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A B S T R A C T   

More than a decade ago, the European Food Safety Authority (EFSA) sparked a substantial modernisation effort 
in traditional meat safety systems in Europe by publishing a range of EFSA opinions that were followed, from 
2014 to 2019, by amendments to relevant EU legislation. A novel, risk-based meat safety assurance system (RB- 
MSAS) was proposed to address the latest, most relevant meat-borne hazards and protect human health as well as 
animal health and welfare. This new framework was thought to offer substantial advantages with regard to the 
combination and longitudinal integration of prevention and control measures along the meat production chain. 
Official veterinarians (OVs) are expected to take on a central role as risk managers in RB-MSAS and will benefit 
from the use of harmonised epidemiological indicators (HEIs) and food chain information (FCI). In this article, 
we aim to provide an introduction to the key concepts of RB-MSAS and elaborate on the potential training needs 
of OVs as key risk managers in this novel framework. To this end, we present an overview of the components of 
an RB-MSAS along with the main factors that may hamper its development vis-à-vis the current status of the 
European meat inspection system. We state key future challenges related to the conceptual and practical 
implementation of a RB-MSAS and give potential solutions. In addition, the technical description of the HEIs 
proposed by EFSA for different animal species and at specific stages of the food chain is provided, as is their use 
to categorise farms and abattoirs according to the risk and to conduct risk-based meat inspection. Finally, 
advanced training tools for OVs enabling them to effectively and efficiently operate as risk managers in the future 
RB-MSAS environment are outlined.   
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1. RB-MSAS: an introduction 

The main purpose of meat inspection is to verify compliance with 
human and animal health and animal welfare requirements as outlined 
by Commission Implementing Regulation (EU) 2019/627 (EU, 2019a). 
Historically, traditional meat inspection systems were geared towards 
the detection of gross lesions in slaughtered animals caused by the 
relevant zoonoses at the time, e.g. tuberculosis, trichinellosis, cysticer-
cosis, and anthrax. Therefore, visual inspection, palpation, and incision 
became mandatory once these systems were more formalised, and 
contributed to public health protection from these visible zoonoses, as is 
reflected in massive reductions of food-borne parasitosis and the decline 
of tuberculosis in industrialised countries (Edwards et al., 1997; Mous-
ing et al., 1997; Uzal et al., 2002). With the emergence of invisible or 
only microscopically detectable bacterial hazards, which for fresh meat 
are Salmonella, Campylobacter, verocytotoxin-producing E. coli (VTEC), 
Yersinia, and antimicrobial-resistant (AMR) bacteria, currently consid-
ered the most relevant causes of zoonotic diseases in Europe (EFSA & 
ECDC, 2021), the ‘old’ hazards have become much less epidemiologi-
cally important (Fredriksson-Ahomaa, 2014). In addition, concerns have 
increased about the presence of harmful chemicals in meat, such as in-
dustrial contaminants (EFSA Panel on Biological Hazards [BIOHAZ], 
2011b). The inability of the traditional meat inspection to detect these 
invisible agents and chemicals, and the need to ensure that the objec-
tives of human and animal health, as well as animal welfare re-
quirements, are met, led to the concept of a modernised European 
risk-based meat safety assurance system (RB-MSAS) (Blagojevic et al., 
2021). The RB-MSAS aims to address widely recognised weaknesses of 
the EU traditional meat inspection systems, to take into account epide-
miological data, and to promote the sharing of integrated data among all 
interested actors and risk managers along the whole meat production 
chain. The historical development of the risk-based concept started in 
1995, with the World Trade Organization (WTO) Agreement on the 
Application of Sanitary and Phytosanitary Measures (World Trade Or-
ganization [WTO], 1995), which stressed the importance of a harmon-
ised risk assessment in food controls that aimed to facilitate trade, 
adaptation to regional conditions and transparency. Subsequently, with 
the same purpose, in 2005, the World Health Organization (WHO)/Food 
and Agriculture Organization of the United Nations (FAO) published the 
Code of Hygiene Practice (Codex Alimentarius Commission, 2005), 
which stands as the main international standard for meat hygiene. The 
Code’s principles stipulated that: (i) meat inspection should be con-
ducted according to a science- and risk-based approach; (ii) meat hy-
giene requirements should control hazards to the greatest extent 
practicable throughout the entire food chain, and hazard analysis and 
critical control points (HACCP) should be applied wherever practicable 
as the system of choice for process control; (iii) while the competent 
authority (CA) has final responsibility for verifying that regulatory meat 
hygiene requirements are met, the food business operator (FBO) has the 
responsibility to produce meat that is safe and suitable; (iv) as appro-
priate to the circumstances, and with the purpose of requirement review, 
meat inspection should take into account results of monitoring and 
surveillance of animal and human diseases, and be adaptable to the 
changing status of individual countries or regions. In 2019, FAO (FAO, 
2019), and 2021, the World Organisation for Animal Health (WOAH, 
2022) published technical guidance on the application of risk-based 
meat inspection and recommended the respective protocols. These ef-
forts contributed to the development of a universally acknowledged 
modern RB-MSAS which is longitudinally integrated, flexible, and dy-
namic, with the main responsibility for meat safety being placed on 
FBOs, and with the CAs playing an advisory and auditory role in official 
control. To effectively control major food/meat hazards, meat inspec-
tion must be re-assessed based on a risk-based approach and be part of 
an integrated control system throughout the meat production chain, 
with a focus on the farm and abattoir level. This conceptual model of a 
risk-based and farm-to-fork approach to meat safety, and the application 

of the principles of risk analysis, dates back to 2000 (Commission of the 
European Communities, 2000; European Commission, Health & Con-
sumer Protection Directorate-General, 2000). Cornerstones of this 
concept were the White Paper on Food Safety, the Opinion of the Sci-
entific Committee on veterinary measures relating to public health on 
revision of meat inspection procedures Regulation (EC) No 178/2002 
(The General Food Law) (EC, 2002), and the Hygiene Package legisla-
tion of 2004 (EC, 2004a; 2004b; 2004c; 2004d). 

Since 2007, the EU, triggered inter alia by the enlargement process, 
issued a broad repertoire of regulatory acts encompassing food safety, 
food quality, and the official control system of food of animal origin. The 
new legislative environment, on one hand, advanced the EU approach to 
food safety and related enforcement, on the other hand, became a 
blueprint for the law in third countries (Bondoc, 2016a; 2016b; 2016c; 
2016d). 

On the path to consistently modernise meat inspection across the EU, 
the European Commission (EC) prompted scientific work by asking the 
European Food Safety Authority (EFSA) to provide scientific opinions to 
rank and prioritise biological and chemical hazards according to their 
risk for public health and to recommend a new RB-MSAS. Consequently, 
from 2011 to 2013, EFSA published a number of opinions covering the 
meat inspection of pigs, poultry, cattle, sheep, goats, horses and farmed 
game, including ranked priority hazards for each species (Table 1). EFSA 
also proposed a generic framework for MSAS, which incorporates offi-
cial meat inspection with food safety management systems managed by 
FBOs. 

Notably, for biological hazards, the priority ranking is based on 
assessment of their impact on the incidence of the disease, the severity of 
the disease in humans, and on evidence that the consumption of meat 
from the various species is an important risk factor for the occurrence of 
the disease in humans (Buncic et al., 2019a). The new RB-MSAS 

Table 1 
Priority hazards as ranked by EFSA.  

Species Biological hazards Chemical hazards EFSA scientific 
opinions 

Pigs  - Salmonella  
- Yersinia enterocolitica  
- Toxoplasma gondii  
- Trichinella  

- dioxins  
- dioxin-like 

polychlorinated 
biphenyls  

- chloramphenicol 

EFSA Panel on 
Biological 
Hazards [ 
BIOHAZ] 
(2011b) 

Poultry  - Campylobacter  
- Salmonella  
- ESBL-AmpC gene- 

carrying bacteriaa  

- dioxins  
- dioxin-like 

polychlorinated 
biphenyls  

- chloramphenicol  
- nitrofurans  
- nitroimidazoles 

EFSA Panel on 
Biological 
Hazards [EFSA 
Panel (2012a) 

Cattle  - pathogenic Escherichia 
coli  

- Salmonella  

- dioxins  
- dioxin-like 

polychlorinated 
biphenyls 

EFSA Panel on 
Biological 
Hazards [ 
BIOHAZ] 
(2013b) 

Sheep 
and 
goats  

- pathogenic Escherichia 
coli  

- Toxoplasma gondii  

- dioxins  
- dioxin-like 

polychlorinated 
biphenyls 

EFSA Panel on 
Biological 
Hazards [ 
BIOHAZ] 
(2013a) 

Horses  - Trichinella  - phenylbutazone  
- cadmium 

EFSA Panel on 
Biological 
Hazards [ 
BIOHAZ] 
(2013d) 

Farmed 
game 

Deer  - Toxoplasma 
gondii 

None EFSA Panel on 
Biological 
Hazards [ 
BIOHAZ] 
(2013c)  

Wild 
boar  

- Salmonella  
- Toxoplasma 

gondii  
- Trichinella 

None 

Other None None  

a Extended-spectrum β-lactamase and AmpC β-lactamase. 
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hallmarks a modern meat inspection system, by which official controls 
can be carried out in a more cost-effective way. Key components of the 
shift towards more evidence- and risk-based meat inspection are the 
harmonised epidemiological indicators (HEIs) developed by EFSA for 
the different food-producing animal species (EFSA, 2011, 2012, 2013), 
and the food chain information (FCI). Within its role as EU risk manager, 
the DG Health and Food Safety (DG SANTE) of the European Commis-
sion examined EFSA’s opinions and embarked on legislative changes for 
the practical implementation of the new RB-MSAS. Since 2014, these 
changes included: Commission Regulation (EU) No 219/2014 (EU, 
2014c), which allowed the visual-only ante- and post-mortem inspection 
of low-risk slaughtered pigs; Commission Regulation (EU) No 217/2014 
(EU, 2014a) establishing more stringent process hygiene criteria for 
Salmonella on pork carcasses; Commission Implementing Regulation 
(EU) 2015/1375 exempting Trichinella testing of pigs raised in high-level 
biosecurity farms (EU, 2015); Commission Regulation (EU) 2017/1495 
establishing a process hygiene criterion for Campylobacter in broiler 
carcasses (EU, 2017b), and finally; Commission Implementing Regula-
tion (EU) 2019/627, laying down new requirements for meat inspection 
procedures for all farm species (EU, 2019b). Still, the modernisation 
process of the European meat inspection system has not yet been fully 
implemented and is often lagging behind the legislation, facing the 
major obstacles of trade requirements, costs, and inadequate FCI 
(Antunović et al., 2021). 

