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ABSTRACT

This study was carried out to determine the occuweeand characteristics of enteropathogenic
Escherichia coli (EPEC) and Shiga toxin-produciiig coli (STEC) strains in cow’s milk, cheese
and dairy cattle farm environments, and to estirdaibution of antimicrobial resistance. A
collection of 18 atypical EPEC -aEPEC, 14 STEC, anekE. albertii was obtained and
characterized from 502 samples. Occurrence of aBREG~'s milk was high (>6%) whereas non-

0157 STEC was isolated in ca. 2% of milk sampletebtion of these diarrheageiiccoli was
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absent in more than 100 cheese samples obtaimad&w milk. This is the first report identifying
E. albertii (O69:HNM) in a dairy cattle farm. Nearly one-thwflaEPEC strains showed
antimicrobial resistance, mostly presenting a rduliy resistance pattern. One clonal complex
(ST20 Cplx) containing aEPEC strains from milk daelcal samples was determined. Two STEC
strains belonged to serotypes with importance mdmdisease (091:H21 and O55:H8) and were
isolated from air samples which suggests a higbedmsnation potential. Spanish bulk tank cow’s
milk can constitute an important source of aEPE@&Irs besides STEC, bearing multiple
antimicrobial resistance and with high diversityboth serotypes and genetic features linked to

potential human infectian

KEYWORDS

multidrug resistance; serotypes; diarrheagénmli; E. albertii; aEPEC.

1. Introduction

Enteropathogenik. coli (EPEC) and Shiga toxin-produciig coli (STEC) are pathogenic
groups ofE. coli causing intestinal diseases and thus categorizdabkeageni€&. coli (DEC).
Outbreaks caused by pathogeicoli have been reported in scientific literature assediavith
milk and dairy products, such as cheese manufatfusen raw milk (Canizalez-Roman, Gonzalez-
Nufiez, Vidal, Flores-Villasefior, & Ledn-Sicairo§13; De Buyser, Dufour, Maire, & Lafarge,
2001; Verraes et al., 2015).

Typical EPEC (tEPEC) strains are characterizechbyptresence of the EPEC adherence
factor (pEAF) plasmid which encodes the bundle-fagwili (BFP), while atypical EPEC (aEPEC)
do not possess this pEAF. aEPEC strains are coadi@energing enteropathogens detected
worldwide as reviewed by Hernandes et al. (2009)ekas the main reservoir of tEPEC are
humans, aEPEC strains have been isolated from &spaaies, environment, and food samples,

some of which belong to serogroups implicated im&n diseases. Data reporting prevalence of
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aEPEC in samples of cow’s milk or cheese manufadténom cow’s milk are scarce and diverse
(Altalhi & Hassan, 2009; Gonzalez, Rosa, Andradd.il8ana, 2000; Ombarak et al., 2016).

Members of STEC group aEe coli producing Stx1 and/or Stx2 toxins and, apart ftbe
high virulent O157:H7 serotype, other non-O157 geyops are considered of increasing concern
for public health (Farrokh et al., 2013). As thejonigy of studies were focusing on O157:H7 in
milk and dairy products, non-O157 STEC impact ardfbas not been routinely tested and thus
problems associated with STEC group may have bederastimated. However, scientific reports
highlight the clinical importance of non-O157 sgpws as a cause of hemolytic-uremic syndrome
(HUS), whose importance in Europe and USA has aszéd (Johnson & Tyler, 1993; Smith,
Fratamico, & Gunther, 2014; Valilis, Ramsey, Sid&dgDuPont, 2018).

The increase in antibiotic-resistant bacteriasem@ous concern all over the world and
particularly in Europe (EFSA & ECDC, 2017). Thelggdincrease of multidrug-resistaatcoli is
a threat for public health. Among the resistancelmaaisms (EUCAST, 2013), an emerging one in
multidrug-resistanE. coli is based on the production of extended-specfidactamases (ESBLS).
As ESBL-producingt. coli isolates have been detected in food products,lynaimeat products
and much less studied in milk and dairy produatglth institutions are worried about their
potential spreading from the food chain to hum&isSA & ECDC, 2017; EFSA Panel on
Biological Hazards, 2011)

This study was undertaken to determine the occoerand characteristics of EPEC and
STEC strains in cow’s milk, cheese manufacturethfraw milk and dairy cattle farm
environments in Northwest Spain, and to estimatgtitential of these sources acting as vehicles

of AMR.

