and where more focus should be put.  

This risk assessment looked specifically at the value of routine palpation of the lungs, the liver and their 

associated lymph nodes. The work followed international guidelines and included collection of own data 

which were compared with findings from the literature.  

The risk assessment shows that omission of these routine palpations on finisher pigs from controlled housing 

will have no significant impact on food safety. Neither will it have a negative impact on the assessment of 

animal health (including the ability to identify notifiable diseases) as well as the assessment of the welfare of 

pigs. In the following, the reasoning for reaching this conclusion is presented. 

First, it was assessed that embolic pneumonia and liver abscesses constitute the two lesions that might be 

overlooked if routine palpation is omitted. 

Next, it was estimated that between 1,080 and 1,800 cases might be missed in a year, if visual only was 

applied. This figure is probably a worst case scenario because the visual inspection that formed part of the 

present risk assessment was conducted under suboptimal conditions: the chain was not set up to allow an 

easy visual inspection prior to the traditional inspection.  

The human exposure risk related to the hazards identified in embolic pneumonia was negligible for the lungs 

since lungs are not considered edible tissue in Denmark. The human exposure risk related to meat from pigs 

with embolic pneumonia that escaped detection seems low, because the bacteria are normally not present in 

the muscle tissue – and if present it will be in low numbers. Moreover, the low numbers of abscesses present 

in the carcass associated with pyaemia are most likely found during cutting.  

The exposure risk for pets was assessed to be negligible, because lungs destined for pet food is heat-

treated. Exposure will only take place in case raw lungs are fed directly to pets, which is thought to occur 

only infrequently. Likewise, for fur animals, the exposure is very low because most animal by-products are 

heat-treated prior to being fed to fur animals in Denmark.   

The hazards found in relation to embolic pneumonia did not have a significant zoonotic potential and do not 

show up in the human statistics – hence they do not seem to have a relevance for food safety. Still, 

consumers might expect the abattoir to do what is possible to detect pigs with pyaemia from an aesthetic 

point of view. 

Regarding the liver abscesses, the prevalence is very low, and liver abscesses will most likely be identified 

either during meat inspection or during handling by the abattoir. Moreover, the hazards found in such 

abscesses are not considered of high relevance for food safety. 
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Sammendrag 
 

Det overordnede formål med kødkontrol er at sikre sundt og velsmagende kød. Men meget er sket siden den 

moderne kødkontrols barndom for 100 år siden. I dag flyder Campylobacter, Salmonella og Yersinia op i 

statistikken over humane tilfælde af zoonotiske infektioner. Og det er velkendt, at kødkontrol i sig selv kun 

kan gøre kun for at håndtere disse agenser, fordi de ikke resulterer i makroskopiske læsioner i de smittede 

dyr. 

Det er derfor nødvendigt at evaluere de enkelte elementer af kødkontrol og identificere hvilke, der ikke 

længere er behov for, samt hvor mere fokus skal rettes.  

Denne risikovurdering har belyst værdien af rutinemæssig palpering af lungerne, leveren og de tilhørende 

lymfeknuder. Internationale guidelines blev fulgt, og involverede indsamling af egne data, som blev 

sammenlignet med fund fra litteraturen.  

Risikovurderingen viser, at et stop for rutinemæssig palpering af disse organer i forbindelse med kødkontrol 

af slagtesvin fra integrerede besætninger ikke vil have nogen negativ indvirkning på fødevaresikkerhed. Det 

vil heller ikke have nogen indvirkning på vurdering af dyresundhed (inklusiv evnen til at identificere tilfælde af 

anmeldepligtige sygdomme) ej heller på evnen til at vurdere dyrevelfærd. I det følgende uddybes det, 

hvordan denne konklusion blev nået. 

Først blev det vurderet, at embolisk pneumoni og leverbylder udgjorde de to læsioner, der kan overses, hvis 

palpering ikke længere foretages rutinemæssigt. 

Dernæst blev det estimeret at mellem 1.080 og 1.800 tilfælde af embolisk pneumoni kan blive overset på et 

år, hvis kontrollen foretages visuelt. Dette tal er formentlig et worst case estimat, fordi de data, der blev 

indsamlet i forbindelse med visuel kødkontrol, foregik under suboptimale betingelser: slagtekæden var ikke 

sat op på sådan en måde, at den faciliterede en nem, visuel inspektion.  

Den humane eksponeringsrisiko relateret til de hazards der blev identificeret i forbindelse med embolisk 

pneumoni, blev bedømt som ubetydelig for lungerne, da lunger ikke går til konsum i Danmark. Risikoen 

relateret til kød fra slagtesvin med embolisk pneumoni – der ikke bliver fundet i forbindelse med kødkontrol – 

blev vurderet som lav, fordi de involverede bakterier almindeligvis ikke er til stede i musklerne – og hvis de er 

til stede, så er det i lavt antal. Derudover vil det lave antal af bylder i slagtesvin med pyæmi formenlig blive 

fundet i forbindelse med opskæring – hvis ikke tidligere på kæden.  

Eksponeringsrisikoen i forbindelse med kæledyr blev vurderet som ubetydelig, fordi lunger til 

dyrefoderproduktion varmebehandles. Eksponering finder kun sted, hvis lunger fodres ud rå, og dette finder 

formentlig kun sted i begrænset omfang. Tilsvarende er risikoen for pelsdyr meget lav, fordi langt den største 

mængde af animalske biprodukter er varmebehandlet inden udfordring i Danmark.   

De hazards, der blev fundet i forbindelse med embolisk pneumoni, har ikke nogen signifikant zoonotisk 

betydning og ses ikke i den humane statistik – og ser derfor ikke ud til at have en betydning for 

fødevaresikkerhed. Stadigvæk vil forbrugeren formentlig forvente, at slagteriet gør hvad der er praktisk 

muligt for at finde slagtesvin med pyæmi ud fra et spørgsmål om æstetik. 

Forekomsten af leverbylder er meget lav, og leverbylder vil blive identificeret enten ved kødkontrollen eller 

den efterfølgende håndtering på slagteriet. Der ud over er de agenser, der findes i forbindelse med sådanne 

bylder, ikke forbundet med nogen særlig relevans for fødevaresikkerhed. 
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1. Introduction 

1.1. Background 
 

Meat inspection has been conducted for more than 100 years. During that period, the hazards have changed 

and infectious diseases like tuberculosis and brucellosis are no longer a problem in several parts of the 

world. However, the current meat inspection in the European Union (EU) is to a large extent based on the 

hazards of the past, whereas the hazards of today, such as Salmonella and Yersinia, are not addressed 

adequately because they cannot necessarily be found macroscopically. That results in a substantial number 

of people getting ill. A part of these cases could have been avoided, if meat inspection was adjusted to the 

hazards of today. It is important in a modernisation process that we are constantly optimizing our efforts to 

ensure that we are getting the most food safety out of the resources allocated to meat inspection. We must 

here keep in mind that the primary objective of meat inspection is to ensure safe and savoury meat for 

human consumption. 

With the creation of the internal market in 1992 in the EU, several directives in the area of food hygiene were 

adopted. This has resulted in a high level of food safety, whilst ensuring free circulation of commodities. The 

directives cover both food of animal and non-animal origin. For food of animal origin, a set of very detailed 

and product-specific rules is in place.  

The EU Commission has a legal obligation to examine the relationship between the different Community 

food hygiene rules. This has resulted in The White Paper on Food Safety (Anon., 1999), which introduced 

the principles of risk-based approach and the farm-to-table principle. Moreover, the White Paper on Food 

Safety attributed the prime responsibility for food safety and the supervising role of the competent authority. 

According to EU regulation 852/2004, the primary responsibility for food safety rests with the food business 

operator (Anon., 2004). Those basic principles are the cornerstones in the EU legislation on food hygiene.  

No inspection can fully remove all hazards, but correctly conducted, meat inspections should lower the risk 

of humans becoming ill from consumption of meat. To increase effectiveness, meat inspection should focus 

on the most important hazards found in the population of interest. Importance relates to the probability and 

the consequences of infection. It should here be taken in to account that the prevalence of the hazards might 

have a seasonal variation – or vary over the years - as well as between geographical areas and production 

types. According to this line of thinking, meat inspection should be risk-based. The risk-based approach to 

meat inspection was endorsed by the Ruwenberg World Congress on Meat and Poultry Inspection in 1997 

(Anon., 1998). Since then, several countries have worked with a modernisation of meat inspection.  

In 2000, the EU Scientific Committee on Veterinary Measures relating to Public Health published its opinion 

on revision of the meat inspection procedures (Anon., 2000). This report evaluated the effect of traditional 

meat inspection compared with the effect of a visual meat inspection. The conclusion was among others that 

post-mortem inspection for finisher pigs in itself assists little in improving food safety with regards to 

microbiological and chemical hazards. Moreover, the report found that not all lesions were best detected in a 

traditional system, and the pattern of which lesions were detected with the highest sensitivity in the visual or 

traditional system varied.  

The report formed the basis for the EU regulation 854/2004, which specifies how meat inspection of finisher 

pigs in the EU should be conducted. This regulation opened up for introduction of modifications of the 

traditional meat inspection of finishers from integrated production systems reared under controlled housing 

conditions, if a risk assessment can show that such changes will not jeopardize human health. Tailored to 

the new legislation is the requirement that farmers should register all health-related problems and actions 

taken in the herd. This is called food chain information (FCI), and FCI should be sent to the slaughterhouse 
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prior to the transportation of the animals to the slaughterhouse. This enables the slaughterhouse to take 

appropriate measures concerning logistics and meat inspection.   

Moreover, the European Food Safety Authority (EFSA) published an opinion about meat inspection of 

finisher pigs in 2011 (EFSA, 2011). EFSA suggests going for visual inspection, but the opinion does not 

focus in detail on what might be overlooked if doing so. EFSA suggests implementing risk-based surveillance 

and control for Salmonella, Yersinia, Toxoplasma and Trichinella. For Toxoplasma and Trichinella, 

certification of high-biosecurity in the herd of origin might act as a valuable tool. This might replace testing of 

finisher pigs for Trichinella from indoor housing. 

In Denmark, two risk assessments dealing with meat inspection have already been undertaken. These dealt 

with the value of 1) routine incision and palpation of the mandibular lymph node and routine incision into the 

heart of finisher pigs (Alban et al., 2008c) as well as 2) routine palpation of the intestinal lymph nodes (Alban 

et al., 2010). Both risk assessments have concluded that the risk associated with the omission of these 

routine actions - on finishers pig carcasses otherwise appearing normal – is negligible. 

If the mandibular lymph nodes and the heart are visually inspected, only the lungs, the liver and their 

associated lymph nodes are the only organs left to be palpated - according to Annex I, section IV, chapter IV, 

part B in Regulation 854/2004.  

The question is what would be overlooked, if the routine palpation of the lungs and the liver was omitted? – 

What is the risk associated with the overlooked lesions? Do these lesions contain zoonotic agents? And 

what would the consequences be for the zoo-sanitary standard? - These questions showed that a risk 

assessment was needed before a decision could be made.  

1.2. Aim 

The aim of the present study was to assess the food safety risk associated with discontinuing the palpation 

of the lungs, the liver and associated lymph nodes during meat inspection of Danish finisher pigs originating 

from controlled housing farms where the animals are raised under controlled housing conditions. Moreover, 

the impact on animal health and welfare would be addressed, with special attention given to the zoo-sanitary 

standard for the various notifiable diseases.   

The more detailed aims were to address the following questions: 

1. Which lesions would be potentially overlooked, if routine palpation of the liver and lungs was omitted?  

2. How often would these lesions be overlooked?  

3. How often would it be possible to identify these lesions through observable lesions in other organs? 

4. Which agents are associated with these potentially overlooked lesions?  

5. What is the food safety impact of these agents? 

6.  What is the impact on the zoo-sanitary status? 

7. What is the impact on animal welfare? 
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2. Materials and Methods 

2.1. Description of risk assessment approach 

Risk assessment is an internationally recognised process that enables an objective, transparent, and data-

based evaluation of risks associated with a given act: in this case two proposed changes in the meat 

inspection of Danish finisher pigs. A risk assessment can be qualitative or quantitative depending among 

others on the question raised and the data availability. This risk assessment is primarily qualitative and it is 

based on the general approach described by OIE (2010). This approach differs only in the order of the 

elements from the guidelines described by Codex Alimentarius. Hence, the following elements were 

included:  

1. Hazard identification 

2. Release assessment 

3. Exposure assessment 

4. Consequence assessment 

5. Risk estimation 

In the hazard identification (step 1) we first identified the lesions that can be overlooked in the liver and the 

lungs if traditional inspection is replaced by a visual meat inspection. Next, we judged which agents could be 

associated with these lesions and what the zoonotic impact would be (divided into occupational or food 

safety hazard). This was based on information from existing literature and databases. The main source of 

information used originated from Straw et al. (2009) and Jensen et al. (2006). Other sources were peer 

reviewed articles and expert opinion.  

 
In the release assessment (step 2) we evaluated the proportion of lesions overlooked by use of data 

collected in a slaughterhouse in combination with data from a previous study (Mousing et al., 1997). 

Moreover, we identified the hazards present in the liver and lung lesions potentially overlooked by visual 

inspection.  

In the exposure assessment (step 3) we looked at the destiny of the various tissue (lungs, liver and muscles) 

estimated the exposure of consumers to the relevant hazards based on the outcome of the release 

assessment and the literature.  

In the consequence assessment (step 4) the consequences related to an exposure of the hazards listed in 

the exposure assessment were described, based on information from the literature. First, the number of 

people becoming ill in Denmark and Europe was assessed. This was combined with the knowledge about 

the consequences from the perspective of an individual person becoming ill due to exposure to the hazards. 

Next, the impact on zoo-sanitary status as well as the ability to identify notifiable diseases was evaluated 

based on data from the study and literature as well as expert opinion. Finally, the impact of animal health 

and welfare was evaluated. 

In the risk estimation (step 5) the conclusion from the previous sections were integrated in an overall risk 

estimate. Here, focus was on the difference between traditional and visual inspection. 

Finally, risk management options to counteract any increased risk identified in the risk assessment were 

dealt with  
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2.2. Data collection 

One of the central parts of the risk assessment was the collection and analyses of up-to-date in-country data 

to build on top of existing data.  

The data collection was planned and carried out in collaboration with the steering group, consisting of 

representatives of the Danish Veterinary and Food Administration’s (FVST) Office for Animal Nutrition and 

Food Safety, and the Meat Inspection Secretariat in Vejle, as well as the University of Copenhagen (KU-

SUND) and the Danish Agriculture & Food Council (DAFC). Please see list of participants in the Appendix.  

Data collection was conducted at three Danish slaughterhouses during October and November 2012: Danish 

Crown Rønne, Danish Crown Ringsted, and Tican in Thisted. The data collection only covered finisher pigs 

from controlled housing (also called integrated production), because the current EU legislation only allows for 

modification of traditional meat inspection for this group of pigs.  

The data collection was divided in two separate parts: 1) comparison between visual and traditional 

inspection of plucks, and 2) collection of samples from potentially overlooked lesions in the liver and lungs.  

2.2.1 Comparison between visual inspection and traditional inspection of plucks 

The comparison study was carried out at the Danish Crown slaughterhouse in Rønne. The comparison dealt 

with the entire plucks, and here all lesions were of interest. 

A sample size of 3,000 was judged as sufficient to enable a comparison between traditional and visual meat 

inspection. This was based on the following sample size considerations: 

To allow an estimate of the overall prevalence of the various conditions with a precision L=2% to be made 

with 95% certainty assuming the worst case scenario (i.e. true prevalence of 50%), then 2,500 plucks should 

be included. Moreover, if the relative risk between the two groups (visual versus traditional) was assumed to 

be 2, and the prevalence in the lowest risk group was judged to be 2%, then 2,478 plucks should be 

included. These figures were rounded of to 3,000.   

This sample was on top of a large previous study in which included more than 180,000 pigs (Mousing et al., 

1997). 

One observer (Observer 1) was positioned at the point of entrance of the plucks in the inspection area. This 

was before the meat inspection team had performed any actions regarding the plucks or the carcass. This 

observer – who was a veterinarian previous working professionally with meat inspection - carried out strict 

visual inspection. This implied that the plucks were never touched. The observer recorded the results on a 

recording scheme, developed for the purpose.  

The meat inspection team conducted traditional inspection of the plucks. Lesions found were notified to 

Observer 2, who recorded the lesions into a recording scheme. Observer 2 was positioned after the pluck 

inspection point which enabled communication with the inspection team whenever needed. For consistency 

purposes both observers used the same recording scheme. Each scheme made it possible to record the 

results for 20 plucks in a row.  

The recording scheme consisted of tables in A4 format, divided into 20 numbered lines i.e. for 20 plucks. 

There were 10 columns: accepted, catarrhal bronchopneumonia, acute pleuropneumonia, embolic 

pneumonia, acute pleuritis, other lung lesions, liver lesions, contamination, heart lesions and 

kidney/diaphragm lesions. Hence, lesions found in the plucks were recorded in each their specific column as 

well as whether this lead to a partial or total rejection of the pluck, or referral to further inspection at the 
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rework area. The heading of the table allowed for recording of the date, scheme number and whether it 

referred to visual or traditional control (see Table A in appendix).  

 

Figure 1. Schematic drawing of how the comparison study was conducted 

One of the main challenges of the study consisted in synchronizing the starting pluck of each of these series 

of 20 plucks. To synchronize, Observer 1 would clearly point out to Observer 2 which pluck would be the first 

to be inspected at the beginning of a new series. The observers would stop for a few seconds between 

series to confirm that they remained synchronized.  

McNemar’s Chi-square test for matched pairs of subjects was used to evaluate whether the two observers 

reached the same prevalence of each kind of lesion. This test was chosen because the two observations 

were conducted on the same plucks; hence, a substantial degree of agreement was expected. Moreover, a 

measure of the agreement beyond chance (κappa) was calculated. A κappa value of 0 indicated no 

agreement, whereas a κappa value of 1 indicated perfect agreement. For interpretation of the obtained 

kappa results, Table 1 was used. 

 

Table 1. Interpretation of measurement of agreement (κappa) 

Κappa value Interpretation 

0.00 No agreement 
0.01-0.20 Slight agreement 
0.21-0.40 Fair agreement 
0.41-0.60 Moderate agreement 
0.61-0.80 Substantial 
0.81-0.99 Almost perfect agreement 
1.00 Perfect agreement 

 

Right line: inspection of the red offal (the plucks) 

Left line: inspection of the carcass 
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2.2.2 Sample collection of lesions potentially overlooked by visual inspection  

According to the literature study initially conducted, embolic pneumonia had been identified as a lesion that 

might be overlooked, if palpation was not performed routinely. This would in particular be the case if only a 

lower number of small-sized abscesses would be present. Moreover, some cases of pleuropneumonia might 

also be overlooked, if the alterations to the organ were small and hiding on the hind side of the lung. 

However, according to the current version of the Danish meat inspection circular (Anon., 2011), the latter 

only results in condemnation of the carcass if more than 25% of the lung surface is affected. If a smaller part 

of the lungs is affected, no action is required, probably because the bacteria involved in pleuropneumonia do 

not have zoonotic potential.  

A sample size of 100 embolic pneumonia samples and 100 associated lymph nodes was judged as sufficient 

to provide a broad image of the agents involved in these lesions in the lungs.  