2. Meat-borne biological hazards 

Each year and worldwide, unsafe food containing biological hazards, 

such as harmful bacteria, viruses, and parasites, causes 600 million cases 
of food-borne diseases, almost 1 in 10 people, and 420,000 deaths, with 
30% of deaths occurring among children under 5 years of age (WHO, 
2022a; 2022b). Sources of food-borne illness can be food of animal 
origin, with meat and meat products representing the most important 
food vehicles for biological hazards (Nielsen et al., 2021). Other com-
mon sources include cheese, fish, fresh fruits, vegetables, and drinking 
water. Well-identified causes of concern with regard to meat safety are 
key pathogens such as Salmonella, Campylobacter, Yersinia enterocolitica, 
VTEC and Listeria. They can occur at any stage of the meat chain, i.e. 
primary production (farming), transport, slaughter, processing, storage, 
distribution, and consumption (EFSA & ECDC, 2018). Animals can be 
hosts of many bacteria, viruses, and parasites, and it is estimated that 
two-thirds of all human infections originate from animals (Jones et al., 
2008). This association has steadily increased over the past 50 years due 
to an increasing demand for animal protein and the use and exploitation 
of wildlife, along with unsustainable agricultural intensification, uti-
lisation of natural resources, human and animal travel and trans-
portation, and changes to food supply chains and to the global climate. 
Moreover, epidemiological data tell us that in the last two decades, 75% 
of emerging infectious diseases were zoonotic, meaning that transmits 
between animals and humans, directly or indirectly (e.g. food-borne, 
vector-borne), and the risk of zoonotic infections, will increase in the 
future due to key anthropogenic drivers (e.g. agricultural intensifica-
tion, increased demand for animal protein causing more conversion of 
land to agricultural purposes, and global warming), which bring people 
into closer contact with disease vectors (United Nations Environment 
Programme and International Livestock Research Institute, 2020). In 
2017, the European Union (EU) member states (MSs) collectively re-
ported 5079 food-borne and water-borne outbreaks (43,400 cases), with 
60% of the strong-evidence food-borne outbreaks attributed to food of 
animal origin, and with meat and meat products being the foods most 
frequently implicated (EFSA & ECDC, 2018). According to the latest 
joint EFSA/ECDC zoonoses report (EFSA & ECDC, 2021), the two top 
zoonotic food-borne diseases in Europe in 2019 were caused by 
Campylobacter and Salmonella. While the notification rate is high for 
Campylobacter, with 59.7 cases per 100,000 population (220,682 cases 
reported), it is lower for Salmonella with 20.0 cases per 100,000 popu-
lation (87,923 cases reported). Human cases of food-borne infection 
caused by Campylobacter were mainly associated with consumption of 
raw milk, cheese made with unpasteurised milk, raw or undercooked 
poultry, and contaminated drinking water. The most frequently impli-
cated foods in food-borne salmonellosis outbreaks were eggs and egg 
products, followed by bakery products, pig meat and products, and 
mixed food. The occurrence of microbial hazards in meat is unavoidable 
because the microorganisms are present on animals and in their envi-
ronments. Although the muscles of healthy animals contain either no or 
only very few microorganisms (Gill, 1979), the carcass surfaces are 
exposed to varying degrees of contamination during the long chain of 
slaughter, evisceration, processing, storage and distribution. Poor hy-
giene conditions at the abattoir and its environment (e.g. equipment, 
utensils and workers) are important factors contributing to the 
contamination of the raw and processed meat with various types of 
spoilage and pathogenic microorganisms. To keep the microbial load of 
carcasses and raw meat low, and to reduce the microbiological risks to 
both producers and consumers, evisceration and handling practices 
should follow good hygiene practices (GHP), and the principles of 
HACCP (Codex Alimentarius Commission, 2005). In the last 10–20 
years, due to their increased frequency of detection, food-borne parasitic 
infections have gained statuses of emerging and/or re-emerging zoo-
notic pathogens at the global level. It was estimated that there are 407 
million cases of human parasitic diseases globally per year, of which 
91.1 million cases and 52,000 deaths are related to food-borne parasitic 
diseases (Torgerson et al., 2015). Food-borne parasites of greatest 
importance are Echinococcus multilocularis, Toxoplasma gondii, Trichinella 
spp., Echinococcus granulosus sensu lato and Cryptosporidium (Bouwknegt 

Table 2 
HEIs for pigs (EFSA, 2011).  

Indicator/ 
Hazard 

Food 
Chain 
Stage 

Analytical/ 
Diagnostic Method 

Specimen Outcome 

HEI 1 
Salmonella 
in breeding 
pigs 

Farm Microbiology: 
serotyping for 
epidemiological 
purposes 

Pooled 
sample 
faeces  

HEI 2 
Salmonella 
in fattening 
pigs prior to 
slaughter 

Farm Microbiology: 
serotyping for 
epidemiological 
purposes 

Pooled 
sample 
faeces  

HEI 3 
Controlled 
housing 
conditions 
(CHC) at the 
farm both 
for breeding 
pigs and 
fattening 
pigs 

Farm Auditing and 
practices of: 
biosecurity 
management   

HEI 4 
Transport 
and lairage 
conditions 
both for 
breeding 
pigs and 
fattening 
pigs 

Transport 
and 
lairage 

Auditing of: the 
transportation 
duration; mixing of 
batches and; reuse 
of pens in the 
lairage  

HEI 2 + HEI 
4 = influence 
of transport 
and lairage 
conditions in 
the 
Salmonella 
carriage of 
pigs. 

HEI 1 
Toxoplasma 
gondii 

Farm Auditing of CHC 
including control 
of cats and boots   

HEI 1 
Trichinella 

Farm Auditing of: CHC 
and Trichinella-free 
status according to 
Commission 
Implementing 
Regulation (EU) 
2015/1375    
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et al., 2018). Their potential risks have long been neglected as they often 
cause insidious, chronic effects, rather than acute diseases (Robertson, 
2018), and are closely associated inter alia with poor animal husbandry 
practices, unsafe management and disposal of human and animal waste 
products, global warming, increased international travel, food supply 
globalisation and increased global population (Cavallero et al., 2021; 
Murrell, 2013). With regard to viral infections, hepatitis E virus (HEV) is 
of the utmost relevance in the context of food-borne diseases (Crotta 
et al., 2021). According to WHO, 20 million HEV infections occur 
worldwide annually, leading to an estimated 3.3 million symptomatic 
cases (WHO, 2022c). In the past, cases of HEV infection in Europe were 
mainly associated with international travel, especially to endemic areas. 
However, as stated by an EFSA opinion (EFSA Panel on Contaminants in 
the Food Chain [CONTAM] et al., 2017), HEV is now endemic in many 
European countries, and consumption of raw or undercooked pork is the 
most common cause of human infection. Future research on biological 
hazards should focus on developing effective monitoring and surveil-
lance systems able to warn about any new and emerging meat safety 
issues (Buncic, 2015). This will greatly enhance the sustainability of the 
meat production chain and prevent future food-borne outbreaks. Since 
biological hazards can occur at any stage of the meat chain, i.e., primary 
production (farming), transport, slaughter, processing, storage, distri-
bution and consumption, meat safety assurance requires an integrated, 
multidisciplinary and risk-based approach encompassing the whole 
chain, which has become inherently complicated due to globalisation of 
the food supply. In this context, the official veterinarians’ (OVs’) con-
tributions throughout the farm-to-fork continuum (i.e. from animal 
production systems to the post-harvest stage) make them key actors for 
ensuring meat safety. 

3. Components of the RB-MSAS 

To make the RB-MSAS properly functional, longitudinally inte-
grated, adaptable to changes in the importance of meat-borne hazards, 
and flexible enough to meet the needed goals (Blagojevic et al., 2021), it 
is necessary to implement its key components, and assure that they all 
function properly. The four components to achieve final targets for 

biological hazards in chilled carcasses are: (i) FCI; (ii) HEIs, which are 
aids/tools for risk categorisations of farms and abattoirs; (iii) risk-based 
meat inspection; (iv) additional/reactive interventions (e.g. chemical 
decontamination or thermal treatment, such as freezing of meat to 
reduce risk of toxoplasmosis). The OV by virtue of his skills and expe-
rience would play a key role in this RB-MSAS and is fit to operate as a 
risk manager (Fig. 1). 

3.1. Food chain information (FCI) 

A comprehensive RB-MSAS combines a range of preventive mea-
sures, controls and tools applied both on the farm and at the abattoir in a 
longitudinally integrated way. To assist the risk manager on the best 
logistics to apply, it is crucial that they have timely access to credible on- 
farm hazard data, which could/should be included in the FCI. Regula-
tion (EC) No 853/2004 (EC, 2004b) defines FCI as a self-declaration 
document written by the farmer and required to accompany food pro-
ducing animals (cattle, calves, pigs, poultry, horses, sheep, goats and 
farmed game) before they can be accepted for slaughter by the abattoir. 
The receipt of FCI is mandatory for abattoir operators who are obliged to 
request, receive, check and act upon any information recorded on the 
declaration as part of their HACCP system. The FCI, consisting of 
epidemiological, herd health and production data, helps to ensure inter 
alia that specified veterinary medicines or animals affected by disease do 
not enter the food chain, and that the meat is safe for human con-
sumption. Basically, the FCI entails a two-way process linking the vet-
erinary practitioner/farmer with the OV at the abattoir. The 
involvement of the veterinary practitioner at pre-harvest level can 
provide a valuable contribution to integrated process control, which is 
central to RB-MSAS. The information required to be in the FCI is: (i) 
health status of the farm (the holding must not be under any animal 
disease movement restrictions or restrictions for public health reasons); 
(ii) observed withdrawal periods (no risk of known veterinary medicine 
residues in the meat); (iii) animal health status (have not been exposed 
to any disease, condition or chemical/veterinary medicine residues that 
could compromise the animal health or the safety of the end product). 
FCI should also contain the previous ante- and post-mortem inspection 

Table 3 
HEIs for cattle (EFSA, 2013).  