2. Material and methods

2.1. Sample collection and processing
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A'total of 502 samples were obtained, during theteviand summer season, from cow’s
milk (n=214), cheese made from raw cow’s milk (négJnd the environment of dairy cattle farms
(n=72).

Samples of 60 ml of bulk tank cow’s milk, obtairfeaim 107 dairy cattle farms and located
in Northwest Spain (Region of “Castilla y Leon”)ere collected. Cheese, manufactured from raw
milk and ripened during 3 month, was collected fratocal cheesery. In addition, environmental
samples were gathered from five farms which wenpseh among those determined as positive for
the presence of EPEC and/or STEC. Samples fro(n=li0), water (n=15), feed (n=15), and
faeces (n=15) were collected following the procedigscribed by Otero et al. (2013). On each
dairy farm, hands of farm handlers (n=10) were dathpy a common swabbing technique and
milk filters (n=7) of milking machine were asepligantroduced in sterile pouches. All samples
were processed within two hours.

Each sample was processed as follows: (a) 50 mil&fwere cultured in 450 ml of
Tryptone Soya Broth plus 0.6% yeast extract (TSB®Eoid); (b) 25 g of cheese were
homogenized in 225 ml of TSBYE in a Masticator blen(lUL SA, Barcelona, Spain); (c) airborne
particles on SMAC Agar plates were directly incdght(d) water samples of 250 ml were passed
through sterile 0.45 um filters which were inculdate 50 ml TSBYE; (e) 25 g of feed pellets was
blended with 225 ml of TSBYE; (f) wet swab from ki’ hands was transferred into a flask with
225 ml TSBYE; (g) milk-filter microbiota was remayéy washing off with 250 ml of TSBYE; (h)
two boot swabs per farm were placed in 400 ml dYE. All cultures were incubated during 18 h
at 37 °C.

2.2. Isolation and characterization of strains

From an aliquot (1 ml) of each enriched broth, DN&s extracted by a boiling procedure
and PCR was carried out for the presence of tigetgenestxl, stx2, andeae using the primers
and conditions reported elsewhere (Olsen et 8518 W Paton & Paton, 1998; Pollard, Johnson,

Lior, Tyler, & Rozee, 1990).
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Presumptive positive-sample enrichments for anthefnvestigated genes were spread onto
SMAC agar plates. After incubation (37 °C/24h)tai20 colonies were randomly picked up and
pooled for subsequent screening by PCRstixik, stx2, andeae genes as indicated above. Colonies
from PCR-positive pools were individually investigd in order to isolate EPEC and/or STEC
strains.

All isolates were serotyped in the Reference Laloydor E. coli (LREC; University of
Santiago de Compostela, Lugo, Spain) using the adgtheviously described by Guinée et al.
(1981) with all the available O (O1 to 0O181) ana@tisera (H1 to H56).

The phylogenetic groups were determined by the mydelx method (Clermont,
Christenson, Denamur, & Gordon, 2013). Isolatesdbald not be assigned to any phylo-group
were further investigated by PCR for identificat@sE. coli, E. albertii or E. fergusonii (Lindsey,
Garcia-Toledo, Fasulo, Gladney, & Strockbine, 2017)

Amplification of bfpA gene for classification of EPEC isolates was peréa as described
earlier (Gunzburg, Tornieporth, & Riley, 1995).&iis were also studied for presence of intimin
variants (Blanco et al., 2004b). TTSS (Type lIl ®#on System) structural and translocator-
proteins éspA, espB,) and TTSS effector proteitir), and their variants, f andy respectively,
were also tested (China, Goffaux, Pirson, & Maih99). Enterohaemolysin genenyA was also
considered (Wang, Clark, & Rodgers, 2002).

All the STEC strains were additionally charactetibg PCR using conditions described
previously for the following genes: subtypessofgenes (Scheutz et al., 2012)lyA (Wang et al.,
2002),subAB (Adrienne W Paton, Srimanote, Talbot, Wang, & Rak904)saa (Adrienne W
Paton & Paton, 2002), arich (Tozzoli et al., 2010).

