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SUMMARY

In the European Union, Meat Inspection (MI) aims to protect public health by ensuring that
minimal hazardous material enters in the food chain. It also contributes to the detection and
monitoring of animal diseases and welfare problems but its utility for animal surveillance has
been assessed partially for some diseases only. Using the example of poultry production, we
propose a complete assessment of MI as a health surveillance system. MI allows a long-term
syndromic surveillance of poultry health but its contribution is lowered by a lack of data
standardization, analysis and reporting. In addition, the probability of case detection for 20
diseases and welfare conditions was quantified using a scenario tree modelling approach, with
input data based on literature and expert opinion. The sensitivity of MI appeared to be very high
to detect most of the conditions studied because MI is performed at batch level and applied to a
high number of birds per batch.
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INTRODUCTION

From the past to the present: why does Meat Inspection
(MI) need to evolve?

MI is a control process commonly described as a set
of tasks performed at slaughterhouses and sometimes
at farms to ensure that animals entering the food
chain comply with the legal hygiene requirements
for human consumption. The major aim of MI is
therefore to protect the public from hazards, such as

infectious agents, that could be transmitted or carried
by meat (contamination).

The increasing burden of foodborne illnesses and
the rapid changes in food production and food
exchanges throughout the world led the Food and
Agriculture Organization and the World Health
Organization to propose guidelines for strengthening
food control systems [1]. Taking into account this in-
ternational context, a new European legislation, rely-
ing on the White Paper on Food Safety published in
2000, has been developed. It aims to base food control
systems on an integrated ‘farm-to-fork’ approach and
on a risk analysis process. The White Paper was the
stepping stone for the three Hygiene Regulations
known as the Hygiene Package, that deal with all

* Author for correspondence: Dr A. Huneau-Salaün, ANSES,
BP53, 22440 Ploufragan, France.
(Email: adeline.huneau@anses.fr)

Epidemiol. Infect. (2015), 143, 2459–2472. © Cambridge University Press 2014
doi:10.1017/S0950268814003379

https://doi.org/10.1017/S0950268814003379 Published online by Cambridge University Press

http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268814003379&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268814003379&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268814003379&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268814003379&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268814003379&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268814003379&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268814003379&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0950268814003379&domain=pdf
https://doi.org/10.1017/S0950268814003379


foods and that cover the entire food chain [2]. In the
Hygiene Package, Regulation 854/2004 lays down
specific rules for the organization of official controls
on animal products [3].

The first conclusions on the application of this regu-
lation drawn by the chief veterinary officers of the
European Member States in 2008 showed that a mod-
ernization of sanitary inspection in slaughterhouses
was needed to fully exploit benefits from a risk-based
approach. Consequently, the European Commission
[4] mandated the European Food Safety Authority
(EFSA) to evaluate the capacity of current MI to as-
sess the fitness of meat for human consumption and,
if needed, to propose modifications to ensure an ap-
propriate level of public health protection (Mandate
1005) [5]; the questions had to be considered separ-
ately for the main animal production systems in
Europe, including poultry. As the main public health
hazards in poultry products could not be detected by
the current visual MI [6], proposed changes in MI pro-
cedures were expected to be important. In addition to
the protection of public health, MI also contributes to
animal health and welfare surveillance by detecting
and monitoring disease syndromes and welfare prob-
lems that are not reported at the farm level. The
EFSA panel on Animal Health and Animal Welfare
(AHAW) was mandated to assess the potential conse-
quences on animal health and welfare surveillance of
the changes in the current MI system proposed by
the other EFSA panels.

The objective of our paper was to present findings
of this assessment and to demonstrate how this evalu-
ation evolved from an empirical and practical experi-
ence to a global and quantitative assessment. This
paper focuses only on poultry species but reports on
other species have been published on the EFSA
website (http://www.efsa.europa.eu, topic Meat
Inspection). First, a literature review will describe
the past experiences demonstrating the contribution
of the current MI procedures to poultry health surveil-
lance. Second, the methodology and the main results
will be shown. Elements dealing with the impact of
the modernization of MI on poultry health surveil-
lance can be found elsewhere [6].

