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ARTICLE INFO ABSTRACT

The objective of this study was to isolate and characterize ESBL-producing Escherichia coli (ESBL-EC) from raw
bovine and caprine milk samples, as well as from bovine faeces in Tunisia. Therefore, 120 bovine faecal samples
and 9 caprine raw milk samples were collected from 2 extensive dairy-cow-farms and 5 ovine farms, respec-

Keywords:
Escherichia coli
Antibiotic resistance

ES?L ) tively. In addition, 94 raw bovine milk samples, from containers and holding tanks from 50 small public-markets
Colistin in the North of Tunisia, were processed for the isolation of cefotaxime-resistant E. coli (CTX®). Antimicrobial
mcr-1 o . . . . . . e

Tunisia susceptibility testing was carried out by disc-diffusion/broth-microdilution methods. The presence of genes

encoding ESBL, as well as those encoding colistin (mcr-1 to 5 genes)- sulfonamide-, tetracycline-, gentamicin-,
quinolone and chloramphenicol-resistance and class 1 integrons were tested by PCR (and sequencing in some
cases). ESBL-EC isolates were further characterized by phylogrouping and MLST/PFGE typing. Eight samples
(3.6%) contained ESBL-EC isolates (3/2 from raw bovine/goat milk and 3 from cattle faeces) and one isolate/
sample was characterized. Four ESBL-EC isolates, all of bovine origin (3 faeces/1 milk), were resistant to colistin
(MIC: 8-16 pug/ml), harboured the mcr-1 gene and carried IncP- and IncFIB-type plasmids. The 8 ESBL-EC strains
had the following characteristics: a) bovine faeces: mcr-1/CTX-M-1/D-ST1642 (3 strains); b) raw milk: mcr-1/
CTX-M-1/A-ST10 (1 strain); CTX-M-15/B1-ST394 (3 strains), and CTX-M-15/A-ST46 (1 strain). Most of bovine
ESBL-EC isolates were multidrug-resistant (4/5). Our results showed that ESBL-EC were detected in bovine and
caprine samples (CTX-M-1/CTX-M-15 producers), being some of them colistin-resistant (associated with mcr-1
gene), and they belonged to international clonal lineages.

1. Introduction especially Escherichia coli from animal origins or food products of an-
imal origin are a cause of concern [5,6]. The limitation of the treatment

Worldwide, there are increasing problems with multiresistant bac- options for infections caused by such ESBL-producing isolates was

teria [1]. The use of a wide variety of antimicrobials in human medi-
cine, veterinary clinics, livestock industries and aquaculture has re-
sulted in the emergence of antimicrobial resistance across different
bacterial groups and against all antibiotic classes [2]. The use of anti-
microbial agents for therapeutic or prophylactic purposes in animals
could end up in antimicrobial residues or the emergence of anti-
microbial resistant bacteria in animal products (meat or milk) or re-
sidual products (as faeces) [3,4]. Nowadays, the emergence and wide
spread of extended-spectrum beta-lactamases (ESBL)-Enterobacteriaceae

solved by the use of a former antibiotic employed in veterinary medi-
cine since the 1960s in food-producing animals [7]. Actually, colistin is
being used again in human medicine [8]. Recently, mcr-1 gene has
designated the first plasmid-mediated colistin resistance gene to occur
worldwide [9,10]. Newly, eight novel plasmid-mediated colistin re-
sistance gene variants (mcr-2/9) have been reported [11]. In this study,
we screened ESBL-producing E. coli (ESBL-EC) isolates collected from
caprine and bovine samples for antimicrobial resistant phenotype and
genotype characterization.
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2. Materials and methods
2.1. Sampling and isolation of bacteria

