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Abstract

The transmission of antimicrobial resistance (AMR) between food-producing animals (poultry, cattle
and pigs) during short journeys (< 8 h) and long journeys (> 8 h) directed to other farms or to the
slaughterhouse lairage (directly or with intermediate stops at assembly centres or control posts, mainly
transported by road) was assessed. Among the identified risk factors contributing to the probability of
transmission of antimicrobial-resistant bacteria (ARB) and antimicrobial resistance genes (ARGs), the
ones considered more important are the resistance status (presence of ARB/ARGs) of the animals pre-
transport, increased faecal shedding, hygiene of the areas and vehicles, exposure to other animals
carrying and/or shedding ARB/ARGs (especially between animals of different AMR loads and/or ARB/
ARG types), exposure to contaminated lairage areas and duration of transport. There are nevertheless
no data whereby differences between journeys shorter or longer than 8 h can be assessed. Strategies
that would reduce the probability of AMR transmission, for all animal categories include minimising the
duration of transport, proper cleaning and disinfection, appropriate transport planning, organising the
transport in relation to AMR criteria (transport logistics), improving animal health and welfare and/or
biosecurity immediately prior to and during transport, ensuring the thermal comfort of the animals and
animal segregation. Most of the aforementioned measures have similar validity if applied at lairage,
assembly centres and control posts. Data gaps relating to the risk factors and the effectiveness of
mitigation measures have been identified, with consequent research needs in both the short and
longer term listed. Quantification of the impact of animal transportation compared to the contribution
of other stages of the food-production chain, and the interplay of duration with all risk factors on the
transmission of ARB/ARGs during transport and journey breaks, were identified as urgent research
needs.
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Summary

The European Parliament asked the European Food Safety Authority (EFSA) Panel on Biological
Hazards (BIOHAZ) to deliver a Scientific Opinion on the transmission of antimicrobial resistance (AMR)
during animal transports.

The BIOHAZ Panel was asked to answer the following questions (Terms of Reference, ToRs): ToR1:
What are the most significant risk factors contributing to the spread of food-borne zoonotic and
indicator antimicrobial-resistant bacteria (ARB) and antimicrobial resistance genes (ARGs) between
food-producing animals during short journeys (< 8 h) and long journeys (> 8 h) directed to other
farms or to slaughterhouses (directly or through livestock markets)?; ToR2: What preventive measures
and control options could be implemented during short journeys and long journeys directed to other
farms or to slaughterhouses and during subsequent lairage to reduce the probability of spread of food-
borne zoonotic and indicator ARB/ARGs between food-producing animals?; ToR3: What are the data
gaps and what are the most urgent data needs to support the analysis of the correlation between the
main risk factors identified above and the spread of food-borne zoonotic and indicator ARB/ARGs
between food-producing animals during transport and lairage?

The Scientific Opinion focused on ARB of public health importance, including food-borne zoonotic
pathogens and indicator bacteria covered by the European Union (EU) AMR monitoring legislation
Commission Implementing Decision (EU) 2020/17291 or upcoming EU baseline surveys (Salmonella spp.,
Campylobacter spp., Escherichia coli, Enterococcus spp., MRSA) and on ARGs. Information on the
transmission of zoonotic pathogens and indicator bacteria in general was used to support the assessment
when there was a lack of data on ARB/ARGs. For the purpose of this Scientific Opinion, the European
Commission Council Regulation (EC) No 1/20052 definition of animal transport was used: ‘the movement of
animals effected by one or more means of transport and the related operations, including loading, transfer
and rest, until unloading of the animals at the place of destination is completed’. The focus was the
transport of the main food-producing animals -poultry, pigs and cattle-, from one farm to another farm
and/or to the slaughterhouse lairage (directly or with intermediate stops at assembly centres or control
posts, mainly transported by road), within, from and to the EU/EFTA countries in compliance with current
EU regulations.

The end point of the assessment was any possible variation in the AMR status (abundance and
diversity of ARBs/ARGs) associated with transportation and on arrival at the destination.

To address the mandate, a qualitative assessment was undertaken based on information from
international reports, European Legislation, scientific literature and expert knowledge.

Uncertainty was addressed following EFSA guidance. The certainty of the conclusions was obtained
through consensus expert judgement, following discussion in the working group, informed by the
collected evidence and expert knowledge.

In general, there is scarce information and lack of specific studies addressing the risk factors for AMR
transmission during transport of animals, and the mitigation and control of those risks. Thus, several of
the conclusions made are supported by expert knowledge on risks for bacterial transmission in general.

The following risk factors were considered 99%–100% certain (almost certain) to contribute to the
probability of transmission of ARB/ARGs during food-producing animal transport: the resistance status
(presence and type of ARB/ARGs) of the animals pre-transport, increased faecal shedding, insufficient
hygiene of the areas and vehicles, exposure to other animals carrying and/or shedding ARB/ARGs
(especially from different origins), duration of transport (given the presence of other risk factors) and
exposure to contaminated assembly centre, control post and lairage areas.

The following risk factors were considered 66%–90% certain (likely) to contribute to the probability
of transmission of ARB/ARGs during food-producing animal transport: airborne transmission within the
vehicle, ARB/ARGs carriage in workers (this is considered to have a minor contribution compared to
exposure to the vehicle environment and other animals carrying ARB/ARGs), the health status of the
animal, unfavourable environmental conditions (high temperature and humidity) which enhances the
survival rate of bacteria in the environment as well as inadequate transport environmental conditions
which can cause alteration in the microbiota of animals.

1 Commission Implementing Decision (EU) 2020/1729 of 17 November 2020 on the monitoring and reporting of antimicrobial
resistance in zoonotic and commensal bacteria and repealing Implementing Decision 2013/652/EU. OJ L 387, 19.11.2020, pp.
8–21.

2 Council Regulation (EC) No 1/2005 of 22 December 2004 on the protection of animals during transport and related operations
and amending Directives 64/432/EEC and 93/119/EC and Regulation (EC) No 1255/97, OJ L 3, 5.1.2005, pp. 1–44.
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It is considered that feed withdrawal and stress are 33%–66% certain (as likely as not) to
contribute to the probability of transmission of ARB/ARGs during transport. Both positive (reduction of
vomiting and shedding of faecal material) and negative (increased shedding of certain bacteria) effects
on ARB/ARGs transmission can be assumed, but the overall direction of the effect of feed withdrawal
remains unclear. There is evidence that stress can lead to alterations in microbiota and suppression of
the immune system, but the impact (positive or negative) on the transmission of ARB/ARGs is unclear.

Although most of the identified risk factors are influenced by transport duration (i.e. with longer
transports the exposure to other risk factors is prolonged), there is no specific data to estimate
differences between journeys shorter or longer than 8 h. Journeys that require rests in control posts
are associated to specific risk factors in those temporal areas (e.g. mixing of animals, environmental
contamination, new environment-stress).

Minimising the duration of transport and organising the transport in relation to AMR criteria (transport
logistics based, e.g. on AMR load, ARBs with resistance to ‘critical’ antimicrobials and ARGs conferring those
resistances, epidemiological data or indirect parameters such as antimicrobial use (AMU)) were considered
mitigation strategies which would reduce the probability of AMR transmission with a 95%–99% certainty
(extremely likely). With the data available, no maximum journey duration can be recommended.

In general, it is considered 90%–95% certain (very likely) that any measure improving animal
health and welfare and/or biosecurity just before and during transport will reduce ARB/ARGs
transmission. Such measures include: good husbandry and handling practices associated with animal
transport preparation interventions, animal segregation (by species, production stage, or age),
minimising the number of farms visited or ensuring the thermal comfort of the animals during the
transport. The same certainty level is provided for mitigation measures tackling hygiene, e.g. proper
cleaning and disinfection of transport vehicles, crays, cages, and in general surfaces and equipment.
Efficacy of the protocols should be validated and/or tested regularly by inspection and microbiological
analyses. These measures apply to loading/unloading areas and equipment as well.

Reducing stock densities and number of animals in contact as well as avoiding the transport of sick
animals were considered 66%–90% certain (likely) to mitigate the risk of AMR transmission.

It was considered 66%–100% certain (likely to extremely likely) that apart from minimising the use of
assembly centres and control posts, the implementation of the measures recommended above with regard
to animal handling, stocking densities, mixing/segregating animals and facilities cleaning and disinfection, are
also relevant to mitigate ARB/ARGs transmission in these places as well as in the lairage. Limiting the lairage
time to the minimum possible will also reduce the probability of this transmission.

The effect of the provision of bedding (quantity and type) as a mitigation strategy was considered
33%–66% certain (as likely as not) to be efficient, as it may have both beneficial and negative effects
on probability of ARB/ARGs transmission.

Finally, based on the uncertainties associated with the risk for ARB/ARGs transmission linked to
feeding measures (feed withdrawal and/or use of alternative substances to antimicrobials), no specific
mitigation measures in relation to feeding management are proposed.

A range of data gaps relating to the risk factors and the effectiveness of mitigation measures have been
identified, with consequent research needs in both the short and longer term listed. The data gaps identified
included: quantification of the effect of fasting prior and during transport on ARB/ARGs in the microbiota, the
effectiveness of different cleaning and disinfection protocols to reduce/eliminate ARB/ARGs, the direction of
the association between transport-related stressors and ARB/ARGs transmission, the effect of type and
amount of bedding, the definition and identification of AMR criteria and the best indicators for each criterion
upon which the transport logistics could be organised, the possible contribution of the airborne route during
transport and lairage, the impact of mechanical vs. manual catching/loading of animals, the contribution of
the health status of the animal (e.g. in relation to the shedding of ARB/ARGs, the susceptibility to
colonisation or infection by ARB, or transmission of ARGs) and the effect of interventions using alternative
substances to antimicrobials to mitigate transmission of ARB/ARGs.

Among the most urgent research needs, studies assessing the impact of animal transportation compared
to the contribution of other stages of the food-production chain as a contributor to dissemination of AMR
between farms and/or to contamination of meat at slaughter were identified. Studies quantifying the
interplay of duration with all risk factors during transport and journey breaks were particularly identified as
an urgent research need. Such studies should include the determination of the time-lag between uptake of
ARB and faecal shedding and subsequent transmission of such bacteria under transport and lairage
conditions. It is also considered important to define the AMR criteria and the best indicators for each criterion
that could be used for transport logistics as indicated above.
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1. Introduction

1.1. Background and Terms of Reference as provided by the requestor

By letter dated 20 May 2021, Mr. Pascal Canfin, the Chair of the Committee on Environment, Public
Health and Food Safety (ENVI) requested that the European Parliament asks the European Food Safety
Authority (EFSA) to deliver a scientific opinion on the transmission of antimicrobial resistance (AMR)
and zoonotic agents during animal transports. The Coordinators of the ENVI Committee endorsed this
suggestion from the Committee of inquiry on the protection of animals during transport (ANIT).

The emergence and spread of AMR and other zoonotic agents are rising. During the transport,
animals are subject to an environment where factors such as temperature, ventilation, and the mixing
of animals from different origins contribute to the dissemination of resistant microorganisms, as well as
zoonotic agents. However, important data gaps remain regarding the transmission of these
microorganisms and agents. As this lack of knowledge is a public health concern, it is crucial to assess
the potential role of transport of live animals in this particular matter. The European Parliament,
therefore, considers it opportune to request EFSA to draw up a scientific opinion on different aspects
of the transmission of AMR and zoonotic agents during animal transports, and more specifically on the
three following questions:

1) What are the most significant risk factors contributing to the spread of foodborne zoonotic
and indicator antimicrobial-resistant bacteria (ARB) and antimicrobial resistance genes (ARG)
between food-producing animals during short journeys (< 8 h) and long journeys (> 8 h)
directed to other farms or to slaughterhouses (directly or through livestock markets)?

2) What preventive measures and control options could be implemented during short journeys
and long journeys directed to other farms or to slaughterhouses and during subsequent
lairage to reduce the probability of spread of foodborne zoonotic and indicator ARB/ARG
between food-producing animals?

3) What are the current data gaps and what are the most urgent data needs to support the
analysis of the correlation between the main risk factors identified above and the spread of
foodborne zoonotic and indicator ARB/ARG between food-producing animals during
transport and lairage?

The European Parliament hereby requests this scientific opinion in accordance with Article 29 of
Regulation 178/2002. As this scientific opinion will be useful for the future work not only in the ENVI
committee, but also in the ANIT Committee, the European Parliament requests that the opinion be
ready before the end of October 2021.

The deadline of the opinion was extended to the end of September 2022.

1.2. Interpretation of the Terms of Reference

The Scientific Opinion focuses on ARB of public health importance, including food-borne zoonotic
pathogens and indicator bacteria covered by the European Union (EU) AMR monitoring legislation
Commission Implementing Decision (EU) 2020/17293 or upcoming baseline surveys (EFSA, 2022)
(Salmonella spp., Campylobacter spp., Escherichia coli, Enterococcus spp., methicillin-resistant
Staphylococcus aureus – MRSA) and on ARGs. Information on general bacterial transmission will be
used to support the assessment if there is a need for extrapolation due to lack of data on ARB/ARGs.

The Scientific Opinion focuses on transport of food-producing animals carried out within, from and
to the EU/EFTA countries in compliance with current EU regulations. Information from relevant studies
in other countries will be used to support the assessment when appropriate.

In the European Commission Council Regulation (EC) No 1/20052 (henceforth referred to as EC
1/2005), animal ‘transport’ is defined as ‘the movement of animals effected by one or more means of
transport and the related operations, including loading, transfer and rest, until unloading of the
animals at the place of destination is completed’. By ‘means of transport’ it is meant ‘any road or rail
vehicles, vessels and aircraft used for the transport of animals’. Considering that the majority of the
movements are carried out by road, the Scientific Opinion main focus is on this means of transport.
The term ‘vehicle’ is used for all types of transportation.

3 Commission Implementing Decision (EU) 2020/1729 of 17 November 2020 on the monitoring and reporting of antimicrobial
resistance in zoonotic and commensal bacteria and repealing Implementing Decision 2013/652/EU. OJ L 387, 19.11.2020, pp.
8–21.

AMR and animal transport
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The assessment focuses on pigs, cattle and poultry transport, since they cover the majority of the
live animal movements in Europe. Information on other animal species is used to support the
assessment when relevant.

The impact of transport on AMR will be assessed considering any possible variation in the diversity
and abundance of ARB/ARGs in the microbiota of the animals such as would happen during transport
from one farm to another farm and/or slaughterhouse (directly or with intermediate stops at assembly
centres or control posts). This includes the proportion of carrier or contaminated animals (e.g. as
assessed by tests on faeces/intestinal content, skin, nasal swabs, saliva, etc.) and/or abundance of
different ARB or ARGs. For abattoirs, both the end of the journey and the end of lairage will be
considered as end points of the assessment.

The movement of living animals between premises contributes to the transfer of bacteria (carried
by the animals moved) between farms or from farms to other destinations such as slaughterhouses.
On the farm of destination animals are often mixed and exchange ARB/ARGs. Moreover, farm-to-farm
transport often involves young animals, with a longer lifespan ahead. Consequently, ARB/ARGs are
spread between farms, regions, countries and even continents. As a consequence of transportation of
animals between farms and the commingling of animals from different origins (not commonly applied
to poultry), these animals are more likely to contract infectious diseases, such as respiratory and
gastrointestinal infections, and may require as a consequence antimicrobial treatment (Smith, 2019;
Pokharel and Karna, 2022). While the need for these treatments can often be indirectly attributed to
transport, the impact of antimicrobial usage after transport on the possible emergence and spread of
AMR is outside the scope and will not be considered in this Scientific Opinion. ARB/ARGs transmission
during transport to the slaughterhouse is also important from a public health and food safety
perspective as ARB/ARGs present in the animals at the end of lairage may contaminate carcasses
during slaughter and reach the consumer through meat, depending on the hygiene measures
implemented at slaughter. When assessing risk factors related to transport on the transmission on
ARB/ARGs these different aspects, as well as cross-contamination during the slaughter process, are
not considered, since stages after transport and/or after lairage (management practices on farm or
slaughter procedures) are outside the scope of this Scientific Opinion.

In addition to the considerations listed above and the limits of this Scientific Opinion, the occupational
exposure to ARB/ARGs by humans, such as transmission by aerosols/dust, close contact with animals or
with their environments will be only referred to in the context of transportation. An assessment of the
risks via these pathways is outside the remit of EFSA, since this does not relate to food-borne infection.
Moreover, management practices on farms prior to transport will not be considered unless directly related
to preparation for transport (e.g. feed withdrawal, handling/catching).

The term ‘assembly centres’, as defined in EC 1/2005, refers to ‘those places such as holding
centres, collection centres and markets where domestic animals originating from different holdings are
grouped together to form consignments’. ‘Control posts’ are defined as the ‘places where animals are
rested for at least 12 h or more (formerly called staging points) after long journeys’ (EC 1/2005).

The Terms of Reference (ToRs) of the current mandate, as provided by the requestor, have been
translated into a series of Assessment Questions (AQs).

ToR 1 was transcribed into AQ1:

What are the most important risk factors contributing to the transmission of food-borne zoonotic
and indicator antimicrobial-resistant bacteria (ARB) and antimicrobial resistance genes (ARGs)
between food-producing animals during short journeys (< 8 h) and long journeys (> 8 h)
directed to other farms or to slaughterhouses (directly or through livestock assembly centres)?

ToR2 is used as the assessment question AQ2:

What preventive measures and control options could be implemented during short journeys and
long journeys directed to other farms or to slaughterhouses and during subsequent lairage to
reduce the probability of spread of food-borne zoonotic and indicator ARB/ARGs between food-
producing animals?

ToR3, was reformulated into:

AQ3: What are the knowledge gaps required to assess the contribution of the risk factors
identified in ToR1, the mitigation measures identified in ToR2 and to identify any factors not
covered by existing studies?

AMR and animal transport
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AQ4: Which are the most urgent and longer-term research requirements needed to fill the
identified data gaps?

The work for the development of this Scientific Opinion was undertaken with the advice of EFSA
Animal Health and Animal Welfare Panel (AHAW) which worked in parallel to answer the European
Commission Mandate: ‘Request for a Scientific Opinion concerning the protection of terrestrial animals
during transport’ (EFSA AHAW Panel, 2022a,b,c).

1.3. Additional information

1.3.1. Transport of animals

Live animal transportation in Europe is regulated by EC 1/2005 (this regulation is currently under
revision) and the ‘Journey’ is defined as follows: ‘entire transport operation from the place of departure
to the place of destination, including any unloading, accommodation and loading occurring at
intermediate points in the journey’.

Millions of animals are transported daily in Europe within Member States (MSs) and across MSs and
to/from third countries. While the movement of livestock across the borders of MSs of the EU is
monitored using the Trade Control and Expert System (TRACES) and reported each year in the
European Activity Reports (available online at https://food.ec.europa.eu/animals/traces/information-
material_en), movements within each country are more difficult to quantify as they are not always
registered by competent authorities, depending on the animal species.

Slaughter statistics show that in the EU 23 million cattle and 245 million pigs are slaughtered
annually but only an extremely small minority at the premises where they have been raised, i.e. most
of them have been transported prior to slaughter. For example, in Germany, the proportion of
slaughter at the premises was below 1% of all slaughtered cattle and pigs (data for 2nd semester
2018, Destatis, 2019). Likewise, a substantial proportion of these animals have not been raised fully on
the farm of birth, i.e. there has been transport from the farm of origin to the fattening unit, sometimes
with some intermediate stops such as livestock assembly centres (including markets, dealers’ premises
or holdings that only cover a certain part of the rearing period). Likewise, 5.5 billion chickens in the EU
have been transported yearly as day-old chicks from the hatchery to the farm and to the abattoir for
slaughter at the end of the fattening period or productive life, or from rearing farms to production
farms (EFSA AHAW Panel, 2022a).

From a recent analysis of TRACES (Dahl-Pedersen and Herskin, 2021), approximately 4 million
cattle and 33 million pigs were transported annually across MS-borders in Europe from 2014 to 2018.
For instance, in 2018, Italy imported a total number of 1,075,895 live bovine animals from several
countries and of these 1,050,319 were from Europe, mainly from France (Istat, 2021, online, last
accessed 5 May 2021). The purpose of those international movements is mainly for production (about
65%), slaughter (about 15%) and breeding (20%) each year. Most of those are considered ‘long
journeys’ since they exceed 8 h, starting from when the first animals of the consignment are moved
(EC 1/2005).

From a recent study (Padalino et al., 2021a), it was evident that these journeys were conducted by
specific commercial transport companies, using large trucks and lorries predominantly designed and
equipped for the transport of a specific species, and tended to cover the same routes many times
during a year. The companies were categorised into large and small companies. The transport
companies were usually from the country of destination. When farm animals are transported over very
long distances and have to stop at a control post, the first part of the journey is usually performed by
a company from the departure country, and the second part by a company from the destination
country. For logistic reasons, the animals may therefore change from one vehicle to another during the
same journey. Animals transported for short distances may be transported using vehicles which belong
to the slaughterhouse company (Bozzo et al., 2020). Depending on the length and/or duration of the
journey, the vehicles must guarantee certain requirements to comply with EC 1/2005 (e.g. watering
systems and forced ventilation are required for vehicles transporting animals for more than 8 h).

With the aim of reducing transport stress and consequently the incidence of transport-related health
welfare issues, many studies have identified risk factors for farm animals pre-, during and post-road
transport (Marahrens et al., 2011). Pre-journey risk factors include factors such as on-farm handling,
rearing conditions, assembly of animals, classifying, weighing, re-penning in a new environment, re-
grouping, mixing with unfamiliar animals, fitness for transport and handling at loading (Schwartzkopf-
Genswein et al., 2007; �S�ımov�a et al., 2016). Risk factors during the journey include duration, withdrawal
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of feed and water, thermal, physical and hygiene conditions inside the vehicle, overcrowding, absence of
partitions, driving skills, noise, vibration and road quality (Cockram and Spence, 2012; Costa et al., 2012;
Padalino, 2015). Transportation by rail, sea and air also applies in some cases and may have particular
risk factors associated with this type of transportation (e.g. sea sickness, fear associated with the
sensation of taking off and landing) (Bhatt et al., 2021). Post-journey risk factors include handling at
unloading, duration of rest periods at lairage, recovery practices, re-grouping and mixing with unfamiliar
animals (Messori et al., 2015, 2017; Padalino et al., 2016a). The identification of risk factors is essential
to help design mitigation strategies which are the basis of the current Animal Transportation Codes
around the world.

In Europe, transport best practices have been recently suggested to minimise the adverse effects of
transportation on health and welfare using expert knowledge elicitations (‘Animal Transport Guides’,
available online at www.animaltransportguides.eu/materials/). Transport issues and practices have
similarly been investigated through the use of surveys.

Antimicrobial use (AMU) before shipping or on arrival has been reported for certain animal species
(Padalino et al., 2016b; Cirone et al., 2019; Pratelli et al., 2021). Nonetheless in the EU, the use of
antimicrobials for prophylaxis or for metaphylaxis should be restricted as addressed by Regulation (EU)
2019/64.

One of the determining risk factors relating to animal health and welfare is journey duration (Cave
et al., 2005; Nielsen et al., 2011). Consequently, EC 1/2005, includes special requirements depending
on journey length and/or duration (see Figure 1). EC 1/2005 considers as ‘short journeys’
transportation that does not exceed 8 h, and ‘long journeys’ as transportation that exceeds 8 h.
Journeys under 65 km are not covered in this Regulation.

