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Table S1. Discussion of eight factors possibly influencing transmission and bioavailability of drug-resistant bacteria.

Possible transmission influencing factors

Key messages discussing the influence on transmission and
bioavailability of resistant bacteria

First author, year

o The previously high prophylactic and current
therapeutic usage of antibiotics has led to an
increased number of multidrug-resistant bacteria in
the intestinal flora of animals [1-5].

o The frequency of drug-resistance in bacterial
populations may increase as a result of selective
advantage under the pressure of antimicrobial use in
human and veterinary medicine [6,7].

e The analyses of Smith et al., 2002 [8] suggest that “agricultural
antibiotic use hastens the appearance of antibiotic-resistant bacteria
in humans.”

e “Use of an antimicrobial agent selects for overgrowth of bacterial
strain that has a gene expressing resistance of the agent. It also
selects for the assembly and evolution of complex genetic vectors
encoding, expressing, linking, and spreading that and other
resistance genes” [9].

¢ “The time scale for emergence of resistance under a constant
selective pressure is typically much shorter than the decay time
after cessation or decline in the volume of drug use” [10].

Aarestrupe and
Wegener, 1999
[4]; Lammers [2];
Pohl [3]; Wegener
[5]; Acar and
Rostel [6];
Tenover [7];
Smith et al., 2002
[8]; OBrien, 2002
[9]; Austin et al.
1999 [10].

o Bacterial resistance via plasmid transfer has also
been acquired against substances that are not
actively administered [1,11].

“Resistance is influenced by a number of other factors:
e the availability of pre-existing resistance genes
e the exchangeability of the resistance genes and their
functional activity in different bacterial hosts, and
the selective pressure” [12].

Messing 1986 [11];
Schwarz et al.
2001 [12].

o Clonal spread disseminates resistance [13,14].

¢ “"Clonal lineages disseminate in Europe and worldwide. Regardless

Robinson and

of their geographical or clonal origin, isolates display resistance to Enright [13,14];
the major classes of antibiotics used in veterinary medicine” [118]. Petersen et al.,
2010 [118].
o The non-pathogenic flora is a possible reservoir for ¢ “In the stable environment both commensal and environmental Tschdape and

resistance plasmids [15]. bacteria serve as reservoirs for the transfer of antimicrobial Rische, 1974 [15];

resistance genes to pathogenic bacteria” [16,17]. Blake et al., 2003
e “After the introduction of an antibiotic not only the level of [16]; Martinez et

resistance of pathogenic bacteria, but also of commensal bacteria al., 2009 [19]; van
increases. Commensal bacteria constitute a reservoir of resistance den Bogaard and
genes for (potentially) pathogenic bacteria. Their level of resistance | Stobberingh, 2000
is considered to be a good indicator for selection pressure by [18].




antibiotic use and for resistance problems to be expected in
pathogens” [18].

The higher the occurrence of resistance transfer in
non-pathogenic bacteria, the greater the risk of an
increase in the resistance rate of pathogenic
bacteria of the same family [15,20].

¢ “The normal bacterial flora contains antibiotic resistance genes to

various degrees, even in individuals with no history of exposure to
commercially prepared antibiotics. Several factors seem to increase
the number of antibiotic-resistant bacteria in feces” [21].

Lebek, 1970 [20];
Tschédpe and
Rische, 1974 [15];
Serum and
Sunde, 2001 [21].

The most important factor for the persistence of
resistance is probably selection pressure from
antibiotics [22].

¢ "Natural selection exerted by antibiotics favors the spread and
maintenance of antibiotic resistance in the environment.”

¢ Exposure to sub-lethal concentrations of certain antimicrobials may
contribute to the emerging problem of antibiotic resistance not only
through selection of certain resistance phenotypes but also by
means of stimulating transfer of antimicrobial resistance traits
directly” [123].

Bengtsson-Palme
et al., 2018 [22];
Jutkina et al. 2018
[123].

Ome decisive factor for the persistence and spread
of resistance plasmids in a bacterial population is
the density of bacteria in a medium (feces, urine,
air, manure, dust, saliva, feeds, drinking water),
the viability of the bacterial strain, and the so-
called “turn-over” (natural change of bacteria)
[23,24].

e “The size and the type of farms (fattening or nursery/farrowing
units) have no significant effects on the quantity of bioaerosols”
[25].

e “None of the pigs from the large-scale pig production farms
showed LA-MRSA positivity” [26].

Norpoth and
Petersen, 1990
[24]; Rolle and
Mayr, 1984 [23]
Masclaux et al.,
2013 [25]; Larsen
etal., 2012 [26].

The spread of resistance depends on space (e.g. the
spatial separation of animals) and time [11].

e “A bacterial isolate at any place may be resistant—not only because
nearby use had caused the construct or its components to evolve in
the first place and spread there. The levels of resistance at any time
and place may therefore reflect in part the total number of bacteria
in the world exposed to antimicrobials up until then” [9].

Messing, 1986
[11]; O’Brien,
2002 [9].




Table S2. Overview over LA-MRSA and ESBL-E in humans in the stable biotope.
Abbreviations for the transmission pathways: HH = Human to Human, AA = Animal to Animal, HA = Human to Animal, AH = Animal to Human, HE = Human

to Environment, EH = Environment to Human, AE = Animal to Environment, EA = Environment to Animal, EE = Environment to Environment, FH = Food to
Human, HF = Human to Food, EF = Environment to Food, AF = Animal to Food.
Abbreviations for the countries: NL = Netherlands, ESP = Spain, IT =Italy, EU = Europe, DEN = Denmark, UK = United Kingdom, GER = Germany, BEL =
Belgium, FR = France, USA = United States of America, CHE = Switzerland, HKG =Hongkong.

