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Abstract 

Herd health slaughter checks regularly identify enzootic pneumonia-like (EP-like) lesions and 

pleuritis.  The aim of this paper is to determine the associations between these lesions and 

post-trimming carcass weight.  Data were collected on the presence/ absence and severity of 

EP-like lesions and presence/ absence of pleuritis from pigs at the abattoir.  Linear mixed 

models identified a significant association between an increase in EP-like lesion severity and 

a decrease in post-trimming carcass weight (P = 0.006) at the individual level.  Each 

categorical increase in EP-like lesion severity (5 points step) was associated with a 0.37 kg 

reduction in post-trimming carcass weight.  The presence of EP-like lesions in individual 

pigs, irrespective of severity (P = 0.034) and the presence of pleuritis (P = 0.038) were 

significantly associated with a reduction in post-trimming carcass weight of 1.26 kg and 1.25 

kg respectively.  The results confirm that the presence of these lesions at slaughter are 

associated with a significant decrease in production performance which can result in 

substantial economic implications for producers.  

 

Keywords: associations; carcass weight; enzootic pneumonia; lesions, Mycoplasma 

hyopneumoniae; pigs  
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1. Introduction 

Mycoplasma hyopneumoniae is the primary etiologic agent of enzootic pneumonia (EP) of 

pigs and is also a key pathogen in porcine respiratory disease complex (PRDC) (Thacker and 

Minion, 2012).  Lesions suggestive of M. hyopneumoniae infection are commonly identified 

at slaughter and are referred to as EP-like, as they are characteristic but not pathognomic 

(Amanfu et al., 1984).   

One of the main pathogens associated with the development of pleuritis is Actinobacillus 

pleuropneumonia (APP) (Merialdi et al., 2012).   Pleuritis can include both fibrous and 

fibrinous adhesions which can be either visceral (lobe to lobe) or parietal (lung to thoracic 

wall) (Jäger et al., 2012).   

In England, the BPEX Pig Health Scheme (BPHS) was initiated in 2005.  This voluntary 

scheme enables enrolled producers to have their pigs assessed at slaughter.  BPHS 

assessments are carried out by trained and standardised swine veterinarian assessors.  Up to 

50 plucks (heart, lungs and liver) are assessed per batch of pigs for the conditions outlined in 

Table 1.  Herd assessments are usually carried out on a quarterly basis and individual herd 

assessment reports, temporal analysis and benchmarking reports are sent to producers and 

their herd veterinarians.  Recent analysis of the BPHS data showed that EP-like lesions and 

pleuritis are the most commonly recorded lung lesions affecting pigs at slaughter in the UK 

(Eze et al., 2015).   

Economic losses associated with pleuritis can be attributed to slow growth and reduced feed 

conversion (Wellenberg et al., 2010).  Infections with M. hyopneumoniae result in significant 
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losses to the pig industry through reduced weight gain, decreased feed efficiency and 

increased days to slaughter (Thacker and Minion, 2012) the most serious effects of which are 

seen in the finishing stages (Straw et al., 1989).  Recent estimates on the effects of EP-like 

lesions on defined markers of production from English pigs have not yet been published. 

The aim of this study was to determine the associations between EP-like lesion 

presence/absence and severity and pleuritis presence/absence on defined markers of 

production performance. 

 

2. Materials and methods 

A batch of pigs was defined as a group of finishing pigs originating from the same farm 

(same slapmark), reared as a group from weaning and selected for slaughter on the same day.  

A slapmark is a unique farm identification number tattooed onto the shoulder of each pig.  

Selection of batches was semi-randomised as they were selected for inclusion in the study on 

the basis that they were predicted to be delivering pigs for slaughter on predetermined dates 

(on which project veterinarians were available for abattoir pathology data collection).  

Batches were not selected on the basis of known susceptibility to EP-like lesions or pleuritis.   