For the liver, abscesses hiding in the back side of the organ were judged as the lesions with the highest 

potential of being overlooked. Initially, it was the intention to collect a high number of samples of liver 

abscesses and their associated lymph nodes (N=100) to ensure that the laboratory results would reflect 

broadly what is present in such lesions. However, according to slaughterhouse statistics - and in line with the 

opinion of several meat inspection specialists - the number of samples to expect in a month would be very 

low and far from 100. At the beginning of the study it was unclear whether this reflected a true low 

prevalence or a higher prevalence, with minor lesions being noted at meat inspection and dealt with 

adequately but not recorded into the database. As the data collection progressed it became evident that the 

true prevalence of liver lesions is very low. It was therefore decided to adjust the sample size and merely 

collect as many liver abscesses as possible during the data collection period. Moreover, at Danish Crown 

Rønne a tally of all liver lesions found during the data collection was made. The inspection team diligently 

collected all the lesions they could find.  

Finally, it was decided to collect expert opinion about the prevalence of the various kinds of liver lesions 

expected to be found at meat inspection. This was pursued through questionnaires sent to the meat 

inspection team at the three abattoirs involved in the project.   

The collection of samples was based on a separate inspection of specific findings made by the inspection 

team. At Danish Crown Rønne, Observer 1 inspected the plucks and the carcasses sent to the rework area. 

This allowed for inspection of the plucks and respective carcass simultaneously. At Danish Crown Ringsted 

and at Tican, only the plucks with indications of embolic pneumonia/lung abscesses, found by the inspection 

team, were present. Hence, at these two abattoirs it was impossible to inspect the carcass.  

The findings were recorded in a scheme and the pluck packed and saved for bacteriological investigation. 

The recording scheme developed consisted of seven tables divided into two A4 format sheets. The first of 

these tables allowed for recording of the date, the presence or not of the carcass, the slaughter number and 

the supplier number.  

The second table allowed for the recording of the presence of lesions indicative of acute pleuro-pneumonia, 

embolic pneumonia and/or acute pleuritis in the right and left lung, respectively. Moreover, it had to be 

indicated whether alterations of the local lymph nodes were noted, whether the lesions seen in the lymph 

nodes were of a granulomatous nature (indication of tuberculosis), and whether samples from these 

lungs/lymph nodes were sent in for BU. Finally, a sample number was given to the sample for laboratory use. 

The third table dealt with the ability to detect the previous lesions visually. Four answers were possible: yes, 

maybe, no and lastly: not relevant, if no lesion was present in the organ.  

The fourth table allowed for recording of the presence of abscesses and acute hepatitis in either the visceral 

or the abdominal surfaces of the liver, respectively. Moreover, it had to be indicated whether alterations of 



12 
 

the local lymph nodes were seen, whether the lesions in the lymph nodes were of a granulomatous nature or 

not, and whether samples from the liver or lymph nodes were submitted for BU. Finally, a sample number 

was given for laboratory use. The fifth table evaluated the ability to detect the previous lesions visually. 

Similar grading as for the evaluation of the lung lesions was used. 

The sixth table allowed for the recording of lesions found in the heart, kidneys and the tail, as well as any 

other remarks. The seventh and last table dealt with the final decision regarding carcass, and it allowed four 

different answers: accepted, local condemnation, total condemnation and approved for deboning.   

2.2.3. Microbiological analysis of collected samples 

The collected samples were analysed to identify which agents were associated with these potentially 

overlooked lesions. This was based on a hypothesis that the agents present in the lungs and liver could also 

be present in the rest of the carcass, and therefore potentially also in the meat for human consumption. Still, 

only lungs and livers were analysed, because the concentration of the hazards is usually higher in the 

affected parts of the organs compared to the muscle. Therefore, it would be more likely to detect the agents 

when lungs and livers were analysed compared to the muscles.  

Lymph nodes were also sent for analysis when these were present. The role of the lymphatic system is to 

drain the organs for pathogens. Thus, agents present in lungs and livers would also be expected to be found 

in the lymph nodes. In the same time, lymph nodes could also be expected to contain agents that are not 

present in the organs because the lymph nodes have effectively dealt with the infection. 

From the hazard identification a list of agents was developed. This was used in the decision of which agar 

plates to use for the microbiological analyses of the samples. MacConkey agar was chosen because of its 

ability to identify Proteus spp. and also Escherichia coli. Blood agar was chosen because many different 

microorganisms are capable of growing on agar containing blood. These plates were made both with and 

without the antimicrobial polymyxin, to identify both gram-negative and gram-positive bacteria, respectively.  

The samples were unpacked and placed on chop boards, separately from each other to avoid contamination. 

Every sample was packed together with the pathological card, which was filled in at the slaughterhouse. 

Sample number were given continuously and written on the pathological card in order to simplify correct 

identification during the data analysis. Plates were also marked with the sample number. 

The plating method was developed on the basis of a method described by The Danish Veterinary and Food 

Administration (2005). The method was modified after consulting with Birgitta Svensmark from DAFC and 

with laboratory assistants from The Faculty of Health and Medical Science, University of Copenhagen. The 

lung/liver was burned on the outside to make a sterile surface. Cutting was done with a sterile scalpel, and 

with the peak of the scalpel a piece of material was taking up and putted on a plate. The material was spread 

on the surface of the agar plate using an inoculation needle. After this, the plates were incubated at 37 C for 

48 hours in total. After the incubation period, sub-culturing was done in case the plate contained more than 

one type of colonies. Each colony were then placed on new agar plates, incubated and then identified.  

A specific test, called Dry Spot Staphytect Plus were used for the identification of Staphylococcus aureus, 

since it was found to have an excellent sensitivity for the identification of this bacteria (Cuny et al., 1999).  

MALDI-TOF mass spectrometry method was used for the characterization of some of the bacteria. This 

method can identify bacteria real-time and directly on the plate (Lay, 2001). 
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3. Hazard identification 

For the lungs, lesions deep in the tissue might not be detectable unless palpation is conducted. Moreover, 

upon visual inspection of the liver, only a part of the surface of the organ is visible. Hence, some lesions 

could evade detection upon visual meat inspection, whereas others will still be detectable. The available 

literature was used to identify which lesions might escape detection and which will still be detectable with 

visual inspection. The following summarises the issue with respect to the liver and the lungs. 

3.1. Lesions of the lungs that might escape detection at visual inspection  

Embolic pneumonia with minute abscesses remained the main concern as far as escaping visual detection. 

Moreover, aspiration pneumonia - which might lead to the development of local abscesses in the lung tissue 

- might escape visual detection. A mixture of bacteria can be found in such abscesses. 

The following lesions were also evaluated and it was concluded that they would all be detectable by a visual 

inspection: Bronchopneumonia as well as pleuropneumonia are accompanied by significant alterations to the 

organs that are detectable by visual inspection. Namely colour alterations, inflammation, exudation and 

fibrosis. Acute disseminated lobular pneumonia and interstitial pneumonias all produce significant visual 

alterations, and hence, will not be overlooked by visual inspection. Verminous pneumonias produce focal 

areas of haemorrhage among others on the surface of the lungs. This implies that these lesions can be 

detected by visual inspection in most cases. 

For a more detailed description of the processes affecting the lungs please consult Table 2 

3.2. Lesions of the liver that might escape detection at visual inspection 

Abscesses on the hind-side of the liver or in the associated lymph nodes would be the lesions most likely to 

evade detection after visual inspection. And as such their etiological agents, namely Mycobacterium bovis, 

Mycobacterium avium, Staphylococcus aureus and Arcanobacterium pyogenes, should be investigated. In 

the project, cultivation for Mycobacterium spp. would only take place, if military processes were seen on the 

liver surface of if granulomatous lesions were seen in the lymph nodes, since this might indicate presence of 

tuberculosis. It should here be noted that Denmark is officially free from M. bovis for more than 30 years, but 

cases of M. avium are occasionally seen in pigs. 

The following lesions were also evaluated and it was concluded that they would all be detectable by a visual 

inspection: Cystic anomaly of the bile ducts, liver lobe torsion and hepatosis diaetetica, all with non-infectious 

aetiologies produce alterations in the organs easily detected by visual inspection. Acute hepatitis would also 

leads to extensive alterations in the organ, making it easy to detect this lesion visually. Verminous hepatitis 

caused by Ascaris Suum is also accompanied by visible alterations. Finally, toxicosis caused by cresol, 

present in tar compounds used in buildings and clay pigeons, and aflatoxicoses, caused by the use of 

cereals contaminated with Aspergillus spp. or Penicillium puberulum, also lead to extensive alterations to the 

liver and as such can be detected visually. 

For a more detailed description of the processes affecting the liver please consult Table 3 below. 
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Table 2.  Swine Lung Pathology evaluated with respect to agents involved as well as ability to be identified at a visual meat inspection  

Disease Location in organ Colour alterations Pathological description Agent involved 
Expected ability to 
detect visually 

Bronchopneumonia 
(Catharral 
pneumonia) 

Cranio-ventrally 
located 
Lobular 

 
Purple 

 
Purple consolidation 

Mycoplasma spp, Pasteurella spp. 
Streptococcus spp., Haemofilus parasuis 
Actinobacillus pleuropneumoniae 

Yes 

Complicated 
bronchopneumonia 
 

Cranio-ventrally 
located 
Mostly lobular 
 

 
Red to gray 
 

Abscesses 
Firm fibrous structure 
Pleuritis 

Mycoplasma spp., Pasteurella multocida 
Bordetella bronchiseptica, Streptococcus spp. 
Staphylococcus spp. Arcanobacterium 
pyogenes 

Yes 

Disseminated 
/Lobular 
catharral pneumonia 

 
Cardiac/Apical lobes 
 

 
Red to gray 
 

 
Firm fibrous structure 

 
Bordetella bronchiseptica 
 

Yes 

Pleuropneumonia 
per-acute 

 
Extensive 
dissemination 

 

Blood tinged 
Fluid in pleural cavity 
Extensive fibrinous/ 
Haemorrhagic pleuritis 

 
Actinobacillus pleuropneumoniae 
Pasteurella multocida 
Streptococcus suis 
 

Yes 

Pleuropneumonia 
acute/ sub-acute 

Predominantly caudo-
dorsal 

 Fibrinous pleuritis Actinobacillus pleuropneumoniae Yes 

Pleuropneumonia 
chronic 

 
Predominantly caudo-
dorsal 
 

 
Frim capsulated processes 
Necrosis, abscesses 
Local fibrous pleuritis 

Actinobacillus pleuropneumoniae 
Pyogenic Bacteria 

Yes 

Embolic pneumonia 
 
Randomly distributed 
 

 
 
Minute abscesses 

Streptococcus spp. Staphylococcus spp. 
Arcanobacterium pyogenes 
Actinobacillus pleuropneumoniae 
Escherichia coli, Pasteurella multocida 
Proteus spp. 

Yes, if several 
abscesses/  No, if 
few and minute 
abscesses 

Acute disseminated 
lobular pneumonia 

Lobular Dark purple 
Bleeding 
Lobular emphysema/ oedema  

Swine Influenza Virus Yes 

Interstitial pneumonia  
 
Tan/red mottling 

Clear fluid in thoracic cavity 
PRRS Virus 
 

Yes 

Interstitial pneumonia   
Lymphadenopathy 
Enteritis, hepatitis 
Nephritis 

 
PCV2 Virus 
 

Yes 

Verminous pneumonia 
 
Disseminated 

 
Small focal areas of haemorrhage 
Granulomas 
Encapsulated abscesses 

Ascaris suum 
Other ascarids 

Yes 

Verminous bronchitis 
 
Caudo-ventral margins 

 
Bronchitis 
Bronchiolitis 
Atelectatic areas 

 
Metastrongylus sp. 

Yes 

  



15 
 

 

 

 

Table 3. Swine liver pathologies evaluated with respect to agents involved as well as ability to be identified at a visual meat  

Disease Location 
Colour 
alterations 

Pathological description Agents involved 
Expected ability to 
detect visually if 
present in Denmark 

Cystic anomaly of the bile ducts 
Disseminated in the 
organ 

 
Enlarged liver 
Numerous cystic lesions (Bile) 
Death of animal 

Congenital Yes 

Liver lobe torsion 
Usually 
left lateral lobe 

Dark red 
to black 

Infarction of the lobe 
Shock /Hepatic rupture/ 
Haemorrhage/ Death of animal 

Traumatic Yes 

Hepatosis diaetetica Generalized  
 
Massive hepatic necrosis 
Sudden death of animal 

Diet associated Yes 

Acute hepatitis    
Congestion Inflammation 
Haemorrhages 

Systemic diseases ex: 
Salmonella cholerasuis 
Salmonella spp. 

Yes 

Chronic hepatitis 
Disseminated in the 
organ 

 
 
Multifocal white nodules 
“Paratyphoid nodules” 

Salmonella cholerasuis 
Not seen in Denmark 
since 1994-95  

Chronic hepatitis 
 

  
Abscesses 
Granulomatous foci 
(Milliary processes) 

Mycobacterium spp. 
Staphylococcus aureus 
Arcanobacterium pyogenes 

Yes / No  
- depending on 
extension of lesion 

Verminous hepatitis due to 
Ascaris suum 

Disseminated 
“White spot 
liver” 

Haemorrhagic Tracts 
Intense inflammation/ fibrosis 

Ascaris suum 
Larvae 

Yes 

Cholangitis due to 

Ascaris suum 
Bile/Pancreatic duct Jaundice  Obstruction jaundice 

Ascaris suum 
Adults (Heavy infection load) 

Yes 

Verminous hepatitis due to 
Cysticercus tenuicollis 

Peritoneal cavity 
Often attached to the 
liver 

 
Hepatitis 
Tortuous haemorrhagic tracts 
Cysts 

Cysticercus tenuicollis 
(Taenia hydatigena metacestode) 

Not relevant in 
Denmark 

Verminous hepatitis 

Stephanurus dentatus 
  

Hepatitis 
Migratory tracts 
(following oral infection) 
Portal phlebitis/ thrombus 

Stephanurus dentatus 
Not relevant in 
Denmark 

Cresol toxicity 
Generalized Jaundice 

Severe hepatocellular necrosis 
Ascites / Anaemia 
Sudden death of animal 

Tar compounds Yes 

Aflatoxicosis Generalized  
Liver hypertrophy 
Progressive Fibrosis 

Aspergillus sp 
Penicillium puberulum 
(Contaminated cereals) 

Yes 
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4. Release assessment 

4.1 The slaughterhouse database 

In Denmark, lesions found at slaughter are routinely recorded into a database. Unfortunately, there is no 

separate code for embolic pneumonia, nor a specific code for liver abscesses. The code blood poisoning 

(code 141) is a code that is used for any lesion that has led to pyaemia. This covers pyaemic liver 

abscesses, embolic nephritis, septicaemia, splenitis and embolic pneumonia. In general, such lesions 

require total condemnation unless the lesions can be considered consisting of solely chronic processes 

arising from pyaemia and that there are no lesions indicative of complications. In the latter case, the 

judgment will be acceptance for deboning (Anon., 2011). 

Likewise, there are more codes in place for liver lesions: acute liver infection (code 371), liver abscesses 

(code 375), chronic liver necrosis (code 379), and icterus (code 381). The destiny of the carcass is based 

upon the judgment of such lesions. Here, it is evaluated whether the lesion is acute or chronic, and whether 

it is local or disseminated. Acute, disseminated lesions will lead to total condemnation according to the 

current meat inspection circular (Anon., 2011). 

According to the slaughterhouse database covering lesions found on Danish finisher pigs slaughtered at 

Danish Crown Horsens between October and December 2012, the prevalence of blood poisoning was 

0.06%; corresponding to a total of 2,351 pigs. For chronic liver infection the prevalence was 0.002, 

corresponding to 78 pigs. Finally for liver lesions/ jaundice, the prevalence vas 0.011%, corresponding to 

410 pigs. Hence, the prevalence of these lesions is very low. 

Table 4. Association between pyaemia and abscesses found in finisher pigs from DC Horsens, October-

December 2012 

 
Pyaemia 
 

Abscesses* Sum Assessment of 
association 

+ -   

+ 97 620 717 Relative Risk = 4.4 

- 37.195 1.172.660 1.209.855 P<0.0001 

Sum 37.292 1.173.280 1.210.572 Pos. pred. value= 0.14 

 Defined as abscess on the carcass including legs and toes except the head and abdomen  

Table 4 shows the association between findings of pyaemia and findings of abscesses. It is noted that 

pyaemia is a risk factor for abscesses, because 97 cases of abscesses were found among 717 cases of 

pyaemia (positive predictive value 0.14, relative risk = 4.4, and the association is strongly statistical 

significant (P<0.0001). However, the 97 abscesses found only correspond to 0.26% of the total number of 

abscesses found. Hence, the majority of abscesses (99.74%) are found in pigs without pyaemia. Hence, if 

inspection of the plucks is changed from palpation to visual only, and some cases of pyaemia therefore will 

be missed, this will not impact much on the prevalence of abscesses missed. The abscesses will probably be 

found during cutting – if not before.   

4.2 Comparison between visual inspection and traditional inspection of 

plucks 

This part of the study was undertaken 2 days per week, during 3 weeks in October 2012. During these 6 

days, a comparison of visual and traditional inspection of 3,000 plucks was undertaken. The results of the 

data analysis can be seen in Table 5. 
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In general, the agreement between visual and traditional inspection was low, because observer 1 found 

many more lesions than observer 2 (Table 5). This is noted in the relative risk that is above 1. Among the 

nine lesions, only heart lesion was associated with a high agreement (κ=0.71) whereas the agreement 

between visual and traditional inspection was or no, slight or for most of the lesions.  

The higher prevalence of lesions observed by Observer 1 seen in Table 5 can easily be explained. At visual 

inspection, Observer 1 noted all pathologies that were found on the pluck regardless of their severity or 

requirement for action, whereas Observer 2 conducting traditional inspection only registered lesions 

requiring actions by the meat inspection team. An example of this is catharral bronchopneumonia, where 

Observer 1 noted down many cases consisting of very small lesions that do not require any action in 

practice. In line, presence of milk spots on a liver was recorded by Observer 1 but not by Observer 2. The 

latter person marked the livers with a cross, and this meant that the liver was destined for pet food. The 

difference in the numbers registered for acute pleuropneumonia highlight another issue; many of these 

cases were noted and acted upon (e.g. by removing fibrous tissues indicative of prior pleuritis) by the meat 

inspection team. However, these cases were not registered formally or identified as such to Observer 2.  

Table 5. Comparison of findings in visual meat inspection compared to traditional inspection – involving 

3,000 pigs examined during October 2012 at Danish Crown, Rønne, Denmark.  

 Number of carcasses out of 
3,000  found with lesions during 

Assessment of association
a
 

Visual inspection Traditional inspection 
+                   - 

Visual
a
 versus 

tradtional 
P-value

b
 Kappa 

Any lesion 
   + 
   -       

 
232 
117 

 
338 

2317 

 
1.6 

 
<0.0001 

 
0.42 

Acute pleuritis 
   + 
   - 

 
0 
0 

 
1 

2999 

 
N.A. 

 
N.A. 

 
N.A. 