SURVEILLANCE OF ANIMAL HEALTH
AND WELFARE DURING THE CURRENT
MI PROCEDURE

The current MI procedure in the European Union is
described for all species in Annex I of Regulation

854/2004 [7] with special dispositions for poultry spe-
cies in Section IV, Chapter V. The epidemiological unit
of interest inMI is a batch of poultry, i.e. poultry reared
on the same holding and sent to slaughter in a single
transport. TheMI for poultry comprises three inspection
tasks carried out under the supervision of the Official
Veterinarian (OV). MI tasks can be delegated to official
auxiliaries operating under the supervision of the OV
(Annex I, Section III, Chapter III and partA). In poultry
and lagomorph abattoirs, these auxiliaries may be from
the slaughterhouse staff provided that the inspection
staff acts independently from the production staff and
they receive appropriate training provided by the official
veterinary authorities.

Food chain information

The first step in MI is devoted to checking and analys-
ing food chain information (FCI), i.e. relevant infor-
mation on animals’ identification and on animals’
health transmitted from the holding of provenance.
Required FCI is described in Annex II, Section III
of Regulation 853/2004 [7]; most of the Member
States collect harmonized FCI at national level via a
standardized declaration form. FCI has to be trans-
mitted to the OV at least 24 h before slaughtering,
when the ante-mortem inspection is performed at the
abattoir. If the birds have been inspected at the farm
of origin, FCI can be provided before unloading the
batch in the slaughterhouse. FCI is based on declara-
tions of farmers and food business operators (FBO).
The reliability of FCI might be questionable.
However Lupo et al. [8] concluded that FCI trans-
mitted to slaughterhouses was concordant with
on-farm observations collected by independent inves-
tigators. FCI analysis is a direct application of the
risk-based approach because results from FCI have
to be taken into account to adapt the thoroughness
of the inspection process accordingly to the health sta-
tus of the batch. The study of Lupo et al. [9] showed
that FCI was relevant to identify batches of broilers
with a high risk of sanitary condemnation, demon-
strating the usefulness of FCI for a risk-based MI.
Various measures can be taken in response to the esti-
mated risk of condemnation shown by a batch of
poultry, e.g. slowing down the slaughter line speed
to allow in-depth inspection. In France, an experimen-
tal programme is presently conducted to define a stan-
dardized frame of application of the risk-based
inspection and to estimate its practicality under com-
mercial conditions [10].
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Ante-mortem inspection (AMI)

The second inspection task is the AMI which takes
place at slaughterhouse in most of the Member
States but can be also performed on farm for poultry
species. AMI mainly aims to detect any sign indicating
that animal welfare has been compromised during
handling and transport or that animals are affected
by conditions likely to adversely affect animal or
human health. In particular, stress caused by loading
and transport may enhance the expression of clinical
signs in animals suffering from a disease at incubation
or subclinical stages. There are 2–3 points of control for
AMI [11]; inspection in crates, inspectionafter unloading
and inspection after stunning. Only a sample of crates is
inspected before unloading but all birds are individually
observed during the manual shackling. AMI is the key
stage for monitoring welfare conditions relative to
handling and transport of poultry (e.g. dead on arrival,
thermal comfort during transport) but Regulation 854/
2004 also states that special attention should be observed
during AMI for the detection of diseases on the OIE list
[12]. For instance, avian botulism can only be detected
during the inspection of live birds due to its pathogno-
monic clinical signs (flaccid paralysis of the neck, wings
and/or legs) as no visible lesion can be detected during
post-mortem inspection (PMI).

Post-mortem inspection

The third task is the PMI of the whole plucked carcass,
the viscera and the carcass after evisceration (including
the body cavity). PMI is designed todetect andwithdraw
from the food chain carcasses showing grossly identifi-
able abnormalities that may affect their safety or whole-
someness; special attention should be also placed on the
detectionof zoonotic diseases andof diseases classified in
theOIE list [12]. By contrast to previous inspection tasks
that are mostly done at batch level, PMI is performed at
the individual level implying that all carcasses are to be
inspected. PMI leads to condemnation of carcasses or
parts of them that are judged to be unfit for human con-
sumption, based on a visual inspection. Reasons for car-
cass condemnation are not explicitly described in
Regulation 854/2004 but possible origins of unfit meat
are exhaustively listed. Condemnation for poultry car-
casses is based on visual macroscopic criteria that are
rarelypathognomonic.Asanexample, themost frequent
reasons for condemnation in broiler and turkey broiler
batches in France are emaciation and congestion,
which are generic terms concordant with a large

spectrumof diseases and conditions [13, 14].A few infec-
tious or parasitic diseases may lead to pathognomonic
lesions enabling a direct diagnosis during PMI. For in-
stance, histomoniasis (Histomonas meleagridis) some-
times leads to characteristic round lesions on liver that
could be detected during manual evisceration [15] but
birds affected at such an advanced stage of the disease
are normally unfit for slaughter. Avian tuberculosis
(Mycobacterium avium) is a chronic infectionwith a pro-
tracted course that may go unnoticed at the farm but
typical tubercular granulomata can be easily detected
on the spleen and liver during PMI [16]. Nevertheless,
a reason for condemnation is generally given with no in-
ference on the aetiology of the lesions. As an example, in
a study on carcasses condemned for skin lesions,
Fallavena et al. [17] concluded that cutaneous macro-
scopic changes as observed at PMI were not specific
and did not allowaccurate identification of skin diseases.

