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Abstract

European Union (EU) and Italian legislation provide extensive control measures for non-typhoidal Salmonella (NTS) along the
poultry production chain; however, a regulatory gap persists for fresh poultry meat. Current EU microbiological criteria apply only
to NTS serotypes of major public health significance (“relevant”), whereas the management of other NTS serotypes (“non-relevant’)
is not harmonized. This study assessed the risk management strategies adopted by official veterinarians following the detection of
non-relevant serotypes in fresh poultry meat at the distribution stage. Relevant EU and Italian legislation were analyzed, and oper-
ational practices in Italy were investigated through a structured questionnaire administered to local health units. In addition, EU-
level approaches were examined through the analysis of Rapid Alert System for Food and Feed (RASFF) notifications. The results
revealed substantial heterogeneity in the management of comparable findings at both the national and EU levels, reflecting regula-
tory ambiguities and broad discretionary powers of competent authorities, thereby complicating the implementation of consistent
and proportionate official controls. This variability is further challenged by the increasing epidemiological relevance of certain non-
relevant serotypes, particularly S. Infantis. The study highlights the need for a revision and harmonization of the regulatory frame-

work to support consistent and proportionate official control practices while ensuring a high level of consumer protection.
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Introduction

Salmonella is a bacterium belonging to the Enterobacteriaceae
family of considerable public health importance (Rahman et al.,
2018). The genus comprises over 2600 serotypes, many of which
are pathogenic to humans and animals (Lamas et al., 2018;
Naushad et al., 2023). In the context of human disease, Salmonella
serotypes are generally classified as typhoidal and non-typhoidal
(NTS) (Hiyoshi et al., 2018; Johnson et al., 2018), also referred to
as agents of major and minor salmonellosis (Popa and Papa, 2021).
Typhoidal serotypes (S. Typhi and S. Paratyphi), highly adapted to
humans, cause severe systemic infections (Buzild et al., 2025),
whereas NTS serotypes are zoonotic agents and are mainly associ-
ated with gastrointestinal syndromes (EFSA, 2025).

Salmonella represents a major public health concern world-
wide (Kumar ef al., 2025). In 2024, 79,703 confirmed human cases
were reported in the European Union (EU). Among cases with
known serotypes, S. Enteritidis (58.4%), S. Typhimurium (11.0%),
and its monophasic variant (antigenic formula 1,4[5],12:1) (10.4%)
were the most frequently identified (EFSA, ECDC, 2025).
However, fatalities were also associated with other serotypes,
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including S. Infantis (n=4) and S. Derby (n=1) (ECDC, 2025).
Poultry remains a major source of infection, accounting for more
than 100 of the 247 strong evidence outbreaks reported in the EU
(EFSA and ECDC, 2025). At the EU level, Salmonella is among
the pathogens subject to mandatory surveillance under EU zoono-
sis control legislation (European Parliament and Council of the
European Union, 2003a). Regulation (EC) No 2160/2003, mainly
focused on primary production, and implemented through the
related National Salmonellosis Control Plans, aims to reduce the
prevalence of NTS serotypes of major public health significance,
hereinafter referred to as “relevant” (European Parliament and
Council of the European Union, 2003b). In addition, safety
requirements applicable to poultry meat and products are primarily
defined by Regulation (EC) No 2073/2005 (European
Commission, 2005a). Over time, additional national operational
guidance documents (ministerial notes) have been introduced in
Italy to support the management of “non-relevant” Salmonella
serotypes (all other NTS serotypes) in fresh poultry meat. The
most recent one (2022), although explicitly described as an inter-
locutory, non-binding act (Ministry of Health, 2022a), introduced
more stringent requirements than previous guidance, thereby cre-

OPEN 8ACCESS



Article

ating uncertainty in its practical implementation. Therefore, risk
management remains heterogeneous and insufficiently standard-
ized across control systems, despite their increasing prevalence
and potential public health implications. This study aims to assess
the risk management strategies adopted by official veterinarians
(OVs) when non-relevant serotypes are detected in fresh poultry
meat at the distribution stage, and to evaluate the consistency of
official controls in a regulatory context lacking specific harmo-
nized criteria. To this end, a collection and analysis of the relevant
EU and Italian legislation concerning Sa/monella control along the
poultry chain was performed. Then, a survey was conducted
through the administration of a questionnaire to Italian Local
Health Units (LHUs) to investigate the legal basis adopted in
response to the detection of non-relevant serotypes. The survey
results were complemented by the collection of the corresponding
data related to Rapid Alert System for Food and Feed (RASFF)
notifications, thereby providing a broader European perspective on
current risk management practices.

