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Highlights

E. coli 022:H8 interfere with an effective colonization of cattle by E. coli 0157:H7

E. coli 022:H8 has a stronger adherence to epithelial cell lines than E. coli 0157:H7

E. coli 022:H8 has a enhanced biofilm production than that of E. coli 0157:H7

In contrast to E. coli 0157:H7, E. coli 022:H8 has the adhesin IpfA0113

Abstract

Problem addressed: Shiga toxin-producing Escherichia coli (STEC) are a group of bacteria
responsible for food-associated diseases. Clinical features include a wide range of
symptoms such as diarrhea, hemorrhagic colitis and the hemolytic uremic syndrome

(HUS), a life-threatening condition.

Objective: Our group has observed that animals naturally colonized with STEC strains of
unknown serotype were not efficiently colonized with E. coli 0157:H7 after experimental
infection. In order to assess the basis of the interference, three STEC strains were isolated
from STEC persistently-colonized healthy cattle from a dairy farm in Buenos Aires,

Argentina.

Methods and Results: The three isolated strains are E. coli 022:H8 and carry the stx1 and
stx2d genes. The activatable activity of Stx2d was demonstrated in vitro. The three strains
carry the adhesins iha, ehaA and Ipfoi1s. E. coli 022:H8 formed stronger biofilms in abiotic

surface than E. coli 0157:H7 (eae+, stx2+) and displayed a more adherent phenotype in



vitro towards Hela cells. Furthermore, when both serotypes were cultured together
022:H8 could reduce 0157:H7 adherence in vitro. When calves were intragastrically pre-
challenged with 108 CFU of a mixture of the three STEC strains and two days later
challenged with the same dose of the strain E. coli 0157:H7 438/99, the shedding of the

pathogen was significantly reduced.

Conclusions: These results suggest that E. coli 022:H8, a serotype rarely associated with
human illness, might compete with 0157:H7 at the bovine recto-anal junction, making
non-0157 carrying-calves less susceptible to 0157:H7 colonization and shedding of the

bacteria to the environment.

Keywords: Escherichia coli, STEC, EHEC; bovine, colonization, adhesion

1. Introduction

Shiga-toxin Escherichia coli is a major etiologic agent of diseases in humans, whose clinical
spectrum includes diarrhoea, haemorrhagic colitis, and haemolytic uremic syndrome
(HUS), the leading cause of chronic renal failure in children in Argentina and several other
countries (Karch et al., 2005; Repetto, 2005). The most frequently associated serotype is
0157:H7 (Rivas et al., 2006), although six non-0157 O groups (026, 045, 0103, 0111,
0121, and 0145) have been identified by the Centers for Disease Control and Prevention
(CDC) as being responsible for over 70% of non-0157 STEC-associated illness in the USA.
(Brooks et al., 2005).

Ruminants are the primary reservoir of EHEC 0157:H7 (Yoon and Hovde, 2008)and have
been recently recognized as important reservoirs for other STEC serotypes, some of them
associated with human disease (Parul et al., 2016). In Argentina, cattle have been

identified as a source of non-0157 STEC and some of these strains have been previously



associated with hemolytic uremic syndrome (HUS), bloody and non-bloody diarrhea
(Fernandez et al., 2013; Masana et al., 2011; Pizarro et al., 2013). Despite the carriage of
Shiga toxins genes, posing a significant threat to human health, the combination with
other virulence factors needs to be further assessed in order to evaluate the pathogenic
potential of STEC strains. In this sense, the mechanism of STEC adherence to intestinal
epithelium is highly relevant for the understanding of the STEC-bovine relationship and for
the design of vaccines and other antibacterial strategies.

One of the main features of E. coli 0157:H7 is the Locus of Enterocyte Effacement (LEE),
which is a 35.6 kb pathogenicity island encoding a type three system (T3SS) apparatus,
secreted proteins, an adhesin called Intimin and its translocated receptor Tir (Translocated
Intimin Receptor) (Franzin and Sircili, 2015). These proteins are responsible for the
formation of the attaching and effacing lesion and the effective colonization of cattle
intestine (Dean-Nystrom et al., 2008). Despite the crucial role of Intimin in bacterial
attachment, E. coli 0157:H7 possesses many other proteins involved in adherence, some
of them shared with non-0157 STEC. Among the fimbriae, the long polar fimbriae (Lpf) is
relevant in this matter, which binds to extracellular matrix and is important for intestinal
colonization in vivo. The hemorrhagic coli pilus (HCP) is a Type 4 pili (T4P) that has been
described for several Gram-negative pathogenic bacteria and associated to several
pathogenic processes. HCP is involved in adherence to bovine epithelium, biofilm
formation and induction of proinflammatory cytokines and it has been tested as a vaccine
component in goats (Zhang et al., 2014). Another virulence factor shared by 0157 and

non-0157 strains (Cadona et al., 2013) is the autotransporter EhaA. This protein has been



implicated in bacterial attachment to extracellular matrix proteins, such as laminin and
collagen, (Wells et al., 2008) and abiotic surfaces, and in promoting adhesion to primary
epithelial cells of the bovine terminal rectum(Easton et al., 2011). Besides adhesins shared
between STEC 0157 and non-0O157, several other virulence factors have been described
only in LEE (-) strains. For example, Sab, the 146-kDa STEC autotransporter contributing to
biofilm formation confers adherence to human epithelial cells and mediates also biofilm
formation (Herold et al., 2009). However, this autotransporter adhesin has a low
prevalence among isolates (Buvens and Pierard, 2012; Monaghan et al., 2011). The main
characteristics of the above-mentioned adhesins were reviewed by Farfan and Torres
(2011). In addition, Iha, an outer membrane protein adhesin related to the iron-regulated
gene A (IrgA) of Vibrio cholerae, has been reported in non-STEC uropathogenic E. coli (Tarr
et al., 2000) as well as in over 70% of the LEE-negative STEC strains associated with human
clinical cases examined in studies in Germany (Hauser et al., 2013) and Argentina (Galli et
al., 2010). lha is present in many enterobacteria and it is associated with both adhesion
and iron uptake (Colello et al., 2016). Furthermore, the STEC autoagglutinating adhesin
(Saa), is expressed by LEE-negative STEC (Caprioli et al., 2005) and homologues of saa
were found in several unrelated LEE-negative STEC serotypes associated with human
disease (Paton et al., 2001).

It is well demonstrated that the adherence site of E. coli 0157:H7 in cattle is the recto-anal
junction (RAJ), a tissue whose surface is formed by two cell types, columnar epithelial cell
associated to lymphoid follicle and squamous epithelial (RSE) cells (Kudva et al., 2012b). It

has been observed that the T3SS is required for 0157 adherence to the follicle-associated



epithelium at the RAJ (Naylor et al., 2003) while they are not relevant in the adherence to
the RSE cells (Kudva et al., 2012b). Similarly, non-0157 STEC are adherent to RSE even
when anti-T3SS antisera is present (Kudva et al., 2012b).

Only few reports have demonstrated that concurrent shedding of more than one
serogroup may occur in an individual animal, probably because the concurrence of various
serotypes is not frequently searched (Pearce et al., 2004; Mercado et al., 2004; Cernicchiaro
et al, 2013, Venegas-Vargas,et al., 2016).

We have previously observed that experimental colonization of cattle with E. coli 0157:H7
was not effective when animals were naturally colonized with some unidentified non-
0157 STEC strains. The aim of the present work was to isolate and characterize non-0157
STEC strains from non-0157 persistently colonized healthy cattle and to assess the ability

of such strains to interfere with E. coli 0157:H7 colonization both in vitro and in vivo.

