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Abstract Escherichia coli is a commensal bacterium from
the human and animal intestinal microbiota; however, some
strains may be pathogenic and can cause a wide range of
intestinal and extraintestinal diseases. The presence of patho-
genic strains in wild animals, such as deer, may constitute a
risk for humans and other animals. Thus, the aim of this study
was to determine the antimicrobial resistance (AMR), sero-
type, phylogenetic groups and virulence genes (VGs) of 22
E. coli isolates obtained from red deer faeces (Cervus
elaphus). Results showed that most isolates (17/22) were sus-
ceptible to the antimicrobials assessed, whereas only five of
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them were resistant to some of the tested antimicrobials (main-
ly to 3-lactamics, and to trimethoprim/sulphamethoxazole).
Regarding the phylogenetic groups, 19 isolates belonged to
the B1 group and three to the B2 group. The identified VGs
corresponded to stx1 (17/22), stx2 (12/22), estA (12/22), bfpA
(6/22), and eae (4/22). Interestingly, hybrid strains containing
VGs that belonged to STEC and EPEC (stxl1, stx2, bfpA
(n=2) and stx1, bfpA (n=1)) and to STEC and ETEC (stx1,
estA (n=1), stx2, estA (n=1), stx1, stx2, bfpA (n==6) and eae,
stxl, stx2, bfpA (n=1)) pathotypes were found. The identified
serotypes were O:H21, O70:NM, O91:NM, O5:NM, O:NM,
023:H16, 023:H25, 038:H25, 06:H34, O6:NT and O75:H9.
This work represents the first insight of potentially pathogenic
E. coli strains in red deer from Mexico, and it establishes the
importance of deer strain characterization. Moreover, the high
frequency (12/22) of hybrid strains found in this study, along
with a presumably pathogenic potential profile, could repre-
sent an additional risk for humans and animals, therefore fur-
ther investigations on this issue would be needed.

Keywords Escherichia coli - Red deer - Mexico - STEC -
ETEC - EPEC

Introduction

Escherichia coli is a Gram-negative, facultative anaerobic
bacterium, which belongs to the Enterobacteriaceae fami-
ly. It colonizes the gastrointestinal tract within the first
hours of life and is part of the normal intestinal microbi-
ota in humans, mammals and birds. Some E. coli strains
have medical significance, since they can become intesti-
nal and extraintestinal pathogens (Gyles and Fairbrother
2004; Lillehaug et al. 2005). Pathogenic E. coli strains
can be classified, according to their specific virulence
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factors (VFs) and disease mechanisms into seven different
pathotypes: (1) enteropathogenic E. coli (EPEC), (2) Shiga
toxin-producing E. coli (STEC) with its enterohemorrhagic
E. coli subgroup (EHEC), (3) enterotoxigenic E. coli
(ETEC), (4) enteroaggregative E. coli (EAEC), (5)
enteroinvasive E. coli (EIEC), (6) diffusely adherent
E. coli (DAEC) and (7) adherent-invasive E. coli (AIEC)
(Croxen et al. 2013).

STEC strains have a particular medical interest, since
their prevalence has risen in recent years and more than
450 serotypes belonging to this pathotype have been
identified in humans (Blanco et al. 2004). Animal res-
ervoirs (mainly dairy and beef cattle) have played a
major role in the transmission of these strains (Hussein
and Bollinger 2005). Different cervid species have also
been included in the list of possible reservoirs.
Obwegeser and coworkers (Obwegeser et al. 2012) de-
scribed some STEC strains in red deer (Cervus
elaphus), roe deer (Capreolus capreolus), chamois
(Rupicapra rupicapra), and ibex (Capra ibex). These
authors concluded that szx (Shiga toxins) and eae
(intimin) markers have a significant prevalence in
hunted wild ruminants. Furthermore, Sanchez and co-
workers (Sanchez et al. 2009) reported STEC strains
in hunted specimens of red deer, roe deer, fallow deer
(Dama dama) and mouflon (Ovis musimon) in Spain,
whereas Li et al. (2013) reported the presence of these
strains in wild sika deer (Cervus nippon) in China. For
O157:H7 in particular, most studies (Renter et al. 2001;
Dunn et al. 2004) have reported low prevalences in deer
(0.25 to 0.3 %). Also, these animals can harbor non-
0157 STEC strains with prevalences of 16 to 20 %
(Asakura et al. 1998; Leotta et al. 2000).