Indicator/Hazard Food Chain 
Stage 

Analytical/Diagnostic Method Specimen Outcome 

HEI 1 Salmonella: risk of introducing the 
pathogen onto the farm 

Farm Auditing of: purchase policy; mixing with other 
herds; access to pasture and; access to surface water   

HEI 2 Salmonella Farm Auditing on-farm practices and conditions   
HEI 3 Salmonella status of the group(s) 

containing animals to be slaughtered 
within one month 

Farm Microbiology Pooled faeces  

HEI 4 Salmonella Transport and 
lairage 

Auditing of: the duration spent in each phase; 
vehicle cleanliness; lairage cleanliness and cross- 
contamination  

HEI 3 + HEI 4 = influence of 
transport and lairage conditions 
on the hide 

HEI 5 Salmonella Lairage Visual inspection of the hide conditions at lairage 
(clean animal scoring system)  

HEI 4 + HEI 5 = slaughter batch 
risk 

HEI 1 Verocytotoxin- producing E. coli 
(VTEC) 

Farm Auditing of: purchase policy; mixing with other 
herds; access to pasture and; access to surface water   

HEI 2 VTEC Farm Auditing of: purchase policy; mixing with other 
herds; access to pasture and; access to surface water   

HEI 3 VTEC status of the group(s) 
containing animals to be slaughtered in 
one month 

Farm Microbiology Pooled faeces/floor 
samples  

HEI 4 VTEC Transport and 
lairage 

Auditing of: the duration spent in each phase; 
vehicle cleanliness; lairage cleanliness and cross- 
contamination   

HEI 5 VTEC Lairage Visual inspection of the hide conditions at lairage 
(clean animal scoring system)  

HEI 3 + HEI 5 = VTEC carriage 

HEI 1 Taenia saginata (Cysticercus bovis) Farm Auditing husbandry conditions that could contribute 
to avoiding the contact of livestock with possible 
sources of infection 

HEI 1 Taenia saginata 
(Cysticercus bovis) 

Farm 

HEI 1 Mycobacteria Farm Auditing the official status of bovine tuberculosis of 
the herd using FCI 

HEI 1 
Mycobacteria 

Farm  
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results from the abattoir for the farm in question, which might provide 
relevant information for the incoming herd/flock, and for herd/flock 
health planning to promote improvements in animal health and welfare. 
Thus, the goals are to improve food safety as well as the efficiency, 
profitability and sustainability of livestock and meat production. FCI, 
ideally combined with the HEIs for high-priority risks (see sub-chapter 
3.2) and for risks that might emerge in the future, should enable 
evidence-based risk categorisation of incoming animals based on their 
on-farm hazard burden, as well as of slaughter processes regarding their 
capacity to reduce the established risk. For example, the FBO can use FCI 
to organize slaughter operations and implement hygienic measures, 
while the OV can properly adapt slaughter methods and inspection 
procedures based on key parameters, and can carry out additional 
controls according to Commission Implementing Regulation (EU) 
2019/627 (EU, 2019b). In reliable FCI, well-structured and trustworthy 
epidemiological data on the main biological hazards, and other hazards 
related to production and mortality rates, will feed the implementation 
of both risk-based meat inspection and risk categorisation of abattoirs, 
with both leading to more efficient hygiene/hazard process control. 
There is general agreement on the following minimum requirements of 
FCI: appropriateness, reliability, relevance, and accessibility. Appro-
priateness is related to public health significance; reliability refers to 
trustworthy and correct information being provided by farmers and 
veterinary practitioners; relevance refers to the type of animal species 
and the existing integrated farming system or controlled housing con-
ditions; accessibility refers to the ease of disseminating information 
among interested actor making use of electronic forms of communica-
tion as much as possible (O’Sullivan et al., 2015). Unfortunately, current 
practice in the EU shows the implementation of FCI is lagging behind its 
original intentions, and its use has largely not been achieved to date 
(Antunović et al., 2021; Buncic et al., 2019b; Gomes-Neves et al., 2018). 
The concept of FCI is relatively easily applied in the integrated poultry 
and pig industries, in which it is facilitated by the controlled housing 
conditions on the farms, and the existence of the an integrated system. In 

contrast, the cattle and sheep industries, with their high numbers of 
producers, a limited amount of integration, and different marketing 
methods, present difficulties for its implementation. 

3.2. Harmonised epidemiological indicators (HEIs) 

In the context of the modernisation process of meat inspection, and 
based on advanced knowledge of the prevalence and incidence of the 
main pathogens in farmed animals, epidemiological indicators first 
appeared in 2011 within EFSA scientific opinions on HEIs for different 
farm animal species (EFSA, 2011, 2012, 2013). These opinions aimed to 
integrate EFSA’s scientific opinions on the public health hazards to be 
covered by inspection of meat (pigs, i.e., swine; poultry; bovines) (EFSA 
Panel on Biological Hazards [BIOHAZ], 2011b, 2013b; EFSA Panel, 
2012a). HEIs were conceived as a key component of the generic 
framework for carcass safety assurance for biological hazards proposed 
by EFSA, in the form of a metric (i.e. quantitative key parameters). A HEI 
is defined as the prevalence or incidence of a hazard at a specified stage 
of the food chain, or an indirect measure (such as an audit of a farm) of a 
hazard that correlates to the human health risk caused by the hazard 
(EFSA, 2011). The basic idea behind the EFSA endeavour was to facili-
tate comparability and data exchange between MSs by harmonising the 
concepts and application of epidemiological indicators across Europe. 
The purpose was to facilitate the categorisation of farms/animals and 
later, abattoirs, by setting appropriate, specific levels for hazards in 
animals and carcasses. Ultimately, the HEIs inform the OVs who operate 
as risk managers at different levels (national, regional, abattoir and 
farm). Hence, in an implemented RB-MSAS, the information conveyed 
by the HEIs is used by the FBOs to improve on-farm and abattoir control 
measures and is used by the OVs to assign a risk level to each farm and 
abattoir, and to make decisions about whether additional risk mitigation 
measures are needed to control some specific hazards in/around the 
incoming animals. Such OV decisions are on slaughter hygiene (e.g. 
logistic slaughter), slaughter line speed reduction, additional meat 

Fig. 1. The key role of the official veterinarian in the RB-MSAS components with related information flow (indicated as arrows).  
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inspection procedures, and the use of approved decontamination or 
inactivation treatments. HEIs are polyvalent and specific to the epide-
miological context of the area, region, and country, and can support 
intensification/adaptation of meat inspection procedures, which are 
applied more stringently to high-risk animals (Buncic et al., 2019a). The 
HEIs should be reviewed regularly in light of new information and the 
data generated by their implementation. However, after ten years since 
the first EFSA publication on HEIs, based on MSs’ experience and recent 
evaluation, FCI is still lacking adequate and standardised HEIs for the 
main public health biological hazards identified by EFSA (Bonardi et al., 
2021). The exceptions to this are the hazards Trichinella and Salmonella, 
that covered by meat inspection of pigs and poultry, respectively (EFSA 
Panel on Biological Hazards [BIOHAZ], 2011b; EFSA Panel, 2012a), 
with HEIs that are included in EU respective mandatory monitoring 
plans (EFSA, 2011, 2012). These HEIs seemed best suited to integrating 
food-borne hazard controls with modernised pig and poultry meat in-
spection at slaughter. 

3.2.1. Use of HEIs for risk categorisation of farms 
To date in the EU, the development and practical implementation of 

HEIs on farm, during transport and at the abattoir appear as an excep-
tional circumstance rather than a widespread practice. The MSs’ CAs are 
expected to use HEIs, preferably in collaboration with FBOs, to control 
housing conditions at farms, to categorise abattoirs, to adapt the meat 
inspection taking into account priority hazards, and to carry out a risk 
analysis to support any such decisions. On farms, the monitoring of HEIs 
is generally performed by auditing, using a questionnaire for husbandry 
conditions, or by collecting samples (e.g. faeces) for microbiological 
examination. The sampling strategy can be census sampling (for audit-
ing) or representative sampling (random or systematic) of animals in the 
epidemiological unit(s) on the farm or of the group of animals that will 
be slaughtered in one month (EFSA, 2011, 2012; EFSA Panel on Bio-
logical Hazards [BIOHAZ], 2011b; EFSA Panel, 2012a). During trans-
port and at lairage, HEIs can be assessed by auditing or by visual 
inspection (e.g. clean score system). However, not all MSs have defined 
the requirement for auditing or standardised the auditing of farms, 
transport, and lairage, or provided sampling plans (Buncic et al., 2019b). 
The HEIs for specific hazards associated with pigs, cattle, and poultry are 
described in the Table 2, 3 and 4. 

Trichinella monitoring is mandatory at the abattoir level in each EU 
country, with various percentages of carcasses tested in relation to the 
status of farms (EU, 2015), while Salmonella control programmes at 
farms are implemented in a limited number of countries, frequently on a 
voluntary basis (Bonardi et al., 2021). Some European countries have set 
up programmes for Salmonella control in pigs and cattle. These can be 
divided into two types of approaches: (i) elimination of infection, and; 
(ii) control and reduction of infection. Sweden, Norway, and Finland 
have adopted the first approach by virtue of low prevalence on farms, 
and by using bacteriology as the main detection method (Bonardi et al., 
2021). What characterises this type of programme is that if Salmonella is 
detected, stringent measures are applied. These programmes have ach-
ieved their goals, as very low levels of Salmonella-positive carcass swabs 
are now seen in all three countries. Conversely, Denmark (Danish 
Technical Institute, 2022), Germany, The Netherlands, Belgium, Ireland, 
and the UK adopted the control and reduction approach by imple-
menting a monitoring system based on serology on farms, assigning the 
farms to risk categories based on their serological profiles, and having 
specific, targeted control measures. The degree of success is variable, but 
at the moment, the programmes have not achieved consistent reductions 
of farm-level prevalence in all of these countries. In the UK the pro-
gramme was suspended, and in Belgium it is now voluntary (Correia--
Gomes et al., 2021). Benefits of EU Salmonella control programmes in 
poultry are reflected in the trends of decreasing Salmonella prevalence 
on farms and on carcasses at abattoirs, as well as decreasing numbers of 
human salmonellosis cases. Programmes should continue in order to 
keep meeting the EU targets given in Commission Regulation (EC) No 

2073/2005 and subsequent amendments (EU, 2005), but for an effective 
public health programme, the implementation of measures is needed for 
other animal species (Antunes et al., 2016; Hugas & Beloeil, 2014; 
Skarżyńska et al., 2017) 

3.2.2. Applicability of HEIs in FCI 
The quality of both FCI and HEIs will encourage a multidisciplinary 

approach, including veterinary-led risk assessment and management on 
farms and collaboration with the FBOs, to improve not only food safety, 
but also animal health and welfare. If meat inspection is moving towards 
visual-only inspection for low risk animals, a crucial step will be pro-
ducing more robust and reliable FCI that is based on integrated HEIs. 
This system will streamline the food safety risk-based decisions by the 
OVs, provide an effective approach to control the main hazards, and 
facilitate benchmarking and epidemiological comparison for various 
farming sectors at regional and country levels. But which HEIs can be 
included in the FCI among those indicated by EFSA for each animal 
species? Table 5 illustrates the applicability and incorporation of HEIs in 
a revised form of FCI for pigs, poultry, and bovines. 