SPECIFIC CONTRIBUTION OF
CURRENT MI TO POULTRY HEALTH
AND WELFARE SURVEILLANCE

A two-way information flow: an opportunity for poultry
health surveillance

Regulation 854/2004 requires transmission of the
results from MI to the FBOs and to the primary pro-
ducer when the detected problems may be related to
rearing conditions. This disposition establishes the
principle of a two-way information flow: from the
farm to the slaughterhouse by FCI, and from the abat-
toir to the farm by transmission of MI results. There
are some practical examples of benefits from feedback
transmission of MI observations. A pilot study
reported by Ansong-Danquah et al. [18] was conduc-
ted in a Canadian abattoir during 5 years in 1980s,
with a systematic feedback of MI results to farmers
and to broiler companies. During the first 2 years,
lesions caused by Marek’s disease were the primary
cause of carcass condemnations, underlining insuffi-
cient vaccination coverage of the broiler population.
Vaccination programmes were therefore reinforced
by the broiler companies and condemnations for
lesions due to Marek’s disease were no longer relevant
during the final 3 years of the experiment.

Integration of welfare surveillance

The recent evolution of the assessment of animal wel-
fare towards the monitoring of animal-based welfare
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indicators [19] gives a new dimension to PMI. Asdem-
onstrated in the Welfare Quality project [20], animal-
based welfare-outcome indicators related to body
condition in poultry can be more easily and more accu-
rately monitored during PMI than on farm. This is the
case for injuries, haematomas, scratches, foot-pad der-
matitis, hock burns and breast blisters, which are more
visible on shackled and plucked carcasses. Ascites char-
acterized by an accumulation of liquid in the body cavity
is also better detected during PMI than on farm or at
AMI. These conditions provide information on welfare
during handlingand transport but also onwelfare during
rearing, since most of the indicators are significantly
associated with on-farm factors [21, 22]. The Swedish
Broiler Welfare Programme demonstrates that the regu-
lation of broiler density during rearing, based on the
prevalence of foot-pad dermatitis observed during
PMI, can reduce the incidence of this problem [23, 24].

The implementation of Directive 2007/43/EC on
broiler protection will generalize the use of PMI for
collection of animal-based welfare indicators; results
from PMI become one of the key indicators to allow
derogation to the maximum stocking density during
rearing.

Concrete examples of MI contribution to poultry health
surveillance

Despite the fact that the main aim of MI is to protect
public health from foodborne hazards, it also allows
the monitoring of animal health and welfare. This sys-
tem can both contribute to the detection of cases of an
emerging or re-emerging animal disease and to the
monitoring of the prevalence of endemic diseases
and welfare conditions. Although these contributions
to animal health surveillance are potentially high,
there are few examples in the literature clearly demon-
strating the value of MI in this context (Table 1). Most
of these studies rely on an in-depth PMI, sometimes
completed by histological and bacteriological analy-
sis. Furthermore, outputs of these studies are rarely
analysed in any other way than the economic impact
of condemnations for producers and FBOs. Dis-
cussions proposed by the authors on the contribution
of MI to animal health surveillance are summarized
in Table 1.

A relevant experience of the MI contribution to
poultry health surveillance is the emergence of cellu-
litis in North America. At the end of 1990s, a sharp
increase in carcass condemnations was detected in
Canadian poultry abattoirs [25], due to a new kind

of skin lesion classified as cellulitis. Examination of
condemned carcasses of broilers and turkeys enabled
the precise description of this condition, which was
not visible on animals at farm nor at AMI as it is a
subclinical syndrome [26]. A monitoring programme
of the percentage of carcass condemnations for cellu-
litis was consequently started in federal abattoirs. This
programme allowed quantification of the increasing
incidence of cellulitis during the following years [27].
Observations during PMI were also used to classify
batches according to their level of condemnation for
cellulitis; this classification was the basis for an ana-
lytical epidemiological survey to identify risk factors
for cellulitis on poultry farms [28].