2. Materials and Methods

2.1. Isolation of Shiga toxin-producing E. coli

Recto-anal mucosal swabs (RAMS) were taken from 28 healthy Holstein-Fresian male
calves from a dairy farm in Buenos Aires, Argentina. Briefly, the swabs were cultured in 3
ml of Trypticase Soy Broth (TSB, Oxoid, Basingstoke, UK) for 18 h at 37°C and then
streaked onto Sorbitol MacConkey agar (Oxoid, Basingstoke, UK). The confluent growth
zone was analyzed by a multiplex PCR to detect the stx1, stx2, eae y 0157rbf genes. This
procedure was performed 4 times, every 2 weeks, and in those animals with at least two

positive samplings for stx1 and/or stx2 but eae and 0157-negative, the confluent zone



was re-isolated. Isolated sorbitol-fermenting colonies were identified as E. coli by
biochemical tests (Edwards et al., 1956) and stored on glycerol 15% at -20°C for further
assessment.

Escherichia coli 0157:H7 438/99 belongs to INTA’s Culture Collection and it was isolated
from cow faeces from a dairy farm in Buenos Aires province, Argentina. This strain has
been previously used in experimental infection studies performed by our group (Vilte et
al., 2011) and it was selected for spontaneous resistance to nalidixic acid. It possesses the
genes for enterohemolysin, y-intimin, EspA, EspB, Stx2, and the pO157 plasmid.

2.2. Detection of virulence factor genes by PCR

All E. coli isolates were screened for the presence of the genetic sequences of stxi, stxa,
eae and rfbois7 by a multiplex PCR.Non-O157 Stx-positive strains were further analyzed to
assess the presence of several other virulence factors including 1) toxins: subtilase
cytotoxin (subAB), cytolethal distending toxins (cdtlll-cdtlV), cytotoxic necrotizing factors
(cnfl, cnfll), heat-stable enterotoxin (STa), hemolysin (hlyA); 2) Type three secretion
system: intimin (eae); 3)Fimbriae: F41, F5, S fimbriae (sfaD/E), P fimbriae (papC), long
polar fimbriae (IpfA0O157/01-141, IpfAO113, IpfA0157/0I-154); 4) adhesins: iron-regulated
homologue adhesin (iha), afimbrial adhesin VIl (afaE8), CS31A adhesins (c/pG);
haemorrhagic coli pilus (hcpA); 5) siderophores: aerobactin (iucD); 6) biofilm formation:
STEC autotransporter contributing to biofilm formation (Sab), STEC autoagglutinating

adhesion (Saa), EHEC autotransporter (ehadA).



Subtyping of Stx variants was performed by PCR using the primers and conditions
described by Scheutz (Scheutz et al., 2012). Primers for these virulence factors are shown
in Table 1.

2.3. Serotyping

Serotyping was conducted with somatic and flagellar antisera of the Statens Serum
Institute (Copenhagen, Denmark), according to (Orskov et al., 1984).

2.4. Isolation of mouse intestinal mucus

Intestinal mucus was isolated as described elsewhere (Wadolkowski et al., 1990a;
Wadolkowski et al., 1990b). Briefly, 10 male and female BALB/c mice of 8 weeks of age
and approximately 20 g of body weight were acquired from the Animal Facility of the
Faculty of Veterinary Science of the University of Buenos Aires. Animals received food and
water ad libitum and were housed under controlled conditions of light (12-h light, 12-h
dark) and temperature (20-212C). Protocols were approved by the Committee for Care

and Use of Laboratory Animals of Buenos Aires University (CICUAL).

One day before mucus extraction, mice were treated orally with streptomycin (5g/L).
After the animals were euthanized intestinal fragments were removed, placed in ice-cold
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer (2.6 g/liter) pH 7.4
and 5mm-segments were opened along the mesenteric border. Mucosa was then gently
scraped into 10 ml of HEPES buffer, and mucus was clarified by centrifugation (once at
12,000 x g for 10 min and once at 27,000 x g for 15 min). Total protein content of the
mucus was measured with a bicinchoninic acid protein assay kit (BCA, Thermo Scientific,

USA).



2.5. Stx cytotoxicity on Vero cells

Escherichia coli strains were incubated overnight at 37°C and 200 rpm in 5 ml of LB broth
and subsequently the culture supernatant was obtained by centrifugation and filtration
(0.22 um filters). Filtered culture supernatants were then incubated at 372C for 4 h with
HEPES alone or in mouse intestinal mucus at a final concentration of 2 mg/ml and assayed
as previously described (Pistone Creydt et al., 2004). Briefly, 4x10* Vero cells grown in 96-
well plates were treated for 72 h under growth-arrested conditions (serum-free medium)
with filtered culture supernatant from different strains. At the end of the incubation time,
plates were washed twice with PBS (145 mM NaCl, 10 mM NaH;POa, pH 7.2) and
incubated for 2 h with freshly diluted neutral red in PBS to a final concentration of 50
pg/ml. Cells were then washed with 1% CaCl, and 4% formaldehyde twice and then were
solubilized in 1% acetic acid and 50% ethanol. Absorbance at 546 nm was read in an
automated plate spectrophotometer. Results were expressed as percent viability, with
100% represented by cells incubated under identical conditions but without treatment.
The 50% cytotoxic dose (CDso) corresponded to the dilution required to kill 50% of Vero

cells.

2.6. Antimicrobial susceptibility testing

Antimicrobial susceptibility patterns were established according to the Kirby-Bauer
method for ampicillin, amikacin, colistin, chloramphenicol, gentamicin, nalidixic acid,
ciprofloxacin, streptomycin, tetracycline, nitrofurantoin and trimethoprim-

sulfamethoxazole, according to CLSI standards and methods (M100-Clinical Laboratory



Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing: Twenty-five

Informational Supplement M100-S25. CLSI, Wayne, PA, USA, 2015).

2.7. Pulsed-field gel electrophoresis (PFGE)

Macrorestriction fragment analysis by PFGE was performed following the Standard
Operating Procedure for PulseNet PFGE of Escherichia coli 0157:H7, Escherichia coli non-
0157 (STEC), Salmonella serotypes, Shigella sonnei and Shigella flexneri (CDC,

www.cdc.gov/pulsenet/PDF/ecoli-shigella-salmonella-pfge-protocol-508c.pdf) using 6.76

sec — 35.38 sec as initial and final switching time for non-0157 STEC. A CHEF DR-IIl system
(Bio-Rad Laboratories, Hercules, CA, USA) and Xbal (Promega Corp., Madison, WI, USA)
restriction enzyme were used. Salmonella Braenderup H9812 (kindly provided by the
Centers for Disease Control, Atlanta, GA, USA) was included as PulseNet size standard
strain. Images of gels were obtained using a Gel Doc-IT 2000 (Bio-Rad Laboratories was
used for gel images acquisition. Analysis of TIFF images was performed using the
BioNumerics v 5.1 software package (Applied Maths, Kortrijk, Belgium).

All STEC 022 strains included in the National Database of non-0157 STEC were used for
comparison purposes.