World game meat production is estimated in over 2
million tons annually, produced mostly in Africa and
America (56.2 and 15.3 % of the total production, respec-
tively) (FAO 2013). Therefore, the presence of STEC
strains in game animals, such as deer, constitutes a
STEC infection risk, since the carcasses and by-products
(retail cuts, jerky, sausages, etc.) have been involved in
foodborne diseases (Ahn et al. 2009; Keene et al. 1997,
Martin and Beutin 2011; Nagano et al. 2004).

Other less common infection routes involving deer STEC
strains have been described, such as the US outbreak with
contaminated strawberries (Laidler et al. 2013) and an out-
break involving kids playing in a contaminated soccer field
(Franklin et al. 2013). These studies have established a public
health scenario where deer and human populations coexist.
The aim of the present study was to determine the antimicro-
bial resistance (AMR), serotype, phylogenetic groups and vir-
ulence genes (VGs) of E. coli strains obtained from red deer
faeces of a special wildlife management unit (UMA, for its
initials in Spanish).
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Material and methods
Samples and study area

The study was performed in a legal and sustained hunting
UMA, located inside the Natural Protected Area of Sierra
Fria (NPASF) in the state of Aguascalientes, Mexico. The
NPASEF is located approximately at 21° 52" 50" and 22° 19’
46" North and 102° 22" 50" and 102° 51’ 26" West; it extends
over 1120 km?, with an altitude ranging from 1800 to 3050 m
above sea level. The entire NPASF deer population is com-
posed by red deer (C. elaphus), white-tailed deer (Odocoileus
virginianus couesi), and elk (Cervus canadensis). The deer
density was considered to be as low as 4 deer/km”. Local
wildlife authorities, in accordance with applicable laws, issued
hunting permits to licensed hunters as part of the UMA oper-
ation process. To maintain confidentiality and objectivity in
the use of obtained information, diagnostic procedures were
implemented only when the hunters and landowners
expressed their consent and willingness to provide access to
carcasses of red deer (RD) during the harvesting process. All
evaluated RD were males, >10 months of age, hunted in the
UMA. Age in these animals was estimated via assessment of
tooth eruption and tooth wear. Twenty-two red deer were
hunted during the 2013 hunting season, from which rectal
swabs were obtained and placed in an Amies transport medi-
um with activated carbon and were sent to the Bacteriology
Laboratory of the Instituto Nacional de Investigaciones
Forestales Agricolas y Pecuarias (INIFAP) for their further
analysis.

Identification and antimicrobial susceptibility

Samples were collected by direct rectum swabbing of hunted
deer, before the hunters processed the carcasses. Each sample
was cultured by conventional techniques in MacConkey agar
without antibiotics. The plates were incubated under aerobic
conditions for 2448 h at 37 °C. After incubation, each colony
was microscopically (Gram stain, form and bacterial group-
ing) and macroscopically (lactose fermentation) described.
The identification and antimicrobial susceptibilities were de-
termined by the MicroScan WalkAway 96 plus (Dade
Behring, West Sacramento, CA), using standardized mini-
mum concentration breakpoints for susceptibility (CLSI
2011). An E. coli ATCC 25922 was used as a control strain.
Isolates were stored at —70 °C in a brain-heart infusion broth
containing 50 % glycerol.

Serotyping and phylogenetic group determination
The strains were serotyped by an agglutination assay (Orskov

and Orskov 1992) using 96-well microtiter plates and rabbit
serum (SERUNAM), against the 181 somatic and 53 flagellar
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E. coli antigens, 45 Shigella somatic antigens and the E. coli
64474:H32 strain, a new enterovirulent strain with close rela-
tion to Shigella boydii 16 (Navarro et al. 2010).

The extraction and purification of the genomic DNA were
performed through the guanidine thiocyanate previously de-
scribed (Pitcher et al. 1989). The phylogenetic group of each
isolate was determined by the PCR technique described by
Clermont and co-workers (Clermont et al. 2013).