3.3. Abattoir risk categorisation 

Risk categorisation of abattoirs based on their risk reduction per-
formance has been suggested as an important component of RB-MSAS 
(EFSA Panel on Biological Hazards [BIOHAZ], 2011b). This type of 
categorisation is the outcome of a food safety management system 
(FSMS) performance evaluation, based on both the use of the proposed 
HEIs, and the effectiveness of new tools/methods for detecting patho-
gens on carcasses. Regarding bacterial carcass contamination, a current 
assessment tool is based on verification of the HACCP system perfor-
mance through process hygiene criteria (PHC). For instance, in a cattle 
abattoir, PHC for pre-chilled beef carcasses includes aerobic colony 
count, Enterobacteriaceae count, and the presence/absence of Salmo-
nella (EU, 2005). However, a wide range of different methods of 
assessing process hygiene is used in MSs, mainly relying on visual 
assessment and scoring of practices or microbiological testing (Blago-
jevic et al., 2021). Moreover, abattoirs do differ in their capacities, 
technologies, and equipment, as well as in hygiene training, staff 
motivation, and management (Alvseike et al., 2019; Cegar et al., 2022; 
Djekic et al., 2016), each of which can affect their differing hygiene 
performances. The assessment of abattoir performance will also consider 
the use of key intervention strategies and methods for animal slaughter 
and carcass handling. Various preventive and control measures (in-
terventions) are available to achieve better performance in animal 
health and welfare, to meet food safety objectives for chilled carcasses, 
and to reduce the overall public health risk. They can be based on 
extrinsic control measures (good manufacturing practice (GMP)/good 
hygiene practice (GHP)) applied pre-slaughter and/or at the slaughter 
line (FAO, 2007), as well as hazard-based (or inherent) interventions 
that are evidence-based, i.e., developed from scientific research to 
achieve demonstrable and quantifiable reductions in hazard exposures 
(Costa et al., 2020). These are described in sub-chapter 3.4.1 on 
risk-based meat inspection methods. The best option to prevent and 
control priority hazards is the combination of risk categorisations of 
farms and abattoirs. This combination helps risk managers decide to 
which abattoirs they should send animals that originate from farms with 
different risk levels. Here, the ultimate goal is to achieve the set targets 
for the microbial hazards on the carcasses. High-risk animals should be 
directed to abattoirs having demonstrated an enhanced ability to control 
carcass contamination. However, if high-risk animals are slaughtered in 
an abattoir with a low ability to control carcass contamination, addi-
tional slaughter hygiene control measures (e.g. reduction in slaughter 
line speed) must be implemented, complemented with decontamination 
treatments (Fig. 2). 

Indeed, the risk categorisation of abattoirs provides clear benefits for 
the CA, which can adjust slaughter methods (e.g. slaughter logistics) 
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and/or line speed and change the frequency and type of official controls 
(e.g. audits focusing on specific aspects), with the overall goal of 
reducing risk to consumers, and achieving a higher level of public health 
protection. Other benefits include optimising audits conducted by third 
parties and facilitating export (Antunović et al., 2021). However, key 

points of any model and system of abattoir risk categorisation are data 
collection and accessibility, standardized methodology, and criteria for 
abattoir process hygiene assessment. It is likely that at a country, 
regional or provincial level in the EU, risk categorisation of abattoirs, 
where implemented, is based on different methods and parameters 
depending on the animal species (e.g. pigs, poultry, bovines), the results 
of official controls, the availability of the FBO’s own data, and the 
organisation of the CA. Article 9 ‘General rules on official controls’, 
paragraph 1 of Regulation (EU) 2017/625 (EU, 2017a) provides some 
examples of parameters related to the risk-based official control per-
formed by the CA (Table 6). While the risk-based approaches for ante- 
and post-mortem procedures have received more global attention in 
terms of harmonisation, the microbiological criteria used present 
considerable challenges. For the purpose of consistent and reliable 
abattoir risk categorisation, further investigation on and standardisation 
of the levels of indicator microorganisms (e.g. aerobic colony count, 
Enterobacteriaceae count, and E.coli count) on chilled carcasses are 
needed. These levels are mainly related to the abattoir’s process 

Table 4 
HEIs for poultry (EFSA, 2012).  

Indicator/Hazard Food 
Chain 
Stage 

Analytical/ 
Diagnostic Method 

Specimen Outcome 

HEI 1 Salmonella 
in breeding 
parent flocks 

Farm Microbiology: 
detection and 
serotyping for 
epidemiological 
purposes 

Pooled 
faeces  

HEI 2 Salmonella 
in poultry flocks 
prior to 
slaughter 

Farm Microbiology: 
detection and 
serotyping for 
epidemiological 
purposes 

Pooled 
faeces 

Batch- 
level risk. 

HEI 3 Controlled 
housing 
conditions 
(CHC) at farms 
for laying hens 
and fattening 
flocks 

Farm Auditing CHC and 
biosecurity  

HEI 1 +
HEI 3 =
produce 
Farm- 
level risk 

HEI 1 
Campylobacter 
in poultry flocks 
prior to 
slaughter 

Farm Microbiology/real- 
time PCR 

Faecal 
droppings 
collected 2–3 
days prior to 
slaughter or 
boot swabs  

HEI 2 
Campylobacter 
in CHC at farm 
for poultry 
flocks 

Farm Auditing CHC and 
biosecurity  

HEI 1 +
HEI 2 =
produce 
Farm- 
level risk 

HEI 3 
Campylobacter 

Farm Auditing to 
determine if partial 
depopulation 
(thinning) was 
carried out in the 
flock sent to 
slaughter  

HEI 1 +
HEI 3 =
produce 
Batch- 
level risk 

HEI 1 ESBL/ 
AmpC a 

producing E. 
coli in elite, 
grandparent 
and parent 
breeding flocks 
producing 
chicks for meat 
production 
lines 

Farm Microbiology   

HEI 2 ESBL-/ 
AmpC- 
producing E. 
coli in incoming 
1-day-old 
chicks for 
fattening 
purposes 

Farm Microbiology   

HEI 3 ESBL- 
AmpC- 
producing E. 
coli in poultry 
flocks prior to 
slaughter 

Farm Microbiology  HEI 2 +
HEI 3 =
Batch- 
level risk 

HEI 4 CHC Farm Auditing CHC and 
biosecurity  

HEI 1 +
HEI 2 +
HEI 4 =
Farm- 
level risk  

a ESBL-AmpC: extended-spectrum β-lactamases and AmpC β-lactamases. 

Table 5 
Applicability of HEIs in FCI for pigs, poultry, and bovines (EFSA, 2011, 2012, 
2013).  

Species Relevant HEI information on priority hazard to be included in the FCI 

Pigs Salmonella   

- results of monitoring Salmonella in breeding pigs and fattening pigs  
- result of audit into controlled housing conditions on-farm 
Toxoplasma   

- results of audit into controlled housing conditions on-farm 
Trichinella   

- results of audit into controlled housing conditions on-farm  
- statement and proof of disease free status 

Poultry Salmonella   

- monitoring in breeding parent flocks and in poultry flocks prior to 
slaughter  

- results of audit into controlled housing conditions on-farm for laying 
hens and fattening flocks (including biosecurity) 

Campylobacter   

- results of sampling of caecal droppings in poultry flocks prior to 
slaughter (positive or negative classification of flocks)  

- results of audit into controlled housing conditions on-farm (including 
biosecurity)  

- information on partial depopulation of flocks for each slaughter batch 
ESBL/AmpC-producing bacteria (E. coli and Salmonella)   

- results of microbiological testing of pooled faeces from birds on-farm, 
including paper used in transport boxes  

- results of audit into controlled housing conditions on-farm  
- information on use of antimicrobials during the whole lifetime of the 

flock 
Bovine Salmonella   

- monitoring results of Salmonella status of the group(s) of bovine animals 
containing animals to be slaughtered within one month  

- Results of audit into on-farm practices and conditions that increase the 
risk of introducing Salmonella to animals, flocks/herds or the farm 

VTEC   

- results of monitoring the pathogenic VTEC status of the group(s) of 
bovine animals containing animals to be slaughtered within one month  

- results of audit into on-farm practices and conditions that increase the 
risk of introducing VTEC to the farm 

Cysticercus   

− results of audit on-farm 
Mycobacteria   

− report on official bovine tuberculosis status of the bovine herd 
(officially tuberculosis free (OTF) status)  
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hygiene, whilst the presence of pathogens can be considerably affected 
by their pre-abattoir status, i.e. on/in the animals (Cegar et al., 2022). 
Notably, as for Campylobacter in poultry, effective reduction can be 
successfully achieved within an integrated RB-MSAS, with measures 
aimed at reducing both the flock prevalence/colony counts (risk-based 
farm intervention), and the cross-contamination at slaughter and meat 
processing (including the hygiene criterion). Cross-contamination also 
occurs at retail and consumer levels, outside the specific remit for OVs 
discussed herein. Such cross-contamination might be reduced by effec-
tive retailer/consumer awareness campaigns. 