Acute pleuropneumonia 
   + 
   - 

 
4 
0 

 
48 

2948 

 
13.0 

 
<0.0001 

 
0.14 

Catharal bronchopneumonia 
   + 
   - 

 
2 
0 

 
317 

2680 

 
159.5 

 
<0.0001 

 
0.01 

Contamination 
   + 
   - 

 
2 
1 

 
38 

2959 

 
13.3 

 
<0.0001 

 
0.09 

Embolic pneumonia 
   + 
   - 

 
2 
1 

 
7 

2990 

 
3.0 

 
0.0339 

 
0.33 

Heart lesions 
   + 
   - 

 
110 
28 

 
57 

2805 

 
1.2 

 
0.0017 

 
0.71 

Kidney lesions 
   + 
   - 

 
29 

102 

 
60 

2809 

 
0.68 

 
0.001 

 
0.24 

Liver lesions 
   + 
   - 

 
10 
15 

 
70 

2905 

 
3.2 

 
<0.0001 

 
0.18 

Other 
   + 
   - 

 
1 

90 

 
1 

2908 

 
0.01 

 
<0.0001 

 
0.02 

a: the prevalence found during visual inspection divided with the prevalence found at traditional inspection 
b: McNemar’s Chi square test for matched pair of subjects. P-value<0.05 indicates that the proportions are different. N.A. 
= not applicable 
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The case of the heart is unique in this study presenting a substantial agreement. This is due to the fact that 

most lesions related to the heart were chronic pericarditis, which presents itself as well-defined and constant 

alterations, easily detectable visually. Still in some cases, if no action was judged necessary by the meat 

inspection these would go unmarked by Observer  

In the case of embolic pneumonia the difference is probably due to the fact that Observer 1 would note down 

all suspicious cases. 2.  

A detailed inspection was undertaken to look into the nine instances where Observer 1 visually diagnosed 

“Embolic pneumonia” but where Observer 2 only noted two cases. It was noticed that Observer 2 had 

recorded rejections under “Other lung lesions” in six of these nine instances. A Chi-square test assessing the 

association between the code “Other” used by Observer 2 and embolic pneumonia used by Observer 1 was 

highly statistical significant (p<0.0001) when run on all 3,000 plucks included in the study.  

This most likely reflects one prevalent situation during the realisation of this study. When confronted with 

plucks with severe lesions where embolic pneumonia could not be rules out without palpation, Observer 1 

expressed his suspicions by visually diagnosing them as “Embolic pneumonia”. In traditional inspection 

terms this would be the equivalent of diagnosing code 141 (pyaemia) and would have led to the carcass and 

respective pluck to be sent to the rework area, where it could be investigated whether the lesions were 

indicative of a systemic and active infection that requires total condemnation.  

When the Meat Inspection Team inspected the same plucks – and used palpation - they disagreed with the 

diagnosis of “Embolic pneumonia”. But due to the severity of the lesions in the lungs they still proceeded to 

reject the lungs despite of not attributing a specific diagnose to it, this can easily happen as the lungs can 

frequently present a series of pathologies simultaneously making it difficult to “label” it precisely.  

Hence, Observer 2 registered these rejections, but due to the lack of a precise diagnosis was forced to 

register them under “Other lung lesions”. Both Observer 1 and the Meat Inspection Team observed the same 

lesions in this instance. They disagreed on the diagnosis of the lesion, but they both took action regarding 

the findings.  

In conclusion, the apparent differences seen in Table 4 project a higher discrepancy between visual and 

traditional inspection than what happened in practice. 

The code condemned was initially separated into two categories: total and local condemnation of the plucks. 

However, total condemnation of the plucks was only used in three cases, and therefore, the two codes were 

combined. 

In general, only few cases were missed by Observer 1. For acute pleuritis, acute pleuropneumonia and 

catarrhal bronchopneumonia no cases were missed. For contamination and embolic pneumonia one case 

was missed. Slightly more cases of liver and heart lesions were missed by Observer 1 - 15 and 28 

respectively. A higher number of other lesions and kidney lesions were missed - 90 and 102, respectively. 

The lower prevalence of kidney lesions found by Observer 1 reflects that Observer 1 had poor visibility of 

these organs, because they hang too low to enable an easy inspection. This shows the importance of 

ensuring adequate facilities to perform meat inspection. 

4.3 Lung lesions that might escape detection at visual inspection 

During the study, 104 embolic pneumonias samples were collected for microbiological analyses: 40 samples 

from Danish Crown Rønne, 11 samples from Tican and 53 from Danish Crown Ringsted. 

Table 6 presents a summary of the pathology of the plucks found with embolic pneumonia. The first thing 

that stands out is that the carcass was not present in 64% of the cases where embolic pneumonia was 
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sampled (67/104). This occurred because of difficulty to achieve the initial goal of collecting 100 embolic 

pneumonias and their lymph nodes in the three weeks allowed at Danish Crown Rønne due to the low 

prevalence of embolic pneumonia at the plant.  

Table 6. Summary statistics of 104 plucks with lesions indicative of embolic pneumonia, found in a project 

related to modernisation of meat inspection, Denmark 2012 

Variable and levels Number (%) 

Carcass also present? 
Yes 
No 

 
37 (35.6) 
67 (64.4) 

Lesions in left lung lobe? 
None 
Embolic pneumonia only 
Embolic pneumonia and pleuropneumonia 
Acute pleuritis

a
 

Embolic pneumonia and acute pleuritis 

 
3   (2.9) 

92 (88.5) 
1   (1.0) 
1   (1.0) 
7   (6.7) 

Lesions in right lung lobe? 
None 
Embolic pneumonia alone 
Embolic pneumonia and pleuropneumonia 
Embolic pneumonia and acute pleuritis 
Embolic pneumonia, acute pleuritis and pleuropneumonia 

 
2   (1.9) 

91 (87.5) 
2   (1.9) 
8   (7.7) 
1   (1.0) 

Lung lymph nodes – macroscopic appearance 
Normal 
Not normal 

 
14 (14.3) 
84 (85.7) 

Lung lymph nodes – granulomatous lesions present? 
Yes 
No 

 
0     (0.0) 

98 (100.0) 

Heart – appearance 
Not present 
Normal 
Not normal 

 
7   (6.7) 

92 (88.5) 
5   (4.8) 

Kidneys – appearance 
Not present 
Normal 
Not normal 

 
38 (36.5) 
64 (61.5) 

2   (1.9) 

Tail – appearance 
Not present 
Normal 
Not normal 

 
65 (62.5) 
26 (25.0) 
13 (12.5) 

Final decision regarding carcass 
Unknown 
Accepted

b
 

Total condemnation 
Accepted for deboning only

b
 

 
65 (62.5) 

3   (2.9) 
13 (12.5) 
23 (22.1) 

   a: Embolic pneumonia was present in the right lung lobe 

   b: the meat inspector considered that the lesion found in the lung was chronic 

 

To speed up the data collection, it was decided to ask the staff in the abattoir Tican in Thisted as well as the 

Danish Crown plant in Ringsted to collect plucks with embolic pneumonia and livers with abscesses. 

However, it was impossible for them to hold the carcass for observation, because collection to place over 2-3 

days before submission to the laboratory. Therefore, only 37 carcasses, all from Rønne, were included in the 

study. 
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When we look at the lesions observed in the lungs themselves it is noted that embolic pneumonia was the 

only lesion observed in over 80% of the cases for both the right and left lung. The symmetry between the 

results for the right and left lung extended to all the lesions/association of lesions, with differences in 

prevalence being relatively low. No lesions were observed in 1.9% of the right lungs and 2.9% of the left 

lungs. Embolic pneumonia with acute pleuritis represented 7.7% of the right lung cases and 6.7% of the left. 

The combination of embolic pneumonia and other lesions were found less commonly (<2%). 

A total of 86% of the lymph nodes exhibited alterations consisting mainly of blood injection. No 

granulomatous lesions were observed. The heart appeared normal from the outside in 89% of the organs 

presented, and the kidneys in 61.5% of the cases. Abnormalities were exhibited in these organs in 5% and 

2% of the cases respectively. With 63% of the carcasses and the tails not being present it is difficult to draw 

any conclusions regarding the association between tail bite and embolic pneumonia. However, tail bite was 

seen in 1 out of three of the tails present. 

It was a practical difficulty was to define what constitutes a case of embolic pneumonia. There were 

“textbook” cases that posed no problem. But some other cases showed signs of more than one disease at 

the same time, making it difficult to decide on whether to collect a sample from these cases or not. The main 

criteria used were: several abscesses distributed broadly over the pulmonary parenchyma. Moreover, the 

size and appearance of the same lesions, the characteristic appearance was a red to purple halo 

surrounding a yellowish spot, i.e. the abscess. The size ranged from very small, a diameter of 2 mm, to fairly 

large considering this type of lesion, a diameter of 1 to 2 cm.  

The judgment was that the vast majority of these lesions would be very easy to detect by visual inspection, in 

particular by a trained inspector (Table 7). However, for around one out of five cases, there is a probability 

that they will be missed. 

   

Table 7. Summary statistics on the ability to detect by visual inspection the 104 plucks with lesions indicative 

of embolic pneumonia, found during meat inspection of finisher pigs from controlled housing herds, October-

November 2012, Denmark 

 
Samples 
visually 
detectable 
 

Yes Maybe No 

Number Percentage Number Percentage Number Percentage 

 
65 

 
62.5 

 
19 

 
18.3 

 
20 

 
19.2 

 

4.4 Prevalence of relevant hazards in the lungs and associated lymph nodes 

The prevalence of the hazards found in the lungs and the associated lymph nodes are presented in Table 8. 

It is noted that the majority of the samples contained agents that were expected to be found based on the 

hazard identification, such as Staphylococcus aureus, Escherichia coli, Pasteurella multocida, and Proteus 

spp.. 

Besides the agents expected, also Bacillus cereus and Pseudomonas were identified in some of the lung 

samples. These agents are not considered agents responsible for the disease development in the lungs. 

Handling of the plucks before they were sent for analysis could have an influence on these results. Some of 

the lungs that contained B. cereus and Pseudomonas had been hanging for a longer period of time before 

they were packed and send to analysis, while others were also put together in a plastic barrel. Since B. 

cereus and Pseudomonas are present in the environment, they could have penetrated the lung tissue when 

they were handled as described.  
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Table 8. Distribution
(
*

) 
of agents found in 104 lungs with embolic pneumonia and 98 associated lymph 

nodes. The lungs and lymph nodes were found during meat inspection of finisher pigs from controlled 

housing herds, October-November 2012, Denmark 

Agents/growth 
Lung samples Lymph node samples 

Number Percentage Number Percentage 

Staphylococcus aureus 82 78.8 69 70.4 

Escherichia coli 61 58.7 40 40.8 

Proteus spp. 6 5.8 1 1.0 

Pasteurella multocida 4 3.8 4 ½4.1 

Bacillus cereus 20 19.2 11 11.2 

Pseudomonas spp. 6 5.8 7 7.1 

Growth 96 92.3 79 80.6 

No Growth 8 7.7 19 19.4  

Total 104 - 98 - 

*: More than one agent could be found in a sample. Therefore, the percentages do not add to 100.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Graphical description of bacteriologic findings* in 104 lungs with lesions indicative of embolic 
pneumonia from Danish finisher pigs raised under controlled housing 
 
*Cases not displayed in the figure: B. cereus, E. coli, S. aureus, P. multocida: 3. E. coli, S. aureus and Pseudomonas: 2. 
B. cereus, E. coli, Pseudomonas and S. aureus: 1. 
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Figure 3. Graphical description of bacteriologic findings* in 98 lymph nodes from lungs with lesions 

indicative of embolic pneumonia from Danish finisher pigs raised under controlled housing 

 

*Cases not displayed in the figure: B. cereus, E. coli, S. aureus, P. multocida: 2. E. coli, S. aureus and Pseudomonas: 2 

B. cereus, Pseudomonas and S. aureus: 1. B. cereus, E. coli, Pseudomonas and S. aureus: 2. 

 

A graphical description of the bacterial findings is seen in figure 2 and 3. These figures illustrate whether 

agents were found as a single culture or in a mixed culture on the agar plates. When two circles overlap, it 

means that the agents were present in mixed cultures together, and the numbers indicate how often this took 

place. If a number is not in an intersection, it means the bacterium written in the circle was identified as the 

only bacteria in that number of samples. 

The figures shows that for the lungs, the most common finding was E. coli and S. aureus in mixed culture, 

while for the lymph nodes the most common finding was S. aureus in single culture.  

In the lungs, only S. aureus, E. coli and Proteus, were found in single culture, while for lymph nodes this was 

only the case for S. aureus and E. coli. 

S. aureus, E. coli, Proteus and P. multocida are on the list of causative agents found in the hazard 

identification, unlike Pseudomonas and B. cereus. The findings of the latter two agents show a similar 

pattern. They were not present alone in a sample, but in mixed cultures, most often with S. aureus. This also 

supports the suggestion that they were present due to contamination; since Staphylococcus is believe to be 

the causative agent, whereas Pseudomonas and B. cereus are not known for causing such infections.  

From the hazard identification we identified E. coli as a causative agent, but there are reasons to believe that 

an unknown number of these findings were a result of contamination, because in most of these cases E. coli 

was found in mixed culture with S. aureus. Though, this was also the case for Proteus and P. multocida, 

which are not believed to be present because of contamination, but the prevalence of these bacteria is too 

low to use in this judgement.   
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Table 9. Association between bacterial findings in the lungs on in the associated lymph nodes in 98 cases of 

findings of embolic pneumonia in finisher pigs raised under controlled housing conditions 

 
 
Presence of 
bacterium in 
the lung  

Presence of bacterium 
in the lymph node 

Measure of association 

Yes 
Number 

(%) 

No 
Number 

(%) 

Relative 
risk 

P-value
a
 

(Chi-
square) 

P-value
b
 

(McNemar) 
Κappa

b
 

(Agreement) 

Staphylococcus 
aureus 
   Yes 
   No 

 
 

62 (80.5) 
7 (33.3) 

 
 

15 (19.5) 
14 (67.7) 

 
2.42 

 
<0.0001 

 
0.09 

 
0.41 

E. coli 
   Yes 
    No 

 
37 (66.1) 

3 (7.1) 

 
19 (33.9) 
39 (92.9) 

 
9.25 

 
<0.0001 

 
0.0006 

 
0.56 

Proteus 
   Yes 
   No 

  
1 (16.7) 
0 (0.0) 

 
5 (83.3) 

92 (100.0) 

 
N.A. 

 
0.06* 

 
0.025 

 
0.27 

Pasteurella 
multocida 
   Yes 
   No 

 
 

4 (100.0) 
0 (0.0) 

 
 

0 (0.0) 
94 (100.0) 

 
N.A. 

 
<0.0001* 

 
N.A. 

 
1.00 

Bacillus cereus 
   Yes 
   No 

 
10 (47.6) 

1 (1.3) 

 
11 (52.4) 
76 (98.7) 

 
36.67 

 
<0.0001* 

 
0.0039 

 
0.56 

Pseudomonas 
   Yes 
   No 

 
6 (100.0) 

1 (1.1) 

 
0 (0.0) 

91 (98.9) 

 
92 

 
<0.0001* 

 
0.32 

 
0.92 

a: Fisher’s Exact test used because some cells had expected counts <5, which might make Chi-square test invalid 

b: Although the lungs and the lymph nodes are different organs, they come pairwise from the same animal. Therefore, 

the data were also analysed assuming pairwise association in McNemar’s Chi-square test. 

N.A. = Not applicable, because the denominator was equal to zero.  

 

In general the finding of an agent in the lymph node was correlated with the finding of the same agent in the 

lungs both when evaluated as relative risk, p-value and κappa (Table 9). This was expected when taking in 

to account the role of the lymph node in the body. However, in some of the samples, the lymph node showed 

to contain agents that were not present in the lungs.  

4.5 Liver lesions that might escape detection at visual inspection 

During the 15 days where data were collected at Danish Crown Rønne only one liver abscess was found. 

This was an exceptional case of acute peritonitis, where the liver presented itself extremely enlarged and 

covered by large abscesses, some more than 10 cm across. It was possible to collect a couple of unruptured 

abscesses each with a diameter of about 2 to 3 cm for bacteriological analyses. According to the inspection 

team, this case was uncommon. The liver lesion was easy to detect visually, and the carcass was totally 

rejected.  

As for the other liver pathologies, eight cases were found on Bornholm: two lobe torsions, three fatty livers, 

two masses (hyperplasia) and an acute case of Ascaris suum. None of these lesions would pose particular 

difficulties to visual inspection. At Tican, one liver abscess was found. Again, the lesion was large and would 

have been easily detected visually. The two livers that were collected both contained Staphylococcus 

aureus, which was one of the agents on the list of agents that could be identified in lever abscesses.  
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Table 10. Results of a questionnaire received from four experts from three slaughterhouses involved in the 

collection of samples, concerning the frequency of diagnoses of different liver pathologies 

Lesion/ Disease Every week? 
Every 
month? 

Every three 
months? 

Every half 
year? 

Yearly or  
less? 

Never? 

 
Slaughterhouse* 

 

 
1 

 
2 

 
3 

 
4 

 
1 

 
2 

 
3 

 
4 

 
1 

 
2 

 
3 

 
4 

 
1 

 
2 

 
3 

 
4 

 
1 
  

 
2 

 
3 

 
4 

 
1 

 
2 

 
3 

 
4 

Cystic anomaly 
of the bile ducts 

 
 

            
 

 
 

 
 

X 
 

 
 

 
 

X 
 

 
 

 X   

Liver lobe 
torsion 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

X  X   
 

X 
 

 
 

X  
 

  
 

 
 

    

Hepatosis 
diaetetica 

                  X X  X   

Acute  
hepatitis 

    X     X  X         
X 

     

Chronic 
hepatitis 

X  X X   X            
 

 
 

 
 

 
 

    

Liver abscesses 
 

X      X X       X           

Milk spot liver 
(Ascaris suum) 

X 
 

X X  
 

 X              
 

 
 

 
 

 
 

    

Liver steatose 
 

X    X       X       X       

Liver necrose 
 

        X X X X             

Lever cirrhosis 
 

X X         X     X         

Aflatoxicosis 
 

 
 

 
 

 
 

 
 

       X      
 

 
 

 
 

 
 

 X   

Other 
pathologies 

X               X         

*Expert 1 and 2 were from DC Ringsted. Expert 3 from DC Rønne, and expert 4 was from Tican in Thisted 

As can be seen in Table 10, total agreement between the four experts was only seen for two pathologies: 

milk spot liver (Ascaris suum larvae hepatitis) and liver necrosis. The first being diagnosed every week and 

the second every three months. For the first three pathologies (Cystic anomaly of the bile ducts, Liver lobe 

torsion and Hepatosis dietetica) there were no answers indicating a prevalence more common than findings 

every 3 months, denoting the very low prevalence of such pathologies even in high throughput 

slaughterhouses such as DC Ringsted. Acute hepatitis had quite dispersed answers, maybe related to the 

volume of animals slaughtered at each location, with DC Rønne (the smallest abattoir) reporting this 

condition yearly or less in contrast with the other two abattoirs. Chronic hepatitis was quite coherent with 

three answers in the weekly basis and 1 on the monthly basis. The variation in the prevalence of liver 

abscesses was higher. Liver steatose and liver cirrhosis presented a similar pattern with a large unexplained 

variation in the reported prevalence. Aflatoxicosis collected only two answers, one for every three months 

and one for never. However, one expert stated that it was impossible to see such a condition visually. One 

expert added that leucosis was seen from time to another. 

The expert opinion gathered from the four experts stand in line with the data from the Danish slaughterhouse 

database and the data we collected during the study: The only truly common pathology in the liver of these 

animals is milk spot. Pathologies like chronic hepatitis, liver abscesses, liver steatose and liver cirrhosis are 

seen occasionally, whereas all other pathologies are considered to occur rarely. 
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5. Exposure assessment 

5.1 Destiny of plucks and meat 

Lungs from finisher pigs are not considered edible tissue in Denmark. The lungs are therefore destined for 

pet food production or for fur animal food. This implies that the lungs are heat-treated for several hours 

whereby any agent present is dead. At Daka’s pet food plant in Løsning, a surveillance programme is in 

place that monitors presence of Clostridium perfringens. Absence of this bacterium shows that the process 

has been running acceptable. A minor part of lungs might be fed directly to dogs. 

