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Ante- and post-mortem inspections at abattoir were originally introduced to provide assurance that animal carcasses were fit for human consumption. However, findings at meat inspection can also represent a valuable source of information for animal health and welfare surveillance. Yet, before making secondary use of meat inspection data, it is important to assess that the same post-mortem findings get registered in a consistent way among official meat inspectors across abattoirs, so that the results are as much independent as possible from the abattoir where the inspection is performed. The most frequent findings at official meat inspections of pigs and beef cattle in Sweden were evaluated by means of variance partitioning to quantify the amount of variation in the probabilities of these findings due to abattoir and farm levels. Seven years of data (2012–2018) from 19 abattoirs were included in the study. The results showed that there was a very low variation between abattoirs for presence of liver parasites and abscesses, moderately low variation for pneumonia and greatest variation for injuries and nonspecific findings (e.g., other lesions). This general pattern of variation was similar for both species and implies that some post-mortem findings are consistently detected and so are a valuable source of epidemiological information for surveillance purposes. However, for those findings associated with higher variation, calibration and training activities of meat inspection staff are necessary to enable correct conclusions about the occurrence of pathological findings and for producers to experience an equivalent likelihood of deduction in payment (independent of abattoir).
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1. Introduction

In Europe, all food-producing animals are subjected to official ante- and post-mortem inspections at slaughter (1). Such activities were originally introduced to provide assurance that animal carcasses were fit for human consumption (2). However, it was subsequently recognized that such inspections also play an integral role in assessment of animal health and zoo-sanitary status, as well as in detection of certain welfare conditions (3), as they often reflect the standard of the housing and husbandry of the animal during the production period (4). Nevertheless, the information collected at meat inspection is not yet exploited to its full potential (5).

An extensive review of current practices of meat inspection in the European Union (EU) (3) reports that traditional meat inspection according to EU regulations is in principle conducted in most Member States. However, the regulation is not necessarily fulfilled with respect to all detailed requirements and inadequate ante- and post-mortem inspection still occurs. In addition, the EU legislation concerning judgment criteria at meat inspection is mostly generic, allowing flexibility on one side but also subjectivity on the other side (6). Such variability in meat inspection procedures leaves an open question about the suitability of data collected during meat inspection for animal health and welfare surveillance. In particular, it is not yet clear which inspection findings should be included in a surveillance system at the abattoir and whether data collected at meat inspection are usable for the purpose. For the information to be valuable, it is imperative that the post-mortem findings are accurately diagnosed and consistently detected, so that the result of the inspection does not strongly depend neither on the individual inspector nor the abattoir where the inspection takes place.

The accuracy of routine meat inspection of pigs has been evaluated in previous studies. Bonde et al. (7) estimated the sensitivity and specificity of post-mortem inspection performed by meat inspectors in comparison to veterinary researchers. Schleicher et al. (8) estimated the amount of variation in the recording of post-mortem findings that can be attributed to the individual official meat inspectors. In both cases, the evaluations were done at inspector level and involved one single abattoir, making it difficult to generalise the results to the common meat inspection practice. Van Staaveren et al. (9) investigated the use of carcass lesions as indicators of animal health and welfare on farm. However, the inspection at abattoir was performed by one of the authors using a pre-defined scoring system, which might not reflect the practice of meat inspection under working conditions. More recently, Klinger et al. (10) assessed the impact of farm of origin, abattoir and time of the year on the prevalence of post-mortem findings recorded in 66 Austrian abattoirs. The pathological findings were grouped into five main categories (i.e., respiratory system and heart, abdominal organs, skin and locomotor system, other pathologies, and slaughter-related lesions) which does not allow to assess the accuracy of individual lesions for their potential use in surveillance. When it comes to meat inspection in cattle, the body of literature is slimmer. Veldhuis et al. (11) quantified the associations between meat inspection findings and farm of origin characteristics in dairy cattle slaughtered in one abattoir, concluding that seven indicators provided added value to existing cattle health surveillance components, however the implementation will be challenging due to lack of standardization between abattoirs. Denwood et al. (12) estimated the farm and abattoir variation in meat inspection of beef cattle, concluding that the sensitivity of meat inspection is affected by differences in the working practices between abattoirs, resulting in biased prevalence estimates.

