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ABSTRACT

Aim

The increasing prevalence of multi-drug re-
sistant (MDR) Escherichia coli is one of the
intractable, economic veterinary and public
health obstacle of the 21st century. As a
component of the gut microbiota (GM), it is
aimed in this study to establish a rat model
to examine the role of E. coli in contributing

to the increasing antimicrobial resistance of
GM.

Methods and Results

Ten rats were divided into two equal groups
(RG-1 and RG-2), and their GM was
characterized before and after an amoxicillin
treatment. The first treatment was applied on
all rats, administering to each an equal count
of Multiple Drug Resistant E. coli (MDR E.
coli). The second treatment was restricted to
rats of the RG-2 group, treating them with
amoxicillin, effective 48 hrs following the
MDR E. coli administration, to examine the
persistence of MDR E. coli and the post-
treatment profile of the GM resistome. Stool
samples, collected at different times, were
aerobically cultured at 37°C, and the bacte-
rial cultures were tested against ten antibi-
otics from different classes. The bacterial
isolates were analysed by matrix-assisted
laser desorption ionisation time-of-flight
mass spectrophotometry (MALDI-TOF MS)
and some by 16S RNA sequencing. In four
phyla, 12 genera and 16 species were identi-
fied by culturing 8020 fecal colonies. The
rat GM was dominantly inhabited by the
genus Enterococcus, encoding resistance to
amoxicillin, D-cycloserin, gentamicin, car-
benicillin and kanamycin. The GM of rats in
the two groups had significantly greater an-
timicrobial resistant colony count (p<0.01)
after administration of exogenous MDR E.
coli compared to that before treatment. The
amoxicillin treatment in the second group
was efficient in reduction of the bacterial
density, associated with enhanced resistance
diversity. The Bacteriodetes emerged as a
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new resistant phylum after the amoxicillin
treatment.

Conclusions

In conclusion, the administration of MDR

E. coli caused a change in the resistome of
the GM, and the additional treatment with
amoxicillin increased the drug resistant-
colony forming units, and led to the isolation
of new antimicrobial resistant species.
Significance and Impact of Study

This study proves the significance of a rat
model in studying the role of ingestion of
MDR microorganism, in absence and pres-
ence of antimicrobial treatment, on the drug
resistome of the GM. The impact of this pio-
neer study on future control of the problem
of drug resistance in GM, due to ingestion
of MDR microorganisms by animals and hu-
mans, in absence and presence of antimicro-
bial treatment, is in accord with recent influx
of documentations in this research scope.

INTRODUCTION

Escherichia coli resides mainly in the mam-
malian gut, with a rare presence in the gut
of reptiles, avians and fish. This bacterium
is quite diversified and can contaminate the
ecosystems of animals and humans, includ-
ing water, soil, plants and feed and food'.
The Gut Microbiota (GM) can produce vita-
mins (B12 and K) for the host, in exchange
of seeking shelter and nutrients for their
growth. The association of E. coli with its
host is not a self-to-self association, since
some of its strains are antigenic, causing
serious illnesses such as urinary tract infec-
tions (UTIs), abdominal sepsis, meningitis,
septicaemia, haemolytic-uremic syndrome
and diarrhoea' . Furthermore, the acquisi-
tion of various B-lactamases genes in this
bacteria has currently worsened the severity
of the resulting diseases, thereby increas-
ing the duration of morbidity and causing
unproductive exposure to antimicrobials
used in treatment’. Certain E. coli strains,
originating from animals, such as E. coli
O157:H7, E. coli-bearing bla,., ,, gene and
E. coli encoding blaAmpC genes, can cause
serious human infections, in addition to their
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potential in dissemination of antimicrobial
resistance'**. In poultry, the O1, 02, O35,
and O78 are serotypes that are known to
cause economic losses in broilers, associated
with multiple resistance to drugs'.

Recently, multi-drug resistant E. coli
(MDR E. coli) strains have been isolated
from meat, water, dairy products, fermented
products and probiotics!2, Extended spec-
trum beta lactamase (ESBL)—producing E.
coli is ubiquitously, existing in the Indian
sub-continent, in which around 87% of tour-
ists to India develop colonisation with ESBL
E. coli®. Around 75,000 cases are affected
annually by food illness caused by contami-
nation with E. coli O157:H7 that originated
from animals?. Every year, billions of dollars
are spent worldwide on the treatment of E.
coli infections in animals and humans!-4-16,
In the United States alone, around 405 mil-
lion dollars are spent on infection control®!’.
The increasing prevalence and emergence of
MDR E. coli is one of the most intractable
veterinary and public health obstacles of the
21st century'®2, which has led to complica-
tions in infection treatments and dissemi-
nation of antimicrobial resistance to other
bacteria'®.