2.8. Growth curve

The strains were grown in Luria Bertoni broth (LB) (Sigma-Aldrich, Missouri, USA)
overnight at 37 °C and then diluted 1:100 in LB and grown with continuous aeration at 150
rpm in triplicates. To measure bacterial growth, optical density at 600 nm was monitored
every 30 min for the first hour and then every hour. Optical densities were analyzed with a

longitudinal data model using Proc Mixed of SAS (SAS v.9.1; SAS Institute Inc., Cary NC,


http://www.cdc.gov/pulsenet/PDF/ecoli-shigella-salmonella-pfge-protocol-508c.pdf

USA). Fixed effects were strain, and linear, quadratic, and cubic terms for time of measure
nested within strain. Error terms displayed heteroskedastic variance due to replicates and
were fitted into the model by a diagonal covariance structure across replicates.
Differences among strains at different times were tested as estimable linear contrasts
(Searle, 1971). A correction of degrees of freedom for heterogeneous variance was
implemented by the method of (Kenward and Roger, 1997) for all linear hypotheses. In all
cases, P values of <0.05% were considered significant.

2.8. Biofilm formation assay

To assess biofilm formation, an overnight Luria Bertani broth culture of the strains grown
at 37°C with shaking was diluted 1:40 on Dulbecco’s modified Eagle’s medium (DMEM) or
TSB containing 0.45% glucose and 200 pL were inoculated into 96-well flat-bottom
microtiter polystyrene plates (Becton Dickinson, Franklin Lakes, NJ). In addition, wells
were filled with sterile media as the blank value. The plate was incubated overnight (18 h)
at 37°C, washed twice with 200 pl PBS to remove unbound cells, and stained with 200 pl
0.1% crystal violet for 5 min. Unbound stain was removed by washing twice with PBS, and
guantification of biofilm formation was carried out by the addition of 200 ul of 96%
ethanol and measurement of the absorbance at 540 nm (Herold et al., 2009; Wakimoto et
al., 2004). The interpretation of biofilm production was done according to the criteria of
(Stepanovic et al., 2007).

Data obtained were assessed for normality using the D'Agostino & Pearson omnibus

normality test and a comparison between STEC strains with EHEC 438/99 and between



STEC strains was performed using one-way ANOVA. Significance was determined using
Turkey’s Multiple Comparison post test.

2.9. EHEC 0157:H7 growth inhibition

In order to assess if the isolated STEC strains could inhibit EHEC O157:H7 growth the spot-
on-lawn assay was performed. Briefly, an overnight culture of 438/99 was diluted to 0.5
McFarland Standard and spread onto a Mueller-Hinton agar plate (MHA, Oxoid,
Basingstoke, UK) with a sterile cotton swab. STEC strains to be tested were also diluted to
0.5 McFarland Standard and 20 pl were spotted onto the surface of the agar plate. The
plate was air-dried until the spots were dry and then incubated for 18 h at 372C. Plates
were examined and a zone of inhibition around the test samples was considered as

inhibition.

2.10. In vitro adherence

The ability of the isolated STEC strains to adhere to HelLa (ATCC-CCL2) and Caco-2 (ATCC-
HTB-37) cell monolayers was assessed. Briefly, 12-well plates (Nest, USA) were inoculated
with 2.5 10° cells per well and grown to 80% confluence at 37°C in 5% CO; in DMEM with
10% (vol/vol) heat-inactivated fetal bovine serum, 2 mM L-glutamine, penicillin (100,000
IU/liter) and streptomycin (100 mg/liter) (Amigo et al., 2015). Before use, the cells were
washed three times with sterile phosphate-buffered saline (PBS; pH 7.4) and replenished
with DMEM. The bacterial strains were grown in LB broth overnight at 37°C without
aeration and 107 bacteria (MOI 40) were added to each well. The plates were incubated at
37°C with 5% CO; for 3 h and then washed twice with PBS in order to avoid Stx

cytotoxicity. The cells were replenished with DMEM and incubated for additional 2h under



the conditions mentioned above. For E. col adherence quantification, the infected
monolayers were washed three times with PBS, and the adherent bacteria were

recovered with 1 mL of 0.1% Triton X100 in PBS and several dilutions were plated on LB
agar plates with antibiotics. EHEC O157:H7 were plated in LB supplemented with nalidixic
acid, while STEC 022:H8 were recovered in Streptomicyn-LB.

In competitive studies, both 022 strains and 438/99 were incubated together at a 1:1
ratio, recovered in SMAC plates and counted according to their sorbitol-fermenting
abilities.

Data were expressed as the CFU (colony forming unit) from adhered bacteria from
triplicate wells, and the mean of at least three separate experiments was used for the
analysis. The statistical difference was expressed as the P value determined by a Kruskal-
Wallis test, followed by the Dunn's multiple comparisons test.

2.11. In vivo assay

In order to evaluate if previous infection with the STEC 022:H8 strains could reduce E. coli
0157:H7 colonization of calves after experimental challenge, 4 three-month-old male
Holstein calves were obtained from a local dairy farm in Buenos Aires province. The
animals were selected based on microbiological absence of Shiga-toxin producing E. coli
by enrichment of rectoanal swabs, followed by PCR of the confluent zone to amplify stx1
and stx2 and specific antibodies against the carboxi-terminal fraction of Intimin gamma of
E. coli O157:H7. Calves were housed in biosafety level 2 containment rooms at the
Instituto Nacional de Tecnologia Agropecuaria (INTA) Research Centre and fed alfalfa

pellets, with free access to hay and water. All animal procedures were performed with the



approval of the Institutional Animal Care and Use of Experimentation Animals Committee
(CICUAE) of the National Institution of Agricultural Research.

Animals were randomly divided into two groups of two animals each: Group 1 was
intragastrically challenged with 108 CFU of a mixture of the three STEC 022:HS8 strains
isolated and two days later received 108 CFU of E. coli 0157:H7 438/99 by the same route.
Group 2 was only challenged with E. coli 0157:H7 438/99 at the same time as the other
animals, and it represents the positive control.

The magnitude of fecal excretion of viable E. coli 0157:H7 was followed by culture of
recto-anal mucosal swabs (RAMS), as previously described (Vilte et al., 2011; Vilte et al.,
2012). RAMS were taken at-2, 0,2,4,6,9,12 and 15 days after 438/99 challenge.

Briefly, bacterial CFU/swab was determined by vortexing the swabs in TSB and plating
serial dilutions on CT-SMAC. When direct cultures were negative, swabs were enriched at
379C for 18 h and 1 mL of this culture was subjected to E. coli 0157 Immunomagnetic
Separation (IMS) performed according to the manufacturer’s instructions (Dynabeads
anti-E. coli 0157, Invitrogen Dynal AS, Oslo, Norway). The bead-bacterium mixture was
plated on CT-SMAC supplemented with 20 ??g/mL nalidixic acid (Sigma, St. Louis, USA).
Samples that resulted culture-positive by IMS were considered positive (10 CFU), while
samples culture-negative by IMS were deemed negative. Non-sorbitol-fermenting colonies
were tested for E. coli 0157 LPS by latex agglutination (Oxoid, Basingstoke, UK) and
confirmed by a multiplex PCR for stxi, stx,, eae and rfbois7 genes (Rabinovitz et al., 2012;

Vilte et al., 2011; Vilte et al., 2012).



Fifteen days after challenge with E coli 0157:H7, animals were euthanized and samples of
cecum, ileum and recto-anal junction were cultured to detect E. coli 0157:H7 after IMS as
described above.

To perform the statistical analysis of E. coli 0157:H7 shedding, data were transformed to
achieve normality using the Inverse Hyperbolic Sine transformation. The model of analysis
included fixed effects of treatments and time as a regression variable. Animals were
treated as random and the repeated measures were fitted with an AR(1) heterogeneous

covariance structure, using Proc Mixed of SAS.