For fur animal food, the lungs are in the vast majority of cases heat-treated prior to feeding by one of the 

many companies that are buying raw lungs as an animal by-product. The swine flu epidemic made an end to 

the extensive use feeding raw lungs directly to mink (personal communication P. Olsen)    

Regarding the livers, most livers are destined for pet food production following the process described for 

lungs. However, some livers are placed directly on the market or will go into liver pate production. Both types 

of production involves a manual handling of the livers, whereby any case of liver abscess will be found and 

result in condemnation – not necessarily from a food safety point of view but from an aesthetic point of view.  

In, conclusion the food safety exposure risk related to the lungs and the livers is considered negligible.  

It might be speculated that the meat from pigs with embolic pneumonia missed during inspection might 

constitute a food safety risk. However, experience from meat inspection is that although embolic pneumonia 

is part of the pyaemic complex, presence of bacteria in the muscle meat from the same animal is infrequent 

and in low quantitative numbers if present. Moreover, bacteria can be present in lungs and muscle meat from 

pigs that appeared clinical health and were accepted at meat inspection (Kyrval et al., 1995a, 1996). A tail 

bite might constitute the port of entry for the pyaemic infection which results in embolic pneumonia that is 

found in relation to meat inspection. Associated abscesses might be present - in particular in the pelvic 

region (if the point of entry is a tail bite). Such abscesses are found during cutting – if not before. According 

to Kyrval et al. (1995b) such abscesses might be sterile or contain one of the following agents: A. pyogenes, 

S. aureus, Streptococcus spp, Proteus or E. coli in line with what we found in the lungs and their lymph 

nodes. 

Data from the slaughterhouse database shows that between October and December 2012 among all finisher 

pigs slaughtered at Danish Crown Horsens, a total of 97 pigs had both an abscess and embolic pneumonia 

(Table 4). Abscesses were here defined as presence of abscess in either the fore part (code 570), the mid 

part (577), the hind part (580) or the legs/toes (code 584). Danish Crown Horsens is the largest plant in 

Denmark and slaughters around 4 million pigs per year corresponding to around 1 million pigs in 3 months. 

Hence, 97 cases in 2 months correspond to a prevalence of 0.01%.  

Never the less, from an aesthetic point of view measures should be taken to reduce the amount of meat 

originating from pigs with pyaemia on the market.        

5.2 Human cases of zoonotic infections 

In the follwoing, we looked at the causes of the confirmed human zoonoses cases in the European Union 

and Denmark, with a focus on the role of pork. Furthermore, we looked into the agents that could be the 

cause of embolic pneumonia and liver abscesses in finisher pigs. For these agents, we evaluated the 

zoonotic potential. In particular we looked at whether this was related to a food safety issue or an 

occupational risk. The following known food safety hazards were dealt with: Campylobacter spp., Salmonella 

spp., Yersinia spp., Verotoxigenic Escherichia coli, Listeria monocytogenes, Mycobacterium bovis, Brucella 

spp., Trichinella spp., and Toxoplasma gondii. Other zoonoses recorded in the EU were only addressed in 
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brief, because they are not food-borne such as: Echinococcus spp., Coxiella burnetii (the agent of Q fever), 

rabies and tularaemia (caused by Francisella tularensis).  

Moreover, we looked into the potential zoonotic capacity and origin of the agents involved in liver abscesses 

and embolic pneumonias in pigs, namely: Actinobacillus pleuropneumoniae, Arcanobacterium pyogenes, 

Bacillus cereus, E. coli, Pasteurella multocida, Proteus spp., Pseudomonas spp., Staphylococcus aureus 

and Streptococcus suis. The main sources of information used were: the EFSA report “The European Union 

Summary Report on Trends and Sources of Zoonoses, Zoonotic Agents and Food-borne Outbreaks in 2010” 

(EFSA, 2012) and the “Annual Report on Zoonoses in Denmark 2011”  (Anon., 2012). Specialized articles 

were used to address more specific issues. 

 

 
 

Figure 4. Reported confirmed human zoonoses cases in the EU, 2010 (EFSA, 2010) 

 

In general, the prevalence of each hazard in the main food groups was compared to estimate the relative 

food safety importance of the food group. If no data were available describing the prevalence in foodstuff, 

then the number of human cases or the prevalence in live animals was used. 

The distribution of the confirmed number of cases reported in the EU is presented in Fig. 4 followed by the 

data specifically for Denmark in Fig. 5.  

It is noted from Fig. 4 and Fig. 5 that campylobacteriosis is the most-frequently reported zoonotic disease in 

humans in the EU including Denmark. This has been the case since 2005. Salmonellosis represented the 

second most common cause of zoonotic disease in humans in the EU in 2010 (Fig. 4). Yersiniosis came in 

as number three as a cause of zoonotic disease in the EU. The subtype Y. enterocolitica was the most 

common Yersinia species reported in human cases (91 % of all confirmed cases). Verotoxigenic E. coli came 

in fourth as the cause of zoonoses in humans the EU in 2010.  

It is noted from Fig. 4 that rabies, toxoplasmosis, bovine TB, trichinellosis, brucellosis, echinococcosis, 

tularaemia, Q fever and listeriosis were reported less commonly; fewer than 2,000 cases of each infection in 

the EU in 2010. 
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A comparison of the EU data (Fig. 4) with the Danish data (Fig. 5) shows, that the top-4 hazards are the 

same: Campylobacter, Salmonella, VTEC and Yersinia. It is also noted that the hazards identified in the 

hazard identification for the present risk assessment about palpation of the lungs, the liver and the 

associated lymph nodes are not among the hazards found in the human statistics of zoonotic infections. This 

implies that either there are no human cases of these infections, or they are few and have limited 

implications for the people infected and therefore do not show up in the human statistics. 

 

 
 

Figure 5. Zoonoses in humans in Denmark, number of laboratory confirmed cases 2011 (Anon., 2012) 

 

 

5.3 Sources of human zoonotic infections 

Campylobacter is primarily related to the poultry reservoir (Anon., 2012) and not to pork although live pigs 

harbour Campylobacter coli in the gastro-intestinal tract. This is because blast chilling conducted after 

slaughter subjects Campylobacter to freezing and draught, which reduces the prevalence of the bacteria on 

the carcass dramatically – an effect that continues during retail. This implies that the prevalence on Danish 

pork found in retail is very low (0.2% - Alban et al., 2008b).  In line, at EU level, Campylobacter was detected 

in 0.6% of the samples of fresh pig meat. For a comparison at EU level, 29.6 % of fresh broiler meat units 

were found positive for Campylobacter (EFSA, 2012). Campylobacter is detected in other types of food only 

occasionally, such as in milk and cheese. Still, in Denmark, the cattle reservoir was found to be the second 

most important. Other specified reservoirs, turkey meat, duck meat and pigs, are considered to be of less 

importance (Anon., 2012). 

Information on Salmonella, at EU level, was reported from a wide range of foodstuff such as livestock 

products and vegetables. However, the majority of data consisted of various types of meat and products 

thereof. The highest proportions of Salmonella-positive units were reported for fresh broiler meat and fresh 

turkey meat, at average levels of 4.8 % and 9.0 %, respectively. In fresh pig meat, 0.9 % of tested samples 

were found positive for Salmonella (EFSA, 2012). In 2011, the most important food source of salmonellosis 

in Denmark was estimated to be domestic pork to which 7.4% of all Salmonella laboratory confirmed cases 
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were attributed. Nearly half (46%, 538 cases) of all of Denmark’s Salmonella cases were estimated to be 

acquired abroad, of which 424 actually reported having travelled within 7 days prior to onset of symptoms 

(Anon., 2012). 

Yersinia comprises three main species that are known to cause human infections: Yersinia enterocolitica, 

Yersinia pseudotuberculosis and Yersinia pestis (plague). Y. enterocolitica was the most common species 

reported in human cases in the EU, being isolated from 91.0 % of all confirmed cases in 2010, followed by Y. 

pseudotuberculosis. Yersinia spp were most often detected in pork and pork products. Overall, 4.2 % and 

4.1 % of pig meat samples and pig meat products tested positive for Yersinia spp. and Y. enterocolitica, 

respectively according to the EU statistics.  Few investigations were reported from bovine meat, sheep meat, 

milk and dairy products (EFSA, 2012). 

Escherichia coli bacteria normally live in the intestines of people and animals. Most E. coli are harmless and 

form part of a healthy human intestinal tract. Pathogenic E. coli strains are categorized into pathotypes, 

verocytotoxin-producing E. coli (VTEC) is the one most commonly associated with foodborne outbreaks 

(http://www.cdc.gov/ecoli/general/index.html). Beef is believed to be a major source of food-borne VTEC 

infections for humans. In 2010, the EU reported testing 8,566 bovine meat samples of which 0.5 % was 

found to be VTEC-positive and more specifically 0.1 % was VTEC O157-positive. A substantial volume of 

data was reported on VTEC in fresh pork. Many of the investigations reported from pork did not yield any 

positive findings, but six countries found VTEC positive samples in pork, typically at very low to low 

prevalence (0.1 %–2.0 %). Positive VTEC findings were also made, less commonly, in raw cow milk, cheese, 

sheep meat, broiler meat, vegetables and fishery products (EFSA, 2012).  

L. monocytogenes is primarily a problem in smoked fishery products and similar ready-to-eat (RTE) products 

that are not going to be heat-treated prior to consumption. In Denmark, cold smoked fish and especially cold 

smoked Greenland halibut had the highest proportion of samples positive for L. monocytogenes, with results 

above 100 L. monocytogenes pr. g. for 2.1% of cold smoked salmon and 8.0% for cold smoked Greenland 

halibut samples, respectively (Anon., 2012). At EU level, the presence of L. monocytogenes in fish was 

detected in 6.1 % of a total of 2,938 samples tested in 2010. Also at EU level, data on RTE products of pig 

meat were provided. This included investigations performed on 22,158 samples and L. monocytogenes was 

detected in 2.0 % of these samples (EFSA, 2012). Pork is not of relevance because pork is usually heat-

treated prior to consumption.  

The main transmission routes of M. bovis to humans are through contaminated food (especially raw milk and 

raw milk products) or through direct contact with infected animals (EFSA, 2012). Pasteurization is an 

effective way of dealing with M. bovis in milk (Cosivi et al., 1998). In Denmark, between zero and two human 

cases of bovine tuberculosis were identified annually between 2007 and 2011. All cases consisted either of a 

reactivation of childhood infection in elderly people or immigrants infected in their home countries (Anon., 

2012). In 2010, the proportion of infected or positive herds in the EU was 0.6 % and in the non-OTF 

(Officially Tuberculosis Free) member states this proportion was 1.05%.  Bovine tuberculosis was not 

detected in cattle herds in 10 of the 14 EU OTF (Officially Tuberculosis Free) states plus Norway and 

Switzerland. In total, out of the 1,378,199 existing herds in the OTF countries, 203 herds were positive for M. 

bovis; in France (166 herds), Germany (11 herds), Poland (20 herds) and the Netherlands (six herds). The 

most intensively sampled animal species, other than cattle, was the pig. Pigs had the lowest overall 

proportion of positive tests for M. bovis, with only 37 positive samples. The prevailing opinion in the literature 

is that meat is not a source of infection with M. bovis. Hence, pork is not of relevance for food safety (EFSA, 

2012). However, presence in pigs might be used to identify bovine tuberculosis whereby it can be 

eradicated. 

No data were available to describe the prevalence of Brucella spp. in foodstuff. However, there were 356 

human cases of brucellosis reported in 2010 in the EU. Information on specific Brucella species was 

reported in only 19.1 % of the total number of confirmed cases. B. melitensis – which is primarily related to 
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sheep and goats in southern Europe - was responsible for the majority of these cases, followed by B. 

abortus. No human cases due to B. suis were reported in the EU as in previous years. In 2010, as in 2009, 

16 EU Member States as well as Norway and Switzerland were ObmF (Officially Brucella melitensis Free) in 

accordance with the EU legislation. In addition, Estonia, Latvia and Lithuania were granted status as ObmF 

during 2010. In Denmark, only B. suis is known to be present and that is in wild hares in certain geographical 

areas. Humans are usually infected from direct contact with infected animals and their excretions or via 

contaminated food, typically raw milk (EFSA, 2012). Hence, pork is not of relevance. 

Humans typically acquire trichinellosis by eating raw or inadequately cooked meat contaminated with 

infectious larvae. In general, the prevalence of Trichinella in livestock is very low, negligible or null in several 

Member States. The prevalence of Trichinella in farm animals in 2010 was highest in farmed wild boar (0.07 

%), followed by horses (0.001 %) and then pigs (0.00009 %). In 2010, eight Member States reported positive 

findings for Trichinella in pigs, resulting in an overall EU prevalence of 0.00009 %. Romania accounted for 

62.1 % of all positive cases. All 140 Trichinella-positive pigs from Romania were backyard pigs not raised 

under a controlled housing system. Bulgaria, Finland and France also reported Trichinella findings solely 

from pigs not raised under controlled housing conditions. The majority of positive results in wildlife came from 

wild boars, foxes, bears and raccoon dogs. In 2010, a total of 270 foxes, 12 racoon dogs and 69 other wild 

animals were tested in Denmark as a part of a surveillance programme – all with negative results. The most 

common sources of human infection are pig meat, wild boar meat and other game meat. Horse, dog and 

many other animal meats have also transmitted the infection (EFSA, 2012.) 

Humans are considered a dead-end host of the parasite Echinococcus granulosus and may become infected 

through accidental ingestion of the parasite eggs, shed in the faeces of infected dogs or other canids. In 

accidental cases, humans may also acquire Echinococcus multilocularis infection by ingesting eggs shed by 

the definitive host for example by consuming contaminated vegetables or berries or by touching animals with 

infective eggs in their fur. Most countries in the EU reported no or very few findings of Echinococcus in 2010 

(despite the large number of animals inspected), with the total EU prevalence ranging from 0.2 % in pigs, 

0.6% in cattle to 1.3 % in sheep (EFSA, 2012). No data were available to describe the prevalence of 

Echinococcus spp. in foodstuffs. Although the infection can be acquired through the ingestion of 

contaminated food or water, it is the opinion of the EFSA that this is an accidental infection - and as such not 

pork-related. Echinococcosis/Hydatidosis was found in three out of 1,040 foxes examined in a research 

project in 2000 (DFVA, 2012). In 2011, the Danish Veterinary and Food Administration initiated a 

surveillance programme for E. multilocularis. The surveillance programme was a targeted programme for the 

sampling of high-risk subpopulations. The sampling period began in September 2011 and continued in 2012 

(DFVA, 2012). Since then, 679 wild animals from the Danish countryside were examined for the parasite - 

546 foxes, 129 raccoon dogs, 3 badgers and one wolf from the Thy region. In April 2012, the parasite was 

found in a fox from the area around the town of Højer in Jutland, and now the parasite has been found in 

three other foxes, all around Højer. In total, there are 13 foxes examined from this area. The findings from 

Højer are the first time the fox tapeworm is found in Jutland 

(http://www.vet.dtu.dk/Nyheder_fra_instituttet.aspx?guid=%7b98911ACD-E9A5-436D-B74E-

51E9AE4F39F3%7d). The aim of the new surveillance programme was to re-estimate the prevalence of E. 

multilocularis in order to determine whether the prevalence has changed over the past decade. 

The only known definitive hosts for Toxoplasma gondii are domestic cats and their relatives. Unsporulated 

oocysts are shed in the cat’s faeces. Intermediate hosts in nature (including birds and rodents) become 

infected after ingesting soil, water or plant material contaminated with oocysts. These transform into 

tachyzoites shortly after. The tachyzoites localize in neural and muscle tissue and develop into tissue cyst. 

Cats become infected after consuming intermediate hosts harbouring tissue cysts. Animals bred for human 

consumption and wild game may also become infected with tissue cysts after ingestion of sporulated oocysts 

in the environment. Humans can become infected by several routes: eating undercooked meat of animals 

harbouring tissue cysts, consuming food or water contaminated with cat faeces, from handling contaminated 

http://www.vet.dtu.dk/Nyheder_fra_instituttet.aspx?guid=%7b98911ACD-E9A5-436D-B74E-51E9AE4F39F3%7d
http://www.vet.dtu.dk/Nyheder_fra_instituttet.aspx?guid=%7b98911ACD-E9A5-436D-B74E-51E9AE4F39F3%7d
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soil or cat litter trays, blood transfusion or organ transplantation and transplacentally from mother to foetus. 

More can be read about the issue at the CDC site: http://www.dpd.cdc.gov/dpdx/HTML/Toxoplasmosis.htm  

There are no data describing the prevalence of the parasite T. gondii in foodstuff. Therefore, we looked at 

the number of human cases of neonatal toxoplasmosis. In total, 21 confirmed human cases of congenital 

toxoplasmosis were reported in the EU in 2010 (EFSA, 2012). A national neonatal screening programme for 

Congenital Toxoplasmosis in Denmark that was in place from 1999 to 2007 included all live-born children in 

Denmark. A total of 100 children were identified with CT during this period, corresponding to a birth 

prevalence of 1.6 per 10,000 live-born infants (Roser et al., 2010). During the years 2008-2010, the highest 

proportion of samples positive for Toxoplasma or antibodies to Toxoplasma, across the EU was reported 

from sheep and goats, with 18.2 % in 2010. In 2010, 1.2 % of tested cattle and 2.2 % of tested pigs were 

positive for Toxoplasma or antibodies to Toxoplasma. According to EFSA, Toxoplasma is of medium 

relevance at present in the EU and one of the most relevant biological hazards in the context of meat 

inspection of swine, alongside Salmonella spp., Y. enterocolitica and Trichinella spp. (EFSA, 2012). It has 

been estimated that around 50% of the human cases might be ascribed to meat (Cook et al., 2000). The 

parasite is eliminated during freezing and heat-treatment. This implies that for pork, ready-to-eat products 

not frozen or heat treated prior to consumption are the most risky products in particular if the meat originates 

from pigs raised outdoor, where the prevalence of T. gondii is known to be higher than in pigs raised indoor 

(EFSA, 2007).  

Rabies virus can infect all warm-blooded animals and is transmitted through contact with saliva from infected 

animals, typically from foxes and stray dogs, for example via animal bites. In 2010, two autochthonous cases 

of rabies were reported in the EU, both from Romania (EFSA, 2012). Rabies virus is not a food safety issue. 

Q fever is a zoonotic disease caused by the bacterium C. burnetii. Cattle, sheep and goats are the primary 

domestic animal reservoirs, and the bacteria are excreted in milk, urine and faeces and in high numbers in 

the amniotic fluid, aborted tissues and placenta at birth. Humans are considered accidental hosts (EFSA, 

2012). Q fever is not considered meat-borne. 

Tularaemia is a zoonotic disease caused by Francisella tularensis. Wild animals such as rabbits, voles, 

muskrats and ticks are considered to be the main reservoir for F. tularensis. The main transmission route for 

humans are tick and mosquito bites particularly in Scandinavian countries and Russia (EFSA, 2012). 

Tularaemia is not considered meat-borne. 

Actinobacillus pleuropneumoniae is present in pigs throughout the world, causing contagious porcine 

pleuropneumonia, but is restricted to the porcine respiratory tract and is not considered to be zoonotic. There 

have been no recorded cases of infection in animal species other than the pig and no recorded cases of 

infection of humans such as abattoir workers or those working closely with infected pigs on the farm (Rycroft 

et al., 2011). 

Arcanobacterium pyogenes is a normal inhabitant of the mucous membranes of domestic animals, such as 

cattle, sheep, swine, and goats (Levy et al., 2009). A. pyogenes was isolated from 11 Danish patients 

between 1968 and 1992 (GahrnHansen and Frederiksen, 1992).   