During the period 2017-2018, a total of 120 bovine faecal samples
were collected from two extensive dairy farms (Mateur and Bousalem
regions) and 9 raw goat milk samples from 5 medium-size caprine farms
(10 to 20 lactating goats by farm) (Nabeul region) in the North of
Tunisia. In addition, 94 raw bovine milk samples were collected from
containers and holding tanks (Bulk tank milk) from 50 small public
markets from various towns in the North of Tunisia. For bacteria en-
richment, 25 g of faeces samples and 10 mL of milk samples were added
to 225 mL and 90 mL of brain-heart infusion (BHI) broth (Oxoid Ltd.,
Basingstoke, UK), respectively, and incubated overnight at 37 °C. Then,
1 mL from each sample was inoculated on Trypton Bile X-glucuronide
(TBX) Agar (Oxoid Ltd., Basingstoke, UK) supplemented with 2 mg/L
cefotaxime (TBX-CTX), and was incubated overnight at 37 °C for re-
covery of cefotaxime-resistant E. coli (potential producers of ESBLs and
acquired plasmid-mediated AmpC B-lactamases). For all samples, one
colony per sample showing typical morphology of E. coli was selected
and isolated on TBX-CTX agar to obtain a pure culture. Isolates were
identified using MALDI-TOF/MS (Bruker Daltonik, Bremen, Germany)
[12].

2.2. Antimicrobial susceptibility and detection of ESBLs production

All the isolates were processed for antimicrobial susceptibility
testing by the disk-diffusion method on Mueller-Hinton agar (Oxoid
Ltd.) plates, according to the recommendations of Clinical Laboratory
Standard Institute [13]. The Minimal Inhibitory Concentration (MIC)
for colistin was determined by broth microdilution method [13], and all
isolates with an MIC value of =4 pug/mL were considered as colistin-
resistant (COLR).

Double Disc Synergy Test (DDST) was used to detect ESBL produc-
tion, as recommended by CLSI [13]. E. coli ATCC 25922 was used as a
control strain for the susceptibility tests and K. pneumoniae ATCC
700603 as control strain for ESBL production [14].

2.3. Detection of resistance genes

Genomic DNA was extracted by boiling method [15]. Genes en-
coding beta-lactamases (blatgy, blasyy and blacrx.m) were amplified as
previously reported [16]. Amplified DNA fragments were sequenced on
both strands. To determine ESBLs, the nucleotide and their deduced
amino acid sequences were compared with those included in the Gen-
Bank database to confirm the specific type of B-lactamase gene. The
presence of mcr-1, mcr-2, mer-3, mer-4 and mcr-5 genes was tested by
PCR in all ESBL-producing isolates, as previously described [17,18].
Genes encoding resistance to tetracycline [tetA and tetB], sulphonamide
[sull and sul3], gentamicin [aac (3)-I, aac(3)-1I, and aac(3)-IV], chlor-
amphenicol [cmlA], and ciprofloxacin [gnrA, gnrB, gnrS, and aac(6)-
Ibcr] were also investigated by PCR [19,20]. The gnrS variant was de-
termined by sequencing of PCR products.

2.4. Detection and characterization of integrons

The presence of int1 gene encoding class 1 integrase was examined
by PCR for trimethoprim/sulfamethoxazole-resistant isolates. The
variable region of class 1 integrons was studied by PCR and sequencing
in all int1-positive isolates [21].

2.5. Phylogenetic groups, Pulsed-field gel electrophoresis (PFGE) and
Multilocus-sequence typing (MLST)

Phylogenetic grouping was determined for the ESBL-producing
isolates according to Clermont et al. [22]. Internal fragments of seven
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conserved housekeeping genes (adk, fumC, gyrB, icd, mdh, purA and
recA) were amplified by PCR and sequenced. A detailed scheme of the
MLST procedure, including the primers, PCR conditions, allelic type
and sequence type assignment methods, is available at MLST database
website (http://mlst.warwick.ac.uk/mlst/dbs/Ecoli). PFGE was per-
formed according to Séenz et al. [19].