ASSESSING THE CONTRIBUTION OF MI
TO POULTRY HEALTH AND WELFARE
SURVEILLANCE IN EUROPE

Qualitative assessment of the contribution of MI to
poultry health surveillance

Surveillance is defined as a systematic ongoing collec-
tion, aggregation, and analysis of data and the timely
transmission of information to the risk manager in
order to take mitigation measures [29]. MI can be con-
sidered as a component of a syndromic surveillance
performed at slaughter level: FCI, clinical signs and
gross lesions are used to monitor various health
hazards, without further diagnosis. Table 2 provides
a list of criteria to assess the quality of a surveillance
system, adapted from Salman et al. [30], and its appli-
cation to the current MI system in poultry. Most of
the quality criteria can be assessed from a complete
description of MI procedures, as carried out by
Löhren [11], but estimation of sensitivity and positive
predictive value could only be obtained by experiment
[31] or by modelling using methods such as latent
classes [32, 33] or decision-tree scenarios.

Despite this lack of available data on perform-
ance, quality assessment was used to produce a
short Strength-Weakness-Opportunity-Threat (SWOT)
analysis of MI as a surveillance component (Table 3)
[34]. MI is now a long-standing and well-accepted sur-
veillance component in Europe. One of its major
strengths is its high representativeness: mortality
rates of poultry during rearing are relatively low in
the European Union, implying that most of the
birds entering production are sent to the abattoir
and submitted to MI. MI may be considered as an
early-warning surveillance as any modification in the
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Table 1. Examples of studies using Meat Inspection (MI) for monitoring health and welfare in poultry in Europe,
North America, South America, Middle East and Asia. Classification of the studies according to their objectives:
‘case report’ (description of a new condition), ‘prevalence’ (assessment of condition prevalence and its temporal
evolution), ‘aetiology’ (identification of the aetiology of a condition) and ‘risk factors’ (identification of factors
associated with the occurrence of a condition)

Country Objective Condition
MI
procedure

Discussion on the interest of MI in animal
health surveillance Source

UK Prevalence Causes of
condemnation

Routine [43]

UK Prevalence
Risk factors

Causes of
condemnation

Routine Difficulties in classification of causes of
condemnation: lack of concordance between
abattoirs

[44]

France Prevalence
Risk factors

Causes of
condemnation

Routine [13, 45]

France Prevalence
Risk factors

Causes of
condemnation

Routine [14]

France Risk factors Skin lesions Routine Broiler welfare during rearing can be assessed
based on lesions observed during MI

[22]

Norway Prevalence
Aetiology

Hepatic lesions Routine Suggest the use of the rate of condemnation for
hepatic lesions as an indicator for the
surveillance of necrotic enteritis in broilers

[46]

Ireland Prevalence
Risk factors

Bruises Reinforced [47]

Denmark Prevalence
Risk factors

Pododermatitis Routine Variation between abattoirs due to subjectivity
of the inspection

[48]

Denmark Aetiology Dead on arrival Reinforced ‘Dead-on-arrival’ birds as observed during
AMI are an accurate indicator of welfare
conditions during pre-slaughter handling

[49]

Netherlands Case report Lesions due to
Ornithobacterium

Routine MI as an alarm system: increase in
condemnations for aerosacculitis. Only mild
symptoms at farm, not reported

[50]

Netherlands Prevalence Lesions due to
Ornithobacterium

Reinforced [51]

Lithuania Prevalence Causes of
condemnation

Routine Insufficient feedback to farmers provided by
MI services: data on carcass condemnations
are not used to implement preventive
measures at farm level

[52]

Bulgaria Aetiology Nephropathy Routine Condemnations for nephropathies led to the
identification of animal feed contamination
by mycotoxins

[53]

Poland Prevalence Causes of
condemnation

Routine [54]

Canada Case report Cellulitis Routine [55]
Canada Prevalence Cellulitis Routine Subjectivity in condemnations, variation

between abattoirs in inspection decisions
[56]
[27]

Canada Prevalence Cellulitis Routine Interest on MI in detection of the emerging
condition and its subsequent monitoring

[25]

Canada Prevalence Ascitis Routine [55]
Canada Prevalence Causes of

condemnation
Routine [57]

Canada Prevalence Causes of
condemnation

Reinforced [58]