Organis | Transm | Key message Co | First author, year
m ission unt
pathwa ry
ys
Humans - Biotope Community
LA- AH, EH | A case—control study showed that carriers of NT-MRSA were more often pig or cattle farmers. MRSA from an NL | Loo et al., 2007
MRSA animal reservoir has entered the human population and is responsible for >20% of all MRSA in the Netherlands. [27]
ESBL-E HH, Within the community ingestion of coliform bacteria (even with animal origin) can also happen via person to ESP | Mesa et al., 2006
AH, EH | person contact. 6.6% rate of human fecal ESBL carriers in the community. The community could act as a reservoir [28]
and food could contribute to the spread of these strains.
ESBL-E HH, The most common variants in Europe are CTX-M-15 and CTX-M-1. IT Mugnaioli et al,
AH, EH | Unsanitary conditions in households (rare hand washing and insufficient cleaning of surfaces), as well as living 2006 [29]
with care-dependent ESBL-E-carrying relatives, may support oral ingestion of fecal bacteria.
ESBL-E HA, Close human-animal ESBL/AmpC gene similarity between human farming communities and their animals NL | Dorado-Garcia et
AH, (broilers and pigs) (PSIs from 0.8 to 0.9). Isolates from people in the general population had higher similarities to al., 2018
HH, those from human clinical settings, surface and sewage water and wild birds (0.7-0.8), while similarities to [30]
EH, HE | livestock or food reservoirs were lower (0.3-0.6). Based on rarefaction curves, people in the general population
had more diversity in ESBL/AmpC genes and plasmid replicon types than those in other reservoirs.
LA- HA, The MRSA bacteraemia rates ranging from less than 1% to more than 50%. LA-MRSA strains have recently EU | Kock et al., 2010
MRSA AH emerged as community and livestock-associated human pathogens in most EU Member States. [31]
LA- HH, La-MRSA has been discovered in animals, livestock farmers and retail meat. This cross-sectional study aimed to NL | van Cleef et al.,
MRSA AH, EH | determine the spread to persons not in direct contact with livestock in areas with a high density of pig farms. Of 2010

the 534 persons without livestock-contact, one was positive for MRSA (0.2%; 95% confidence interval, <0.01-1.2).
Of the 49 persons who did indicate to be working at or living on a livestock farm, 13 were positive for MRSA
(26.5%; 95% confidence interval, 16.1-40.4). All spa-types belonged to CC398. Livestock-associated MRSA has a

[32]




high prevalence in people with direct contact with animals. At this moment, it has not spread from the farms into
the community.
LA- AH, EH | Epidemiology of methicillin-resistant Staphylococcus aureus carrying the novel mecC gene in Denmark DE | Petersenetal.,
MRSA corroborates a zoonotic reservoir with transmission to humans. N 2013 [33]
LA- HA, Enterobacteriaceae can be spread by fecal-oral transmission via contact from human to livestock and/or companion | UK | Cantas and Suer,
MRSA, AH, EH | animals. There is a concern that the numbers of MRSA or other antimicrobial-resistant bacteria might increase 2014; Hunter et
ESBL-E further when human isolates become established in animals, as this can amplify the numbers of such bacteria by al., 2010
dissemination within animal groups with subsequent spread back to humans. [34,35]
ESBL-E HH, Most ESBLgenes were found in both, human and non-human populations but quantitative differences for GE | Valentinetal,,
AH, distinct ESBL-types were detectable. Same subtypes were detected in isolates from the human and livestock and | R 2014 [36]
EH, HA | companion animal populations. The enzymes CTX-M-1 (63.3% of all animal isolates, 29.3% of all human isolates),
CTX-M-15 (17.7% vs. 48.0%) and CTX-M-14 (5.3% vs. 8.7%) were the most common ones. More than 70% of the
animal isolates and more than 50% of the human isolates contained the broadly distributed ESBL genes.
ESBL-E HH Human-to-human contact is a key factor in the dissemination of ESBL-producing bacteria among humans. Wu et al., 2013
ESBL-E FH, EH, | Itis assumed that foodborne exposure has an impact on the probability of human colonization and/or infection NL, | Leverstein-van
AH caused by ESBL-producing bacteria. DE | Hall et al., 2011;
N Overdevest et al.,
2011
[37,38]
LA- HA, LA-MRSA is primarily an occupational health risk to farm workers and veterinarians. IT | Guardabassi et al.
MRSA AH, EH 2013 [39]
Humans — Biotope Farm / Stable (Farmers, Veterinarians, Household Members)
LA- HH, Transmission of MRSA CC398 from livestock veterinarians to their household members possible. ean MRSA NL Verkade et al.,,
MRSA AH, EH | CC398 prevalence over the study period was 44% (range 41.6-46.0%) in veterinarians and 4.0% (range 2.8-4.7%) 2014 [40]
in their household members. The MRSA CC398 prevalence in household members of veterinarians was
significantly lower than the MRSA non-CC398 prevalence in household members of control patients (PRR 6.0;
95% CI 2.4-15.5),
LA- AH, The prevalence of MRSA carriage in pig and veal calf farmers in the Netherlands is estimated at 25 to 35%. But | NL Van Cleef et al.,
MRSA HH in most cases the strain is lost again after 24 h. 2011 [41]
LA- HH, During a 6-month period in 2009-2010, 4 pig farms in Denmark, Belgium, and the Netherlands, respectively, DEN | Garcia-Graells et




MRSA AH, were studied for the presence of MRSA. The proportion of persistent carriers was significantly higher among , al., 2013
HA, farmers than among household members (87% vs. 11%) and significantly higher in household members from BEL, | [42]
EH, HE | Belgium compared to those from Denmark and the Netherlands (29% vs. 0% vs. 6%). NL
LA- AH, Doubling pig, cattle, and veal calf densities per municipality increased the odds of LA-MRSA carriage over NL Feingold et al.,
MRSA AA, carriage of other types of MRSA by 24.7% (95% CI 0.9%-54.2%), 76.9% (95% CI 11.3%-81.3%), and 24.1% (95% CI 2012 [43]
HH, 5.5%-45.9%), respectively, after adjusting for direct animal contact, living in a rural area, and the probable
EH, HE | source of MRSA carriage. Controlling the spread of LA-MRSA thus requires giving attention to community
members in animal-dense regions who are unaffiliated with livestock farming.
ESBL-E AH, The same ESBL genes, ESBL gene carrying plasmids or even the same ESBL-producing E. coli isolates could be | NL, | Dierikx etal.,
HA, detected in animals and the farmers taking care for them. IT, 2013a, Moodley
EH, HE DEN | and Guardabassi,
2009, Hammerum
etal, 2014
[44-46]
LA- HA MRSA CC398 appears to be its capacity to spread to humans. NL Vanderhaeghen et
MRSA al., 2010 [47]
ESBL-E AH, Fluoroquinolone-resistant CTX-M-15-producing Escherichia coli from human and animal populations were GER | Falgenhauer et al.,
HA, studied. 2016
EH, HE | ST410 is the most frequent sequence type, harbouring five different clades. (48]
Two clades (B and C) harbour chromosomally inserted CTX-M-15.
ST410 clones circulate in animals, humans and the environment in Germany.
ESBL-E AH, Livestock and animal-derived foods are considered relevant sources for the colonization of humans with ESBL- | GER | Hille et al., 2014
HA, E. coli [49]
EH, HE
ESBL-E AH, Of 114 pig-exposed persons tested, Enterobacteriaceae were detected in the nares of 76 (66-7%) participants. GER | Fischeretal.,,
HA, ESBL-E were not detected. 2016; Fischer et al,
EH, HE 2017
[50,51]
LA- HH, MRSA rates of 4.5% for pig farmers in France. we showed that overcolonization of farmers was caused by a few | FR Armand-Lefevre
MRSA AH, EH | bacterial strains that were not present in nonfarmers but often caused swine infections. This finding suggests a et al., 2005
high rate of strain exchange between pigs and farmers. [52]