2.3. Determination of antimicrobial susceptibility

EPEC and STEC isolates were tested for susceptitnli22 antimicrobials by the Disk

Diffusion Method on Mueller Hinton Agar (Oxoid) accordance with the standard procedure

M100-S of the Clinical and Laboratory Standardsitate -CLSI (2016) and the antimicrobial
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recommendation of thieuropean Committee on Antimicrobial Susceptibility Testing (EUCAST,
2015).

A double disk synergy test (DDST) was performedientified ESBL-producing isolates
according to EUCAST protocol (EUCAST, 2013) as lasga PCR method to determine the ESBL-
encoding genelslaCTX-M (Pagani et al., 2003pJaSHV andblaTEM (Monstein et al., 2007).

2.4. PFGE and MLST analysis
PulseNet International Genomic protocol for non-O85EC

(http://pulsenetinternational.org/) was carried fmutbacterial DNA analysis by PFGE in a CHEF-

DRIl apparatus (Bio-Rad, Hercules, CA, USA) asalied earlier (Otero et al., 2013).

Multilocus sequence typing was performed followihg Achtman seven-locus scheme in
accordance with the conditions described elsewfizgaamur, Clermont, & Gordon, 2015; Wirth

et al., 2006). PCR product purifications, sequespcagquence analysis, determination of clonal
complexes, and a phylogenetic tree (concatenatgpeesees) were carried out according to Otero et
al. (2013). Each gerlecus was assigned an allele number and a sequencéSypevas

determined for each isolate in accordance withsteeme available at

http://enterobase.warwick.ac.uk/species/index/ecoli

2.5. Statistical analysis
Relationship between positive samples for STECRIEE and season were determined by a
chi-square test of association with the software IBPSS Statistics for Windows v 24.0 (IBM

Corp., Armonk, NY, USA.).

3. Results and discussion
3.1. Occurrence of EPEC and STEC

Data about the isolation of DEC strains accordmgample origin and season are shown in
Table 1. Isolates which wesx-/eaet+/bfpA- was considered as aEPEC. They were obtained from
13 cow’s milk samples (6.1 %) and six environmertahples (8.3%). Regarding STEC, our results

yielded 2.3% of positive cow’s milk samples (5/2a4d 9.7% of positive environmental samples
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(7/72) from which 14 STEC were isolated. Overafl,/8% of positive samples for EPEC and 58.3%
of samples STEC+ were obtained in summer but #asanal relationship was not significant
(p>0.05).

STEC prevalence in cow’s milk (2.3%) is in agreemeith data reported in the EU by
EFSA (2016) in 2015 (1.8%), 2014 (3.6%) and 2013%). Compared with STEC occurrence, we
found a higher prevalence of aEPEC (6.1%) in th& samples studied. Retail raw milk showed
0.9% of positive samples for aEPEC in Egypt (Ombaitaal., 2016), percentage much lesser than
that found in our study maybe due to the samplgimgrours being collected from bulk tanks in
dairy farms. In comparison with milk from other rumants, our data appear to suggest a clear
difference as , in Spain, atypical EPEC accouned4.7% of ewe’s milk (Otero et al., 2013) or
10.3% of goat’s milk samples (Alvarez-Suéarez et2416).

No cheese (n=216) manufactured from raw milk wastpe for STEC or EPEC. In
contrast, most of studies focused on cheese ingeUre100) showed STEC (Farrokh et al., 2013).
Both intrinsic and extrinsic factors of the cheeakimg process, mainly pH, food additives, NaCl
content, @ value, antimicrobial interaction and/or ripeningation, play an important role on the
microbial control in cheese, and probably on ava@dirowth and survival of EPEC and STEC.

Milk filter, air, water and handler samples wereaeled as negative for isolation of EPEC
but 33.3% of faecal samples and 6.7% of feed sawpdee positive (Table 1). The occurrence
determined in cow faeces (33.3%) is much greater thata stated in several studies on healthy
cattles (around 8%) or even in faeces from diacrhaimals (ranging 12-27%) as reported
elsewhere (Aidar-Ugrinovich et al., 2007; Ordemlet2002).

STEC strains were isolated from handlers (20%)28%6), cow-faecal samples (13.3%),
and feed (6,7%). Despite the limited number of yred samples from environment (n=72), our
results suggest that air and handlers may be \eshial transmission of STEC within dairy farms.
Occurrence of positive samples from cow faeces3¢hgseems to fit the overall prevalence rates in

Spain (Mora et al., 2011). On the other hand, feeobt considered an important contamination



175 ‘route of STEC as was also revealed by our dateoritrast, no STEC was isolated from milk filter
176  and water samples (Table 1).