Materials and Methods

Collection and analysis of legislation

Relevant EU and Italian legislation concerning Salmonella con-
trol along the poultry chain was collected and reviewed to support the
interpretation of local and EU control procedures adopted by OVs.

Questionnaire administration to Italian competent
authorities and European Union Rapid Alert
System for Food and Feed notifications analysis

A structured questionnaire with predefined fields was distrib-
uted to Italian LHUs to collect data on official controls carried out
on fresh poultry meat at the distribution stage during the period
2021-2023. One LHU per Italian region was contacted on a prag-
matic, non-random basis, with the aim of ensuring broad geograph-
ical coverage of the national territory. Participation was voluntary,
and a total of 12 LHUs returned complete responses. Respondents
were asked to report the total number of official samples of fresh
poultry meat collected for Sa/monella testing, the number of posi-
tive samples, and the identified serotypes. The questionnaire also
included a descriptive section aimed at collecting information on
the legal basis adopted and the measures implemented by the com-
petent authorities (CAs) following the detection of non-relevant
serotypes. Data were collected and analyzed at an aggregated level,
without reference to individual LHUs. The questionnaire was
designed for descriptive purposes and was not intended to support
statistical inference. In parallel, for the year 2023, information on
the management at the EU level of findings of non-relevant
serotypes in fresh poultry meat was collected by consulting the
RASFF Window and i-RASFF platforms. The RASFF notifications
were analyzed descriptively to identify the legal basis cited and the
risk management measures adopted by CAs, rather than performing
a quantitative or statistical assessment.

Results and Discussion
Analysis of the European Union and Italian
legislation

The management of Salmonella along the poultry production
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chain is governed by a comprehensive set of European and nation-
al rules that establish monitoring and surveillance obligations,
microbiological criteria, and the respective responsibilities of CAs
and food business operators (FBOs) (Supplementary Table 1;
European Commission, 2010; European Commission, 2012a;
European Commission, 2012b). For this study, only the core regu-
latory instruments directly influencing official control activities
were examined.

At the EU level, Salmonella is subject to mandatory surveil-
lance under Directive 2003/99/EC on zoonoses monitoring.
Specific rules for the control of Salmonella in poultry are laid
down in Regulation (EC) No 2160/2003 and its implementing
measures, which focus on the primary production stage. This reg-
ulation provides for the establishment of EU reduction targets for
serotypes of major public health significance, which are identified
based on the criteria set out in Annex III. Accordingly, the list of
relevant serotypes varies according to the poultry sector: in poultry
meat production, these are S. Enteritidis and S. Typhimurium
(including its monophasic variant), whereas in breeding flocks of
Gallus gallus the list also includes S. Infantis, S. Hadar, and S.
Virchow. To achieve the EU targets, Member States must adopt
national control programmes, such as the Italian NSCP 2025-2027
(Ministry of Health, 2025) (Figure 1).

In addition, the microbiological criteria applicable to poultry
products are defined in Regulation (EC) No 2073/2005. For fresh
poultry meat, only the two relevant serotypes (S. Enteritidis and S.
Typhimurium, monophasic variant included) constitute a food
safety criterion. In contrast, for other meat categories, such as
minced meat, meat preparations, and mechanically separated meat,
the regulation requires the complete absence of Salmonella spp.,
thereby also encompassing non-relevant serotypes. This regulatory
asymmetry leaves the management of non-relevant serotypes in
fresh poultry meat insufficiently defined.