Every other pluck, up to a total of 50, from a single consignment of each batch were selected 

and assessed by the project veterinarian according to the BPEX Pig Health Scheme (BPHS) 

protocol (Jäger et al., 2012).  Therefore, batches containing less than 100 pigs would have 

less than 50 pigs examined. Lungs were assessed for the presence or absence of EP-like lung 

lesions and scored according to the protocol developed by (Goodwin et al., 1969) with 

rounding of scores up to the nearest 5 to a maximum score of 55.  Lungs and thoracic cavity 
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were also assessed for pleuritis presence or absence and scored as zero for no pleuritis, 1 for 

mild pleuritis (localised) and 2 for severe pleuritis (extensive). 

Individual level data were collected at the abattoir from 29 batches of finisher pigs (total 

1366 pigs) from Company A.  Company A comprises all-in all-out pig (AIAO) farms which 

take pigs from 35kg through to finishing.  Individual carcass weights (post-trimming, hot 

weight) were collected for each pig. 

Batch level data were collected at the abattoir from 30 batches of pigs from Company A 

(37,720 pigs, total batch size ranged from 250 to 3,417 pigs per batch), 35 batches from 

Company B (50,386 pigs; total batch size ranged from 198 to 4781 pigs per batch) and 15 

batches from Company C (total pigs 8581, total batch size ranged from 256 to 1057 pigs per 

batch).  Company B comprises wean-to-finish AIAO farms and Company C comprises wean-

to-finish continuous flow farms.  Mean batch post-trimming carcass weights were supplied 

by the production companies when all pigs in the batch had been slaughtered. EP-like lesion 

presence / absence, mean EP-like lesion score, and pleuritis presence / absence were 

calculated from the (up to) 50-pig sample. 

 

2.1 Data analysis 

For individual level data, to determine the presence / absence of EP-like lesions, lungs with 

an EP-like lesion score of 0 or 5 were categorised as not having EP-like lesions (absent).  

Lungs with an EP-like lesion score of ten or more were categorised as having EP-like lesions 

(present).  An individual lesion score of 5 could be considered insignificant and could be as a 

result of artefact, possibly as a result of processing.  Therefore, a cut off of 5 was used.  
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Lungs with a pleuritis score of 1 or 2 were categorised as having pleuritis (present). Pigs 

could be classified as having both EP-like lesions and pleuritis.   

For batch level data, to determine the presence / absence of EP-like lesions batches with an 

average batch EP-like lung lesion score of  >1 were classified as being EP-like lesion affected 

(present).  A cut off of 1 was used at batch level to reduce the likelihood of cranioventral 

consolidation which is not EP-like lesions being recorded. At batch level it would be 

expected that an average batch score under 1 could be due to other reasons. This cut off has 

been suggested by BPHS guidelines and has also been used in other studies which used 

BPHS data (Holt et al., 2011). Lungs with a pleuritis score of 1 or 2 were categorised as 

having pleuritis (present). Pigs could be classified as having both EP-like lesions and 

pleuritis. 

 

2.2 Statistical analysis 

Data were analysed using the SPSS program version 20 (SPSS, USA).  For analysis of 

individual level data, three linear mixed models were used to assess the relationship between 

individual post-trimming carcass weight and EP-like lesion score or presence of EP-like 

lesions or presence of pleuritis.  EP-like lesion score or presence of EP-like lesions or 

pleuritis were considered fixed effects and slapmark as a random effect.  A linear mixed 

model was also used to assess the interaction between the presence of both EP-like lesions 

and pleuritis.  

In addition, the presence of EP-like lesions and pleuritis were included in the same linear 

mixed effects model to evaluate whether they are independent predictors of post-trimming 

carcass weight.  
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At batch level, three separate linear regression analyses were used to assess the relationship 

between average batch post trimming carcass weight and average batch EP-like lesion score, 

presence of EP-like lesions or presence of pleuritis. Slapmark was considered a random 

effect.  

Normality of the residuals was assessed by visual inspection of the histogram for both 

individual and batch analyses. The significance level was set at P< 0.05 for all statistical 

analyses.  