177  3.2. Characterisation of isolates

178 Genetic profile and phylogenetic group in accor@anith serotypes of the 33 isolates are
179  showed in Table 2.

180 Phylogenetic grouping of the 18 aEPEC isolagas+/stx-/bfpA-) showed that 17 (94.4%)
181  belonged to phylogenetic group B1, among whichsbBites were obtained from cow’s milk. All
182  tested strains were found to have more than otleeodxamined virulence factors. The intinfih
183  was determined in six (33.3%) milk aEPEC isolatégtv did not belong to classical serotypes.
184  This intimintypeis the most common among human strains of EPECamld be frequently

185 isolated in cow’s milk as our results would point.o

186 Eleven out of 14 STEC isolates (78.6%) were phyhegjeally grouped in group A,

187  obtained from milk, handler, and faecal sampled,ahbut three weretx1+. The remaining three
188  STEC isolates, obtained from air and feed samplesnged to the phylogenetic group B1 and
189  harboured virulence factors besides Shiga-toxireg€hable 2)Saa gene was absent in STEC
190 isolates.

191 The eighteen aEPEC were classified into ten diffeserotypes. The most frequent serotype
192  was 0156:H8 grouping five strains (27,8%), followsdO25:H2 (16.7%), O15:H2 (11.1%), and
193  04:H2 (11.1%). The predominant O156:H8 was deteatedng aEPEC strains isolated from milk
194 samples widely distributed in different dairy catthrms. It must be noted that this serotype is
195 included neither in the major EPEC O-serogroupegeized by the WHO nor those narrowly

196 linked to EPEC isolates from milk (Barkalita et @016). In addition, we identified four aEPEC
197  serogroups from faeces and milk (025:H8, O96:HAQ®H25, and O109:HNM) that are very

198 uncommon in food. It is also remarkable that 3 sg@-intimin combinations (O15:H2 e§é;

199 025:H2 eaddl, and O109:HNM eag?) detected in the present study have been prdyitmsmd

200 in aEPEC isolated from human patients in Spain (idiglanco et al., 2006).



201 Strain H8C5eaet/stx-/bpf- was identified a&. albertii and was not associated with any
202  phylo-group (Table 3). It belonged to serotype ®B® which has not been previously reported
203 in E. albertii or even in EPEC strains. Moreover, to our knowledlgie species has not been

204  previously identified in dairy cattle farmi. albertii is an emerging pathogen producing

205  gastroenteritis in human (Huys, Cnockaert, Jand@yéngs, 2003) and is mistakenly identified as
206 EPEC.

207 Nine serotypes were detected in STEC strains, suitlstrains (42.9%), phylo-group A and
208  stxl+, belonging to O140:H32 which was the only orad trouped strains from different sources
209  (handler, milk, and faecal samples). STEC O140:k&2been rarely reported in scientific literature
210 (Pradel et al., 2000), with isolates commonly bglog to phylogenetic group A and carryistgl.
211 Other identified serotypes, such as O130:H21 antHBI, are also uncommon in STEC strains.
212 The strain AR10C2 was assigned to O91:H21 serotyjile,clinical significance and associated
213 with severe human disease. The strain AR6C2 betbtmy®55:H8 serotype and showed a MDR-
214  pattern as described in section 3.3. Serogrouphi@5sidely been associated with infant illness
215 and these strains usually have pathogenic propentiecommon with O157:H7 (Whittam et al.,
216 1993). All the non-O157 STEC strains harboursh@ gene (6/14; 42.9%) carried subtyge&, or
217  stx24 and were widely distributed in both bulk-tank malikd farm environments. Among them,
218  strains AR10C2 and AR6C2 are associated with tbiesieal relevant serotypes (091:H21 and
219  O55:H8, respectively) and were isolated from amgies which would facilitate contamination of
220 milk in farms.