Identification of VGs

The eae, stxl, stx2, bfpA, elt, estd, ipaH VGs and the
rfbEO157 and fliCH7 serotype-related genes were identified
by PCR (DebRoy and Roberts 2006; Tornieporth et al. 1995).
For the stx2, bfpA and ipaH genes, PCRs were performed
individually. E. coli O78:H11:K80 (H10407/ETEC strain),
E. coli O127:H6 (E2348/69/EPEC strain), E. coli O157:H7
(EDL933/EHEC strain) ATCC 70092, E. coli O157:H7
(Public Health Laboratory, School of Medicine, UNAM)
and E. coli EIEC (Department of Enteric Pathogens, Central
Public Health Laboratory, London, UK) were included as pos-
itive controls. The amplified products were visualized in aga-
rose gels and stained with ethidium bromide.

Results
Identification and antimicrobial susceptibility

From the 22 isolates, 5 of them displayed AMR, mostly against
[3-lactam antibiotics (Table 1). Only one strain showed the pres-
ence of an extended-spectrum [3-lactamases (ESBLs), whereas
two were resistant to trimethoprim/sulphamethoxazole and
ampicillin.

Serotyping

Fifteen isolates were typeable (68 %), whereas seven isolates
were non-typeable (O?) (31.8 %); only one strain showed a
rough O antigen (others were unreactive to the tested antisera).
The most frequent isolated serogroup was 06 (5/22, 22.7 %),
followed by 023 and O70 groups (3/22, 13.63 % each) and
the 075, 091 and O38 groups, with just one strain each (4.5 %
each). Subtyping of the 22 isolates using flagellar (H) antigens
showed six strains with the H21 antigen (27.7 %), four with
H34 (18.2 %), two with H16 (9 %), two with H25 (9 %) and
one with H9 (4.5 %), and finally, seven isolates showed a lack
of flagellum. The identified serotypes were O:H21 (5 strains),
070:non-motile (NM; 3 strains), O6:H34 (3 strains) and
023:H16 (2 strains), with one strain each for the O91:NM,
05:NM, 023:H25, O38:H25, O6:non-typable (NT), O75:H9,
O?:NM and O rough (Rg):NM serotypes (Table 1).

Phylogenetic groups and virulence genes

Nineteen (86.4 %) and three (13.6 %) isolates belonged to the
B1 and B2 phylogenetic groups respectively, according to the
guidelines of Clermont et al. (2013).

Most of the strains carried VGs (21, 95.45 %), and several
strains (15, 68 %) contained genes belonging to different
pathotypes. Three strains harbored STEC (stx genes) and
EPEC (bfpA4 gene), two had stx/, stx2 and est4 genes and
one had stx/ and bfpA genes. Furthermore, one strain had an
EPEC-ETEC pattern, harboring estA4 and bfpA genes, and an-
other strain contained STEC (stx/, stx2), EPEC (bfpA) and
ETEC (estA) genes. Additionally, nine strains had STEC-
ETEC hybrid patterns. From these, two had s&x2 and est4,
one had stx/ and estA, five harbored stx/, stx2 and est4 and
the last one—which was the most interesting—bore eae, stx/,
stx2 and est4 genes. Only one strain was a typical STEC
strain, carrying stx/ and eae genes. None of the evaluated
strains harbored the EIEC gene ipaH. Similarly, no O157:H7
was detected (all isolates were negative for rfbEqg;s7 and
fliCyy; genes) and only one isolate was negative for all the
assessed genes (Table 1).

Discussion

The factors that determine the genetic structure of the E. coli
population can be divided in host-related (diet, intestinal mor-
phology and body mass) and environmental (taming and cli-
mate) factors; both of them seem to be predictors of the phy-
logenetic distribution (Gordon and Cowling 2003; DebRoy
and Roberts 2006), aside from the genetic structure of the
commensal E. coli. The interrelation between humans and
animals may influence the phylogeny of a given strain from
wild animals (Escobar-Paramo et al. 2006). The aim of this
work was to characterize the E. coli strains present in a deer
population from Mexico, in order to generate information
about the circulating strains and to assess whether they con-
stitute an animal and/or human health risk. Determining the
phylogenetic groups showed that most of the studied isolates
corresponded to the B1 group and only three were members of
the B2 group. This finding was expected because the Bl
phylogroup is associated with commensal strains, which are
commonly reported in ruminants, humans and other animals;
in addition, the B1 group has been reported in wildlife verte-
brates and has been closely related to carnivorous mammals.
In contrast, the B2 strains are not as common, since this group
is thought to be more related to humans and pigs, but it also
has been described in ruminant mammals (Carlos et al. 2010).
The presence of these strains in red deer could be explained by
the human presence in the UMA (veterinary personnel, park
keepers, hunters), as well as livestock animals, and may be
influenced by the animal diet.
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Table 1  Serological, phylogenetic groups, virulence genes and antibiotic resistance phenotypes of E. coli deer strains