 

3. Results 

3.1 EP- like lung lesions 

In the individual pig study, EP-like lesion scores for pigs ranged from 0 to 55, with a mean 

score of 2.63.  One hundred and fifty-eight pigs out of the 1366 pigs assessed (12%) had an 

EP-like lesion score of ten or more. 

In the batch level analysis, mean EP-like lesion scores ranged from 0 to 13.  Sixty- four 

(80%) batches assessed had at least one lung with EP-like lesions.  Batch prevalence ranged 

from 0 to 84%, with a mean within-batch prevalence, for batches with EP-like lesions, of 

26%.   

 

3.2 Pleuritis  

In the individual pig study, 144/1366 pigs (11%) had lesions consistent with pleuritis.  At 

batch level, 67/80 batches (84%) contained at least one pig with pleuritis.  Within batch 

prevalence ranged from 0 to 46%, with a mean within batch prevalence of 10%.  



8 
 

 

3.3 EP-like lesions and pleuritis  

At the individual level, 34/1366 (2%) of lungs had both EP-like lesions and pleuritis.  At 

batch level, 45/80 (56%) batches contained at least one pig which had both EP-like lesions 

and pleuritis. 

 

3.4 Effect of lung lesions on post-trimming slaughter weight 

The individual pig-level model reported a statistically significant association between post-

trim carcass weight and EP-like lesion score (P = 0.006) (Figure 1).  Each categorical 

increase in EP-like lesion severity (5 points step) was associated with a 0.37 kg (95 % CI: 

0.106 – 0.640) reduction in post-trimming carcass weight.  The presence of EP-like lesions, 

irrespective of severity, was also associated with a reduction in post-trimming carcass weight 

(P = 0.034).  This amounted to a 1.26 kg (95 % CI: 0.095 – 2.429) reduction in post-trimming 

carcass weight compared with pigs with no EP-like lesions.  A statistically significant 

association was also found between the presence of pleuritis and post-trimming carcass 

weight (P = 0.038).  Pigs with pleuritis were 1.24kg (95 % CI: 0.066 – 2.409) lighter 

compared with those without pleuritis.  The model also calculated that having both EP-like 

lesions and pleuritis is associated with a statistically significant reduction in slaughter weight 

(P = 0.03), by 1.27 kg (95 % CI: 0.105 – 2.437) and 1.25 kg (95 % CI: 0.077 – 2.417) for EP-

like lesions and pleuritis respectively.  These effects are independent, indicating that 

simultaneous presence of EP-like lesions and pleuritis is associated with a 2.52 kg reduction 

in slaughter weight.  No statistically significant interaction was identified between the 

presence of both EP-like lesions and pleuritis (P = 0.739) and therefore the model was run 
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without an interaction effect.  At batch level, mean slaughter weights ranged from 54.5 kg to 

83.1 kg for batches reporting no EP-like lesions or pleuritis and 71.8 kg to 82.3 kg for those 

batches that did report EP-like lesions and pleuritis.  Each 1 score increase in mean batch 

level EP-like lesion score was significantly associated with a 0.36 kg decrease in post-

trimming slaughter weight (P = 0.007, 95% CI: 0.104 – 0.623).   

 

4. Discussion 

The present study provides an updated assessment on the associations between EP-like lesion 

presence /absence and severity and pleuritis presence/absence on production parameters using 

individual and batch data.   

EP-like lesions are areas of purple/grey consolidation located in the dependent regions of the 

cranial, middle and accessory lobes and also the cranial portion of the caudal lung lobes 

(Kobisch and Friis, 1996).  In this study, EP-like lesions were scored using the system 

described by (Goodwin et al., 1969).  Other scoring systems have been developed and a 

recent study identified good correlation between the different methods (Garcia-Morante et al., 

2016).  