3. Results

3.1. Isolation and characterization of Shiga toxin-producing E. coli

Three non-0157 strains were isolated from recto-anal swabs from healthy cattle
persistently colonized with non-0157 STEC. They were named INTA 154, 155 and 182 after
the animals they were isolated from. The three strains belonged to the 022:H8 serotype
and were resistant to ampicillin, streptomycin and tetracycline. Stx subtyping revealed
that the three E. coli 022:H8 isolates harbored the stxic and stxaq subtype genes. Three of
the several virulence factors tested were present in all the strains. These virulence factors
were the iron-regulated homologue adhesion gene (iha), the EHEC autotransporter A
(ehaA) and the long polar fimbriae (/pfo113). The main phenotypic and genotypic

characteristics of the strains are summarized in Table 2.

3.2. Subtyping by PFGE:



The isolated 154, 155, and 182 022:H8 strains yielded two new Xbal-PFGE patterns named
AREZJX01.0022, and AREZJX01.0023, respectively. These patterns were closely related,
with at least 94.74% similarity, showing a difference in two bands among them (Fig. 1).
The Xbal-PFGE patterns corresponding to 022:H8 STEC strains (7 from animal origin and
one human), included in the National Database, were different from those detected in the
present study, with less than 78% similarity.

3.2. Growth curve

The growth curves of the isolated 022:H8 strains and E. coli 0157:H7 438/99 after 24 h
are shown in Figure 2. The three 022:H8 strains had a statistically significant higher
growth rate when compared to 438/99 at 1, 2, 3, 4 and 5 hours (p < 0.05), after the

experiment started. However, no differences were found between the 022:H8 strains.

3.3. Biofilm formation

Biofilm formation was assessed on the three 022:H8 strains and compared to 438/99 on
TSB as well as DMEM media supplemented with glucose. In both media, the three 022:H8
strains significantly formed more biofilm than the E. coli 0157:H7 strain (Fig. 3). According
to (Stepanovic et al., 2007), the three 022:H8 STEC strains were considered moderate
biofilm producers on DMEM, whereas 154 and 155 were considered strong and 182
moderate on TSB. E. coli 0157:H7 438/99 strain was considered weak and moderate on

each media, respectively.

3.4. Stx cytotoxicity in STEC O22:H8 strains
The overnight culture supernatants from all STEC 022:H8 strains were toxic to Vero cells.

The toxin level produced by each strain in absence of mucus (control) was lower than that



of STEC 0157:H7 strain 438/99 (Table 3). Since the 022:H8 strains examined in this study
possess the stx1c genes while 438/99 strain only has stx2a, these results can be attributed
to the different toxin subtype. All STEC 022:H8 strains were further found to have active
Stx2dact, as the CDsomeasured in the supernatants increased 15 to 95-fold after incubation

with mouse intestinal mucus (Table3).

3.5. E. coli 0157:H7 growth inhibition
No inhibition zone was observed in the plates were EHEC 438/99 was co-cultured with the
STEC 022:H8 strains, suggesting that these strains do not inhibit E. coli 0157:H7 growth

(data not shown).

3.6. In vitro adherence

Adherence to epithelial HeLa (human cervix adenocarcinoma) and CaCo-2 (human
colorectal adenocarcinoma) cell lines was assessed for the three 022:H8 strains and
compared to E. coli 0157:H7 438/99. Results are shown in Figure 4.

In vitro adherence of the STEC strains reveals a statistically significant increased adherence
of the 022:H8 strains to Hela cell, with strain 154 the most adherent. On CaCo-2 cells, 154
was the only strain with a more adherent phenotype compared to 438/99, whereas 155
and 182 had similar adherence properties, not statistically different when compared to the
438/99 strain.

When 022:H8 strains were cultured together with E. coli 0157:H7 at a 1:1 ratio,
significantly more CFU of 022:H8 were recovered from both Hela and Caco-2 cell lines.

Results are shown in Figure 5.



3.7. In vivo assay

In order to evaluate if the presence of STEC strains could interfere with E. coli 0157:H7
colonization in experimentally challenged animals, a statistical analysis using a linear
model for repeated measures (SAS) was performed which included fixed effects of
treatments and time as a regression variable. Treatments were significantly different (P <
0.0001) whereas time was significant (P= 0.0209) and had a negative sign, which indicates
a decreasing trend as time of observation went on. Treatment effects for the 022:H8
group were significantly different than the control, implying that E. coli 0157:H7 shedding
was significantly reduced after experimental challenge in 3-month-old calves previously
challenged with the STEC 022:H8 strains, compared to the control group that only

received E. coli 0157:H7. Shedding dynamics are observed in Figure 6.

4. Discussion

During this study, three STEC strains were isolated from healthy cattle from a dairy farm in
Buenos Aires, Argentina. The strains were identified as 022:H8, which is a serotype that
had been previously reported in cattle in several countries (Blanco et al., 2004a; Ennis et
al., 2012; Gonzalez et al., 2016) and rarely associated with human illness (Gould et al.,
2013; Russmann et al., 1995).

In Argentina, it has been isolated from cattle (Blanco et al., 2004b), ground beef and
hamburgers (Cadona et al., 2016), retail chicken products (Alonso et al., 2016) and even a
domestic cat (Bentancor et al., 2007), suggesting that it is a circulating serotype in our

country.



By Xbal-PFGE, the three strains showed more than 94% of similarity in their
macrorestriction patterns. As they were isolated from different animals, it could be
possible that the same or highly related strains were circulating among animals in the
farm.

In the National Database (NDB), of non-0157 STEC, there are seven STEC 022:H8 strains
isolated from bovine feces and carcasses in 2010 and one human diarrhea case in 2015.
The low similarity between the patterns established in this study with those included in
the NDB, suggests that different strains of this serotype are circulating in the country,
distributed in animals more than in humans sources, as previously described by other

authors (Alonso et al., 2016; Bentancor et al., 2012; Blanco et al., 2004b).

It has been reported that a part of the isolated STEC strains in cattle, including those
identified here, do not possess the eae gene (Geue et al., 2002; Padola et al., 2004), and
therefore other virulence factors are required adherence. The LEE negative 022:H8
serotype has been linked to super shedding ( > log 4 CFU/g feces) in dairy cows over a
twelve-month period, suggesting that adhesins other than Intimin play a role in the
attachment in vivo and that these strain can persistently colonize cattle (Menrath et al.,
2010) .

Despite several virulence profiles have been described for this serotype, in this study we
have found that the 022:H8 strains isolated do not carry the Locus of Enterocyte
Effacement (LEE) genes but harbor the ehaA, ihA and Ipfo113 genes. These virulence factors
are involved in adhesion and biofilm formation, like EhaA, which was identified as a novel

autotransporter protein (AT) of enterohaemorrhagic E.coli (EHEC) O157:H7. The iron-



regulated homologue adhesin gene (ihA) codifies for a novel adherence-conferring
molecule utilized by eae-negative STEC for adherence and colonization purposes instead
of Intimin (Tarr et al., 2000) as well as the Ipfo113 coding for the chromosomal fimbrial
adhesin LpfAO113. The presence of LpfAO113 in 022: H8 strains might account for the
increased adherence observed, since the 0157:H7 strain, 438/99, does not have it.
Despite Sab, another member of the AT family, has also been reported as a factor able to
mediate adherence to human epithelial cells and biofilm formation, it was not detected in
the strains isolated in this study. The three 022:H8 were also negative for SUbAB, which is in
agreement with previous reports (Bosilevac and Koohmaraie, 2011). Although many
factors have been assessed throughout this work, several remain to be evaluated in order
to explain the differences observed between strains.