LA- AH, Persistence of livestock associated MRSA CC398 in humans is dependent on intensity of animal contact. NL Graveland et al.,
MRSA AA, Presence of MRSA in farmers was strongly related to duration of animal contact and was strongly reduced in 2011 [53]
AH, EH | periods with absence of animal contact (-58%). Family members, especially children, were more often carriers
when the farmer was a carrier (OR=2, P<0.05). Only 7% (n=11) of the participants appeared to be persistent
carriers.
LA- AH, EH | international study among pig veterinarians revealed an overall MRSA-prevalence of 12.5%. NL Waulf et al., 2008
MRSA [54]
LA- AH 45% LA-MRSA-positive swine workers with nasal carriage in the U.S.A. USA | Smith et al., 2009
MRSA [55]
LA- AA, Among the occupationally exposed persons (veterinarians, laboratory personnel and meat inspection NL Meemken et al.,
MRSA HA, personnel), 20 persons (23%) showed a nasal colonisation with MRSA ST398. A quite strong association 2008 [56]
AH, between the intensity of the contact to pigs with the frequency of nasal colonisation in the occupationally
EH, AE | exposed persons was detected.
LA- AH, A strong association between nasal ST398 MRSA carriage in people working in the farms for >20 h per week NL Bos et al., 2016,
MRSA HE, EA, | and MRSA air levels was confirmed. In people working in the barns <20 h per week there was a strong Gilbert et al., 2012
EE association between nasal carriage and number of working hours. This study showed that working in the [57]
lairage area or scalding and dehairing area were the major risk factors for MRSA carriage in pig slaughterhouse
workers, while the overall prevalence of MRSA carriage is low.
Occupational exposure to MRSA decreased along the slaughterline, and the risk of carriage showed a parallel
decrease.
ESBL-E AH, Farmers may come in contact with more antimicrobial-resistant bacteria from pigs. A significant association FR Aubry-Damon et
EH, HA | between pig farming and isolation of resistant commensal bacteria was determined. al., 2004 [58]
LA- AH, EH | MRSA (31%) and ESBL-E (24%) were found in the investigated farms. Results showed that ESBL-E was present | CHE | Kraemer et al.,
MRSA in both pigs and farm workers and that the proportion of farms with MRSA had increased fourfold in seven 2017 [59]
ESBL-E years (from 7% to 31%). Associations between antibiotic use and resistant bacteria carriage were shown.
LA- AH, EH | Heinemann et al. [238] showed, that a working time of 3 to 6 hours could be enough for positive findings of GER | Heinemann et al,,
MRSA nasal colonization with MRSA. 2017 [60,61]
LA- AH, EH | case report one farm worker with clinical symptoms was infected with MRSA CC398 NL Van Belkum et al.,
MRSA Methicillin-resistant Staphylococcus aureus sequence type 398 (5T398 MRSA) was identified in Dutch pigs and 2008

pig farmers. ST398 methicillin-susceptible S. aureus circulates among humans at low frequency.

[62]




LA- AH, verified a genetic relationship of MRSA and ESBL-producing Enterobacteriaceae strains from human and GER | Wieler et al., 2011
MRSA HA companion animal origins, implicating the original source in animal-to-human transmission and vice versa. [63]
ESBL-E
ESBL-E AH (2009) identified the same ESBL strains (CTX-M-1-positive E. coli) in farm workers and pigs, assuming that the IT Moodley and
farm workers acquired the drug-resistant strains from the pigs. Guardabassi, 2009
[45]
ESBL-E AH, EH | In total, 70.6% (24/36) of the tested farms were ESBL positive. Furthermore, 9 out of 60 cloacal swabs turned out | GER | Dahms et al., 2015
to be ESBL positive. One human isolate shared an identical MLST sequence type (ST) 3891. In summary, the [64]
study shows the high prevalence of ESBL-producing E.coli in livestock in Mecklenburg- Western Pomerania
and provides the risk of transfer between livestock and farm workers.
Humans - Biotope Abattoir (Abattoir workers, Butchers)
LA- HH, Carriage of MRSA was higher in butchers than in the general community. Although five strains were probably of | HK | Boost et al., 2012
MRSA AH healthcare origin, the high incidence of t899 (CC9) suggests that cross-contamination from pork occurs G [65]
frequently.
LA- HH, Although the prevalence of S. aureus and MRSA was similar in hog slaughter/processing plant workers and their | US | Neyra et al., 2014
MRSA AH household and community members, S. aureus isolates from workers were resistant to a greater number of A [66]
antimicrobial classes.
LA- AH, The overall prevalence of nasal MRSA carriage in employees of pig slaughterhouses was 5.6% (14/249) (95% CI NL | Van Cleef et al,,
MRSA HE, EH | 3.4-9.2) and working with live pigs was the single most important factor for being MRSA positive (OR 38.2, 2013 [67]
P<0.0001). At the start of the day MRSA was only found in environmental samples from the lairages (10/12),
whereas at the end of the day MRSA was found in the lairages (11/12), the dirty (5/12) and clean (3/12) areas and
green offal (1/3). The MRSA status of the environmental samples correlated well with the MRSA status of
humans working in these sections (r=0.75).
LA- AF, AA, | 39% of pigs and 81% of the slaughter batches at Dutch slaughterhouses were MRSA positive. NL | Dierikx et al,,
MRSA AH 2016 [44]

Table S3. Overview over several studies describing the different possibilities of the transmission of antibiotic-resistant bacteria (MRSA and ESBL-E) between

pigs.

Abbreviations for the transmission pathways: HH = Human to Human, AA = Animal to Animal, HA = Human to Animal, AH = Animal to Human, HE = Human

to Environment, EH = Environment to Human, AE = Animal to Environment, EA = Environment to Animal, EE = Environment to Environment, FH = Food to
Human, HF = Human to Food, EF = Environment to Food, AF = Animal to Food.