Besides resulting in infections, the per-
vasive presence of MDR E. coli in the envi-
ronment and food continuously modulates
animal and human gut microbiota (GM)'"'8,
affecting the general health. The GM is an
expanding functional reservoir of antibiotic-
resistant genes that is most probably associ-
ated with ingesting feed of animals or food
of humans, and water contaminated with
antibiotic-resistant bacteria*' . The resistant
genes can be shared, directly or indirectly,
among the bacterial species in GM?, due to
the high conjugation ratio within the genus®.
In addition, inter-species and inter-family
DNA sharing has been recently reported
GM?. The ability of these organisms to ac-
quire and share antimicrobial resistance, and
being a natural inhabitant of GM, led to the
hypothesis that E. coli could potentially con-
tribute to an increase in antibiotic resistance
of the GM 326,
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This is the first study that presents de-
tailed data on culturomics and resistome of
rat GM, aiming at using this rat model to de-
termine the diversity, density and resistome
of the cultured microbiota of the rat. An
antimicrobial resistance dissemination was
evaluated by introducing to the rat’s gut an
exogenous MDR E. coli strain, in presence
and absence of amoxicillin treatment. Rats
were orally administered MDR E. coli and
their fecal colonies were counted, purified
and identified using matrix-assisted laser de-
sorption ionisation time-of-flight mass spec-
trophotometry (MALDI-TOF MS). Isolates
that failed to be identified by MALDI-TOF
MS were subjected to16S RNA sequencing
for completing their identification.

MATERIALS AND METHODS
Experimental Design

Ten sexually mature female Sprague—Daw-
ley rats, eight weeks old, and each weighing
between 210-250 g, were obtained from the
animal breeding unit at King Fahd Medical
Research Center, King Abdulaziz University
Jeddah, Saudi Arabia. The rats were reared
under standardised laboratory conditions?’.
The study protocol was approved by the
Research Ethics Committee of the Faculty of
Medicine at King Abdulaziz University, and
the animal experiments were carried out in
accordance with the approved study guide-
lines (HA-02-J-008). A MDR E. coli strain
resistant to tetracycline, oxy-tetracycline,
D-cycloserin and carbenicillin was provided
by the Microbiology laboratory at King Ab-
dulaziz University Hospital, Jeddah, Saudi
Arabia. The resistance profile of the strain
was confirmed using VITEK-2 (Biomerieux-
Vitek, Inc., Hazelwood, MO, USA).

Before the administration of MDR E.
coli, all rats’ GMs were screened to confirm
the absence of colonisation by MDR E. coli.
The GM colonisation was disrupted for
three days by administration of a cocktail
of antibiotics containing azithromycin (45
mg/kg/day), amoxicillin (50 mg/kg/day)
and cefaclor (67.5 mg/kg/day) to facilitate
E. coli colonization®?. The rats were then
divided into two equal groups namely, RG-1
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and RG-2. At first day of the trial, before the
administration of MDR E. coli or antimicro-
bial, their collected stool samples served as
controls (C-D0). Each of the 10 rats were
then orally inoculated with MDR E. coli (1 x
10° colony forming units) to study the poten-
tial dissemination of antimicrobial resistance
to rats’s GM. The rats of the RG-1group
were sampled on the 2nd (Ec-D2), 7th
(Ec-D7) and 14th (Ec-D14) days following
the MDR E. coli administration. Rats of the
RG-2 group were additionally treated with
amoxicillin (50 mg/kg/day) for five days,
effective 48 hrs following the administration
of the MDR E. coli inoculation, aiming at
the study of the impact of antibiotic admin-
istration on E. coli persistence and shift in
GM resistome post treatment. The rats of
the RG-2 group were sampled before MDR
E. coli inoculation (C-D0), 2 days after the
MDR E. coli administration (Ec-D2), and

2 days (Ec-Amx-2D) and 9 days (Ec-Amx-
9D) after the amoxicillin treatment.