The presence of the Stx2d subtype has been described in some 022:H8 strains (Beutin et
al., 2007) and it has been shown that potentially highly pathogenic strains producing Stx2d
activatable are eae-negative (Bielaszewska et al., 2006) although their relevance in human
illnesses is moderate (Melton-Celsa et al., 2015). We have observed an increased cytotoxic
activity of Stx2 after incubation with mucus, suggesting that this subtype might play an
important role in pathogenesis.

Although the in vitro study was small, the statistic procedure applied was robust and
suggests that infection of calves with the isolated strains of 022:H8 inhibits E. coli 0157:H7
colonization. Since a epithelial cell line like HEp-2 seems to carry different adhesin

receptors than RAJ cell types (Asper et al., 2007; Kudva et al., 2012a), a mixture of the



three STEC 022:H8 strains was used to challenge the animals to account for the
differences observed in vitro.

These results suggest that E. coli 022:H8 are circulating among dairy cattle in our country.
The strains isolated have several virulence markers, which represents a serious threat to
human health. Furthermore, we have shown that these strains are able to interfere with
E. coli 0157:H7 adherence in vitro and in vivo. The molecular basis of the interference
needs to be further assessed but so far, we have shown that 022:H8 strains are better
fitted to compete with other strains given their growth rate, biofilm-forming abilities and
adherence properties. As a next step the genome of 022:H8 isolates will be sequenced to

identify probable adhesins.

Acknowledgements

NLP, CAA, RICC, and AC are CONICET fellows, LM and AA are recipients of CONICET
fellowships and University of Buenos Aires fellowship, respectively. The present study was
supported by PICT 2010 0118 grant from FONCYT (Argentina) and Project 1131031 from
INTA, Argentina. The firm SAS is acknowledged for allowing the use of its software at

Facultad de Agronomia, Universidad de Buenos Aires, Argentina.

References

Alonso, M.Z., Kruger, A., Sanz, M.E., Padola, N.L., Lucchesi, P.M., 2016. Serotypes, virulence
profiles and stx subtypes of Shigatoxigenic Escherichia coli isolated from chicken derived
products. Rev Argent Microbiol 48, 325-328.

Amigo, N., Mercado, E., Bentancor, A,, Singh, P., Vilte, D., Gerhardt, E., Zotta, E., Ibarra, C.,
Manning, S.D., Larzabal, M., Cataldi, A., 2015. Clade 8 and Clade 6 Strains of Escherichia



coli 0157:H7 from Cattle in Argentina have Hypervirulent-Like Phenotypes. PLoS One 10,
e0127710.

Asper, D.J., Sekirov, I., Finlay, B.B., Rogan, D., Potter, A.A., 2007. Cross reactivity of
enterohemorrhagic Escherichia coli 0157:H7-specific sera with non-0157 serotypes.
Vaccine 25, 8262-8269.

Bentancor, A., Rumi, M.V., Carbonari, C., Gerhardt, E., Larzabal, M., Vilte, D.A., Pistone-Creydt, V.,
Chinen, 1., Ibarra, C., Cataldi, A., Mercado, E.C., 2012. Profile of Shiga toxin-producing
Escherichia coli strains isolated from dogs and cats and genetic relationships with isolates
from cattle, meat and humans. Vet Microbiol 156, 336-342.

Bentancor, A., Rumi, M.V., Gentilini, M.V., Sardoy, C,, Irino, K., Agostini, A., Cataldi, A., 2007. Shiga
toxin-producing and attaching and effacing Escherichia coli in cats and dogs in a high
hemolytic uremic syndrome incidence region in Argentina. FEMS Microbiol Lett 267, 251-
256.

Beutin, L., Miko, A., Krause, G., Pries, K., Haby, S., Steege, K., Albrecht, N., 2007. Identification of
human-pathogenic strains of Shiga toxin-producing Escherichia coli from food by a
combination of serotyping and molecular typing of Shiga toxin genes. Applied and
environmental microbiology 73, 4769-4775.

Bielaszewska, M., Friedrich, A.W., Aldick, T., Schurk-Bulgrin, R., Karch, H., 2006. Shiga toxin
activatable by intestinal mucus in Escherichia coli isolated from humans: predictor for a
severe clinical outcome. Clinical Infectious Diseases 43, 1160-1167.

Blanco, M., Blanco, J.E., Mora, A., Dahbi, G., Alonso, M.P., Gonzalez, E.A., Bernardez, M.1., Blanco,
J., 2004a. Serotypes, virulence genes, and intimin types of Shiga toxin (verotoxin)-
producing Escherichia coli isolates from cattle in Spain and identification of a new intimin
variant gene (eae-xi). J Clin Microbiol 42, 645-651.

Blanco, M., Padola, N.L., Kruger, A., Sanz, M.E., Blanco, J.E., Gonzalez, E.A., Dahbi, G., Mora, A,,
Bernardez, M.1., Etcheverria, A.l., Arroyo, G.H., Lucchesi, P.M., Parma, A.E., Blanco, J.,
2004b. Virulence genes and intimin types of Shiga-toxin-producing Escherichia coli isolated
from cattle and beef products in Argentina. International microbiology : the official journal
of the Spanish Society for Microbiology 7, 269-276.

Bosilevac, J.M., Koohmaraie, M., 2011. Prevalence and characterization of non-0157 shiga toxin-
producing Escherichia coli isolates from commercial ground beef in the United States.
Applied and environmental microbiology 77, 2103-2112.

Brooks, J.T., Sowers, E.G., Wells, J.G., Greene, K.D., Griffin, P.M., Hoekstra, R.M., Strockbine, N.A.,
2005. Non-0157 Shiga toxin-producing Escherichia coli infections in the United States,
1983-2002. Journal of Infectious Diseases 192, 1422-1429.

Buvens, G., Pierard, D., 2012. Low prevalence of STEC autotransporter contributing to biofilm
formation (Sab) in verocytotoxin-producing Escherichia coli isolates of humans and raw
meats. European journal of clinical microbiology & infectious diseases : official publication
of the European Society of Clinical Microbiology 31, 1463-1465.

Cadona, J.S., Bustamante, A.V., Gonzalez, J., Sanso, A.M., 2016. Genetic Relatedness and Novel
Sequence Types of Non-0157 Shiga Toxin-Producing Escherichia coli Strains Isolated in
Argentina. Frontiers in cellular and infection microbiology 6, 93.

Cadona, J.S., Bustamante, A.V., Parma, A.E., Lucchesi, P.M., Sanso, A.M., 2013. Distribution of
additional virulence factors related to adhesion and toxicity in Shiga toxin-producing
Escherichia coli isolated from raw products in Argentina. Letters in applied microbiology
56, 449-455.



Caprioli, A., Morabito, S., Brugere, H., Oswald, E., 2005. Enterohaemorragic Escherichia coli:
emerging issues on virulence and modes of transmission. Veterinary Research 36, 289-
311.

Cernicchiaro, N., Cull, C.A., Paddock, Z.D., Shi, X., Bai, J., Nagaraja, T.G., Renter, D.G. 2013
Prevalence of Shiga toxin-producing Escherichia coli and associated virulence genes in
feces of commercial feedlot cattle. Foodborne and Pathogens Disease 10,835-841.

Colello, R., Caceres, M.E., Ruiz, M.J., Sanz, M., Etcheverria, A.l., Padola, N.L., 2016. From Farm to
Table: Follow-Up of Shiga Toxin-Producing Escherichia coli Throughout the Pork
Production Chain in Argentina. Frontiers in microbiology 7, 93.

Dean-Nystrom, E.A., Stoffregen, W.C., Bosworth, B.T., Moon, H.W., Pohlenz, J.F., 2008. Early
attachment sites for Shiga-toxigenic Escherichia coli 0157:H7 in experimentally inoculated
weaned calves. Applied and environmental microbiology 74, 6378-6384.