Strain PG Virulence genes Serotypes Antibiotic resistance
eae stxl  sx2  rfbEg;s;  fliC bfpA  ipaH eltA estA O H

1 Bl - + - - - - - - Rg NM  Am, Azt, Cfz, Cpm, Cfx, Cft, Pip, ESBL’s

2 Bl - + + - - + - - - (0)4 H21

3 Bl + + + - - - - - 0? H21

4 B1 - + + - - + - - - (0)4 H21

5 B1 + + - - - + - - - (0)4 H21

6 Bl - + - - - + - - - 0? H21

7 Bl - + - - - - - - - 070 NM  Am, Anv/Sul, Pip, Trim/Sulf

8 B1 - - - - - + - - + 05 NM

9 Bl - - + - - - - + 070 NM

10 Bl - + o+ - - - - -+ 091 NM

11 Bl - - o+ - - - - -+ 07 NM

12 Bl - + + - - - - - + 070 NM

13 B2 - + + - - + - - + 023 HI16

14 Bl - + + - — — - - + 023 HI16

15 Bl - + - - - - - - 023 H25

16 Bl - + + - — — - - + 038 H25

17 B2 + + + - - - - - + 06 H34

18 B2 - - - - - - - - - 06 H34

19 Bl + + - - - - - - - 06 NT

20 Bl - + + - - - - - + 06 H34

21 B1 - - - - - - - - + 06 H34

22 Bl - + - - - - - - + 075 H9 Am, Am/Sul, Trim/Sulf

PG phylogenetic group, NM non-motile, O? non-typeable O Ag, Rg rough O Ag, ESBL extended-spectrum beta-lactamase. Am ampicillin, Am/Sul
ampicillin/sulbactam, A4zt aztreonam, Cfz cefazolin, Cft ceftazidima, Cfx ceftriaxone, Cpm cefepime, Pip piperacillin, Trim/Sulf trimethoprim/

sulphamethoxazole

In the present study, we observed that most of the isolated
strains harbored VGs (21 of 22 carried at least one of the
assessed genes). This fact must be taken into account for fu-
ture risk assessment analyses, since most strains could be con-
sidered (based on their genetic carriage of virulence factors) as
potentially pathogenic to humans. Strikingly, the presence of
“hybrid” strains (carrying virulence factors corresponding to
different pathotypes) was found: STEC-EPEC and STEC-
ETEC, and (only one) STEC-EPEC-ETEC “hybrid” strain.
This phenomenon has already been reported. Miiller et al.
(2007) reported strains with intermediate genetic profiles, car-
rying VGs from STEC, ETEC and EPEC in isolates from
different countries (Mexico included). Another important ex-
ample is the O104:H4 strain identified during the 2011
Germany’s E. coli outbreak, an agent carrying STEC (stx2)
and EAEC (aatAd, aggR, aap, aggA, aggC) virulence factors
and antibiotic resistance (ECDC-EFSA 2011). This kind of
hybrid strains may be more dangerous than a single pathotype
alone, since it has more and diverse virulence factors, whose
presence could interfere with a correct and quick diagnosis
(Bielaszewska et al. 2014).

@ Springer

The occurrence for stx/, stx2 and eae matched the results
reported by Baldy-Chudzik et al. (2008), in which 300 E. coli
commensal isolates from healthy animals (herbivorous, car-
nivorous and omnivorous mammals) were screened in a Zoo
in Poland; they found that the herbivorous isolates had the
eae, stx1, stx2 VGs and belonged to phylogroup B1. This also
coincides with the work performed by Girardeau et al. (2005),
where the Shiga toxin-producing E. coli from cattle was more
often classified as B1 than D groups. In the present study, we
found 19 (54.54 %) non-O157 STEC isolates, which could
represent a pathogenic risk for humans and/or animals, in
particular due to the carriage of stx genes.