The aim of this study was to evaluate the quality of meat inspection data collected from several abattoirs under real working conditions, to assess which findings are currently consistently detected among abattoirs and might therefore become suitable surveillance information. To reach this objective, we estimated the amount of variation in the registered post-mortem findings of pigs and cattle that can be attributed to the abattoir where the carcasses are inspected.



2. Materials and methods

We used 7 years of data on all findings recorded in beef cattle and finishing pigs slaughtered from 2012 to 2018 in the 19 largest abattoirs in Sweden, slaughtering altogether approximately 80% of the animals in the country. Eight abattoirs slaughtered only cattle, five only pigs and six both cattle and pigs. Most farms slaughtered their animals in a single abattoir, while one-fifth supplied two abattoirs and only a few supplied three or more. More information about the number of animals slaughtered, individual batches received, and different farms served by each abattoir as well as the distribution of farms by number of abattoirs used is given in the Supplementary material (Supplementary Tables S1, S2). To reduce the variation due to animal characteristics we restricted the beef cattle population to a subcategory named young bulls, which identifies non-castrated male beef cattle aged 24 months. Finishing pigs included females that have never been pregnant and castrated males, aged 5–6 months and weighing around 120 kg at slaughter.

In Sweden, meat inspection is performed by official veterinarians and auxiliaries employed by the Swedish Food Agency. Official inspectors undergo specific training with regular follow ups and perform meat inspection according to EU Regulations, adopting a common national frame for condemnation (13). Meat inspectors observe carcass parts on the slaughter line before dressing and weighing. The time allowed for postmortem inspection depends on multiple factors, including the number of inspectors involved. For instance, in the case of pigs, if the speed of the slaughter line is 450 pigs per hour, four meat inspectors are present for visual control. However, if the speed is 90 pigs per hour, only one meat inspector conducts visual inspection. In situations where the speed is between 86 and 100 pigs per hour, there is a mere 36–42 s per carcass and organs available for inspection. The speed of the line, and therefore the number of inspectors, can vary significantly between abattoirs. Unfortunately, we were unable to obtain such information. At meat inspection, up to five different findings can be recorded at carcass level using a standardized coding system including 37 different lesions or abnormalities. If more than five lesions are observed, not all of them will be recorded. The full list of lesions/abnormalities and their description is provided in the Supplementary material (Supplementary Table S3).

Data were aggregated at batch level, which was defined as a group of animals delivered from an individual farm to a given abattoir on a given date. In total, 113,305 cattle and 166,658 pig batches were investigated. The mean batch size (±standard deviation) was 7.5 ± 7.5 for young bulls (min = 1, max = 121, median = 5) and 100 ± 87 for finishing pigs (min = 1, max = 758, median = 75).

Only lesions whose overall prevalence at carcass level in the study period exceeded 0.5% were included in the analysis. Their description, as provided to meat inspectors for their assessment, is given in Table 1.



TABLE 1 Description of the meat inspection findings investigated in this study, as provided to meat inspectors for their assessment.
[image: Table1]

In order to quantify the proportion of total variance in the outcome (i.e., presence of a given post-mortem finding in a slaughter batch) attributable to one or more effects, we fitted a logistic mixed model with cross-classified random effects for each of the lesions as proposed by Denwood et al. (12), for pigs and cattle separately. The response variable Yi (i.e., the number of a given post-mortem finding for batch i) was described using a Binomial distribution, according to the fitted probability pi and total number of recordings Ni in the batch i. The model was fitted under the assumption that the probability of a specific post-mortem finding in a slaughter batch (pi) may depend on farm characteristics and the abattoir where the meat inspection is carried out, resulting in observations being clustered between farms and/or abattoir. Therefore, the intercept and two cross-classified random effects, one for the farm and one for the abattoir, were included. Given that the post-mortem finding occurrence showed a zero-inflated distribution, we fitted an additional random effect at batch level, to correct for overdispersion as suggested by Browne et al. (14) and Harrison (15). The general form of the model is as follows:
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Where, pi is the probability of observing the outcome in batch i, Z the common intercept, A the random effect of abattoir k, F the random effect of farm j and B the random effect of batch i.