Canada Aetiology Hepatic lesions Reinforced [59]
Canada Risk factors Cyanosis Routine [60]
Canada Risk factors Cellulitis Reinforced [28]
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health state of animals could be detected in a timely
manner. However emerging or re-emerging diseases
are expected to be detected before slaughter (clinical
surveillance at farm) and MI is rather the ultimate
component of a passive (or reactive) surveillance sys-
tem, which raises the alarm when the others compo-
nents fail. The special case of MI in poultry is that
the inspection is performed at both batch and bird
levels. The global approach at batch level is of interest
in animal health surveillance: warning thresholds
could be set up for main health indicators and stan-
dardized measures proposed in response to the alerts.
The use of the MI system for the surveillance of an-
imal health does not add supplementary costs to the
expenses already incurred for public health protection;
it is therefore an inexpensive way to monitor animal
health. Regarding weaknesses, there are basically sev-
eral technical factors (e.g. speed of the line and light-
ing) that may interfere with the detection of health
problems. The results of MI may also depend on

staff experience. A systematic use of AMI observa-
tions and condemnation results for health surveillance
would require the centralization of results in a harmo-
nized frame of collection and specific staff devoted to
results analysis. MI is not an ‘enhanced passive’ sur-
veillance component [29], as there is no general and
active supervision of MI results in terms of animal
health and welfare. In addition to technical constraints
and difficulties in data centralization, flexibility of MI is
rather low because its general frame isfixed byEuropean
and national regulations: any modification to the pro-
cedure needs time, staff formation and sometimes finan-
cial resources in order for it to be implemented at a
national level. The risk-based approach adopted with
the Hygiene Package is an opportunity for the optimiza-
tion of MI as a surveillance component. However the
risk-based surveillance only targets the needs for public
health protection: the new dispositions may constitute
the main threat to the contribution of MI to animal
health surveillance.

Table 1 (cont.)

Country Objective Condition
MI
procedure

Discussion on the interest of MI in animal
health surveillance Source

USA Prevalence
Aetiology
Risk factors

Squamous cell
carcinoma

Routine [61]

USA Etiology Septicaemia Reinforced Experimental assay to assess the association
between macroscopic lesions noticeable
during PMI and causative agents

[31]

Brazil Case report Dorsal cranial
myopathy

Routine Report of a new form of myopathy on heavy
broilers, only detectable at PMI

[62]

Brazil Prevalence Ascitis Routine [63]
Brazil Prevalence Aerosacculites

Traumatic lesions
Routine Suggest the use of data fromMI by the industry

to evaluate specific programmes and identify
areas of improvements

[64]

Brazil Prevalence Causes of
condemnation

Routine [65, 66]

Brazil Aetiology Skin lesion syndrome Reinforced Macroscopic lesions are not specific, no
inference on aetiological cause is possible

[17]

Brazil Aetiology Aerosacculites Reinforced [67]
Saudi
Arabia

Case report Hemorrhages Routine MI as an alarm system: increase of
condemnation of subcutaneous haemorrhages
not detected at farm

[68]

Iran Prevalence Causes of
condemnation

Routine [69]

Japan Case report Endocarditis Routine Report of broiler infection by Streptococcus
gallolyticus: subclinical but visible lesions at
PMI

[70]

AMI, Ante-mortem inspection; PMI, Post-mortem inspection.
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Quantitative assessment of the contribution of MI to
poultry health surveillance

Methodology. The assessment of sensitivity, i.e. the
probability of detecting cases, remains the key element
in evaluating the performance of MI as a health sur-
veillance system [35]. We used quantitative decision-
tree scenario models to evaluate the sensitivity of MI
as an animal surveillance system, parameterized with
data from the literature if available or by expert opi-
nion. The approach is described in more detail by
Stärk & Nevel [34]. Briefly, the EFSA AHAW panel
defined a list of 20 poultry diseases and welfare condi-
tions to be addressed; the prioritization of diseases
took into account the relevance of their surveillance
at the slaughterhouse, their epidemiologialc character-
istics (epizootic or enzootic diseases) and their regulat-
ory and/or economic importance. A bibliographical
review was performed to gather data on the preva-
lence of diseases and welfare conditions at flock level
and at the European level and on risk factors

associated with these conditions. The review was com-
pleted by elicitation of expert opinion to complete
gaps in knowledge identified. The elicitation was
based on a modified Delphi method as described by
Stärk et al. [36] and the questionnaires used for elici-
tation are available from the authors upon request.