221 3.3. Antimicrobial sensibility

222 A high number of the studied strains (14/33; 42.4%@)ibited antimicrobial resistance as
223 shown in Table 3.

224 A moderate rate of aEPEC (5/18; 27.8%) and&habertii strainexhibited resistance to at
225 least one antimicrobial substance. More than adfdtie antimicrobial-resistant aEPEC shared a

226 MDR-pattern which included aminoglycosides, tetddityes, cephalosporins and sulfonamides. A
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similar resistance pattern was also found in EPtEns from children with acute diarrhoea
(Scaletsky, Souza, Aranda, & Okeke, 2010). Two mhulg-resistant isolates (H10C1 and H4C12)
were resistant to nine and eight antibiotics respely, and harboured tHaarey gene linked to
ESBL production but failed the phenotypic confirorgttest.

Eight STEC strains (57.1%) were resistant to atleae of the 22 tested antimicrobial
substances. Among them, we observed MDR on thie&%3d, of which one isolate from a handler
sample (M2C18) harboured thkargy gene linked to ESBL production. Strains AR6C2 ((b&5
and P10C6 (ONT:H1), recovered from air and feefdeesvely, also showed a MDR-pattern
containing penicillins, cephalosporins and amyraagides. The MDR levels were also similarly
high in indicatolE. coli isolates from calves in reporting countries in FSA & ECDC, 2017)
and their predominant MDR pattern is shared withRA&rain M2C18. This MDR occurrence
could shows extensive administration of antimicatdbver many years and it may have led to the
development of multiple resistances by mobile geredéments, resulting in co-selection.
Therefore, we isolated antimicrobial-resistant STH@ins from farm environments as well as
bulk-tank milk to be used for human consumptiomodoe transformed into dairy products. Some of
them showed MDR and were isolated from handlersra feed.

3.4. Molecular typing of strains

Table 3 shows the classification of the 33 diargegéc strains through MLST arxbal-
PFGE, along with other key features. Both molectyping methods were independent from
antibiotic-resistance profiles. Sequence analyigislgd 13 sequence types that shows a high
diversity among the tested strains. Their corredpanallelic profiles are showed in supplementary
file (Table S1). Despite no new alleles were dei@ctwo STs not reported yet in Enterobase
database foE. coli were found.

One clonal complex, identified as ST20 Cplx acaogdb Enterobase database, included
STs 20 and 17 (Figure 1). Except for strain MK1gB8IM), all strains included in ST20 Cplx

were associated to H2 antigen. Virulence-factofil@oof strains in ST20 Cplx and also in ST 327
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were a distinctive characteristic of each respecteguence type (Table S1 -Supplementary file).
Moreover, these three sequence types were thefraqaent among the aEPEC strains and were
obtained from milk and faecal samples recoverenh fnaultiple cow farms of different villages,
indicating their wide dissemination.

It must be noted that ST 442 included two strairsEPEC (milk sample) and STEC (air
sample) which were identified as 0146:H21 and O21;Hespectively. Despite serotype
0146:H21 was associated with a aEPEC strain olatdimoen milk, this serotype is considered to be
specific to STEC (Blanco et al., 2004a), commonblyrid in sheep or goat’s milk (Alvarez-Suéarez
et al., 2016; Otero et al., 2017) , and linkeduanhn iliness (EFSA & ECDC, 2016).

Regarding STEC strains, ST 10 was predominant {&14%) and included strains
obtained from different sources. All these STE@iss in ST 10 but two belonged to the
predominant serotype O140:H32 and the phylogegetiop A, and werestx1+. According to

Enterobase database tarcoli (http://enterobase.warwick.ac.uk/species/ecolitdeastrains), ST

10 includes a large and diverse amount of stramsie of which are highly virulent by causing
HUS and producing ESBL.

The two new sequences types were correspondingBwakertii (strain H8C5) and STEC
(strain AR6C2), respectively. This latter, isolateain air, with an antimicrobial-resistance profile
and virulence properties, belonged to serotype BSSvhich is recognized as human pathogen
(Whittam et al., 1993).

PFGE analysis distinguished eight clusters withir@mum similarity coefficient (Dice) of
71%, named by the letters A’ to H’' (Figure S1 -Seppentary file). The type E’ was the most
heterogeneous since contained five strains of aEBEE: strains of STEC, and theal bertii
strain, obtained from different origins (milk, faascand feed samples). This analysis showed a high
genetic diversity also confirmed when studying padyphisms through MLST, as previously
reported on STEC and aEPEC elsewhere (Afset 2@(8; Otero et al., 2013). Despite STEC

strains were genetically diverse, there is a @hsthip between the strains isolated from milk and
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the isolates obtained from farm environments, whéhpredominant ST 10 including strains from
milk, handlers and cow faeces which were not igoldtom a unique cow farm (Table 3). In
contrast, most of the studied aEPEC strains, assocwith the predominant ST 20 (PFGE-type C’)

and ST 327 (PFGE-types E’ and F’), were obtainethfcow’s milk.

