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Executive summary

Understanding the relationships between antimicrobial use and resistance through surveillance is
important to guide antimicrobial stewardship for the Australian feedlot industry. Previous
antimicrobial use surveys conducted for Australian feedlot cattle (Badger et al., 2020) have reported
use for therapeutic, metaphylactic and prophylactic purposes. Current antimicrobial resistance
surveillance programs (Barlow et al., 2022) sample small numbers of grain-fed cattle from numerous
abattoirs and deliver insights on resistance at an aggregated population level. Recently, longitudinal
studies, such as MLA Project B.FLT.3003 sought to understand the antimicrobial resistance of
antimicrobial resistance of E. coli, Salmonella, and Enterococcus species during pre-feedlot, feedlot

and slaughter periods a single pen of feedlot cattle.

The use of different antimicrobial classes for treatment, metaphylaxis, and prophylaxis is assumed to
be one of the main factors that create selection pressure and contribute to antimicrobial resistance in
bacteria from food-producing animals. This study builds on the pilot research conducted in MLA
project B.FLT.3003 to further examine the effects of various antimicrobials on the development of
antimicrobial resistance in E. coli and Enterococcus species isolated from 135 sick cattle before
treatment with antimicrobials. A sub-set of 63 animals treated with antimicrobials were followed
through to slaughter, along with 67 apparently healthy animals. Faecal samples were collected
aseptically from rectum of sick cattle just before they received first and/or second treatment across
multiple pens in the feedlot. The antimicrobials used for treating sick cattle during the study were in
order of frequency: tulathromycin (Draxxin, Zoetis), oxytetracycline (Bivatop 200, Boehringer
Ingelheim), and ceftiofur (Excede, Zoetis). Tetracycline-based product (CTC200) and macrolide-based
product tilmicosin phosphate (Bovatil 300; South Yarra Pharma) were used for metaphylaxis in cattle
arriving from high-risk sources (10 of 11 pens monitored). Finally, faecal swab samples were collected
following exit from the feedlot (at the abattoir) from cattle treated for clinical illness (treated cattle)
and these not treated for clinical illness (apparently healthy cattle). The target bacteria were isolated
and confirmed by culture methods and MALDI-TOF, respectively. The isolates of E. coli and
Enterococcus were tested for resistance to 14-16 antimicrobials, including those used in human and

veterinary medicine.

A total of 90 (66.7%) E. coli were isolated from 135 samples collected from sick cattle before their first
treatment. The highest resistance was observed to tetracycline (80.0%), followed by sulfisoxazole
(17.8%), streptomycin (10.0%), ampicillin (5.6%), and azithromycin (5.6%). Additionally, 48 (35.6%)
ESBL-producing E. coli were isolated from sick cattle before receiving their first treatment. All isolates
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were resistant to ampicillin, ceftiofur, and ceftriaxone. At the abattoir, a total of 56 (83.6%) E. coli
were isolated from 67 rectal swab samples from apparently healthy cattle. The most common
resistance was observed to tetracycline (79.0%), ampicillin (15.8%), sulfisoxazole (10.5%) and
streptomycin (8.8%). Only one ESBL-producing E. coli was isolated and was resistant to ampicillin,
azithromycin, ceftiofur, ceftriaxone, streptomycin, sulfisoxazole and tetracycline. Furthermore, a total
of 50 (79.4%) isolates of E. coli were isolated from 63 rectal swabs sampled from treated cattle.
Resistance was observed to tetracycline (54.0%), sulfisoxazole (8.0%), ampicillin (8.0%), and
streptomycin (4.0%). Of these samples, 4 (6.3%) ESBL-producing E. coli were isolated, and were

resistant to ampicillin, ceftiofur, ceftriaxone and tetracycline.

The most prevalent Enterococcus spp. isolated from cattle prior to first treatment were E. faecium
(n=45), E. hirae (n=12), E. durans (n=11), E. mundtti (n=4), E. raffinosus, E. thailandicus and E. villorum
(n=1 of each). Among the E. faecium isolated from sick cattle before treatment, the highest resistance
was observed to tetracycline (71.1%) followed by lincomycin (53.3%), ciprofloxacin (35.6%),
erythromycin (26.7%), tylosin (24.4%), quinupristin /dalfopristin (17.8%) and daptomycin (15.6%). The
most common Enterococcus spp. isolated from apparently healthy cattle (n=67) were E. hirae (n=36),
E. faecium (n=14), E. durans (n=3), and E. mundtti (n=2). In these E. faecium (n=14), resistance was
observed to lincomycin (78.6%), nitrofurantoin (50.0%), tigecycline, and ciprofloxacin (14.3% each). In
contrast, among the Enterococcus spp. isolated from treated cattle at slaughter (n=63), E. hirae (n=37)
was the most abundant species, followed by E. faecium (n=11), E. durans (n=2), and E. sulfureus and
E. thailandicus (1 of each). In E. faecium, a slightly lower resistance to lincomycin (63.6%) and
daptomycin (18.2%) was detected. It may be possible, metaphylaxis increases the risk of AMR in gut
bacteria, however further research is required due to the limited numbers of non-metaphylaxis cattle

sampled in this study.