Vehicles have different requirements and consequently approval depending on the journey duration
(authorisations of Type 1 or 2 for short or long journeys, respectively). The same Regulation reports
that the MSs may grant derogations for means of transport by road in respect of journeys not
exceeding 12 h to reach the final place of destination. Consequently, journeys of up to 12 h are made
with trucks without the additional provisions required for long journeys. Journeys longer than 14 h are
considered as ‘very long journeys’ and must include a rest stop without unloading the animals but
must be completed within the current maximum journey duration set for the different species. For
instance, maximum journey duration is 29 (14 + 1 + 14) h for weaned large and small ruminants and
24 h for pigs. After this time, animals must be unloaded for resting, watering and feeding for at least
24 h in locations approved by the competent authorities (Sossidou and de Roest, 2012). Such
locations used to be called ‘staging points’ in Council Regulation (EC) 1255/19975 and have now been
renamed ‘control posts’ by EC 1/2005.

EC 1255/1997 (Article 6) requires that official veterinarians inspect the transport vehicle and
accompanying documents, as well as evaluate the animals’ fitness for transport before the animals leave
the control post again. The facilities and management at control posts have been identified as key factors
in animal recovery, affecting both resting behaviour and associated biochemical parameters such as
stress hormone levels, etc. (Sossidou and de Roest, 2012; Messori et al., 2015, 2017). If during the
journey, there is delay and the final destination has not been reached within the maximum journey
duration, but it is reachable within 2 h, the journey can continue without stopping at a control post.

4 Regulation (EU) 2019/6 of the European Parliament and of the Council of 11 December 2018 on veterinary medicinal products
and repealing Directive 2001/82/EC. OJ L 4, 7.1.2019, pp. 43–167.

5 Council Regulation (EC) No 1255/97 of 25 June 1997 concerning Community criteria for staging points and amending the
route plan referred to in the Annex to Directive 91/628/EEC. OJ L 174, 2.7.1997, pp. 1–6.
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Depending on species, the animals travel in containers (e.g. poultry, turkeys, rabbits) or loose (e.g.
small and large ruminants, pigs and horses). Space allowance varies depending on the species and
often the animal category and it is reported in the Annex 1 of EC 1/2005. For example, for bovines,
depending on the weight categories, the following different minimal space allowance is envisaged,
ranging from an area of 0.30 and 0.40 m2 for small calves (approximate body weight of 50 kg) to an
area greater than 1.60 m2 for very heavy cattle (body weight more than 700 kg).

The legislation specifies that the minimum space allowance should be increased depending on the
physical state of the animals (i.e. late pregnancy, newborn animals) and weather conditions (e.g.
increase space by 20% in case of hot weather). Since space allowance is considered one of the most
important risk factors for poor health and welfare, the current minimum space allowance is under
revision (EFSA AHAW Panel, 2022a,b,c). Cattle are usually transported on single deck vehicles, able to
move around freely. The number of animals per vehicle depends on the animal categories, and on the
total available space within a vehicle (usually it is approximately 32 m2). The average number of
medium size cattle transported per vehicle is 30 (Padalino et al., 2021a). The available space is
sometimes divided into smaller compartments, so the group size is smaller. This practice is
recommended to avoid mixing unfamiliar animals. Pigs usually travel in multi-deck vehicles, usually
with three decks. The vehicle compartment, and the type of deck floor can be risk factors for
transport-related diseases, due to different environmental conditions within the vehicle (Broom, 2008).
For instance, the top level is usually hotter and the lower level colder due to different ventilation and
air movements within the vehicle (EFSA AHAW Panel, 2022a,b,c). Bedding is often used to improve
animal comfort and welfare, and the use of bedding is compulsory during long (8–14 h) and very long
(> 14 h) journeys (see Figure 1). The quantity of bedding material may be important in controlling the
microenvironment and thereby minimising cold stress. One study has reported that adding more than
six bales/trailer of bedding in cold weather and more than three bales/trailer of bedding in mild
weather provided no additional benefit to the pigs (McGlone et al., 2014). Different types of bedding
materials (i.e. sand, feed, wood shavings, straw or hay) can be used, often straw and hay are
preferred because they can be used for feeding or they can be mixed with pelleted feed.

Animals travelling in containers, such as poultry and rabbits, are manually or mechanically caught
and loaded into containers. These can be of different ‘systems’ (loose crate, fixed cages on the vehicle
or modular). The dimensions of the containers vary among species and animal category. For instance,
the most common size of the crate used for laying hens and broilers is 85 9 66 9 30 cm, with an
opening of 30 9 35 cm. The space allowance for caged animals is usually expressed as area in cm2/kg

Figure 1: Description of type of journey, maximal journey duration and journey breaks in accordance
with EC 1/2005
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(e.g. for poultry with body weight < 1.6 kg the space is 180–200 cm2/kg). The group size per
container therefore depends on the size/category/species of the animal.

Animals are transported for different purposes and one animal can be transported more than once
in a lifetime, depending on the production system.

More information can be found in the previously mentioned ‘Animal Transport Guides’ (www.
animaltransportguides.eu/materials/) and recently published EFSA Scientific Opinions (EFSA AHAW
Panel, 2022a,b,c). In these Opinions, the journey has been split in different stages, which are different
depending on the species and if the animals travel or not in containers. Various hazards, welfare
consequences, preventive and corrective measures have been identified for each stage.

For animals transported in containers the stages of transport have been defined as follows:

1) Stage 1: Preparation includes planning of the journey and preparation of the animals by
removal of feed and assessment of fitness for transport.

2) Stage 2: Loading includes catching the animals, placing them in containers (crating) and
loading of containers onto the vehicle.

3) Stage 3: Journey includes the movement of animals by vehicle and intermediate stops along
the way until the place of destination is reached.

4) Stage 4: Arrival includes the period from arrival of the vehicle, unloading of the containers
from the vehicle, and waiting period (on lairage/unloading area) up to the start of the
uncrating.

5) Stage 5: Uncrating includes the removal of animals from the containers.

For free moving animals (pigs and cattle) the stages of transport have been defined as follows:

• Stage 1: Preparation includes planning of the journey, preparation of the animals (for pigs usually
by removal of feed), assessment of fitness for transport, grouping them in the loading area.

• Stage 2: Loading starts when the first animal is moved from the holding pen into the means of
transport and ends when the last animal is loaded and until the ramp is closed.

• Stage 3: Transit starts when the ramp has been closed and ends when the ramp is opened.
• Stage 4: Unloading starts when the ramp is opened and the first animal exits the means of

transport and ends when the last animal exits.
• Stage 5: New environment, the first period when animals arrive in the new place (at

slaughterhouses this stage is usually named lairage period).

During some journeys there may be ‘journey breaks’ which are periods when the truck is stopped
on the side of a road, or when animals are offloaded to other facilities for feeding, watering and
resting, including control posts.

1.3.1.1. Description of types of journeys and holding establishments applying to hatching
eggs, chicks and later stages of rearing, breeding and commercial egg and meat
production stages of poultry

Movements associated with poultry are shown in Figure 2. There are several tiers of breeding flocks
from Grandparent/elite flocks down to commercial breeding flocks. Each of these supply eggs on
plastic trays in vans or lorries, to breeder or commercial hatcheries which in turn supply chicks to the
tier below; ending with commercial single stage meat bird flocks, rearing flocks for laying hens and
some two stage rearing sites for meat birds such as turkeys and slow growing meat chickens. Chicks
are transported in reusable plastic or metal crates or single use cardboard trays and birds from rearing
flocks are delivered in plastic or metal crates or modules containing cages that are carried on lorries,
which applies to harvested birds or spent breeding or laying flocks being transported to slaughter.

Transportation of poultry between farms and to slaughter is an industrialised stressful process. It
may include loud and unpredictable noise, manual or automated catching (predominantly for larger
birds) and loading into crates or cages (depending on the species). Stocking densities of birds are
high. Birds are usually subjected to feed and water withdrawal. The crates are loaded into modules
and then onto trucks. Trucks often travel for several hours (EFSA AHAW Panel, 2022a). During the
journey, animals are subjected to stress caused by microclimatic conditions, motion of the vehicle,
vibration and noise. After the journey, modules are unloaded, followed by waiting in the lairage area.
Finally, birds are unloaded manually for slaughter (unless gas stunning is used) or placed in a new
housing environment (Wein et al., 2017). Transport of day old chicks follows different practices and
regulation, and it is the only transportation carried out in fully air-conditioned vehicles (for details see
EFSA AHAW Panel, 2022a).
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Figure 2: Type of movements within the poultry industry. Around 95% of the meat production birds
(e.g. poultry and turkey) move twice, from hatchery to farm and from farm to
slaughterhouse. Solid lines display main routes of transport for production, while dotted lines
show less frequent routes
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More information on poultry transport can be found in the ‘Guide to good practices for the
transport of poultry’ (Consortium of the Animal Transport Guides Project, 2018a, available online at
http://www.animaltransportguides.eu/wp-content/uploads/2021/02/EN-Guides-Poultry-final_2021.pdf)
and EFSA AHAW Panel (2022a).

1.3.1.2. Description of types of journeys and holding establishments applying to pig
production based on production farm, production stage and intended final use of
the animals

Figure 3 shows a diagrammatic representation of pig production. This production has a pyramidal
structure with several levels of breeding and multiplier farms down to the farms that primarily produce
piglets for meat production. From all levels, pigs may be transported to one of the following levels, or
directly to slaughter. At the lowest level are pigs primarily produced for fattening purposes. This
includes the vast majority of pigs and farms. Pigs may either be raised on their farm of birth or be
moved to a fattening farm, sometimes via a nursery farm stage which may specialise in rearing
weaned piglets to the grower stage, thus involving an additional level of transport. Studies of the
dynamics of pig transport revealed that shipments to the slaughterhouse occur at a higher frequency
than farm-to-farm transport (Crescio et al., 2021). In addition, different studies have concluded that
‘within-EU’ pig movements are characterised by a randomised structure (Bigras-Poulin et al., 2007),
often not restricted to an administrative region (Lentz et al., 2011).

AMR and animal transport
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More information on transport of pigs can be found in the ‘Guide to good practices for the transport
of pigs’ (Consortium of the Animal Transport Guides Project, 2018b, available online http://
animaltransportguides.eu/wp-content/uploads/2016/05/Guides-Pig-EC-Templ.pdf) and EFSA AHAW
Panel (2022b).

Figure 3: Type of movements within the pig industry. The scheme summarises the different sort of
farms by production objectives. Solid lines display main routes of transport for production,
while dotted lines show less frequent routes. Dotted boxes indicate the type of animal that
is transported. Some individual steps may be skipped. Nursery units may be part to the
commercial breeder farm (farrow to grower farms) with no transport after weaning.
Likewise, fattening units may be on the same farm as well (farrow to finish farm). In those
cases, less transport is involved. Additional transport may be involved in multi-site
operations. Transport to livestock assembly centres (markets, dealers, shows) occurs in
most countries, albeit mostly at small scale. Most pigs move twice, from farm to farm and
from farm to slaughter house/abattoir
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1.3.1.3. Description of types of journeys and holding establishments applying to cattle
production based on production farm, production stage and intended final use of
the animals

Types of journeys within the bovine industry are presented in Figure 4. Cattle (bovine animals) are
transported for various purposes. The majority of transport events occur either in early life, when
animals are transported directly from their farm of birth to a further farm, or to a livestock market or
dealer and subsequently to another farm. In multi-site production systems, having specialised units for
young stock raising, transport may include shipment between the unit where the calf is born and the
unit where it is to be raised. In beef production, further transport events may occur between the units
raising the small calves until they are weaned and the final fattening units. In suckler cow herds,
transport normally takes place at weaning, either to a fattening unit run by the same farm or by
another farm. For cattle, all these transport stages may additionally include assembly centres where
animals are unloaded and re-loaded. Transport of animals to and from agricultural shows or markets
may play a role for some animals. Another major transport event is journeys to slaughter for animals
used for meat production (beef and veal) or at the end of the production life (cull cows). A third event
is trade in animals between farms, e.g. as dairy replacement heifers and trading of older animals
(> 1 year of age) for other purposes than slaughter.

Conditions of transport differ substantially between these transport events. For calves, transport is
known to be associated with substantial health risks (Wilson et al., 2020). In pure dairy breeds, such
as Holstein Friesian or Jersey, transportation mainly involves male animals that are of very little
economic value to the dairy farm and therefore may have been managed with low input. These
animals usually end up in veal calf units.

After transport, such calves exhibit high levels of ARB/ARGs (Gay et al., 2019). It has been reported
that upon arrival, or in the period following transport, these animals will frequently be treated with
antimicrobials (Pardon et al., 2012; Jarrige et al., 2017; Bokma et al., 2020). Levels of AMR in bacteria
from calves are generally high (Tenhagen et al., 2020), although designated studies on the effect of
transport on ARB/ARGs in these animals are not available.

Transport for slaughter happens for veal calves at the end of the fattening period as well as for
beef cattle slaughtered at older ages.

AMR and animal transport
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More information on cattle transport is available in the ‘Guide to good practices for the transport of
cattle’ (Consortium of the Animal Transport Guides Project, 2018c, http://animaltransportguides.eu/wp-
content/uploads/2016/05/Guides-Cattle-EC-Templ.pdf) and EFSA AHAW Panel (2022c).

1.3.1.4. Effect of transport on susceptibility to disease and bacterial transmission

Surveys on farm animal transport have been performed to explore the epidemiological basis of
transport-related health and welfare issues worldwide. For instance, the mortality due to road
transport has been calculated for beef cattle in North America (0.01%) (Gonz�alez et al., 2012),
fattening pigs in Europe (0.07%) (Aver�os et al., 2010) and bobby calves in Australia (0.64%) (Cave
et al., 2005). The prevalence of transport-related health problems varies significantly even within the
same species (e.g. the prevalence of bovine respiratory disease varies from about 4% to more than
80%, Timsit et al., 2016; Pratelli et al., 2021). One reason for this large variation may be the use of
different criteria to assess health problems, but may relate to the journey conditions and duration,
busy and winding roads (Nielsen et al., 2011; Di Martino et al., 2017), the assessment of fitness for
transport (i.e. different health status before departure) and the different effects of transport stress on
the single animal immune system (Padalino et al., 2018).

Figure 4: Cattle breeding and distribution. Solid lines display main routes of transport for production,
while dotted lines show less frequent routes. Dotted boxes indicate the type of animal that
is transported. Most meat production cattle move at least twice, from the farm of birth to
the raising/fattening farm and from that farm to slaughterhouse/abattoir. For all cattle
additional movements may occur (e.g. to and from assembly centres, including markets or
fairs, or between different parts of the same farm)
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During loading, herding, mixing and transporting, animals will encounter different kind of stressors
(e.g. motion stress, thermal stress, separation stress) which activate stress responses (see Figure 5)
which may affect the immunocompetence, microbiota balance/composition (i.e. increasing the
shedding of particular bacteria), and therefore bacterial transmission and susceptibility to disease.

The nexus between transportation and acute phase responses has been investigated in pigs
(Murata, 2007), camels (Baghshani et al., 2010) and cattle (Van Engen and Coetzee, 2018). Impaired
cell-mediated immunity and release of cortisol are two signs of the acute phase response, which is an
immune based reaction to non-specific stimuli (Kushner, 1982). In broilers, the stress-associated
hormones (cathecolamines and corticoids) have been shown to promote the expression of virulence
factors in pathogens, e.g. in Campylobacter spp. (Truccollo et al., 2020). The acute phase response is
characterised by many systemic, metabolic and physiological alterations, including oxidative stress and
the release of acute phase proteins (Kushner, 1982; Pi~neiro et al., 2007; Cray et al., 2009).

Transport-associated alterations of oxidative balance may induce an oxidative stress with cellular
damage (Kirschvink et al., 2008) and increase susceptibility to disease (McCord, 2000), if not
adequately mitigated by antioxidant responses. Thus, oxidative stress might be involved in the
development of transport-related diseases. Monitoring of the redox balance by reactive oxygen
metabolites (ROMs) and plasma total antioxidant status (PTAS) in saliva could be a useful tool to
assess the health and welfare of transported animals, as already proposed for transported ewes
(Piccione et al., 2013).

Other factors (e.g. feed withdrawal) may lead to changes in the composition of the microbiota.
These may potentially increase the susceptibility of animals to colonisation by pathogens or enrich
commensal organisms that are more likely to carry important transmissible ARGs (e.g. increase in
coliforms in calves submitted to dietary stress). This might also potentiate transmission through
increased shedding (Cray et al., 1998).

Studies on the shedding of zoonotic bacteria during transport or at lairage have been conducted by
different research groups, as further detailed in Section 3.2.

Figure 5: Gut–brain axis model for the chicken (adapted from Wickramasuriya et al., 2022)

AMR and animal transport
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1.3.2. Antimicrobial resistance

AMR describes the resistance of bacteria to antimicrobial drugs. AMR exists in pathogenic as well as
in commensal bacteria. It is considered a major global health threat. A recent study estimated 1�27
million deaths in 2019 directly attributable to AMR, including about 33,000 annual fatalities in the EU
alone (Cassini et al., 2019; Antimicrobial Resistance Collaborators, 2022).

Humans can acquire ARB via human-to-human transmission, direct contact with animals, via the
food chain, and from the environment.

In pathogenic bacteria, AMR may impair therapy in both humans and animals. Commensal ARB can
provide a reservoir for resistance genes and may be the source of transfer of AMR to pathogens.
Microbiome studies have shown that production animals usually carry ARB in the gut, on mucous
membranes or on the skin and hide/fleece/fur (Von Tippelskirch et al., 2018; Keijser et al., 2019;
Luiken et al., 2020; Schlattmann et al., 2020; Holman et al., 2021; Tong et al., 2022). Antimicrobial
usage in both humans and animals selects for ARB and ARGs in their microbiomes. This enhances
shedding through faecal material and bodily fluids. It has been shown that other substances such as
heavy metals or lack of a diverse microbiome may select or enhance occurrence of ARB and ARGs
(Kim et al., 2017; Wang et al., 2021).

Resistance genes can be located within or on mobile elements such as plasmids, transposons,
membrane vesicles or phages (EFSA BIOHAZ Panel, 2021). Additionally, free genetic material from
dead bacterial cells may include resistance genes, which could be taken up by neighbouring bacteria
by natural transformation. In the intestine, there is a constant exchange of genetic information
between bacteria (Fraz~ao et al., 2019). This includes genes relevant for metabolism involved in
adaptation to the intestinal environment but can be observed for AMR and virulence genes (Capozzi
and Spano, 2009; Bakkeren et al., 2019). Under animal stress, e.g. thermal stress in mice, it has been
shown that mobile elements can be activated in the microbiome of the intestine and in vitro studies
have shown that stress hormones such as norepinephrine can activate horizontal gene transfer in
bacteria (Zeng and Lin, 2017; Peterson et al., 2011). Thus, horizontal transfer of genes may be
induced under conditions of stress in the host.

ARB/ARGs have been isolated from a range of sources in animal production, including from the
animals, their environment and farm staff. These sources of ARB/ARGs have been reported at
transport, lairage and slaughter stages (EFSA, 2021).

Bacterial pathogens, including non-typhoidal Salmonella spp. and Campylobacter spp., MRSA,
Enterococcus faecium and E. faecalis, Acinetobacter baumannii and Pseudomonas aeruginosa resistant
to last resort/option antimicrobials were considered as the highest public health priority Group 1
bacteria in relation to the food-producing environments (EFSA BIOHAZ Panel, 2021). In the same
context, commensals or environmental bacteria carrying mobile ARGs conferring resistance to ‘last
resort’ antimicrobials (priority Group 2 bacteria) were considered to be of highest relevance to public
health as well (EFSA BIOHAZ Panel, 2021).

Among the highest priority ARGs, those conferring resistance to carbapenems (e.g. blaVIM, blaNDM,
blaOXA-48-like, blaOXA-23-like), extended-spectrum cephalosporins (e.g. blaCTX-M, AmpC encoding genes),
plazomicin (armA), colistin (mcr), methicillin (mecA, mecC), glycopeptides (vanA genes) and
oxazolidinones (cfr, optrA) have been reported in the animal production sector (EFSA BIOHAZ
Panel, 2021).

In accordance with Directive 2003/99/EC6 on the monitoring of zoonoses and zoonotic agents, the
EU MSs must collect relevant and comparable data on the occurrence of zoonoses, zoonotic agents
and of AMR in zoonotic agents. The Commission Implementing Decision 2020/1729 lays down specific
technical requirements for AMR testing and reporting in representative bacterial isolates derived from
randomised sampling of broilers, laying hens, fattening turkeys, fattening pigs and calves (bovine
animals under 1 year of age) domestically produced, performed at farm and/or at slaughter level, and
of fresh meat from broilers, turkeys, pigs and bovine animals performed at retail and at border control
posts. EFSA produces, in collaboration with the ECDC, an annual EU summary report (EFSA and
ECDC, 2022) that analyses all the AMR data reported by the MSs to EFSA and assesses the situation in
the populations mentioned above, the targeted bacterial species are: (i) Salmonella spp.: isolates
obtained from samples taken within the framework of national control programmes (for broilers, laying
hens, fattening turkeys; and fattening pigs if such programmes are in place in the MS), and isolates

6 Directive 2003/99/EC of the European Parliament and of the Council of 17 November 2003 on the monitoring of zoonoses and
zoonotic agents, amending Council Decision 90/424/EEC and repealing Council Directive 92/117/EEC. OJ L 325, 12.12.2003,
pp. 31–40.
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from caecal samples at slaughter (fattening pigs, if no control programmes in place; bovine animals),
(ii) C. coli and C. jejuni, indicator commensal E. coli, ESBL/AmpC/CP-producing E. coli, and voluntarily,
E. faecalis and E. faecium, from caecal samples at slaughter (e.g. broilers, fattening turkeys and pigs,
bovines). Although MRSA is not currently targeted, an EU-wide baseline survey to update previous
data (EFSA, 2019) on its prevalence in slaughter pigs is planned to run over 2023 (EFSA, 2022).

1.3.3. Previous EFSA Scientific Opinion of interest to this Mandate

Previous scientific opinions and technical reports published by EFSA and collaborators have explored
different aspects relevant for the current scientific opinion. The topics assessed in these documents
were, among others:

In relation to AMR:

• ‘Foodborne antimicrobial resistance as a biological hazard’ (EFSA, 2008),
• ‘Analysis of the baseline survey on the prevalence of methicillin-resistant Staphylococcus

aureus (MRSA) in holdings with breeding pigs, in the EU, 2008, Part A: MRSA prevalence
estimates’ (EFSA, 2009),

• ‘Analysis of the baseline survey on the prevalence of methicillin-resistant Staphylococcus
aureus (MRSA) in holdings with breeding pigs, in the EU, 2008, Part B: factors associated with
MRSA contamination of holdings’ (EFSA, 2010),

• ‘The public health risks of bacterial strains producing extended-spectrum beta (b)-lactamases
(ESBLs) and/or AmpC b-lactamases (AmpC) in food and food-producing animals’ (EFSA
BIOHAZ Panel, 2011a),

• ‘Carbapenem resistance in food animal ecosystems’ (EFSA BIOHAZ Panel, 2013),
• ‘Measures to reduce the need to use antimicrobial agents in animal husbandry in the European

Union (EU) and the resulting impacts on food safety, taking into account the impact on public
health and animal health and welfare – RONAFA’ (EMA and EFSA, 2017),

• ‘Technical specifications on harmonised monitoring of antimicrobial resistance in zoonotic and
indicator bacteria from food-producing animals and food’ (EFSA, 2019),

• ‘The role played by the environment in the emergence and spread of antimicrobial resistance
(AMR) through the food chain’ (EFSA BIOHAZ, 2021),

• A series of assessments of ‘animal diseases caused by bacteria resistant to antimicrobials’ in
different animal species (EFSA AHAW Panel, 2021a,b,c),

• Yearly EU Summary Reports on Antimicrobial Resistance in zoonotic and indicator bacteria from
humans, animals and food (EFSA and ECDC, 2022).