All models were fitted using the glmer function of the “lme4” package (16) in R (17).

We then calculated the variance partitioning coefficients (VPCs) that quantify the extent of clustering in the meat inspection data, or in other words, the proportion of total variance in the outcome that is attributable to the random effects. The percentage of variation explained by the abattoir is given by:
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while the percentage of variation explained by the farm is given by:
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where, [image: image] and [image: image] are the variance of random effects at abattoir and farm level estimated from the model, [image: image] the overdispersion parameter (i.e., variance at batch level) and [image: image] the residual variance. The latter was approximated using the latent variable method (18) assuming that every carcass has a certain propensity to have a given post-mortem finding, but only those whose propensity exceeds a certain threshold actually get it. This approach well suits the meat inspection process, where a particular finding is recorded only when its size/severity is big enough to note it. The unobserved (latent) individual variable follows a logistic distribution with individual level variance equal to [image: image], which is independent of the value of any possible linear predictor (14, 19).

Ideally, there should be a minimal variation in the way carcasses are assessed among abattoirs, meaning that [image: image] should be close to zero. Besides the actual estimate of [image: image], it is important to assess its relative magnitude compared to [image: image]. This relation is expressed by the [image: image] ratio, which shows how much bigger/smaller the variation at abattoir level is compared to the variation at farm level.



3. Results

Overall, the most frequent findings at meat inspection involved lungs and liver. They were pneumonia (5.5%), pleurisy/pericarditis (5.1%) and common liver fluke (4.3%) for young bulls (Table 2) and pleurisy/pericarditis (13.6%), parasitic liver damage (4.9%) and Mycoplasma-like lesions (3.3%) for finishing pigs (Table 3). Abscesses and injuries were also reported, albeit less frequently. In general, the frequency of occurrence of abnormal findings in cattle and pig carcasses in Sweden was quite low, with only 10 lesions (in cattle) and 13 lesions (in pigs) among the 37 monitored ones showing a prevalence higher than 0.5% in the 7-year period.



TABLE 2 Variance partitioning for most frequent lesions recorded in 2012–2018 at meat inspection of young bulls, sorted by frequency of occurrence (N = 113,305 slaughter batches).
[image: Table2]



TABLE 3 Variance partitioning for most frequent lesions recorded in 2012–2018 at meat inspection of finishing pigs, sorted by frequency of occurrence (N = 166,658 slaughter batches).
[image: Table3]


3.1. Young bulls

The results of variance partitioning for young bulls are reported in Table 2. Abscesses (other than liver) and liver parasites showed nearly no variation among abattoirs (VPCA ≈ 0), meaning that they were consistently detected across the investigated abattoirs. It is interesting to notice that liver flukes were consistently detected among abattoirs despite the regional differences in the prevalence of Fasciola hepatica and Dicrocoelium dendriticum; differences that were captured by a high variation between farms (VPCF = 37–71%).

Traumatic peritonitis and pneumonia showed a moderately low variation at abattoir level (VPCA < 5%), which was nonetheless lower than the variation at farm level (VPCA:F < 1). Injuries and liver damages were the lesions with the highest VPCA (8–15%), which was also higher than VPCF, meaning that the probability of a young bull being identified with such lesions was strongly influenced by the abattoir where the inspection took place.



3.2. Finishing pigs

The results of variance partitioning in finishing pigs are reported in Table 3. Fibrinous pneumonia and pleurisy/pericarditis showed the lowest variation among abattoirs (VPCA < 1%). Abscesses, liver damages, pneumonias and tail damages showed a moderately low variation at abattoir level (VPCA < 5%), which was nonetheless lower than the variation at farm level (VPCA:F < 1). Injuries and unspecific lesions (i.e., “other cause”) were associated with the highest VPCA (8–20%), which was also higher than VPCF.




4. Discussion

The probability of observing a given post-mortem finding in a slaughter batch depends on several factors that have an impact at different stages of the supply chain, such as the animal level, farm level, and/or abattoir level. Knowing the sources of variation of the post-mortem findings might help assessing the quality of meat inspection by separating individual- and farm-related factors from the accuracy of the detecting procedure (i.e., abattoir-related factors, including both detection ability of the inspectors and slaughter line conditions).