GM culturing for enumeration and drug
resistome identification

The agar medium (Table 3) was developed
to improve the recovery of diversified bac-
teria cultured from different fecal samples
of the gut. Ten antimicrobials were selected
from four known classes, and individually
supplemented into the medium for studying
the GM resistance. The gentamicin, tetracy-
cline, oxy-tetracycline and kanamycin were
selected from the class of 30S inhibitors, the
chloramphenicol from class of 50S inhibi-
tors, the amoxicillin, ampicillin-G, car-
benicillin and D-cycloserine from the class
of cell-wall inhibitors, and ciprofloxacin
from the class of DNA synthesis inhibitors.
The same concentration (20 pg/mL) of the
individually selected antimicrobials was
supplemented in the medium throughout
the experiment. Each of the collected stool
samples (1 g) was serially diluted, and the
dilutions were each individually plated in
0.1 ml/plate in triplicate, as described previ-
ously®®. The plates were incubated at 37°C
for 48 hours. The counts in colony forming
unit (CFU) were recorded after 48 hours.
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Colonies were sub-cultured for purification.

MALDI-TOF MS based identification of
GM colonies

The identity of the purified isolates was
determined by MALDI-TOF MS (Bruker
Daltonics, Billerica, Mass., U.S.A.)*. Each
isolate was smeared on MALDI-TOF target
plate and then covered with 1 pL matrix
solution. The matrix solution was prepared
by mixing 475 pL HPLC grade water in 500
uL acetonitrile and 25 pL trifluoro acetic
acid, followed by the addition of 5 mg of
a-cyano-4- hydroxycinnamic acid, followed
by vortexing.

Each spot was targeted with laser, and
the spectra were mechanically collected
through flexControl 3.0 software and ana-
lyzed by MALDI-Biotyper 2.0 software.
The colonies were screened in triplicate,
and threshold scores for identification were
set near 2.0 (>1.931)*. Strains that could
not be identified by MALDI-TOF MS were
subjected to16S RNA sequencing™®.

16S rRNA gene sequencing

Genomic DNA was extracted from the fresh
colonies of isolates using 5% Chelex-100
and boiled for 20 min. The supernatant was
used as template, and the PCR amplifica-
tion of 16S rRNA gene was performed using
universal 27F and 1492R primer pairs as
described previously*. After an agarose
banding of the ampolicons, the purified
PCR products from the gel were sequenced
through Sanger sequencing technology,
using ABI prism sequencer 3730 (Applied
Biosystems, USA), and following the man-
ufacturer’s protocol. The sequencing result
was blasted using EzTaxon server (http://
www.ezbiocloud.net/eztaxon) to identify
the closely related genome of the examined
strains.

RESULTS
Rat’s cultured microbiota and their
resistome

The isolated 8020 colonies from all collected
fecal samples were identified and screened
for antimicrobial resistance (Fig. 1). A

total of 3850 and 4170 colonies were pro-
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cessed from RG-1 and RG-2 groups of rats, (1.08%), Bacillus (1.66%), Corynebacterium
respectively. There was an apparent shift in (0.6%), Pseudomonas (1.8%), Lactobacil-
resistance pattern by time, and following the lus( 1.5%) and Klebsiella (1%) constituted
administration of MDR E. coli and MDR E. a minor detected category. Approximately

coli/amoxicillin in RG-1 and RG-2 groups, a 65% of the total isolates were resistant to

respectively (Fig 1, A and B). one of the tested antibiotics (Tables 1 and
Sixteen different species were identified 2). Most of the resistant isolates (~49%)

from the following four

phyla namely, Firmicutes Figure 2

(67.9% of isolates), Bacte-
riodetes (3.7% of isolates),
Proteobacteria (19.6% of
isolates) and Actinobacte-
ria (8.6% of isolates) (Fig.
2). The total number of
detected genera was 12,
with the highest number
of species isolated from
the genus Enterococcus
(59.2%). The other most
predominant genera were
the Microbacterium (8.8%),
Escherichia (7.9%),
Acinetobacter (6.8%),
Streptococcus (5.6%) and
Elizabethkingia (3.76%).
The genera Staphylococcus
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Table 1. The Mean percent resistance of identified RG-1 fecal species to 8 antimicrobials before and after the MDR E. coli administration