3.4. Risk-based meat inspection 

Most of today’s priority biological hazards are bacterial in nature, 
such as Salmonella, Campylobacter, Y. enterocolitica and VTEC causing the 
top-four reported zoonoses in humans in Europe. Since these pathogens 
do not always cause disease in animals, the main risk to consumers is 
caused by healthy slaughter animals that carry them, i.e. animals that do 
not show clinical signs at ante-mortem inspection, or do not present 
visible pathological lesions, and that excrete the bacterial pathogens 
primarily via faeces. Neither cutting nor palpation is a helpful diagnostic 
tool in these cases (Berends & Snijders, 1997; Hamilton et al., 2002; 
Riess & Hoelzer, 2020); on the contrary, they can contribute to 
cross-contamination with food-borne pathogens within and between 
carcasses due to insufficient hand and knife hygiene. To increase meat 
hygiene, stringent GHP and HACCP concepts were introduced in the 
early 2000s (EC, 2002; 2004a), while subsequent EFSA scientific opin-
ions stated that the Public health risk generated by palpation/incision is 
likely higher than the public health risk posed by the abnormalities 
found by this traditional technique (EFSA Panel on Biological Hazards 
[BIOHAZ], 2011b, 2013b; EFSA Panel, 2012a). Therefore, the omission 
of palpation/incision and a shift towards visual-only post-mortem in-
spection for low-risk animals should reduce the spread and 
cross-contamination of the high-priority and invisible biological haz-
ards, and should have a significant favourable effect on the microbio-
logical status of carcasses (Antunović et al., 2021). Meat inspection with 
respect to these hazards principally relies on the prevention or reduction 
of faecal and other contamination in the abattoir environment and on 
meat during slaughter and carcass dressing. These pre-
ventions/reductions come about by an increase in abattoir process hy-
giene (Blagojevic & Antic, 2014) through the implementation of 
GMP/GHP and HACCP procedures. Visual-only meat inspection is 
allowed only for low-risk herds with an appropriate FCI system and 
pre-harvest controls in place. This was anticipated by Commission 
Regulation (EU) No 218/2014 for finisher pigs in indoor production 

(EU, 2014b) and is comprehensively laid down in Commission Imple-
menting Regulation (EU) 2019/627 (EU, 2019b). Under this system, a 
visual-only inspection of the carcass and its organs is the standard, while 
palpation and incision should be maintained when there are indications 
of a possible risk to human or animal health or indications of animal 
welfare issues, as identified by either the FCI or at ante-mortem in-
spection. Based on the results of the meat inspection, individual car-
casses can be deemed as bearing an increased risk to human health. One 
way of mitigating this risk is to subject a carcass to decontamination 
methods such as freezing to inactivate parasites, or organic acid washes 
to reduce microbial load (Hugas & Tsigarida, 2008). Because the use of 
decontamination methods can inherently mask poor hygiene practices, 
carcass decontamination is restrictively regulated in the EU. While 
Regulation (EC) No 853/2044 (EC, 2004b) stipulates that aside from 
potable water, other substances that have been approved by the EU 
Commission can be used to remove surface contamination, only freezing 
of carcasses for parasite inactivation and lactic acid washes for bovine 
carcasses are allowed in the EU (EFSA Panel on Biological Hazards 
[BIOHAZ], 2011a). At the moment, there is no European regulation that 
allows the use of peroxyacetic acid (PAA) to decontaminate poultry 
carcasses, but the issue is currently being discussed in the EU (BEUC - 
The European Consumer Organisation, 2014; BfR, 2017). Overall, the 
shift from traditional meat inspection involving palpation and incision 
of all carcasses to a predominantly visual-only system is a viable option 
to adapt modern meat inspection to the predominant risks associated 
with the consumption of meat in Europe today (Riess & Hoelzer, 2020), 
provided the necessary standardisation of appropriate procedures is 
undertaken. Moreover, future computer imaging technology will offer 
an interesting solution to avoid manual handling during meat inspection 
(Buncic et al., 2019b). Compared with traditional meat inspection, 
stakeholders are more confident in the new meat inspection systems and 
say the workload is reduced or the same (Antunović et al., 2021). There 
is no global consensus on methods for risk-based meat inspection. This 
depends on the time and budget available, as well as the preferred 
output. Generally, the process follows a tiered approach. First, priority 
hazard-meat combinations are identified, ideally supported by the in-
formation conveyed by the HEIs. Then, the effectiveness of new tools 
and methods for the detection of carcass contamination is assessed, 
followed by regular monitoring of the performance of the implemented 
food safety management system (Zdolec et al., 2022). The risk-based 
inspection relies on interventions implemented during meat processing 
to reduce the risk of microbial contamination of carcasses. These in-
terventions can be GMP/GHP-based (proactive) or hazard-based (reac-
tive). The former is founded on empirical knowledge and experience (e. 
g. cleaning and disinfection of lairage area, hide cleanliness assessment 
and removal methods, rodding, bunging, knife-trimming, chilling, 
equipment sanitation), are qualitative in nature, and fall under the 
prerequisite programmes (PRPs) (EU, 2016). Differently, the 
hazard-based measures are evidence-based and designed to specifically 
control priority microbial hazards (i.e. Salmonella, Campylobacter, VTEC, 
Yersinia, Trichinella, Toxoplasma, Mycobacterium bovis). Hazard-based 
measures are interventions that can achieve microbial removal, immo-
bilisation, or inactivation, such as cattle hide chemical washes, beef 
carcass treatments after dehiding (washes, rinses, and sprays), steam 
vacuum, pasteurisation, and organic acid washes, and since they are 
quantitative in nature, they demonstrably reduce the bacteria load. Both 

Fig. 2. Abattoir control of carcass contamination.  

Table 6  

Factors to be considered for abattoir risk categorisation:  

⁃ identified risks associated with animals and goods, the FBO’s activities, location of 
the activities or operations of operators, use by the FBO of products, processes, 
materials or substances  

⁃ FBO’s past records as regards the outcomes of official controls performed on them by 
the CA, and the FBO’s compliance with the rules  

⁃ the reliability and results of the FBO’s own controls that have been performed by the 
FBO, or by a third party at their request, including, where appropriate, private 
quality assurance schemes  
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strategies are essential and are best applied together in a sequential and 
coordinated way as a part of the multiple-hurdle approach that aligns 
well with RB-MSAS’s longitudinal and integrated nature (Blagojevic 
et al., 2021); this combination of strategies achieves consistent reduc-
tion effects on both faecal indicator bacteria levels and pathogen prev-
alence (Antic et al., 2021). For the purpose of risk-based inspection, the 
CA can set meat safety targets for chilled carcasses, particularly in cases 
where the FBO is unable to sufficiently reduce risks arising from specific 
farms/animal batches by using process hygiene alone. The CA also 
identifies production processes associated with high risks for consumers. 
Assessment of the effect of interventions in risk-based meat inspection 
(called process hygiene assessment) requires data on: (i) expected 
prevalence/levels of microorganisms on the carcasses, e.g., counts of 
aerobic bacteria, Enterobacteriaceae and/or generic E. coli, pre-
sence/absence of Salmonella (EU, 2005); (ii) sample size; (iii) expected 
reduction effect in the prevalence/numbers; (iv) possible confounders 
and risk-of-bias assessment; (v) application of intervention parameters 
(e.g., duration, temperature, concentration, mode of application). 
However, with regard to pork processing, for example, consistent data 
on the efficacy of interventions on indicator organisms and Yersinia are 
lacking (Zdolec et al., 2022). One problem is that intervention studies 
are normally conducted experimentally, so are often performed under 
highly controlled but unreal conditions in the laboratory, or under more 
real field/commercial (abattoir) conditions, prone to be less controlled. 
However, randomised controlled trials can be considered the “gold 
standard” for evaluating interventions (Hariton & Locascio, 2018). A 
recent study assessed and compared the effectiveness of interventions in 
carcass MSAS at the pre-slaughter and slaughter stages for cattle, pigs, 
sheep, and broiler chickens. The study showed the best effects in 
reducing the number of bacteria were obtained by using hazard-based 
interventions such as pasteurisation treatments with hot water and/or 
steam, or these in combination with organic acid washes (Antic et al., 
2021). However, there are still data gaps in measuring the efficacy of 
interventions, and there is a need for further research on other envi-
ronmental, social, and economic factors. All this knowledge is needed to 
guide risk management decisions toward a well-functioning and effec-
tive RB-MSAS. Future opportunities to improve the detection of carcass 
contamination and gross pathological lesions, and to advance RB-MSAS, 
will rely on the use of novel vision systems, such as non-invasive im-
aging techniques (e.g. optical, ultrasound, tomographic, thermal). 

4. Training in RB-MSAS 

Performance of official controls strongly depends on the availability 
of well-trained staff. Regulation (EU) 2017/625 states that appropriate 
and dedicated training should be provided to OVs by the Commission, 
CAs, or delegated bodies (EU, 2017a). This training provides staff who 
perform official controls with the necessary competencies and allows 
them to stay up-to-date in their area of expertise through regular 
training as necessary. Commission Delegated Regulation (EU) 2019/624 
lists the specific areas of expertise expected from OVs in the meat sector 
and specifies a minimum practical training period of 200 h (EU, 2019a). 
In the scientific opinions on HEIs for pigs, poultry, and bovines (EFSA 
Panel on Biological Hazards [BIOHAZ], 2011b, 2013b; EFSA Panel, 
2012a), EFSA recommends organizing training to ensure the HEIs are 
applied uniformly. Table 7 summarises all EU regulations currently in 
force that pertain to OV training. Currently, there are considerable dif-
ferences between national systems within Europe, depending on the 
level of implication of RB-MSAS, the FCI system used, and existing trade 
agreements with third-party countries. In spite of the fact that Day One 
Competencies for Veterinarians are supported by the European Directive 
2005/36/EC, and subsequent amendments (EC, 2005), more attention 
should be focused on practical training in official controls in the un-
dergraduate veterinary curriculum (Maijala & Korkeala, 2008; Seguino 
et al., 2021). Currently, RB-MSAS is raising new challenges to training, 
and there are several important knowledge gaps regarding training of 

the OVs within the EU. There is no overview available on the different 
training programmes for OVs in MSs, and there is no internationally 
coordinated training programme. There is no information available on 
how the requirements for OV training within the EU regulations 
(Table 7) are implemented in the different MSs. Accordingly, features 
required by Commission Delegated Regulation (EU) 2019/624 (EU, 
2019b), such as the establishment of exchange programmes for staff 
amongst MSs to ensure uniform conditions for the implementation of the 
EU rules, as well as the requirement to mutually recognise OV education 
to allow for mobility of OVs between MSs, are poorly implemented. 

Considering these knowledge gaps, there is a need to evaluate the OV 
training systems in the different MSs. In parallel, all stakeholders should 
be involved in determining specific training needs for OVs in individual 
countries. This combined information could then be used to create 
tailored, modular training systems that can be implemented across the 
MSs. Potential providers of appropriate training for OVs are CAs, na-
tional and international professional associations, universities, and 
FBOs. Language differences and confidentiality requirements imple-
mented by FBOs are potential barriers to the accessibility of training 
materials across Europe. However, to enable integrated RB-MSAS, and a 
harmonised FCI data system, a concerted effort towards providing OVs 
across Europe with a comprehensive understanding of RB-MSAS is 

Table 7 
Current EU regulations on official veterinarian (OV) training.  