In addition to this study, a literature review was delivered on the effect of ionophores on antimicrobial
resistance of the microbiome, E coli, Salmonella and Enterococcus in beef cattle and wider food animal
production. This review also addressed protozoa. Despite the relatively long history of use for over
five decades, the level of reported ionophore resistance is still miniscule. In conclusion of the literature
review, the use of monensin (and other ionophores) in beef feedlot cattle was unlikely to have a
significant effect on the development and dissemination of antimicrobial resistance determinants of

clinical significance from cattle to humans.

Recommendations for future research and surveillance from these study findings include:
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1. Continuous surveillance of AMR in feedlot indicator bacteria is essential, both pre-
treatment and at slaughter
2. Of particular importance are
a. The 3™ generation cephalosporin resistance in E. coli isolated from cattle pre-
treatment that decreases over time to low prevalence at slaughter
b. Daptomycin, Quinopristin / Dalfopristin and Nutrofurantoin resistances in
enterococci, including genetic mechanisms of their resistance
3. Whole-genome sequence of all resistant and representative control isolates from this
project is essential to
a. Compare them with the pig, poultry, and human clinical isolates from Australia
b. Potentially detect novel mechanisms of resistance in isolates with high
disproportion between genotypic (detected by whole genome sequencing) and
phenotypic resistance (already established during this project)
4. Studies of how antimicrobial resistance is acquired from the environment
5. Larger sample size from multiple feedlots and pens should be included in the future
research
6. The industry should continue to focus on implementation of the antimicrobial
stewardship guidelines
7. The use of metaphylaxis in feedlot industry should be minimised
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1. Project objectives

1) Conduct a literature review on the effect of ionophores and bambermycins on antimicrobial
resistance of the microbiome, E coli, Salmonella and Enterococcus in beef cattle and wider food animal

production. This review will also address protozoa.

(2) Determine through experimentation in the feedlot industry, the effect of antimicrobial use on

longitudinal resistance of hospital cattle.

2. Background

Understanding the relationships between antimicrobial use and resistance through surveillance is
important to guide antimicrobial stewardship for the Australian feedlot industry. It is also important
to build objective data to understand resistance mechanisms in beef cattle to guide further risk-based
modelling for food safety. The emergence of antimicrobial resistance in susceptible bacteria occurs
either through mutation and/or horizontal gene transfer (HGT). The existing resistant bacteria
increase with exposure to antimicrobials (Bergman et al., 2009). Antimicrobials are routinely used in
human and veterinary medicine to treat and/or prevent diseases. Hence, high resistance rates
significantly reduce the chance of effectively treating infections in both humans and animals. Use of
antimicrobials can potentially lead to selection of antimicrobial resistance (AMR) among bacterial
populations within the treated human/animal (Witte, 1998) in both commensal and pathogenic
microbes. The resistance in commensal enteric bacteria is generally correlated with pathogenic
bacteria (Bag et al., 2019). The alimentary (digestive) system is suitable for developing and
disseminating antimicrobial resistance in enteric bacterial pathogens (Schjgrring and Krogfelt, 2011).
At present, there is concern that antimicrobials used in animals could increase the risk of
dissemination of resistant zoonotic pathogens and, in turn, resistant genetic determinants being
transferred to human pathogens e.g. Shiga-Toxin Escherichia coli and Salmonella enterica strains.
There is however, limited objective data to support horizontal gene transfer between bacteria in beef
cattle and humans, however there are documented cases of horizontal gene transfer for colistin and
avoparcin resistance in swine and poultry, and plasmid mediated streptogramin resistance in poultry
(Cho et al., 2022; Hammerum, 2012; Webb et al., 2017). Risk of transmission must first account for
the prevalence of the bacterial shedding and transfer to meat-based products. Secondly, bacteria
must survive cooking, digestive processes and establish themselves in the human intestinal tract, prior
to transfer of their resistance determinants between sub-species and serotypes. Furthermore,

resistance determinants need to be stably retained if they are transferred between bacteria. As a
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result, it is very important to survey resistant bacteria along the stages of the food chain and estimate
risk factors contributing to the development and dissemination of AMR bacteria. Australia has strict
registration and regulation of antimicrobial use in livestock production systems. This minimises the
risk of development and spread of AMR to the critically important antimicrobials used in human
clinical practice. Despite these restrictions, there is a need for ongoing surveillance of AMR in bacteria
that may cause clinical infections in humans and also frequently colonise the gut of livestock.
Enterococcus species and Escherichia coli are bacteria of concern associated with gut colonisation that
could be potentially transferred to humans through the food chain. Monitoring AMR in commensal
microbes can contribute to the understanding of the selection process mediated by antimicrobial used
in a feedlot setting and how it contributes to the overall resistance burden in these commensal

bacteria.