Sample | Species Identified Control | Amoxicillin | D-cycloserin | Gentamycin | Carbenicillin | Kanamycin | Tetracycline | Oxy-tetracycline | Ampicillin
C-DO Enterococcus gallinarum 17+16 |0 8+2.5 6+1.62 8x1.6 0 0 0 0
Microbacterium paraoxydan | 10+2 0 0 3+1.3 0 0 0 0 0
Enterococcus faecium 3022 | 7+£19 8+2.3 7+1.7 5+1.02 6+1.69 0 0 0
Enterococcus faecalis 24+23 |0 0 0 0 0 0 0 0
Acinetobacter radioresistens | 15 %1 0 0 0 0 5%l 0 0 0
EC-D2 | Enterococcus gallinarum 1025 |0 9+19 10 £1.7 10+0.9 0 0 0 0
Microbacterium paraoxydan | 8 2.1 0 8+1.92 0 0 0 0
Enterococcus faecium 21+£35 | 9+2.08 10 £2.7 0 6+1.35 T£1.82 0 0 0
Enterococcus faecalis 13836 |0 9425 0 0 0 0 0 0
Acinetobacter radioresisten 10£25 |0 0 0 0 7+1.3 0 0 0
Escherichia coli 1432 |0 11 £1.55 11+1.52 6+2.1 0 6+1.8 11 £1.55 0
EC-D7 | Enterococcus faecium 9+2.7 6+2.15 12 £2.31 6+2.01 5191 7+£1.6 0 0 0
Escherichia hermanni 8§+281 |0 0 0 0 0 8 +1.45% 0 0
Klebsiella oxytoca 8§+236 |0 0 0 0 0 0 8+ 2% 0
Escherichia coli 832 0 6+2.1 0 2+2.1 0 34211 3+2.1 0
Enterococcus gallinarum 11+£2 11+ 2% 11 +£1.26 6 +1.74 8 +1.58 0 0 0 0
Acinetobacter radioresistens | 6 1.9 0 0 0 0 6x1.1 0 0 0
Microbacterium paraoxydan | 6+1.08 | 8 +1.2* 4 +1.08 12+2.03 0 5+ .04* 0 8 £2.2% 0
EC- Enterococcus faecium 19+42 | 7+£2.36 8+£2.6 9+2.1 9+2.14 9+2.11 0 10+1.2 5+2.05
D14
Escherichia hermannii 7+208 |0 0 0 0 0 0 0 0
Microbacterium paraoxydan | 4+1 5+2 6+2 6+1 0 6+l 0 0 0
Lactobacillus murinus 9+4.2 0 0 0 0 8+1.22 74332 0 0
Enterococcus gallinarum 7274 | 527 7+1 9+2.1 7+3.3 5%2 7+2.1 0 0
Acinetobacter radioresisten 7+1 0 0 0 0 71 0 0 0

The stearic (*) sign represents new resistant bacteria with respect to the previous sample. Control, bacteria isolated from media without antimicrobial; CD-0, control sample collected at

day 0; Ec-D2 and Ec-D7are samples collected 2 and 7 days after E. coli administration respectively.
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belonged to phylum Firmicutes. The highest
resistance was recorded against D-cycloserin
(21.5%), followed, in decreasing order, by
gentamicin (14.6%), amoxicillin (13.6%),
kanamycin (12.9%), oxy-tetracycline
(12.8%), carbenicillin (11.5%), tetracycline
(10%) and ampicillin (2.9%).

RG-1 culturomics

The colonies of the control fecal culture of
RG-1 group of rats (C-DO0) stool samples,
collected before the administration of MDR
E. coli, were screened for native MDR E.
coli and found negative. An average bacte-
rial density of 30 x 10° CFU were observed
in these control stool samples. This control
sampling showed that the rat’s randomly
selected colonies of their normal GM pos-
sess resistance to D-cycloserin (78+13 x
10*CFU), amoxicillin (76+13 x 10*CFU),
kanamycin (36+6 x 10°CFU) and carbenicil-
lin (24+24 x 10*CFU) (Fig 1A). Most of the
control sample (C-DO0) isolates were from
the phyla Firmicutes (79.24%), Proteobac-
teria (12.57%) and Actinobacteria (8.17%)
(Fig 2).The isolates of genus Enterococcus
(79.2%) were the most resistant, includ-
ing the following most resistant species
namely, Enterococcus faecium (39.6% of the
isolates), Enterococcus gallinarum (24.5%)
and Enterococcus faecalis (15%) (Table
1).The majority of the E. faecium recovered
from the C-D0 were resistant to kanamy-
cin (6+1.69 isolates), carbenicillin (5+1.02
isolates), gentamicin (7+1.7 isolates), D-
cycloserin (8+2.3 isolates) and amoxicillin
(7£1.9 isolates) (Table 1). The Enterococcus
gallinarum was the second most resis-
tant species, possessing resistance against
carbenicillin (8+1.6 isolates), gentamicin
(6£1.6 isolates) and D-cycloserin (8+2.5
isolates). The Microbacterium paraoxydans,
recovered from the C-D0, and identified
by16S RNA sequencing, was resistant to
gentamicin (3£1.3 isolates). In addition, the
Acinetobacter radioresistens was resistant to
kanamycin (5+1 isolates) (Table 1).