In relation to other bacteria relevant for the present study:

• ‘Quantitative microbiological risk Assessment of Salmonella in slaughter and breeder pigs’
(EFSA BIOHAZ Panel, 2010),

• ‘Campylobacter in broiler meat production: control options and performance objectives and/or
targets at different stages of the food chain’ (EFSA BIOHAZ Panel, 2011b).

• ‘Technical specifications on harmonised epidemiological indicators for biological hazards to be
covered by meat inspection of poultry’ (EFSA, 2012) are also relevant documents.

• ‘Update and review of control options for Campylobacter in broilers at primary production’
(EFSA BIOHAZ, 2020).

As already indicated, in parallel with the current AMR Transport Mandate, Scientific Opinions on the
welfare of different animals, including pigs, cattle and domestic birds, during transport were produced
(EFSA AHAW Panel, 2022a,b,c).

2. Data and methodologies

2.1. Data

Data were extracted from the scientific literature, EU Legislation, previous EFSA Scientific Opinions
and reports, other international reports (FAO/WOAH/WB, 2010, ‘Animal Transport Guides’, online
http://www.animaltransportguides.eu/materials/) as well as from publicly available databases (e.g.
TRACES, ISTAT, D-Statis). Information gathered by the EFSA AHAW Panel during the development of
the Scientific Opinions EFSA AHAW Panel (2022a,b,c) was shared with the AMR Transport working
group (WG).

AMR and animal transport
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2.2. Methodologies

2.2.1. Approach to answer the ToRs

The approach to answer the ToRs was defined in advance and is described in the protocol
(Annex A). It covers both the problem formulation (i.e. what the assessment aims to address) and
which methods will be used for addressing the problem. The problem formulation (‘what’) includes the
clarification of the mandate (see further refined in Section 1.2) and consists of the steps (1) translation
of the mandate into scientifically answerable AQs, and (2) the selection of the approach for the
assessment. The planning of the methods for conducting the assessment (‘how’) consists of specifying
the evidence needs and the methods for answering each AQ, including the uncertainty analysis.
Protocol development followed the draft framework for protocol development for EFSA’s scientific
assessments (EFSA, 2020).

2.2.2. Literature searches

A qualitative assessment of the transmission of AMR and zoonotic agents during animal
transportation and holding in animal gathering centres such as livestock markets, animal dealers,
collection centres and lairages was undertaken, based on the available literature and expert knowledge
within the WG. Literature searches were extended using ‘footnote chasing’ (White et al., 1992) and
supplemented by citation inputs by WG members and information about relevant publications provided
by members of the EFSA BIOHAZ Panel. The relevance of the records in providing information was
assessed by screening the title, keywords and the abstract and based on the knowledge and expertise
of the WG members. This review included international reports and EFSA Scientific Opinions and
Reports, scientific review papers, book chapters, peer-review papers and other documents known by
the experts or retrieved through non-systematic searches as well as current European Legislation. The
search strategy (search strings and databases) is included in Appendix A.

2.2.3. Uncertainty analysis

Uncertainty in this Scientific Opinion was investigated in a qualitative manner following the
procedure detailed in the EFSA guidance on uncertainty analysis in scientific assessments (EFSA
Scientific Committee, 2018a,b). The sources of the main uncertainties were identified by the experts in
the WG and their individual impact as well as their combined impact on the certainty of the answers to
the AQs were discussed. Consensus expert judgement within the WG, informed by the collected
evidence and expert knowledge, was used to assess the certainty of the answers to the AQs, which
was expressed using EFSA’s subjective probability scale (EFSA Scientific Committee, 2018a) (Tables 1
and 2).

3. Assessment

3.1. Introduction

As already indicated, most production animals are transported more than once during their lifetime.
Animals are transported to meet the needs of hierarchical and specialised production systems
(breeding, rearing, fattening; meat, milk or egg production). Transport between production units may
take short or longer times (less or more than 8 h) and might include rests or stops in control posts
and/or assembly centres (collection/sorting centres and/or dealers’ premises or auction markets)
before animals arrive at the farm of destination or at slaughter facilities (Figure 6). Slaughter
transports mainly involve short journeys by lorries (less than 8 h) but may take longer if necessary (EC
1/2005). Poultry, pigs and cattle transportation (with main focus on road transport) and holding in
assembly centres or lairage will be assessed, in order to evaluate the actual or potential impact of
these practices on the occurrence, level and transmission of ARB/ARGs.

AMR and animal transport

www.efsa.europa.eu/efsajournal 20 EFSA Journal 2022;20(10):7586

 18314732, 2022, 10, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2022.7586 by Irta T

orre M
arim

on, W
iley O

nline L
ibrary on [03/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



At the point of departure, prior to loading animals harbour a specific microbiota that may contain a
certain number of more or less diverse ARBs. This microbiota will reside within or on the surface of the
animal, in different sites of the body (upper alimentary tract, gut, skin, upper respiratory tract, etc.).
Before, during and after transportation, animals are exposed to different environments including the
presence of other animals and staff handling the animals, where an uptake or exchange of ARB/ARGs
is possible (Figure 7). Moreover, various stressors, such as feed withdrawal, may have an influence on
the microbiota and hence lead to changes in the ARB/ARGs load without external contacts.

During loading, transportation/transit, unloading and lairage, animals may exchange ARB/ARGs
directly, mainly via contact with other animals or people or indirectly, via different transmission routes.

Indirect transmission can occur via oral uptake of contaminated feed and water or licking of
contaminated surfaces. It may further occur through contact with fomites and finally via airborne
transmission. Contamination of the environment mainly originates from other animals transported
previously or concurrently by shedding of faeces, urine, saliva and vomit. The situation may be
aggravated by a lack of effective cleaning and disinfection and numerous other factors as pointed out
under risk factors.

Figure 6: Routes and means of transport of the animal categories (cattle, pigs and poultry) covered
in the current assessment. These include short and long journeys (less and more than 8 h)
by different transport vehicles (trucks, trains, livestock vessels, ferries, planes). In
accordance with its share among all transports, transport by trucks on the road will be the
main focus. Included in the assessment are all transports of production animals from farms
to other farms and/or slaughterhouses, also including control posts (stops during the
journey), collection or sorting centres and/or auction markets (assembly centres)

AMR and animal transport
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The detailed assessment of risk factors affecting the transmission of AMR during transport is
presented in the section below.

3.2. TOR1. Risk factors

3.2.1. Introduction to risk factors associated with ARB/ARGs transmission
during transport

Documentary information regarding the different effects of factors (related to the animal itself or the
environment) during transportation of livestock on the occurrence of ARB/ARGs in these animals is very
limited. Information therefore needs to be extrapolated from evidence on the transmission of ARB/ARGs in
animals in different contexts (e.g. livestock farms) and from risk factors for transmission of non-resistant
(including those with an unidentified status) bacteria, both commensals and pathogens. Assumptions
need to be made, such as that there will not be a substantial difference in the effect of certain precipitating
factors influencing the transmission and shedding of sensitive vs. ARB of the same bacterial species.

3.2.2. Overview of risk factors for transmission of ARB/ARGs during transport

Transmission of AMR during transport is subject to a broad range of risk factors. In principle, these
can be categorised as:

Figure 7: Sources of ARB and ARGs in the transport vehicles. The main source of ARB/ARGs in the
transport vehicles are the transported animals, which may be carriers and shed ARB/ARGs
via their excretions and secretions (e.g. faeces, saliva, respiratory droplets, urine, and
vomit). ARB/ARGs may persist in the environment between batches of animals. Other
potential contamination sources are bedding material, feed, water and handling equipment.
Finally, workers, including personnel involved in animal loading/unloading on farms, at
control posts and assembly centres, drivers and inspectors may be sources of ARB/ARGs.
Transmission may occur directly between animals, or indirectly, through direct contact with
contaminated materials of the truck and the transport equipment (including crates, ramps,
handling equipment and loading platforms) or may be airborne

AMR and animal transport
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1) The ARB/ARGs status of the microbiota of the animals before transport.
2) Factors affecting the microbiota in animals during transport.
3) Factors affecting the shedding of ARB/ARGs by the individual animal.
4) Environmental exposure to ARB/ARGs.
5) Exposure to other animals carrying and/or shedding ARB/ARGs.
6) Environmental and transport conditions.
7) Duration of the transportation (journey/transit).

The first three risk factors listed above are more related to the animal, while the latter four are
more related to the environment. All these factors may to some degree be interrelated. For instance,
when certain animals are shedding more ARB/ARGs (e.g. by increased defaecation), the exposure of
the other animals in the compartment to ARB/ARGs via the environment increases. The risk factors
identified are summarised in Figure 8 as well as in Table 1 in Section 3.2.4. The Table also includes the
supporting data, the uncertainties associated, and the relationship of those risk factors with the
duration of the transport.

Most of the risk factors that affect ARB/ARGs transmission during transport are applicable to
assembly centres, control posts and lairage as well. Some issues are specific for lairage and/or
assembly centres and control posts. Risk factors specific for these locations are therefore assessed in a
separate section. The duration of transport and/or lairage is most likely affecting most of the risk
factors mentioned above. Duration is therefore assessed separately, and also in relation to its potential
interaction with the other risk factors within this Scientific Opinion.

3.2.2.1. Antimicrobial resistance status of the microbiota of the animals before transport

The AMR status (e.g. resistome, mobilome, bacterial fitness traits) of the microbiota of the animals
before transport will have a major effect on the likelihood of transmission of ARB/ARGs during
transport. If ARB/ARGs are not present amongst animals, transmission and contamination of transport
and lairage surfaces and equipment will not occur. The resistance status prior to transport depends on
all of the factors that influence the presence of ARB/ARGs in animals on livestock farms (EMA and
EFSA, 2017). Although these factors will not be discussed in this Scientific Opinion, they need to be
considered if alleviation of the resistance situation is chosen as the approach to minimise potential
transmission of ARGs and resistant organisms during transport.

There is ample evidence that the level and variety of ARB/ARGs differs between different categories
of farm animals, among farms and between countries. Even within the different animal categories
variability is highly dependent on numerous factors (Munk et al., 2018). As an example, prevalence of
Campylobacter spp. in chickens, commonly resistant to antimicrobials, is prone to seasonal effects
(EFSA, 2020, 2022; Lynch et al., 2022). Moreover, some animal categories such as fattening pigs,
broilers, veal calves and fattening turkeys are considered more at risk for harbouring ARB/ARGs than
others, e.g. sheep, dairy cows and beef cattle (EMA and EFSA, 2017; Hitch et al., 2018; Haley
et al., 2020; Tello et al., 2020; AbuOun et al., 2021; Buta-Hubeny et al., 2022; Yang et al., 2022; Zhou
et al., 2022).

The prevalence of ARB/ARGs may depend on the age of the animals. In calves, there is a gradual
decline in shedding of antimicrobial-resistant and/or ESBL-producing E. coli from birth to weaning
(Hoyle et al., 2004; Bastard et al., 2021; Mass�e et al., 2021). This age effect was confirmed by the
analysis of ARGs: a longitudinal study described a more than 6-fold decline in the abundance of ARGs
in the gut of calves during nursing. The authors associated this reduction with the shift of the
microbiota composition associated with the change of diet, since the abundance of facultative
anaerobes, which harbour most ARGs, declined after weaning (Liu et al., 2019). A decrease in the
prevalence of ESBL-producing E. coli has been observed in pigs during ageing (Dohmen et al., 2017a).
In broilers, data about the effect of age on the prevalence of ESBL-producing E. coli are still
controversial: Dierikx et al. (2013) and Laube et al. (2013) described a rapid increase in the
prevalence of ESBL-producing E. coli in the first week of life, which then remained high until slaughter,
while other authors observed a declining rate of antimicrobial-resistant E. coli after the first week of
life (Roth et al., 2017; Lee et al., 2021). In pigs, weaners are more at risk of harbouring MRSA, based
on a study in Australia, probably as a consequence of the overall stress associated with weaning and
the high antimicrobial consumption at this age (Sahibzada et al., 2020). High levels of MRSA as
compared to sows have been observed in the environment of weaner pigs in Germany (BVL, 2015)
and in milk fed dairy calves as compared to older animals (Schnitt and Tenhagen, 2020). Again, the
prevalence of Clostridioides difficile, a bacterial species characterised by high levels of AMR, declines
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with age in piglets and calves, caused by age-related changes in the intestinal microbiota (Zidaric
et al., 2012; Proctor et al., 2021; Redding et al., 2021). In summary, young age is generally a risk
factor for harbouring ARB/ARGs even though this may not be valid for all species, management
conditions, bacteria and AMR determinants. Conventional farms are at greater risk for housing ARB
than organic or antimicrobial-free farms (Tenhagen et al., 2018; Pesciaroli et al., 2020; Innes
et al., 2021; Menc�ıa-Ares et al., 2021; Weinroth et al., 2022). In all species, antimicrobial consumption
is a major driver for an increase of ARB/ARGs.

If transportation is not associated with mixing of animals from different sources, the effect of these
different levels of ARB/ARGs is probably less substantial although the intensity of exchange of bacteria
may be similar. Animals of a similar age from the same epidemiological groups within herds or flocks
are likely to have similar resistance profiles (in terms of AMR determinants and their abundance), on
account of the constant exchange of bacteria within these populations. Therefore, the exchange of
ARB has no major effect. If animals of the same category from different origins are mixed, it may be
expected that the initial differences between the mixed animals will be reduced through exchange of
bacteria. The same can apply if transport vehicles and loading or unloading ramps are used for
animals of different origins or different animal categories without effective cleaning and disinfection. If,
for example, transport crates that are used for transporting laying hens to the slaughterhouse are
used for transporting breeding birds to the slaughterhouse, or pullets to laying farms, transfer of
organisms carrying AMR, such as Salmonella spp., is possible (e.g. Slader et al., 2002).

3.2.2.2. Transport-related factors affecting the microbiota in animals

Several factors may lead to changes in growth conditions for microorganisms and therefore affect
the composition of the microbiota. This may render the microbiota more susceptible to colonisation by
ARB. Intrinsic changes of AMR in the individual animal may be induced by selection pressure through
use of antimicrobials prior to or during transport. This is a cause/effect relationship similar to the effect
of antimicrobial treatment or exposure to certain biocidal products or heavy metals without transport
and therefore will not be addressed in detail in this report. This is not the only factor potentially
leading to changes in the microbiota. Other factors influencing the microbiota in animals during
transport include:

• Feed withdrawal.
• Stressors (such as animal handling, thermal stress, hunger, loading/unloading).
• Environmental conditions.
• General health status of the animal.

2a. Role of feed withdrawal

Withdrawal of feed and water prior to or during transport may change environmental conditions in
the animals’ digestive tract as substances are digested, absorbed, etc., leading to variations in pH,
release of stress hormones and other factors that prompt changes in the microbiota composition.
These changes in microbial abundance may have an impact on the AMR profile (either in positive or
negative direction). The effect of stress on the microbial population may include increased exchange of
mobile genetic elements within or between bacterial species. This could alter the AMR profile or may
increase AMR abundance in the microbiota. There is a lack of specific data to support this hypothesis.
Moreover, animals may turn to eating bedding, which might lead to the uptake of resistant
microorganisms from the environment.

Feed withdrawal can either occur prior to transport or/and during transport. Depending on the
animal category involved, it will have an impact on the intestinal microbiota, e.g. increased caecal
prevalence and shedding of specific bacteria, and on the energy balance of the animals. For some
animal species, feed withdrawal is implemented prior to transport to slaughter to reduce motion stress
effects and consequent vomiting (for pigs) during transport. Such measures are intended to reduce
the content of the intestines and thereby simplify evisceration of the slaughtered animals by
minimising intestinal rupture (including the crop in poultry) during the evisceration process.

Experimental studies have shown that restriction of feed for chickens being reared for breeding,
table egg production or meat production can substantially increase the caecal prevalence and shedding
of both Salmonella spp. (Joat et al., 2021) and Campylobacter spp. This holds true, even when there
are no other stressors associated with catching and transporting birds (Ramirez et al., 1997;
Shane, 2000; Wilson et al., 2018; Gast and Porter, 2020). Similar findings regarding the occurrence of
Salmonella spp. in the crop have been reported after feed withdrawal for laying hens and broiler
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breeders. Feed withdrawal results in a tendency of birds to ingest contaminated bedding because they
are hungry, as well as increasing levels of corticosterone and interference with immune responses
which can accelerate the multiplication of certain groups of enteric microorganisms (Mahmood
et al., 2007; Andreatti Filho et al., 2019; de Jong et al., 2002). Feed withdrawal has been shown to
increase the prevalence of Salmonella spp. and Campylobacter spp. in the crop of market age broilers
(Byrd et al., 1998; Corrier et al., 1999). As crop rupture is more frequent during slaughter than
intestinal rupture, this may be associated with an increased risk of carcass contamination (Hargis
et al., 1995). Stress associated with feed withdrawal can result in changes to the intestinal epithelium
that can lead to greater attachment and colonisation by Salmonella spp. (Soleimani et al., 2012a).

In countries with high-temperature conditions, feed restriction has been reported to be associated
with a reduction of the impact of heat stress in broilers (Abu-Dieyeh, 2006) and in Salmonella spp.
proliferation in chicks that are subject to heat stress (Soleimani et al., 2012b) or certain intestinal
infections (Tsiouris et al., 2014).

In pigs, feed withdrawal is a common preslaughter and transportation practice. There are benefits
such as reduced vomiting and improved intestinal handling in the evisceration process, which reduces
carcass contamination via spillage of intestinal contents. There may be potential negative aspects
related to welfare, resulting in prolonged hunger (Eicher et al., 2017) or disturbance of the microbiome
composition (Massacci et al., 2020), favouring increased shedding of bacterial pathogens such as
Salmonella (Verbrugghe et al., 2011) and the potential transmission or exchange of mobile genetic
elements such as plasmids (Guiney et al., 1995). These potential negative effects seem to be
associated with the duration of feed withdrawal (Mart�ın-Pel�aez et al., 2009).

In calves, feed restriction has been associated with increased gut permeability (Pisoni et al., 2022).
Increased gut permeability in turn has been associated with contracting diarrhoea (Araujo
et al., 2015), i.e. increased shedding of liquid faeces, which may lead to a higher level of bacterial
cross-contamination between animals and the environment. Feed withdrawal associated with long
transportation (1,200 km) has been demonstrated to result in multiple metabolic effects in steer
calves, underlining the complexity of the sequelae. Some of the changes needed 7 days after arrival at
the destination before they were normalised (Takemoto et al., 2017).

In cattle sent for slaughter, the duration of feed withdrawal is associated with an increase in rumen
pH that may facilitate growth of Salmonella spp. and E. coli, while low pH and high volatile fatty acids
in well fed animals tend to inhibit growth of Salmonella spp. and E. coli (Mattila et al., 1988; Cray
et al., 1998). In line with that, starving sheep were more prone to infection with Salmonella spp. than
well fed ones. Feeding starved sheep only once after inoculation, increased the multiplication of
Salmonella spp., while resumption of continuous feeding inhibited the growth (Grau et al., 1969).
Similar studies have not been undertaken in cows, but a similar situation is considered likely. In
addition, transfer of resistance genes between E. coli and Salmonella spp. was observed in starved
sheep and not in well fed sheep (Smith, 1977).

In experimental studies, fasting had no effect on shedding of E. coli O157 in weaned calves, but it
did increase susceptibility to colonisation with these bacteria (Cray et al., 1998; Harmon et al., 1999).
Withholding feed increased the number of E. coli O157 culture-positive animals in an experimental
study in heifers, steers and sheep. Cattle with slower rates of intestinal cell proliferation in the cecum
and the distal colon were culture positive significantly longer than cattle with faster cell proliferation
rates. The authors suggest that fasting is associated with a slower cell proliferation rate (Magnuson
et al., 2000). These findings indicate that fasting does affect growth conditions of specific bacteria
which may include ARB.

In summary, feed withdrawal can influence the microbiota and increase the shedding of certain
bacteria (e.g. Salmonella spp., Campylobacter spp.) which are often resistant to antimicrobials and
therefore contribute to the risk of transmission of ARB/ARGs during transport. On the contrary, the
associated decreased faecal contents in the intestines may reduce the shedding of ARB/ARGs and
therefore lower the risk of transmission of ARB/ARGs.

2b. Stressors

Stressors (such as animal handling, thermal stress, hunger, loading/unloading) activate the animals’
hypothalamic–pituitary–adrenal activity, thereby triggering release of various stress hormones such as
catecholamines and cortisol (Van Engen and Coetzee, 2018). The liberation of those hormones has
been shown to have effects on the gut/blood barrier and growth of certain intestinal pathogens. In
pigs starved for 24 h, cortisol levels and the salmonella concentration in the intestines increased
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(Verbrugghe et al., 2011). In contrast, in the same study, social stress had no effect on Salmonella
spp. concentration in the gut (Verbrugghe et al., 2011).

2c. Environmental conditions

Environmental conditions such as changes in temperature and/or humidity are likely to impact the
respiratory microbiota as well as the intestinal microbiota (Woldehiwet et al., 1990; Sun et al., 2020;
Huus and Ley, 2021; Sepulveda and Moeller, 2020). This impact may result from direct exposure of the
bacteria to temperature/humidity of the transport environment (e.g. upper respiratory mucosa) and/or
be mediated through changes in body temperature of the animal.

In general, the higher the temperature and duration of the exposure to temperature the more
readily can microorganisms can multiply within or on the surface of animals. Common drug-resistant
pathogens which can infect humans (e.g. Salmonella enterica) and also non-pathogenic commensals
(e.g. some types of E. coli) demonstrate an increased cell growth rate in response to increasing
temperature in a central normal range of its growth temperatures (20–37°C). Such changes may
favour the expansion of certain ARB and shedding of bacteria.

2d. Health status of the animal prior to transport

Animals suffering bacterial infections, i.e. enteric, respiratory or skin infections are a source of
potential ARB/ARGs transmission. Transportation of these animals is discouraged from an animal health
and welfare perspective, hence specific studies on the transport of such animals are lacking. Infections
acquired or re-activated during transport may cause inflammation in the gut and change the
composition of the intestinal microbiota. Such changes may reduce the resistance to colonisation
provided by the gut microbiota. In consequence, ingested ARB may be more likely to successfully
colonise the intestines. Similar changes may also affect the respiratory system, but the organisms
involved are less relevant to public health.

A specific effect on AMR selection can be expected if such animals need treatment before, during
or after transport. Another effect of their transport is the potential transmission of the infection to
other animals which may require antimicrobial treatment after transport. The latter is out with the
scope of this Scientific Opinion.