This study examined the effects of the use of various antimicrobials on the development of
antimicrobial resistance in E. coli and Enterococcus species isolated from beef cattle as a follow on
study from MLA Project B.FLT.3003. The previous study reported in Enterococcus faecium at slaughter
high levels of resistance to lincomycin and nitrofurantoin; moderate levels of resistance to daptomycin
and quinpristin/daflopristin; and low levels of resistance to ciprofloxacin. These findings are of concern
as both daptomycin and quinpristin-daflopristin are antimicrobials of last resort in sepsis treatment
for this bacterium in Australian hospitals. No vancomycin resistance was detected in any Enterococcus
faecium which was a positive finding. For E. coli moderate levels of resistance at slaughter were
observed for tetracycline, followed by low levels of resistance to ampicillin, streptomycin,
sulfisoxasole, and ceftiofur (4.4%). MLA Project B.FLT.3003 was carried out in a single pen of feedlot
cattle with low usage rates of antimicrobials (8.7% treatment rate). This study was conducted at the
same feedlot across multiple pens and investigated resistance of isolates cattle entering the hospital

and at slaughter compared to cattle that received no antimicrobials.

2. Methodology

2.1. Study animals and sample collection

A study was conducted to determine the AMR status of E. coli and Enterococcus spp., isolated from
beef cattle in Southern Australia from May to August, 2021. Samples were collected from two groups
of cattle, treated cattle (cattle being treated with therapeutically with antimicrobials for clinical illness
during the feedlot stay in the hospital pen originating from 11 different pens) and apparently healthy

cattle (cattle not being treated therapeutically for clinical illness during the feedlot stay originating
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from the same 11 pens as treated cattle). Antimicrobials used for the treatment of treated cattle were
tulathromycin (Draxxin, Zoetis), oxytetracycline (Bivatop200, Boehringer Ingelheim) and ceftiofur
(Excede, Zoetis). Treated cattle were transferred to the hospital pen for treatment and returned to
their pen when clinically recovered. Concurrently, tetracycline-based product (chlortetracycline;
CTC200) and macrolide-based product tilmicosin (Bovatil 300, South Yarra Pharma) were also used for
metaphylaxis of cattle arriving in the feedlot from high-risk sources (e.g., cattle bought from sale-

yards). Only one of these 11 pens was not exposed to any metaphylaxis.

Approximately 15g of faeces was collected from the rectum of the treated cattle just before they
received first and/or second treatment. Additionally, faecal swab samples were collected following
exit from the feedlot (at the abattoir) using Ames transport media swabs (Copan, Italy) from treated
and apparently healthy cattle. These samples were obtained post-evisceration by incision into the
rectum 15—-30 c¢cm cranial to the anus following the method described by Abreham et al. (2019). The
faecal samples were transported to the laboratory under chilled conditions in EPS box containing
frozen gel packs. Of the 465 faecal samples collected at the abattoir, 63 were from treated cattle and
67 were randomly selected using block randomization (every sixth sample; See Table S7) from the

apparently healthy cattle (n=402).

2.2. Bacterial isolation

Isolation of E. coli was carried out following the method described by following B.FLT.3003. Briefly,
ten (10) grams of faeces were added into 7 mL of sterile 0.1% buffered peptone water in a falcon tube.
The mixture was vortexed and a sterile cotton tip applicator was used to seed it onto MacConkey agar
and Brilliance ESBL agar (Thermofisher Scientific, Australia). A similar approach was used for faecal
swab samples collected at the slaughter house. The sample was streaked using a sterile loop and
incubated at 37°C + 2°C for 24 hours. After incubation, one presumptive, well isolated colony was
selected from the MacConkey agar and Brilliance ESBL agar, respectively. Similarly, to identify
Enterococcus spp., the faecal mixture was plated and streaked onto Slanetz and Bartley agar plate
(Thermofisher Scientific, Australia) following B.FLT.3003. The plate was incubated in to 37°C + 2°C for
48 h. A single, well isolated red, maroon or pink coloured colony was carefully chosen, and subcultured
onto sheep blood agar. Finally, the identity of all suspected target colonies was confirmed by matrix-
assisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometry (Bruker Daltonik

GMBH, Germany) and stored in -80°C in tryptone soya broth with 20% glycerol.
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1.3. Antimicrobial susceptibility testing