4. Conclusions

This study provides further evidence that cow’skmaihd dairy cattle farm environments are
potential sources of aEPEC and non-O157 STEC, sdnvkich are associated with serotypes
clinically significant, bearing virulence genes andltiple antibiotic resistance, that may raise
public health concern due to the potential humé&eciton and antimicrobial resistance
dissemination throughout food system.

No detection of EPEC and STEC in matured cheeser@at from raw cow’s milk confirms
that cheesemaking process and ripening play anrtantaole on their control.

Moreover, this is the first isolation & albertii, emerging pathogen causing human disease,
from cow’s faeces.
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Table 1. Distribution of positives samples for STEGnd/or EPEC® in accordance to their
origin (cows’ milk, cheese and farm environment) ad season.

Season  Origin Tested

STEC EPEC®
samples (n)
Positive Confirmed Positive Confirmed
samples isolates samples isolates
Winter Cows’ milk 107 2 2 4 4
Cheese 108 0 0 0 0
Faeces 5 1 2 2 2
Feed 5 0 0 1 1
Air 5 0 0 0 0
Handlers 5 2 3 0 0
Water 5 0 0 0 0
Milk filter 3 0 0 0 0
subtotal 243 5 7 7 7
Summer Cows’ milk 107 3 3 9 9
Cheese 108 0 0 0 0
Faeces 10 1 1 3 3@
Feed 10 1 1 0 0
Air 5 2 2 0 0
Handlers 5 0 0 0 0
Water 10 0 0 0 0
Milk filter 4 0 0 0 0
subtotal 259 7 7 12 12
Total 502 12 14 19 19@

@ positives samples for EPEC include one positivepsa with a confirmed isolate which was
finally identified asEscherichia albertii.



Table 2. Serotypes and genetic characteristics o8 3solates (aEPECE. albertii and non-0157

STEC) from different sources in dairy cattle farms.

Serotype  Number Genetic profile Phylogenetic Source
of isolates group

aEPEC  O156:H8 5 eae,/espA,JespB,tir, B1 Cows’ milk
025:H2 3 eaey,/espAy/espByltir B1 Cows’ milk
O15:H2 2 eaey lespAylespByltir, B1 Cows’ milk
04:H2 2 eae, /espA espBy/tir JenlyA  B1 Faeces
025:H8 1 eae,,/espA,/espB,ftir, B1 Faeces
O51:HNM 1 eaey/espAy/espByltir B1 Cows’ milk
096:H7 1 eae,,/espA,/espB,ftir, B2 Faeces
0109:H25 1 eaeq/espA JespB ftir JehlyA Bl Cows'’ milk
O109:HNM 1 eae ,/espA, JespB,/tir, B1 Feed
Ol46:H21 1 eae,/lespA, /espB,ftir, B1 Cows’ milk

E. alberti O69:HNM 1 eae,,/espAy/espByltir - Faeces

STEC 0140:H32 6 six1, or stxl, A Cows’ milk/Faeces/Handlers
O2:HNM 1 stx2,/ehlyA A Cows’ milk
0O3:HNM 1 stx1 /tia A Cows’ milk
055:H8 1 2 /ehlyAltia B1 Air
091:H21 1 Stx1,/stx2,/stx24/ehlyA Bl Air
0130:H21 1 SX1/sb2 /ehlyA/SUbAB Bl Feed
0136:H1 1 stx2,/ehlyA A Faeces
0156:H4 1 stx24 A Handlers
ONT:HNM 1 stx1/ehlyA A Cows’ milk




Table 3. Comparison of genotypic characteristics,rdimicrobial susceptibility and origin of 33
strains (aEPEC,E. albertii and non-0157 STEC) isolated from cows’ milk, cheesand farm
environment in Northwest Spain.A clonal complex grouping ST17 and ST20 is markeahi
discontinuous-line square.