In the Ec-D2 fecal samples, collected
from the RG-1 group of rats, at two days fol-
lowing the administration of the of the MDR
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E. coli, the bacterial density was significant-
ly (p=0.01) increased on the plates supple-
mented with either the D-cycloserin (320411
x 10°CFU), tetracycline (40+£8 x 10>°CFU),
oxy-tetracycline (160+9 x 102CFU) or car-
benicillin (60+7 x 102CFU) in comparison to
the count obtained in the control C-DO fecal
samples of the same rats belonging to RG-1
group (Fig. 1). The administered MDR E.
coli isolates were recovered from the feces
with a similar resistance profile to the initial
one. However, the E. coli count was lower
at different sampling times following the
administration of the MDR F. coli namely,
an average of 240 colonies recovered from
Ec-D2 samples, 110 colonies from the Ec-
D7, and an absence of E.coli colonies in the
Ec-D14.

There was an increase in resistant colo-
nies recovered from the Ec-D7 samples, in
particular, a significant increase in colonies
(p=0.04) resistant to kanamycin. In addition,
the Ec-D14 samples had a further significant
increase in colonies resistant to kanamy-
cin compared to that of the C-DO samples
(P<0.01) (Fig 1A). The diversity in the
resistant species was greater in the Ec-D7
samples as compared to the C-D0 samples.
For instance, new resistant species were
identified in the Ec-D7 samples, namely
tetracycline-resistant Escherichia hermannii
(8+1.45 isolates); oxy-tetracycline-resistant
Klebsiella oxytoca (8£2 isolates); amoxicil-
lin-resistant E. gallinarum (11£2 isolates),
and M. Paraoxydans showing resistance
to kanamycin (5+0.4 isolates), amoxicillin
(8+1.2) and oxy-tetracycline (8£2.2).

Species isolated from Ec-D14 fecal
samples showed resistance to eight different
antibiotics (Table 1). The E. faecium was
the most resistant species (24.31%) in the
Ec-D14 samples followed by M. Paraoxy-
dans (26.6%) and E. gallinarum (17.88%).
The emergence of resistance to antibiotics
continued, detecting two new kanamycin-
resistant species, namely E. gallinarum (5£2
isolates) and Lactobacillus murinus (8+1.22
isolates). A higher resistance to kanamycin
was detected in 5 species recovered from
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Table 2. The Mean percent resistance of identified RG-2 fecal species to 8 antimicrobials
before and after the MDR E. coli and the amoxicillin administrations

Sample Species Identified Control Amoxicillin D-cycloserin

C-D0 Enterococcus gallinarum 17 £1.6 0 8+2.5
Microbacterium paraoxydan 10+2 0 0
Enterococcus faecium 30+2.2 7+19 8+2.3
Enterococcus faecalis 24423 0
Acinetobacter radioresistens 15 +1 0

EC-D2 Enterococcus gallinarum 10 £2.5 0 9+19
Microbacterium paraoxydan 8+2.1 0
Enterococcus faecium 21435 9+2.08 10 £2.7
Enterococcus faecalis 13£3.6 0 9425
Acinetobacter radioresisten 10 £2.5 0 0
Escherichia coli 1432 0 11 £1.55

Ec-Amx-2D | Enterococcus faecium 12 +2.06 7+1.23 7+2.1
Enterococcus gallinarum 12 +2.5 7+14% 7£2.1
Pseudomonas balearica 10 £2.13 0 0
Enterococcus faecalis 8+3.3 0 5+2
Corynebacterium ammoniagenes | 12 £2 0 0
Streptococcus caballi 7+2.1 0 0
Bcillus infantis 6+1.12 0 0
Streptococcus ratti 9+24 0 0
Microbacteriumparaoxydan 6+1.2 0 0
Acinetobacter radioresistens 6+1.12 0 0

Ec-Amx-9D | Elizabethkingia miricola 9+2.36 9+2.1% 8+ 2.3%
Streptococcus ratti 10 £1.99 9+ 1.35% 8+ 1.76*
Staphylococcus nepalensis 9+1.12 8+ 1.55%
Enterococcus faecalis 8£1.3 T+22% 7+1.1
Enterococcus faecium 5+1.2 7+132 0
Enterococcus gallinarum 4097 7+1.22 T+14
Microbacteriumparaoxydan 4+0.7 0 0
Pseudomonas balearica 6+1.01 0 0
Bcillus infantis 7+2.1 0 0
Acinetobacter radioresistens 6+1.14 0 0
Corynebacterium ammoniagenes 10+ 0.6 0 0
Streptococcus caballi 6+0.6 0 0