Pasteurellosis is caused by infection with bacteria of the Pasteurella genus. Pasteurella multocida is the 

most-commonly reported organism in this group, and is well-known as both a common commensal (part of 

the normal bacterial flora) and pathogen in a variety of animal species. P. multocida is found worldwide. 

Cutaneous infection following dog or cat bites or scratches is the most common form of pasteurellosis in 

humans (http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Pasteurellosis/GeneralInformation/). 

Proteus spp. are part of the human intestinal flora and are also widespread in the environment, including 

animals, soil, and polluted water. They are important causative agents in community-acquired and 

http://www.dpd.cdc.gov/dpdx/HTML/Toxoplasmosis.htm
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nosocomial urinary tract infections within Europe and North America. Proteus spp. are generally considered 

pathogenic for young people and opportunistic pathogens for the elderly, however Proteus spp. are not 

considered a zoonosis (http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/proteus-eng.php). 

Pseudomonas is an ubiquitous group of environmental gram negative bacteria. Pseudomonas aeruginosa is 

one type strain of the genus. Despite the ubiquity of the organism, community-acquired infections with P. 

aeruginosa are relatively rare. In hospitals, however, it may account for about 10% of all acquired infections 

(http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/PseudomonasAeruginosa/).  

Streptococcus suis is an opportunistic bacterium which usually colonises the upper respiratory tract of adult 

pigs without causing any disease. It can, however, be the reason for severe disease in piglets, and it is 

known to be responsible for large economic losses in the swine industry. S. suis is transmitted to humans 

through close contact with infected pigs or pork, and people in occupational contact with pigs (e.g. pig 

farmers, abattoir workers, veterinarians) represent the principal risk group for the disease. The majority of the 

700 human cases which have been reported since 1968 originated from Southeast Asia, i.e. China, Vietnam, 

and Northern Thailand. S. suis meningitis is currently the second most common cause of acute bacterial 

meningitis in adults in Thailand. Several sporadic cases have also been reported from European countries 

(http://www.ecdc.europa.eu/en/healthtopics/streptococcus_suis/Pages/index.aspx). The first case of S. suis 

infection in humans was reported from Denmark in 1968 by Perch (Statens Serum Institut, 2005). During 

1996 -1999, only one case of meningitis due to infection with S. suis was observed in Denmark, and that was 

in a pig farmer (Statens Serum Institut, 2000). Despite of the low number of human cases, (Leps and Fries, 

2009) do not exclude food as a carrier of S. suis and mention that consumption of raw or undercooked pork 

or pork blood might be considered as a source of human infection. This is in line with Berends et al. (1993) 

who noted that food-borne illness caused by Streptococcus might occur as a result of contamination of a 

meal or meat prepared in advance and stored incorrectly. 

 

Table 11. Causative agents in food-borne outbreaks in the EU in 2010. Source: EFSA (2012)  

Agent  Number of Outbreaks Percentage 

Salmonella 1,604 30.5 

Viruses 790 15 

Campylobacter 470 8.9 

Bacterial toxins 461 8.8 

Other causative agents 229 4.4 

Other bacterial agents 64 1.2 

Escherichia coli 31 0.6 

Parasites 30 0.6 

Unknown 1,583 30.1 

Total 5,262 100.0 

Note: Food-borne viruses include calicivirus, flavivirus, rotavirus, hepatitis A virus and other unspecified food-borne 

viruses. Bacterial toxins include toxins produced by Bacillus, Clostridium and Staphylococcus. Other causative agents 

include mushroom toxins, marine biotoxins, histamine, mycotoxins, wax esters and other unspecified agents. Parasites 

include primarily Trichinella, but also Anisakis, Giardia and Cryptosporidium. Other bacterial agents include Brucella, 

Listeria, Shigella and Yersinia. 

 

Only Staphylococcus aureus and Bacillus cereus might result in food-borne infections. S. aureus can act 

directly as an occupational hazard giving rise primarily to skin infections in humans. It can also be related to 

food poisoning, but here it is a result of the bacteria developing an enterotoxin during inadequate cooling of 

e.g. meat products (Sutherland & Varnam, 2002). B. cereus is only responsible for a minority of foodborne 

http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/proteus-eng.php
http://www.ecdc.europa.eu/en/healthtopics/streptococcus_suis/Pages/index.aspx
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illnesses, and these occur due to survival of the bacterial spores when food is improperly cooked (Kotiranta 

et al., 2000). As no information was available on sporadic cases caused by B. cereus or S. aureus we looked 

at the information available on outbreak-related cases. Nine EU countries reported 99 outbreaks in which 

Bacillus toxins were the causative agent in 2010. Fourteen EU states reported 274 food-borne outbreaks 

caused by Staphylococcus spp., and 13.9 % of these were so-called strong-evidence outbreaks with 941 

cases of which 20.1 % were hospitalised, with no fatalities, in 2010 (EFSA, 2012). For data relating to the 

number of food-borne outbreaks in the EU in 2010 please see Table 11. 

This makes Salmonella spp. and Y. enterocolitica the most important pathogens related to Danish pork. A 

Salmonella surveillance-and-control program is in place in Denmark since 1995 (Alban et al., 2002, 2012). 

For Yersinia, focus on the hygiene during slaughter will minimize the prevalence of Yersinia in pork. Meat 

inspection per se does not have any impact on Salmonella or Yersinia unless specifically considered. 

 

6. Consequence assessment – food safety 

In this chapter, consequences related to human cases of zoonotic infections are dealt with. Zoonoses are 

infections that are naturally transmissible directly or indirectly between animals and humans. This could for 

example be via contaminated feed or food. As shown in the previous sections, several organisms present in 

or on a pig might result in disease in humans either as a result of a food-borne infection or contact to infected 

pigs or carcasses. To evaluate the consequences of such infections, the prevalence of as well as the impact 

on the individual they affect, play a role. In the following this is done; first the prevalence of reported zoonotic 

infections is presented, next the impact of each identified hazard on the individual human patient.  

The prevalence of zoonotic infections was based on EU and national statistics, respectively. Each year, the 

EU Member States submit information on the occurrence of zoonoses, zoonotic agents and food-borne 

outbreaks to the European Commission and the Authority (EFSA). EFSA analyses the data, the results of 

which are published in the annual European Union Summary Report, which covers 15 zoonoses. The 

number of human cases in the EU in 2010 is shown in Fig. 4, and the report covering 2010 can be found at: 

http://www.eurocarne.com/informes/pdf/zoonosisEFSA2010.pdf. In Denmark, a report of zoonotic diseases 

in animals and humans is published annually by the Danish Technical University. The number of human 

cases in Denmark in 2011 is shown in Fig. 5, and the entire report from 2011 can be found at: 

http://www.food.dtu.dk/upload/fødevareinstituttet/food.dtu.dk/publikationer/2012/annual%20report%202011%

20-%2024.pdf. 

Regarding the impact of the specific infections on the individual humans, we used the grouping made by 

Alban et al. (2008c). This implies that the identified hazards were grouped based on the following 

parameters: symptoms, duration, degree of complications, hospitalization rate, and mortality based on. 

Three categories were used: mild, moderate or severe. The details of the grouping can be found in Alban et 

al. (2008c)  

It is noted when comparing the EU data with the Danish data (Fig. 4 and Fig. 5), that the top-4 hazards are 

the same: Campylobacter, Salmonella, VTEC and Yersinia. It is also noted that the hazards identified in the 

hazard identification are not among the hazards found in the human statistics of zoonotic infections. 

The species most commonly associated with human infection is Campylobacter jejuni, but other 

Campylobacter species are also known to cause human infection. The infective dose of these bacteria is 

generally low. The incubation period of campylobacteriosis in humans averages from 2 to 5 days. Patients 

may experience mild to severe symptoms, with common clinical symptoms including watery, sometimes 

bloody diarrhoea, abdominal pain, fever, headache and nausea. Usually, infections are self-limiting and last 

only a few days. Infrequently, extra-intestinal infections or post-infection complications such as reactive 

http://www.eurocarne.com/informes/pdf/zoonosisEFSA2010.pdf
http://www.food.dtu.dk/upload/fødevareinstituttet/food.dtu.dk/publikationer/2012/annual%20report%202011%20-%2024.pdf
http://www.food.dtu.dk/upload/fødevareinstituttet/food.dtu.dk/publikationer/2012/annual%20report%202011%20-%2024.pdf
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arthritis and neurological disorders occur. The EU reported 266 deaths due to campylobacteriosis, in 2010 

(EFSA, 2012). 

The most zoonotic Salmonella belong to the subspecies S. enterica subsp. enterica. Human salmonellosis is 

usually characterised by the acute onset of fever, abdominal pain, nausea, and sometimes vomiting, after an 

incubation period of 12-36 hours. Symptoms are often mild and most infections are self-limiting, lasting a few 

days. However, in some patients, the infection may be more serious and the associated dehydration can be 

life threatening. When Salmonella causes systemic infections, such as septicaemia, effective antimicrobials 

are essential for treatment. Mortality is usually low, and less than 1% of reported Salmonella cases have 

been fatal. In 2010, 62 deaths due to salmonellosis were reported by the EU (EFSA, 2012).  

Yersinia comprises three main species that are known to cause human infections: Yersinia enterocolitica, Y. 

pseudotuberculosis and Y. pestis (plague). The third is believed no longer to exist in Europe. Y. 

enterocolitica is by far the biggest cause food-borne enteric infections in humans. Yersiniosis most often 

causes diarrhoea, at times bloody, and occurs mostly in young children. In elderly persons and in patients 

with underlying conditions systemic forms of the disease are often observed. Symptoms typically develop 4 

to 7 days after exposure and last an average of 1 to 3 weeks. No deaths were reported in 2010 due to 

yersiniosis, in the EU (EFSA, 2012). 

Verotoxigenic Escherichia coli (VTEC) are a group of E. coli that are characterised by the ability to produce 

toxins that are designated verocytotoxins. Human VTEC infections are most often associated with a minor 

number of O:H serogroups, the O157:H7 and the O157:H- serogroups (VTEC O157) are the ones most 

frequently reported to be associated with human disease. The majority of reported human VTEC infections 

are sporadic cases. The symptoms associated with VTEC infection in humans vary from mild to bloody 

diarrhoea, which is often accompanied by abdominal cramps, usually without fever. VTEC infections can 

result in Haemolytic Uraemic Syndrome (HUS). HUS is characterised by acute renal failure, anaemia and 

lowered platelet counts. HUS develops in up to 10% of patients infected with VTEC O157 and is the leading 

cause of acute renal failure in young children. In 2010, the fatality rate for human VTEC infection was 0.39%, 

with eight deaths reported among 2,077 confirmed cases for which information was known (EFSA, 2012).    

Human cases of listeriosis are almost exclusively caused by the species Listeria monocytogenes, out of the 

eight species currently recognized. For humans severe illness occurs mainly in the unborn child, infants, the 

elderly and those with compromised immune systems. Symptoms vary, ranging from mild flu-like symptoms 

and diarrhoea to life threatening infections characterised by septicaemia and meningoencephalitis. In 

pregnant women the infection can spread to the foetus, which may either be born severely ill or result in 

abortion. Human infections are rare yet important given the associated high mortality rate. In 2010,181 

confirmed cases were reported as resulting in death due to Listeria spp. infection (EFSA, 2012).  

In humans, infection with Mycobacterium bovis causes a disease that is indistinguishable from that caused 

by infections with Mycobacterium tuberculosis, the primary agent of human tuberculosis. The general 

symptoms of bovine tuberculosis infection disease include feelings of sickness or weakness, weight loss, 

fever, and night sweats. The symptoms of the lung form also include coughing, chest pain, and the coughing 

up of blood. There were seven deaths due to M. bovis in the EU in 2009, all reported by Germany (EFSA, 

2012). 

Of the six species of Brucella known to cause disease in humans, B. melitensis is the most virulent and 

causes the most severe illness in the EU owing to the prevalence of this Brucella species in small ruminant 

populations in many areas of Europe. In humans, brucellosis is characterised by flu-like symptoms such as 

fever, headache and weakness of variable duration. However, severe infections of the central nervous 

system or endocarditis may occur. Brucellosis can also cause long-lasting or chronic symptoms including 

recurrent fever, joint pain, arthritis and fatigue. No death due to brucellosis was reported in 2010, however, 

34.5 % of patients with confirmed infection were hospitalised because of the disease (EFSA, 2012). 
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Humans typically acquire Trichinella infection by eating raw or inadequately cooked meat contaminated with 

infectious larvae. The clinical signs of acute trichinellosis in humans are characterised by two phases. The 

first phase of trichinellosis symptoms may include nausea, diarrhoea, vomiting, fatigue, fever and abdominal 

discomfort. However, this phase is often asymptomatic. Thereafter, a second phase of symptoms including 

muscle pains, headaches, fever, swelling of the eyes, aching joints, chills, cough, itchy skin and diarrhoea or 

constipation may follow. In more severe cases, difficulties with coordinating movements as well as heart and 

breathing problems may occur. A small proportion of people die from trichinellosis. In 2010, the case fatality 

risk for human trichinellosis was zero (EFSA, 2012). 

Humans are a dead-end host of Echinococcus granulosus and may become infected through accidental 

ingestion of eggs. These hatch in the digestive tract releasing oncospheres, which may enter the 

bloodstream and migrate to the liver, lungs and other tissues to develop into hydatid cysts. Clinical 

symptoms and signs of the disease (cystic echinococcosis) depend on the location of the cysts and are often 

similar to those induced by slow-growing tumours. In accidental cases, humans may also acquire 

Echinococcus multilocularis infection by ingesting eggs shed by the definitive host. E. multilocularis is the 

causative agent of the highly pathogenic alveolar echinococcosis in man. Although a rare human disease, 

alveolar echinococcosis is a chronic disease with infiltrative growth of considerable public health importance 

as it is fatal in a large number of untreated patients (EFSA, 2012). 

Most human Toxoplasma gondii infections are asymptomatic or cause mild flu-like symptoms resulting in 

long-lasting immunity. Lymphadenitis accompanied by fever and headache is the most frequent clinical sign 

of infection in humans. About 50 %-80 % of the European population are estimated to be infected. 

Occasionally the parasite may cause a serious foetal infection resulting in abortion or congenital lesions in 

the child’s brains, eyes or other organs, particularly if the mother acquires her first infection during the first 

trimester of pregnancy (EFSA, 2012). 

Rabies is a disease caused by the Lyssavirus virus. The disease causes swelling in the central nervous 

system of the host and is usually fatal. Symptoms in humans include a sense of apprehension, headache 

and fever. In 2010, the two cases of autochthonous rabies reported in the EU proved fatal to the patients 

(EFSA, 2012). 

Only about 40% of people infected with Coxiella burnetii show clinical signs. Clinical signs and symptoms of 

acute Q fever may include fever, severe headache, muscle pain, discomfort, sore throat, chills, sweats, non-

productive cough, nausea, vomiting, diarrhoea, abdominal pain and chest pain. The fever usually lasts for 1 

to 2 weeks and may result in a life-long immunisation. Acute Q fever is fatal in approximately 2% of the 

cases. Chronic Q fever is uncommon. A serious complication of chronic Q fever is inflammation of the heart 

valves, and case fatality rate even with appropriate treatment is about 11%. In 2010, two confirmed deaths 

were reported due to Q fever both from the Netherlands (EFSA, 2012). 

Tularaemia in humans has an incubation period that varies usually between 3 to 5 days. Although there are 

six different types of tularaemia only two of these types account for almost 100 % of human cases, resulting 

in ulceroglandular or septicaemic infection. Typical clinical signs of the glandular form include painful and 

swollen lymph nodes, fever and chills. Clinical symptoms of septicaemic tularaemia include pneumonia, 

myalgia and high fever. Severe cases of tularaemia may develop complications such as meningitis, 

pericarditis and osteomyelitis. Long term immunity is developed after recovery, and re-infection is extremely 

rare (EFSA, 2012). 

Bacillus cereus may produce emetic and diarrhoeagenic toxins. Depending on the type of toxin, B. cereus 

may cause severe nausea, vomiting and watery diarrhoea. The emetic toxin of B. cereus has high heat 

tolerance and cannot be destroyed by normal heat treatment. Yet in most cases the disease is short-lasting 

and self-limiting (EFSA, 2012).  
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Streptococcus suis can cause serious systemic infections, most commonly meningitis and sepsis. Other 

disease manifestations include pneumonia, arthritis, endocarditis, and streptococcal toxic shock-like 

syndrome (STSS). Deafness is reported as common sequelae of the disease 

(http://www.ecdc.europa.eu/en/healthtopics/streptococcus_suis/Pages/index.aspx). 

The remaining diseases are considered to have a mild or moderate impact on the individual (Table 12).  

Humans acquire E. coli infection by consuming contaminated food or water. Following an incubation period 

of about 3–4 days, a variety of gastrointestinal symptoms appear, ranging from mild to severe bloody 

diarrhoea, mostly mild and without fever 

(http://www.ecdc.europa.eu/en/healthtopics/escherichia_coli/basic_facts/Pages/basic_facts.aspx). 

If Staphylococcus aureus enter the body, illnesses which range from mild to life-threatening may then 

develop. These include skin and wound infections, infected eczema, abscesses or joint infections, infections 

of the heart valves (endocarditis), pneumonia and bacteraemia (blood stream infection). S. aureus also 

produces toxins, which if the bacteria contaminate incorrectly prepared food can cause food poisoning and 

have also been linked with toxic shock syndrome 

(http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/StaphylococcusAureus/). 

Actinobacillus pleuropneumoniae is not considered to be zoonotic. It was impossible to describe disease 

symptoms because there have been no recorded cases of infection in humans (Rycroft et al., 2011). 

Diseases caused by Arcanobacterium pyogenes have been reported for persons who live in rural areas and 

have underlying illnesses such as cancer and diabetes. A recent literature review found 13 unequivocal 

cases of human infection with this agent; many patients had a history of close contact with domestic animals. 

However, septicemia was not reported (Levy et al., 2009). A. pyogenes was isolated from 11 Danish patients 

between 1968 and 1992 (Gahrn-Hansen and Frederiksen, 1992).  

The most common symptom of pasteurellosis in humans is a local wound infection, usually following an 

animal bite or scratch. Complications include abscesses, cellulitis (an area of spreading inflammation) and 

joint infections. The organism can also infect the respiratory tract and cause sinusitis and ear infections, and 

more severe symptoms including pneumonia or lung abscesses in those with underlying pulmonary disease, 

however this is rare. Other uncommon presentations of P. multocida infection include septicaemia (blood 

poisoning), eye infections, meningitis and gastrointestinal problems 

(http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Pasteurellosis/GeneralInformation/). 

Proteus spp. are commonly associated with complicated urinary tract infections (UTIs). They generally affect 

the upper urinary tract (common site of infection), causing infections such as urolithiasis (stone formation in 

kidney or bladder), cystitis and acute pyelonephritis. Rare cases of bacteraemia, associated with UTIs, with 

Proteus spp. have also been reported .Other infections include septicaemia and wound infections 

(http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/proteus-eng.php). 

Pseudomonas are an ubiquitous group of environmental gram negative bacteria. Pseudomonas aeruginosa 

is one type strain of the genus. Despite the ubiquity of the organism, community-acquired infections with P. 

aeruginosa are relatively rare. In hospitals, however, it may account for about 10% of all acquired infections, 

frequently causing pneumonia and also urinary tract, surgical wound and septicaemic infections 

(http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/PseudomonasAeruginosa/GeneralInformatio

n/). 