EP-like lesions were commonly identified in this study with 80% of batches affected, which 

is consistent with a recent report by (Gomes, 2015) where 80-90% of batches assessed as part 

of the BPHS had at least one animal affected. 

The results of previous studies investigating the impact of lung lesions on production 

performance have been inconsistent.  Whilst a number of published studies failed to show a 

relationship between increase in severity of EP-like lesions and a decrease in performance 

(Wilson et al., 1986; Noyes et al., 1990; Scheidt et al., 1990) others have reported an 
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association between increased severity of EP-like lesions and reduced performance (Burch, 

1982; Straw et al., 1989; Straw et al., 1990; Pagot et al., 2007; Henninger et al., 2014).  A 

meta-analysis using data from the 1970s showed that an EP-like lesion score of ten was 

associated with a decrease in average daily gain (ADG) of 37.5g/day (Straw et al., 1989).  

(Pagot et al., 2007) found that for each increase in EP-like lesion score, weight was reduced 

by 0.7%.  More recently, (Henninger et al., 2014) showed that increasing lung lesions scores 

were associated with weight loss which is consistent with the results of this study.  The 

results of the present study showed a statistically significant decrease in slaughter weight was 

identified in pigs with EP-like lesions, pleuritis or a combination of these, compared to those 

with no lesions.  Pigs with extensive EP-like lesion (score of 55) were predicted to weigh 

3.73kg less compared with pigs with no lesions.   

In England, average pleuritis prevalence from 2005 to 2015 has ranged between 11% and 

15% (Gomes, 2015).  This study indicated a prevalence of 11%, which is lower than 

European prevalence estimates of 29% and 47% (Fraile et al., 2010; Merialdi et al., 2012), 

but is consistent with levels within England.  Pleuritis was found to affect 84% of batches, 

which is in line with English estimates of 78% to 82% for 2005 to 2015 (Gomes, 2015).  

The presence of pleuritis, irrespective of severity of those lesions, has previously been 

associated with a reduction in weight gain (Hartley et al., 1988; Jäger et al., 2010; 

Wellenberg et al., 2010).  In our study, pigs with pleuritis were on average 1.24 kg lighter 

than those without lesions at the individual level.  A significant association was found 

between the presence of both EP-like lesions and pleuritis and a decrease in carcass weight, 

although only a low prevalence of 2% was identified for lungs with both these lesions.  

However, with a combined reduction of 2.52 kg post-trimming carcass weight for pigs with 

both lesions, these would represent significant losses to the producer.  Uniformity within 

batches is also important for processing at the abattoir.  In England, pigs are usually 
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slaughtered between 22 and 24 weeks (154 to 164 days) with a target weight of 100 – 105 kg 

live weight.  Automated machines at the abattoir are ‘set up’ for these standard sized carcass’.  

Therefore, smaller, lighter pigs may cause delays, resulting in costs for the abattoir.   

 

5. Conclusion 

The results of this study highlight that EP-like lesions and pleuritis are routinely identified at 

slaughter and are significantly associated with a reduction in carcass weight.  This study 

provides an updated estimate on the impact of these lesions and confirms that they remain 

economically significant. 

 

Acknowledgements 

The authors would like to thank T.J McKinley and Y.M Chang for statistical help.   

 

Conflict of interest statement 

We wish to confirm that there are no known conflicts of interest associated with this 

publication and there has been no significant financial support for this work that could have 

influenced its outcome. 

 

References 

Amanfu, W., Weng, C.N., Ross, R.F., Barnes, H.J., 1984. Diagnosis of mycoplasma 

pneumonia of swine: sequential study by direct immunofluorescence. Am. J. Vet. Res. 47, 

1349-1352. 



12 
 

Burch, D.G.S., 1982. The incidence and distribution of lung lesions, associated with enzootic 

pneumonia, in pigs from 2 farms, and the effect of the extent of these lesions on weight gain. 

In Proceedings of the 5th International Pig Veterinary Science Congress (IPVS), 26-31 July 

1986, Mexico city, Mexico, pp. 95. 