In the absence of specific microbiological criteria, CAs must
rely on cross-cutting provisions such as Regulation (EC) No
178/2002 (European Parliament and Council of the European
Union, 2002), which establishes the general principles of food
safety and outlines the circumstances under which food should be
deemed unsafe. Furthermore, Regulation (EU) 2017/625 grants
CAs the discretion to impose corrective measures proportionate to
the risk identified (European Parliament and Council of the
European Union, 2017), even where no explicit microbiological
standard exists. Consistently, the Court of Justice of the EU clari-
fied in the Romega case (Court of Justice, 2022) that the CA, pur-
suant to Article 1 of Regulation (EC) No 2073/2005 in conjunction
with Article 14 of Regulation (EC) No 178/2002 “may regard as
unsafe the food category consisting in fresh poultry meat in which
pathogenic microorganisms other than the Salmonella serotypes
listed in point 1.28 of Chapter 1 of Annex I to Regulation No
2073/2005 have been detected”.

In addition, at the Italian level, the Ministry of Health has
issued several ministerial notes concerning the management of
fresh poultry meat found to be contaminated with non-relevant
serotypes. Particularly, DGISAN Notes No 0030530/2015 and No
0001038/2016 stated that withdrawal or recall is not required when
labelling ensures consumer protection by specifying the intended
use (thorough cooking at least 75°C at the core) (Ministry of
Health, 2015, 2016). However, the subsequent DGISAN Note No
0004901/2022 has provoked uncertainty among CAs, as it sets, for
non-relevant serotypes, the same requirements as those provided
for the relevant ones (Ministry of Health, 2022b).

Overall, while the regulatory framework is well defined for
relevant serotypes, it remains considerably less prescriptive for
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ITALIAN NATIONAL LEGISLATION
National Salmonellosis Control Plan (NSCP) 2025-2027

Applies to: Conventional poultry farms
Exempt holdings: family farms (no animal movements, own use only, < 50 animals)

Responsability

Relevant-NTS

Results (self monitoring / official control)

N Production (-) Relevant-NTS end...
Species serotypes
FBO LHU type and objective A (+) Relevant-NTS (-) Non-
A (+) Non- relevant-NTS relevant-
NTS
r@\ * LHU shall promptly inform the Region, Ministry and NRCS
ALL FLOKS
« Drafting the Farm | + Receipt of the ° A Am'ﬁ;;:?:‘;é;‘::gﬁ:&;e“ positive * LHU together wit!} the farm veterinarian,
Self-Monitoring Plan Farm Self- carries out an
and submitting itto | Monitoring Plan ) . epidemiological investigation.
LHU: and its approval, * Appropriate health measures (e.g. reinforcement of * Documentation sent to CA, Ministry and
subject to any biosecurity measures) NRCS
The plan should requested * S. Enteritidis and
briefly describe -> | modifications or « 5. Typhimurium / \ If
et any additions. (including the illi or Seftmare GRS ST
identification data, . monophasic o Killing . Slaughter‘ ) PP
structure and Broilers - and destroyed under health restrictions; subsequent sample.zs > o
description of the  Systematic (in accordance with (the LHU orders the + the LHU may update the investigation,
farm, information inspection <1% Reg. (EC) No slaughter of positive animals require ch to bi ity
about the farm | Verify compliance = 1069/2009) at the end of the day) and step-up official controls
veterinarian, details with the +
on feed, water, rovisions of the
poultr}{mter, carcass, P plan. / T
S — N < sent dirocty BROILERS AND FATTENING TURKEYS
and the sampling plan|  Frequency: = or ent directly for Recurrent positivity
for Salmonella - 21/year (for SR ES G LD heat treatment Salmonella spp. positivity
testing, including the | farms authorized Reg. 1086/2011 (3 consecutive cycles in broilers /
person responsible to intra- & 2iin turkeys)
and procedures for community
managing positive exchanges); e . l
results... - for other types S. Enteritidis — S. Infantis S. Hadar -
of farms: S. Typhimurium S. Virchow
according to the (including the Corrective action
risk assessment. Gallus monophasic variant) * Housing facilities must undergo thorough
gallus cleaning and disinfection.
Same as for broilers [« biosecurity | ¢ epidemiological
measures investigation | e FBO: verifies effectiveness of cleaning and
+ disinfection through a negative V
* Identification * LHU may environmental test (= 5 swabs from critical
* Identification and and notification increase official points); only then can a new flock be
notification of of hatcheries control housed.
* S. Enteritidis hatcheries and and destination frequency and
* S. Typhimurium destination farms farms adjust The environmental testing must include at
(including the biosecurity least
monophasic * eggs from positive * eggs from measures - surfaces
Breeding variant) groups not used positive groups - structural parts
* S. Infantis, for hatching not used for * Cleaned and
N o N - feeders
* S. Hadar, hatching disinfection at = drinking lines
* S.Virchow  in hatching, eggs end of cicle
from positive * in hatching, beforfe « Official veterinarian:
<1% groups, and eggs eggs are restocking L
that came into destroyed (in perfor.ms mlcroblol.oglca.l checks after
UL s cleaning, at predefined intervals and
them, are Reg. (EC) No whenever deemed necessary.
destroyed (in 1069/2009)+
accordance with additional
Reg. (EC) No cleaning and
1069/2009) + disinfection of
additional facilities and
cleaning and equipment
disinfection
* S. Enteritidis
* S. Typhimurium
(including the
Breeding mo-nophasic Same as for breeding Gallus gallus
variant)
1%
Mel is
gallopavo
* S. Enteritidis
* S. Typhimurium
(including the
Fattening monophasic Same as for broilers Gallus gallus
variant)
1%