 

 

http://www.ecdc.europa.eu/en/healthtopics/streptococcus_suis/Pages/index.aspx
http://www.ecdc.europa.eu/en/healthtopics/escherichia_coli/basic_facts/Pages/basic_facts.aspx
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/StaphylococcusAureus/
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/Pasteurellosis/GeneralInformation/
http://www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/proteus-eng.php
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/PseudomonasAeruginosa/GeneralInformation/
http://www.hpa.org.uk/Topics/InfectiousDiseases/InfectionsAZ/PseudomonasAeruginosa/GeneralInformation/
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Table 12. Qualitative assessment of impact of specific infection possibly related to pigs and pork on the 

individual patient, - elaborated based on Alban et al. (2008c) 

Pathogen Assessment 

Actinobacillus pleuropnemoniae Negligible 

Arcanobacterium pyogenes Mild 

Bacillus cereus Mild 

Campylobacter spp. Moderate 

Escherichia coli – not VTEC Mild 

Listeria monocytogenes Moderate to severe 

Mycobacterium avium Severe among vulnerable groups 

Mycobacterium bovis Severe 

Pasteurella multocida Mild 

Proteus spp. Mild 

Pseudomonas spp. Mild 

Salmonella spp. Moderate 

Staphylococcus aureus Mild 

Streptococcus suis Mild to Severe 

Yersinia enterocolitica Moderate 

 

In conclusion, the most important hazards related to pork are Salmonella, Yersinia, Toxoplasma and 

Trichinella whereas the causal agents involved in embolic pneumonia and liver abscesses were not the 

cause of reported cases of zoonotic disease in the EU, with the exception of verotoxigenic strains of E. coli 

which are not ascribed to the pork but to beef.  

Not all diseases are notifiable, and hence, for some of the non-notifiable infections our knowledge about their 

incidence is limited. This is pronounced if the symptoms related to infection are mild or short-lasting. 

However, this also implied that the infection is not of great importance for public health. 
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7. Consequence assessment - the zoo-sanitary status 
 

It is important for a large pig-producing and exporting country like Denmark to ensure that animal health is 

not jeopardized when we change our way of management; in this case the way meat inspection is 

conducted. We have therefore included zoo-sanitary hazards in the present risk assessment.  

 

Denmark has been declared officially free from a number of livestock diseases that might cause disease in 

pigs, whereas some other infections are present (Table 13). In the following, the impact of visual inspection 

of the lungs and the liver compared to traditional inspection including palpation will be evaluated for each of 

the following diseases/infections: African swine fever, Aujeszky’s disease, Bovine tuberculosis, Brucellosis 

(due to B. melitensis, B. abortus and B. suis), Classical swine fever, Foot and mouth disease, Porcine 

respiratory and reproductive syndrome (PRRS) as well as Trichinella. These infections/diseases are listed by 

the Office des Epizooties Internationale (OIE) as important infection. Avian tuberculosis was deleted from the 

OIE list in September 2010. All these infections – apart from avian tuberculosis - are notifiable according to 

the Danish Veterinary and Food Administration.  

Many of these infections are exotic in Denmark either as a result of successful eradication followed by 

implementation of large-scale surveillance programmes or because they have never been present in the 

country. This include Japanese encephalitis, Nipah virus encephalitis, Swine vesicular disease, Teschovirus 

encephalomyelitis, Transmissible gastroenteritis, Vesicular stomatitis and West Nile fever which have never 

been reported in Denmark. Porcine cysticercosis has not been reported in Denmark in historical times (the 

date of the last outbreak is unknown). Echinococcosis/Hydatidosis was found in three out of 1040 foxes 

examined in a research project in 2000 (Danish Veterinary and Food Administration, 2012). Moreover, a 

surveillance programme was initiated in 2011 involving testing of foxes and raccoon dogs. Anthrax occurred 

in Denmark for the last time in 1988, and Sylvatic rabies in 1982 (Please see 

http://www.foedevarestyrelsen.dk/Publikationer/Alle%20publikationer/2012095.pdf). In line with this and 

because the national population is naive with respect to these infections, clinical signs related to any of these 

diseases will be pronounced. Therefore, diagnosis would probably first be made in live animals, either on 

farms or during the ante-mortem inspection at the slaughterhouse and only secondly at post-mortem.  

7.1 Tuberculosis 

Denmark is officially free from bovine tuberculosis since 1980 (Commission Decision 2003/467/EC) (Table 

13). The eradication of bovine tuberculosis in Denmark was initiated in 1893. In 1959, the eradication 

programme was replaced by a surveillance programme because only a few outbreaks were diagnosed each 

year. The Danish surveillance programme for demonstrating absence of bovine tuberculosis consists of a 

clinical examination of suspect cattle, meat inspection of all cattle and pigs as well as tuberculin tests of 

selected animals.  

At meat inspection, macroscopic lesions indicative of tuberculosis are looked for. Furthermore, bulls at 

semen collection centres are regularly tuberculin-tested in accordance with the provisions of Council 

Directive 88/407/EEC. Cattle intended for export to certain third countries are also tested. Approximately 

4000 animals were tested in 2011.Denmark only imports a limited number of cattle and pigs. In 2011, at total 

of 169 bovines and 91 pigs were imported into Denmark (Danish Veterinary and Food Administration, 2012). 

Hence, if bovine tuberculosis should enter the country, there is a high probability that it will be found through 

the surveillance programme.  

In 1989, a new component of the surveillance programme for bovine tuberculosis was initiated, comprising 

all Danish farmed deer herds. The last outbreak of tuberculosis in Danish farmed deer occurred in 1994. 

However, no free-living deer have ever been found tuberculosis-positive in Denmark (Danish Veterinary and 

Food Administration, 2012). 

http://www.foedevarestyrelsen.dk/Publikationer/Alle%20publikationer/2012095.pdf
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The pigs considered for supply chain meat inspection (involving visual inspection of the liver and lungs) 

originate from integrated production systems with no contact to wildlife since weaning. This limits the 

probability of exposure to bovine tuberculosis, should this occur in wildlife. Outdoor-reared pigs will be 

subjected to traditional meat inspection.  

Breeding pigs are – as for cattle - tested prior to export to certain countries which require testing. A double 

test is used enabling the differentiation between M. bovis and M. avium (Anne-Grete Hassing, personal 

communication). According to the Danish Veterinary and Food Administration, 15 cases of bovine 

tuberculosis in pigs were suspected in Denmark in 2011. Laboratory analyses revealed Mycobacterium 

avium in most of the cases, and not a single case of Mycobacterium bovis. The epidemiological investigation 

revealed no specific risk factors as opposed to the situation in 2010 (when there were 24 suspected cases of 

bovine tuberculosis in pigs, all negative for M. bovis.), where most of the suspected farms had used non-

heat-treated bedding originating from countries not free from bovine tuberculosis for the piglets (Danish 

Veterinary and Food Administration, 2012). Peat is known for harbouring avian tubercles. In 2009, the 

Danish Agriculture & Food Council banned the use of non-heat-treated bedding at pig farms, unless heat-

treated or originating from specific areas (Danish Veterinary and Food Administration, 2011). This is now a 

part of the Danish Product Standard, which is a private standard setting the requirements for pig producers 

delivering finisher pigs to the Danish pig abattoirs. More can be read about this standard in: 

http://vsp.lf.dk/~/media/Files/DANISH/DANISH%20produktstandard/Produkt_Standard_UK.ashx. 

According to Danish law, all types of tuberculosis in animals are notifiable. However, avian tuberculosis only 

acts as a differential diagnosis for bovine and human tuberculosis. This implies that the finding of avian 

tuberculosis in a bird or any other animal does not result in any actions by the Veterinary Services. If a pig 

reacts positive to M. avium, it will not be exported but remain in Denmark without any further actions required 

(P. Vestergaard, personal communication). In Ireland, both avian and bovine tuberculosis are present. As a 

part of the control programme for bovine tuberculosis, cattle are tuberculin tested. A double test is made 

enabling a differentiation between M. bovis and M. avium (J. Cassidy, personal communication). Like in 

Denmark, the finding of a reaction against the latter does not result in any action because the agent is not 

considered meat-borne. 

This is in line with the USA, where regulations of the Meat and Poultry Inspection Programme of the USDA 

require local condemnation if lesions are only found in one primary site on the carcass. If lesions indicative of 

tuberculosis are found in more than one primary site, the carcass needs to undergo heat-treatment (76.7°C 

for 30 minutes). If no cooking facilities are available, the carcass is condemned (Thoen, 2006). Only in The 

Netherlands is there a concern about the possible meat-borne route related to pig meat. This has led to the 

introduction of a surveillance programme for avian tuberculosis in Dutch finisher herds (Jelsma, 2008). 

OIE has recently adjusted its list of diseases which are of international concern. For a disease to be on the 

list, certain conditions should be met: 1) It should have a capacity to be spread internationally, 2) There 

should be zoonotic impact, 3) It should have a significant morbidity or mortality in naive populations, and 4) 

Be an emerging disease. Resolution No XVIII adopted by the International Committee of the OIE during its 

76th General Session, 25 – 30 May 2008, included the following statement about avian tuberculosis: ”It is 

ubiquitous and has no significance for international spread. The morbidity and mortality are not significant in 

birds. Human infections may occur under exceptional circumstances, but natural infection in humans is rare”.  

Avian tuberculosis was finally deleted from the list at the Meeting of the OIE Terrestrial Animal Health 

Standards Commission, 6 -17 September 2010. The report from the working group can be downloaded from:  

http://www.oie.int/doc/ged/D10046.PDF. Please see Annex IV, page 40. 

 

As a conclusion: omitting routine palpation of the lungs and the liver of finisher pigs raised indoor will not 

reduce the capacity to identify bovine tuberculosis because: 

 

http://vsp.lf.dk/~/media/Files/DANISH/DANISH%20produktstandard/Produkt_Standard_UK.ashx
http://www.oie.int/doc/ged/D10046.PDF
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1. Denmark is officially free for bovine tuberculosis for more than 30 years 

2. Only a low number of breeding pigs are imported annually 

3. Should bovine tuberculosis be reintroduced into Denmark, it will most likely come in with bovines 

4. A surveillance programme is in place for bovines 

5. Any lesion indicative of tuberculosis found outside the gastrointestinal tract and its associated lymph 

nodes in relation to meat inspection results in a laboratory investigation  

 

7.2 Foot and Mouth Disease 

Denmark is recognized by the OIE as a Foot and mouth disease (FMD) free country where vaccination is not 

practised. The last case of FMD was observed in 1983 (Danish Veterinary and Food Administration, 2012). A 

combination of a limited import of breeding pigs and a volunteer testing and quarantine programme in place 

for imported animals as well as no import of pigs for slaughter and a unique geographical location has made 

it possible for Denmark to stay free from this disease for decades. FMD is currently not present in Europe, 

and should it be found in a European country, several risk mitigating strategies will be put in place (Anon., 

2007c). This was last seen in 2011 in Bulgaria, where FMD was found in wildlife and livestock and 

subsequently successfully eradicated in April 2011 

(http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/statusdetail). 

In 2011, two clinically suspect case of FMD was notified to the veterinary authorities in Denmark. The Animal 

Health Unit of the Regional Veterinary and Food Administration Centres rejected the suspicion after a 

thorough clinical evaluation (Danish Veterinary and Food Administration, 2012).  

FMD is associated with the development of vesicles in the mouth and on the feet, which will be observed 

either in the herd or during ante-mortem inspection. Hence, omitting the palpation of the liver and the lungs 

will not lower the probability of identifying a case of FMD. 

7.3 African Swine Fever 

African swine fever has never been reported in Denmark. African swine fever is caused by a DNA virus in the 

Asfarviridae Family; genus Asfivirus. African wild swine (warthogs, bush pigs and giant forest hogs) are 

usually subclinical infected and act as reservoir hosts of the virus in Africa. Contrary, domestic pigs, 

European wild boar, and American wild pigs, develop clinical disease. Ticks of the genus Ornithodoros are 

considered the natural arthropod host. This is a highly contagious disease and transmission can be direct, by 

contact with sick and healthy animals. But transmission can also be indirect by feeding on garbage 

containing infected meat, because the virus can remain infectious for 3 to 6 months in uncooked pork 

products. Moreover, transmission can occur through biological vectors – soft ticks of the genus Ornithodoros 

or through fomites including, premises, vehicles, implements, and clothes. 

African swine fever is enzootic in most countries of Sub-Saharan Africa including Madagascar. In Europe, it 

has been reported and successfully eradicated from the Iberian Peninsula but continues to be found on the 

Italian island of Sardinia. In the 1970s, African swine fever was present in the Caribbean (Haiti and the 

Dominican Republic) and in Brazil but was successfully eradicated.  

Most recently, African swine fever has appeared in the Caucasus (Georgia, Azerbaijan, and Armenia) as well 

as in Russia and the Ukraine (Fig. 6). Unfortunately, the spreading cannot be considered controlled in this 

region, and therefore constitutes a constant threat of introduction into the EU. 

http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/statusdetail
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Figure 6. Cases of African swine fever between January 2010 and December 2012 according to OIE  

 

Given that the Danish swine population is totally naïve to the disease, it would be expected that the course of 

the disease would be highly acute, should it be able to reach the country. In per-acute cases sudden death 

occurs with few clinical signs. In acute form, the clinical signs include: fever (40.5–42°C), early leucopoenia 

and thrombocytopenia (48–72 hours), reddening of the skin (can be seen in clean, white pigs only) – tips of 

ears, tail, distal extremities, ventral aspects of chest and abdomen, anorexia, listlessness, cyanosis and 

incoordination within 24–48 hours before death, increased pulse and respiratory rate, vomiting, diarrhoea 

(sometimes bloody) and eye discharges may exist. Death occurs within 6 to13 days. Abortion may occur in 

pregnant sows. In domestic swine, the mortality rate often approaches 100% 

(http://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/AFRICAN_SWINE_FEVER_F

INAL.pdf). 

A previous risk assessment has identified the large number of livestock trucks returning from abroad as the 

most important risk factor (Bronsvoort et al., 2008). To mitigate this risk, the Danish livestock industry has 

implemented a transport standard. This implies that all trucks transporting cloven-footed animals in and out 

of Denmark are washed and disinfected upon the return to Denmark. The vehicles observe 48-hour 

quarantine after cleaning and disinfection on an approved cleaning and disinfection station, before arriving at 

the Danish farm, if animals for production shall be moved between herds in Denmark or if the vehicles have 

driven through particular risk countries. A description of the Danish Transport Standard can be found on the 

following link (in Danish):  

http://vsp.lf.dk/~/media/Files/DANISH/DANISH%20transportstandard/Danish_transportstandard_DK.ashx 

In 2011, the Danish Veterinary and Food administration conducted a baseline study of the presence of 

African swine fever (ASF) in the Danish pig population. Blood samples from 3,511 animals sampled for the 

serological surveillance programme for classical swine fever were tested for antibodies against ASF. All 

samples tested free of ASF. ASF is a notifiable disease in Denmark, and a herd reported on clinical 

suspicion will be subjected to epidemiological investigation. However, the disease has never been reported 

in Denmark (Danish Veterinary and Food Administration, 2012). 

http://vsp.lf.dk/~/media/Files/DANISH/DANISH%20transportstandard/Danish_transportstandard_DK.ashx
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Most likely, a case of African swine fever will be diagnosed in the herd because of the high mortality or 

during pre-slaughter inspection because of the clinical signs. Hence, omitting the palpation of the liver and 

the lungs is not likely to lower the probability of identifying a case of African swine fever, should the infection 

enter the country.  

7.4 Classical Swine Fever 

Denmark is free from Classical swine fever (CSF), and the last case was seen in 1933 (Danish Veterinary 

and Food Administration, 2012) (Table 13). Wild and domestic pigs are the only natural reservoirs of CSF. It 

is a notifiable disease in EU since 1983. In the 1970s, CSF was virtually endemic in the then six EU member 

states and routine vaccination was a commonly practiced control measure. In contrast, the newly entering 

states Denmark, Ireland and the United Kingdom were CSF-free (Bendixen, 1988). The different national 

policies to control CSF were replaced by the Community legislation in 1980 (according to Council directive 

80/217/EEC). Between 1986 and 1990, a non-vaccination policy of CSF was adopted by all Member States 

(Terpstra and Smit, 2000) . Although the disease has been eradicated from domestic pigs in Western 

Europe, CSF remains endemic in some European populations of wild boar, and farms in these areas are at 

risk of reintroduction (Fritzemeier et al., 2000).  

In 2011, four suspected cases of CSF were notified to the Danish veterinary authorities. The four cases were 

rejected after further examination and later all samples tested free of CSF (Danish Veterinary and Food 

Administration, 2012).  A serological surveillance programme is applied to demonstrate the absence of CSF 

in the Danish pig population (Boklund et al., in press). The serological surveillance programme consists of 

two components: (1) random sampling of 2% of sows at slaughter and (2) targeted testing of boars at 

artificial insemination centres (Sten Mortensen, personal communication). In 2011, a total of 49,190 pigs 

were examined under the Danish CSF surveillance programme. The number of animals examined has 

remained stable for the last three years (Danish Veterinary and Food Administration, 2012).  

The pathological findings in post mortem examinations of both domestic pigs and wild boar with CSF are 

swollen, oedematous and haemorrhagic lymph nodes, petechial to ecchymotic bleedings in the skin, 

kidneys, urinary bladder, larynx, epiglottis and heart (Gruber et al., 1995). Moreover, a highly infectious 

disease like CSF would usually result in not just one but several infected animals in the same herd, which 

would increase suspicion of the disease being present. Therefore, a case of CSF will most likely be 

diagnosed in the herd or during pre-slaughter inspection based on symptoms that are not related to the lungs 

and the liver. Hence, omitting the palpation of the lungs and the liver will not lower the probability of 

identifying a case of CSF. 

7.5 Aujeszky’s Disease 

Denmark is recognised as officially free of Aujeszky’s disease by the European Commission (Commission 

Decision 2008/185/EC). The disease has not occurred in Denmark since 1991 (Danish Veterinary and Food 

Administration, 2012). Pigs are the natural host of Aujeszky’s disease. Other species are so-called dead-end 

hosts. This implies that the infection cannot propagate in these hosts. The disease is characterised among 

others by very high mortality among young piglets which develop severe neurological disorders. Respiratory 

signs are seen among older pigs and sows. The clinical course is very severe in naive pig populations 

(Pejsak & Truszczyński, 2006). Because of its significance for pig production, a surveillance programme is in 

place in Denmark (Boklund et al., in press). The programme involves sampling of blood from 2% of all sows, 

with a live weight of more than 140 kg that are tested before slaughter or export. In addition, all boars 

stationed at artificial insemination centres are tested on an annual basis (Sten Mortensen, Danish Veterinary 

and Food Administration, personal communication). In 2011, a total of 51,251 blood samples were analysed. 

The number of blood samples examined has remained stable for the last three years (Danish Veterinary and 

Food Administration, 2012).  Based on this, it is judged that the suggested change in meat inspection will 
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have no impact on the ability to identify a case; should Aujeszky’s disease enter Denmark, then it will be 

diagnosed in a herd and not at an abattoir, and the symptoms are neurological and have a high mortality. 