3.2.2.3. Factors affecting shedding of bacteria

Faecal-oral transmission during transport is well documented for food-borne bacteria, such as
Salmonella and Campylobacter in pigs and broilers (Beloeil et al., 2004; Gebreyes et al., 2004; Marin
and Lainez, 2009; Quintana-Hayashi and Thakur, 2012; Greening et al., 2021). In faecal-oral
transmission, animals shed ARB/ARGs with their faeces, which can then be ingested by other animals
concurrently on the same transporter or can lead to contamination of the vehicle. If vehicles are not
thoroughly cleaned after transport, there is therefore also the risk of contamination of animal groups
that may subsequently be transported on the same vehicle. Other excretions, including milk, uterine
discharges, urine, saliva and vomit can be contaminated by ARB and subsequently expose other
animals to these bacteria.

Factors leading to an increase in the frequency and volume of defaecation and urination may
increase the spread of bacteria and the cross-contamination of other animals. Likewise, shedding of
bacteria present in the respiratory system through, e.g. increased respiration rates can support
exchange of respiratory pathogens potentially harbouring ARGs.

Faecal shedding of bacteria by animals per se has two components, the amount of faeces shed and
the bacterial load in the faeces. The amount of faeces shed will depend on the amount of feed
ingested and on an overstimulated intestinal motility in agitated or diarrhoeic animals. The bacterial
load in the faeces on the other hand is determined by the carrier status of the animals (e.g.
Salmonella spp. or a specific ARB present or not present) and on microbiota compositional changes
under transport conditions.

The role of stress responses in pathogen shedding using Salmonella spp. as a model is described in
different studies. For instance, modelling studies (Simons et al., 2016) highlight stress factors as the
most important drivers in Salmonella spp. shedding during transport. The level of cortisol in saliva of
pigs was associated with the shedding of Salmonella spp. after transport to slaughter (Artuso-Ponte
et al., 2015). In addition to other stressors, the social stress of mixing animals (weaned pigs) increases
the shedding of Salmonella spp. as well as the shedding of coliforms (Callaway et al., 2006). Stress
levels, for instance measured by cortisol concentrations, are linked to monocyte proliferation and
increase of Salmonella spp. shedding (Verbrugghe et al., 2011). The observed effect can occur with
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other enteric or non-enteric pathogens. Stress and anxiety have been associated with changes in the
microbiota of the gut and ultimately diminished host resistance to pathogens (Petrosus et al., 2018).

Transportation has been shown to provoke shedding of Salmonella serovar Dublin in latently
infected calves (Grønstøl et al., 1974). Transportation increased urination, defaecation and salivation in
6-month-old calves (Kent and Ewbank, 1986) and urination in 15-month-old bulls (Kenny and
Tarrant, 1987). In a study of health outcomes in veal calves after transport, 14% suffered from
diarrhoea. The prevalence of diarrhoea prior to transportation was not assessed (Pempek et al., 2017).

High arousal of animals during loading was associated with an increased risk of cattle hides being
contaminated by Salmonella spp. at slaughter (Dewell et al., 2008a). Whether that is due to an
increased frequency of defaecation or a specific increase in shedding of Salmonella spp. was not
investigated.

One study highlighted the role of ‘super-shedders’ of E. coli O157 for the contamination of hides
(Arthur et al., 2010). Other studies have suggested that super shedding was probably a temporary
phenomenon that would have a minor effect on the overall shedding (Munns et al., 2014). Moreover,
shedding of E. coli O157, and E. coli per se in cattle, is highly variable between animals (Davidson and
Taylor, 1978; Robinson et al., 2009).

3.2.2.4. Environmental exposure to ARB/ARGs

Exposure to ARB/ARGs in the environment may occur at all the different stages of transportation,
e.g. in loading areas, on vehicle/transport crate surfaces, on surfaces at exchange points such as
assembly centres, where animals are unloaded or in the receiving lairage area, as well as in
contaminated drinking water in troughs or contaminated bedding. Low standards of environmental
hygiene, such as suboptimal cleanliness of loading and unloading areas and interiors of the vehicles
(and crates) prior to loading increase the probability of contamination of animals. Residual
environmental contamination may cause indirect transmission of ABR/ARGs to other groups of animals
transported by the same vehicle or coming into contact with the same premises (Quintana-Hayashi
and Thakur, 2012; Abdalla et al., 2021; Ingham et al., 2021). Environmental conditions, such as
humidity and temperature, may influence the survival of ARB in the environment (Davies and
Wales, 2019). Residues of organic material, including airborne and settled dust in premises, vehicles,
lairage, or at markets or collection centres may provide a suitable environment for the survival and
growth of ARB (Davies and Wales, 2019; Bai et al., 2022; Luiken et al., 2022). Moreover, ARB might be
transmitted through air, e.g. attached to dust particles that originate from dried faeces, skin particles
and feathers.

4a Cleanliness of loading and unloading areas and of vehicles

Cleaning and disinfection of trucks and control posts is compulsory in the EU after each use (EC
1/2005). Decontamination of vehicles may be impaired by the presence of rough surfaces and hidden
areas where organic material can build up (Baker et al., 2017). When vehicles are not properly cleaned
and disinfected prior to loading of animals (Arthur et al., 2008; Weber and Meemken, 2018; Huneau-
Sala€un et al., 2020, 2022), exposure to ARB/ARGs in the following transport can occur. Within 2 h after
experimental exposure to contaminated areas, Salmonella can be found in the caecal content of
broilers or pigs (Rigby and Pettit, 1980; Boughton et al., 2007a). Even if trucks are visually clean after
cold-water power hosing, such washing may not be effective in removing Salmonella and other
Enterobacteriaceae (Mannion et al., 2008). In this study, transport of pigs from highly Salmonella-
infected farms was associated with 6% of trucks positive for Salmonella spp. preload, 17% post-load
and 18% after washing. This indicates that contamination of trucks during transport may lead to carry
over to the next batch of animals transported on the same truck. On the other hand, the figures for
trucks carrying pigs from Salmonella-free or low Salmonella prevalence origins were 11% preload,
11% post-load and 6% after washing. This underlines that the degree of contamination after washing
likely is guided by the degree of contamination during transport.

Pulsed-field gel electrophoresis (PFGE) patterns of Salmonella spp. isolates from trucks post-load
and after washing were indistinguishable, from Salmonella spp. isolated on farm, indicating shedding
by carrier pigs during transport (Mannion et al., 2008). In addition to the proven contamination of
trucks by shedding animals, there is evidence that contaminated trucks and lairage pose a risk for pigs
and cattle in terms of Salmonella and STEC infection (Hurd et al., 2002; Boughton et al., 2007a; Arthur
et al., 2008; Dewell et al., 2008a). In a longitudinal study, a group of fattening pigs was followed
along the production line until slaughter. Some Salmonella spp. isolates from slaughtered pigs
belonged to serovars never detected on the farm but had been recovered from trucks preload. The
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preloaded and the pig-derived isolates were indistinguishable, based upon the PFGE profiles (Magistrali
et al., 2008). For MRSA it has been shown that pigs that were negative at loading were positive at
unloading, making the lorry a likely source of contamination or colonisation of the pigs (Broens
et al., 2011). In this study, four batches of around 30 pigs tested negative for MRSA before
transportation – on arrival at the lairage, two batches contained MRSA-positive pigs (7/27 and 5/30).
In one of these batches, no pigs of other batches were transported in the same lorry, suggesting the
environment as the source of MRSA. The status of the lorry prior to loading was not investigated.
A further increase was observed during lairage, which could be explained both by environmental
contamination and direct contact between animals.

For poultry, cleanliness of crates has been shown to play a major role in the distribution of bacteria.
Contamination of washed transport crates used for taking broilers to slaughterhouses with relevant
(zoonotic) pathogens and other ARB has repeatedly been shown in many studies (Rigby et al., 1982;
Corry et al., 2002; Slader et al., 2002; Rasschaert et al., 2007; Peyrat et al., 2008; Zeng et al., 2021).
Several studies have identified ineffective removal of Salmonella spp. (including serovars that are
typically multidrug resistant) during washing and disinfection of crates, sometimes with higher levels of
contamination being found after washing than before (Rigby et al., 1982; Corry et al., 2002; Slader
et al., 2002; Rasschaert et al., 2007; Zeng et al., 2021).

High total microbial counts remain after standard washing procedures and ineffectively cleaned
crates and modules have been shown to be a source of Campylobacter spp., including resistant strains
(Natsos et al., 2021), for birds to be slaughtered (Herman et al., 2003; Sibanda et al., 2018;
Rasschaert et al., 2020; Hertogs et al., 2021; Moazzami et al., 2021). Campylobacter genotyping
supports contaminated crates as being a source of flock and carcass contamination (Hastings
et al., 2011).

Contamination included specific ARB such as MDR isolates of bacteria such as A. baumannii,
K. pneumoniae, ESBL-producing E. coli, colistin-resistant E. coli and vancomycin-resistant E. faecium
(ESKAPE) (Hayes et al., 2004; Von Tippelskirch et al., 2018; Molechan et al., 2019; McIver et al., 2020;
Savin et al., 2020a) and it has been postulated that basically every antimicrobial-resistant bacterial
type that can be found in the animals can be found in the contaminated crates (Savin et al., 2020b),
which similarly applies to bacteria such as livestock-associated MRSA (Mulders et al., 2010; Amoako
et al., 2020).

The presence of ARB in the environment also depends on the ability of the ARB to persist, e.g. by
the ability to produce biofilm or resist desiccation or competition from environmental microorganisms
or by other mechanisms. There are some examples of ARB that are less susceptible to disinfectants
and/or may acquire antimicrobial and biocide resistance in a combined manner. Thus sanitisers may
exert a selection pressure favouring the persistence of these ARB on surfaces (Davies and
Wales, 2019; Han et al., 2019)

Contamination of the environment might be more relevant when animals of different origins are
transported within the same vehicle (either parallel or in series), because of the expected
higher variability of the microbiota of animals between different species and populations (see
Sections 3.2.2.1 and 3.2.2.3). Hence, usage of equipment and vehicles for unrelated populations (e.g.
laying hens and broilers) is likely to have a more substantial effect.

Bedding is currently compulsory during journeys longer than 8 h (EC 1/2005). Bedding such as
straw can act as a source of microorganisms and is liable to be consumed by animals that are hungry
after feed withdrawal (Ray et al., 2022). While beneficial with respect to animal welfare, organic
bedding such as straw and wood shavings can support growth of potentially pathogenic bacteria
making the management of bedding a complex task (Godden et al., 2008). High densities of animals
on vehicles are likely to lead to massive contamination of bedding during transport. On the other hand,
bedding may absorb some of the liquid during transport and thus reduce the spread of excretions on
surfaces. Overall, the hygienic particularities associated with bedding during transport need to be
further investigated. Most studies on bedding have been done in confined housing systems.

4b Airborne transmission of bacteria between animals

Aerosol particles carrying ARB may be inhaled by a susceptible host or deposited onto mucous
membranes or environmental surfaces. During transport, very small particles may remain suspended in
the air for extended periods and be disseminated by air currents through a transport vehicle
(Schmithausen et al., 2018). The close proximity or contact, usually occurring during transport, as well
as the survival of the ARB in the environment for extended periods, are important aspects in airborne
transmission.
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Antimicrobial-resistant enterococci were recovered from air and surface samples collected by motor
vehicles driving behind poultry transport vehicles. Of the 24 resistant isolates, 62.5% were resistant to
tetracycline, 41.7% to erythromycin, one to quinupristin/dalfopristin and one to streptomycin. Three of
the 24 isolates were resistant to more than one antimicrobial (Rule et al., 2008). While the
environmental issue with this finding is outside the scope of this Scientific Opinion, it clearly indicates
that airborne transmission of enteric bacteria is possible. Transmission on the vehicle may therefore
occur without direct contact between animals or indirect contact via contaminated surfaces. Another
study highlighted that the position of the animal in the transport vehicle would have an effect with
animals in the nose compartments being less contaminated than those in the deck or belly
compartments (Stanford et al., 2011). Survival of artificially aerosolised E. coli is limited with a half-life
of 5.7 min; attachment to dust particles will prolong this and may enable transmission of E. coli across
compartments within transport vehicles (Nguyen et al., 2022).

ARB can be carried by dust particles and transmitted via the airborne route, as shown for MRSA
and ESBL-producing Enterobacteriaceae after the faeces have dried (Schmithausen et al., 2018; Davies
and Wales, 2019). Longitudinal studies on pig farms in the Netherlands and Germany showed that
both ESBL-producing E. coli and MRSA can be found in collected dust on the farm. Moreover, carriage
of MRSA and ESBL by farmers was associated with the presence of MRSA and ESBL in dust on their
pig farm (Bos et al., 2016; Dohmen et al., 2017b). MRSA was detected in indoor air and in lower
concentrations in exhaust air from barns housing pigs and poultry (Schulz et al., 2012; Friese
et al., 2013). In addition, bioaerosols have been shown to be involved in transmission of ARGs at farm
level (Song et al., 2021). Dispersion of MDR E. faecalis and E. faecium strains, including high-risk
clonal complexes, through dust was reported in piggeries in Portugal (Novais et al., 2013). Although
these studies are conducted on farms and not related to transport, this shows that transmission of
ARB/ARGs by dust (as a proxy for airborne transmission) can occur and is likely to occur during
transport.

4c Workers in the transport environment

Several studies have analysed the role of different reservoirs in the transmission of ARB/ARGs (e.g.
Dorado-Garc�ıa et al., 2018; Mughini-Gras et al., 2019). From a theoretical perspective, the direction of
transmission is not clear when similar isolates are found in both animals and humans within an
epidemiologically-linked cluster (e.g. farmers and livestock on the same farm). Certain genes or gene
types appear to be much more commonin animals than in humans, such as ESBL genotype CTX-M-1
and MRSA ST-398 (Aires-de-Sousa, 2017; Ewers et al., 2021). Transport personnel entering the farm
were a risk factor for cephalosporin-resistant E. coli in Norwegian broiler flocks (Mo et al., 2016).
Human visitors were considered as a likely source of introduction of LA-MRSA on Norwegian farms
(Grøntvedt et al., 2016). Carriage of LA-MRSA in humans can last for up to 2 days after visiting a
contaminated herd (Schulz et al., 2019). Recently, drivers of lorries transporting live pigs were shown
to be carriers of LA-MRSA (G�omez et al., 2020; Ingham et al., 2021).

Moreover, the numbers and variety of ARB/ARGs present in a group of animals is assumed to be
much higher than in the small number of workers expected to be occupied in the transportation in this
group of animals. Transmission of ARB/ARGs from workers to animals during loading, unloading,
checks etc. cannot be ruled out. Some findings hint that the transmission from humans to animals can
occur (Dohmen et al., 2017a), but it is hypothesised that this potential transmission does not have a
significant impact compared to the exposure to the truck environment and other animals carrying ARB/
ARGs. Finally, persons handling animals and their protective clothing can serve as vectors for ARB/
ARGs between concurrent or subsequent groups of animals.

3.2.2.5. Exposure to other animals carrying and/or shedding ARB/ARGs

Animals may be exposed to ARB/ARGs carried by other animals, either shed or present on their skin
or mucosal surfaces. Shedding of materials harbouring bacteria such as faeces, exhaust air, saliva,
urine and milk is probably a major source of contamination for other animals during transport. Because
of the expected higher variability of the microbiota of these animals, transmission of ARB/ARGs
between animals from different origins might be more relevant. The effect is primarily determined by
the difference in antimicrobial resistance between the animals and by the amount of shedding (see
Subsections 3.2.2.1 and 3.2.2.3). The stocking density and division in groups using compartments may
influence the probability of transmission of ARB/ARGs between animals.

Common haulage or visiting different farms with the same transport is believed to increase the
chance of transmission of bacteria, either commensals or pathogens, which may carry ARGs. For
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instance, a study evaluating the presence of B. hyodysenteriae in transport trucks reported that the
number of farms visited in the same journey could be a risk factor increasing the chance of
introduction of this pathogen and the spread of both during the transport of animals (Giacomini
et al., 2018).

The importance of exposure to other animals for the transmission of ARB is supported by on-farm
epidemiological studies. Both high animal density and herd size probably facilitate the on-farm
transmission of ARB, since many studies confirmed stocking density as a risk factor for ARB in primary
production. As an example, the risk of contamination by ESBL-producing E. coli increases with animal
density in broilers, dairy, and beef farms (Hille et al., 2018; Becker et al., 2022; Ferroni et al., 2022).
The same effect of animal density was shown for MRSA in pigs and dairy cattle (EFSA, 2010; Schnitt
and Tenhagen, 2020). Jones et al. (2013) reported an effect of farm size on AMR: turkeys from larger
farms showed a higher risk of carrying fluoroquinolone-resistant E. coli than turkeys from small farms.
Along with farm size, the number of animals hosted in the same group is a risk factor for the detection
of ARB.

In a study carried out on cattle farms, Hille et al. (2018) showed that the size of the sampled group
was associated with being positive for ESBL-producing and antimicrobial-resistant E. coli. The contact
between animals of different species may increase the risk for ARB, as shown for the contamination by
MRSA in dairy cattle, which was positively associated with the presence of pigs on the same farm
(Schnitt and Tenhagen, 2020). Even proximity to other farms was identified as a risk factor for the
presence of ARB/ARGs (Hille et al., 2018; Luiken et al., 2022).

As the amount and intensity of contacts increase, total exposure to ARB/ARGs from other animals
increases, thereby enhancing the risk of transmission. This factor is closely linked to other factors
affecting transmission of ARB/ARGs during transport.

3.2.2.6. Environmental and transport conditions

In addition to the effect of environmental conditions on the microbiota (as described in Section 3.2.2.2
2c), an effect is expected to the presence of ARB/ARGs in the environment (e.g. surface of the truck).
The survival conditions/growth conditions for bacteria outside the animal (e.g. temperature, humidity,
exposure to light) are of importance. Humidity and warm temperatures can increase the survival rate and
multiplication of bacteria in the environment. Poor ventilation increases the concentration of bacteria in
the air. Dust may be formed and subsequently can be aerosolised and further spread due to transport
vibrations. Solar radiation may, on the other hand, reduce the viability of bacterial cells in the
environment, although during transport, solar radiation is considered minimal within vehicles.

For animals, depending on the intensity and duration, heat and low temperatures may negatively
affect animal health, e.g. immune suppression and bacterial shedding. This effect is influenced by the
resilience of the animal (species). Increased temperatures and temperature/humidity indices may
increase respiration rates favouring shedding of respiratory pathogens. On the other hand, low
temperatures and ‘wind chill’ may lead to cold stress in young animals (e.g. calves and piglets) and
poultry.

In a recent prospective study (Padalino et al., 2021b) environmental parameters, such as
temperature variance between departure and arrival, was identified as a risk factor for respiratory
pathogens in beef steers transported from France to the south of Italy (29 h journey).

3.2.2.7. Duration of transport

During longer transportation the likelihood and extent of exchange of bacteria between animals is
likely to increase. Such an increase may be due to prolonged contact with other animals or to the
negative effects of longer transportation on clinical parameters of animals that may be associated with
an increased susceptibility to colonisation or infection. Moreover, longer transportation frequently
means longer periods of feed withdrawal that may cause hunger-related stress responses with
potential effects on the composition of the microbiota, which may be associated with changes in the
ingesta (Mattila et al., 1988) (see chapter 2a). Long-distance animal transport is an animal health and
welfare issue because it is particularly stressful in impairing the immune system, and often triggers the
onset of health problems leading mainly to infectious diseases (e.g. respiratory and gastrointestinal
problems) (Schwartzkopf-Genswein et al., 2012; Padalino et al., 2021b). On the other hand, journeys
under 65 km have been demonstrated to be already very stressful for animals (Tateo et al., 2012). The
loading and the first hour of journey (about 65 km in a typical livestock truck) are identified as the
most stressful phases of a journey for sheep, cattle and pigs (Grandin, 2019).

AMR and animal transport
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The length of the journey (> 160.9 km) was associated with a higher risk of contaminated hides
with Salmonella spp. (Relative risk [RR] of 2.28, 95%, CI 1.4–3.7) and E. coli O157 in beef cattle at
slaughter (Dewell et al., 2008a,b). Grau et al. (1968) found an increasing percentage of cattle with
Salmonella spp. in the rumen with increasing duration of time between leaving the farm and slaughter.
It is reasonable to assume that the same applies for other bacteria harboured by the animals,
including drug-resistant bacteria. From a theoretical perspective, all animals are likely to carry a similar
set of bacteria over time. The shape of the contamination curve over time has not explicitly been
studied. Contamination of the environment accumulates over time, which may enhance transmission to
the next batch of animals.

In calves, duration of transport was significantly associated with overall morbidity and mortality
(Cernicchiaro et al., 2012) which may, among other aspects, be indicative of a negative effect on
resilience. Long transport had a significant effect on clinical parameters in calves indicating, e.g.
dehydration (Bernardini et al., 2012), although calves were generally capable of maintaining values
within the physiological ranges. A preventative effect of pre-transport diet was observed for short
transports (6 h) but not for long transports (18 h) (Marcato et al., 2020).

The duration of transport has been suggested as a risk factor for Salmonella spp. infection of pigs
at slaughter (Hurd et al., 2002). Field studies show that even a short transport and a limited lairage
time (< 2 h) is associated with an increase in the prevalence of Salmonella spp. in batches of pigs
(Hurd et al., 2002; Larsen et al., 2004; Magistrali et al., 2008). A challenge study showed that
Salmonella spp. is able to infect the mesenteric lymph nodes of pigs in less than 2 h, after exposure to
a contaminated environment, with an infectious dose of 1,000 cfu (Hurd et al., 2001).

The effect of rest periods, including unloading and reloading or change of the vehicle, of cattle on
infection or colonisation status has not been investigated. While resting at a control post may alleviate
the effects of feed and water withdrawal during transport and thus have a positive effect on welfare, it
is potentially associated with exposure to a new, possibly contaminated environment and with
additional commingling with animals from other sources (see section below). Moreover, unloading and
loading may be considered stressful, with potential effects on the resilience of the animals. In line with
this, additional stops were associated with an increased risk of carriage of most bacterial and viral
respiratory pathogens (Padalino et al., 2021b).

An additional stop of 8 h with feeding and access to water increased the diversity index in the
intestinal microbiota of 18 kg pigs. It is not clear what effect that would have on AMR or on AMR
transmission (Williams et al., 2008).

3.2.3. Lairage, livestock assembly centres and control posts

Most of the risk factors explained in Subsections 1–7 of this section are affecting both ARB/ARGs
transmission during transport as well as during the stay of animals in assembly centres, control posts
and/or lairage. It can be concluded that similar risk as those exposed above can be attributed to these
facilities. Specific studies describing the effect of lairage and/or assembly centres, both in pigs and cattle,
have proven the link between carcass contamination and lairage. For instance, a study demonstrated
that contaminated lairage pens were associated with an increased risk of contaminated hides at
slaughter (RR of 1.8 for Salmonella spp. and 3.1 for E. coli O157, Dewell et al., 2008a,b). This risk can be
hypothesised as well for ARB/ARGs, since these bacteria can carry ARGs frequently. Studies on the
prevalence of contaminated lairages in the USA found 60% contaminated with E. coli O157 and 70%
contaminated with non-typhoidal Salmonella spp. (Arthur et al., 2008), results by which authors state
that the lairage effect on hide contamination is more important than contamination acquired on farm. In
a study on free-range chickens, an increase of Campylobacter spp. after transport and especially after
the holding period pre-slaughter was reported (McCrea et al., 2006). Another study of sheep lairage
showed that both Salmonella spp. and ESBL-producing E coli were more commonly isolated from the
lairage environment than from the animals themselves, demonstrating the potential importance of
reservoir status of the lairage (Atlaw et al., 2022).