Intern J Appl Res Vet Med * Vol. 14, No. 2, 2016.
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Table 2 cont. The Mean percent resistance of identified RG-2 fecal species to 8 antimicrobials

before and after the MDR E. coli and the amoxicillin administrations

Gentamycin Carbenicillin Kanamycin Tetracy- Oxy-tetra- | Ampicillin
cline cycline
6+1.62 8+1.6 0 0 0 0
3+1.3 0 0 0 0 0
T7+1.7 5+1.02 6+1.69 0 0 0
0 0 0 0 0 0
0 0 5+l 0 0 0
10 +1.7 10+0.9 0 0 0 0
8+1.92 0 0 0 0
0 6 +£1.35 7+1.82 0 0 0
0 0 0 0 0 0
0 0 713 0 0 0
11£1.52 6+£2.1 0 618 11 +1.55 0
0 0 4x12 7x1.5% 0 0
0 0 0 0 5+ 3% 0
0 0 0 6 +2.6% 0 0
0 0 0 6+ 2.3% 4 £2.5% 6+2.1
0 0 0 0 Sx1* 0
0 0 0 0 4+2.6% 0
0 0 0 0 4+1.2% 0
0 0 5+0.87* 4+2.1% +1.3% 0
0 0 0 0 0 0
0 0 0 0 0 0
715 7+15% 6+ 2% 9+23* 4+1.2% 0
0 0 54222 6 0.7 814 0
0 0 0 0 0 0
0 6+2.2% 10 £2.4% 0 94235
0 0 14+.042 7+12 7+12 0
0 0 0 0 8+l.1 0
0 0 0 0 0 0
0 0 0 7+1.1 0 0
0 0 0 0 6+0.9 0
0 0 0 0 0 0
0 0 0 0 8+1 0
0 0 0 0 6+ 0.6* 0

The stearic (*) sign represents new resistant bacteria with respect to the previous sample. Control, bacteria isolated
from media without antimicrobial; CD-0, control sample collected at day 0; Ec-D2 and Ec-D7 samples collected at 2
and 7 days after E. coli administration, respectively; Ec-Amx-2D and Ec-Amx-9D samples collected at 2 and 9 days
after amoxicillin administration.
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Table 3. List of nutrients used in media for growing different antibiotic resistant isolates.

Ingredients Grams per Litre
Acid Hydrolysate of Casein 0.24
Yeast Extract 0.24
Dextrose 0.87
Soluble Starch 0.24
Dipotassium Phosphate 1.42
Magnesium Sulfate Heptahydrate 0.024
Sodium Pyruvate 0.14
Calf brain 30.76
Beef heart 38.4
Proteose peptone 2.16
Sodium chloride 1.58
Disodium phosphate 043
Pancreatic digest of casein 1.7
Papaic digest of soyabean meal 0.3
Agar 13.0

the Ec-D14 samples compared to only two
species in the control C-D0 samples (Table
1). In addition, L.murinus was detected for
the first time in Ec-D14 samples, exhibiting
resistance to kanamycin (8+1.22 isolates)
and tetracycline (743.32 isolates) (Table 1).
RG-2 culturomics

The amoxicillin treatment in RG-2 group
of rats reduced substantially the bacterial
density and declined the resistant colonies
to amoxicillin (p=0.01), oxy-tetracycline
(p=0.01), kanamycin (p=0.05) and carbeni-
cillin (p=0.05) in comparison to the samples
collected before the antibiotic administra-
tion (Fig 1B).The amoxicillin treatment was
effective against the MDR E. coli; however,
an increasing diversity was noted after the
antibiotic administration. A total of four
different phyla were identified in samples
Ec-Amx-2D (fecal samples collected after
2 days of antibiotic administration) and
Ec-Amx-9D (samples collected after 9 days
of antibiotic administration). Among the
identified phyla was the Bacteriodetes (23%
of the isolates), a newly emerged resistant
phylum that was absent in the control C-D0

Intern J Appl Res Vet Med * Vol. 14, No. 2, 2016.