 

Table 13. Denmark’s zoo-sanitary status for a number of diseases that can occur in swine, 2012 (Source: 

Danish Veterinary and Food Administration, 2010, 2012, OIE, 2012) 

Infection / disease 
 

Status Last case seen 

African swine fever  Never reported 

Anthrax 
 

 1988 

Aujeszky’s disease 
 

Officially free since 1992 1991 

Avian Tuberculosis 
 

  2008 

Bovine Brucellosis (B. abortus) 
 

Officially free since 1979 1962 

Brucellosis in pigs (B. suis) 
 

 Outdoor herd 1999 
Wild hares 2002 

Brucellosis in sheep and goats  
(B. melitensis) 

 Never reported 

Bovine Tuberculosis Officially free since 1980 Bovines 1988 
Farmed deer 1994 

Classical swine fever 
 

 1933 

Echinococcosis/Hydatidosis  Known to be present in 
foxes 

Foot and mouth disease Officially free country where vaccination is 
not practised  

1983 

Japanese encephalitis 
 

 Never reported 

Leptospirosis Serological examinations indicate a low 
incidence in pigs and negligible in cattle 

Reported present 

Nipah virus encephalitis 
 

 Never reported 

Porcine cysticercosis  Not reported to have 
been found 

Porcine respiratory and 
reproductive syndrome (PRRS) 

Endemic Known to be present 

Rabies Sylvatic rabies has not been reported 
since 1982 

One bat found positive 
in 2009 

Swine vesicular disease 
 

 Never reported 

Teschovirus encephalomyelitis 
 

 Never reported 

Transmissible gastroenteritis 
 

 Never reported 

Trichinellosis Denmark recognised by EU as area with 
negligible prevalence since 2007 

1930 

Vesicular stomatitis 
 

 Never reported 

West Nile fever 
 

 Never reported 
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7.6 Brucellosis 

Since 1979, Denmark has been recognised as officially free of bovine brucellosis by the European Union 

(Commission Decision 2003/467/EC). The official Danish eradication programme for bovine brucellosis 

began in 1948, and all cattle herds were identified as free of brucellosis in 1959. Bovine brucellosis has not 

occurred in Denmark since 1962. All bulls at semen collection centres are regularly tested in accordance 

with the provisions of Council Directive 88/407/EEC. Cattle intended for export to certain third countries are 

also tested. Moreover, clinical surveillance of live cattle (abortions and swollen testicles) and post-mortem 

inspection of slaughtered cattle is conducted. In 2011, 2,236 blood samples were tested for Brucella abortus 

(Danish Veterinary and Food Administration, 2012). 

Brucella melitensis has never been observed in Denmark. Therefore, the country has been recognised as 

being officially free of B. melitensis by the EU 1995 (Commission Decision 94/877/EC). A serological 

surveillance programme for B. melitensis is in place consisting of testing of blood samples collected through 

the voluntary Lentivirus control programme managed by the Danish Cattle Federation. In 20011, the number 

of blood samples analysed and found negative was 2,540 (Danish Veterinary and Food Administration, 

2012). 

In 1994 and 1999, two outdoor pig herds were found infected with Brucella suis. Both herds were located in 

an area, where European hares infected with B. suis biovar 2 had been found previously. The signs in the 

herds were swollen testicles and abortions - which are the classical signs related to brucellosis (MacMillan et 

al., 2006). The testicles of one of the boars found in 1994 were around four times the normal size (K.D. 

Winther, personal communication). The source of the infection was never found, however, the cause was 

probably transmission of B. suis biovar 2 from European brown hares present in the area. Brucellosis has 

not been detected in Danish pigs since 1999. And B. suis biovar 2 has not been detected in hares since 

2002, when it was diagnosed in two dead, wild hares (Danish Veterinary and Food Administration, 2012). 

A testing programme is also in place for B. suis in pigs. All boars at semen collection centres are regularly 

tested in accordance with the provisions of Council Directive 90/429/EEC. In 2011, the number of blood 

samples analysed for B. suis was 31,000. As the number of breeding pigs exported to foreign countries 

almost doubled from 2010 to 2011, there was a corresponding substantial increase in the number of blood 

samples tested for brucellosis in 2011 (Danish Veterinary and Food Administration, 2012). The number of 

blood samples examined under the Danish brucellosis surveillance programme for B. abortus and B. 

melitensis has remained stable for the last three years (Danish Veterinary and Food Administration, 2012). 

 

In conclusion, omitting the palpation of the liver and the lungs will have no impact on the ability to detect a 

clinical case of brucellosis because the clinical signs are related to the reproductive organs. Furthermore, 

only pigs from integrated production systems that have been reared indoor since weaning will be able to 

undergo Supply Chain Meat Inspection. All outdoor pigs will need to go through traditional meat inspection. 

Hence, the known risk related to the European brown hare in certain areas in Denmark is not relevant. 

7.7 Trichinellosis 

Trichinella infestations have not been reported in domestic animals in Denmark since 1930. 

For more than 75 years, targeted testing has been performed in Denmark without finding any Trichinella spp. 

in pork or horse meat. In 2005, Denmark was classified as a region with negligible risk of trichinellosis in 

domestic swine according to Commission Regulation (EC) No.2075/2005 (Alban et al., 2007). 

Despite of this status, all pigs, wild boar and horses are still tested for Trichinella spp. in relation to slaughter 

with the methods prescribed in Commission Regulation (EC) No. 2075/2005. In 2010, the number of tested 
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animals was: 20,789,856 pigs (incl. boars and sows), 1,291 farmed wild boars and 2,169 horses (Danish 

Veterinary and Food Administration, 2012). 

A risk-based programme is in the pipeline.  In this programme, a distinction is made between pigs kept 

indoor and pigs having access to outdoor facilities; the latter being considered a high-risk subpopulation. 

Older pigs, such as breeding animals, are also considered a high-risk subpopulation. All high-risk pigs will be 

examined for Trichinella spp. whereas finisher pigs reared under controlled housing conditions in integrated 

production systems – implying high biosecurity- will not be tested for Trichinella spp. The Danish Product 

Standard described in section 7.1 - implying inspection by an independent third party auditor at least once in 

3 years - is used to document and ensure that finisher pigs supposed to originate from controlled housing 

have been raised indoor under controlled housing conditions since weaning.   

The implementation of the risk-based programme awaits acceptance from important trade partners outside 

the EU. It is currently being debated in the OIE as well as in the EU, which level of surveillance that should 

be required for Trichinella internationally. Suggestions regarding specific requirements for such risk-based 

programme have been put forward as a part of this discussion (Alban et al., 2011).  

Currently, Denmark has no free-range populations of wild boars, but foxes and the newly introduced racoon 

dog might transmit the infection (Danish Veterinary and Food Administration, 2010). As long as all outdoor-

reared pigs are surveyed and found negative, the risk represented by the fauna is considered negligible.   

Trichinella larvae cannot be observed macroscopically but requires laboratory diagnostics involving a piece 

of meat from selected muscles (Stewart and Hoyt, 2006). Hence, omitting the palpation of the liver and the 

lungs will have no impact on the ability to detect a case of trichinellosis.  

7.8 Porcine Reproductive and Respiratory Syndrome (PRRS) 

The aetiological agent of PRRS is an RNA virus of the genus Arterivirus. The pig (Sus scrofa), whether 

domestic or feral, is the only species known to be naturally susceptible to this disease. PRRS was first 

recognised in North America in the mid to late 1980s and spread rapidly throughout the world. In Europe, a 

similar disease caused by a distinct genotype of the virus also spread rapidly in that region during 1990–92.  

PRRS is now present throughout the world, with the exception of among others Australia, New Zealand, 

Finland, Norway, Sweden, and Switzerland. The clinical signs of PRRS vary with the strain of virus, the 

immune status of the herd and management factors. In adults: reduced appetite, fever, premature farrowing 

and abortion, death in up to 10% or more of sows and in some cases loss of balance, circling and falling to 

one side. In affected litters: stillborn pigs, high pre-weaning mortality, mummified pigs, variably sized weak-

born pigs and oedema around the eyes. In weaned pigs, the following symptoms are seen: loss of appetite & 

lethargy, obvious failure to thrive, laboured or rapid breathing and/or respiratory distress, blotchy reddening 

of the skin and rough hair coats. Infection may also be asymptomatic 

(http://www.oie.int/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/PRRS_guide_web_bulletin.pdf). 

In Denmark, Porcine reproductive and respiratory syndrome (PRRS) is endemic but it is a notifiable disease 

when PRRS is detected in sick or dead animals or when antibodies are detected in stillborn piglets or live 

piglets prior to intake of colostrum in combination with clinical signs of disease in the herd (Sten Mortensen, 

personal communication; Danish Veterinary and Food Administration, 2012). 

Hence it seems unlikely that any cases of PRRS would be diagnosed at post-mortem inspection, but more 

likely at the farm or to a lesser extent at ante-mortem inspection. Hence, omitting the palpation of the liver 

and the lungs will have no impact on the ability to detect a case of PRRS.  

 

http://www.oie.int/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/PRRS_guide_web_bulletin.pdf


45 
 

8. Consequence assessment - Animal Health and welfare 

The appropriate treatment of animals is one of the long-standing ethical issues of human civilization, which 

different cultures and religious traditions have addressed in different ways over the centuries. In the mid20
th
 

century, an expansion of the legal protection of food animals was seen in many countries; for example 

through requirements for humane treatment of animals during transportation and at slaughter. Throughout 

the late20
th
 century, public attention and sympathy towards animals appeared to be on the increase in 

particular in Northern Europe. 

What is animal welfare? In the debate of animal welfare, three different but overlapping types of concerns 

have been expressed about the quality of animal life. The first set of concerns centers on the basic health 

and functioning of animals. This includes freedom from disease and injury together with normal growth, 

development, and functioning of the animal’s physiological and behavioural systems. A second major set of 

concerns centers on the affective states of animals – emotions and feelings, especially unpleasant states 

such as fear, pain, hunger and distress. A third set of concerns, focusing especially on animals kept in very 

restrictive or barren environments, is that animals should be allowed to live reasonably natural lives, in 

environments that are adapted to the species. 

In the following, we evaluated the effects on animal health and welfare of an omission of routine palpation of 

the liver and lungs based on. Focus will be on the first set of concerns 

We will base our evaluation on the current legislation and own experience while conducting comparison 

study between visual and traditional inspection of plucks at Danish Crown Rønne. 

In particular, ante mortem inspection constitutes an important tool for an assessment of animal welfare. Ante-

mortem inspection allows for the observation of the symptoms of disease and behavioural alterations of the 

animals. These might not be obvious at post-mortem inspection, for example you might not be able to say 

that an animal was limping or clearly feverish. These observations might be important to decide whether an 

animal should be slaughtered or not, if it should be slaughtered separately or at the end of the line or if it 

should not be allowed to enter to food chain at all.  

Ante mortem inspection starts at the unloading of the animals and allows for the inspection of the transport 

conditions. Transport is a stressful experience for most animals it is a totally new and unknown situation for 

them. The loading and unloading procedures can be quite complicated and transport in general is known to 

be the cause of some accidents. It is important to be attentive to these situations. 

The detection of conditions at ante mortem inspection is crucial in relation to notifiable diseases; clinical 

presentations of such diseases might aid in shortening the time frame from infection to diagnosis whereby 

the size and duration of a potential epidemic might be shortened. 

Post-mortem inspection permits an observation of the animal in a way that is totally impossible otherwise. 

The carcass and plucks can be evaluated in detail, e.g. by use of a visual inspection as well as palpation and 

incision. This allows for a detection of lesions that might not have caused clinical symptoms in the live pig 

and as such undetectable at ante-mortem inspection, creating thus an integral image of the health status of 

the animal. Post-mortem inspection is in the vast majority of the situations the basis for a decision on the 

carcass/plucks (accepted, partially-rejected, totally-rejected) based on concern for food safety or aesthetics.  

The hazard identification revealed that the vast majority of the lung and liver lesions are easily detectable by 

visual inspection. For embolic pneumonia specifically, the best guess based on the data collected was that 

around 20-33% of the cases were not detectable by visual inspection. Moreover, the prevalence of liver 

abscesses in finisher pigs from controlled housing is very low and the two cases found in our study were 

easily detectable by a visual inspection due to the size of the abscess. Hence, an omission of routine 
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palpation of the liver and lungs at meat inspection would have a small impact on the ability to inspect animal 

health compared to a traditional inspection. 

However another question arises. Pathologies that do not require an action are not recorded into the 

slaughterhouse database. In many instances, pathologies that are deemed to require only a partial rejection 

(for example an organ or part of an organ) are not recorded either. This implies that only pathologies that 

require further control (in general the red codes) are systematically recorded. This implies that the current 

system does not produce an accurate picture of the health status of pigs from controlled housing. It gives a 

picture of actions taken. However, this limitation is inherent in both visual and traditional meat inspection. 

In Denmark, an extended health control (Udvidet Sundhedskontrol=USK) has been set up. Please see: 

http://vsp.lf.dk/Services/Laboratorium%20for%20Svinesygdomme/Laboratorieundersoegelser.aspx). USK 

implies that carcasses and plucks are subjected to a detailed examination enabling an evaluation of how 

wide-spread various disease conditions are in the group of pigs examined. USK has been used for several 

project, e.g. to evaluate the effect of various respiratory vaccines or to study reasons for culling of sows. 

Today, USK works on commercial conditions. The experience is that farmers only infrequently require USK 

e.g. to investigate how wide-spread respiratory infections or stomach ulcers are. This is in contrast to the 

United Kingdom, where two health schemes: Wholesome Pigs Scotland (WPS) started in 2003 and the 

BPEX Pig Health Scheme (BPHS) started in 2005, record the presence of various pathologies detected by 

means of detailed post-mortem inspection of clinically healthy pigs, and provide feedback of the results from 

the abattoir inspection to the participating producers and their herd veterinarians. The pathologies monitored 

are usually associated with a reduction in the production performance or are indicators of the presence of 

welfare problems in the herds (Sanchez-Vazquez et al., 2011).  

Ante mortem inspection is well-suited to detecting animal welfare problems as it easy to see their 

consequences such as: tail bites, signs of fighting, signs of trauma, severe pain while walking. 

Many welfare problems are detected on body of the live pig or the carcass of the slaughtered pig, such as 

trauma marks on the skin, fresh bone fractures or tail bites. Besides these lesions post-mortem inspection is 

less-suited to the detection of welfare problems due precisely to the lack of a link to the live animal. In our 

view: there are very few lesions detectable related to the inspection of the plucks that could be directly 

related to welfare issues.  

In light of these considerations, we conclude that the omission of the routine palpation of the liver and lungs 

at meat inspection would have a significant impact on the ability to detect welfare problems in pigs from 

controlled housing. Moreover, we question how adequately data from meat inspection are presenting the 

health of pigs, because only lesions that require an action are recorded.  

 

  

http://vsp.lf.dk/Services/Laboratorium%20for%20Svinesygdomme/Laboratorieundersoegelser.aspx
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9. Risk estimation 

In the hazard identification, embolic pneumonia and liver abscesses were identified as the lesions that might 

be overlooked if the lungs, the livers and their associated lymph nodes are not palpated routinely. 

According to slaughterhouse statistics, these lesions occur at a low prevalence. The prevalence of blood 

poisoning – which includes embolic pneumonia - was 0.06%. Liver abscesses might be recorded either by 

use of the code chronic liver infection, which has a prevalence of 0.002%, or liver lesions/ jaundice, which 

has a prevalence of 0.011%. Hence, in total the prevalence of recorded liver lesions is 0.013%. 

It might be assumed the embolic pneumonia constitutes half of the cases in which the code blood poisoning 

is used. Based on Table 9, it might be assumed that liver abscesses account for 10% of the cases in which 

one of the two codes for liver lesions were used.  

If it 18 million finisher pigs are slaughtered in Denmark in a year, then 5,400 cases of embolic pneumonia 

and 234 cases of liver abscesses can be expected. These figures are associated with some uncertainty and 

variation. They should not be seen as absolute figures.  

9.1 Effect of changing from traditional to visual meat inspection 

9.1.1. The comparison study 

The comparison study showed that visual inspection does not necessarily lead to a lower prevalence of 

lesions found because most lesions are easily detectable visually. However, some lesions will be missed. 

The data from the comparison study including 3,000 plucks showed that one out of a total of three cases of 

embolic pneumonia detected by traditional inspection was missed by visual inspection.  

If it is assumed that one out of three cases of embolic pneumonia will be missed, then 1,800 cases will be 

missed in a year.   

9.1.2. The lungs and associated lymph nodes 

Based on the detailed study of 104 cases of embolic pneumonia collected during the study, it was estimated 

that one out of five cases of embolic pneumonia might be missed if lungs are no longer routinely palpated.  

Based on this assumption, then 1,080 cases will be missed in a year.    

9.1.3 The liver and associated lymph nodes 

Only two livers with abscesses were found during the data collection period, which lasted from October to 

November 2013. Both cases were easily detected visually because they were large. It is difficult to conclude 

from a study with such a low number of samples; however the findings confirm that the prevalence of liver 

abscesses is low, and most likely liver abscesses are detectable at visual inspection. Hence, among the 

expected 234 cases seen in a year, the vast majority can probably be detected at visual inspection.   

9.1.4 Exposure 

Lungs from finisher pigs are not considered edible tissue in Denmark. The lungs are therefore destined for 

pet food production or for fur animal food. This implies that the lungs are heat-treated for several hours 

whereby any agent present is dead. At Daka’s pet food plant in Løsning, a surveillance programme is in 

place that monitors presence of Clostridium perfringens. Absence of this bacterium shows that the process 

has been running acceptable. A minor part of lungs is probably fed directly to dogs 
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For fur animal food, the lungs are in the vast majority of cases heat-treated prior to feeding by one of the 

many companies that are buying raw lungs as an animal by-product from the abattoir. The swine flu 

epidemic limited the extensive use of feeding raw lungs directly to mink in Denmark (personal 

communication P. Olsen).    

Regarding the livers, most livers are destined for pet food production following the process described for 

lungs. However, some livers are placed directly on the market or will go into liver pate production. Both types 

of production involves a manual handling of the livers, whereby any case of liver abscess will be found and 

result in condemnation – not necessarily from a food safety point of view but from an aesthetic point of view.  

In, conclusion the food safety exposure risk related to the lungs and the livers is considered negligible.  

It might be speculated that the meat from pigs with embolic pneumonia missed during inspection might 

constitute a food safety risk. However, experience from meat inspection is that although embolic pneumonia 

is part of the pyaemic complex, presence of bacteria in the muscle meat from the same animal is infrequent. 

A tail bite might constitute the port of entry for the pyaemic infection which results in embolic pneumonia that 

is found in relation to meat inspection. Associated abscesses might be found in particular in the pelvic 

region, and in most cases these are found during cutting – if not before.  

According to Table 4, the positive predictive value of pyaemia for abscesses was 14.2%; this implies that 

1,080 missed cases of embolic pneumonia would correspond to 154 abscesses possibly missed, and 

similarly 1,800 missed cases of embolic pneumonia would correspond to 256 abscesses possibly missed.  

This is lower than the figures estimated by Mousing et al. (1997) who assessed that around 2.5 extra cases 

of abscesses or pyaemic lesions in edible tissue per 1,000 carcasses would be expected, if traditional 

inspection was replaced with a visual inspection only. This corresponds to 450 cases if 18 million pigs are 

slaughtered.  

The low number of abscesses possibly missed forms a minor part of the total number of abscesses present 

in finisher pig carcasses. No matter what meat inspection should include detection of abscesses and pigs 

with pyaemia should continue to be in focus from an aesthetic point of view.   

9.1.5 Consequences 

From a population point of view, the consequences of exposure to a hazard is determined on the 

consequences of infection and on the prevalence of the infection seen in humans. Based on the information 

from the exposure and the consequence chapter, the following table was made. The bottom right corner of 

the table contains hazards that are associated with a high prevalence of severe infections. Contrary, the top 

left corner contains hazards that are uncommon and resulting in infections with negligible impact on the 

individual (Table 14).     