Eze, J.I., Correia-Gomes, C., Borobia-Belsué, J., Tucker, A.W., Sparrow, D., Strachan, D.W., 

Gunn, G.J., 2015. Comparison of respiratory disease prevalence among voluntary monitoring 

systems for pig health and welfare in the UK. PLoS One 10, e0128137. 

Fraile, L., Alegre, A., Lopez-Jimenez, R., Nofrarias, M., Segales, J., 2010. Risk factors 

associated with pleuritis and cranio-ventral pulmonary consolidation in slaughter-aged pigs. 

Vet. J. 184, 326-333. 

Garcia-Morante, B., Segales, J., Fraile, L., Perez de Rozas, A., Maiti, H., Coll, T., Sibila, M., 

2016. Assessment of Mycoplasma hyopneumoniae-induced pneumonia using different lung 

lesion scoring systems: a comparative review. J. Comp. Pathol. 154, 125-134. 

Gomes, C., 2015. Exploring BPHS lesions time trends: July 2005 - March 2015. SRUC. 

Goodwin, R.F., Hodgson, R.G., Whittlestone, P., Woodhams, R.L., 1969. Some experiments 

relating to artificial immunity in enzootic pneumonia of pigs. J. Hyg. (Lond). 67, 465-476. 

Hartley, P.E., Wilesmith, J.W., Bradley, R., 1988. The influence of pleural lesions in the pig 

at slaughter on the duration of the fattening period: an on-farm study. Vet. Rec. 123, 208-208. 

Henninger, M., Labarque, G., Fily, B., Auvigne, V., 2014. Quantification of the relation 

between lung lesions at slaughter and growth performance from birth to slaughter - proposal 

for a new synthetic indicator. J. de la Rech. Porcine en Fr. 46, 183-184. 

Holt, H.R., Alarcon, P., Velasova, M., Pfeiffer, D.U., Wieland, B., 2011. BPEX Pig Health 

Scheme: a useful monitoring system for respiratory disease control in pig farms? BMC Vet 

Res 7, 82. 



13 
 

Jäger, H.C., J., M.T., Wood, J.L.N., Pearce, G.P., Williamson, S., Strugnell, B., Done, S., 

Habernoll, H., Tucker, A.W., 2010. A tool to assess the economic impact of pleurisy in 

slaughter pigs. In Proceedings of the 21st International Pig Veterinary Society Congress 

(IPVS), 18-21 July 2010, Vancouver, Canada, pp. 191. 

Jäger, H.C., McKinley, T.J., Wood, J.L., Pearce, G.P., Williamson, S., Strugnell, B., Done, 

S., Habernoll, H., Palzer, A., Tucker, A.W., 2012. Factors associated with pleurisy in pigs: a 

case-control analysis of slaughter pig data for England and Wales. PLoS One 7, e29655. 

Kobisch, M., Friis, N.F., 1996. Swine mycoplasmoses. Rev. Sci. Tech. 15, 1569-1605. 

Merialdi, G., Dottori, M., Bonilauri, P., Luppi, A., Gozio, S., Pozzi, P., Spaggiari, B., 

Martelli, P., 2012. Survey of pleuritis and pulmonary lesions in pigs at abattoir with a focus 

on the extent of the condition and herd risk factors. Vet. J. 193, 234-239. 

Noyes, E.P., Feeney, D.A., Pijoan, C., 1990. Comparison of the effect of pneumonia detected 

during lifetime with pneumonia detected at slaughter on growth in swine. J. Am. Vet. Med. 

Assoc. 197, 1025-1029. 

Pagot, E., Pommier, P., Keïta, A., 2007. Relationship between growth during the fattening 

period and lung lesions at slaughter in swine. Rev. Med. Vet 158, 253-259. 