Several factors make lairage one of the most-important points for contamination through the soiling
of skin or gastrointestinal infection by the oral route. These factors can be grouped into two
categories: cross-contamination/cross-infection of animals at lairage at the same time and carry over
of bacteria from previous occupants of the lairage area due to the failure of lairage cleaning protocols.
Depending on the duration of stay in the lairage, newly acquired infections or the recrudescence of
those already present in carriers during transport can result in the shedding of AMR pathogens such as
Salmonella spp. or ARB during the lairage period.

AMR and animal transport

www.efsa.europa.eu/efsajournal 31 EFSA Journal 2022;20(10):7586

 18314732, 2022, 10, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2022.7586 by Irta T

orre M
arim

on, W
iley O

nline L
ibrary on [03/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Most of the stress-inducing factors described in animal transport, such as variations in temperature,
high stocking densities, unexpected movements of animals, people and vehicles and noise, occur also
during lairage (Morgan et al., 1987). A systematic review with respect to interventions to control
Salmonella spp. found that abolishing lairage was the only effective measure (Wilhelm et al., 2017).

Lairage contamination can fluctuate during the working week. An Irish study underlined the
contamination of lairage facilities and its evolution over the working week. While on Monday mornings
6% of samples from the lairage were positive for Salmonella spp. and the load was limited (2 cfu/
100 cm2), 44% were positive on Thursday afternoons with a load of 8 cfu/100 cm2 (Boughton
et al., 2007b). In pathogens and commensals, the bacterial load in the lairage environment plays a
pivotal role in the likelihood of infection or establishment as commensal respectively. In pathogens
with short incubation periods, such as Salmonella spp., exposed animals like pigs would be positive,
infected in lymph nodes and shedding the pathogen in faeces after only 2 h of exposure to relative
low concentrations (103 cfu/g of faeces) (Hurd et al., 2001; Boughton et al., 2007a), a timespan and
concentration that is easily reached if transport and lairage are considered together. At lairage,
bacteria that have been obtained during transport may therefore be shed. If lairage alone extends to
more than 2 h, even infections with ARB obtained during lairage may lead to shedding of the ARB
bacteria at the end of lairage and at stunning and scalding. The time period to shedding can be
extended if the concentration of the pathogen in the environment is lower (Boughton et al., 2007a).
For transport, that may imply that the risk associated with short transport can be considered smaller
than with long transport.

Assembly centres include livestock markets and livestock dealers’ premises. They present similar
challenges as lairage, since animals are exposed to an additional environment harbouring ARB/ARGs
(which also applies when animals change vehicles during transportation). In addition, use of collection
centres to gather animals from different farms prior to transport to slaughter increases the time and
opportunity for acquisition, multiplication and transmission of bacteria between animals and from the
environment before further transport and lairage before slaughter. Assembly centres are popular in
many countries for gathering and redistribution of ruminants and can be associated with dissemination
of MDR pathogens such as Salmonella spp. (Wray et al., 1991; Wells et al., 2001; Matthews and
Woolhouse, 2005). Such assembly centres are not used for commercial scale poultry production or pig
production, although on-farm collection points are often used on large farms to gather pigs from
different parts of the farm for later onward dispatch. One peculiarity of this kind of assembly centre is
that the animals are not necessarily destined for slaughter. Hence the bacteria that are exchanged in
these facilities are likely to be spread further to other animal holdings where they may be a source of
additional spread, but this is considered outside the scope of this Scientific Opinion.

3.2.4. Summary of risk factors and uncertainties identified

The identified risk factors for the transmission of ARB/ARGs during transport are visualised in the
Figure 8. In Table 1, the risk factors are summarised, accompanied by supporting data, the
uncertainties associated, and the relationship of those risk factors with the duration of the transport.
The risk factors that were identified as 99%–100% certain to contribute to the probability of
transmission of ARB/ARGs, were also considered to be of high importance.

AMR and animal transport
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Figure 8: Risk factors for transmission of antimicrobial resistance during animal transport. The AMR
status before transport will have a substantial effect on the likelihood of transmission of
ARB/ARGs during transport. During transport, health status and environmental conditions
are factors affecting the microbiota of animals and the likelihood of ARB/ARGs transmission.
Feed withdrawal and stressors were also identified, although the direction of influence on
ARB/ARGs transmission (decrease or increase) is unclear. Exposure to ARB/ARG in other
animals (either shed or present on their skin or mucosal surfaces) is a major source of
contamination for other animals during transport. Environmental exposure to ABR/ARGs is
related to the cleanliness of loading and unloading areas and of vehicles, workers related to
transport and their transmission through air. The environmental conditions of the transport
(e.g. temperature, humidity) are also important for the survival/growth and dispersion of
bacteria outside the animal. Transmission is influenced by duration since the exposure to
risk factors is prolonged, although there is no evidence to estimate differences between
journeys shorter or longer than 8 h

AMR and animal transport
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Table 1: Transport-related risk factors associated with transmission of antimicrobial resistance and associated uncertainties

Risk factor
Supporting
references(a)

Data based on(b) Comments and uncertainties Effect of duration(c) Conclusions/subjective
probability range(d)

1. Resistance status
pre-transport

EMA and EFSA (2017),
Munk et al. (2018)

AMR animal monitoring. The higher the load and diversity
of the ARB/ARGs in the animals,
the higher the risk for
transmission.
All factors that affect the
abundance of ARB/ARGs in
animals on the farm are of interest
(e.g. AMU, hygiene, mixing of
animals). Risk factors on farm are
out of the scope of this Opinion.

Moreover, the exact effect of
presence of low amounts of ARB/
ARGs in a few animals on the risk of
transmission to other animals during
transport is uncertain. The impact
depends on the public health
relevance of the ARB/ARGs as well.

Duration of transport
itself will not have any
impact on the
resistance status pre-
transport. The effect
of the resistance
status pre-transport
might be bigger when
the duration of
transport increases.

Considered 99–100% certain
(almost certain) that the
resistance status (presence and
type of ARB/ARGs) of the
animals pre-transport will
influence the probability of
transmission of ARB/ARGs
during transport. A higher load
and diversity of ARB/ARGs will
increase the probability of
transmission.

2. Factors affecting microbiota in animals.
2a. Feed withdrawal Ramirez et al. (1997),

Wilson et al. (2018),
Gast and Porter (2020),
Shane (2000)

Massacci et al. (2020)

Pisoni et al. (2022),
Araujo et al. (2015)

Increased prevalence and
shedding of Salmonella
spp. and Campylobacter
spp. in poultry.

Reduced welfare may
lead to altered microbiota
composition.

Increased gut
permeability, which can
lead to diarrhoea.

Feed withdrawal has effects on the
microbiota of animals as
demonstrated by increased
prevalence and shedding of certain
bacteria (mainly studied in
pathogens). Although data are
based on studies not focused on
ARB/ARGs, these pathogens (e.g.
Salmonella spp., Campylobacter
spp.) often carry ARGs.

The majority of the studies that
investigate feed restriction focus on
outcomes other than ARB/ARGs
(e.g. increased gut permeability,
disturbance of the microbiota
composition) that may have an
effect on the shedding of ARB/ARGs.

Longer periods of feed
withdrawal may
provoke hunger-
related stress
responses and may be
associated with
changes in the
composition of the
microbiota.

When feed withdrawal
time increases, a trend
of increased caecal
Enterobacteriaceae
and Salmonella spp. in
faeces is observed.

Considered 33–66% certain (as
likely as not) that feed
withdrawal can affect the
probability of transmission of
ARB/ARGs during transport.
Feed withdrawal can increase
shedding of certain bacteria
(e.g. Salmonella spp.,
Campylobacter spp.) which are
often resistant to antimicrobials,
but at the same time, the
reduction on vomiting and
shedding of faecal material
could reduce the probability of
transmission of ARB/ARGs.

.

.
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Risk factor
Supporting
references(a)

Data based on(b) Comments and uncertainties Effect of duration(c) Conclusions/subjective
probability range(d)

On the other side, it has been
shown that withdrawal reduces
vomiting in pigs, and less faecal
material would be produced.

Due to the lack of evidence of the
effect of withdrawal for shedding
and transmission of ARB/ARGs and
because both positive and
negative effects on ARB/ARGs
transmission can be assumed, the
overall direction of the effect of
feed withdrawal remains unclear.

2b. Stressors Artuso-Ponte et al.
(2015), Verbrugghe
et al. (2011)

Cortisol increased the
concentration of
Salmonella in the
intestines of pigs.

There was an association reported
of levels of stress hormones with
shedding of Salmonella spp. There
is no direct evidence of an effect
on ARB/ARGs transmission.

No evidence, although
theoretically expected.

Considered 33–66% certain (as
likely as not) that stress can
affect the probability of
transmission of ARB/ARGs
during transport. There is
evidence that stress can lead to
alterations in microbiota and
suppression of the immune
system, but the direction of the
association with ARB/ARGs is
unclear.

2c. Environmental
conditions

Huus and Ley, 2021;
Sepulveda and Moeller,
2020; Sun et al., 2020;
Woldehiwet et al., 1990

Changes in temperature
and/or humidity can
impact growth conditions
for bacteria on mucosal
membranes.
Such changes may favour
the expansion of certain
ARB and shedding of
bacteria.

No specific data for ARB/ARGs are
available. Transportation out of the
thermoneutral zone may increase
disease risk with shedding of
bacteria and impairment of
immunity.

No evidence, although
theoretically expected.

Considered 66–90% certain
(likely) that inadequate
transport environmental
conditions increase the
probability of transmission of
ARB/ARGs due to alterations in
the microbiota, contributing to
the expansion of certain ARB
and shedding of bacteria.

AMR and animal transport
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Risk factor
Supporting
references(a)

Data based on(b) Comments and uncertainties Effect of duration(c) Conclusions/subjective
probability range(d)

2d. Health status of the
animal

Animals suffering
bacterial infections, i.e.
enteric, respiratory or
skin infections are a
source of potential AMR
transmission. A specific
effect on AMR selection
can be expected if such
animals need treatment
before or during
transport.

Animals suffering bacterial
infections are a potential source of
potential ARB/ARGs transmission
and of higher risk of colonisation
with ARB/ARGs.

In animals with an inadequate
health status the likelihood of
treatment increases and this will
have an effect on AMR although it
is outside of the scope of this
Opinion.

The probability of
acquiring infections
and subsequent
increased shedding
increases over time.

The probability of the
need for treatment in
such animals will
increase over time.

Considered 66%–90% certain
(likely) that the health status of
the animal contributes to the
probability of transmission of
ARB/ARGs. Infections during
transport contribute to the
probability of transmission of
ARB/ARGs through increased
shedding and decreased
resilience to colonisation/
infection.

3. Increased faecal
shedding.

Simons et al. (2016),
Callaway et al. (2006),
Grønstøl et al. (1974)

Kent and Ewbank
(1983), Kenny and
Tarrant (1987), Pempek
et al. (2017)

Increased Salmonella spp.
excretion during transport
in pigs and cattle.

Increased shedding of
faeces in cattle during
transportation.

Transport related stress can lead
to increased shedding of faeces
and certain bacteria. Increased
faecal shedding can lead to
increased shedding of ARB/ARGs,
when present in the gut. No
specific information for ARB/ARGs
is available.

This risk factor is closely linked to
the ARB/ARGs load present in the
animal prior to transport of ARB/
ARGs.

Although agitation at
loading will diminish
over time, shedding is
likely to be more
extensive when
duration of transport
increases.

Considered 99%–100% certain
(almost certain) that increased
faecal shedding during transport
increases the probability of
transmission of ARB/ARGs
during transport. Any factor
that increases shedding (e.g.
due to different stressors)
would also increase the
shedding of ARB/ARGs, if
present.

4. Environmental exposure to ARB/ARGs.

4a. Cleanliness of
loading and unloading
areas and of vehicles.

Mannion et al. (2008),
Hurd et al. (2002),
Magistrali et al. (2008)

Lowe et al. (2014), Dee
et al. (2005), Bronsvoort
et al. (2008), Mur
et al. (2012), Baker
et al. (2017), VanderWaal
et al. (2018)

Salmonella and
Campylobacter present in
transport vehicles and
crates.

Inefficient cleaning and
disinfection of vehicles
shown by studies on
viruses.

Contaminated transport vehicles
and related equipment such as
transport crates have the potential
of contaminating previously clean
animals with bacteria originating
from animals transported before.
No ARB/ARGs specific studies are
available on the contribution of
contaminated vehicles to the
transmission.

When duration
increases, the
exposure time of
animals to
environmental
contamination
increases as well as
the potential to
contaminate the
environment (for the
latter see above).

Considered 99%–100% certain
(almost certain) that insufficient
hygiene of the loading and
unloading areas and vehicles
contributes to the probability of
transmission of ARB/ARGs
during transport, as it increases
the probability of transmission
of ARB/ARGs between animal
batches (transmission through
the environment).
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Risk factor
Supporting
references(a)

Data based on(b) Comments and uncertainties Effect of duration(c) Conclusions/subjective
probability range(d)

Porphyre et al. (2020),
Boniotti et al. (2018)

Spread of pathogens
between farms by
contaminated vehicles,
including crates.

4b. Airborne
transmission

Rule et al. (2008), Friese
et al. (2013), Schulz
et al. (2012), Bos
et al. (2016); Dohmen
et al. (2017b)

Resistant enterococci
were found in air samples
behind animal transport
vehicles.

ESBL/MRSA are detected
in dust on farms.
Airborne exposure can
lead to transmission in a
farm.

Airborne transmission of ARB/ARGs
is not described within transport
vehicles. The findings of resistant
bacteria behind vehicles and within
dust on farms suggest the
possibility of airborne transmission
within vehicles.

Resistance bacteria can be found
in air and dust. It is not completely
clear if the duration of transport is
long enough for airborne
transmission to be of high
relevance.

When duration
increases, the
exposure time of
animals to ARB/ARGs
in air increases as
well.

Considered 66%–90% certain
(likely) that airborne
transmission contributes to the
probability of transmission of
ARB/ARGs during transport. The
importance of this effect will
depend on the bacteria (e.g.
higher in respiratory pathogens
and MRSA than in ESBL-
producing Enterobacteriaceae)
and the presence in airborne
particulates. There is evidence
of the presence of ARB/ARGs in
the air, which can lead to
subsequential transmission,
although not exactly clear to
what extent. The likelihood of
airborne transmission is
probably dependent on duration
of transport and ventilation.

4c. Workers Mughini-Gras et al.
(2019)

Transmission between
different reservoirs (e.g.
farmers and their
livestock) occurs.

Transmission from livestock to
workers is considered to be
dominant compared to the vice versa
route, based on a higher total load of
ARB/ARGs in a group of animals
compared to humans. Moreover,
differences in gene types and
distribution between these reservoirs
provide evidence for transmission
from animals to humans.

Workers and their protective
clothing can serve as vectors for
ARB/ARGs transmission.

The likelihood of
transmission increases
by a higher number of
contacts between
workers and animals.
At a longer journey
duration, there are
more contact moments
and therefore a higher
risk.

Considered 66%–90% certain
(likely) that ARB/ARGs in
workers (either as carrier or
vector) may contribute to the
probability of transmission of
ARB/ARGs during transport.
This is likely of minor
importance in comparison to
exposure to the truck
environment and other animals
carrying ARB/ARGs.
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Risk factor
Supporting
references(a)

Data based on(b) Comments and uncertainties Effect of duration(c) Conclusions/subjective
probability range(d)

5. Exposure to other
animals carrying and/or
shedding ARB/ARGs

Broens et al. (2011) Exposure is defined by
the intensity and number
of contacts.

When contact between animals is
limited, the risk of direct
transmission is lower. Specific data
for the transmission of ARB/ARGs
during transport is not available.
The information to date is
extrapolated from other contexts
(livestock farms, and/or non-
resistant bacteria).

Most likely, mixing of animals from
different batches will increase the
risk of transmission. The
transmission rate between mixed
animals will depend on the type of
bacteria.

When the duration of
transport increases,
contact between
animals is prolonged
as well.

Considered 99%–100% certain
(almost certain) that exposure
to other animals carrying and/or
shedding ARB/ARGs contributes
to the probability of
transmission during transport. A
higher frequency, duration and
intensity of direct contacts
between animals increases the
risk of faecal-oral transmission.
The diversity of transmitted
ARB/ARGs increases when
animals from different origins
are transported together.

6. Environmental
conditions

Humidity and warm
temperatures can
increase the survival rate
and multiplication of
bacteria in the
environment.

Increased temperature and/or
humidity favour bacterial growth
and will support the multiplication
of the present bacteria,
independent of the resistance
features.

Duration of changes in
temperature/humidity
would impact on
bacteria multiplication
and likely in ABR.

Considered 66%–90% certain
(likely) that unfavourable
conditions (high temperature and
humidity) will increase the
probability of transmission due to
increased multiplication and
survival rate of bacteria in the
environment, including ARB/
ARGs.

7. Duration of
transport/lairage

Dewell et al. (2008a,b),
Hurd et al. (2002)

The duration of transport
is associated with
contamination of hides
with Salmonella and
E. coli in cattle and
Salmonella infection in
pigs.

Duration is associated with many
other factors (see above).

Only a few studies report an effect
of duration of transport on
pathogen presence. Moreover,
information on the association with
ARB/ARGs is not available.
Prolonged stress, longer period of
feed withdrawal and an increased
number of contacts between
animals may play a role in
increased transmission of

NA Considered 99%–100% certain
(almost certain) that the
duration of transport contributes
to the probability of
transmission of ARB/ARGs
during transport. Transmission
of ARB/ARGs can occur during
short duration of transport.
Nevertheless, the effect of most
of the identified risk factors for
transmission of ARB/ARGs will
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Risk factor
Supporting
references(a)

Data based on(b) Comments and uncertainties Effect of duration(c) Conclusions/subjective
probability range(d)

ARB/ARGs between animals during
longer transport and resting.

increase as a result of a longer
duration.

Although most of the identified
risk factors are influenced by
duration, there is no evidence
to estimate differences between
journeys shorter or longer than
8 h. Journeys that require rests
in control posts, will be
associated with specific factors
in those temporal areas (e.g.
mixing of animals,
environmental contamination,
stress).

Lairage, livestock
assembly centres and
control posts

Boughton et al. (2007b)

Arthur et al. (2008)

Broens et al. (2011)

Contamination of lairage
with Salmonella.

Increased contamination
of hides at lairage.

Identity of bacteria at
lairage and on carcasses.

Environmental contamination and
exchange between animals at
lairage, control posts and/or
assembly centres can lead to
acquisition of bacteria. An increase
of the proportion of MRSA positive
animals at lairage has been
observed, although it was not
clear whether that was due to
exchange of bacteria between
animals or to uptake from the
environment.

The environmental exposure to
ARB/ARGs at lairage, assembly
centres and control posts is
additional to the environmental
exposure during transport and is
likely different in terms of variety
and abundance. On the contrary,
the exposure to other animals
harbouring ARB/ARGs is probably
only extended at lairage, assembly

When duration
increases, the
exposure time of
animals to ARB/ARGs
increases as well, both
to the environment as
to other animals.

Considered 99%–100% certain
(almost certain) that exposure
to contaminated lairage,
livestock assembly centres and
control posts will increase
carriage of ARB/ARGs in animals
and therefore the probability of
transmission. Depending on the
duration of stay in these
locations, most of the
contamination will be on the
surface of the animals.
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Risk factor
Supporting
references(a)

Data based on(b) Comments and uncertainties Effect of duration(c) Conclusions/subjective
probability range(d)

centres and control posts, since
mostly animals are not mixed
anymore at these locations.

The role of environmental
contamination in the transmission
of ARB/ARGs during lairage is
therefore probably more dominant
than the role of direct exchange of
ARB/ARGs between animals. Since
the latter is not different, but only
extended for the duration of
lairage.

Note: Most of the risk factors have an effect on the transmission of ARB/ARGs during multiple stages of transport.
(a): Further references can be found in the risk factor Section 3.2.2.
(b): Since references on ARB/ARB during transport are very limited, information is extrapolated from studies on risk factors on the transmission of non-resistant (or not investigated) bacteria

during transport. In addition, information is extrapolated from studies on risk factors on the transmission of ARB/ARB in other settings, such as livestock farms.
(c): In this column, the interaction between the risk factor and duration of transport is explored.
(d): The risk factors that were identified as 99%–100% certain to contribute to the probability of transmission of ARB/ARGs, were also considered to be of high importance.
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3.2.5. Risk factors – concluding remarks

• The AMR status (e.g. resistome, mobilome, fitness traits) of the animals’ microbiota before
transport is considered to have a major effect on the probability of transmission of ARB/ARGs
during transport.

• During transport, the microbiota of animals might be altered which possibly contributes to the
acquisition and shedding of ARB/ARGs

s Feed withdrawal before and during transportation and lairage of animals has effects on the
microbiota of animals as demonstrated by increased susceptibility to, colonisation and
shedding of certain bacteria, including Salmonella, as well as increased exchange of
plasmids between bacteria. Data relating to ARB is scarce. On the other hand, feed
withdrawal can be hypothesised to reduce the shedding of ARB/ARGs, since it has been
shown that withdrawal decreases vomiting in pigs, and less faecal material would be
produced. Due to the lack of evidence on the effect of withdrawal for shedding and
transmission of ARB/ARGs and because both positive and negative effects on ARB/ARGs
transmission can be assumed, the overall direction of the effect of feed withdrawal remains
unclear.

s In addition to feed withdrawal, the microbiota in animals during transport may be altered
by other stressors (such as animal handling, heat/cold, loading/unloading), environmental
conditions, infectious diseases and general health status of the animal. Specific data for
ARB/ARGs are not available, thus the effect and the overall direction of the effect of
stressors on ARB/ARGs transmission remains unclear.

• Shedding of bacteria can be altered during transport. For all the animal species considered, the
effect of stress, especially during loading and transportation, is often reported to be associated
with increased defaecation, leading to a higher risk of dissemination of bacteria, including ARBs
if present, between transported animals and to their environment, hence increasing exposure
to other animals.

• Environmental exposure to ARB/ARGs can occur during transport.

s When contaminated transport vehicles and related equipment such as transport crates are
not cleaned and disinfected properly, they have the potential of contaminating animals with
bacteria originating from animals transported before. While this contamination is likely to
be predominantly superficial it may lead to colonisation and/or infection in transport > 2 h.
Usage of equipment and vehicles for unrelated populations (e.g. laying hens and broilers)
is likely to have a more substantial effect.

s Airborne transmission can contribute to the exchange of bacteria between animals during
transport. Although the presence of ARB/ARGs in air during transport is described, it is
unclear as to whether this leads to transmission and in what amount.

s Workers can be a source and vector for the transmission of ARB/ARGs between animals,
but it is considered to contribute minorly compared to exposure to the truck environment
and other animals carrying ARB/ARGs.

• Exposure to other animals carrying and/or shedding ARB/ARGs contributes to the probability of
transmission of ARB/ARGs during transport. Transmission of ARB/ARGs between animals is
more likely when the duration and frequency of contacts between animals increase.

• The relevance of exchange of ARB/ARGs between animals likely depends on the differences in
the microbiota between the transported animals. Transport of animals of different origins is
therefore likely to be more problematic than transport of animals from the same population.

• Adverse environmental conditions (high temperature/humidity) are associated with the
multiplication and survival rate of bacteria in the environment, including ARB/ARGs.