Figure 1. National Salmonellosis Control Plan (NSCP) 2025-2027. FBO, food business operator; LHU, local health unit; NTS, non-
typhoidal Salmonella; NRCS, National Reference Center for Salmonellosis, CA, competent authority.
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non-relevant ones. This structural ambiguity creates conditions for
heterogeneous risk management approaches; an issue that clearly
emerged from the responses gathered through the questionnaire
and from the analysis of RASFF notifications, which are further
explored in the following sections.

Questionnaire and European Union Rapid Alert
System for Food and Feed notifications: analysis
of results in the context of the regulatory frame-
work

A total of 12 questionnaires from LHUs were analyzed, cover-
ing 332 official samples of fresh poultry meat collected at the dis-
tribution stage. Among these, 50 samples (15.1%) were positive
for Salmonella. Only 7 isolates (14%) corresponded to serotypes
classified as relevant under current EU legislation, all identified as
S. Enteritidis, while the remaining 43 isolates (86%) consisted of
non-relevant serotypes, with S. Infantis representing the great
majority (76.7%). This result is consistent with the current epi-
demiological scenario, in which S. Infantis is recognized as an
emerging multidrug-resistant serotype capable of persistence along
the food chain through enhanced biofilm formation (Mattock et al.,
2024; Kriiger et al., 2025). This epidemiological evolution further
challenges the current dichotomy between relevant and non-rele-
vant serotypes established in Regulation (EC) No 2160/2003.

The analysis of the action taken by CAs following the detec-
tion of non-relevant serotypes revealed a considerable heterogene-
ity, reflecting the fragmented regulatory context outlined in the
section Analysis of the European Union and Italian legislation. All
respondents reported notifying the positive finding to the CA terri-
torially responsible for the production establishment, to intensify
official controls. This practice is grounded in the enforcement obli-
gations under Regulation (EU) No 2017/625 (Art. 138, investiga-
tion and determination of the origin and extent of the non-compli-
ance) and is consistent with the framework for communicating
official control results laid down in Regulation (EU) No 2019/627
(Art. 39) (European Commission, 2019). Finally, this information
flow is aligned with the approach of the national guidance on
Regulation (EC) No 2073/2005 which, although referring to the
slaughterhouse context, outlines an upstream notification mecha-
nism that can reasonably be extended, by analogy, to the subse-
quent stages of the food chain (41/CSR-2016) (CSR, 2016).