Regulation and 
EFSA scientific 
opinions 

Title Relevant sections pertaining to 
OV training 

(EU) 2017/625 On official controls and other 
official activities performed 
to ensure the application of 
food and feed law, rules on 
animal health and welfare, 
plant health and plant 
protection products 

Article 5 no 4 a-c, 
Article 18 no 3, 
Article 81 

(EU) 2019/624 Qualifications for OVs and 
requirement for continuing 
education 

Appendix II: Chapter I, Chapter 
II 

(EC) No 852/ 
2004 

On the hygiene of foodstuffs Chapter XIIa 

EFSA Journal 
2011; 9(10): 
2371 
(pigs) EFSA, 
2011 

Scientific Opinion on the 
public health hazards to be 
covered by inspection of 
meat (swine) 

"Member States are invited to 
organize training to ensure 
harmonised 
implementation...." 
"It is recommended that the 
Commission and the Member 
States organize training to 
ensure harmonised 
implementation of the 
monitoring and inspection 
requirements." 

EFSA Journal 
2012; 10 
(6):2764 
(poultry) EFSA 
2012 

Technical specifications on 
harmonised epidemiological 
indicators for biological 
hazards to be covered by 
meat inspection of poultry 

"Member States are invited to 
organize training to ensure 
harmonised implementation..." 
"It is recommended that the 
Commission and the Member 
States organize training to 
ensure harmonised 
implementation of the 
monitoring and inspection 
requirements for the HEIs." 

EFSA Journal 
2013; 11 
(6):3276 
(bovines) 
EFSA 2013 

Technical specifications on 
harmonised epidemiological 
indicators for biological 
hazards to be covered by 
meat inspection of bovine 
animals 

"Member States are invited to 
organize training to ensure 
harmonised implementation" 
"It is recommended that the EC 
and the MSs organize training 
to ensure harmonised 
implementation of the 
monitoring and inspection 
requirements for the HEIs."  

a This older regulation does not pertain to OV training but states the FBOs are 
responsible for training personnel involved in HACCP. 
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indispensable. 

5. Challenges for the OV under the RB-MSAS 

The scientific and legislative changes of the last two decades, com-
bined with new epidemiological, economic, technological, and scientific 
contexts (Table 8), radically changed the way risk-based meat inspection 
has to be carried out by the OV in the framework of the RB-MSAS. The 
RB-MSAS raises new professional challenges for the OV, but also pro-
vides the basis for the OV to make sound, well-informed meat safety 
decisions. Current challenges include the diverse socio-economic and 
cultural conditions existing among EU MSs, a lack of proper definition of 
the OV’s roles, responsibilities, and competencies, as well as a lack of a 
training roadmap towards successful implementation of RB-MSAS. 
Indeed, the OV, as risk manager, is required to update, advance, and 
optimise their knowledge on current, most pressing issues, such as sus-
tainability, animal health, animal welfare, fraud prevention, and AMR, 
and to champion new technology and innovation. These needs can be 
met by designing a new OV training programme to fill the gaps in the key 
components of RB-MSAS: FCI, HEIs, risk-based meat inspection, and 
additional/reactive interventions. Further challenges in OV training 
include the roles of third-party Inspections and private control systems 
and the coordination with other professionals, e.g. auxiliaries and plant 
staff at abattoirs and meat processing plants. 

Numerous knowledge gaps are still present in the increasingly 
complex meat safety system that includes food safety, animal health, 
animal welfare, fraud prevention, sustainability, mitigation of AMR, and 
sustainability, so further scientific research is needed to fill them 
(Vågsholm et al., 2020). Potential solutions can be envisaged in effective 
on-farm monitoring with reliable and punctual information regularly 
conveyed to the abattoir by means of FCI. Key information might derive, 
for instance, from results of multi-serology testing of priority hazards (e. 
g., Salmonella, Yersinia, T. gondii in pigs), which would enable the OV at 
the abattoir to assign a risk level to incoming animals and to carry out an 
ad hoc risk-based meat inspection. Further development of post-mortem 
inspection methods will include the use of imaging technologies, based 
on cameras and computerised analysis, to detect pathological lesions, 
abnormalities, and contaminants of carcasses and viscera on slaughter 
lines (Park et al., 2004). Several advantages arise from using these 
technologies: improvement of feedback to farmers about diseases pre-
sent; the avoidance of manual handling of meat during inspection, and; 
prompt adoption of mitigation actions. Another direction for future 
work of the OV is the improvement of the abnormality recording system 
by using an automated computer system located at inspection points to 
identify and record post-mortem conditions (McKenna et al., 2020). For 
the transition to a fully integrated and properly functioning RB-MSAS, it 
is of paramount importance to define new OV competencies and to 
develop related OV skills for the enhancement of food safety, animal 
health and welfare, public health, and the environment. Aside from 
implementing efficient regulatory controls, the OV will operate as a 
bridge linking national regulatory authorities with the meat industry 
operators to assure the most cost-effective contribution to public health. 
All this signals the need to revise the current OV training programme, as 
it needs to incorporate new tools and methodologies for the imple-
mentation of the RB-MSAS. Among them, digitisation might prove to be 
a future key, as it enables the OV to query larger and more complex 
databases and to analyse and predict the associations between hazards 
and food. 

6. Conclusions 

The RB-MSAS proposed by EFSA and supported by related scientific 
opinions aims to revise and modernise the European meat safety system 
to improve public health. However, its full implementation and fine- 
tuning require the overcoming of numerous gaps pertaining to 
research, roles, responsibilities, positioning (e.g. local, global or both), 

and training of the OV as risk manager, along with increased FBO 
awareness of their own roles and responsibilities. The main prerogatives 
of RB-MSAS revolve around a rapid exchange of information with bi- 
directional information flow through the farm-to-fork continuum. This 
integrated RB-MSAS allows the harmonised implementation of the 
epidemiological indicators and will have minimum monitoring and in-
spection requirements. The successful implementation of RB-MSAS to 
reduce the presence of biological hazards in the meat production chain 
also relies on: (i) organisation and trust between operators and decision 
makers; (ii) close collaboration of relevant stakeholders; (iii) risk anal-
ysis training; (iv) rapid and effective diagnostic aids, and; (v) the 
implementation of novel and cost-effective tools. The OV’s proficiency 
in RB-MSAS requires a high level of competence in meat inspection that 
will be reached with education and practical training in epidemiology, 
risk assessment, and the use of FCI/HEIs and new technologies. While a 
RB-MSAS is designed to improve food safety and public health, and 
animal health and welfare, additionally it can contribute to economic 
gains on farms through reduced costs of treating diseases and lower 
production losses, and can enhance retailers’ and consumers’ trust in 
safe food. There is a remarkable global buy-in to risk-based frameworks, 
and a clear value for the OV as risk manager to assess and effectively 
control priority hazards, and to achieve continuous improvement of 
public health. Finally, to fully implement RB-MSAS, the strong 
commitment of all actors in the food chain to gradual and consistent 
change in the proper allocation of financial, human and technical re-
sources is needed. 
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Zoonotic parasitic diseases in a changing World. Frontiers in Veterinary Science, 8. 
https://doi.org/10.3389/fvets.2021.715112 

Cegar, S., Kuruca, L., Vidovic, B., Antic, D., Hauge, S. J., Alvseike, O., & Blagojevic, B. 
(2022). Risk categorisation of poultry abattoirs on the basis of the current process 
hygiene criteria and indicator microorganisms. Food Control, 132, Article 108530. 
https://doi.org/10.1016/j.foodcont.2021.108530 

Codex Alimentarius Commission. (2005). Code of hygienic practice for meat (CAC/RCP 
58-2005). https://www.fao.org/fao-who-codexalimentarius/sh-proxy/ru/?lnk=1&u 

rl=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FSta 
ndards%252FCXC%2B58-2005%252FCXP_058e.pdf. 

Correia-Gomes, C., Leonard, F., & Graham, D. (2021). Description of control programmes 
for Salmonella in pigs in Europe. Progress to date? Journal of Food Safety, 41(5), 
Article e12916. https://doi.org/10.1111/jfs.12916 

Costa, M., Pracca, G., Sucari, A., Galli, L., Ibargoyen, J., Gentiluomo, J., Brusa, V., 
Martinez Zugazua, M., Figueroa, Y., Londero, A., Roge, A., Silva, H., Van Der 
Ploeg, C., Signorini, M., Oteiza, J. M., & Leotta, G. A. (2020). Comprehensive 
evaluation and implementation of improvement actions in bovine abattoirs to reduce 
pathogens exposure. Preventive Veterinary Medicine, 176, Article 104933. https://doi. 
org/10.1016/j.prevetmed.2020.104933 

Crotta, M., Lavazza, A., Mateus, A., & Guitian, J. (2021). Viraemic pigs entering the food 
chain are the most likely source of hepatitis E virus (HEV) in pork meat: Modelling 
the fate of HEV during slaughtering of pigs. Food Control, 121, Article 107662. March 
2021. 

Danish Technical Institute. (2022). Annual report on zoonoses in Denmark 2021. https 
://www.food.dtu.dk/english/publications/disease-causing-microorganisms/zoonos 
is-annual-reports. 

Djekic, I., Blagojevic, B., Antic, D., Cegar, S., Tomasevic, I., & Smigic, N. (2016). 
Assessment of environmental practices in Serbian meat companies. Journal of Cleaner 
Production, 112, 2495–2504. 

EC. (2002). Regulation (EC) No 178/2002 of the European Parliament and of the Council 
of 28 January 2002 laying down the general principles and requirements of food 
law, establishing the European Food Safety Authority and laying down procedures in 
matters of food safety. Official Journal L, 31, 1–24. 

EC. (2004a). Regulation (EC) No 852/2004 of the European parliament and of the 
council of 29 april 2004 on the hygiene of foodstuffs. Official Journal L, 139, 1–54. 

EC. (2004b). Regulation (EC) No 853/2004 of the European Parliament and of the 
Council of 29 April 2004 laying down specific hygiene rules for food of animal 
origin. Official Journal L, 139, 55–205. 

EC. (2004c). Regulation (EC) No 854/2004 of the European Parliament and of the 
Council of 29 April 2004 laying down specific rules for the organisation of official 
controls on products of animal origin intended for human consumption. Official 
Journal L, 139, 206–320. 

EC. (2004d). Regulation (EC) No 882/2004 of the European Parliament and of the 
Council of 29 April 2004 on official controls performed to ensure the verification of 
compliance with feed and food law, animal health and animal welfare rules. Official 
Journal L, 165, 1–141. 

EC. (2005). Directive 2005/36/EC of the European parliament and of the council of 7 
september 2005 on the recognition of professional qualifications. Official Journal L, 
255, 22–142. 