All isolates of E. coli and Enterococcus species were subjected to antimicrobial susceptibility testing.
Commercially prepared plates were used to test the minimum inhibitory concentration of the isolates,
following the Clinical and Laboratory Standards Institute and National Antimicrobial Resistance
Monitoring System guidelines (CLSI, 2020; NARMS, 2011). For E. coli, phenotypic susceptibility was
determined using the standard Sensititre NARMS Gram-negative CMV3AGNF MIC Plate that included
amoxicillin-clavulanate, ampicillin, azithromycin, cefoxitin, ceftiofur, ceftriaxone, chloramphenicol,
ciprofloxacin, gentamycin, nalidixic acid, streptomycin, sulfisoxazole, tetracycline, and trimethoprim-
sulfamethoxazole (Table 1). The reference strains were E. coli ATCC 25922, E. coli ATCC 35218 and
Pseudomonas aeruginosa ATCC 27853. For Enterococcus spp., phenotypic susceptibility was
determined using the Sensititre NARMS Gram-positive CMV3AGPF Plate that included
chloramphenicol, ciprofloxacin, daptomycin, erythromycin, gentamycin, kanamycin, lincomycin,
linezolid, nitrofurantoin, penicillin, quinupristin/dalfopristin, streptomycin, tetracycline, tigecycline,
tylosin tartrate, and vancomycin (Table 2). The reference strains were E. faecalis ATCC 29212 and S.
aureus ATCC 29213. To date, only a susceptible breakpoint has been established for tigecycline for
enterococci. In this study, = 0.5 pg/mL for tigecycline (NARMS) were used as the resistance cut-off

values.
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Table 1. Tested dilution ranges and breakpoints used for the antimicrobial susceptibility

testing of E. coli.

Antimicrobial agent Range Breakpoints
Amoxicillin/clavulanic acid 1/0.5-32/16 >32/16
Ampicillin 1-32 >32
Azithromycin 0.12-16 >16
Cefoxitin 0.5-32 >32
Ceftiofur 0.12-8 28
Ceftriaxone 0.25-64 24
Chloramphenicol 2-32 >32
Ciprofloxacin 0.015-4 21
Gentamycin 0.25-16 216
Nalidixic acid 0.5-32 232
Streptomycin 2-64 > 64
Sulfisoxazole 16 - 256 > 256
Tetracycline 4-32 216
Trimethoprim/ sulfamethoxazole 0.12/2.38-4/76 >4/76
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Table 2. Dilution ranges and breakpoints used for antimicrobial susceptibility testing of

Enterococcus spp. isolates.

Antimicrobial agent Range Breakpoints
Chloramphenicol 2-32 >32°
Ciprofloxacin 0.12-4 > 42
Daptomycin 0.25-16 > 82
Erythromycin 0.25-8 > 8?
Gentamicin 128 - 1024 >512°
Kanamycin 128 - 1024 >1024°
Lincomycin 1-8 >8P
Linezolid 0.5-8 > 8?
Nitrofurantoin 2-64 > 642
Penicillin 0.25-16 >16°
Streptomycin 512 -2048 >1024°
Quinupristin/dalfopristin 0.5-32 242
Tetracycline 1-32 >16°
Tigecycline 0.015-0.5¢ >0.5°
Tylosin tartrate 0.25-32 >32b
Vancomycin 0.25-32 >32°

2 (Clinical and Laboratory Standards Institute guidelines; ® National Antimicrobial Resistance

Monitoring System; only breakpoint for sensitivity established
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2.4. Data analysis

The statistical software programs Excel (Microsoft Corp., Redmond, WA), STATA version 15.0 (Stata
Corporation, College Station, TX, USA) and the R Statistical Package version 4.0.0 were used to process
data for the bacterial isolates and analyse the AMR patterns of isolates for associations with relevant
outcomes. Logistic regression models in STATA were used to evaluate the effect of treatment on the
probability of bacteria being resistant to each antimicrobial drug tested. The odds ratio was used to
assess the association between exposure to particular antimicrobial/s and the development of AMR.
MDR was defined as resistance to at least three antimicrobial classes (Magiorakos et al., 2012). The
effect of treatment on the AMR pattern was compared between treated and apparently healthy cattle.
The frequency of resistance for each antimicrobial agent was described as rare: <0.1%; very low: 0.1%
to 1.0%; low: >1.0% to 10.0%; moderate: >10.0% to 20.0%; high: >20.0% to 50.0%; very high: >50.0%
to 70.0%; and extremely high: >70.0%; according to the European Food Safety Authority (EFSA) and
the European Centre for Disease Prevention and Control (EFSA)(EFSA, 2018).
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3. Result