Abbreviations for the countries: NL = Netherlands, ESP = Spain, IT =Italy, EU = Europe, DEN = Denmark, UK = United Kingdom, GER = Germany, BEL =
Belgium, FR = France, USA = United States of America, CHE = Switzerland, INT = international (worldwide).

Organis | Transm | Key message Cou | First author, year
m ission ntry
pathwa
ys
Animals — Biotope Stable (Livestock)
LA- HH, Transmission routes are “trading” and “reherding” along the food production chain. The MRSA status of a pig | NL Broens et al., 2011;
MRSA AH, supplier highly affects the MRSA status of the receiving herd. Broens et al., 2012
AA, The prevalence of methicillin resistant Staphylococcus aureus (MRSA) in pigs at abattoirs is higher than in pigs [68,69]
EH, EA, | sampled on farms. MRSA negative pigs can become MRSA positive during transportation from the farm to the
AE abattoir after exposure to other pigs and environmental sources of MRSA. Pigs (n=117) were tested MRSA
negative before transportation. On arrival at the abattoir, 12/117 (10.3%) pigs in two batches tested MRSA
positive.
LA- HA, trading of pigs, prevalence of LA-MRSA varies on farm level and in pigs tested in the Netherlands. Closed NL van Duijkeren et
MRSA AH, groups can also be MRSA positive. al., 2008
EH, HE, | different kinds of pig farms, like farrowing farms and rearing farms, play a role in the transmission of MRSA to [70]
AA, AE | Dutch finishing farms. Screening of 310 pigs from these 31 farms showed 35 pigs (11%) to carry MRSA in their
nares. On 7 of the 31 (23%) investigated farms colonized pigs were found, including 3 finishing farms, 3
farrowing farms and 1 farrow-to-finish farm. The use of standard antimicrobial medication of the pigs seemed
to be a risk factor for MRSA carriage. Screening of the pigs on six farms supplying pigs for the MRSA positive
farms revealed that the pigs on all but one farm were MRSA positive.
LA- HA, All reported cases of livestock-associated MRSA (CC398) in humans and pigs in Norway between 2008 and NOR | Grentvedt et al,,
MRSA AH, 2014 were included. Three outbreak clusters were identified, including 26 pig farms, 2 slaughterhouses, and 36 2016 [71]
AA, humans. This study identified preventable routes of MRSA CC398 introduction and transmission: human
HH, occupational exposure, trade of pigs and livestock transport vehicles.
EA, AE
LA- HA, The VIM-1 carbapenemase most likely originated from humans and was isolated on a pig farm in Germany. GER | Fischer et al., 2012
MRSA AA, [72]
HH, EA
LA- AA, In order to assess the dissemination of MRSA in the Dutch pig population, we screened 540 pigs in 9 NL de Neeling et al.,
MRSA AH, slaughterhouses, where a representative portion of Dutch pigs (63%) was slaughtered in 2005. We found 209 2007 [73]




AE, EA | (39%) of the pigs to carry MRSA in their nares. Forty-four of 54 groups of 10 consecutive pigs (81%), each group
from a different farm, and all slaughterhouses were affected. The percentage of MRSA positive pigs was
significantly different among slaughterhouses and among groups within slaughterhouses, indicating a high
prevalence of MRSA in pigs delivered from the farms as well as cross contamination in the slaughterhouses.
LA- AA, prevalence of LA-MRSA varies on farm level from 23 to 81% in the Netherlands, prevalence of LA-MRSA varies | NL, Broens et al., 2011
MRSA AH, in pigs tested from 11 to 39 % in Europe. EU [74]
AE, EA
LA- AA, In Denmark 46% of pigs tested positive for MRSA CC398 on 80% of farms. DEN | Lewis et al., 2008
MRSA AE, EA [75]
LA- AA, In Germany, MRSA was isolated on 70% of pig farms. GER | Kock et al., 2009
MRSA AE, EA, [76]
AH
LA- AA, 52% finishing pigs were MRSA-positive with a prevalence from 39% to 59% from east to south-west of the GER | Altetal, 2011
MRSA AE, EA, | country. [77]
AH
LA- AA The MRSA-carrying pigs differ depending on their breed ESP | Porreroetal.,
MRSA 2012 [78]
LA- AA, Although direct contact is probably the main route for MRSA transmission between pigs, also environmental BEL | Crombé etal.,,
MRSA EA, AE, | contamination, the presence of other livestock, the herd size, and farm management are factors that may be 2013 [79]
HA, involved in the dissemination of MRSA CC398.
AH
LA- AE, EA, | The dissemination of MRSA between pigs within a farm by air is based on a positive association of samples GER | Friese et al., 2012
MRSA AH, AA | from pigs and environment. [80]
ESBL-E AE, EA, | Fischer et al. (2017) detected ESBL-Enterobacteriaceae on 61% of German pig farms. GER | Fischer et al., 2017
AH, AA [51]
ESBL-E AE, EA, | The presence of Enterobacteriaceae producing broad-spectrum betalactamase in food-producing animals range INT | Smetetal., 2009
AH, AA | from 0.2 to 40.7% worldwide. [81]
ESBL-E AE, EA, | Particular investigations on E. coli in Swiss pigs detected ESBL-E in 15.3% of fecal samples. Five detected CHE | Geser et al., 2012
AH, AA | ESBLs (5.5%) belonged to the SHV group and 2 isolates (2.2%) contained a TEM-type enzyme. The relatively [82]
high rates of ESBL producers in food animals and the high genetic diversity among these isolates are
worrisome and indicate an established reservoir in farm animals.
ESBL-E AA, EA | Pig fecal samples were contaminated with ESBL-E in 11.0% in Denmark. DEN | Agerso et al., 2011

[83]




ESBL-E AA, EA | Pig fecal samples were contaminated with ESBL-E in 3.7% in the Netherlands. NL Bondt et al., 2013
[84]

ESBL-E AA, EA | In Spain 72.0% (n =29) of the E. coli isolates were positive for ESBL. ESP | Escudero et al,,
2010 [85]

ESBL-E AE, EA, | In Germany, on the level of the farm, up to 88.0% of the examined pig herds (in pigs and environmental GER | Hering et al., 2014

AH, AA | samples) were suspicious for ESBL-E. [86]

ESBL-E AA, EA | The most common ESBL genes detected from animal E. coli isolates were blaCTX-M-1 and M-14-blaCTX. IT Carattoli et al.,
2008 [87]

ESBL-E AA, EA | Firstisolation of CTX-M-1 from food-producing animals in Denmark. DEN | Aarestrup etal,,
2006 [88]

ESBL-E AA, EA | First isolation of CTX-M-1 from food-producing animals in Spain. ESP | Brinas et al., 2003
[89]

Table S4. Overview over LA-MRSA and ESBL-E in air and dust in the stable environment.
Abbreviations for the transmission pathways: HH = Human to Human, AA = Animal to Animal, HA = Human to Animal, AH = Animal to Human, HE = Human
to Environment, EH = Environment to Human, AE = Animal to Environment, EA = Environment to Animal, EE = Environment to Environment, FH = Food to

Human, HF = Human to Food, EF = Environment to Food, AF = Animal to Food.
Abbreviations for the countries: HUN = Hungary, NL = Netherlands, ESP = Spain, IT =ltaly, EU = Europe, CHN = China, NOR =Norway, DEN = Denmark, UK =
United Kingdom, GER = Germany, BEL = Belgium, FR = France, USA = United States of America, CHE = Switzerland.