Easton, D.M., Totsika, M., Allsopp, L.P., Phan, M.D., Idris, A., Wurpel, D.J., Sherlock, O., Zhang, B.,
Venturini, C., Beatson, S.A., Mahony, T.J., Cobbold, R.N., Schembri, M.A., 2011.
Characterization of Ehal, a New Autotransporter Protein from Enterohemorrhagic and
Enteropathogenic Escherichia coli. Frontiers in microbiology 2, 120.

Edwards, P.R., Ewing, W.H., Fife, M.A., 1956. Newer biochemical methods in the recognition of
Shigellae and Salmonellae. The American journal of medical technology 22, 28-34.

Ennis, C., McDowell, D., Bolton, D.J., 2012. The prevalence, distribution and characterization of
Shiga toxin-producing Escherichia coli (STEC) serotypes and virulotypes from a cluster of
bovine farms. Journal of applied microbiology 113, 1238-1248.

Fernandez, D., Kruger, A., Polifroni, R., Bustamante, A.V., Sanso, A.M., Etcheverria, A.l., Lucchesi,
P.M., Parma, A.E., Padola, N.L., 2013. Characterization of Shiga toxin-producing Escherichia
coli 0130:H11 and 0178:H19 isolated from dairy cows. Frontiers in cellular and infection
microbiology 3, 9.

Franzin, F.M., Sircili, M.P., 2015. Locus of enterocyte effacement: a pathogenicity island involved in
the virulence of enteropathogenic and enterohemorragic Escherichia coli subjected to a
complex network of gene regulation. Biomed Res Int 2015, 534738.

Galli, L., Miliwebsky, E., Irino, K., Leotta, G., Rivas, M., 2010. Virulence profile comparison between
LEE-negative Shiga toxin-producing Escherichia coli (STEC) strains isolated from cattle and
humans. Vet Microbiol 143, 307-313.

Geue, L., Segura-Alvarez, M., Conraths, F.J., Kuczius, T., Bockemuhl, J., Karch, H., Gallien, P., 2002.
A long-term study on the prevalence of shiga toxin-producing Escherichia coli (STEC) on
four German cattle farms. Epidemiol Infect 129, 173-185.

Gonzalez, A.G., Cerqueira, A.M., Guth, B.E., Coutinho, C.A,, Liberal, M.H., Souza, R.M., Andrade,
J.R., 2016. Serotypes, virulence markers and cell invasion ability of Shiga toxin-producing
Escherichia coli strains isolated from healthy dairy cattle. Journal of applied microbiology
121, 1130-1143.

Gould, L.H., Mody, R.K., Ong, K.L., Clogher, P., Cronquist, A.B., Garman, K.N., Lathrop, S., Medus,
C., Spina, N.L., Webb, T.H., White, P.L., Wymore, K., Gierke, R.E., Mahon, B.E., Griffin, P.M.,
Emerging Infections Program Foodnet Working, G., 2013. Increased recognition of non-
0157 Shiga toxin-producing Escherichia coli infections in the United States during 2000-
2010: epidemiologic features and comparison with E. coli 0157 infections. Foodborne
Pathog Dis 10, 453-460.

Hauser, E., Mellmann, A., Semmler, T., Stoeber, H., Wieler, L.H., Karch, H., Kuebler, N., Fruth, A.,
Harmsen, D., Weniger, T., Tietze, E., Schmidt, H., 2013. Phylogenetic and molecular
analysis of food-borne shiga toxin-producing Escherichia coli. Applied and environmental
microbiology 79, 2731-2740.



Herold, S., Paton, J.C., Paton, A.W., 2009. Sab, a novel autotransporter of locus of enterocyte
effacement-negative shiga-toxigenic Escherichia coli 0113:H21, contributes to adherence
and biofilm formation. Infect Immun 77, 3234-3243.

Karch, H., Tarr, P.1., Bielaszewska, M., 2005. Enterohaemorrhagic Escherichia coliin human
medicine. International Journal of Medical Microbiology 295, 405-418.

Kenward, M.G., Roger, J.H., 1997. Small sample inference for fixed effects from restricted
maximum likelihood. Biometrics 53, 983-997.

Kudva, I.T., Davis, M.A., Griffin, R.W., Garren, J., Murray, M., John, M., Hovde, C.J., Calderwood,
S.B., 2012a. Polymorphic Amplified Typing Sequences and Pulsed-Field Gel Electrophoresis
Yield Comparable Results in the Strain Typing of a Diverse Set of Bovine Escherichia coli
0157:H7 Isolates. Int J Microbiol 2012, 140105.

Kudva, I.T., Griffin, R.W., Krastins, B., Sarracino, D.A., Calderwood, S.B., John, M., 2012b. Proteins
other than the locus of enterocyte effacement-encoded proteins contribute to Escherichia
coli 0157:H7 adherence to bovine rectoanal junction stratified squamous epithelial cells.
BMC microbiology 12, 103.

Masana, M.O., D'Astek, B.A., Palladino, P.M., Galli, L., Del Castillo, L.L., Carbonari, C., Leotta, G.A.,
Vilacoba, E., Irino, K., Rivas, M., 2011. Genotypic characterization of non-0157 Shiga toxin-
producing Escherichia coli in beef abattoirs of Argentina. Journal of food protection 74,
2008-2017.

Menrath, A., Wieler, L.H., Heidemanns, K., Semmler, T., Fruth, A., Kemper, N., 2010. Shiga toxin
producing Escherichia coli: identification of non-0157:H7-Super-Shedding cows and
related risk factors. Gut pathogens 2, 7.

Mercado, E.C., Gioffre, A., Rodriguez, S.M., Cataldi, A., Irino, K., Elizondo, A.M., Cipolla, A.L,,
Romano, M.l,, Malena, R., Mendez, M.A., 2004. Non-0157 Shiga toxin-producing
Escherichia coli isolated from diarrhoeic calves in Argentina. J Vet Med B Infect Dis Vet
Public Health 51, 82-88.

Melton-Celsa, A.R., O'Brien, A.D., Feng, P.C. 2015. Virulence Potential of Activatable Shiga Toxin
2d-Producing Escherichia coli Isolates from Fresh Produce. Journal of Food Protection 78,
2085-2088. doi: 10.4315/0362-028X.JFP-15-180.

Monaghan, A., Byrne, B., Fanning, S., Sweeney, T., McDowell, D., Bolton, D.J., 2011. Serotypes and
virulence profiles of non-0157 Shiga toxin-producing Escherichia coli isolates from bovine
farms. Applied and environmental microbiology 77, 8662-8668.

Naylor, S.W., Low, J.C., Besser, T.E., Mahajan, A., Gunn, G.J., Pearce, M.C., McKendrick, I.J., Smith,
D.G., Gally, D.L., 2003. Lymphoid follicle-dense mucosa at the terminal rectum is the
principal site of colonization of enterohemorrhagic Escherichia coli 0157:H7 in the bovine
host. Infect Immun 71, 1505-1512.

Orskov, I., Orskov, F., Rowe, B., 1984. Six new E. coli O groups: 0165, 0166, 0167, 0168, 0169 and
0170. Acta pathologica, microbiologica, et immunologica Scandinavica. Section B,
Microbiology 92, 189-193.

Padola, N.L., Sanz, M.E., Blanco, J.E., Blanco, M., Blanco, J., Etcheverria, A.l., Arroyo, G.H., Usera,
M.A,, Parma, A.E., 2004. Serotypes and virulence genes of bovine Shigatoxigenic
Escherichia coli (STEC) isolated from a feedlot in Argentina. Vet Microbiol 100, 3-9.