3.1. Antimicrobial resistance in E. coli isolates

3.1.1. The prevalence of AMR in E. coli isolated from clinically sick beef cattle

A total of 144 samples were collected from treated cattle, including 135 and 9 before and after the
first treatment, respectively. Tulathromycin was the first treatment used in treated cattle. If the cattle
individual did not recover, oxytetracycline was given a week later. In this study, E. coli was isolated
from 90 (66.7%) of the rectal faecal samples collected from treated cattle before their first treatment.
The antimicrobial susceptibility test showed the highest resistance to tetracycline (80.0%), followed
by sulfisoxazole (17.8%), streptomycin (10.0%), ampicillin (5.6%), and azithromycin (5.6%). All isolates

were sensitive to ciprofloxacin and gentamicin (Table 3).

A total of 48 (35.6%) ESBL-producing E. coli were isolated from treated cattle before receiving their
first treatment. Absolute resistance to ampicillin, ceftiofur and ceftriaxone was observed, followed by
tetracycline (93.8%), streptomycin (35.4%), and sulfisoxazole (35.4%). All ESBL-producing E. coli
isolates were sensitive to gentamycin, amoxicillin/clavulanic acid, cefoxitin, chloramphenicol,

ciprofloxacin and nalidixic acid (Table 4).



Table 3. The distribution of antimicrobial susceptibility testing results observed in Escherichia coli (n=90) isolated from treated cattle before their

first treatment

Antimicrobial class Antimicrobial agent Resistant Cl (95 %) MIC value (ug/mL) and Isolates (%)"
o) 0.015 | 0.03 | 0.06 | 0.12 | 0.25 | 0.5 | 1 | 2 4 8 16 32 | 64 | 128 | 256 | 512

Aminoglycosides Gentamicin 0.0 - 100 644 244 11

Streptomycin 10.0 8.97-11 3.3 50.0 35.6 1.1 | 3.3 6.7
Beta lactam Ampicillin 5.6 4.57-6.63 23.3 411 267 33 5.6

Amoxicillin/Clavulanic acid 1.1 0.07-2.13 8.9 40.0 40.0 10.0 1.1

Cefoxitin 1.1 0.07-2.13 4.4 52.2 40.0 2.2 1.1

Ceftiofur 2.2 1.17-3.23 4.4 522 411 | 11 11

Ceftriaxone 2.2 1.17-3.23 9.7 1.1 | 1.1 1.1
Folate pathway  Sulfisoxazole 17.8 16.8-18.8 64.4 15.6 11 1.1 17.8
inhibitor/antagonists Trimethoprim/Sulfamethoxazole 2.2 1.17-3.23 956 2.2 | 2.2
Macrolides Azithromycin 5.6 4.57-6.63 4.4 133 711 56 5.6
Phenicols Chloramphenicol 2.2 1.17-3.23 1.1 27.8 66.7 22 2.2
Fluoroquinolones Ciprofloxacin 0.0 - 95.6 3.3 1.1

Nalidixic acid 11 0.07-2.13 8.9 822 7.8 | 1.1
Tetracycline Tetracycline 80.0 79-81 16.7 3.3 | 4.4 6.7 68.9
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Table 4. The distribution of antimicrobial susceptibility testing results observed in ESBL-producing Escherichia coli (n=48) isolated from treated
cattle before their first treatment

Antimicrobial class Antimicrobial agent Resistant (%) Cl (95 %) MIC value (pg/mL) and Isolates (%)"
0.015 | 0.03 | 0.06 | 0.12 |o.25 | 0.5 | 1 | 2 | 4 | 8 16 | 32 | 64 | 128 | 256 | 512

Aminoglycosides Gentamicin 0.0 - 188 64.6 16.7

Streptomycin 354 34.00-36.80 375 271 | 8.3 27.1
Beta lactam Ampicillin 100.0 98.60-100.00 100.0

Amoxicillin/Clavulanic acid 0.0 - 229 708 6.3

Cefoxitin 0.0 - 29.2 688 21

Ceftiofur 100.0 98.60-100.00 | 4.2 95.8

Ceftriaxone 100.0 98.60-100.00 | 6.3 37.5 56.3
Folate pathway  Sulfisoxazole 35.4 34.00-36.80 18.8 20.8 25.0 35.4
inhibitor/antagonists Trimethoprim/Sulfamethoxazole 33.3 31.90-34.70 62.5 2.1 2.1 | 33.3
Macrolides Azithromycin 22.9 21.50-24.30 417 354 22.9
Phenicols Chloramphenicol 0.0 - 20.8 75.0 4.2
Fluoroquinolones Ciprofloxacin 0.0 - 85.4 8.3 6.3

Nalidixic acid 0.0 - 729 188 83 |
Tetracycline Tetracycline 93.8 92.40-95.20 6.3 | 2.1 91.7