For each disease or welfare condition, the most af-
fected poultry (species, age and type of production, i.e.
egg, meat or breeder) was identified and typical and
mild cases described by the experts (Fig. 1). A typical
case as seen during MI was defined by a set of symp-
toms and lesions that are likely to be observed in
more than two thirds of birds affected by the given
condition and presented for slaughter. A mild case
was characterized by more subtle signs than a typical
case but was still detectable during MI; it was assumed
to be less frequent than a typical case. In a second step
of elicitation, experts were asked to provide estimates
on the prevalence of affected batches arriving for
slaughter, the proportion of typical and mild cases in
an affected batch and the probability of detection of

Table 2. Qualitative assessment of Meat Inspection (MI) as a surveillance component for health and welfare
surveillance in poultry in the European Union (adapted from Salman et al. [30])

Parameter Definition Application to MI

Usefulness Contribution to the prevention and
control of diseases

Potentially high. Examples given for poultry

Simplicity Ease of operating Need training of operators and technical constraints are
high

Flexibility Ability of the system to adapt to changing
information needs of operating
conditions

Low: high number of operators. Modification needs to be
applied in a harmonized way and may require legislation
changes

Quality of data Completeness and validity Potentially high for completeness
Validity: harmonization of data collection in the
regulations but some subjectivity remains in MI decisions

Acceptability Willingness of operators to participate High: MI is mandatory and it is of high economic
importance for food business operators to produce meat
fit for human consumption

Sensitivity Ability to detect a case or to detect a
change in prevalence

To be evaluated in the present paper

Positive predictive
value

Proportion of reported cases that are
actually related to the event under
surveillance

Low in term of identification of aetiological cause
High for syndromes despite some subjectivity in the
assessment

Representativeness Population coverage Complete for animals fit for transport
Timeliness The time between steps in surveillance Short time between detection and report to primary

producer (upward flow of information) and/or report to
veterinary authorities. However, feedback is not always
done

Stability Reliability: ability to collect, manage and
provide data without failure
Availability: ability to be operational
when it is needed

Reliability: potentially high if a data collection system is
set up
Availability: high because MI system is perennial system
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a typical case during each step of the MI procedure.
The final outcome of the expert elicitation was an esti-
mate (most likely ± range) of the probability of detec-
tion under the current MI procedure of a typical case
for each of the 20 diseases or welfare conditions.

Next, the value of MI as a surveillance system was
assessed, using two scenario tree models: the ‘freedom
of disease’ approach for epizootic diseases [highly
pathogen avian influenza (HPAI) and Newcastle dis-
ease] and the ‘detection fraction’ approach for other
enzootic diseases and welfare conditions [37]. The
‘freedom of disease’ approach measures the ability
of a surveillance system to detect one or more infected
birds and/or batch of birds if the frequency of the
disease is higher than a designed prevalence in the
monitored population [38]. This method then evalu-
ates the capacity of a surveillance system to detect
an emerging or re-emerging disease and to give an
‘alert signal’. In the ‘detection fraction’ approach,
the value of a surveillance system is assessed by the
proportion of cases of the disease detected by the sur-
veillance; this approach is adapted to monitor preva-
lence of an enzootic disease. In both approaches, the
models yield a probability of detection that could be
interpreted as the sensitivity of the surveillance system.
Consolidated estimates collected during expert elici-
tation for AMI and PMI were used as input, together
with estimates of proportions of case types likely to be
presented at the abattoir. The output was estimated by

translation of the consolidated estimates into BetaPert
distributions, and by using Monte-Carlo simulation
(10 000 iterations). Each step of the model represents
a node of a tree, and is run in the sequence shown
in Figure 1. The most likely and 5th and 95th percen-
tiles of the output distributions of AMI, PMI and the
whole inspection process were derived for each disease
and condition.

Sensitivity of MI for poultry health and welfare
surveillance

The sensitivity of MI for detection of a ‘typical’ case
was estimated as high for most of the diseases and
conditions studied (Table 4). This high sensitivity
has to be examined taking into account some meth-
odological limitations. The methodological develop-
ment was an on-going process and was not fully
consolidated when poultry was considered (one of
the first species studied along with pigs). The first limi-
tationwas linked to the assumption that the probabilities
of detectionof abnormalities at each inspection stepwere
independent, leading toapossibleunderestimationof the
detection sensitivity for diseases demonstrating signs de-
tectable at a small number of inspection points, e.g. for
botulism or ‘dead on arrival’. In addition, in a risk-based
inspection, each inspection step has to be adapted taking
into account the results of the previous steps, implying
a dependence of the task results. Nevertheless, the

Table 3. Strength-Weakness-Opportunity-Threat (SWOT) analysis of Meat Inspection (MI) as a surveillance
system of animal health and welfare surveillance