Beyond this common approach, however, significant differ-
ences emerged. A large majority of CAs (92%) addressed non-rel-
evant Salmonella findings by verifying compliance with Article 14
of Regulation (EC) No 178/2002, specifically assessing the pres-
ence of clear instructions requiring thorough cooking (at least
75°C at the core). When such instructions were correctly dis-
played, LHUs considered the product safe for its intended use,
consistent with the interpretations provided by DGISAN Notes No
0030530/2015 and No 0001038/2016. In contrast, approximately
17% of the respondents adopted a more restrictive interpretation,
deeming non-relevant serotypes in fresh poultry meat a potential
health risk, citing Law 283/1962 (Art. 5, letter d) (Italian Republic,
1962); following the transmission of criminal reports to the
Judicial Authority, some proceedings were archived. Finally, an
even smaller proportion of respondents (8%) adopted the most pre-
cautionary measure available by activating the RASFF system,
treating the detection of non-relevant serotypes as a serious risk
under Article 19 of Regulation (EC) No 178/2002.

Overall, the survey reveals a pronounced variability in how
Italian LHUs manage non-relevant Salmonella serotypes in fresh
poultry meat. It is particularly noteworthy that such heterogeneity
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already emerges in a limited sample of 12 LHUs, making even
greater variability plausible if all CAs were considered. This het-
erogeneity may arise from the coexistence of non-binding and
sometimes inconsistent national guidance, and the broad discre-
tionary powers conferred upon CAs by EU legislation.
Furthermore, we cannot fail to consider that the microbiological
criterion limited to Salmonella Enteritidis and Salmonella
Typhimurium in the fresh poultry meat, introduced by Regulation
(EU) No 1086/2011 (European Commission, 2011), that amended
Regulation (EC) No 2073/2005, was defined by considering the
“best balance between reducing human salmonellosis attributed to
the consumption of poultry meat and the economic consequences
of the application of that criterion”.

Also at the EU level, CAs assess and manage the risk in a non-
uniform manner, reflecting regulatory and operational uncertainty
due to the lack of a harmonized regulatory context for these
serotypes. However, it should be noted that the analysis of notifi-
cations was affected by intrinsic limitations of the RASFF dataset,
such as data entry errors and missing or incomplete fields
(Pigtowski, 2025), which inevitably limited the interpretation of
the results. Based on the available data collected, most EU CAs
activated the RASFF by referring to Regulation (EC) No
178/2002. A substantial proportion of notifications also cited
Regulation (EC) No 2073/2005, despite the absence of a specific
food safety criterion for non-relevant serotypes in fresh poultry
meat, likely relying on a combined reading with Article 14 (para-
graph 8) of Regulation (EC) No 178/2002. Only sporadically were
Regulation (EC) No 1688/2005 (European Commission, 2005b) or
Regulation (EC) No 178/2002 in conjunction with Regulation
(EC) No 1069/2009 cited (European Parliament and Council of the
European Union, 2009). As for the actions taken, they were simi-
larly heterogeneous, including increased frequency of official con-
trols, notification of other CAs involved, and requests for with-
drawal and recall of products from the market, as well as product
blocking, meat heat treatment, or destruction.

Conclusions

Pursuant to Article 1 of Regulation (EC) No 2073/2005, in
conjunction with Article 14(8) of Regulation (EC) No 178/2002,
CAs may adopt specific risk management measures under Article
138 of Regulation (EU) No 2017/625 to protect consumers from
potential risks associated with the presence of non-relevant
serotypes in fresh poultry meat. This discretionary power is further
supported by the 2022 judgment of the Court of Justice of the
European Union (C-89/21, 28 April 2022). However, the absence
of microbiological criteria for non-relevant serotypes in fresh poul-
try meat contributes to substantial variability in the assessment and
management of similar non-compliances, both at the national and
EU levels. As shown by the results of this study, comparable find-
ings may lead to different enforcement measures depending on the
CA involved. Such heterogeneity does not stem from a lack of
legal basis, but rather from structural regulatory gaps that affect the
consistency and predictability of official control activities and may
result in unequal treatment of FBOs across different jurisdictions.
In light of the increasing epidemiological relevance of certain non-
relevant serotypes, such as S. Infantis, and their growing antimi-
crobial resistance, a revision and harmonization of EU and national
regulatory frameworks, based on updated risk assessment, would
support more consistent and proportionate risk management prac-
tices while maintaining a high level of consumer protection.
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