Page 17 of 82



In this study, 14 faecal samples were collected from treated cattle that did not recover after the
tulathromycin treatment and were treated for a second course with oxytetracyline. Among these, E.
coliwas isolated in 9 (64.3%), while the ESBL-producing E. coli was isolated in 7 (50%). Only tetracycline
(66.7%) and sulfisoxazole (11.1%) resistance were observed in E. coli isolated from cattle requiring
second treatment (Table 5). In contrast, all ESBL-producing E. coli isolates were resistant to ampicillin,
ceftiofur, ceftriaxone and tetracycline (Table 6). All isolates were sensitive to gentamicin,

amoxicillin/clavulanic acid, cefoxitin, chloramphenicol, ciprofloxacin and nalidixic acid.



Table 5. Antimicrobial susceptibility test results from Escherichia coli (n = 9) isolated from treated cattle not recovered after the first treatment

Resistant MIC value (ug/mL) and Isolates (%)”
Antimicrobial class Antimicrobial agent % CI (95 %)
(%) 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 256 512
Gentamicin 0.0 - 22.2 66.7 11.1
Aminoglycosides
Streptomycin 0.0 - 66.7 333
Ampicillin 0.0 - 333 444 22.2
Amoxicillin/Clavulanic acid 0.0 - 66.7 33.3
Beta lactam Cefoxitin 0.0 - 11.1 55.6 333
Ceftiofur 0.0 - 55.6 44.4 |
Ceftriaxone 0.0 - 100.0 |
Folate pathway Sulfisoxazole 111 7.84-14.40 77.8 11.1 111
inhibitor/antagonists Trimethoprim/Sulfamethoxazole 0.0 - 100.0 |
Macrolides Azithromycin 0.0 - 111 88.9
Phenicols Chloramphenicol 0.0 - 22.2 77.8
Ciprofloxacin 0.0 - 100.0
Fluoroquinolones
Nalidixic acid 0.0 - 222 778

Tetracycline Tetracycline 66.7 63.40-69.90 33.3 | 22.2 44.4
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Table 6. Antimicrobial susceptibility test results from ESBL-producing Escherichia coli (n=7) isolated from treated cattle not recovered after the first treatment

Resistant MIC value (pg/mL) and Isolates (%)"
Antimicrobial class Antimicrobial agent % Cl (95 %)
(%) 0.015 0.03 0.06 0.12 0.25 0.5 112 4 8 16 32 64 128 256 512
Gentamicin 0.0 - 14.3 85.7
Aminoglycosides
Streptomycin 28.6 24.90-32.30 57.1 143 28.6
Ampicillin 100.0 96.30-100.00 100.0
Amoxicillin/Clavulanic acid 0.0 - 286 71.4
Beta lactam Cefoxitin 0.0 - 286 714
Ceftiofur 100.0 96.30-100.00 | 100.0
Ceftriaxone 100.0 96.30-100.00 | 57.1 42.9
Folate pathway Sulfisoxazole 28.6 24.90-32.30 14.3 14.3 42.9 28.6
inhibitor/antagonists Trimethoprim/Sulfamethoxazole 28.6 24.90-32.30 71.4 | 28.6
Macrolides Azithromycin 28.6 24.90-32.30 143 571 28.6
Phenicols Chloramphenicol 0.0 - 286 714
Ciprofloxacin 0.0 - 100.0
Fluoroquinolones
Nalidixic acid 0.0 - 100.0
Tetracycline Tetracycline 100.0 96.30-100.00 100.0
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Of the 90 E. coli isolated from treated cattle, 72 (80.0%) were resistant to at least one of the tested
antimicrobials. Among these, 46 (51.1%) were resistant to one antimicrobial class, 17 (18.9%) to two,
7 (7.8%) to three, and one of each with 1 (1.1%) isolate resistant to four and five antimicrobial classes
respectively (Table 7). From these isolates, 9 (10.0%) were MDR. Sulfisoxazole and tetracycline

resistance were the most commonly found combinations, with an overall occurrence of 16 (17.8%).

ESBL-producing E. coli isolates were isolated from 48 (35.6%) samples. All ESBL-producing E. coli
isolates were resistant to at least one antimicrobial class. Of the ESBL-producing E. coli isolates, 18
(37.5%) were MDR. Ampicillin, ceftriaxone, ceftiofur and tetracycline were the most commonly
observed antimicrobial resistance combinations, with a total prevalence of 93.7%. Nine (18.7%) ESBL-
producing E. coli isolates were resistant to five antimicrobial classes, including aminoglycosides,

betalactams, macrolides, sulfonamides and tetracyclines.