In our study, abscesses, liver parasites and pneumonia seemed to be consistently diagnosed, while injuries, liver damages and nonspecific findings showed a greater variation among abattoirs. It seems therefore reasonable to infer that some post-mortem findings are easier to detect and classify while others are more prone to subjective interpretation. In the latter case, the level of training and experience of the meat inspector plays a strong role in the correct identification of the findings, in conjunction with abattoir-specific slaughter line configurations (e.g., speed, accessibility of carcasses and offal for meat inspectors, luminosity of meat inspection platform, etc.). However, sometimes it is just difficult to correctly assess a specific finding. If we take injuries as an example, the distinction between acute and chronic lesions is not always clear-cut and it might require histopathological diagnostics to correctly differentiate between them. In addition, there is currently no clear description of how extensive the injury must be in order to be registered, leading to more subjective evaluations (Table 1).

Whenever a post-mortem finding is difficult to assess—either because the slaughter line conditions do not allow it, the description of the lesion is not clear enough or the finding is intrinsically difficult to assess—the probability of detection depends on the person carrying out the examination, and these findings cannot be directly translated into surveillance data.

According to Kahneman et al. (20), the sources of failure in professional judgments rely on two main components: one is the systematic error (i.e., the average error in judgments) and the other is the noise (i.e., the variability of error in judgements). The former happens across raters (e.g., because the description of a finding is not clear enough and leave room for interpretation) while the latter is more individual-dependent and arises because of personal factors such as cognitive biases, mood, group dynamics and emotional reactions. The systematic error observed in certain post-mortem findings can be reduced through specific training and calibration activities for official meat inspectors. On the other hand, reducing the noise in meat inspection might not be so straightforward, as it involves the personal reactions of each inspector. It is however reassuring to notice that, especially for pigs, the most frequent findings at meat inspection were also those most consistently detected.

Interestingly, the probability of observing abscesses (other than liver) in cattle and fibrinous pneumonia in pigs seemed to be independent from the farm of origin or the abattoir assessing the carcass. For these lesions, in fact, most of the variation (80% and 70%, respectively) was due to the batch itself (see Supplementary Tables S4, S5), suggesting that factors such as individual animal variation, failed vaccination, existing infections, stress due to transport and/or seasonality were playing a major role.

Assessment of cattle and pig lesions showed both similar and contrasting trends. In both cases, abscesses (other than liver) were consistently detected, and injuries were more subjectively evaluated. On the contrary, pleurisy/pericarditis, parasitic liver damage and other liver damage showed a high level of variation among abattoirs in cattle but a high consistency in pigs. This is partly due to different clinical manifestations in the two species (e.g., parasitic liver damage in pigs—aka milk spots—are fairly characteristic and easier to recognize than in cattle) but also to the fact that, beyond the regular training sessions, inspectors working at Swedish pig abattoirs underwent major calibration exercises in 2017 (and subsequently in 2019).

A larger body of literature is available concerning meat inspection in pigs compared to cattle, probably because the pig sector represents one of the most economically important farming sectors in the EU and worldwide (21). Previous studies on the quality of the meat inspection process in pigs reported a moderate-to-high variation both among abattoirs (10, 22) and between official veterinarians carrying out meat inspection (23), confirming that lesions such as abscesses, peritonitis, and milk spots are more consistently detected than others (e.g., skin lesions and hepatitis) (8). In addition, other authors found that pig producers experienced distrust in meat inspection due to inconsistencies among different abattoirs (24) and that a portion of the food business operators in meat, fish or dairy processing considered the food controls non-uniform (25). This highlights the importance of continuous training of meat inspectors as well as regular calibration exercises, especially for those findings that are more prone to subjective evaluation. To this regard, a limitation of this study is that it does not take into account the intra-abattoir variation. Knowing which inspector made the assessment would have enabled us to identify systematic differences among inspectors. In the same way, knowing the slaughter line configuration of each abattoir (e.g., line speed, carcass/offal accessibility, luminosity of control stations, etc.) would have helped interpreting the systematic differences among abattoirs. Unfortunately, none of the above-mentioned information was available. Nevertheless, the abattoir variation can be considered as a proxy for between-inspector variation, given that the inspectors working at a big abattoir tend to be the same. In addition, from a producer point of view, it is important to ensure a fair inspection process irrespective of which abattoir they choose.