2.6. Plasmid incompatibility groups

Determination of incompatibility groups (IncP, IncHI2, IncIl, and
IncFIB), known as the most relevant carriers of ESBL-and mcr-1-en-
coding genes, was performed in all colistin-resistant isolates by PCR-
based replicon typing, as previously described by Carattoli et al. [23].

3. Results
3.1. Cefotaxime-resistant E. coli isolates and antibiotic susceptibility

Out of the 223 samples tested, eight (3.6%) were positive for ce-
fotaxime resistant (CTX®) E. coli isolates. Three were from bovine faeces
from the farm in Mateur region (2.5%; 3/120), 3 from bovine bulk tank
milk samples collected from 3 different markets (3.2%; 3/94) and two
from caprine raw milk from two goats reared in the same farm (22.2%;
2/9).

All CTX® isolates were ESBL producers, according to DDST, and five
of these isolates were considered multidrug-resistant (including at least
3 classes of antimicrobials), especially to trimethoprim/sulfamethox-
azole, streptomycin, tetracycline, and fluoroquinolones (Table 1). In
addition, four isolates were colistin resistant (three bovine faeces and
one of bovine raw milk) showing MICs ranging from 8 to16 pg/ml.

3.2. ESBL-encoding genes, resistance mechanisms to non-f-lactam
antimicrobial agents and integrons

The blactx.1 and blacrx.m.1s genes were found, each, in four iso-
lates, and the blargy;.1 gene was also detected in five of them (Table 1).
The mcr-1 gene was detected in the four colistin-resistant isolates, being
negative for the other mcr genes tested. The four colistin-resistant iso-
lates harboured the blacrx.\v.1 gene.

The tet(A) gene was detected in the four tetracycline-resistant iso-
lates. Sulfonamide resistance was encoded by sull in the five SXT-re-
sistant isolates and in association to sul3 gene in one of them. The
quinolone- resistant X236 isolate harboured the gnrS1 gene. Four iso-
lates harboured class 1 integrons; however, only one of them (X243)
was able to amplify a DNA fragment corresponding to their variable
region and the gene cassette array detected was: dfrAl1 + aadAl.
Interestingly, this strain from raw bovine milk was multidrug-resistant
and contained in addition to the aforementioned gene cassettes, the
sull, tetA, cmlA, and sul3 genes (Table 1).

3.3. Molecular typing and plasmid characterization

The four CTX-M-1-producing E. coli isolates, recovered from bovine
samples, were typed as ST1642/phylogroup Bl (n = 3, from faecal
samples) or ST10/A (n = 1; from raw milk sample). They carried the
mcr-1 gene and were positive for IncP and IncFIB replicons. Three CTX-
M-15-producing E. coli isolates of bovine (1 isolate) and caprine (2
isolates) raw milk samples were typed as ST394/phylogroup D and
were colistin susceptible. An additional colistin-susceptible CTX-M-15-
producing E. coli isolate of bovine raw milk was typed as ST46/phy-
logroup A. Six different PFGE profiles were detected among the 8 ESBL-
producing E. coli isolates (assigned as E1-E6) (Table 1, supplementary
Fig. S1).
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Table 1

Characterization of ESBL-producing E. coli isolates recovered from bovine faeces and bovine/caprine raw milk samples.

Plasmid (Inc) Other genes detected

mer-1

MIC of colistin (ug/

mL)’