Concerning the MIC analysis, our results showed a low
AMR frequency (5/22), mostly against old members of the
[3-lactam antibiotic family. The AMR of these five isolates
may be associated to the human and livestock presence in
the area and to the antimicrobial treatment that was likely
applied to the animals. It is well known that the commensal
and intestinal microbiota play a relevant role in antibiotic re-
sistance. High bacterial density with a large genetic pool, com-
bined with a constant antibiotic exposure due to human and
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veterinary medicine practices, yields the perfect combination
for the selection of antibiotic resistance in the commen-
sal microbiota (Griffin and Tauxe 1991). As expected,
the B2 strains isolated in this study had no AMR, since
the strains’ genetic background appears to affect the
resistance patterns. Some strains from group A and
those in group D (Deschamps et al. 2009) are particu-
larly permissive to develop resistance to third-generation
cephalosporins, in contrast to the B2 group strains,
which are less resistant than others, regardless of the
molecular mechanisms involved in the acquisition of
resistance (e.g. mutation or gene acquisition) (Gordon
and Cowling 2003; Skurnik et al. 2005; Tornieporth
et al. 1995).

To our knowledge, there is a lack of information
regarding the E. coli serotypes that may be present in
red deer in Mexico. For instance, in a previous study in
Spain, the most commonly reported serogroup in deer
was 0146, followed by 02, 08, 0128, 0146, O174 and
0166 (Sanchez et al. 2009). In the present work, all the
identified serogroups have been previously reported as
STEC. In particular, O5, 06, O75 and O91 have been
found more than 30 times in human patients and
healthy cattle. In addition, the O6 serotype has been
identified as a cause of extraintestinal disease in dogs,
whereas the OS5 serogroup also has been linked to cats
(Gyles and Fairbrother 2004). In contrast, 023, O38 and
070 have been reported less than 30 times according to
Bettelheim (2007). Here, some isolates were non-type-
able, and this fact could be explained because either the
serogroup was not within those included in this research
or, indeed, the serogroup was not identifiable, suggest-
ing that they may be species specific. Additionally, the
rough isolate described in this study may have been
originated by mutations in the lipopolysaccharide O
chain biosynthesis (Prehm et al. 1976).

The reported flagellar serogroups have not been pre-
viously reported in wild ruminants, but some of them
have been described as STEC serogroups in sheep, goat,
swine, beef cattle, beef products and human infections
(Bettelheim 2007: Hussein 2007; Mora et al. 2011).
However, seven strains were identified as non-motile
because they do not react with the typing sera; this
situation has been reported in several studies. The fliC
gene PCR-restriction fragment length polymorphism is a
perfect option to confirm the flagellar antigen (Fields
et al. 1997). Furthermore, the H antigen (and f/iC gene
polymorphisms) characterization would give more de-
tailed information; for example, the fliC characterization
of the O91:NM strain could probably reveal if it was a
“classical” 091 STEC or not. Also, 90.7 % of the re-
ports for this serogroup comprise the following four
serotypes: O91:H14, O91:H21, O91:H10 and finally,

O91:H (usually harboring an H14 or H21 fliC pattern),
with one third of the reports of this STEC serogroup
being reported from human disease (Bettelheim 2007).

The combination of the study of different markers for each
isolate (VG carriage, O and H antigens, adhesins, etc.) could
draw a better image of the circulating E. coli strains within the
deer population.

Conclusion

The present study represents the first characterization of E.
coli strains in red deer performed in Mexico, demonstrating
the presence of potentially pathogenic strains in this host, a
fact that should be taken into consideration for epidemiolog-
ical analyses. Also, the presence of hybrid-resistant STEC/
EPEC, STEC/ETEC and STEC/EPEC/ETEC strains may
alert us about the potential health risk that these deer strains
may represent at the livestock-wildlife-human interface.
Further studies would be required in order to expand our
knowledge on this field.
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