Scheidt, A.B., Mayrose, V.B., Hill, M.A., Clark, L.K., Cline, T.R., Knox, K.E., Runnels, L.J., 

Frantz, S., Einstein, M.E., 1990. Relationship of growth performance to pneumonia and 

atrophic rhinitis detected in pigs at slaughter. J. Am. Vet. Med. Assoc. 196, 881-884. 

Straw, B.E., Shin, S.J., Yeager, A.E., 1990. Effect of pneumonia on growth-rate and feed-

efficiency of minimal disease pigs exposed to actinobacillus-pleuropneumoniae and 

Mycoplasma-hyopneumoniae. Prev. Vet. Med. 9, 287-294. 

Straw, B.E., Tuovinen, V.K., Bigras-Poulin, M.A., 1989. Estimation of the cost of pneumonia 

in swine herds. J. Am. Vet. Med. Assoc. 195, 1702-1706. 



14 
 

Thacker, E.L., Minion, F.C., 2012. Mycoplasmosis, in: Zimmermann, J.J., Karriker, L.A., 

Ramirez, A., Schwartz, K.J., and Stevenson, G.W. (Eds), Diseases of Swine. Wiley-

Blackwell, Ames, Iowa, pp. 779-798. 

Wellenberg, G.J., Bouwkamp, F.T., Wolf, P.J., Swart, W.A., Mombarg, M.J., de Gee, A.L., 

2010. A study on the severity and relevance of porcine circovirus type 2 infections in Dutch 

fattening pigs with respiratory diseases. Vet. Microbiol. 142, 217-224. 

Wilson, M.R., Takov, R., Friendship, R.M., Martin, S.W., McMillan, I., Hacker, R.R., 

Swaminathan, S., 1986. Prevalence of respiratory diseases and their association with growth 

rate and space in randomly selected swine herds. Can. J. Vet. Res. 50, 209-216. 

 

Fig 1. Scatterplot showing the post-trimming carcass weights for each increase (score 5) in 

EP-like lesion score at the individual level.  

 

Table 1 Different pathologies identified as part of the BPEX Pig Health Scheme abattoir 

assessment (Eze et al., 2015). 

Lung lesions Pathology Scoring Main causative agent (s) 

EP-like Red-tan-grey 

consolidation 

affecting 

cranioventral regions 

of the lungs in a 

lobular pattern 

Scored 0- 55 in 5 

step increments 

(Goodwin et al., 

1969)  

Mycoplasma hyopneumoniae 

Pleuritis Fibrous or fibrinous 

pleural adhesions on 

lung or between lung 

and chest wall 

0 (absent), 1 

(discrete areas of 

pleuritis), 2 (lesions 

>20% lung surface 

area) 

Actinobacillius 

pleuropneumoniae, 

Pasteurella multocida, 

Haemophilus parasuis, swine 

influenza, porcine 

reproductive and respiratory 

syndrome virus, porcine 

circovirus type 2  
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Pleuropneumonia 

like 

Focal areas of lung 

consolidation with 

overlying pleuritis 

affecting middle and 

caudal lung lobes 

Present (chronic or 

acute) or absent 

Actinobacillius 

pleuropneumoniae, 

Pasteurella multocida, 

Haemophilus parasuis, swine 

influenza, porcine 

reproductive and respiratory 

syndrome virus, porcine 

circovirus type 2 

Viral like Lobular pattern of 

consolidation 

Present or absent Actinobacillius 

pleuropneumoniae, 

Pasteurella multocida, 

Haemophilus parasuis, swine 

influenza, porcine 

reproductive and respiratory 

syndrome virus, porcine 

circovirus type 2 

Abscesses One or more discrete 

abscesses within 

lung. 

Present or absent secondary bacteria 

Pyemia Multiple small 

abscesses detected in 

the lung parenchyma 

Present or absent  

 

Highlights  

 EP-like lesions and pleuritis are routinely identified in slaughter pigs in England. 

 EP-like lesions and pleuritis are significantly associated with a reduction in carcass 

weight. 

 Endemic pig respiratory diseases remain economically important.  
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