Meat inspection data has some intrinsic limitations, not least the fact that it is impossible to identify whether the absence of a given finding is due to lack of occurrence (i.e., true absence), lack of detection (i.e., missed finding) or lack of reporting (e.g., correctly detected by not correctly registered). Nevertheless, like passive surveillance, it can still represent a valuable source of epidemiological information for cattle and pig health and welfare, given that the most frequent findings were also those most consistently reported. However, to enable correct conclusions about disease occurrence and for producers to experience an equivalent likelihood of deduction, calibration and training activities of official meat inspectors are necessary for those findings associated to higher variation within and between abattoirs. For those lesions that are undoubtedly difficult to classify, it could be hypothesized to record a lower level of detail. In case of injuries, for instance, one could just record more generically “injury,” without distinguishing between acute and chronic. However, while less detailed diagnoses may be detected more consistently, they carry less information for surveillance purposes. Within the abovementioned example of injuries, it would be very important to distinguish whether an injury is acute or chronic in the context of animal welfare surveillance, but a generic diagnosis would not allow that. In addition, a generic diagnosis would not allow to identify who is liable for financial deduction for the injury (i.e., the farmer, the transporter or the abattoir, depending on how chronic or acute the injury is). To gain further insight into the issue, we calculated percentage of variation explained by the abattoir for the combination of acute and chronic injury findings in pigs, as they had been recorded as a generic injury. The VPCA for this combined injury was found to be 8.10% (VPCA:F = 3.52), which was lower than the VPCA for the two lesions taken separately. However, it is worth noting that the difference with the VPCA for chronic injuries alone (8.40%) was minor.

Looking for the balance between accuracy and precision of diagnoses at meat inspection, another option could be to support the work of meat inspectors with new digital techniques and artificial intelligence. In particular, artificial intelligence can be used to analyze and process large amounts of data from various sources, such as image processing system, chemical sensors, and microbiological tests to identify patterns and anomalies in meat quality, classify carcasses, detect potential health hazards, and provide real-time feedback to inspectors (26, 27). As a matter of fact, such options are already under development, such for instance the use of artificial intelligence for automatic detection of abattoir lesion (ADAL | F4T Lab) (28), photo artificial intelligence identification of animals (Phaid | F4T Lab
) (29) and scanning animal tattoos on slaughter line for traceability (ReaDop | F4T Lab
) (30).



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

Ethical review and approval were not required for this study as it did not involve any animals, animal samples nor isolates. The study only made use of data that was previously collected and stored in a private database.



Author contributions

AC: conceptualisation, methodology and data analysis, writing—original draft, review and editing, and funding acquisition. AJ, UR, AK, LK, A-KN, AL, and JF: conceptualisation, interpretation of results, and review and editing. All authors contributed to the article and approved the submitted version.



Funding

This work was funded by the Swedish Research Council Formas (grant no. 2017-00593).



Acknowledgments

The content of this manuscript has been presented at the 4th International Conference on Animal Health Surveillance (ICAHS4), held on 3–5 May 2022 in Copenhagen, Denmark; O35: 120-123.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2023.1129891/full#supplementary-material



References

 1. Commission Implementing Regulation (EC) 2019/627 of 15 march 2019 laying down uniform practical arrangements for the performance of official controls on products of animal origin intended for human consumption in accordance with regulation (EU) 2017/625 of the European Parliament and of the council and amending commission regulation (EC) no 2074/2005 as regards official controls. OJEU (2019); L 131/51-95.