Based on a combination of consequences and prevalence the following hazards were found to be highly 

relevant for food safety: M. bovis, Trichinella, T. gondii, Salmonella, Yersinia and Campylobacter. M. bovis 

was subsequently ruled out because the only autochthonous cases seen in Denmark are around two annual 

cases in elderly person consisting of re-activation of childhood infection with M. bovis. Denmark has not had 

a single positive result for Trichinella in pigs for more than 70 years, so Trichinella was ruled out too. 

Campylobacter was ruled out because this agent is mainly related to the poultry reservoir and secondly to 

the cattle reservoir (Anon., 2012). Listeria was ruled out since this agent is primarily related to an after 

contamination of ready-to-eat meat products – when looking at meat. This makes Salmonella, Yersinia and 

T. gondii as the relevant food safety hazard for pork in Denmark – in line with EFSA’s Opinion (EFSA, 2012). 

None of the agents involved in the development of embolic pneumonia or liver abscesses in pigs had a 

significant zoonotic potential.  
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Table 14. Summary of assessment of consequences of infection and the prevalence of individual infections 

– elaboration based on Alban et al. (2008c) 

 Consequences for the individual human being 
 

Prevalence Negligible Mild Moderate Severe 

Negligible A. 
pleuropneumonia 

A. pyogenes S. suis M. bovis 
Trichinella 
T. gondii 

Low  S. aureus 
P. multocida 
E. coli 
Proteus 
Pseudomonas 

 Listeria 

Moderate  B. cereus Salmonella,  
Yersinia 
Campylobacter 

 

High 
 

    

 

Regarding Denmark’s zoo-sanitary status: the ability to identify the notifiable infections considered was not 

hampered if the lungs, the livers and the associated lymph nodes were no longer palpated routinely. This is 

because either they do not result in lesions in these organs, or they result in clinical infection that will be 

found either in the herd or during ante mortem inspection – or they have never been seen in Denmark. 

Moreover, surveillance programmes are in place for several of the notifiable infections.   

Regarding animal health and welfare, a visual inspection of the lungs and the liver and their associated 

lymph nodes will not have any implications, because most relevant lesions are seen in the live animal – 

either in the herd or at ante mortem inspection, or lesions are seen in other organs than the lungs and liver.  

9.2 Discussion 

Meat inspection is a discipline that combines among others pathology and microbiology, where the main aim 

is to ensure safe and savoury meat. However, due to practical constraints, the rules for judgement of a 

specific lesion do not necessarily take into account whether there is a true risk for humans or not (Jepsen, 

1968). If the lesion is active and disseminated, then the judgment is total condemnation. And if the lesion if 

local or chronic, local condemnation or acceptance for deboning might be the judgment (Jensen et al.,2006, 

Anon.,  2011). However, no meat inspection is able to find all cases and still we do not see human cases 

related to exposure to the agents associated with pyaemic lesions. Therefore, it is been speculated what the 

real food safety risk is associated with pyaemic lesions (Mousing et al., 1997, Alban et al. (2008c, 2010). 

Regulation 854/2004 lays down specific rules for the organisation of official controls for products of animal 

origin. In particular, Annex I to that Regulation lays down rules for ante- and post-mortem inspection, 

including visual inspection, and for specific hazards in fresh meat. In the current version of the regulation, it 

is stated that visual inspection can be undertaken if a risk assessment has shown that this does not 

jeopardize human or animal health. Moreover, in the current version of Regulation 854/2004 that for swine 

this is only of relevance for finisher pigs from controlled housing. 

In 2011, EFSA published an opinion regarding meat inspection for swine. In this opinion, EFSA 

recommended replacing traditional meat inspection with visual inspection because the currently required 

palpations and incisions in post-mortem inspection involve a risk of cross contamination (EFSA, 2011). In the 

same opinion, EFSA identifies Salmonella as a high risk for public health related to the consumption of pig 
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meat, and recommends prevention of contamination of pig carcases with Salmonella. Finally, EFSA noted 

that the pathogens causing endocarditis in pigs are not relevant for public health – in line with Alban et al. 

(2008c). Since the routine incision of the heart is not necessary for safety reasons, it should not be required 

anymore. 

Subsequently, The EU Commission prepared changes to Regulation 854/2004. In the last draft version of 

the regulation, sent out in February 2013 – it is stated that to prevent that cross contamination palpations 

and incisions should not be conducted routinely, but only when data indicate so or abnormalities are 

identified.  

Accordingly, Annex I to Regulation 854/2004 is amended as follows (draft version, February 2013): 

In Chapter IV of Section IV, part B, Points 1 and 2 are replaced by the following: 

"1. Carcases and offal of pigs are to undergo the following post-mortem inspection procedures: 

(a) visual inspection of the head and throat; visual inspection of the mouth, fauces and tongue; 

(b+c+d) visual inspection of the lungs, trachea, oesophagus, pericardium, heart and diaphragma 

 (e) visual inspection of the liver and the hepatic and pancreatic lymph nodes, (Lnn portales); 

(f) visual inspection of the gastro-intestinal tract, the mesentery, the gastric and mesenteric lymph nodes 

(Lnn. gastrici, mesenterici, craniales and caudales); 

(g+h+i) visual inspection of the spleen, the kidneys, the pleura and peritoneum; 

(j) visual inspection of the genital organs (except for the penis, if already discarded); 

(k) visual inspection of the udder and its lymph nodes (Lnn. supramammarii); 

(l) visual inspection of the umbilical region and joints of young animals. 

However, additional post mortem inspection should be undertaken, if epidemiological data or other data from 

the herd or food chain information indicates so. Moreover, findings at ante mortem and/or post mortem or 

visual detection of relevant abnormalities might indicate that additional inspection should be conducted. 

Hence, the EU Commission is opening up for a loosening of the meat inspection. According to the draft, this 

is no longer only relevant for finisher pigs from controlled housing but also for sows, boars and pigs from 

non-controlled housing. 

In Denmark, there is a tradition of an open process with respect to assessing the risk associated with any 

change in inspection before deciding whether changes should be implemented or not. Two risk assessments 

dealing with meat inspection have already been undertaken. The first looked at the risk associated with an 

omission of routine incisions into the mandibular lymph node and routine opening of the heart (Alban et al., 

2008c). The other focused on the green offal where focus was on omitting routine palpation of the intestinal 

lymph nodes (Alban et al., 2010).  

In the EFSA opinion not much attention is put on what would be missed if palpation of the lungs and the liver 

and their associated lymph nodes is omitted. Therefore, a risk assessment was undertaken in Denmark to 

clarify whether there is a risk related to changing the meat inspection with respect to these issues. 

It is indisputable that meat inspection has a role to play in monitoring not just food safety but also animal 

health and welfare. First of all, because all animals pass by meat inspection - enabling a practical and 

feasible evaluation of the status at the time of slaughter.  

This risk assessment has shown that there is no risk associated with a change from traditional to visual 

inspection of finisher pigs from controlled housing, because the pathogens involved in the lesions possibly 
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overlooked are not relevant for public health. However consumers might expect that the abattoir takes the 

necessary – and feasible – means to avoid placing meat from pigs with embolic pneumonia on the market – 

not because of food safety but for aesthetic reasons. This is in line with EFSA, the EU Commission and 

Mousing et al. (1997). 

The present risk assessment has highlighted the fact that very few of the zoonotic infections in Denmark can 

be ascribed to pork, namely Salmonella spp., Yersinia enterocolitica, and T. gondii. Salmonella is dealt with 

effectively in a surveillance-and-control programme (Alban et al., 2012). Y. enterocolitica is dealt with at the 

abattoir through an intensified focus on hygiene during slaughter. T. gondii is mainly a risk associated with 

consumption of ready-to-eat pork products where the meat originated from outdoor production and where the 

raw meat was not frozen prior to processing. Hence, if it is intended to lower the human disease burden 

associated with pork then focus should be on Salmonella, Yersinia and T. gondii. 

9.3 Conclusion 

The risk assessment shows that omission of these routine palpations on finisher pigs from controlled housing 

will have no significant impact on food safety (Table 15). Neither will it have a negative impact on the 

assessment of animal health (including the ability to identify notifiable diseases) as well as the assessment 

of the welfare of pigs. In the following, the reasoning for reaching this conclusion is presented. 

First, it was assessed that embolic pneumonia and liver abscesses constitute the two lesions that might be 

overlooked if routine palpation is omitted. 

Next, it was estimated that between 1,080 and 1,800 cases might be missed in a year, if visual only was 

applied. This figure is probably a worst case scenario because the visual inspection that formed part of the 

present risk assessment was conducted under suboptimal conditions: the chain was not set up to allow an 

easy visual inspection prior to the traditional inspection.  

The human exposure risk related to the hazards identified in embolic pneumonia was negligible for the lungs 

since lungs are not considered edible tissue in Denmark. The human exposure risk related to meat from pigs 

with embolic pneumonia that escaped detection seems low, because the bacteria are normally not present in 

the muscle tissue – and if present it will be in low numbers. Moreover, the low numbers of abscesses present 

in the carcass associated with pyaemia are most likely found during cutting.  

The exposure risk for pets was assessed to be negligible, because lungs destined for pet food is heat-

treated. Exposure will only take place in case raw lungs are fed directly to pets, which is thought to occur 

only infrequently. Likewise, for fur animals, the exposure is very low because most animal by-products are 

heat-treated prior to being fed to fur animals in Denmark.   

The hazards found in relation to embolic pneumonia did not have a significant zoonotic potential and do not 

show up in the human statistics – hence they do not seem to have a relevance for food safety. Still, 

consumers might expect the abattoir to do what is possible to detect pigs with pyaemia from an aesthetic 

point of view. 

Regarding the liver abscesses, the prevalence is very low, and liver abscesses will most likely be identified 

either during meat inspection or during handling by the abattoir. Moreover, the hazards found in such 

abscesses are not considered of high relevance for food safety. 
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Table 15. Derivation of risk estimate with regards to impact of omission of routine palpation of the lungs, the 

liver and the associated lymph nodes 

 Assessment of risk 
 

Food safety risk 
 

Release Exposure Consequences Risk estimate 

Embolic  
pneumonia 

Low risk: low 
prevalence, 1/3-1/5 
of embolic cases 
might be overlooked 

Very low risk: might lead to 
presence of abscesses but 
these will usually be found 
during cutting if not before  

 
Negligible risk: the 
agents involved do 
not have a major 
zoonotic impact 
 

 
 
 
Negligible risk 
 Liver abscesses 

 

Very low risk: very 
low prevalence, will 
most likely be found 

Negligible risk: livers for human 
consumption are handled 
individually, and hence lesions 
will be found 

 

 

10. Risk management approaches 

Two alternative risk management choices are described  

1. To limit palpation of the plucks to cases where the inspector is in doubt about lesions 

2. To fully stop palpation of all plucks and livers 

The advantages of each of these are compared to the current approach, which involves routine palpation of 

the lungs, the liver and the associated lymph nodes.  

The advantage of the two alternative approaches is that the cross-contamination related to palpation is 

eliminated; for approach 2 more than for approach 1.  

However, the disadvantage is that more cases of pyaemia would be missed. Here, approach 1 is preferred 

because it would allow meat inspectors to palpate when in doubt. Alternatively, if the meat inspector is not 

allowed to palpate the plucks, then all suspect cases including the carcass should be forwarded to the 

rework area – requiring a large rework area. 

No matter which kind of meat inspection is put in place, attention should be put to the physical properties of 

the room in which inspection takes place. This implies sufficient lightning and an ergonomic optimal hanging 

of the plucks. Moreover, if visual inspection is put in place, then mirrors and/or automatic turning of the 

plucks and the carcass is required to ensure proper inspection.  

Alternatively, meat inspection data from prior slaughter of pigs from a herd might be used to inform meat 

inspectors about the status of the pigs. This would imply that more attention could be put on pigs from herds 

which have recurrent problems e.g. with tail bite, resulting in pyaemia and abscesses.   
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Dataindsamling – visuel inspektion af lunge/lever 

Formålet med notatet er at beskrive hvordan indsamling af epidemiologiske data og prøver skal ske i 

projektet 

Fødevarestyrelsen har peget på DC, Bornholm, som projektslagteri. Projektet er beskrevet ud fra forholdene 

på DC, Rønne 

Epidemiologiske data: 

Dataindsamlingen (registrering af fund på lunger og lever) skal ske ved en slagtehastighed på 270 i timen. 

DC, Rønne har ikke elektronisk dataregistreringsterminaler, men benytter papirbilletter med de mest alm. 

koder påført. Papirbilletten med fundne læsioner placeres på skinken (krop) og går hen til ”vejeren”, som 

indtaster koderne. 

<Indsæt Skema> med aktuelle sygdomsbemærkninger ved lunger/lever for DC, Bornholm 

Ud over registrering af koder for fund på lunger/lever skal slagtenummeret repræsenterende den 

pågældende slagtekrop registreres. 

I projektet laves først en visuel inspektion af lungesæt og lever ved person 1 (projektdeltager). Fund 

registreres på papirbillet (Datasæt 1). 

Efterfølgende laves en traditionel inspektion af lunger/lever ved person 2 (fødevarestyrelsen ansat). Fund 

registreres på papirbillet (Datasæt 2). I Datasæt 2 indgår også alle øvrige slagtedata, som kan tilgås via L&F, 

slagtedata. 

Begge papirbilletter placeres på skinken. 

Der er nu flere muligheder som dataopsamling: 

1. Information på papirbillet 1 og papirbillet 2 indtastes ved vejer. Det er ikke sikkert at det vil kunne 

lade sig gøre rent teknisk, det skal undersøges. 

2. Hvis indtastning hos vejer ikke er mulig skal datasættet fra papirbilet 1 påføres slagtenummeret og 

indsamles mhp. dataindtastning. 

Dataregistreringen skal især afdække de situationer, hvor den visuelle kontrol(person 1) ikke registrerer forandringer, 

som betinger at krop og organer skal i efterkontrol, sammenholdt med at person 2, men ikke kropskontrolløren, 

registrerer forandringer, som betinger at krop og organer skal i efterkontrol til traditionelt/udvidet undersøgelse. 

Udtagning af prøver: 

Udtagning af prøver (hele pluckset) sker på et andet tidspunkt end registrering af epidemiologiske data. 

Udvælgelse af prøver sker på den platform hvor den rutinemæssige kontrol foregår. 

Prøver udvælges efter de læsioner/fund som er aftalt skal undersøges. 

Prøver til undersøgelse mærkes med tydeligt slagtenummer, som tillige indikerer ”Prøve”. 

Prøver vil efter mærkning kunne gå til efterkontrol eller til plucksnedskæring. 

Begge steder skal det aftales med folkene der, hvordan de skal behandle pluckset, dvs. der skal være faciliteter til 

ophængning på stativ med henblik på efterfølgende mærkning og pakning. 
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Procedure for udtagning og forsendelse af prøvemateriale til bakteriologisk undersøgelse (BU) af 

slagtedyr, samt en kort beskrivelse af bedømmelsen af laboratorieresultaterne  

Udtagning og håndtering af prøvemateriale  

Der skal udtages:  

Et stykke lever eller lunge inklusiv den/de ubeskadigede lokale lymfeknude(r). For at undgå 

kontaminering og indvækst af bakterier skal der udtages et tilstrækkelig stort stykke af de berørte 

organer, eksempelvis en hel levelap eller en lungelap. Lymfeknuderne medtages, hvis de kan findes.  

For at undgå krydskontamination mellem de forskellige prøvedele (eksempelvis lungen og den 

lymfeknuder), holdes disse adskilt fra hinanden. Hvis prøvematerialet er udtaget på et slagteri med eget 

godkendt laboratorium, skal prøven anbringes på køl ved 0-5 °C, med mindre undersøgelsen indledes 

inden 1 time efter prøveudtagning.  

Forsendelse til eksternt laboratorium  

Før forsendelse skal prøverne køles ned til 0-5 °C eksempelvis ved anbringelse i køleskab. Hver 

prøvedel pakkes særskilt, inden de anbringes i en fælles yderpakning, der mærkes med prøvens/dyrets 

identitet. Prøverne og tilhørende følgebrev sendes til laboratoriet i kølet, men ikke frosset stand (f.eks. i 

isolerende materiale med fryseelement(er) ilagt, uden direkte kontakt med prøverne). Op til weekends 

og helligdage kontaktes laboratoriet inden indsendelse af prøver.  

 

Følgebrev  

Af medfølgende følgebrev skal så vidt muligt fremgå  

1) Dyreart: Slagtesvin 

2) Slagtested: slagteriets navn og autorisationsnummer  

3) Slagtedato  

4) Identifikation af slagtedyr (f.eks. slagtenr., veterinær-kontrolnr., leverandør- nr., CHR-nr m.v.)  

5) Eventuelle symptomer før slagtning   

6) Makroskopisk karakterisering af læsion på organ og læsioner andre relevante organer såsom hjerte, 

lever, lunge, nyrer, tilstedeværesel af halebid etc. (Dette skal udfyldes efter det skema som vi skal 

udvikle.) 

(ved nødslagtning skal kopi af slagteattest medfølge med oplysning om symptomer og evt. behandling 

med antibiotika/kemoterapeutika)  

7) Årsag til BU (angiv kødkontrolkoder) 
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 Table A.  Scheme used for the comparison between visual inspection and traditional inspection of plucks  

Animal 
No Accepted 

Catharal 
broncho-
pneumonia 

Acute pleuro-
pneumonia 

Embolic 
pneumonia 

Acute 
Pleuritis 

Other lung 
lesions 

Liver 
lesion 

Conta-
mination Heart lesion 

Kidney/          
diaphragma 
lesion 

1                     

2                     

3                     

4                     

5                     

6                     

7                     

8                     

9                     

10                     

11                     

12                     

13                     

14                     

15                     

16                     

17                     

18                     

19                     

20                     
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Table B - Recording of pathology in pig carcasses included in a study on effect of change of meat 

inspection  

Animal Identification  

Date  Area Rework area Slaughter  No.  

Carcass also present?  Farm  No.  

 

Lung Pathology 

 Describe lesion 

Colour, texture, bleedings, swollen, fibrin, fibrous, size of lesion 

Lesion Left lung Right lung 

Pleurop. 

Acute 

  

Embolic 

Pneumonia 

  

Acute 

pleuritis 

  

Description of lymph nodes*  

Caseous lesions in lung  

lymph nodes? (yes/no) 

 Samples sent in 

for BU yes/no 

 Sample No. 

to be filled 

in by 

Amanda 

 

*: If presence of lesions in the lungs, then lymph node should be submitted to BU 

Conclusion regarding lung lesion 

Ability to 

detect 

visually? 

Yes Maybe No Not relevant because no lesion in 

organ 

 

Liver Pathology 

 Description of lesion* + indication of degree of tissue involved (0-100%) 

Lesion Visceral surface Abdominal surface 

Abscesses 

 

  

Acute hepatitis 

 

  

Description of lymph nodes**  

Caseous lesions in 

liver lymph nodes yes/no 

 Samples sent 

in for BU 

yes/no 

 Sample 

No. to be 

filled in by 

Amanda 

 

*: size, colour, texture, bleedings, swollen, fibrin, fibrious, size of lesion                                                                     
**: If presence of lesion in liver, then lymph node should be submitted to BU 
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Conclusion regarding liver lesion 

Ability to 

detect 

visually 

Yes Maybe No Not relevant because no lesion in 

organ 

* if present on visceral side, then impossible to detect visually 

 

Description of other lesions found 

Heart 

 

 

 

Kidneys 

  

 

Tail – if 

carcass is 

present 

 

Other 

remarks 

 

 

 

 

 

 

 

 

 

 

 

Final decision regarding carcass, followed by a plucks set accompanied by a red label 

Accepted Local condemnation 

 

 

 

 

Total condemnation 

 

Godkendt til udbening 

 

 

 

 