• The impact of the duration of transport is important, allowing for greater bacterial
multiplication and transmission of bacteria between animals with long transport times. When
the duration of transportation increases, the exposure time to ARB/ARGs in other animals and
the environment (e.g. air, truck) increases as well. The exposure to additional contaminated
environment during resting periods, as well as the additional time to reach the final destination
may increase the risk of multiplication and dissemination of bacteria in batches of transported
animals.

AMR and animal transport
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• Ineffective cleaning and disinfection of lairages and livestock markets has been reported.
Environmental contamination at lairage can lead to the acquisition of bacteria. The exchange
of ARB/ARGs between animals can occur at lairage. Animals are commonly not mixed further
at the stage of lairage. The role of environmental contamination in the transmission of ARB/
ARGs during lairage is therefore probably more dominant than the role of direct exchange of
ARB/ARGs between animals. Moreover, as the time spent in lairage is short, the contamination
will mostly occur on the surface of the animals.

3.3. TOR2. Preventive measures and control options

3.3.1. Mitigation measures in transport and lairage, brief definitions and
reasoning behind the strategies described in the section

Section 3.3 addresses the potential mitigation options considered to reduce the burden and
transmission of AMR in transport and lairage stages. In this Scientific Opinion, mitigation refers to any
measure, strategy or action which can reduce AMR development, transmission or which can remove/
eliminate or reduce the AMR burden in transport and/or lairage stages.

The mitigation strategies described in this section mostly address the risk factors described in the
Section 3.2. Thus, most of the strategies aim at offering solutions to tackle the main risk factors
identified in this Scientific Opinion. Due to the scarce information and the lack of specific studies
addressing the mitigation of AMR transmission in these two stages of the food chain (see data gaps
section for more information), the considerations provided below are based on general and specific
mitigation strategies which have been shown to reduce, control or eliminate the multiplication and
transmission of pathogens harbouring ARB/ARGs. This applies predominantly to pathogens, which
frequently harbour AMR determinants. The interventions are grouped considering the different stages
encompassed in transport: pre-transportation including the preparation of the animals, transportation
including the loading, the journey/transit and the unloading, as well as the stay of the animals in
intermediate places such as control posts (for rest stops), assembly centres and lairage.

These interventions include mitigation measures which can be divided into:

• those which directly help to control AMR transmission
• those which exert an effect on AMR transmission indirectly, for instance improvements in

animals’ health and welfare.

In each part of the section, the interventions are described with reference to scientific literature in
the targeted animal and bacterial species. Specific interventions which apply only to a particular animal
sector, such as poultry (i.e. catching and transport in cages), are stressed at the end of each section.

3.3.2. Mitigation measures which aim at improving animal health and welfare
but with a potential impact on AMR transmission

As mentioned in the previous paragraph, in general, AMR mitigation options can overlap with
strategies to reduce or control pathogens. Thus, there is relevant information for this Scientific Opinion
in previous EFSA reports in the AMR topic such as RONAFA (EMA and EFSA, 2017) or a recent Opinion
in the role of the food-producing environment on the emergence and spread of AMR (EFSA BIOHAZ
Panel, 2021). Similarly, strategies to reduce transport stress can be useful to indirectly improve health
and welfare of the animals (EFSA AHAW Panel, 2022a,b,c). Thus, relevant information to limit AMR
transmission can be found among publications by FAO in their recommendations for transport and
lairage (‘Antimicrobial Resistance’, online https://www.fao.org/antimicrobial-resistance/key-sectors/
animal-production/en/; FAO/WOAH/WB, 2010) as well as in the ‘Animal Transport Guides’ (online
http://www.animaltransportguides.eu/materials/), which will be mentioned briefly within this section.

Applying good husbandry and animal handling practices while managing the animals before
and during animal transport (e.g. ensuring good quality of feed and water, adequate handling,
appropriate ventilation rates and space allowances) are considered as general mitigation strategies to
enhance animal health and welfare. Consequently, such measures would be expected to reduce the
impact of various relevant risk factors such as stress (general, temperature, stress hormones) on the
of faecal shedding, or driving for the transmission of ARB/ARGs to an unstable microbiota. Other
possibilities may involve the choice of locally-adapted breeds which are more resistant to diseases and
stress.

AMR and animal transport
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In line with the previous point, staff training and auditing in the aspects mentioned in the previous
paragraph may help in guaranteeing their effective application.

3.3.3. Mitigation measures addressing animal preparation for transport

Transport preparation is important to limit any potentially stressful disturbances which may have a
negative effect on animal health, immunocompromising the animals, re-activating latent infections or
increasing the shedding of pathogens and ARB/ARGs. Handling stress has been identified as a
hazard for compromising welfare during preparation (see EFSA AHAW Panel, 2022a,b,c). Consequently,
training of staff on handling based on animal learning theory (Boivin et al., 2003; Abramson and
Kieson, 2016) is considered as a mitigation strategy. Likewise, it may be helpful to habituate the
animals to humans, human handling and transport-related practices. It may be also useful to expose
animals to the required procedures and handling by staff in advance. Even if habituation might
increase overall risk, ensuring animals are used to regular human contact is likely to be beneficial
(Grandin, 2019; EFSA AHAW Panel, 2022a,b,c). Handling stress may favour the transmission and
exchange of resistant bacteria or AMR determinants via increased defecation, shedding of specific
organisms and poorly controlled contact, although further research is needed to quantify the relative
risk of each potential factor identified in the risk Section 3.2. These actions can reduce AMU and the
associated selection pressure, linked to the aforementioned negative health effects of transport stress
(EMA and EFSA, 2017).

Pre-transport mitigation options have some particularities in poultry, associated with stress linked to
animal handling and catching. Good handling practices and training by experienced staff are important
in minimising handling stress and injuries to birds during catching and loading (Bayliss and
Hinton, 1990; Weeks et al., 2019: Grandin, 2020; Edwards and Hemsworth, 2021). It has been
reported that well-managed mechanical catching can be less stressful than manual procedures (Nicol
and Scott, 1990; Benincasa et al., 2020). Animals that are inadvertently injured during catching should
not be loaded (EFSA AHAW Panel, 2022a).

Although there are no specific studies describing a direct link between the interventions described
below and AMR mitigation, their implementation may help limit pathogen and AMR spread. Housing
poultry in less stressful enriched environmental conditions that include perches, straw bales, etc., can
help to reduce the stress response of birds in general, so can have a calming effect prior to
transportation (Li et al., 2021). Careful management of temperature during the early life of the birds
can lead to improved tolerance of heat stress later in life (Goel, 2021). Stress and related adverse
effects on hatched chicks can be reduced by installing feeding systems within hatcher incubators
(Souza da Silva et al., 2021). Careful management of catching will reduce stress levels and thus
corticosteroid levels (Kannan et al., 1997; Vosmerova et al., 2010), and hence reduce a potential
disbalance on the microbiota, which could affect ARB/ARGs. Management of lighting conditions during
catching of birds can help to reduce stress responses and may be applicable to conditions during
transport and waiting for slaughter at the abattoir lairage (Abo-Al-Ela et al., 2021). The use of dimmed
lights when catching broilers rather than red light can reduce the number of birds found dead on
arrival at the slaughterhouse (Van L�ımbergen et al., 2020).

Similarly, pigs and cattle should be treated with care during preparation to avoid higher rates of
defaecation and a consequent greater likelihood of contaminated hides and environment. Therefore, a
calm approach and appropriate handling can be expected to reduce spread of ARB/ARGs (Dewell
et al., 2008a).

Assessing the fitness for transport, hence, the identification and isolation of unhealthy animals is
already mandatory, but the current list of pathologies is limited and focuses only on severe clinical
signs (e.g. fever). Implementing the assessment of the fitness of transport as recommended by the
EFSA AHAW Panel (2022a,b,c) and adequate staff training to identify unhealthy animals are crucial for
this. Animals deemed unfit for transport should not be loaded and treated as soon as possible. The
relevance of health checks becomes even more crucial if animals are going to be transported to
collecting centres, markets and lairage areas. These places offer the opportunity for pathogen and
ARB/ARGs transmission between animals from different origins.

Measures associated with feeding management have different considerations depending on
the destination, i.e. other farms vs. transport to slaughter.

• The potential impact of feed withdrawal on AMR dissemination is discussed in the previous
section, and the impact on AMR is associated with high uncertainty. Specific data evaluating
the impact of feed withdrawal on AMR is lacking. Therefore, with respect to resistance
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transmission, the management of feed withdrawal prior to transportation and slaughter needs
to be carefully assessed and adjusted according to the expected duration of transport. With
the data available, no recommendations in relation to feed withdrawal can be made in order to
contain AMR transmission.

• The impact of the use of alternative substances to antimicrobials (e.g. botanicals, organic
acids, essential oils, bacteriophages, bacteriocins or probiotics) is reviewed in previous EFSA
Scientific Opinions (EMA and EFSA, 2017). Although such interventions could be applied during
on-farm preparation, during transport or in the lairage, similarly to the conclusions in these
EFSA Opinions, we lack specific data which demonstrate their usefulness in AMR mitigation. In
addition, some of these interventions often rely on a long period of administration (De Busser
et al., 2009; Gilson et al., 2019), limiting their potential use in short-term procedures such as
transport and lairage.

Transport logistics considering AMR criteria

Organisation of the transport considering AMR criteria, henceforth referred to as ‘transport logistics’,
can be an efficient strategy to mitigate pathogen and AMR exchange among animals, at least from
different farms (Figure 9). Among direct criteria, various ‘risks’ could include the AMR load, presence of
ARB with resistance to ‘critical’ or last resort antimicrobials (indicators such as presence of CPEs,
MRSA, VRE, linezolid-resistant staphylococci and other bacteria included in Group 1 and Group 2
described in Section 1.3.2) and/or presence of certain genes (e.g. carbapenemase-encoding genes,
ESBLs), and/or specific mobile genetic elements (EFSA BIOHAZ Panel, 2021). These AMR indicators
would permit categorisation of animal batches/farms based on their risk of ARB/ARG transmission and
schedule the transport of conflictive animals accordingly. This might include transporting such animals
to the slaughterhouse at the end of the day or the week and increasing the time-lapse between
transports, which reduces ARB viability and thus avoids contamination of animals subsequently
transported. It also implies separating such animals to minimise the risk of transmission to other
animals. This sort of intervention can similarly be applied to control posts, assembly centres and
lairage, where animal batches exhibiting AMR, particularly to ‘critical’ antimicrobials, should be handled
with measures which guarantee their isolation from other animals and cleaning protocols which
preclude the transmission to subsequent animals kept there.

Such measures require appropriate knowledge to characterise the batches of animals, i.e. a routine
schedule to test herds for a predefined set of criteria, similar to the data provided by Salmonella
control programs, if information (e.g. presence of highly important ARB/ARGs as those mentioned
above) is not already available.

Alternatively, other direct/indirect strategies or measures could be used to establish criteria: for
instance, EU/National surveillance information provided by AMR epidemiological studies (routine or
specific monitoring, baseline surveys that provide data from antimicrobial susceptibility testing or whole
genome sequencing analyses). Such programmes are mostly based on a sample of herds rather than
on the sampling of every herd. Also, information collected from National control programmes for
specific pathogens/zoonotic bacteria (e.g. Salmonella) could be useful.

Categorisation of the transported animals could be based on the presence of risk factors for AMR
on the farm of origin as well. Such a risk-factor based approach should rely upon factors already
available in public databases and with a well-known association with AMR. Among such approaches,
e.g. AMU data would be available since on-farm monitoring systems of AMU are now mandatory across
the EU (Regulation 2019/6). Other indicators might include animal species and category, animal age,
farm records (i.e. outbreaks), and data about on-farm biosecurity, where available. Nevertheless,
although a risk factor-based approach may not require generating additional data, it has lower
accuracy than directly measuring AMR hazards in the animals to be transported.

Altogether, this mitigation strategy is limited by the current AMR information, lack of criteria to
choose the best indicators or the low correlation between data from indirect measures such as AMU
and AMR risk transmission.

AMR and animal transport
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Planning

During preparation, the journey should be carefully planned. The management of transport
preparation is highly relevant. Some strategies linked to biosecurity, such as minimising the number
of farms to be visited and the number of vehicles used per transport, limits the contacts among
animals with different origins and thus the risk of relevant AMR transfer associated with pathogens or
commensal bacteria. In this sense, the use of the same truck to transport different animal species or
categories (e.g. broilers and laying hens) should be avoided for the same reason to account for
residual contamination of trucks and transport crates. Similarly, transports with different purposes
should be segregated, e.g. avoiding the same vehicle for animals transported to farms and the
slaughterhouse within the same trip (Neumann et al., 2021). Additionally, stopping at different farms
to load different animals or change vehicles will increase the journey duration and the cross
contaminations and consequently the risk of AMR transmission. Since transport duration should be
kept as short as possible, during planning unnecessary extension of the journey duration should be
avoided (e.g. select for the nearest slaughterhouse). For the same reason, the movement of animals
should be limited to the minimum required (e.g. check necessity of life-breeding animal exchange). In
the planning, the time of departure and arrival should be decided to travel during the times of the day
suitable for optimal thermal comfort zone of the animals to minimise the risk of heat stress/
unfavourable environmental conditions which will increase the risk of spreading ARB/ARGs.

Stocking density, group size and segregation

Increasing space allowance (i.e. reducing stocking density), apart from reducing group, motion,
heat stress and resting problems (EFSA AHAW Panel, 2022a,b,c), is likely to reduce environmental
contamination, as less faeces will be shed per surface, and limits the number of animals in contact.
Moreover, limiting the number of animals in a transport vehicle or transport cages may lead to reduced

Figure 9: Scheme of potential transport logistics based on AMR criteria. Based on AMR information
(AMR load, ARB, ARGs or indirect measures) farms or batches (feedlots) can be categorised
by their potential risk and specific measures can be implemented in transport, assembly
centres, control posts and/or lairage
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exchange of bacteria by reducing both the number of potential shedders and the number of potential
recipients in a compartment.

Minimising the group size (i.e. segregating the animals in different compartments) and any
measure to assure effective segregation of animals of different origins, i.e. mainly from different farms,
but different barns, feedlots, age groups or production goals (meat, milk, egg) during transport will
likely reduce the potential exchange of bacteria, including pathogenic and AMR bacteria between
animals of different origins. Jones et al., (Jones et al., 2013) reported a reduction in the spread of
ESBL-producing and fluoroquinolone-resistant E. coli with the compartmentalisation of the flocks on
turkey farms. Correspondingly, compartmentalisation and avoiding mixing veal calves from different
origins have proven successful in reducing the burden of ARB in veal calves (Becker et al., 2022). Such
measures will furthermore decrease social stressors associated with being confronted with unfamiliar
animals of the same species. Using smaller compartments with solid divisions may contribute to
reduced or less protracted exchange of bacteria between animals. Smaller compartments may increase
the likelihood of the animals accessing drinkers and feeders.

3.3.4. Mitigation measures addressing loading and unloading

Loading and unloading have been highlighted as hot spots in the risk factors section. Mitigation in
these procedures should involve the use of adequate technical equipment, hygiene and well-trained
staff. Loading and unloading platforms and ramps should be made of non-slip materials that are at the
same time easy to clean and disinfect. Cleaning and disinfection should be thoroughly done to avoid
transmission of bacteria between subsequently loaded/unloaded animal groups. The efficacy of
cleaning and disinfection should be checked at intervals and procedures should be adjusted if they are
shown to be ineffective.

All procedures during loading and unloading should be carried out minimising stress, injury or any
potential event which may negatively impact animal health and welfare (see EFSA AHAW Panel, 2022a,
b,c).

Unloading should start as soon as the vehicles arrive at the destination. During waiting times, the
temperature inside the vehicle increases and the animals tend to interact among them and be more
restless. Any delay in unloading (and uncrating in case of birds) should be avoided to avoid additional
transmission of bacteria and contamination of animals in this period. To avoid AMR transmission,
animals which have become unhealthy or injured during the journey should be unloaded and isolated.

3.3.5. Mitigation measures during journey/transit

Animal transport implies a number of welfare hazards for which mitigation and corrective measures
have been identified for cattle, pigs and poultry (EFSA AHAW Panel, 2022a,b,c). Since reducing the
presence of these hazards will reduce distress, pain and frustration of the animals and their effects on
the immune system, it will potentially minimise AMR spread.

Heat or cold stress can be associated with microclimatic conditions inside the vehicles. They can
often be caused by transportation in confined and overcrowded conditions and result in increased
faecal and pathogen contamination of animals or susceptibility to infection (Warriss et al., 2005; Soro
et al., 2020; Lalonde et al., 2021; Lu et al., 2021; Ricke, 2021). Mitigation options ensuring thermal
comfort include:

• Ensuring animals are transported under microclimatic conditions within their specific thermal
comfort zones would be a way to reduce the negative impacts of unsuitable temperatures (see
EFSA AHAW Panel, 2022a,b,c for details). This can be achieved by improvements in vehicle
design, using forced ventilation and air-conditioning. The design of poultry crates and their
spacing within the load is important for optimisation of ventilation, but more research is
needed to define best options for various types of birds and climatic conditions (Bhatt
et al., 2021; Pinheiro et al., 2021). It may also be possible to design ventilation or cooling
systems linked to temperature sensors which can respond to different conditions within a load
(Mitchell and Kettlewell, 2008; Ramadiani et al., 2021).

• As discussed with regard to the transportation planning described above, not travelling during
the hottest or coldest time of the day can be planned to make sure that the animals travel
within their thermal comfort zone, avoiding both heat and cold stress.
Solutions to avoid prolonged transport duration due to traffic density (i.e. traffic jams, traffic
controls, tolls or control customs) should be provided.

AMR and animal transport
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Bedding can help improve the comfort of the animals. It can also soak up faeces and urine and
therefore reduce exposure of animals to these. Depending on the capacity of the bedding to do so,
this may limit contamination of the animals (Singh et al., 2020). Bedding is currently compulsory
during journeys longer than 8 h (EC 1/2005). Straw and hay have been recommended because they
can be a source of feed for cattle and pigs. From a hygienic perspective, the latter is not welcome as
ingestion of contaminated bedding might support the spread of (resistant) bacteria (Ray et al., 2022).
For shorter journeys, bedding is not compulsory, although its hygienic benefits (soaking up liquid)
might even be more relevant than in long journeys when the capacity of the bedding to soak up liquid
is likely to be overwhelmed. Use of bedding increases the efforts for cleaning and disinfection,
increasing the material to be removed from trucks and lairage areas. Thus, despite the clear benefits
for animal welfare, the role of bedding in AMR mitigation needs further study.

Shorter journey lengths are likely to be associated with reduced cross-contamination between
animals (Nijdam et al., 2004: Dewell et al., 2008a,b; Caffrey et al., 2017; Dos Santos et al., 2017,
2020).

Mobile slaughter units could be used to generally limit transport time and stress and the time
between catching and slaughter if food hygiene and licensing requirements can be fulfilled (Cartoni
Mancinelli et al., 2018).

Any other practices safeguarding and enhancing animal welfare during transport (EFSA AHAW
Panel, 2022a,b,c) may help to minimise the risks of the shedding of AMR pathogens/bacteria. Control
posts and other interrupted travels may at the same time increase risk of transmission by additional
mixing of animals and/or uptake of bacteria from a contaminated environment. Therefore, efforts
should be made to balance the effects on the different targets (i.e. comfort vs. hygiene).

3.3.6. Mitigation measures after transport

Vehicle cleaning after each transport. Cleaning and disinfection should prevent the potential
transmission of bacteria to subsequent groups of animals placed in the same environment. With
respect to AMR this can reduce transmission of ARB and a build-up of a resistant microbiota in the
animals’ environment. It is particularly critical for haulage vehicles (Porphyre et al., 2020) to avoid
cross-contamination between different groups of animals loaded on the trucks.

The transport vehicle itself should be cleaned and disinfected after each delivery to the farm or
slaughter plant as specified by EU Regulation (EC 1/2005). The same regulation applies to cleaning
and disinfection of facilities for loading and unloading and intermediate stays such as control posts or
assembly centres. The transporter must keep a register to keep information about the date and place
of disinfection. According to the EC Regulation 853/20047, abattoirs must have separate areas for
cleaning and disinfection of transport vehicles and equipment.

It is essential that cleaning and disinfection procedures are performed properly and thoroughly (De
Busser et al., 2013). Effective protocols for decontamination of trucks should include washing,
disinfection and drying (Baker et al., 2017; Neumann et al., 2021). A standard operating procedure
(SOP) for cleaning and disinfection of trucks with certified effectiveness should be followed in areas
dedicated to this task (USDA and CFSPH, 2010; Weber and Meemken, 2018). Cleaning should be
carried out as soon as possible after unloading. Bedding and contaminated material should be
segregated to avoid re-contamination (Mannion et al., 2008; FAO/WOAH/WB, 2010). No visible dirt
should be present on surfaces after washing. This level of cleanness may be achieved using a high-
pressure washer and detergents to help the removal of organic matter (FAO/WOAH/WB, 2010; Weber
and Meemken, 2018). Both help to improve disinfection and drying effectiveness. Disinfection is a
critical control step in the process as it inactivates the residual bacteria which persist after cleaning.
Moreover, disinfectants like sodium hypochlorite are able to remove free-DNA molecules (Nilsson
et al., 2022). Quaternary ammonium compounds and anionic surfactants, in hatcheries are often used
at a concentration that is unlikely to eliminate some strains of bacteria within species such as Serratia
marcescens, E. faecalis, E. faecium, Pseudomonas spp. and Pantoea agglomerans. These species
commonly include AMR strains (Willinghan et al., 1996). For disinfection, choosing an appropriate
product at a suitable concentration, application rate and contact time is essential (Gosling, 2018). Use
of copper alloy antimicrobial surfaces instead of polypropylene for construction of chick crates was

7 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. OJ L 139, 30.4.2004, pp. 55–205. Consolidated text: 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. http://
data.europa.eu/eli/reg/2004/853/2021-10-28
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found to reduce surface microbial counts but this was undermined by a design that inhibited drainage
in the floor of the baskets (Depner et al., 2021). Moreover, resistance to copper is frequently
associated with AMR (e.g. Argud�ın et al., 2011). The use of a copper alloy may therefore in the long
term, support AMR selection.

To assure effectiveness of disinfection, the procedures and equipment (especially disinfectant
metering devices) should be checked at regular intervals and in case of malfunctioning they should be
adjusted.

Several authors have underlined the importance of drying vehicles after cleaning and disinfection
and before transporting (Dee et al., 2005; FAO/WOAH/WB, 2010). For trucks, 8–12 h of drying are
usually sufficient. Since this may be difficult to carry out under field conditions, forced air fans and
heaters can be used to facilitate the process (FAO/WOAH/WB, 2010). The livestock transport industry
has developed the thermo-assisted drying decontamination method (TADD). This method is based on
forcing hot air into the trailer, increasing the temperature up to 71°C for 30 min. TADD has been
successfully tested for porcine reproductive respiratory syndrome virus (Dee et al., 2005), but further
studies are necessary to test its efficacy for bacteria. Neumann et al. (2021) suggests extending
cleaning and disinfection procedures to loading ramps and lairage areas.

Some authors suggest regularly monitoring the efficacy of cleaning and disinfection procedures
through random checks (Mannion et al., 2008; Weber and Meemken, 2018). Checks based on visual
inspection fail to detect microbiological deficiencies in cleaning which cannot be observed by the
human eye. Microbial testing is more sensitive in detecting potential indicators of inefficient cleaning
like Salmonella spp. or Enterobacteriaceae (Mannion et al., 2008; Weber and Meemken, 2018).