Parul, S., Bist, B., Sharma, B., Jain, U., Yadav, J.K., 2016. A study on association of virulence
determinants of verotoxic Escherichia coli isolated from cattle calves. Veterinary world 9,
915-918.

Paton, A., Srimanote, P., Woodrow, M., Paton, J., 2001. Characterization of Saa, a novel
autoagglutinating adhesin produced by locus of enterocyte effacement-negative



Shigatoxigenic Escherichia coli strains that are virulent for humans. Infect. Immun. 69,
6999-7009.

Pearce, M.C,, Jenkins, C., Vali, L., Smith, A.W., Knight, H.l., Cheasty, T., Smith, H.R., Gunn, G.J,,
Woolhouse, M.E., Amyes, S.G., Frankel, G., 2004. Temporal shedding patterns and
virulence factors of Escherichia coli serogroups 026, 0103, 0111, 0145, and 0157 in a
cohort of beef calves and their dams. Applied and environmental microbiology 70, 1708-
1716.

Pistone Creydt, V.P., Miyakawa, M.F., Martin, F., Zotta, E., Silberstein, C., Ibarra, C., 2004. The
Shiga toxin 2 B subunit inhibits net fluid absorption in human colon and elicits fluid
accumulation in rat colon loops. Brazilian Journal of Medical and Biological Research 37,
799-808.

Pizarro, M.A., Orozco, J.H., Degarbo, S.M., Calderon, A.E., Nardello, A.L., Laciar, A., Ruttler, M.E.,
2013. Virulence profiles of Shiga Toxin-Producing Escherichia coli and other potentially
diarrheagenic E.coli of bovine origin, in Mendoza, Argentina. Brazilian journal of
microbiology : [publication of the Brazilian Society for Microbiology] 44, 1173-1180.

Rabinovitz, B.C., Gerhardt, E., Tironi Farinati, C., Abdala, A., Galarza, R., Vilte, D.A,, Ibarra, C.,
Cataldi, A., Mercado, E.C., 2012. Vaccination of pregnant cows with EspA, EspB, gamma-
intimin, and Shiga toxin 2 proteins from Escherichia coli 0157:H7 induces high levels of
specific colostral antibodies that are transferred to newborn calves. J Dairy Sci 95, 3318-
3326.

Repetto, H.A., 2005. Long-term course and mechanisms of progression of renal disease in
hemolytic uremic syndrome. Kidney International. Supplement, S102-106.

Rivas, M., Miliwebsky, E., Chinen, I., Roldan, C.D., Balbi, L., Garcia, B., Fiorilli, G., Sosa-Estani, S.,
Kincaid, J., Rancel, J., Griffin, P.M.a.t.c.-c.s.G., 2006. Characterization and epidemiologic
subtyping of Shiga toxin-producing Escherichia coli strains isolated from hemolytic uremia
sindrome and diarrea cases in Argentina. Foodborne Pathog Dis. 3, 88-96.

Russmann, H., Kothe, E., Schmidt, H., Franke, S., Harmsen, D., Caprioli, A., Karch, H., 1995.
Genotyping of Shiga-like toxin genes in non-0157 Escherichia coli strains associated with
haemolytic uraemic syndrome. Journal of medical microbiology 42, 404-410.

Scheutz, F., Teel, L., Beutin, L., Piérard, D., Buvens, G., Karch, H., Mellmann, A., Caprioli, A., Tozzoli,
R., Morabito, S., Strockbine, N., Melton-Celsa, A., Sanchez, M., Persson, S., O’'Brien, A.,
2012. Multicenter evaluation of a sequence-based protocol for subtyping shiga toxins and
standardizing stx nomenclature. J. Clin. Microbiol. 50, 2951-2963.

Searle, S.R., 1971. Linear models. John Wiley & Sons, Inc.

Stepanovic, S., Vukovic, D., Hola, V., Di Bonaventura, G., Djukic, S., Cirkovic, I., Ruzicka, F., 2007.
Quantification of biofilm in microtiter plates: overview of testing conditions and practical
recommendations for assessment of biofilm production by staphylococci. APMIS : acta
pathologica, microbiologica, et immunologica Scandinavica 115, 891-899.

Tarr, P., Bilge, S., Vary, J., Jelacic, S., Habeeb, R., Ward, T., Baylor, M., Besser, T., 2000. lha: a novel
Escherichia coli 0157:H7 adherence- conferring molecule encoded on a recently acquired
chromosomal island of conserved structure. Infect. Immun. 68, 1400-1407.

Venegas-Vargas, C., Henderson, S., Khare, A., Mosci, R.E., Lehnert, J.D., Singh, P., Ouellette, L.M.,
Norby, B., Funk, J.A., Rust, S., Bartlett, P.C., Grooms, D., Manning, S.D. 2016. Factors
Associated with Shiga Toxin-Producing Escherichia coli Shedding by Dairy and Beef Cattle.
Applied and environmental microbiology 82,5049-5056.

Vilte, D.A., Larzabal, M., Garbaccio, S., Gammella, M., Rabinovitz, B.C., Elizondo, A.M., Cantet, R.J.,
Delgado, F., Meikle, V., Cataldi, A., Mercado, E.C., 2011. Reduced faecal shedding of



Escherichia coli 0157:H7 in cattle following systemic vaccination with gamma-intimin
C(2)(8)(0) and EspB proteins. Vaccine 29, 3962-3968.

Vilte, D.A., Larzabal, M., Mayr, U.B., Garbaccio, S., Gammella, M., Rabinovitz, B.C., Delgado, F.,
Meikle, V., Cantet, R.J., Lubitz, P., Lubitz, W., Cataldi, A., Mercado, E.C., 2012. A systemic
vaccine based on Escherichia coli 0157:H7 bacterial ghosts (BGs) reduces the excretion of
E. coli 0157:H7 in calves. Vet Immunol Immunopathol 146, 169-176.

Wadolkowski, E.A., Burris, J.A., O'Brien, A.D., 1990a. Mouse model for colonization and disease
caused by enterohemorrhagic Escherichia coli 0157:H7. Infect Immun 58, 2438-2445.

Wadolkowski, E.A., Sung, L.M., Burris, J.A., Samuel, J.E., O'Brien, A.D., 1990b. Acute renal tubular
necrosis and death of mice orally infected with Escherichia coli strains that produce Shiga-
like toxin type Il. Infect Immun 58, 3959-3965.

Wakimoto, N., Nishi, J., Sheikh, J., Nataro, J.P., Sarantuya, J., Iwashita, M., Manago, K., Tokuda, K.,
Yoshinaga, M., Kawano, Y., 2004. Quantitative biofilm assay using a microtiter plate to
screen for enteroaggregative Escherichia coli. The American journal of tropical medicine
and hygiene 71, 687-690.

Wells, T.J., Sherlock, O., Rivas, L., Mahajan, A., Beatson, S.A., Torpdahl, M., Webb, R.I., Allsopp,
L.P., Gobius, K.S., Gally, D.L., Schembri, M.A., 2008. EhaA is a novel autotransporter
protein of enterohemorrhagic Escherichia coli 0157:H7 that contributes to adhesion and
biofilm formation. Environmental microbiology 10, 589-604.

Yoon, J.W., Hovde, C.J., 2008. All blood, no stool: enterohemorrhagic Escherichia coli 0157:H7
infection. Journal of veterinary science 9, 219-231.