Organis | Transm | Key message Cou | First author, year
m ission ntry

pathwa

ys
Air and Dust - Biotope Stable (stable environment)
LA- EH, AE, | The level of contamination of stable air by both airborne and coliform bacteria depends on both the animal and | HUN | Venglovsky et al.,
MRSA EA, EE | stable environment, including density, age, and activity of animals, the ventilation system, the quantity of dust. 2011 [90]
ESBL-E
LA- AE, EA, | Survival rates of coliforms are best in the immediate vicinity of the animal and, therefore, in feces and fecal GER | Gundermann,
MRSA EE contaminated surfaces, whereas the detection rate in air immediately decreases. 1972 [91]; Miiller,
ESBL-E 1977 [92]
LA- EH, AE, | As part of the EFSA study from 2009, pooled dust samples were investigated from pig breeding farms in EU EFSA study, 2009




MRSA EA, EE | Germany: Contamination with MRSA CC398 was found on 41.8% of the farms with almost no differences on [93]
the breed level (43.5%) or the production level (41.3%). The distribution in Europe ranged from 11.7% MRSA
CC398-positive pig breeding holdings to 25.5% pig production holdings.
LA- EH, AE, | On Chinese pig farms, MRSA was isolated from 59% of dust samples. CHN | Wagenaar et al,,
MRSA EA, EE 2009 [94]
LA- EH, AE, | Danish pig farms with 68% MRSA CC398-positive dust samples. DEN | Espinosa-
MRSA EA, EE Gongora et al.,
2012 [95]
LA- AA, air, MRSA. indicate a high sensitivity of air samples equal to the within-herd prevalence. Therefore, they NOR | Agersp et al., 2014
MRSA EH, AE, | recommend air sampling for initial testing or even screening of herds. [96]
EA, EE
LA- AH, EH | The presence of cultivable airborne methicillin-resistant S. aureus (MRSA) CC398 in a pig farm in Switzerland CHE | Masclaux et a.,
MRSA was reported for the first time. Total mean airborne concentrations of endotoxins (1298 units of endotoxin m-3) 2013 [25]
and fungi (5707 colony-forming units m-3) exceeded the Swiss recommended values and were higher in winter
than in summer.
LA- AA, The results show that there is regular airborne LA-MRSA transmission and deposition, which are strongly GER | Schulz et al., 2012
MRSA EH, AE, | influenced by wind direction and season, of up to at least 300 m around positive pig barns. [97]
EA, EE
LA- AA, Dust is an important factor for the occurrence of MRSA in the air. The dissemination of MRSA between pigs GER | Friese et al., 2012
MRSA EH, AE, | within a farm by air is based on a positive association of samples from pigs and environment. [80]
EA, EE
LA- EE, AE, | No evidence of MRSA-positive isolates in animal drinking water on pig and poultry farms, while NL Pletinckx et al.,
MRSA EA environmental samples (dust, animal feed, manure) and samples from pigs and farmers were contaminated 2011
with MRSA [98]
LA- EH, AE, | 85.2% of pig stables in Germany are LA-MRSA positive in the air. They also identified dust as an important GER | Gibbs et al., 2004
MRSA EA, EE | factor for the occurrence of MRSA in the air. Drug-resistant S. aureus could be identified inside and outside the [99]
pig stables and originated from contaminated dust.
LA- EH, AE, | The imbalance between gram-positive and gram-negative bacteria is attributed to the lower survival time of GER | Hartungetal,,
MRSA EA, EE | gram-negative bacteria in their airborne condition. S. aureus can disperse in the air as directly suspendable 1998 [100]
ESBL-E airborne particles.
Coliform bacteria, which are excreted in feces, are mechanically bound to stable surfaces and/or litter and feed.
LA- EH, AE, | Hoffmann (2014) proved the association of CTX-M-1-positive dust samples obtained from pig farms with GER | Hoffmann, 2014
MRSA EA, EE | positive fecal samples from farm workers. On the other hand, the positivity of CTX-M-1 in pig and human feces [101]




ESBL-E was significantly associated. Therefore, he hypothesizes a possible transmission of CTX-M-1 subtypes to
humans via inhalation of contaminated dust particles during exposure in the stable environment.
ESBL-E EH, AE, | In the vicinity of the pig barns these resistant bacteria were detected in 14/87 (16.1%) boot swabs taken from GER | von Salviati et al.
EA, EE, | various ground surfaces and in 2/36 (6%) ambient air samples. Inside the pig barns, 6/63 (9.5%) barn air samples 2015 [102]
AA and a small proportion of flies and mice feces samples were ESBL/AmpC-positive.
ESBL-E HH, saying that CTX-M-1 carriage in pig farmers and the presence of CTX-M-1 in dust are associated, indicating that | GER | Dohmen et al.,
AA, air transmission of CTX-M 1 might be possible on pig farms. 2017
HA, [103]
AH,
EH, AE,
EA, EE
ESBL-E EH, AE, | the emissions of ESBL-producing E. coli from pig farms to the surrounding environment, fecal and CHN | Gaoetal, 2015
EA, EE | environmental samples from six pig farms were collected. In total, 119 ESBL-producing E. coli were isolated [104]
from feces, air samples, water, sludge and soil samples. Antibiotic susceptibility testing showed that the ESBL-
producing isolates were resistant to multiple antibiotics and isolates of different origin within the same farm
showed similar resistance phenotypes.
LA- AA, MRSA and ESBI-E was detected in air and dust. GER | Schmithausen et
MRSA AH, al., 2015 [105]
ESBL-E EH, AE,
EA, EE
LA- AA, The transmission pathway of ESBL-Enterobacteriaceae via air and/or dust a spread via the airborne route or via GER | Schmithausen et
MRSA HA, different vectors seems possible. al., 2015 [106]
ESBL-E AH,
EH, AE,
EA, EE
LA- AH, EH | Exposure to ST398 MRSA in barn air seems to be an important determinant for nasal carriage, especially in the | NL Bos et al., 2016
MRSA highly exposed group of farmers, next to duration of contact with animals. [57]
LA- AH, MRSA was detected in air and dust. GER | Heinemann et al.,
MRSA EH, AE, 2017 [60]
EA, EE
LA- EH, AE, | Isolation of antibiotic-resistant bacteria from the air plume downwind of a swine confined or GER | Gibbs et al., 2006
MRSA EA, EE | concentrated animal feeding operation. Bacterial concentrations with multiple antibiotic resistances or [99]

multidrug resistance were recovered inside and outside to (at least) 150 m downwind of this facility.