 2. Edwards, DS, Johnston, AM, and Mead, GC. Meat inspection: an overview of present practices and future trends. Vet J. (1997) 154:135–47. doi: 10.1016/S1090-0233(97)80051-2 

 3. Alban, L, Steenberg, B, Stephensen, FT, Olsen, AM, and Petersen, JV. Overview on current practices of meat inspection in the EU. EFSA Supporting Publications. (2011) 1:152. doi: 10.2903/sp.efsa.2011.EN-190

 4. Meyns, T, Van Steelant, J, Rolly, E, Dewulf, J, Haesebrouck, F, and Maes, D. A cross-sectional study of risk factors associated with pulmonary lesions in pigs at slaughter. Vet J. (2011) 187:388–92. doi: 10.1016/j.tvjl.2009.12.027 

 5. Stärk, KDC, Alonso, S, Dadios, N, Dupuy, C, Ellerbroek, L, Georgiev, M , et al. Strengths and weaknesses of meat inspection as a contribution to animal health and welfare surveillance. Food Control. (2014) 39:154–62. doi: 10.1016/j.foodcont.2013.11.009

 6. Vieira-Pinto, M, Langkabel, N, Santos, S, Alban, L, Laguna, JG, Blagojevic, B , et al. A European survey on post-mortem inspection of finishing pigs: total condemnation criteria to declare meat unfit for human consumption. Res Vet Sci. (2022) 152:72–82. doi: 10.1016/j.rvsc.2022.07.013 

 7. Bonde, M, Toft, N, Thomsen, PT, and Sorensen, JT. Evaluation of sensitivity and specificity of routine meat inspection of Danish slaughter pigs using latent class analysis. Prev Vet Med. (2010) 94:165–9. doi: 10.1016/j.prevetmed.2010.01.009 

 8. Schleicher, C, Scheriau, S, Kopacka, I, Wanda, S, Hofrichter, J, and Kofer, J. Analysis of the variation in meat inspection of pigs using variance partitioning. Prev Vet Med. (2013) 111:278–85. doi: 10.1016/j.prevetmed.2013.05.018 

 9. van Staaveren, N, Doyle, B, Manzanilla, E, Calderón Díaz, J, Hanlon, A, and Boyle, L. Validation of carcass lesions as indicators for on-farm health and welfare of pigs. J Anim Sci. (2017) 95:1528–36. doi: 10.2527/jas.2016.1180 

 10. Klinger, J, Conrady, B, Mikula, M, and Kasbohrer, A. Agricultural holdings and Slaughterhouses’ impact on patterns of pathological findings observed during post-mortem meat inspection. Animals. (2021) 11:1442. doi: 10.3390/ani11051442 

 11. Veldhuis, AMB, Smits, D, Bouwknegt, M, Worm, H, and van Schaik, G. Added value of meat inspection data for monitoring of dairy cattle health in the Netherlands. Front Vet Sci. (2021) 8:661459. doi: 10.3389/fvets.2021.661459 

 12. Denwood, MJ, Houe, H, Forkman, B, and Nielsen, SS. Random effect selection in generalised linear models: a practical application to slaughterhouse surveillance data in Denmark. Proceedings of the Society for Veterinary Epidemiology and Preventive Medicine Annual Meeting held in Ghent, SVEPM, Ghent, Belgium, 25–27 (2015);: 135–145.

 13. Swedish Food Agency. Beslut om kött från tama hov- och klövdjur. Available at: https://kontrollwiki.livsmedelsverket.se/artikel/636/beslut-om-kott-fran-tama-hov-och-klovdjur (Accessed December 22, 2022).

 14. Browne, WJ, Subramanian, SV, Jones, K, and Goldstein, H. Variance partitioning in multilevel logistic models that exhibit overdispersion. J R Stat Soc Ser A Stat Soc. (2005) 168:599–613. doi: 10.1111/j.1467-985X.2004.00365.x

 15. Harrison, XA. Using observation-level random effects to model overdispersion in count data in ecology and evolution. PeerJ. (2014) 2:e616. doi: 10.7717/peerj.616 

 16. Bates, D, Mächler, M, Bolker, B, and Walker, S. Fitting linear mixed-effects models using lme4. arXiv preprint arXiv:1406.5823. (2014)

 17. R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing (2022).

 18. Goldstein, H, Browne, W, and Rasbash, J. Partitioning variation in multilevel models. Understanding Stat. (2002) 1:223–31. doi: 10.1207/S15328031US0104_02

 19. Merlo, J, Chaix, B, Ohlsson, H, Beckman, A, Johnell, K, Hjerpe, P , et al. A brief conceptual tutorial of multilevel analysis in social epidemiology: using measures of clustering in multilevel logistic regression to investigate contextual phenomena. J Epidemiol Comm Health. (2006) 60:290–7. doi: 10.1136/jech.2004.029454 

 20. Kahneman, D, Sibony, O, and Sunstein, CR. Noise: a flaw in human judgment. Little, Brown Spark; (2021). ISBN:978–0–316-32227-0.