Although these biosecurity procedures are simple, they require a coordinated effort by those
involved in the animal production chain to be effectively implemented (Lowe et al., 2014). Weber and
Meemken (2018) suggested that the abattoir should have a closed washing space equipped with a
pressure cleaner and sufficient lighting for nighttime. Appropriate equipment should be available on
site for the protection of the driver during cleaning and disinfection procedures.

Analogous procedures should be followed after transport of animals between farms or between
farms and assembly centres and/or control posts (see Section 3.3.8). Contaminated materials should
be disposed of in a safe way that avoids introduction of bacteria from these materials back into the
vehicles or into the herd of destination. The possibility of the main introduction of contamination
occurring through animals arriving requires assessment.

Effective sanitation of poultry transport crates and prevention of recontamination of cleaned crates
via aerosols and dust is important to avoid survival or introduction of pathogens. Cleaning and
disinfection of crates have to be done thoroughly as insufficiently cleaned and disinfected crates have
repeatedly been identified as a source of (resistant) bacteria to poultry. This was not supported by a
literature review contained in a USA Quantitative Microbial Risk Assessment (QMRA) study, which did
not confirm a significant effect of crate washing, in view of the high rate of pre-existing flock infections
that contribute the major burden of contamination and the limited efficacy of current crate washing
methods (Kang, 2020). The impact of crate washing may therefore be more relevant in situations
where other sources of Campylobacter spp. are better controlled. Decontamination can be improved
by an additional disinfection stage after washing (Davies and Wray, 1994) and strict segregation of pre
and post washing airspaces (Huneau-Sala€un et al., 2022). As with vehicles, Dzieciolowski et al. (2022)
reported that hot air drying of crates after washing and disinfection could improve reduction of
Enterobacteriaceae from just over 2 logs to nearly 3.5 logs.

A similar study reported a modest reduction on log counts associated with the use of UV light, but this
could be compromised by shadowing associated with the common occurrence of poor cleaning of crates
(Moazzami et al., 2021). This can lead to increased microbial load and diversity (Freeland et al., 2021).
An intensive decontamination pilot study produced good results for reduction of Salmonella and coliform
bacteria in broiler transport crates: after each use, the crates were cleaned with a detergent using a
high-pressure jet to remove faecal matter and reduce biofilms. The containers were then submerged in
1% sodium hypochlorite solution at 70°C for 2 min (Ramesh et al., 2003).

3.3.7. Mitigation measures at lairage

Lairage time should be kept to the minimum required (e.g. shorter exposure to the environment
and/or exposure to other animals). Management procedures such as overnight resting should be
avoided to limit the time available for exchange of bacteria between animals of different origin and/or
the lairage environment and for multiplication of the transmitted bacteria. Animal batches should only
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be mixed if they are transported in the same group or come from the same herd. Whilst this would
reduce relevant exchange of bacteria, mixing these animals still continues, with subsequent social
stress of regrouping and re-penning that should rather be avoided (see above). Group sizes should
likewise be limited to reduce the number of potential shedders and recipients and therefore limit the
probability of transmission. For the same reason, sufficient space should be provided per animal to
reduce intensity of contacts.

Despite the lack of specific data on the influence of factors such as temperature, humidity,
airstreams or excessive noise on AMR, these stressors should be minimised, as they may impair the
immune response of the host and facilitate the transmission of bacteria (Knowles, 1999). If animals
are not slaughtered immediately after arrival, water and feed should be provided to reduce the impact
of feed withdrawal on animal welfare (EFSA AHAW Panel, 2022a,b,c). Feeding hay to cattle at lairage
seemed to reduce hide contamination with E. coli O157 (Mather et al., 2007). Nevertheless, issues
with intestinal fill during slaughter may limit the usefulness of feeding at lairage.

To reduce environmental contamination, cleaning and disinfection protocols, like in other preharvest
stages mentioned in this Scientific Opinion is crucial. A study evaluating cleaning and disinfection
protocols in the lairage area demonstrated that the application of power washing, a foam detergent
followed by disinfection and final drying was able to reduce the presence of salmonella organisms
(including resistant ones) from the environment by over 90% (Walia et al., 2017). Any protocol failing
in any of the steps described, demonstrated lower efficacy in AMR pathogen removal.

Lairage pens usually provide a source of water for animals and the alternative substances to
antimicrobials mentioned in transport feeding strategies could be applied in this stage. The same
limitations and gaps for these products are applied here (see feeding management measures
mentioned above and Section 3.4 Data gaps section).

3.3.8. Mitigation measures at assembly centres and control posts

Mitigation of AMR transmission in assembly centres may begin by minimising their use (Marquetoux
et al., 2016). When used, organisation of handling and penning facilities needs to consider animal
origin (farm, but additionally truck, region, etc.), species, age and any factor that can have an
influence on AMR exchange among animals from different sources. Biosecurity protocols in transport
related activities should include the mitigation of the risk associated with these centres. Particular
attention should be paid to transmission of pathogens and ARB/ARGs between different batches of
animals through minimising contact between the batches. This can be achieved by regulating animal
traffic in the centres and effective cleaning and disinfection protocols. Those protocols should be
evaluated regarding their effectiveness against ARB/ARGs in regular intervals.

A long rest at control posts is compulsory for pigs and cattle during very long journeys. During this
stay it is crucial that animals are not mixed. It is particularly important that they keep the same group
as they travelled, and do not get in contact with animals of other origins. In addition, the use of the
same vehicles is highly recommended. Moreover, after the animals leave the control posts, appropriate
cleaning of the facilities is recommended before another load of animals is disembarked into in the
same pens. Checking the fitness for continuing to travel should also be carried out carefully. Ideally,
possible sick/injured animals should not be loaded and instead isolated and treated at the control post.

AMR and animal transport
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3.3.9. Summary mitigation measures and uncertainties identified

Table 2: Mitigation measures with their associated uncertainties

Stage Mitigation strategy. Targeted risk(s).
Supporting
references(a)

Comments and
uncertainties(b)

Conclusions/subjective probability
range

All 1. Good husbandry
practices.

Factors impacting negatively
on health, welfare, e.g. stress
(general, temperature,
grouping, stress hormones),
frequency of faecal shedding,
or driving to an unstable
microbiota.

EMA and EFSA (2017),
FAO/WOAH/WB (2010),
Weeks et al. (2019),
Benincasa et al. (2020),
EFSA AHAW Panel (2022a,
b,c), USDA and CFSPH
(2010)

Generally, measures
which improve animal
health and welfare,
and those influencing
the reduction of
bacterial transmission,
would contribute to
mitigate AMR.

Most of the measures improving animal
health, welfare, and/or biosecurity,
immediately prior to and during transport
will reduce ARB/ARGs transmission. It is
considered 90%–95% certain (very likely)
that good husbandry and handling practices
associated to animal transport will reduce
AMR transmission.

2. Proper cleaning of
transport vehicles,
loading/unloading
spaces and equipment
linked to transport.

Transmission of ARB/ARGs
between subsequent batches
of transported animals. This
can be due to failures during
the cleaning process, the use
of inefficient protocols (e.g.
not appropriated to eliminate
ARB that could be resistant to
several disinfectants.

De Busser et al. (2013),
Porphyre et al. (2020)

Improving cleaning
and disinfection to
efficiently remove
bacteria from
transport vessels will
effectively reduce
ARB/ARGs
transmission between
subsequent groups of
animals.

Considered 90–95% certain (very likely)
that proper cleaning and disinfection of
transport vehicles, crays, cages, loading and
unloading areas, lairage areas, assembly
centres and in general surfaces and
equipment will mitigate AMR transmission.
Ineffective cleaning and disinfection of
transport is highlighted as one of the major
risks for new ARB/ARGs acquisition in this
stage. Thus, cleaning and disinfection
protocols should be revised and validated to
ensure thorough cleaning and disinfection
to effectively guarantee removal of resistant
microorganisms after each animal transport.
Efficacy of the protocols should be tested
regularly by inspection and microbiological
analyses.

Pre-transport 3. Assessment of
‘Fitness of animals for
transport’.

Avoiding transport of sick
animals and their increased
likelihood of shedding ARB and
increased susceptibility to new
infection/colonisation
potentially requiring treatment.

Definition of fitness for
transport is still vague,
the list of pathologies
is not comprehensive
and focuses on severe
clinical signs. In
addition, potential

Considered 66–90% certain (likely) that
depending on the ‘sickness’, avoiding the
transportation of sick animals will contribute
to decrease the levels of ARB/ARGs
transmission during transport.
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Stage Mitigation strategy. Targeted risk(s).
Supporting
references(a)

Comments and
uncertainties(b)

Conclusions/subjective probability
range

carriers and
asymptomatic animals
are not detected.
Implementing the
assessment of the
fitness of transport as
guidelines
recommended by
EFSA AHAW
Panel (see EFSA
AHAW Panel, 2022a,b,
c). The efficacy will
also depend on the
type of ‘sickness’ (e.g.
gastrointestinal
infections).

4. Measures associated
with feeding
management:

Based on the uncertainties associated with
the risk for AMR transmission linked to
feeding management measures (feed
withdrawal and alternative substances to
antimicrobials), with the data available, no
specific mitigation measures in relation to
feed on AMR are proposed.

– Measures in relation
to feed withdrawal
(time and extent).

Microbiota imbalance,
pathogen (over)-growth.
Limiting thirst and hunger
and negative energy balance
especially in young stock as
stressors that may foster
multiplication and exchange
of ARB/ARGs.

Dewell et al. (2008a),
Farghly et al. (2018),
Sabaw and
Muhammed (2021).

Precise data to
evaluate the final
impact of feed
withdrawal in AMR is
lacking.

– Intervention using
alternative substances
to antimicrobials i
(e.g. organic acids,
essential oils,
bacteriophages,
bacteriocins,
probiotics, etc.).

Microbiota disbalance,
pathogen (over)-growth.

Walia et al. (2016),
Rodrigues da Costa
et al. (2021).

Lack of specific studies
in transport and
lairage. Thus, gap in
the efficacy against
pathogens and ARB.
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Stage Mitigation strategy. Targeted risk(s).
Supporting
references(a)

Comments and
uncertainties(b)

Conclusions/subjective probability
range

5. Transport logistics:
transport organisation
depending on AMR
criteria such as e.g.
AMR load, presence of
certain ARB/ARGs (e.g.
MRSA, carbapenemase-
and/or ESBL-producers,
VRE, linezolid resistant
Staphylococci/
Enterococci) in the
batch or farm, as well
as AMU.

Pathogen and AMR spread
among transported animals.

Lack of specific references
on AMR transport.
References for the
slaughter process
available:
Swanenburg et al. (2001)
Hotes et al. (2011),
Arg€uello et al. (2014),
Miranda-de la Lama
et al. (2014)

Lack of specific
references on the
efficacy on AMR
transmission during
transport but measure
effective for slaughter.
To apply this measure
either specific or
epidemiological
information on AMR at
farm or batch level
prior to transport need
to be available.

Considered 95–99% (extremely likely) that
AMR transport logistics (transport
organisation depending on AMR criteria)
would reduce AMR transmission between
animals of different AMR loads and ARB/
ARGs types.

6. Transport planning:. New sources for AMR Neumann et al. (2021) Lack of specific studies
to quantify the impact
of each intervention
associated to transport
planning.

Considered 90–95% (very likely) that
adequate planning of the transport can limit
ARB/ARGs spread. This would include
interventions such as minimising the
number of farms visited and number of
vehicles an animal is exposed to during a
journey. Animals should be segregated by
species, production stage, or age avoiding
the same vehicle for animals transported to
farms and the slaughterhouse within the
same trip. Adequate animal densities in the
vehicle should be foreseen.

For the journey duration, see Mitigations
during transport.

– Farms visited and
vehicles used to
transport these
animals (potential use
of several vehicles
during the same
transport).

Transmission due to mixing of
animals from different
origins.

– Transport route. Unappropriated routes which
increase transport
length/duration or discomfort,
i.e. stressors potentially
fostering ARB/ARGs.

– Time (day/night). Impacting animal health by
the exposure to heat and low
temperatures.

AMR and animal transport
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Stage Mitigation strategy. Targeted risk(s).
Supporting
references(a)

Comments and
uncertainties(b)

Conclusions/subjective probability
range

7. Segregation, stocking
density and group size:

Lack of specific
references.

Considered 90–95% certain (very likely)
that animal segregation would limit animal
contact and potential ARB/ARGs
transmission.

Considered 66–90% (likely) that reducing
stock densities and number of animals in
contact will have a beneficial effect reducing
ARB/ARGs transmission in absence of other
factors (i.e. sick animals, cleaning).

– Effective segregation
of animals of different
origins.

Transmission between groups
of animals.

– Minimising group size. Reducing number of animals
in contact.

Airborne transmission
difficult to avoid, even
if the animals are
separated in different
compartments.

– Increasing space
allowance (reducing
stocking density).

Risk factors linked to high
stock densities (animal close
contact, faecal spread,
welfare).

No specific data on
AMR. Burden of AMR
at origin may hamper
the efficacy of the
strategy. More space
may increase the
interactions among
animals.

Loading,
transportation
(journey/
transit), and
unloading

8. Ensuring thermal
comfort of the animals:

Considered 90%–95% (very likely) that
establishing measures that ensure the
thermal comfort of the animals during the
transport would have direct or indirect
impact in reducing ARB/ARGs transmission.
Therefore, the microclimatic conditions
during the transport should be adjusted.
Vehicles and/or crates should be designed
accordingly. Moreover, the most appropriate
times of the day should be selected for the
travel.

– Ensuring that animals
are transported under
microclimatic conditions
within their specific
thermal comfort zones.

Thermal stress, environmental
conditions that foster
multiplication of bacteria.

Mitchell and
Kettlewell (2008),
Ramadiani et al. (2021),
EFSA AHAW
Panel (2022a,b,c)

Effect of thermal
stress on AMR
transmission through
increased respiration
rate with increased
exchange of
respiratory bacteria.
There is as yet no
experimental evidence
for the efficacy against
ARB/ARGs
transmission.
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Stage Mitigation strategy. Targeted risk(s).
Supporting
references(a)

Comments and
uncertainties(b)

Conclusions/subjective probability
range

– Design of transport
vehicles/crates to
improve animal comfort
(e.g. using forced
ventilation and air-
conditioning).

– Travelling during the
most appropriate time
of the day (i.e. not the
coldest or the hottest).

Tª, humidity, comfort,
ventilation.

Bhatt et al. (2021),
Pinheiro et al. (2021)

Lack of specific data
on AMR

9. Bedding Reducing spillage of faeces
and urine. Tackling welfare
risks (comfort, microclimatic
conditions in winter).

Ray et al. (2022) Probably insufficient
capacity to suck up
liquid with long
transportation.

Potential introduction
of AMR through
organic bedding
material (straw, saw
dust, etc.).

Risk that contaminated
bedding is consumed.

The effect of providing adequate bedding
as mitigation strategy on the risk of
transmission is considered 33%–66%
certain (as likely as not). There are factors
which may mitigate it and others which may
increase it. On the positive side, during
shorter journeys bedding may have hygienic
benefits by soaking up liquid. During longer
journeys the capacity of the bedding to
soak up liquid is likely to be overwhelmed.
On the negative side, bedding increases the
effort needed to clean vehicles after
transport thereby potentially increasing the
risk of inadequate cleaning and disinfection.
Likewise, bedding may provoke its ingestion
thereby promoting uptake of resistant
bacteria from the contaminated
environment.

10. Shortening duration
of journey.

Reduce time for exchange of
bacteria, establishment of
new infection and duration
associated stressors (feed
withdrawal, etc.).

Caffrey et al. (2017), Dos
Santos et al. (2017)

Lack of specific data
for AMR. Potential
correlation between
duration and AMR
burden/transmission.

Considered 95%–99% certain (extremely
likely) that minimising the duration of
transport will reduce AMR transmission.
Long journeys requiring stops or unloading
are a risk for AMR acquisition through
mixing of animals and uptake of ARB/ARGs
from a contaminated environment. Based
on the limited data available, no maximum
journey duration can be recommended.

AMR and animal transport
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Stage Mitigation strategy. Targeted risk(s).
Supporting
references(a)

Comments and
uncertainties(b)

Conclusions/subjective probability
range

Assembly
centres, control
posts

Measures described in
transport section can be
applied here with the
same expected efficacy.
Thus, proper
management of
assembly centres, e.g.
clear separation of
batches, adequate
animal handling and
housing conditions
(under Tª, humidity,
ventilation rates which
provide physiological
comfort, etc.), efficient
cleaning and
disinfection, space
allowance.

Avoid mixing and transmission
between groups of animals.

Risk of transmission by direct
contact and increased
defaecation.

Lack of references Complex logistics
necessary.

Reduce animal contact
and burden of faeces.
Additional benefits
from welfare.

Considered 66%–100% certain (likely to
extremely likely), depending on the
measure taken, that implementation of
mitigations against the risk factors identified
linked to the use of assembly centres and
control posts mentioned above would
reduce the probability of transmission of
AMR. The measures recommended above
with regards to animal handling, stocking
densities, mixing/segregating animals and
facilities cleaning and disinfection, including
its validation, are also relevant to mitigate
AMR transmission in these places.

Lairage Measures described in
transport section can be
applied here with the
same expected efficacy:

Microbiological
monitoring of cleaning
and disinfection would
improve the quality
check. No information
about which
microbiological
analysis would be
better. Limitation of
the time required for
analyses.
Lairage pens are hot
spots of bacterial
transmission and
improvement of
cleaning and
disinfection protocols

Considered 66%–100% certain (likely to
extremely likely) depending on the measure
taken, that implementation of the
mitigations mentioned in the point above as
well as limiting lairage time to the minimum
required, will reduce the probability of
transmission of ARB/ARGs.
See conclusions about interventions using
alternative substances to antimicrobials in
pre-transport.

– Effective cleaning and
disinfection in lairage
facilities.

– Limiting lairage time
to the minimum
required.

– Segregation of
animals by origin.

Transmission of ARB/ARGs
between subsequent groups
of animals.

Limiting exposure to the risks
identified.

Transmission between animals
from different origins.

Walia et al. (2017)

Lack of references

Lack of references

AMR and animal transport
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Stage Mitigation strategy. Targeted risk(s).
Supporting
references(a)

Comments and
uncertainties(b)

Conclusions/subjective probability
range

should reduce AMR
transmission.
Effect of frequent
disinfection on
tolerance to
disinfectants needs to
be monitored.

– Appropriate animal
husbandry in lairage.

Risk associated to animals
stress and poor welfare.

Lack of references

– Interventions using
alternatives to
antimicrobials.

Microbiota disbalance,
pathogen (over)-growth.

Lack of specific studies
in transport and
lairage. Thus, gap in
the efficacy against
pathogens. In
addition, there are no
studies evaluating if
they are useful for
mitigating or
controlling AMR
spread.

(a): Further references can be found in the mitigation Section 3.3.
(b): References are quite limited. The consideration of the efficacy of the mitigation options is based largely on expert judgement and empirical extrapolation from evidence on mitigation measures

efficient to avoid/minimise bacterial transmission.
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3.3.10. Mitigation measures – concluding remarks

Despite the lack of scientific studies which have evaluated the efficacy of different AMR mitigation
strategies in transport, this Scientific Opinion has collated information about various strategies which
can help in mitigating the risks pointed out in the previous section.

• Interventions improving animal health, biosecurity and welfare immediately prior to and during
transport could reduce ARB/ARGs transmission. Staff training in good husbandry practices,
identification of sick animals, proper handling before transport, including catching, and in
animal loading and unloading could mitigate AMR exchange.

• Considering that ineffective cleaning and disinfection of transport is highlighted as one of the
major risks for new ARB/ARGs acquisition, the protocols used should be revised and
accomplished to guarantee optimal removal of microorganisms after each animal transport.
Cleaning and disinfection are not limited to the transport vehicle itself but include loading/
unloading areas, and equipment such as cages and crates. The efficacy of the protocols should
be tested regularly by inspection and microbiological analyses.

• ‘Transport logistics’ meaning farm/batch transport organised based on AMR criteria (AMR load,
ARBs with resistance to ‘critical’ antimicrobials and ARGs conferring those resistances,
epidemiological data or indirect parameters such as AMU), would help to establish specific
measures which guarantee their isolation from other animals and strict cleaning protocols to
reduce AMR. This would apply to transmission to other animals in transport, lairage, control
posts and assembly centres. The mitigation strategy is contingent upon choosing the best
criteria and indicators for each criterion to categorise farms or batches.

• Transport planning can limit ARB/ARGs spread through interventions such as minimising the
number of farms visited and multiple vehicles used to transport a particular animal or batch.
Reducing stocking densities and the number of animals in contact and ensuring animal
segregation/ compartmentalisation by species, production stage, or age, will likewise limit
transmission. Transport should ideally be completed at the times of day suitable for optimal
thermal comfort for animals. Finally, avoiding the use of the same vehicle for animals
transported to farms and to the slaughterhouse within the same trip and adequate animal
densities in the truck, and avoiding to change vehicles during long journeys (e.g. at control
post) for logistic reasons will also limit transmission.

• Transport vehicles should be designed to guarantee a high standard of animal comfort (health
and welfare risks, i.e. thermal comfort). Other strategies such as the use of bedding require
further research to evaluate their final contribution to AMR mitigation or spreading. Based on
the uncertainties associated with the risk for ARB/ARGs transmission linked to feed withdrawal,
with the data available and, the scarcity data in relation to the efficacy of as the use of
alternative substances to antimicrobials on AMR, no specific mitigation measures in relation to
feeding management are proposed.

• Transport duration should be carefully considered. Long journeys requiring stops or unloading
are a risk for AMR acquisition through mixing of animals and uptake of ARB/ARGs from a
contaminated environment at control posts and assembly centres. Moreover, long transports
may increase the likelihood that new carriers of ARB or zoonotic pathogens become active
shedders thus increasing the infection pressure from the environment.

• Use of assembly centres and control posts should be the exception, i.e. when unforeseen
events lengthen travel times excessively. Recommendations about animal handling, mixing and
facilities cleaning and disinfection are relevant in mitigating ARB/ARGs transmission in these
places. Changes of vehicles during the same journey should be limited.

• Lairage is a hotspot in pathogen and potential ARB/ARGs transmission. Thus, all risk factors
linked to lairage should be mitigated, e.g. limiting lairage time to the minimum required,
segregating the animals by origin, ensuring proper animal handling and establishing and
validating cleaning and disinfection protocols which guarantee the mitigation of AMR
transmission by the lairage environment.

3.4. TOR3. Data gaps and research needs

There is little specific information on ARB and ARGs relating to animal transport.
Few studies have tested AMR in bacteria from animals immediately before and after unloading.

Present knowledge is on the most part therefore based on extrapolation from data collected for other
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purposes, e.g. for zoonotic pathogens, assuming that drug-resistant strains of these, as well as other
bacteria, behave similarly.

As the biology and interaction with the host and environment differs between bacteria, this is an
oversimplification of the true situation. Studies are therefore needed to meaningfully assess the
contribution of animal transport to the overall burden of AMR in the food chain both in relation to
different ARB and ARGs and to animals of different origins/species.