MRSA

EH, AE,
EA, EE

Bacterial plume are emanating from the air surrounding swine confinement operations.

UK

Green et al., 2006
[107]

Table S5. Table overview over LA-MRSA and ESBL-E in Water, Wastewater and Manure of pig production facilities.
Abbreviations for the transmission pathways: HH = Human to Human, AA = Animal to Animal, HA = Human to Animal, AH = Animal to Human, HE = Human
to Environment, EH = Environment to Human, AE = Animal to Environment, EA = Environment to Animal, EE = Environment to Environment, FH = Food to

Human, HF = Human to Food, EF = Environment to Food, AF = Animal to Food.
Abbreviations for the countries: NL = Netherlands, ESP = Spain, IT =Italy, EU = Europe, CHN = China, NOR =Norway, DEN = Denmark, UK = United Kingdom,
GER = Germany, BEL = Belgium, FR = France, USA = United States of America, CHE = Switzerland, PHL = Philippines.

Organis | Transm | Key message Cou | First author, year
m ission ntry
pathwa
ys
Drinking water — Biotope Stable (stable environment)
LA- EH, AE, | The authors did not find any evidence of MRSA-positive isolates in animal drinking water on pig and poultry NL Pletinckx, 2011
MRSA EA, EE | farms, while environmental samples (dust, animal feed, manure) and samples from pigs and farmers were [98]
contaminated with MRSA
LA- EH, AE, | spa types t011 (35.3%, 6/17) and t2011 (70.6%, 12/17) were found in all samples (human, pig, air, dust, drinking GER | Schmithausen et
MRSA EA, EE | water and troughs). al., 2015 [105]
LA- EH, AE, | Presently there are no specific legal regulations which define the quality of the drinking water for animals in GER | Hartung, 2000
MRSA EA, EE | Germany. However, some rules and criteria exist which help to survey and secure the water supply of animals [108]
ESBL-E on farm level.
LA- EH, AE, | Only an integrated vision of these two aspects can provide elements to assess the risk of spread of antibiotic GER | Lupo, 2012 [109]
MRSA EA, EE resistances via water bodies and suggest, in this context, solutions for this urgent health issue.
ESBL-E
LA- EH, AE, | The authors found high bacterial loads in animal drinkers after cleaning and disinfection, which could lead toa | GER | Heinemann et al.,
MRSA EA, EE | vertical transfer of pathogens to newly arriving pigs. They evaluate methods for cleaning performances in pig 2017 [61]
ESBL-E stables.
Wastewater — Biotope environment (stable environment/agricultural influence)
ESBL-E AE, EE, | The reservoir of resistance genes in the environment is due to a mix of naturally occurring resistance and those | UK Wellington et al.,
HE, EH, | present in animal and human waste and the selective effects of pollutants, which can co-select for mobile 2013 [110]




AH genetic elements carrying multiple resistant gene.

ESBL-E HA, ESBL-producing Enterobacteriaceae were detected in the five samples of human sewage, in samples from 8 of 10 | ESP | Mesa, 2006 [28]
EA, AE | pig farms.

ESBL-E EH, AE, | The authors proved that multidrug-resistant isolates were observed in irrigation water, soil, and vegetables in PHL | Vital et al., 2018
EA, EE | urban farms were most prevalent in water (25.3%) compared to soil (2.8%) and vegetable (8.4%) isolates, [111]

indicating that water serves as a possible route for a wide distribution across all kinds of borders.

MRSA AE, MRSA was isolated with a higher percentage from swine wastewater samples (62.8%) than from municipal CHN | Wan and Chou et
AH, WWTPs (3.7%). In swine slaughterhouse wastewater were antiseptic-resistant MRSA strains detected. al., 2015 [112]
HE, EE

ESBL-E AE, Diallo et al. (2013) identified a significantly higher prevalence of ESBL-producing E. coli from municipal GER | Diallo et al., 2013
AH, wastewater (8.4%), compared to slaughterhouse wastewater (1.2%). [113]
HE, EE,
EH

ESBL-E AE, This is confirmed by Miiller et al. (2016), who found identical ESBL CTX-M-15 clones in surface water and GER | Miiller et al., 2016
AH, healthy humans. [114]
HE, EE,
EH

ESBL-E EE, HE, | More highly resistant gramnegative strains were found in wastewater treatment plants with urban/clinical GER | Miiller et al., 2018
AE influence than in wastewaters with rural influence. [115]

ESBL-E AE, EH, | Animals may defecate onto surface waters directly, or animal faeces may reach surface waters by runoff. RA Schijven et al.,
EA, EE | Exposure of humans to ESBL-producing bacteria in the aquatic environment may occur. 2015 [116]

ESBL-E AE, CH | Huetal, 2013
AH, N [117]
HE, EE, | Hu et al. (2013) discovered CTX-M-1 in both human and water-environmental E. coli isolates, suggesting
EH frequent and continuous inter-compartment transmission between human and water-environment.