In addition, 14 samples were collected from treated cattle receiving second treatment. Of these, E.
coli was identified from 9 samples and 5 (55.6%) of them were resistant to one antimicrobial class,
whilst 3 (33.3%) isolates were sensitive to all antimicrobials tested. ESBL-producing E. coli was isolated

from 7 (50.0%) of the samples and all isolates were resistant to all antimicrobials tested.



B.FLT.3012- The association between the use of antimicrobials and resistance in Escherichia coli and Enterococcus species
isolated from feedlot cattle

Table 7. The AMR pattern of E. coli isolated from treated cattle before their first and second treatment

Non-ESBL(n=90) ESBL (55)
Before first Before second Before first treatment Before second
AMR pattern treatment(n=90) treatment*(n=9) (n=48) treatment* (n=7)
All sensitive 18 (20.0) 3(33.3)
TET 46 (51.1) 5 (55.6)
AMP-AXO-XNL 3(6.2)
AZI-TET 4(4.4)
FIS-TET 9 (10.0) 1(11.1)
AMP-AXO-TET-XNL 1(1.1) 27 (56.2) 5(71.4)
AMP-TET 1(1.1)
STR-TET 1(1.1)
NAL-TET 1(1.1)
AMP-STR-TET 1(1.1)
FIS-STR-TET 4(4.4)
FIS-TET-STR-SXT 1(1.1)
AMP-AXO-AZI-XNL-TET 1(2.1)
AMP-AUG-AXO-AZI-FOX-
TET-XNL 1(1.1)
CHL-FIS-STR-TET 1(1.1)
AMP-AXO-FIS-STR-SXT-
TET-XNL 7 (14.6)
AMP-CHL-FIS-STR-TET-SXT 1(1.1)
AMP-AXO-AZI-FIS-STR-TET-
XNL 1(2.1)
AMP-AXO-AZI-FIS-STR-SXT-
TET-XNL 9 (18.7) 2 (28.6)
Non-MDR 63 (70.0) 6 (66.7) 30 (62.5) 5(71.4)
MDR 9(10.0) 18 (37.5) 2(28.6)
Resistance 72 (80.0) 6 (66.7) 48 (100.0) 7 (100.0)

*Draxxin treated; AUG, amoxicillin/clavulanic acid; AMP, ampicillin; AZI, azithromycin; AXO, ceftriaxone; CHL,
chloramphenicol; FIS, sulfisoxazole; FOX, cefoxitin; GEN; STR, streptomycin; TET, tetracycline; SXT,
trimethoprim/sulfamethoxazole; XNL, ceftiofur

3.1.2. The prevalence of AMR in E. coli isolated at the abattoir

A total of 56 (83.6%) E. coli were isolated from 67 rectal swab samples from apparently healthy cattle.
The most common resistance was observed to tetracycline (79.0%), ampicillin (15.8%), sulfisoxazole
(10.5%) and streptomycin (8.8%). A relatively lower resistance was detected to
trimethoprim/sulfamethoxazole (3.5%) and chloramphenicol (1.8%) (Table 8). From the samples from
apparently healthy cattle, only one ESBL-producing E. coli was isolated, and was resistant to ampicillin,

azithromycin, ceftiofur, ceftriaxone, streptomycin, sulfisoxazole and tetracycline.
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isolated from feedlot cattle

Atotal of 50 (79.4%) isolates of E. coli were isolated from 63 rectal swabs sampled from treated cattle.
The resistance was observed to tetracycline (54.0%), sulfisoxazole (8.0%), ampicillin (8.0%), and
streptomycin (4.0%) (Table 9). Of the samples from treated cattle, 4 (6.3%) ESBL-producing E. coli were

isolated, and were resistant to ampicillin, ceftiofur, ceftriaxone and tetracycline.
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Table 8. Antimicrobial susceptibility test results in Escherichia coli (n = 56) isolated from rectal swabs collected from apparently healthy cattle at the abattoir

Antimicrobial class Antimicrobial agent Resistant (%) | CI (95 %) MIC value (ug/mL) and Isolates (%)"
0.015 | 0.03 | 0.06 | 0.12 | 0.25 | 0.5 | 1 | 2 | 4 | 8 16 | 32 | 64 | 128 | 256 | 512

Aminoglycosides Gentamicin 0.0 1.8 63.2 35.1

Streptomycin 8.8 7.46-10.10 50.9 333 5.3 1.8 | 3.5 53
Beta lactam Ampicillin 15.8 14.50-17.10 263 404 175 15.8