Beta-lactamases

Resistance profiles for non-beta-lactam

antibiotics *

Origin  Phylogroup/ST type PFGE types

Strain Farm or Market/

region

Bovine faecal samples

X232

intll, tetA, sull
intl1, tetA, sull
intll, tetA, sull

P, FIB
P, FIB
P, FIB

+
+
+

16
8
8

CTX-M-1 +TEM-1b
CTX-M-1 +TEM-1b
CTX-M-1 +TEM-1b

COL, TET, SXT, S

El

B1/ST1642

Bovine

Farm/Mateur
Farm/Mateur
Farm/Mateur

COL, TET, SXT, S
COL, TET, SXT, S

E2

B1/ST1642

Bovine

X233

E2

B1/ST1642

Bovine

X234

Raw milk samples

intl1, qacEA1-sull, tetA, cmlA, sul3, dfrA1,

aadAl

P, FIB

+

16

CTX-M-1 +TEM-1b

Bovine A/ ST10 E3 COL, GEN, CHL, TET, SXT, S, NAL, CIP

Market/Intilaka

X243

intll, tetA, sull

Nd®

0.5

=< 05
=05
= 0,5

=

CTX-M-15 +TEM-1b

CTX-M-15

E4 TET, SXT, S

A/ ST46

Bovine

Market/Marsa

X247

Nd

E5

D/ST394
D/ST394
D/ST394

Market/Menzel Tmim Bovine

Farm/Boumhel

X239

Nd

CTX-M-15

E5

Goat

X237

qnrS1

Nd

CTX-M-15

NAL, CIP

E6

Goat

Farm/Boumbhel

X236

2 NAL: nalidixic acid, CIP: ciprofloxacin, S: sulfonamide, SXT: trimethoprim-sulfamethoxazole; TET: tetracycline, GEN: gentamicin; CHL: chloramphenicol, COL: colistin.

> MIC: Minimum inhibitory concentration.

¢ Nd: Not done.
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4. Discussion

ESBL-producing E. coli isolates have increasingly been reported in
livestock, in the food chain and in companion animals worldwide,
especially from pigs and poultry (intestinal microbiota) or their derived
food products (retail meat, eggs) [5,24]. However, low rates of such
isolates have been reported from bovine, ovine or caprine origins
[6,25].

In our study, 120 bovine faecal samples and 94 bovine and 9 caprine
raw milk samples were collected to determine the frequency of ESBL-EC
and to explore the colistin-resistant frequency. Three ESBL-EC isolates
were collected from bovine faecal samples (2.5%), and 3 and 2 were
isolated from raw bovine (3.1%) and goat (22.2%) milk samples, re-
spectively. These low rates obtained of ESBL-EC from bovine samples
are in accordance with previous ones reported from different countries
including Tunisia [25,26]. However, the high frequency of ESBL-EC in
raw goat milk samples, despite the small number of samples analysed, is
surprising. Indeed, to the best of our knowledge, ESBL-producing E. coli
has never been reported from raw goat milk. Interestingly, we have also
recently reported the occurrence of CTX-M-15-producing K. pneumoniae
from raw goat milk sample [25]. Interestingly, the goats belonged to
medium-sized caprine farms containing no more than 20 goats per farm
with any antibiotic use prior to the previous three months of the study.
These findings highlight the plausible occurrence of antibiotic-re-
sistance selector (s) other than antibiotic use such as direct contact of
these goats with humans or other animals colonized with ESBL-EC
isolates. As expected, according to the actual epidemiology of ESBL-
genes in livestock and food products of animal origin in Tunisia, each of
blacrx.m.1 and blacrx.m.1s were found in four isolates, in association or
not with blatgy.; gene. Indeed, both genes were the predominant
blacrx.m genes reported from ESBL-EC isolates from animal origins in
Tunisia [25,27-30]. Four out of the eight ESBL-EC isolates were re-
sistant to colistin (MICs ranging from 8 to 16 pg/mL) and harboured the
mcr-1 gene. This gene, firstly identified at the end of 2015, has been
increasingly reported worldwide, especially in E. coli isolates from li-
vestock or food products of animal origin [31,32]. In Tunisia, plasmid
mediated colistin resistance has yet not been identified in human
clinical isolates; however, recent studies have reported mcr-1 genes
from CTX-M- and CMY-2-producing E. coli isolates collected from an-
imal origins [29,30,33].