ESBL-E AE, Zurfluh et al. (2015a) isolated CTX-M-15 ESBL-Enterobacteriaceae in the environment, livestock and humans. CHE | Zurfluh et al.,
AH, 2015 [118]
HE, EE,
EH

Manure - Biotope environment (stable environment)

MRSA EH, AH | Casey et al. (2013) assume that 11% of MRSA and skin and soft tissue infections in humans may be caused by USA | Casey et al., 2013

the application of pig manure to soil. [119]
LA- EE, AE, | Gompel (2014) identified minute quantities of MRSA CC398 in manure and lesser amounts in soil and air. GER | Gompel, 2014




MRSA HE, EH [120]
LA- EE, AE, | Even more, ESBL and AmpC resistance genes encoding betalactamase activity originating from livestock have GER | Schwartz et al.,
MRSA HE, EH | been found in wastewater, surface water, and even in drinking water biofilms. 2003 [121]
ESBL-E
LA- EE, AE, GER | Westphal-Settele
MRSA HE, EH, | The prevalence of antibiotic residues and antibiotic resistance is significantly influenced by the inputs from etal., 2018 [122]
ESBL-E agricultural animal husbandry.
ESBL-E HE, AE, | The author indicates that the coliform bacteria residing in the intestinal flora of humans and animals can be GE | Witte, 2000 [123]
EE distributed to soil by manure. R
ESBL-E HE, AE, | E. coli producing SHV, TEM, and CTX-M enzymes have been isolated from manure and fertilized soil. GER | Friese et al., 2013
EE [124]
ESBL-E HE, AE, | Hartmann (2012) has proven long-term survival of CTX-M isolates in soil; isolates were from soil that had been GE | Hartmann, 2012
EE treated with manure one year before sampling. R [125]
ESBL-E AE, HE, | High rates of (multi-) resistant bacteria in pig manure emphasize the need for a prudent use of antibiotics EU | Holzel, 2010;
EE, EA, | in farm animals in Europe. Heavy metals might select antibiotic resistant bacteria. Holzel et al., 2012
EH Holzel et al. (2010) report the prevalence of ESBL-E isolates below 2% for both pig manure and sludge. [126]
ESBL-E EH, EA, | Manure has become a reservoir of resistant bacteria and antibiotic compounds, and its application to GER | Heuer et al., 2011;
EE agricultural soils is assumed to significantly increase antibiotic resistance genes and selection of resistant Heuer et al., 2007
bacterial populations in soil. The human exposure to soil-borne resistance has yet to be determined, but is [127,128]
likely to be underestimated.
ESBL-E EE, AE, | Results obtained in this study thus indicate that tetracycline resistance levels in soil are temporarily influenced NO | Agersg et al., 2006
HE, EH | by the addition of pig manure slurry. The results indicate also that increased amount of pig manure slurry R [88]
amendment may result in increased levels of tetracycline resistance in the soil.
ESBL-E EE, AE, | ESBL producers from feces and environmental samples within the same farm carried similar CTX-M types. The | CH | Gaoetal., 2015
HE, EH | results indicated that the ESBL-producing E. coli carrying multidrug resistance could readily disseminate to the | N [104]
surrounding environment.
LA- HE, AE, | Environmental samples (dust, animal feed, manure) and samples from pigs and farmers were contaminated NL Pletinckx et al.,
MRSA EE, EH, | with MRSA. 2011 [98]
EA
ESBL-E EH, EA, | Manure antibiotic residues synergistically increase the bacterial antibiotic resistance in soil over months (Heuer | GER | Heuer and
EE and Smalla, 2007). Smalla, 2007 [128]
ESBL-E HE, AE, | Von Salviati et al. (2015) detected high prevalences of ESBL-E in manure and proofed the emission potential via | GER | von Salviati et al.,
EE, EH, | manure and transmission via flies in pig farms and their surroundings. In the vicinity of the pig barns 2015 [102]




EA

ESBL/AmpC-producing E. coli were detected in 16.1% (14/87) of the examined boot swab samples taken from
various ground surfaces and in 6% (2/36) of ambient air samples. The majority of slurry samples (82.4%; 14/17)
and three of four samples of digestate from biogas plants were also tested positive for these resistant bacteria.
In total 274 E. coli isolates were further analysed by phenotypical and genotypical methods.

The present study provides novel information about amounts and dynamics of ESBL/AmpC-producing E. coli
in the German pig production. Moreover, this is the first systematic study on a potential emission and
transmission of ESBL/AmpC-producing bacteria between pig fattening farms and their surroundings.
Contaminated slurry presented the major emission source for ESBL/AmpC-producing E. coli in the pig
fattening farms (von Salviati et al., 2015).

Table Sé6. Table overview over LA-MRSA and ESBL-E in the Food Chain: Abattoir Biotope and Human vectors in Pig Meat Processing.

Abbreviations for the transmission pathways: HH = Human to Human, AA = Animal to Animal, HA = Human to Animal, AH = Animal to Human, HE = Human
to Environment, EH = Environment to Human, AE = Animal to Environment, EA = Environment to Animal, EE = Environment to Environment, FH = Food to
Human, HF = Human to Food, EF = Environment to Food, AF = Animal to Food.
Abbreviations for the countries: CAN =Canada, NL = Netherlands, ESP = Spain, IT =Italy, EU = Europe, CHN = China, NOR =Norway, DEN = Denmark, UK =
United Kingdom, GER = Germany, BEL = Belgium, FR = France, USA = United States of America, CHE = Switzerland, JAP = Japan, AUS = Austria.

Organis | Transmi | Key message Cou | First author, year
m ssion ntry
pathwa
ys
Food - Biotope Abattoir (Meat)
LA- FH, HF, | The exposure of consumers to antibiotic-resistant bacteria depends on a variety of factors in the food chain, CAN | Vincent et al.,
MRSA AH such as antibiotic usage in food animals, the level of excretion at the time of slaughter, hygiene related to the 2010 [129]
ESBL-E slaughter processes, meat processing hygiene, and retail handling.
LA- AH, AF, | Several studies in European abattoir biotopes report a very high prevalence of nasal MRSA carriage in IT Normanno et al.,
MRSA FF, FH, | slaughter pigs, of the slaughter pigs or even 70% [286] were found to be MRSA-positive. The study of 2015 [130]
AA Normanno et al. shows the great genetic diversity of MRSA strains in slaughtered pigs and in abattoir
employees in Italy. The main path of contamination is caused by smear infections due to improper removal of
the intestines, especially the intestinal package. In Italy, the prevalence among pigs at slaughter was (38%).
LA- AF, AA, | Abattoirs are possible sources of drug-resistant bacteria, In Italy, the prevalence among pigs at slaughter was IT Ikegbunam et al.,
MRSA AH (38%) 2014 [131]