 21. FAO. The state of food and agriculture: livestock in the balance. (2009). 180, ISBN 978-92-5-106215-9. Available at: https://www.fao.org/3/i0680e/i0680e.pdf (Accessed December 22, 2022).

 22. Nielsen, SS, Denwood, MJ, Forkman, B, and Houe, H. Selection of meat inspection data for an animal welfare index in cattle and pigs in Denmark. Animals. (2017) 7:94. doi: 10.3390/ani7120094 

 23. Arzoomand, N, Vågsholm, I, Niskanen, R, Johansson, A, and Comin, A. Flexible distribution of tasks in meat inspection–a pilot study. Food Control. (2019) 102:166–72. doi: 10.1016/j.foodcont.2019.03.010

 24. Devitt, C, Boyle, L, Teixeira, DL, O’Connell, NE, Hawe, M, and Hanlon, A. Pig producer perspectives on the use of meat inspection as an animal health and welfare diagnostic tool in the Republic of Ireland and Northern Ireland. Ir Vet J. (2016) 69:2. doi: 10.1186/s13620-015-0057-y

 25. Kettunen, K, Lunden, J, Laikko-Roto, T, and Nevas, M. Towards more consistent and effective food control: learning from the views of food business operators. Int J Environ Health Res. (2017) 27:215–29. doi: 10.1080/09603123.2017.1332351 

 26. De Guzman, RJS, Niro, DNN, and Bueno, ACF. Pork quality assessment through image segmentation and support vector machine implementation. J Technol Manag Bus. (2018) 5:15–21. doi: 10.30880/jtmb.2018.05.02.003

 27. Chen, T-C, and Yu, S-Y. The review of food safety inspection system based on artificial intelligence, image processing, and robotic. Food Sci Technol. (2021) 42:42. doi: 10.1590/fst.35421

 28. ADAL ADAL – Automatic detection of abattoir lesions. Available at: https://www.f4tlab.com/adal (Accessed March 9, 2023).

 29. PHAId PHAId – Photo artificial intelligence identification. Available at: https://www.f4tlab.com/phaid (Accessed March 9, 2023).

 30. ReaDOP ReaDOP – Animal tattoo scanning system for digital supply chain traceability. Available at: https://www.f4tlab.com/readop (Accessed March 9, 2023).



OPS/images/fvets-10-1129891-e013.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Can we use meat inspection data for animal health and welfare surveillance?



		1. Introduction



		2. Materials and methods



		3. Results



		3.1. Young bulls



		3.2. Finishing pigs









		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fvets-10-1129891-e012.jpg





OPS/images/fvets-10-1129891-t002.jpg
Lesion Prevalence at individual VPC, (%) VPC: (%) VPCp (ratio)

carcass level (%)

Other pneumonia 546 467 1284 0.36
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Recent musculoskeletal traumatic injury, for example wounds, bruises and fractures

Obvious bite marks on the tail and other tai injuries where at least 50% of the tail lost. Also applies to fully healed

injuries regardless of the cause
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In swine, mycoplasma-like lesions with a minimum presence of moderate pneumonia in at least three lung lobes or
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carcass level (%)

Pleurisy/pericarditis 1358 095 19.49 005
Parasitic liver damage 492 134 3103 0.04
Mycoplasma-like lesions 328 639 17.74 036
il damage 271 397 7.61 052
Abscess (other than liver) 139 175 221 079
Other cause 110 2048 837 245
Other pneumonia 104 495 505 0.98
Pleurisy and perihepatitis 0.86 22 837 027
Other liver damage 0.82 33 73 046
Joint injury 074 617 7.31 084
Chronic injury 072 840 326 258
Fibrinous pneumonia 0.69 0 0 -

Acute injury 058 1793 162 1106