Zhang, X., Yu, Z., Zhang, S., He, K., 2014. Immunization with H7-HCP-tir-intimin significantly
reduces colonization and shedding of Escherichia coli 0157:H7 in goats. PLoS One 9,
€91632.



Figure Legends

Figure 1: Macrorestriction patterns of Xbal-PFGE of 022:H8 strains. Showing a

dendrogram and including serotype and stx1 and stx2 genotype.

Figure 2: Growth curve of the STEC 022:H8 strains and the control EHEC O157:H7. *

means statistical significance (p < 0.05).

Figure 3: Biofilm formation. E. coli 022:H8 (154, 155, 182) and 0157:H7 (438/99) biofilm
formation on DMEM and TSB. * shows significant differences (p < 0.05) with E. coli

438/99.

Figure 4: Adherence to cell lines. STEC 022:H8 (154, 155 and 182) and E. coli O157:H7
438/99 adherence to A) Hela y B) Caco-2. * (p < 0.05) shows significant differences when

compared to 438/99.

Figure 5: Adherence to cell lines competition. STEC 022:H8 and 0157:H7 adherence to A)
Hela y B) Caco-2 when cultured together. *shows statistically significant differences (p <

0.05).

Figure 6: E. coli 0157:H7 shedding up to 15 days of calves pre-challenged with a mixture of

the STEC 022:H8 strains and the control group.
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Days after E. coli O157:HT challenge



Table 1: Virulence factors, primer sequences and sizes of amplified DNA fragments used in

this study.
Amplicon
Virulence factor Primer Sequence (5'3") Reference
size (bp)
EAE-1 GGAACGGCAGAGGTTAATCTGCAG
Intimin 345 Blanco et al., (2004)
EAE-2 GGCGCTCATCATAGTCTTTC
Stx1-a CAGTTAATGTGGTGGCGAAG
Shiga toxin 1 894
Stx1-b CTGCTAATAGTTCTGCGCATC
Olsvik and Strockbine (1993)
Stx2-a CTTCGGTATCCTATTCCCGG
Shiga toxin 2 478
Stx2-b GGATGCATCTCTGGTCATTG
0157F CGGACATCCATGTGATATGG
rfb0157 258 Paton and Paton (1998)
0157R TTGCCTATGTACAGCTAATCC
Cytotoxic CnfllF TATCATACGGCAGGAGGAAGCACC
necrotizing factor 1243
CnfllR GTCACAATAGACAATAATTTTCCG
1
Cytotoxic Cnfi2 F TTATATAGTCGTCAAGATGGA
633
necrotizing factor | Cnfi2 R CACTAAGCTTTACAATATTGA
Cytolethal Cdtlll F GAAAATAAATGGAATATAAATGTCCG
558
distending toxin IlI CdtllIR TTTGTGTCGGTGCAGCAGGGAAAA Van Bost et al., (2003)
Cytolethal., CdtIVF CCTGATGGTTCAGGAGGCTGGTTC
350
distending toxin IV CdtIVR TTGCTCCAGAATCTATACCT
lucD F AAAACTGACATCGGATGGC
Aerobactin 253
iucDR GTATTTGTGGCAACGCAGAA
S-fimbrial., SfaF CTCCGGAGAACTGGGTGCATCTTAC
410
adhesin SfaR CGGAGGAGTAATTACAAACCTGGCA



pili associated pap F GACGGCTGTACTGCAGGGTGTGGCG
with 328
pap R ATATCCTTTCTGCAGGGATGCAATA
pyelonephritis
Afimbrial., adhesin afa F CTAACTTGCCATGCTGTGACAGTA
302
Vi afaR TTATCCCCTGCTTAGTTGTGAATC
F17 F GCAGAAAATTCAATTTATCCTTGG
F17 537
F17R CTGATAAGCGATGGTGTAATTAAC
F5F TATTATCTTAGGTGGTATGG
F5 314
F5R GGTATCCTTTAGCAGCAGTATTTC
F41F GCATCAGCGGCAGTATCT
F41 380 Franck et al., (1998)
F41R GTCCCTAGCTCAGTATTATCACCT
Heat-stable StaF GCTAATGTTGGCAATTTTTATTTCTGTA
190
enterotoxin StaR AGGATTACAACAAAGTTCACAGCAGTAA
SubAB F TATGGCTTCCCTCATTGCC
Subtilisin 556 Paton and Paton (2005).
SubAB R TATAGCTGTTGCTTCTGACG
hiyA 1 GGTGCAGCAGAAAAAGTTGTAG
Hemolysin 1551 Schmidt et al., (1995)
hlyA4 TCTCGCCTGATAGTGTTTGGTA
long polar fimbria  O154-FCT GCAGGTCACCTACAGGCGGC
525 Toma.et al., (2004)
0157/0154 0154-RCT CTGCGAGTCGGCGTTAGCTG
long polar fimbria  |pfO141-F CTGCGCATTGCCGTAAC
412 Szalo et al., (2002).
0157/0141 IpfO141-R ATTTACAGGCGAGATCGTG
long polar fimbria IpfA-F ATGAAGCGTAATATTATAG
573 Doughty et al., (2002)
AO113 IpfA-R TTATTTCTTATATTCGAC
Haemorragic coli hcpA-F TCGCTAGTTGCTGACAGATTT
868 Hernandes et al., 2011

pilus

hcpA-R

AATGTCTGTTGTGTGCGACTG




STEC LHO0147 F GGTGGATACAGCAGGTAATG
autotransporter
[AT] contributing 163 Herold et al., (2009).
LHO147 R TATCTCACCACCTGCTATCG
to biofilm
formation
STEC SaaF CCTCACATCTTCTGCAAATACC
autoagglutinating 688 Paton et al., (2001)
SaaR GTTGTCCTGCAGATTTTACCATCCAATGGACATG
adhesin
EHEC EhaA-u AGGCATGAGACACGATC
500 Wau et al. (2010)
autotransporter EhaA-d AAGTCGTGCCATTGAGC
clpG1 GGGCGCTCTCTCCTTCAAC
CS31A 402 Bertin et al., (1998.
clpG2 CGCCCTAATTGCTGGCGAC
IrgA homologue iha-| CAGTTCAGTTTCGCATTCACC
1305 Schmidt et al., 2001
adhesin iha-ll GTATGGCTCTGATGCGATG




Table 2: genotypic characteristics of the strains

2
: Biochemical . Serotype Genotype:
Strain . . Sorbitol ATB! Lpf
identification o H 0157 | Eal | Hly Stx o113 | 'a | ehaA
438/99 Escherichia coli - 157 7 R Nal + + + StX2a/StX2c - + +
154 Escherichia coli + 22 8 R Amp/Str - - - StX1/StX2q + + +
155 Escherichia coli + 22 8 R Amp/Str - - - StX1/StX2q + + +
182 Escherichia coli + 22 8 R Amp/Str - - - StX1/StX2q + + +

1. antibiotic resistance
2. genes and primers are defined in Table 1




Table3: Activation of Stx2d from STEC 022:H8 strains.

CDso x 102 per mL CDso mucus/

Strain
CDso Control

Control mucus
022:H8 155 0.11 10.5 95.5+4.1*
022:H8 154 0.11 10 91.0+3.7%
022:H8 182 1.5 22 15.2 £ 2.7%
0157:H7 438/99 2 2 1.0+£0.5

Ratios of cytotoxicity (CD50) of culture supernatant from STEC strains after incubation with intestinal mucus
compared to the cytotoxicity without mucus (CD50 Control). The ratios are the averages from 2-3
experiments. Mean statistical significance (*p < 0.01 and 1P < 0.05) with 0157:H7 438/99.