In order to assess the genetic relatedness of the ESBL-EC isolates, the
eight isolates were typed by determining the phylogenetics groups, Inc
groups, occurrence of integrons, genes encoding antibiotic resistance,
PFGE patterns and STs types. Isolates belonged to four Sequence Types
(ST) being ST1642 (3 bovine faeces), ST394 (1 from raw bovine milk, 2
from raw goat milk), ST10 (1 raw bovine milk), and ST46 (1 raw bovine
milk). The three ST1642 isolates belonged to B1 phylogroup, co-pro-
duced CTX-M-1 and TEM-1, harboured IncP and IncFIB plasmids, class
1 integron, sul 1 and tetA genes; however, they belonged to two distinct
PFGE patterns [E2 (two isolates), E1 (one isolate)]. These findings
highlight the dissemination of this clone in the extensive bovine farm
located in the region of Mateur (North of Tunisia). This clonal lineage
exhibiting various antibiotic resistance traits seems to have a large
spread in some regions around the world. Indeed, Tamang et al. [34]
reported one blacyy.o-producing ST1642-B1 E. coli strain recovered
from intestinal samples from dogs in South Korea. In addition, blactx.m-
14-producing E. coli ST1642-B1 isolates were detected in outpatients of
a Portuguese hospital [35], and also in carbapenemase-producing iso-
lates in South Korea [36,37]. However, mcr-1/blacrx.m.1 harbouring E.
coli ST1642-B1 has not been reported previously. In Tunisia, the ST10-A
lineage has been identified also among CTX-M-1-producing isolates
from healthy chickens [29] and from CTX-M-15-producing isolates
from raw cattle milk [38], faeces of sheep and from wastewater [25].
The ST10-A lineage has also been identified among CTX-M-1-producing
E. coli isolates from bovine mastitis in Germany [39], as well as from
healthy livestock, poultry meat and healthy humans [40]. E. coli ST46-A
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clone has been previously detected in pigs in Nigeria (CTX-M-15-pro-
ducers), or in water samples in Tunisia and in Bangladesh (CTX-M-1/15
-producers) [41-43]. Similarly, ST394 E. coli isolates have been pre-
viously isolated from sewage in Pakistan [44] and was also associated
with diarrhoeal disease and with healthy people in both industrialized
and developing countries [45].

The predominant plasmid replicon types found in antibiotic re-
sistant Enterobacteriaceae isolated from humans and animals include
incompatibility (Inc) groups F, A/C, L/M, I1, HI2, and N [46,47]. The
mcr-1 gene was so far associated with different plasmid replicon types
such as IncI2, IncHI2, IncP, IncFIP and IncX4 [48,49]. In addition,
different blacrx.y genes are associated with particular plasmid replicon
types (IncN, I1, FII, and L/M) [47]. IncF replicons are widely dis-
tributed among E. coli strains and seem to be well adapted to this
species [46]. In our ESBL-EC strains, two of the four incompatibility
plasmid types investigated (IncP, IncHI2, IncIl, and IncFIB) were
identified in the four ESBL-producing and colistin-resistance isolates,
including IncP and IncFIB, in combination. Now, owing to many lim-
itations, we are unable to localize the blacrx.m1 and mcr-1 genes on
these plasmids. However, previous Tunisian studies performed on avian
E. coli isolates the mcr-1 gene was detected on a IncP plasmid [50] and
on IncHI2 plasmids (co-harboured blacrx..1 gene) [29].

In conclusion, in this work we report a low prevalence of ESBL-EC
from bovine faeces as well as from raw bovine and goat milk samples.
The CTX-M-1 and CTX-M-15 remain the most important ESBL enzymes
from animal origins in Tunisia. Interestingly, our isolates belonged to
well-known international clones linked to ESBL/carbapenemase pro-
duction with multidrug resistance phenotypes and harbouring plasmid
replicons implicated in mcr-1 and CTX-M-1 spread worldwide. In ad-
dition, we report for the first time in Tunisia, and maybe in the world,
of CTX-M-15- producing E. coli from raw goat milk samples.
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