Strain ST®  PFGE” Serotype (F;rr\.(c) Resistance pattefh Farnf® Source

aEPEC  H10C1 17 C 04:H2 Bl  ® AMP/S/KF/TE/AMC/SXT/SSSI/TIC/IPRL F-B Faeces
H4C12 17 C 04:H2 Bl  ®AMP/S/TE/AMC/SXT/SSS/TIC/PRL F-B  Faeces
MK50C8 20 C 0O15:H2 B1L - F-C Milk
MK7C17 20 c 0O15:H2 B1 - F-F Milk
MK127C9 20 (03 025:H2 B1 - F-B Milk
MK212C3 20 C 025:H2 B1 - F-O  Mik
MK130C20 20 C 025:H2 B1L - F-J Milk
MK16C5 20 (03 O51:HNM B1 - F-H Milk
Ha8C4 28 D' 096:H7 B2 KF F-D Faeces
P4C16 40 E' O109:HNM B1 - F-B Feed
MK13C16 300 FE' 0O109:H25 B1 - F-G Milk
MK110C3 327 F 0O156:H8 B1 - F-1 Milk
MK150C20 327 F 0156:H8 B1 - F-K Milk
MK169C17 327 F' 0156:H8 Bl CN F-M Milk
MK163C15 327 F 0O156:H8 Bl  S/TE/SXT/SSS F-L Milk
MK116C9 327 FE' 0156:H8 B1 - F-C Milk
H5C24 327 FE' 025:H8 B1 - F-E Faeces
MK202C5 442 F' 0146:H21 B1 - F-N Milk

E. albertii H8C5 Newl E' O69:HNM - AMP/KF/AMC F-D Faeces

STEC MK116C19 10 A' 0140:H32 A - F-C Milk
MK37C14 10 E' 0140:H32 A S/ICN/C/ F-A Milk
H5C12 10 G' 0140:H32 A - F-E Faeces
M5C1 10 G’ 0140:H32 A - F-E Handler
M5C4 10 G 0140:H32 A CN/K F-E Handler
H5C2 10 G 0140:H32 A KF F-E Faeces
MK136C13 10 A' O2:HNM A - F-E Milk
M2C18 10 A 0156:H4 A O AMP/S/KF/NAITE/SXT/CICN/CIP/SSS/TIC/PRL F-A Handler
P10C6 297 E' 0130:H21 Bl  AMP/KF/CN F-B Feed
MK126C1 329 F' O3:HNM A - F-D Milk
Hal0C3 329 A 0136:H1 A KF/AMC F-B Faeces
MK40C20 339 H' ONT:HNM A - F-B Milk
AR10C2 442 G 091:H21 Bl  AMP/KF/AMC F-B Air
ARG6C2 New2 B' O55:H8 Bl  AMP/KF/AMC/CN F-C Air

@Sequence type through MLS®Xbal-PFGE type®Ph.Gr., Phylogenetic Grouff’Tested antimicrobials: AMC,
amoxicillin-clavulanic acid; AMP, ampicillin; ATMaztreonam; C, chloramphenicol; CAZ, ceftazidime GCEefaclor;
CIP, ciprofloxacin; CN, gentamicin; CTX, cefotaxim@XM, cefuroxime; IPM, imipenem; K, kanamycin; KF,
cephalothin; NA, nalidixic acid; PRL, piperacilli§;, streptomycin; SSS, compound sulphonamides; SXT,
sulfamethoxazole/trimethoprim; TE, tetracyclinetC Tticarcillin; FOX, cefoxitin; FEP, cefepim&Dairy cattle farm
identification; " Strainblargy+.




Figure captions

Figure 1. Neighbor-joining tree based on the concatenated nucleotide sequences of
the seven loci in 33 strains of diarrheagenic E. coli and E. albertii. Bootstrapping
values are shown in branch nodes and a clonal complex is marked by
discontinuous-linecircle.
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In cows’ milk, occurrence is high (>6%) for aEPEGeseas ca. 2% for STEC

No detection of diarrheagentc coli in cheese obtained from raw cows’ milk
Spanish cows’ milk is source of high-diverse aERfth multiple antibiotic resistance
Milk and farm environment are sources of non-O1%EGS with clinical importance

Isolation of the emerging human enteropathdgeadbertii in a dairy cattle farm