Strengths Well-established and well-accepted: FBOs have economic interests in MI
High coverage of targeted population
Continuous monitoring: basis to draw reliable trends
Capacity to detect emerging problems
Two-way information flows

Weaknesses Animal health and welfare surveillance is not the first objective of MI
Only suitable for problems leading to macroscopic abnormalities
Animal are fit for transport: detection of milder cases than in farm surveillance
No specific case definition
Lack of standardization despite efforts of harmonization
High technical constraints
Lack of flexibility: input-based design, fixed by regulations
Data are not centralized and analysed at national or EU levels

Opportunities Implementation of welfare regulations in EU: abattoir is the best place for
assessment of animal-based welfare indicators

Relying on a risk-based approach enabling optimization of cost/benefit ratio
Automatization of MI process

Threats Evolution of MI to cover new public health hazards: reallocation of resources
Delegation of visual MI to FBOs

FBO, Food business operator; EU, European Union.
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sensitivity estimations given separately for each in-
spection step by the experts [37] suggested that the
evaluation of FCI contributed more than the crate in-
spection to the detection of abnormalities during
AMI. During PMI, visual inspection of organs and,
to a lesser extent, of the body cavity were considered
the most sensitive tasks for disease detection whereas
observation of the whole carcass and the feet contrib-
uted the most to the detection of welfare problems.
Another methodological difficulty was related to the
organization of MI for poultry both at batch level
(AMI) and at bird level (PMI). The sensitivity of de-
tection of an affected batch (i.e. a batch with a least
one affected bird) depended on the sensitivity of detec-
tion at bird level and also on the number of animals
submitted to MI. Since the size of a poultry batch is
generally high (several thousands of birds), the sensi-
tivity of detection at batch level was particularly
high for all diseases and conditions. It is therefore
expected that the inspection of a large number of

animals will always be a very effective way of detect-
ing diseases, even though the sensitivity of detection
at the bird level is low.

Relative contribution of MI to the global animal health
surveillance system

In addition to the evaluation of sensitivity of MI to
detect diseases and welfare problems, we assessed
the relative contribution of MI to animal surveillance
compared to other surveillance components existing in
the European Union. One epizootic disease (avian
influenza; AI), three enzootic diseases (aspergillosis,
colisepticaemia, infectious bursal disease; IBD) and
one welfare problem (ascites) were considered. For
AI, a conventional scenario tree model for freedom
of disease was used considering two surveillance com-
ponents other than MI: clinical surveillance at farm
[39] and serological surveillance [40]. The estimated
sensitivities at batch level (for a common batch size

Fig. 1. Flow diagram of the scenario tree model, with the arrows indicating the order that each step occurs, i.e. node of
the tree is calculated. AMI, Ante-mortem inspection; PMI, post-mortem inspection.
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equal to 10 000 birds) were very high and similar for the
three surveillance components considered (Table 5). A
scenario tree model has already been used to assess the
sensitivity of an AI surveillance system in Canada [41]
and in Catalonia [42]. In these studies, MI was not
taken into account in the surveillance system thus its sen-
sitivity was not estimated. This omission suggests that
MI is not considered as a means of AI detection, despite
that surveillance of OIE list A diseases is one of the MI
objectives. Our results showed, however, that MI could
be as sensitive as other passive or active components of
the surveillance system. It might be worth considering
it when evaluating the effectiveness of the overall surveil-
lance system. The Spanish study considered clinical sur-
veillance at farm as a component of the surveillance
system; the probability of detecting a batch of broilers
infected by HPAI was as high as we estimated in this
project for AI in turkeys, but was considerably lower
for low pathogenic avian influenza (LPAI). Such a dis-
tinction according to AI pathogenicity could not be
made in our project because data on epidemiology of
HPAI and LPAI are lacking at the European scale.

For the four other enzootic conditions, a tree model
based on the ‘detection fraction’ approach was devel-
oped including MI and clinical surveillance as

surveillance components. The detection fraction for
colisepticaemia and IBD was estimated to be very
high for a batch of 10 000 birds, both for clinical sus-
picion and MI (Table 6) because the within-flock
prevalence at farm was estimated as high by expert
opinion (more than 30% of infected birds) and the

Table 4. Probabilities of case detection (mode) of ante- and post-mortem inspection procedures at individual bird
level (5% and 95% percentiles) for 20 diseases and conditions

Diseases and conditions Ante-mortem inspection Post-mortem inspection

Epizootic
Highly pathogenic avian influenza 0·98 (0·95–0·995) 1·00 (1·00–1·00)
Newcastle disease 0·92 (0·88–0·96) 1·00 (1·00–1·00)