Amoxicillin/Clavulanic acid 0.0 5.4 50.0 404 53

Cefoxitin 0.0 1.8 333 333 316

Ceftiofur 0.0 22.8 544 22.8 |

Ceftriaxone 0.0 100.0 |
Folate pathway  Sulfisoxazole 10.5 9.22-11.80 77.2 10.5 1.8 10.5
inhibitor/antagonists Trimethoprim/Sulfamethoxazole 3.5 2.20-4.82 96.5 | 3.5
Macrolides Azithromycin 0.0 123 772 838 1.8
Phenicols Chloramphenicol 1.8 0.44-3.06 1.8 474 474 1.8 1.8
Fluoroquinolones Ciprofloxacin 0.0 98.3 1.8

Nalidixic acid 0.0 105 80.7 838 |
Tetracycline Tetracycline 79.0 77.90-80.30 21.1 | 8.8 31.6 38.6
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Table 9. Antimicrobial susceptibility test results in Escherichia coli (n = 50) isolated from rectal swabs collected from treated cattle at the abattoir

Resistant MIC value (pug/mL) and Isolates (%)"
Antimicrobial class Antimicrobial agent % Cl (95 %)
(%) 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 256 512
Gentamicin 0.0 - 6.0 76.0 16.0 2.0
Aminoglycosides
Streptomycin 4.0 2.61-5.39 46.0 46.0 4.0 2.0 2.0
Ampicillin 8.0 6.61-9.39 28.0 46.0 18.0 8.0
Amoxicillin/Clavulanic acid 0.0 - 12.0 520 26.0 10.0
Beta lactam Cefoxitin 0.0 - 2.0 320 420 220 20
Ceftiofur 0.0 - 20.0 50.0 30.0 |
Ceftriaxone 0.0 - 100.0 |
Folate pathway Sulfisoxazole 8.0 6.61-9.39 76.0 12.0 2.0 2.0 8.0
inhibitor/antagonists Trimethoprim/Sulfamethoxazole 0.0 - 100.0 |
Macrolides Azithromycin 0.0 - 2.0 240 720 20
Phenicols Chloramphenicol 0.0 - 2.0 40.0 58.0
Ciprofloxacin 0.0 - 98.0 2.0
Fluoroquinolones
Nalidixic acid 0.0 - 2.0 100 86.0 2.0
Tetracycline Tetracycline 54.0 52.60-55.40 440 20 | 8.0 22.0 24.0
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Cattle were given metaphylactic and / or therapeutic treatments based on their origin and health
condition. Tilmicosin (Bovatil) and in-feed Chlorotetracycline (CTC200) were the most commonly used
metaphylactic treatments, while Oxytetracycline (Bivatop200) and Tulathromycin (Draxxin) were used
in treatment cattle. Based on the type of treatment they received during the feedlot phase, all cattle
were grouped into six categories. In total, E. coli was isolated from 14 CTC200 (13.2%), 42
CTC200+Bovatil (39.6%), 27 CTC200+Draxxin (25.5%), 2 Draxxin+Bivatop200 (1.9%), 10
CTC200+Bovatil+Draxxin (9.4%) and 11 CTC200+Draxxin+Bivatop200 (10.4%) exposed cattle that were
sampled. In E. coli isolated from CTC200 exposed cattle, resistance was observed to tetracycline
(85.7%), sulfisoxazole (14.3%) and streptomycin (14.3%) (Table S1). A slightly lower resistance was
detected in E. coli isolated from CTC200+Bovatil exposed cattle. Overall lower resistance levels were

detected in E. coli isolated from treated cattle receiving therapeutic treatment (Figurel).
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Figure 1. Analysis of the antimicrobial resistance prevalance (% of isolates) in Escherichia coli isolated from rectal faeces collected at the abattior (n=106). The
type of antimicrobial cattle were exposed to includes; A= CTC200 (n=14), B= CTC200+Bovatil (n=42), C = CTC200+Draxxin (n=27), D= Draxxin+Bivatop200
(n=2), E=CTC200+Bovatil+Draxxin (n=10), F=CTC200+Draxxin+Bivatop200 (n=11). The resistance outcomes are displayed for each antimicrobial; AUG
(Amoxicillin/clavulanic acid), AMP (Ampicillin), AXO (Ceftriaxone), AZI (Azithromycin), CHL (Chloramphenicol), CIP(Ciprofloxacin), FIS (Sulfisoxazole), FOX
(Cefoxitin), GEN (Gentamcin), NAL (Nalidixic acid), STR (Streptomycin), SXT (Trimethoprim/sulfamethoxazole), TET (Tetracycline) and XNL (Ceftiofur).



The highest AMR was observed in E. coli isolated from cattle exposed only to metaphylaxis. E. coli

isolated from cattle that received CTC200 alone and CTC200+Bovatil showed the highest AMR, with a

prevalence rate of 85.7% and 76.2%, respectively. The highest number of AMR pattern and MDR was

detected in E. coli isolated from CTC200 +Bovatil exposed cattle (Table 10).

Table 10. The antimicrobial resistance pattern of E