3.4.1. Data gaps

The most important data gaps on ARB/ARGs transmission during transport are considered to be:

• the quantification of the relative contribution of the risk factors and proposed mitigation
options;

• the effect of fasting prior and during transport, and the duration of this fasting on AMR in the
microbiota (increase/decrease of ARB, gene transfer), shedding and transmission of the most
important bacterial species commonly exhibiting AMR;

• the effectiveness of different cleaning and disinfection protocols to reduce/eliminate ARB/
ARGs;

• the direction of the association between transport-related stressors and ARB/ARGs
transmission;

• the effect of type and amount of bedding;
• knowledge on the dynamics of ARB/ARGs transmission over time during transport and during

lairage;
• definition of and identification of AMR criteria and the best indicators for each criterion upon

which the transport logistics could be organised (see Section 3.3.3);
• the possible contribution of the airborne route during transport and lairage;
• the impact on ARB/ARGs transmission of mechanical vs. manual catching/loading of animals;
• the contribution of the health status, e.g. shedding of ARB/ARGs, the susceptibility to

colonisation or infection by ARB, or transmission of ARGs;
• the effect of interventions using alternative substances to antimicrobials to mitigate

transmission of ARB/ARGs.

3.4.2. Research needs

3.4.2.1. Most urgent

• Assess the impact of animal transportation compared to the contribution of other stages of the
food-production chain, as a contributor to dissemination of AMR between farms, and/or to
contamination of meat at slaughter.

• Perform studies quantifying the effect on transmission of ARB/ARGs during transport by:

○ feed withdrawal, considering ARB transmission between animals and on horizontal gene
transfer between bacteria within such animals. Such studies should also address the effect
of duration of feed withdrawal;

○ cleaning and disinfection procedures for loading and unloading areas, transport vehicles,
cages, assembly centres, control posts and lairage. Identification of the best methods and
their evaluation to assess their efficacy are required;

○ various stressors individually and in combination considering transmission of ARB between
animals and on horizontal gene transfer;

○ the type and amount of bedding used during the journey, or at control posts, assembly
centres and/or lairage;

○ airborne transmission of ARB/ARGs in transport vehicles;
○ mechanical vs. manual catching/loading of animals;
○ the animal health status during transport, and its effect on e.g. shedding of ARB/ARGs, the

susceptibility to colonisation or infection by ARB, and/or transmission of ARGs;
○ study the interplay of duration with all risk factors during transport and journey breaks.

Those studies should include the determination of the time-lag between uptake of ARB and
faecal shedding and subsequent transmission of such bacteria under transport and lairage
conditions.

AMR and animal transport
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• Define the criteria, and the best indicators for each criterion, that could be used for transport
logistics.

3.4.2.2. Longer term

• Studies on intervention strategies to help mitigate:

○ effect of stressors with a demonstrated impact on ARB/ARGs transmission, e.g. by testing
different environmental management strategies – e.g. facility design, ventilation,
management and handling;

○ possible hygienic problems of transport and lairage related with surface materials and
improvement of facilities design;

○ the mixing/contact of animals during transport, at animal assembly centres, control posts
and lairage (e.g. improvements of facilities design);

• To assess the effect of interventions using alternative substances to antimicrobials to lessen
probability of transmission of ARB/ARGs in animal transportation settings;

• To define the influence of AMR acquisition on survival and persistence of bacteria in animal
transportation settings, e.g. increased/decreased colonisation proficiency.

• To develop dynamic models allowing a more comprehensive and accurate estimation of risks
related to ARB/ARGs transmission during animal transport and the effects of potential
interventions.

4. Conclusions

ToR1: What are the most significant risk factors contributing to the spread of food-borne zoonotic
and indicator antimicrobial-resistant bacteria (ARB) and antimicrobial resistance genes (ARG) between
food-producing animals during short journeys (< 8 h) and long journeys (> 8 h) directed to other
farms or to slaughterhouses (directly or through livestock markets)?

AQ1. What are the most important risk factors contributing to the transmission of food-borne
zoonotic and indicator ARB and ARGs between food-producing animals during short journeys (< 8 h)
and long journeys (> 8 h) directed to other farms or to slaughterhouses (directly or through livestock
assembly centres)?

There is scarce published information and specific studies addressing the risk factors contributing to
AMR transmission during transport of animals. Thus, most of the conclusions below are based on
expert judgement, informed by the collected evidence as reported in this Scientific Opinion and expert
knowledge on risks for bacterial transmission. Accordingly, it is considered:

• 99–100% certain (almost certain) that:

○ the resistance status (presence and type of ARB/ARGs) of the animals pre-transport will
influence the probability of transmission of ARB/ARGs during transport. A higher load and
diversity of ARB/ARGs will increase the probability of transmission.

○ increased faecal shedding during transport increases the probability of transmission of ARB/
ARGs during transport. Any factor that increases faecal shedding (e.g. due to different
stressors) would also increase the shedding of ARB/ARGs if present.

○ insufficient hygiene of the loading and unloading areas and vehicles contributes to the
probability of transmission of ARB/ARGs, as it increases the probability of transmission of
ARB/ARGs between animal batches (transmission through the environment).

○ exposure to other animals carrying and/or shedding ARB/ARGs contributes to the
probability of transmission during transport. A higher frequency, duration and intensity of
direct contacts between animals increases the probability of faecal-oral transmission. The
diversity of transmitted ARB/ARGs increases when animals from different origins are
transported together.

○ the duration of transport contributes to the probability of transmission of ARB/ARGs during
transport. Transmission of ARB/ARGs can occur during short duration of transport.
Nevertheless, the effect of most of the identified risk factors for transmission of ARB/ARGs
will increase as a result of a longer transport duration.

○ exposure to contaminated lairage, livestock assembly centres and control posts will
increase the risk of carriage of ARB/ARGs in animals and therefore the probability of

AMR and animal transport

www.efsa.europa.eu/efsajournal 59 EFSA Journal 2022;20(10):7586

 18314732, 2022, 10, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2022.7586 by Irta T

orre M
arim

on, W
iley O

nline L
ibrary on [03/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



transmission. Depending on the duration of stay in these locations, most of the
contamination will be on the surface of the animals.

• 66–90% certain (likely) that:

○ airborne transmission contributes to the probability of transmission of ARB/ARGs during
transport. The importance of this effect will depend on the bacteria (e.g. higher in
respiratory pathogens and MRSA than in ESBL-producing Enterobacteriaceae) and their
presence in airborne particulates. There is evidence of the presence of ARB/ARGs in the air,
which can lead to subsequential transmission, although not exactly clear to what extent.
The likelihood of airborne transmission is probably dependent on duration of transport and
ventilation.

○ ARB/ARGs in workers (either as carriers or vectors) may contribute to the probability of
transmission of ARB/ARGs during transport. This is likely of minor importance in
comparison to exposure to the truck environment and other animals carrying ARB/ARGs.

○ the health status of the individual animal contributes to the probability of transmission of
ARB/ARGs. Infections during transport contribute to the probability of transmission of ARB/
ARGs through increased shedding and decreased resilience to colonisation/infection.

○ unfavourable environmental conditions (high temperature and humidity) will increase the
probability of transmission due to increased multiplication and survival rate of bacteria in
the environment, including ARB/ARGs.

○ inadequate transport environmental conditions increase the probability of transmission of
ARB/ARGs due to alterations in the microbiota, thereby contributing to the expansion of
certain ARB and shedding of bacteria.

• 33–66% certain (about as likely as not) that:

○ feed withdrawal can affect the transmission of ARB/ARGs during transport. Feed withdrawal
can increase shedding of certain bacteria (e.g. Salmonella spp., Campylobacter spp. which
are often resistant to antimicrobials), but at the same time, the reduction on vomiting and
shedding of faecal material could reduce the probability of transmission of ARB/ARGs.

○ stress can affect the transmission of ARB/ARGs during transport. There is evidence that
stress can lead to alterations in the microbiota and suppression of the immune system, but
the impact (positive or negative) on ARB/ARGs is unclear.

• Although most of the identified risk factors are influenced by duration, there is no evidence to
estimate differences between journeys shorter or longer than 8 h. Journeys that require rests
in control posts will be associated with specific risk factors in those temporal areas (e.g. mixing
of animals, environmental contamination, stress).

• Among the risk factors identified above, the resistance status (presence of ARB/ARGs) of the
animals pre-transport, increased faecal shedding, hygiene of the areas and vehicles, the
exposure to other animals carrying and/or shedding ARB/ARGs (especially from different
origins), duration of transport (given the presence of other risk factors), and exposure to
contaminated lairage areas are considered particularly important for the transmission of ARB/
ARGs during transport.

ToR2 (AQ2): What preventive measures and control options could be implemented during short
journeys and long journeys directed to other farms or to slaughterhouses and during subsequent
lairage to reduce the probability of spread of food-borne zoonotic and indicator ARB/ARG between
food-producing animals?

There is scarce published information and specific studies addressing the mitigation of AMR
transmission during transport of animals. Thus, most of the conclusions below are based on expert
knowledge on efficacy against the risk factors described in this Scientific Opinion and bacterial
transmission in general.

Based on the main risk factors identified and the potential mitigation options available to reduce the
probability of AMR transmission in transport, assembly centres and control posts, the conclusions of
this Scientific Opinion, ranked by certainty, are listed below. Accordingly, it is considered:

• 95–99% certain (extremely likely) that:

○ minimising the duration of transport will reduce AMR transmission. Long journeys requiring
stops or unloading are a particularly high risk for AMR acquisition through mixing of
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animals and uptake of ARB/ARGs from a contaminated environment. With the limited data
available, no maximum journey duration can be recommended.

○ AMR transport logistics, meaning transport organisation dependent on AMR criteria (e.g.
AMR load, ARBs with resistance to ‘critical’ antimicrobials and ARGs conferring those
resistances, epidemiological data or indirect parameters such as AMU), will reduce ARB/
ARGs transmission.

• 90–95% certain (very likely) that:

○ measures that improve animal health, welfare, and/or biosecurity, immediately prior to and
during transport, will reduce ARB/ARGs transmission. Thus, good husbandry and handling
practices associated with animal transport preparation interventions will reduce such
transmission.

○ proper cleaning and disinfection of transport vehicles, crays, cages, loading and unloading
areas, lairage areas, assembly centres and in general surfaces and equipment will mitigate
ARB/ARGs transmission. Ineffective cleaning and disinfection of transport is highlighted as one
of the major risks for new AMR acquisition in this stage. Thus, cleaning and disinfection
protocols should be revised and validated to ensure thorough cleaning and disinfection to
effectively guarantee removal of resistant microorganisms after each animal transport. Efficacy
of the protocols should be tested regularly by inspection and microbiological analyses.

○ adequate planning of the transport can limit ARB/ARGs spread. This would include
interventions such as minimising the number of farms visited and number of vehicles an
animal is exposed to during a journey. Animals should be segregated by species and
production stage or age avoiding using the same vehicle for animals transported to farms
and the slaughterhouse within the same trip. Adequate animal densities in the vehicle
should be foreseen.

○ animal segregation will limit animal contact and thus, by extension, potential AMR
transmission.

○ establishing measures that ensure the thermal comfort of the animals during transport will
have direct or indirect impact in reducing ARB/ARGs transmission. Therefore, the
microclimatic conditions during transport should be adjusted. Vehicles and/ or crates should
be designed accordingly. Moreover, the most appropriate times of the day should be
selected for the travel.

• 66–100% certain (extremely likely to likely, depending on the measure taken) that:

○ implementation of measures directed against the risk factors associated with the use of
assembly centres and control posts will limit the probability of transmission of ARB/ARGs.
The measures recommended above with regards to animal handling, stocking densities,
mixing/segregating animals and facilities cleaning and disinfection, including its validation,
are also relevant to mitigate AMR transmission in these places.

○ implementation of the mitigations mentioned in the point above as well as limiting lairage
time to the minimum required, will reduce the probability of transmission of ARB/ARGs in
lairage.

• 66–90% certain (likely) that:

○ reducing stock densities and number of animals in contact will have a beneficial effect
reducing the probability of ARB/ARGs transmission in absence of other factors (i.e. sick
animals, cleaning).

○ depending on the ‘sickness’, avoiding the transportation of sick animals will contribute to
decrease the levels of ARB/ARGs transmission during transport.

• The effect of providing adequate bedding as mitigation strategy is considered 33%–66%
certain (as likely as not). There are factors which may mitigate ARB/ARGs transmission and
others which may increase such transmission. Thus, during shorter journeys bedding may have
hygienic benefits by soaking up liquid. During longer journeys the capacity of the bedding to
soak up liquid is likely to be overwhelmed. On the other hand, bedding increases the effort
needed to clean vehicles after transport thereby potentially increasing the risk of inadequate
cleaning and disinfection. Likewise, bedding may provoke ingestion of bacteria, thereby
promoting uptake of resistant bacteria from the contaminated environment.

AMR and animal transport

www.efsa.europa.eu/efsajournal 61 EFSA Journal 2022;20(10):7586

 18314732, 2022, 10, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2022.7586 by Irta T

orre M
arim

on, W
iley O

nline L
ibrary on [03/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



• Based on the uncertainties associated with the risk for AMR transmission linked to feeding
management measures (feed withdrawal and alternative substances to antimicrobials), with
the data available, no specific mitigation measures in relation to feed on AMR are proposed.

ToR3, What are the current data gaps and what are the most urgent data needs to support the
analysis of the correlation between the main risk factors identified above and the spread of food-borne
zoonotic and indicator ARB/ARGs between food-producing animals during transport and lairage?

AQ3: What are the knowledge gaps required to assess the contribution of the risk factors identified
in ToR1, the mitigation measures identified in ToR2 and to identify any factors not covered by existing
studies?

The most important data gaps on ARB/ARGs transmission during transport are considered to be:

• the quantification of the relative contribution of the risk factors and proposed mitigation
options;

• the effect of fasting prior to and during transport, and the duration of this fasting on AMR in
the microbiota (increase/decrease of ARB, gene transfer), shedding and transmission of the
most important bacterial species commonly exhibiting AMR;

• the effectiveness of different cleaning and disinfection protocols to reduce / eliminate ARB/
ARGs;

• the direction of the association between transport-related stressors and ARB/ARGs
transmission;

• the effect of type and amount of bedding;
• knowledge on the dynamics of ARB/ARGs transmission over time during transport and during

lairage;
• definition of AMR criteria and the best indicators for each criterion upon which the transport

logistics could be organised (see Section 3.3.3);
• the possible contribution of the airborne route during transport and lairage;
• the impact on ARB/ARGs transmission of mechanical vs. manual catching/loading of animals;
• the contribution of the health status, e.g. on shedding of ARB/ARGs, the susceptibility to

colonisation or infection by ARB, and/or transmission of ARGs;
• the effect of interventions using alternative substances to antimicrobials to mitigate

transmission of ARB/ARGs.

AQ4: Which are the most urgent and longer-term research requirements needed to fill the data
gaps?

The research needs identified as the most urgent for the different animal categories were:

• The assessment of the impact of animal transportation compared to the contribution of other
stages of the food-production chain, as a contributor to dissemination of AMR between farms,
and/or to contamination of meat at slaughter.

• Studies quantifying the effect on transmission of ARB/ARGs during transport by:

○ feed withdrawal, considering ARB transmission between animals and horizontal gene
transfer between bacteria within such animals. Such studies should also address the effect
of duration of feed withdrawal;

○ cleaning and disinfection procedures for loading and unloading areas, transport vehicles,
cages, assembly centres, control posts and lairage. Identification of the best methods and
approaches to assess their efficacy are required;

○ various stressors individually and in combination considering transmission of ARB between
animals and horizontal gene transfer;

○ the type and amount of bedding used during the journey, or at control posts, assembly
centres and/or lairage;

○ airborne transmission of ARB/ARGs in transport vehicles;
○ mechanical vs. manual catching/loading of animals;
○ the animal health status during transport, and its effect on, e.g. shedding of ARB/ARGs,

the susceptibility to colonisation or infection by ARB, and/or transmission of ARGs;
○ the interplay of duration with all risk factors during transport and journey breaks. Those

studies should include the determination of the time-lag between uptake of ARB and faecal
shedding and subsequent transmission of such bacteria under transport and lairage
conditions.
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• To define the criteria, and the best indicators for each criterion, that could be used for
transport logistics.

For a longer term:

• Studies on intervention strategies to help mitigate:

○ the effect of stressors with a demonstrated impact on ARB/ARGs transmission, e.g. by
testing different environmental management strategies – facility design, ventilation,
management and handling;

○ possible hygienic problems of transport and lairage related with surface materials and
improvement of facilities design;

○ the mixing/contact of animals during transport, at animal assembly centres, control posts
and lairage (e.g. improvements in the facilities design);

• To assess the effect of interventions using alternative substances to antimicrobials to lessen
the probability of transmission of ARB/ARGs in animal transportation settings;

• To define the influence of AMR acquisition on survival and persistence of bacteria in animal
transportation settings – e.g. increased/decreased colonisation proficiency.

• To develop dynamic models allowing a more comprehensive and accurate estimation of risks
related to ARB/ARGs transmission during animal transport and the effects of potential
interventions.
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AHAW Panel EFSA Panel on Animal Health and Animal Welfare Panel
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ANIT Committee of inquiry on the protection of animals during transport
AQ Assessment Questions
ARB antimicrobial-resistant bacteria
ARG antimicrobial resistance genes
AST antimicrobial susceptibility testing
BIOHAZ Panel EFSA Panel on Biological Hazards
BVL Bundesamt f€ur Verbraucherschutz und Lebensmittelsicherheit/The Federal

Office of Consumer Protection and Food Safety
CI coefficient interval
CP-producing carbapenemase-producing microorganisms
CPEs carbapenemase-producing Enterobacteria
Destatis German Federal Statistical Office
ECDC European Centre for Disease Prevention and Control
EFTA European Free Trade Association
EMA European Medicines Agency
ENVI Committee Committee on the Environment, Public Health and Food Safety
ESBL(s) extended spectrum beta-lactamase(s)
ESKAPE ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and
Enterobacter species)

FAO Food and Agriculture Organization of the United Nations
GGP great grandparents (poultry generation)
GP grandparents (poultry generation)
ISTAT Italian National Institute of Statistics
LA-MRSA livestock-associated methicillin-resistant Staphylococcus aureus
MDR multidrug resistant
MRSA methicillin-resistant Staphylococcus aureus
MSs Member States
PFGE pulsed-field gel electrophoresis
PTAS plasma total antioxidant status
QMRA quantitative microbial risk assessment
ROMs reactive oxygen metabolites
RONAFA EMA and EFSA joint Scientific Opinion on measures to reduce the need to use

antimicrobials agents in animal husbandry in the EU and the resulting impact
on food safety

RR relative risk
SOP standard operating procedure
STEC Shiga toxin-producing Escherichia coli
TADD thermo-assisted drying decontamination method
ToRs Terms of Reference
TRACES Trade Control and Expert System
USDA United States Department of Agriculture
UV light ultraviolet light
VRE vancomycin-resistant Enterococci
WB World Bank
WG Working Group
WGS whole genome sequencing
WOAH World Organisation for Animal Health
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Appendix A – Search strings

Generic searches (PubMed, Web of Science):

((Animal transport) AND (antimicrobial resistance OR antibiotic resistance)), 7397 hits (most of
them not useful)

(((shedding) AND (animal)) AND (transport)) AND (bacteria). 220 hits; 46 of possible interest

Specific targeted searches

Combinations of animal species AND resistance terms AND bacteria or genes AND transport related
terms (see Table A.1).

Other search terms were used alone or in combination with the animal species and/or
transportation terms included: lairage OR slaughterhouse (Table A.1), risk factors (e.g. temperature),
mitigation (awareness, surveillance, control, cleaning and disinfection), microbiome, resistome,
metabolome linked to stress and/or resistance bacteria terms.

Searches done by AHAW Panel for EFSA AHAW Panel, 2022a,b,c (e.g. heat stress OR hyperthermia
OR cold stress OR hypothermia OR thermal stress OR hunger OR starvation OR thirst OR dehydration)
were revised, and publications of possible interest were also considered for the assessment.
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Table A.1: Search strings used in targeted searches combining animal species-, resistance-, bacterial species-, resistance-gene- and transport-related
terms

Animal species Resistance terms Bacteria or genes Transport
N° hits
PubMed

N° hits
Web of
Science

"Cattle"[Mesh] OR calves
[tiab] OR cattle[tiab] OR
cow[tiab] OR cows[tiab]
OR bovine[tiab]

AND "Drug Resistance,
Microbial"[Mesh] OR
"antibiotic resistan*"[tiab]
OR "resistan*"[tiab] OR
"antimicrobial
resistan*"[tiab] OR AMR
[tiab] OR "drug
resistan*"[tiab] OR multidrug
resistan*[tiab] OR MDR[tiab]

AND "Acinetobacter"[Mesh] OR
"Acinetobacter
Infections"[Mesh] OR
"Campylobacter
Infections"[Mesh] OR
"Campylobacter"[Mesh] OR
"Klebsiella"[Mesh] OR
"Klebsiella Infections"[Mesh]
OR
"Enterobacteriaceae"[Mesh]
OR "Enterobacteriaceae
Infections"[Mesh] OR
"Enterococcus"[Mesh] OR
"Escherichia"[Mesh] OR
"Escherichia coli
Infections"[Mesh] OR
"Pseudomonas"[Mesh] OR
"Pseudomonas
Infections"[Mesh] OR
"Salmonella"[Mesh] OR
"Salmonella Infections,
Animal"[Mesh] OR
"Staphylococcus"[Mesh] OR
"Staphylococcal
Infections"[Mesh] OR
"Streptococcus"[Mesh] OR
"Streptococcal
Infections"[Mesh] OR
Acinetobacter[tiab] OR
Campylobacter[tiab] OR
carbapenemase[tiab] OR
Klebsiella[tiab] OR
Enterobacteriaceae[tiab] OR
Enterococc*[tiab] OR

AND "Transportation"[Mesh] OR
automobile*[tiab] OR boat
[tiab] OR boats[tiab] OR car
[tiab] OR cars[tiab] OR lorry
[tiab] OR lorries[tiab] OR ship
[tiab] OR ships[tiab] OR train
[tiab] OR trains[tiab] OR
transport[tiab] OR
transportation*[tiab] OR
transporting[tiab] OR
transports[tiab] OR
transported[tiab] OR truck
[tiab] OR trucks[tiab] OR
vehicle*[tiab]

121 179

"Swine"[Mesh] OR piglet
[tiab] OR sow [tiab] OR
porcine[tiab] OR pig[tiab]

142 170

“broiler*”[tiab] OR poultry
[tiab] OR chicken[tiab]
OR lay*[tiab] OR hen
[tiab] OR hens[tiab] OR
turkey*[tiab] OR chick*
[tiab] OR hatch*[tiab]

189 448
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Animal species Resistance terms Bacteria or genes Transport
N° hits
PubMed

N° hits
Web of
Science

Escherichia[tiab] OR "E
coli"[tiab] OR ecoli[tiab] OR
Pseudomonas[tiab] OR
Salmonell*[tiab] OR
Staphylococc*[tiab] OR
Streptococc*[tiab] OR arm
[tiab] OR cfr[tiab] OR ESBL
[tiab] OR mcr[tiab] OR MRSA
[tiab] OR optr[tiab] OR vga
[tiab] OR VRE[tiab] OR
methylase[tiab]

lairage[tiab] OR
slaughterhouse[tiab]

– – – – – – 3,885 8,904

"Lairage"[Mesh] OR
lairage[tiab]

AND – – 25 34
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Annex A – Protocol for the assessment of the transmission of antimicrobial
resistance (AMR) during animal transport

Annex A can be found in the online version of this output (‘Supporting Information’ section):
https://doi.org/10.2903/j.efsa.2022.7586
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