Endemic diseases
Coliform celullitis (gangrenous celullitis) 0·78 (0·55–0·89) 1·00 (1·00–1·00)
Mycoplasma gallisepticum infection 0·92 (0·86–0·97) 0·98 (0·97–0·99)
Colisepticaemia 0·81 (0·53–0·99) 1·00 (1·00–1·00)
Botulism 0·98 (0·96–0·99) 0·00 (0·00–0·00)
Necrotic enteritis and hepatic disease 0·95 (0·89–1·00) 1·00 (0·99–1·00)
Avian tuberculosis 0·92 (0·79–0·96) 1·00 (1·00–1·00)
Egg peritonitis 0·62 (0·47–0·74) 1·00 (1·00–1·00)
Duck plague 0·99 (0·97–1·00) 1·00 (1·00–1·00)
Infectious bursal disease 0·91 (0·82–0·97) 0·80 (0·68–0·91)
Aspergillosis 0·79 (0·69–0·85) 1·00 (0·99–1·00)
Histomoniasis 0·96 (0·91–0·98) 1·00 (1·00–1·00)

Welfare conditions
Dead on arrival 1·00 (0·91–1·00) 0·00 (0·00–0·00)
Thermal discomfort 0·85 (0·76–0·94) 1·00 (0·98–1·00)
Traumatic injuries 0·99 (0·97–1·00) 1·00 (1·00–1·00)
Pododermatitis 0·74 (0·57–0·82) 0·80 (0·64–0·87)
Skin lesions 0·85 (0·74–0·93) 1·00 (1·00–1·00)
Tarsal dermatitis 0·71 (0·56–0·86) 1·00 (1·00–1·00)
Ascites 0·93 (0·85–0·96) 1·00 (1·00–1·00)

Table 5. Estimated proportion of turkeys and turkey
batches detected as true positives for avian influenza by
different surveillance system components

Surveillance
system
component

Proportion of true
positives detected
(per bird, animal
level)

Proportion of true
positives detected
(per batch, 10 000
birds)†

Abattoir
inspection

0·0 103 1·0

Clinical
suspicion

0·0 017 1·0

Serology 0·0 245 1·0
Combined* 0·0 361 1·0

* The combined value does not consider overlap between
surveillance system components.
†Assumed between-flock prevalence = 0·096, within-flock
prevalence = 0·283.
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farmer’s and veterinarian’s awareness was also
expected to be high for these diseases. The benefit of
abattoir inspection over farm surveillance was there-
fore minimal. By contrast, the incremental benefit of
MI surveillance over clinical surveillance turned out
to be high for ascites. Expert opinion estimated the
probability of detection by the farmer to be low
(<50%) for this condition: ascites cases are rare in a
flock of broilers, occurring mainly at the end of the
rearing period when farmers are not prone to ask
for a veterinarian visit and the symptoms are usually
general and unspecific. The probability of detection
of ascites was estimated as very high during PMI,
leading to a higher value of MI than clinical surveil-
lance for detecting ascites. For aspergillosis in breeder
turkeys, the benefit of MI was also higher than for
clinical suspicion but the detected fraction remained
very low. This was due to low between- and within-
flock prevalences and a high proportion of mild
cases, which are more difficult to detect.

CONCLUSION

Surveillance of poultry health during MI is an exam-
ple of a syndromic surveillance, as in most of the
cases, no inference can be made on the aetiological
cause based on the clinical signs and lesions observed
during slaughter. MI enables rapid collection of data
on any health event but it does not contribute to early-
warning surveillance as it occurs at the last step of the
production chain; MI is rather the ultimate compo-
nent of a passive surveillance system. Nevertheless,
the increased use of animal-based welfare indicators
in the assessment of poultry welfare confers a new im-
portance on MI, given that these indicators are more
easily collected at slaughter than on farm. Despite
that, there is a common agreement on its interest, con-
crete and quantified examples of the contribution of

MI to poultry health surveillance are lacking because
surveillance data generated by MI are not harmonized
at the European level and they are not systematically col-
lected and analysed.However, some past examples show
that the two-way information flow from the farm to the
slaughterhouse (FCI) and from the slaughterhouse to
the farm (MI information) could be effectively used to
monitor and even enhance poultry health and welfare.
The models proposed to quantify the sensitivity of cur-
rentMI in the surveillanceof both enzootic and epizootic
diseases provide a toolwhichallows the assessment of the
potential impact of a revised MI procedure on poultry
health surveillance in Europe.
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