Edwards, D. S., Johnston, A. M., & Mead, G. C. (1997). Meat inspection: An overview of 
present practices andfuture trends. The Veterinary Journal, 154(2), 135–147. https:// 
doi.org/10.1016/S1090-0233(97)80051-2 

EFSA & ECDC. (2018). The European Union summary report on trends and sources of 
zoonoses, zoonotic agents and food-borne outbreaks in 2017. EFSA Journal, 16(12), 
Article e05500. https://doi.org/10.2903/j.efsa.2018.5500 

EFSA & ECDC. (2021). The European union one health 2020 zoonoses report. EFSA 
Journal, 19(12). https://doi.org/10.2903/j.efsa.2021.6971 

EFSA. (2011). Technical specifications on harmonised epidemiological indicators for 
public health hazards to be covered by meat inspection of swine. EFSA Journal, 9 
(10), 2371. https://doi.org/10.2903/j.efsa.2011.2371 

EFSA. (2012). Technical specifications on harmonised epidemiological indicators for 
biological hazards to be covered by meat inspection of poultry. EFSA Journal, 10(6), 
2764. https://doi.org/10.2903/j.efsa.2012.2764 

EFSA. (2013). Technical specifications on harmonised epidemiological indicators for 
biological hazards to be covered by meat inspection of bovine animals. EFSA Journal, 
11(6), 3276. https://doi.org/10.2903/j.efsa.2013.3276 

EFSA Panel on Biological Hazards [BIOHAZ]. (2011a). Scientific Opinion on the 
evaluation of the safety and efficacy of lactic acid for the removal of microbial 
surface contamination of beef carcasses, cuts and trimmings. EFSA Journal, 9(7), 
2317. https://doi.org/10.2903/j.efsa.2011.2317 

EFSA Panel on Biological Hazards [BIOHAZ]. (2011b). Scientific Opinion on the public 
health hazards to be covered by inspection of meat (swine). EFSA Journal, 9(10), 
2351. https://doi.org/10.2903/j.efsa.2011.2351 

EFSA Panel on Biological Hazards [BIOHAZ]. (2013a). Scientific Opinion on the public 
health hazards to be covered by inspection of meat from sheep and goats. EFSA 
Journal, 11(6), 3265. https://doi.org/10.2903/j.efsa.2013.3265 

EFSA Panel on Biological Hazards [BIOHAZ]. (2013b). Scientific Opinion on the public 
health hazards to be covered by inspection of meat (bovine animals). EFSA Journal, 
11(6), 3266. https://doi.org/10.2903/j.efsa.2013.3266 

EFSA Panel on Biological Hazards [BIOHAZ]. (2013c). Scientific Opinion on the public 
health hazards to be covered by inspection of meat from farmed game. EFSA Journal, 
11(6), 3264. https://doi.org/10.2903/j.efsa.2013.3264 

EFSA Panel on Biological Hazards [BIOHAZ]. (2013d). Scientific Opinion on the public 
health hazards to be covered by inspection of meat (solipeds). EFSA Journal, 11(6), 
3263. https://doi.org/10.2903/j.efsa.2013.3263 

EFSA Panel on Biological Hazards [BIOHAZ], EFSA Panel on Contaminants in the Food 
Chain [CONTAM], EFSA Panel on Animal Health and Welfare [AHAW]. (2012a). 
Scientific Opinion on the public health hazards to be covered by inspection of meat 
(poultry). EFSA Journal, 10(6), 2741. https://doi.org/10.2903/j.efsa.2012.2741 

EU. (2005). Commission Regulation (EC) No 2073/2005 of 15 November 2005 on 
microbiological criteria for foodstuffs. Official Journal L, 338, 1–26. 

EU. (2014a). Commission Regulation (EU) No 217/2014 of 7 March 2014 amending 
Regulation (EC) No 2073/2005 as regards Salmonella in pig carcases. Official Journal 
L, 69, 93–94. 

M. Ferri et al.                                                                                                                                                                                                                                    

https://doi.org/10.1016/j.foodcont.2019.01.033
https://doi.org/10.1016/j.meatsci.2021.108622
https://doi.org/10.1016/j.cmi.2015.12.004
https://doi.org/10.1016/j.cmi.2015.12.004
https://doi.org/10.1016/j.tifs.2021.08.002
https://doi.org/10.1016/j.tifs.2021.08.002
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref5
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref5
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref5
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref5
https://www.beuc.eu/sites/default/files/publications/beuc-x-2014-052_cpe_beuc_position_paper-use_of_peroxyacetic_acid_on_poultry_carcases_and_meat.pdf
https://www.beuc.eu/sites/default/files/publications/beuc-x-2014-052_cpe_beuc_position_paper-use_of_peroxyacetic_acid_on_poultry_carcases_and_meat.pdf
https://www.beuc.eu/sites/default/files/publications/beuc-x-2014-052_cpe_beuc_position_paper-use_of_peroxyacetic_acid_on_poultry_carcases_and_meat.pdf
https://www.bfr.bund.de/en/questions_and_answers_on_chemical_decontamination_of_poultry_meat-200429.html
https://www.bfr.bund.de/en/questions_and_answers_on_chemical_decontamination_of_poultry_meat-200429.html
https://www.bfr.bund.de/en/questions_and_answers_on_chemical_decontamination_of_poultry_meat-200429.html
https://doi.org/10.1016/j.foodcont.2013.08.018
https://doi.org/10.1016/j.foodcont.2013.08.018
https://doi.org/10.1016/j.foodcont.2021.107870
https://doi.org/10.1016/j.foodcont.2021.107870
https://doi.org/10.1016/j.tifs.2021.10.030
https://doi.org/10.1016/j.tifs.2021.10.030
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-2/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-2/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-2/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-part/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-part/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-part/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-part-2/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-part-2/
https://revista.universuljuridic.ro/supliment/european-regulation-veterinary-sanitary-food-safety-area-component-european-policies-safety-food-products-protection-consumer-interests-2007-retrospective-part-2/
https://doi.org/10.2807/1560-7917.ES.2018.23.9.17-00161
https://doi.org/10.2807/1560-7917.ES.2018.23.9.17-00161
https://doi.org/10.1016/j.profoo.2015.09.007
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref17
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref17
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref17
https://doi.org/10.1016/j.foodcont.2019.06.031
https://doi.org/10.1016/j.foodcont.2019.06.031
https://doi.org/10.3389/fvets.2021.715112
https://doi.org/10.1016/j.foodcont.2021.108530
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/ru/?lnk=1&amp;url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B58-2005%252FCXP_058e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/ru/?lnk=1&amp;url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B58-2005%252FCXP_058e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/ru/?lnk=1&amp;url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B58-2005%252FCXP_058e.pdf
https://doi.org/10.1111/jfs.12916
https://doi.org/10.1016/j.prevetmed.2020.104933
https://doi.org/10.1016/j.prevetmed.2020.104933
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref24
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref24
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref24
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref24
https://www.food.dtu.dk/english/publications/disease-causing-microorganisms/zoonosis-annual-reports
https://www.food.dtu.dk/english/publications/disease-causing-microorganisms/zoonosis-annual-reports
https://www.food.dtu.dk/english/publications/disease-causing-microorganisms/zoonosis-annual-reports
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref26
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref26
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref26
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref27
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref27
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref27
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref27
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref28
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref28
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref29
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref29
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref29
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref30
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref30
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref30
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref30
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref31
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref31
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref31
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref31
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref32
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref32
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref32
https://doi.org/10.1016/S1090-0233(97)80051-2
https://doi.org/10.1016/S1090-0233(97)80051-2
https://doi.org/10.2903/j.efsa.2018.5500
https://doi.org/10.2903/j.efsa.2021.6971
https://doi.org/10.2903/j.efsa.2011.2371
https://doi.org/10.2903/j.efsa.2012.2764
https://doi.org/10.2903/j.efsa.2013.3276
https://doi.org/10.2903/j.efsa.2011.2317
https://doi.org/10.2903/j.efsa.2011.2351
https://doi.org/10.2903/j.efsa.2013.3265
https://doi.org/10.2903/j.efsa.2013.3266
https://doi.org/10.2903/j.efsa.2013.3264
https://doi.org/10.2903/j.efsa.2013.3263
https://doi.org/10.2903/j.efsa.2012.2741
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref46
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref46
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref47
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref47
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref47


Food Control 146 (2023) 109552

12

EU. (2014b). 2004 of the European parliament and of the council and commission 
regulation (EC) No 2074/2005. Official Journal L, 69, 95–98. Commission Regulation 
(EU) No 218/2014 of 7 March 2014 amending Annexes to Regulations (EC) No 853/ 
2004 and (EC) No 854/. 

EU. (2014c). Commission Regulation (EU) No 219/2014 of 7 March 2014 amending 
Annex I to Regulation (EC) No 854/2004 of the European Parliament and of the 
Council as regards the specific requirements for post-mortem inspection of domestic 
swine. Official Journal L, 69, 99–100. 

EU. (2015). Commission Implementing Regulation (EU) 2015/1375 of 10 August 2015 
laying down specific rules on official controls for Trichinella in meat. Official Journal 
L, 212, 7–34. 

EU. (2016). Commission Notice on the implementation of food safety management 
systems covering prerequisite programs (PRPs) and procedures based on the HACCP 
principles, including the facilitation/flexibility of the implementation in certain food 
businesses. Official Journal C, 278, 1–32. 

EU. (2017a). Regulation (EU) 2017/625 of the European Parliament and of the Council 
of 15 March 2017 on official controls and other official activities performed to 
ensure the application of food and feed law, rules on animal health and welfare, 
plant health and plant protection products, amending Regulations (EC) No 999/ 
2001, (EC) No 396/2005, (EC) No 1069/2009, (EC) No 1107/2009, (EU) No 1151/ 
2012, (EU) No 652/2014, (EU) 2016/429 and (EU) 2016/2031 of the European 
Parliament and of the Council, Council Regulations (EC) No 1/2005 and (EC) No 
1099/2009 and Council Directives 98/58/EC, 1999/74/EC, 2007/43/EC, 2008/ 
119/EC and 2008/120/EC, and repealing Regulations (EC) No 854/2004 and (EC) 
No 882/2004 of the European Parliament and of the Council, Council Directives 89/ 
608/EEC, 89/662/EEC, 90/425/EEC, 91/496/EEC, 96/23/EC, 96/93/EC and 97/ 
78/EC and Council Decision 92/438/EEC (Official Controls Regulation). Official 
Journal L, 95, 1–142. 

EU. (2017b). Commission Regulation (EU) 2017/1495 of 23 August 2017 amending 
Regulation (EC) No 2073/2005 as regards Campylobacter in broiler carcases. Official 
Journal L, 218, 1–6. 

EU. (2019a). Commission Implementing Regulation (EU) 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. 
Official Journal L, 131, 51–100. 