samples. A total of seven resistant species
were detected after the amoxicillin therapy
compared to three resistant species identi-
fied in the control C-DO0 samples (Table 2).
Furthermore, there was an increase in the
number of resistant isolates from the phyla
Firmicutes (775), Actinobacteria (40) and
Proteobacteria (35) compared to that of the
C-DO0 that were Firmicutes (275), Actino-
bacteria (15) and Proteobacteria (25). The
Enterococcus (51.59% of the isolates) was
the most dominant genus in samples Ec-
Amx-2D, followed by genera Streptococcus
(19.1%), Corynebacterium (9%), Pseudomo-
nas (8.5%), Bacillus (5.3%), Acinetobacter
(3.1%) and Microbacterium (3.1%). The E.
faecium (19.6% isolates) was dominant in
the Ec-Amx-2D samples, encoding resis-
tance against kanamycin (4+1.2 isolates),
tetracycline (7+1.5 isolates), D-cycloserin
(7£2.1 isolates) and amoxicillin (7+1.2
isolates) (Table 2). The ampicillin-resistant
E. faecalis (6£2.1 isolates), tetracycline-
resistant Pseudomonas balearica (6£2.1 iso-
lates) and the three oxytetracycline-resistant
species namely, Streptococcus caballi (4£2.6
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isolates), Bacillus infantis (4£1.2 isolates)
and Corynebacterium ammoniagenes (5+1),
were recovered for the first time in this study
from the Ec-Amx-2D samples. In addition,
the Streptococcus ratti was newly detected,
encoding resistance against tetracycline
(4£2.1 isolates) and oxy-tetracycline (742.1
isolates).

There was greater diversity of resistant
species in the Ec-Amx-9D samples com-
pared to the control samples (Table 2). The
Elizabethkingia (total 295 isolates) emerged
as newly recovered genus with resistance
to amoxicillin, gentamicin, kanamycin,
D-cycloserin, tetracycline, oxy-tetracycline
and carbenicillin. It is worth noting that six
amoxicillin-resistant species, including also
the Staphylococcus nepalensis (8+1.5 of the
isolates), were detected in the Ec-Amx-2D
samples compared to only one in the control
C-DO0.

DISCUSSION

The rat is a common experimental model,
extensively used in many segments of
science, including its recent sporadic use

in microbiome research, to determine the
underlying drug resistance mechanisms, and
possible solutions for animal and human
diseases®*". In this study, rats were orally
inoculated with MDR E. coli and anothers
subjected to an additional treatment with
amoxicillin, and stool samples were col-
lected before and after these treatments, to
determine the shift in GM-antibiotic resis-
tance, fecal bacterial density and diversity.
The culturomics approach was adopted since
its usefulness has been recently emphasised
for profiling GM diversity and their antibiot-
ics susceptibility®®. A total of 8020 isolated
colonies were screened for antibiotics re-
sistance against ten different antibiotics and
the species were identified by MALDI-TOF
and some by 16S sequencing. Sixteen spe-
cies were identified in our modified culture
conditions, which were assigned to twelve
genera and four phyla. The isolates belonged
to Firmicutes, Proteobacteria and Actinobac-
teria. These phyla are also predominantly
abundant in human gut**. To our knowledge,
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this is the first study that presents detailed
data on culturomics and resistome of GM
using such a rat model.

Overall, the Enterococcus was the most
dominant genus in culturomics, accounting
for 59.2% of the total identified isolates;
however, in our metagenomic data (unpub-
lished data), targeting the rat GM, using Il-
lumina MisSiq, Enterococcus density in GM
was only 0.099%. Additionally, E. faecium
and E. gallinarum were not detected through
the metagenomic approach (unpublished
data). The fact that some GM species exist
in low density, this leads to a higher error in
missing the identification through metage-
nomics3*4°. Additionally, DNA extraction
errors could also be attributed to reporting
in literature of lower Enterococcuss spp.
density. It has been observed that most of the
bacteria do not grow in co-cultures*'. In our
previous study of human GM culturomics,
it was observed that the genus Enterococcus
ubiquitously possessed the ability of produc-
ing antimicrobial agents (unpublished data).
However, in human GM the majority of bac-
teriocins encoding genes have been reported
in Lactobacillus and Streptococcus*. The
proven dominancy of the genus Enterococ-
cus in this rat model could be due to their
antimicrobial-producing ability. Moreover,

a genus and species were totally absent in
metagenomics data namely, Microbacte-
rium, A. radioresistens, P. balearica, C. am-
moniagenes, Streptococcus caballi, Bacillus
infantis, S. ratti, Elizabethkingia micricola
and S. Nepalensis (unpublished data).