LA- AF, AA | Several studies in abattoirs report from 1% of slaughter pigs are colonized with MRSA. IT Guardabassi et
MRSA al., 2007 [132]
LA- AA, The transmission of MRSA to slaughter pigs (39%) is assumed to be prior to their arrival at the abattoir. NL | de Neeling et al,,
MRSA AH, EA, | Nevertheless, the high prevalence of MRSA in abattoirs may be assumed to have been caused by cross 2007 [73]
EE contamination in the waiting areas.
LA- AA, EE, | All pigs (n=117) tested MRSA negative before transportation. On arrival at the abattoir, 12/117 (10.3%) pigs in NL Broens et al., 2011
MRSA AE, EA, | two batches tested MRSA positive. In lorries that tested positive after transportation, the prevalence of MRSA [68]
AF, FF positive pigs was 21.1%, whereas no MRSA was detected in pigs that had been transported in lorries that
tested negative after transportation. At stunning, all batches and 70/117 (59.8%) pigs tested MRSA positive.
Pigs can become MRSA positive in the short period of time during transportation from the farm to stunning at
the abattoir.
LA- AA, AF | were found to be MRSA-positive. In Germany slaughter pigs were determined to be MRSA-positive up to NL | Dierikx et al.,
MRSA 70.8% [2871, of 99% slaughter batches found to be positive for MRSA in the Netherlands. 2016 [44]
LA- AA, In Germany slaughter pigs were determined to be MRSA-positive up to 21% at the Dutch-German border. GER | Schmithausen et
MRSA AH, AF, | Statistically significant acquisition of MRSA or ESBL-E in pigs tested negative before arrival at the abattoirs al., 2015 [106]
ESBL-E HF, AE, | was observed in 29.7% and 29.4%. All pig carcasses were negative for MRSA and ESBL-E.
EA
LA- AA, AE, | This epidemiological study indicates the importance of horizontal approaches: (i. pigs sampled on the farm GER | Tenhagen et al.,
MRSA EA, AF before transport to the abattoir, ii. in the waiting area at the abattoir, iii. on the carcasses, iv. and on the retail 2009 [133]
ESBL-E pork.
ESBL-E AA, ESBL-E in slaughter pigs in Switzerland (15.2%), Furthermore, it has been shown that retail samples reflect the | CHE | Geser et al., 2011
AH, AF, | presence of antibiotic resistance on farms. [134]
HF, AE,
EA
ESBL-E AA, AE, | ESBL-E in slaughter pigs in Denmark (11 %). However, the processing of food in meat production facilities NO | Agersgetal., 2014
EA, AF | may also contribute to the spread of antibiotic-resistant bacteria to the consumer at the endpoint of the food R [96]
chain.
ESBL-E AA, AE, | ESBL-E in slaughter pigs in the UK (23.4%). UK | Randall et al,,
EA, AF 2014 [135]
ESBL-E AA, AE, | The level of ESBL-E shedding in pigs has been studied and shows levels in piglets of 107 CFU/g, with a drop to | GER | Hansen et al.,




EA, AF | 103 CFU/g in animals at slaughter. 2013 [136]
LA- AF the isolation of MRSA from samples derived from post-mortem examinations at the Animal Health Servicein | NL Van der Wolf et
MRSA The Netherlands in the period from 2003 through October 2008.The proportion of pigs from which MRSA was al., 2012 [137]
isolated from, did not increase over the years.
LA- AA, Samples of raw beef, pork, veal, lamb/mutton, chicken, turkey, fowl and game were collected from the retail NL De Boer et al.,
MRSA AH, AF, | trade. MRSA strains were isolated from 264 (11.9%) of 2217 samples analyzed: 6.2% in pork. At present the 2009 [138]
HF, AE, | high prevalence of MRSA in meat has not been shown to contribute significantly to the dissemination of MRSA
EA to humans and the possible health hazard for consumers of the presence of MRSA in foods should be further
elucidated. De Boer et al. isolated the CC398 MRSA strain on 10.7% of pork in the Netherlands. Furthermore, it
has been shown that retail samples reflect the presence of antibiotic resistance on farms.
LA- HH, presented a horizontal approach that shows 3% of pigs sampled on the farm before transport to the abattoir, Molla et al., 2012
MRSA HA, HE, | 1% in the waiting area at the abattoir, 2% of carcasses, and 4% of retail pork samples were MRSA positive. [139]
FH, HF,
EF
Human vectors in Pig Meat Processing
ESBL-E HH, Humans involved in food processing need to be considered as very important intermediate reservoirs and IT Lavilla, 2008 [140]
HA, HE, | vectors for ESBL genes remain food retailers contaminated with ESBL-producing bacteria. Food dealers
FH, HF, | especially may represent a reservoir for ESBL genes, because while working with contaminated food they are
EF at a greater risk for infection with ESBL-producing bacteria [306]. Lavilla et al. [306] found that 27.5% of food
retailers (372 tested persons) are colonized with ESBL-producing microorganisms. Therefore, the food retailer
is considered to be an intermediate vector for the transmission of antibiotic-resistant bacteria.
ESBL-E AH, AE, | Bacteria from the intestinal tract of slaughter pigs can be transferred to the carcass during processing in GER | Teuber, 1999 [141]
EF, AF, abattoirs by the staff, contaminated tools, or other contact surfaces.
HF
ESBL-E FH, HF | determined that retail foods may be an important vehicle for the community-wide dissemination of UK | Johnson, 2005
antimicrobial-resistant E. coli. Furthermore, studies in Denmark comparing E. coli from meat and urinary tract [142]
infections suggest that E. coli strains obtained from meat and production animals pose a zoonotic risk for
humans.
ESBL-E FH The findings of Lépez-Cerero et al., 2011 showed the possibility of lateral gene transfer of blaCTX-M-15 as well | ESP | Lopez-Cerero et
as other antibiotic resistance determinants between low-virulence food and clinical isolates. al., 2011 [143]
ESBL-E HF, FH, | Pietsch et al. 2015 found isolates of distinct E. coli clonal lineages in all three reservoirs human, animal and GER | Pietsch et al., 2015




AF food. [144]
ESBL-E HF, FH | Data have shown reduced survival of zoonotic bacteria in meat processing facilities. USA | Erickson et al.,
2012 [145]
ESBL-E AF, HF, | Antibiotic-resistant Enterobacteriaceae can contaminate foods during the processes of packing and storage. PRT | Fornazari et al.,
FH 2010 [146]
ESBL-E HF, FH, | ESBL E.coli in farm animals and raw retail meat in Japan. JAP | Hiroi et al., 2011
AF [147]
LA- AF, HF, | A contamination of meat with ESBL-producing E. coli and MRSA was confirmed in this study. The large AUS | Petternel et al.,
MRSA FH diversity of ESBL producing E. coli could indicate a growing dissemination of ESBL genes in E. coli found in 2014 [148]
ESBL-E meat products from porcine and bovine origin.
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