EU. (2019b). Commission Delegated Regulation (EU) 2019/624 of 8 February 2019 
concerning specific rules for the performance of official controls on the production of 
meat and for production and relaying areas of live bivalve molluscs in accordance 
with Regulation (EU) 2017/625 of the European Parliament and of the Council. 
Official Journal L, 131, 1–17. 

FAO. (2007). Good practices for the meat industry. Daya Publishing House, 2 https://www. 
fao.org/3/y5454e/y5454e.pdf. 

FAO. (2019). Technical guidance: Principles of risk-based meat inspection and their 
application, 6 http://www.fao.org/3/ca5465en/CA5465EN.pdf. 

Fredriksson-Ahomaa, M. (2014). Risk-based meat inspection. In Meat inspection and 
control in the slaughterhouse (pp. 157–161). John Wiley & Sons, Ltd. https://doi.org/ 
10.1002/9781118525821.ch7.  

Gill, C. O. (1979). Intrinsic bacteria in meat. Journal of Applied Bacteriology, 47(3), 
367–378. https://doi.org/10.1111/j.1365-2672.1979.tb01196.x 

Gomes-Neves, E., Müller, A., Correia, A., Capas-Peneda, S., Carvalho, M., Vieira, S., & 
Cardoso, M. F. (2018). Food chain information: Data quality and usefulness in meat 
inspection in Portugal. Journal of Food Protection, 81(11), 1890–1896. https://doi. 
org/10.4315/0362-028X.JFP-18-266 

Hamilton, D. R., Gallas, P., Lyall, L., McOrist, S., Hathaway, S. C., & Pointon, A. M. 
(2002). Risk-based evaluation of postmortem inspection procedures for pigs in 
Australia. The Veterinary Record, 151(4), 110–116. https://doi.org/10.1136/ 
vr.151.4.110 

Hariton, E., & Locascio, J. J. (2018). Randomised controlled trials – the gold standard for 
effectiveness research. BJOG: An International Journal of Obstetrics and Gynaecology, 
125(13). https://doi.org/10.1111/1471-0528.15199, 1716–1716. 

Hugas, M., & Beloeil, P. A. (2014). Controlling Salmonella along the food chain in the 
European Union—progress over the last ten years. Euro Surveillance, 19(19), Article 
20804. https://doi.org/10.2807/1560-7917.ES2014.19.19.20804 

Hugas, M., & Tsigarida, E. (2008). Pros and cons of carcass decontamination: The role of 
the European Food Safety Authority. Meat Science, 78(1), 43–52. https://doi.org/ 
10.1016/j.meatsci.2007.09.001 

Jones, K. E., Patel, N. G., Levy, M. A., Storeygard, A., Balk, D., Gittleman, J. L., & 
Daszak, P. (2008). Global trends in emerging infectious diseases. Nature, 451(7181). 
https://doi.org/10.1038/nature06536. Article 7181. 

Maijala, R., & Korkeala, H. (2008). Reviewing the undergraduate veterinary curriculum 
in Finland for control tasks in veterinary public health. Journal of Veterinary Medical 
Education, 35(2), 241–254. https://doi.org/10.3138/jvme.35.2.241 

McKenna, S., Amaral, T., & Kyriazakis, I. (2020). Automated classification for visual-only 
postmortem inspection of porcine pathology. IEEE Transactions on Automation Science 
and Engineering, 17(2), 1005–1016. https://doi.org/10.1109/TASE.2019.2960106 

Mousing, J., Kyrval, J., Jensen, T. K., Aalbæk, B., Buttenschøn, J., Svensmark, B., & 
Willeberg, P. (1997). Meat safety consequences of implementing visual postmortem 
meat inspection procedures in Danish slaughter pigs. The Veterinary Record, 140(18), 
472–477. https://doi.org/10.1136/vr.140.18.472 

Murrell, K. D. (2013). Zoonotic foodborne parasites and their surveillance. Revue 
Scientifique Et Technique (International Office of Epizootics), 32(2), 559–569. https:// 
doi.org/10.20506/rst.32.2.2239 

Nielsen, B., Colle, M. J., & Ünlü, G. (2021). Meat safety and quality: A biological 
approach. International Journal of Food Science and Technology, 56(1), 39–51. https:// 
doi.org/10.1111/ijfs.14602 

O’Sullivan, F., Mateos, A., Ferri, M., Knudsen, H., Chambon, T., Laurentiu, T., Laszlo, M., 
& Proscia, F. (2015). FVE guidance document on Food Chain Information [FVE/pp/ 
2015/_005_FINAL]. https://fve.org/publications/fve-guidance-document-on-food 
-chain-information/. 

Park, B., Lawrence, K. C., Windham, W. R., & Smith, D. P. (2004). Multispectral imaging 
system for fecal and ingesta detection on poultry carcasses. Journal of Food Process 
Engineering, 27(5), 311–327. https://doi.org/10.1111/j.1745-4530.2004.00464.x 

EFSA Panel on Contaminants in the Food Chain [CONTAM], Ricci, A., Allende, A., 
Bolton, D., Chemaly, M., Davies, R., Fernandez Escamez, P. S., Herman, L., 
Koutsoumanis, K., Lindqvist, R., Nørrung, B., Robertson, L., Ru, G., Sanaa, M., 
Simmons, M., Skandamis, P., Snary, E., Speybroeck, N., Ter Kuile, B., … Girones, R. 
(2017). Public health risks associated with hepatitis E virus (HEV) as a food-borne 
pathogen. EFSA Journal, 15(7), Article e04886. https://doi.org/10.2903/j. 
efsa.2017.4886 

Riess, L. E., & Hoelzer, K. (2020). Implementation of visual-only swine inspection in the 
European union: Challenges, opportunities, and lessons learned. Journal of Food 
Protection, 83(11), 1918–1928. https://doi.org/10.4315/JFP-20-157 

Robertson, L. J. (2018). Parasites in food: From a neglected position to an emerging 
issue. Advances in Food & Nutrition Research, 86, 71–113. https://doi.org/10.1016/ 
bs.afnr.2018.04.003 

Seguino, A., Braun, P. G., Del-Pozo, J., Soare, C., Houf, K., & Baillie, S. (2021). Evaluation 
of a harmonized undergraduate catalog for veterinary public health and food 
hygiene pedagogy in Europe. Journal of Veterinary Medical Education. , Article 
e20210061. https://doi.org/10.3138/jvme-2021-0061 
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Salines, M., & Antic, D. (2022). Systematic review and meta-analysis of the efficacy 
of interventions applied during primary processing to reduce microbial 
contamination on pig carcasses. Foods, 11(14). https://doi.org/10.3390/ 
foods11142110. Article 14. 

M. Ferri et al.                                                                                                                                                                                                                                    

http://refhub.elsevier.com/S0956-7135(22)00745-9/sref48
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref48
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref48
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref48
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref49
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref49
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref49
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref49
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref50
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref50
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref50
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref51
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref51
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref51
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref51
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref52
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref53
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref53
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref53
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref54
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref54
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref54
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref54
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref54
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref54
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref55
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref55
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref55
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref55
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref55
https://www.fao.org/3/y5454e/y5454e.pdf
https://www.fao.org/3/y5454e/y5454e.pdf
http://www.fao.org/3/ca5465en/CA5465EN.pdf
https://doi.org/10.1002/9781118525821.ch7
https://doi.org/10.1002/9781118525821.ch7
https://doi.org/10.1111/j.1365-2672.1979.tb01196.x
https://doi.org/10.4315/0362-028X.JFP-18-266
https://doi.org/10.4315/0362-028X.JFP-18-266
https://doi.org/10.1136/vr.151.4.110
https://doi.org/10.1136/vr.151.4.110
https://doi.org/10.1111/1471-0528.15199
https://doi.org/10.2807/1560-7917.ES2014.19.19.20804
https://doi.org/10.1016/j.meatsci.2007.09.001
https://doi.org/10.1016/j.meatsci.2007.09.001
https://doi.org/10.1038/nature06536
https://doi.org/10.3138/jvme.35.2.241
https://doi.org/10.1109/TASE.2019.2960106
https://doi.org/10.1136/vr.140.18.472
https://doi.org/10.20506/rst.32.2.2239
https://doi.org/10.20506/rst.32.2.2239
https://doi.org/10.1111/ijfs.14602
https://doi.org/10.1111/ijfs.14602
https://fve.org/publications/fve-guidance-document-on-food-chain-information/
https://fve.org/publications/fve-guidance-document-on-food-chain-information/
https://doi.org/10.1111/j.1745-4530.2004.00464.x
https://doi.org/10.2903/j.efsa.2017.4886
https://doi.org/10.2903/j.efsa.2017.4886
https://doi.org/10.4315/JFP-20-157
https://doi.org/10.1016/bs.afnr.2018.04.003
https://doi.org/10.1016/bs.afnr.2018.04.003
https://doi.org/10.3138/jvme-2021-0061
https://doi.org/10.1515/jvetres-2017-0022
https://doi.org/10.1515/jvetres-2017-0022
https://doi.org/10.1371/journal.pmed.1001920
https://fve.org/publications/fve-guidance-document-on-food-chain-information/
https://fve.org/publications/fve-guidance-document-on-food-chain-information/
https://doi.org/10.1111/j.1751-0813.2002.tb12841.x
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref81
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref81
http://refhub.elsevier.com/S0956-7135(22)00745-9/sref81
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://www.who.int/news-room/fact-sheets/detail/food-safety
https://www.who.int/activities/estimating-the-burden-of-foodborne-diseases
https://www.who.int/activities/estimating-the-burden-of-foodborne-diseases
https://www.who.int/news-room/fact-sheets/detail/hepatitis-e
https://www.who.int/news-room/fact-sheets/detail/hepatitis-e
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/
https://doi.org/10.3390/foods11142110
https://doi.org/10.3390/foods11142110

	Risk based meat safety assurance system – An introduction to key concepts for future training of official veterinarians
	Credit author statement
	1 RB-MSAS: an introduction
	2 Meat-borne biological hazards
	3 Components of the RB-MSAS
	3.1 Food chain information (FCI)
	3.2 Harmonised epidemiological indicators (HEIs)
	3.2.1 Use of HEIs for risk categorisation of farms
	3.2.2 Applicability of HEIs in FCI

	3.3 Abattoir risk categorisation
	3.4 Risk-based meat inspection

	4 Training in RB-MSAS
	5 Challenges for the OV under the RB-MSAS
	6 Conclusions
	Declaration of competing interest
	Data availability
	Acknowledgement
	References