The detected normal intestinal rat microbiota
in this model carried resistance to amoxicil-
lin, D-cycloserin, gentamicin, carbenicillin
and kanamycin (Fig 1A, B; and Tables 1 and
2). This is in agreement with other docu-
ments in literature**. The Enterococcus
was the most resistant genus, including in

it the E. faecium, E. gallinarum and E. fae-
calis. Enterococcus species are commonly
present in the gastrointestinal tract of various
hosts, and have been recently identified as
emerging nosocomial MDR pathogens*+.
The majority of resistant genes identified in
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animal and human GM are identified in the
family Enterobacteriaceae®*’. Moreover,
several health problems in animals and hu-
mans have been associated with Enterococ-
cus species, such as abdominal abscesses,
urinary tract infections, peritonitis, bacterae-
mia and endocarditis**. The other resistant
dominant genera include Microbacterium,
Escherichia, Acinetobacter, Streptococcus
and Elizabethkingia. The genus Escherichia
was represented by E. coli and E. hermannii,
however; the isolated E. coli is most likely
attributed to the inoculated MDR E. coli,
since the drug resistance profile of the strain,
before inoculation and after recovery from
fecal samples, was similar.

The fecal antimicrobial-resistant colo-
nies increased after MDR E. coli admin-
istration (Fig. 1 A and B). Higher resis-
tant colony counts were detected against
D-cycloserin, tetracycline, oxy-tetracycline
and carbenicillin; this could be attributed to
the resistant genes present in the inoculated
MDR E.coli. The MDR E. coli strain was re-
trieved from the stool up to the 7th day post
inoculation; however, its shedding disap-
peared by the 14th day. It has been reported
that the normal GM possesses a colonisa-
tion resistance phenomenon against foreign
bacteria®. Despite the known perturbing
colonisation resistance, the persistence of E.
coli shedding existed for a certain period. In
addition, the amoxicillin-administration sup-
pressed successfully the E. coli in the gut,
with an associated decrease in bacterial den-
sity and an increase in the diversity of iso-
lated species (Fig. 1 B). Antibiotics not only
target pathogens but also reduce the overall
bacterial population®**!. The increasing
diversity may be attributed to an acquired
drug resistance or a decrease in the bacteria
that synthesise antimicrobial peptides. It is
noteworthy that the total bacterial count was
maintained back again at nine days post the
amoxicillin treatment (Fig. 1B).

Moreover, seven days after the amoxicil-
lin administration, the D-cycloserine, oxytet-
racycline, tetracycline, gentamicin, ampicil-
lin, amoxicillin and carbenicillin-resistant

Intern J Appl Res Vet Med * Vol. 14, No. 2, 2016.

species were isolated (Fig. 1B and Table

2). The emergence of new species may be
attributed to a decrease in the Enterococcus
spp. or due to acquired resistance. These re-
sults are in agreement with previously pub-
lished research* who reported an increasing
resistance in oral microbiota after amoxicil-
lin treatment. It is important to mention that
antibiotics dissemination from MDR strain
depends on strain mutation rate, ability for
colonisation and horizontal gene transfor-
mation®2. Antibiotics-induced resistance in
bacteria is known to persist for a long time;
however, the exact period is controversial.
Previous research workers*® concluded that
antibiotics-induced resistance reverted to
baseline after 90 days of therapy. Anoth-
ers® claimed that bacteria lost its antibiotic
resistance a few weeks after withdrawal of
the drug*; however, a previous document
proved that the increasing resistance against
clarithromycin persisted for one year after
the administration of the drug. Future inves-
tigations will be directed at evaluating the
GM resistome under multiple culture condi-
tions, over a longer period, and in the period
following the withdrawal of the drug.

CONCLUSION

The pioneer model used in this study was
useful in identification of baseline data on
rat GM, which will be a prerequisite for
future investigations related to control of en-
teric bacterial infections and chemotherapy.
The GM in this model was predominantly
inhabited by the phylum Firmicutes, fol-
lowed in decreasing order by Proteobacteria,
Actinobacteria and Bacteroidetes. The rat
GM contains genes encoding resistance to
antimicrobial agents. The inoculation of
MDR E. coli modulated the rat GM re-
sistome pattern. The genus Enterococcus
was the most resistant to drugs. Both the
MDR E. coli and amoxicillin intervention
led to a shift in antibiotic resistance of the
GM and bacterial density. Culturomics-asso-
ciated to this rat model seems like a heuristic
approach for evaluation of antimicrobial
resistance diversity; a future upgrading with
multiple culturing conditions could further
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widen the identification of more bacterial
diversity in this animal model.
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