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INTRODUCTION

Background

Escherichia coli is used as a indicator microorganism in One Health antibiotic resistance (ABR)
surveillance programmes:

1)  Wild-type E. coli is susceptible to all antibiotics and this bacterium could acquire vast array of
antibiotic resistance genes through horizontal gene transfer

i) Occurs in all One Health ecological niches (humans, animals and environment) and allows
comparison

lil) Easy to grow in a laboratory and allows standardization of isolation methodologies across different
laboratories

African /W AIREA SIS
Union &= i A




INTRODUCTION

Background
. . . .. . . . Envi tal contaminationb
The primary ecological niche for E. coli is the gastro-intestinal tract of its soifioecblalvesletant Esohroita ool
vertebra host, where it normally exists as a commensal |
Genes of re51stance to
E. coli may also exist in secondary habitats, such as water and sediments r s T\j
1!01’0(111“10 ones

‘\.\“,.r-u,r\l
The overlapping ecological niches of E. coli present opportunities for the [ B Y 7
transmission and spread of ABR genes, which can either be through: [ N

Food production

1) direct transmission between human and animals due to proximity
I) indirect transmission between the two populations through an ,
intermediatory vehicle — Humans ¢ > Animals

Cross
contamination

Important to understand transmission dynamics in the development of
evidence-based One Health interventions to reduce the burden of ABR

Brisola et al., 2019 Science of the Total Environment 647: 362-368
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Aim

To describe the antibiotic susceptibility profiles and the genetic relatedness
among human and porcine E. coli isolates on a commercial farm using whole
genome sequencing




METHODS

Farm recruitment

« The study protocol was presented to the Pig Veterinary Society (PVS) of the South African Veterinary
Association (SAVA) and to the South African Pork Producers Organisation (SAPPO)

 Veterinarians were requested to provide more information to their clients (i.e. farmers) and to invite
them to participate by completing an online form

« Three commercial farms expressed interest in the study, but only a single farm was successfully
enrolled after the completion of informed consent
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Farm Settlng ~ . Freg 54'31& Hl.l'.ra.r:l,.lll,.l-
. . % 1 — Hullhr-_'m 1 HHEI
 Located in North-West province A Cape : ‘a
« In-operation since 1954 and employees 75 workers full-time By | [ﬁ;[” “’
N Western - 1LESOTHO
L Cape o T 2 SWAZILAND
 Consist of two production sites, with 25 production houses, managed by 3 MOZAMBIGUE

the same farmer
 Sow population =1 415
« All-in, all-out, farrow-to-finish, closed production system

e« Sows are impregnated through artificial insemination

 No new breeding pigs have been purchased since 2011
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METHODS

Participant recruitment and self-collection of a rectal swab I
« Employees (> 18 years old) were invited to participate after the completion of informed consent

« Participation involved:
« Completion of a structured questionnaire in either Afrikaans, English, Xhosa and Zulu

« Self-collection of a dual tip rectal swab in the privacy of a restroom
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Sample collection from pigs

o All production houses were eligible for sampling

» A total of five fresh, undisturbed pig faecal droppings were collected aseptically
(Minimum weight = 10 g) from randomly selected pens per production house

« Sample collection preceded from pigs with a high susceptibility to disease (i.e
farrow stage) to pigs with a lower susceptibility to disease (i.e. growers)
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METHODS

Isolation and identification of E. coli from humans and pigs

Rectal swab were placed into 2 me& 10 g of faeces weighed and added to ‘g -
of saline and vortexed 90 m¢ of buffered peptone water /| ﬂ‘i
l (BPW). Incubated aerobically at 35°C
(x2°C) for 18 hto 24 h -
10 y€ of saline were plated onto g
MacConkey agar and incubated for l
18 hto 24 h 10 y€ of BPW were plated onto
MacConkey agar and incubated for
| 18 h to 24 h
Characteristic colonies underwent l
MALDI-TOF MS (Bruker Daltonics, Characteristic colonies underwent
USA) MALDI-TOF MS (Bruker Daltonics,
USA)

E. coli ATCC 25922 included as
positive control E. coli ATCC 25922 included as
positive control
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METHODS

Antibiotic susceptibility testing of E. coli SCIENTIFIC 2

Minimum inhibitory concentrations (MICs) (ug/m&) were determined for 21 antibiotics
covering 12 antibiotic classes using two commercial broth microdilution systems:

* Colistin MICs determined by Sensititre (ThermoFischer Scientific, USA)

« The MICs of the remaining antibiotics were determined with the MicroScan
WalkAway plus (Beckman Coulter, USA) using the NM 44 panel

* Interpreted according to the Clinical Laboratory Standards Institute (M100, 2020)

guidelines
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METHODS

Total genomic DNA extraction and whole genome sequencing

The QlAamp DNA Minikit (QIAGEN, USA) was used for extractions

Whole genome sequencing was performed at the Core Sequencing Facility, NICD:
o Library preparation was done using the Nextera DNA Flex kit

« Sequencing was done on NextSeg500 instrument at 100x coverage with and
output of 2 x 150 base pairs (bp) paired-end reads

OO OO Hlumina
OO COTTCTOOS
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METHODS JEKESA pipeline

Bioinformatic processing and data analysis

stanikae/jekesa ol |
Jekaza (llluminaba) is an adlomaled bash pipeline J

lor Dacterial winala gendimne assambly and typing

QC: FastQC
+Trim
Galorel!l

using lllumina paired-end sequeancing data,

Az e ::I ) ,1 Yoo O
C . . .
ontamination . . .
check: Kraken https://github.com/stanikae/ijekesa

ablab/spades CAB
SPAdeEs Genome Assemibler “ "

Assembly:
SPADES +
Shovill

Assembly
QC: QUAST

tidyverse
ResFinder 4.1

Center for Genomic Epidemiology

AFRICA CDC

Centres for Disease Control and Prevention ’

Safeguarding Africa’s llca]th& J

Annotation

Union*®



https://github.com/stanikae/jekesa

METHODS

Phylogenetic analysis

Raw reads

\
Entero Base

Escherichia/Shigella

Strains:189240 Grapelree

tidyverse

Assembled
« |egacy 9523

» From NGS:179717 —

= In Progress: 145 it —
= —
A
Schemes —
Data — | Edit = | View — | Workspace — | Tools — K)EEQ‘ "/91 Fa € Workspace:None
« Achtman 7 Gene MLST:189176 . ; : —
) _ Uberstrain o («| # |Name o Data Sourc... |Source o |Collection ... |Locat|on o (Lat
. CQMI—ST V1 + HierCC V1:179883 WESC_WAO. . PHWECO-H2-1 OUploaded Read@Human  |5/12/2010 Osouth Afr Vil TXT
« TMLST179601 MESC_WAD PHWECO-H4 OUpioaded Rea{©OHuman  |5122019 5| ©@South Africa | Wit -
. W QMLST'I 79079 IESC_\‘?\D_.. PHWECO-H3 QUploaded Rea{@Human 5.-:12.-2019 §|°South:'\:&%ca '»\fl:
BESC WAD PHWECQ-H3-1 QUploaded Rea@Human 5122019 BB(@South Africa | Wil
HESC_WAQ PHWECO-HT-1 OUploaded Rea{@Human 5122010 | @South Africa | Wil

https://enterobase.warwick.ac.uk/

« Achtman 7-gene MLST sequence type
« Clermont phylogroups

Zhou et al., 2018 e Core genome MLST and hierarchical
Afncan Zhou et al., 2019 clustegring (HC) AFRICA CDC 7,
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METHODS

Ethical approvals

Protocol #

Name of ethical or institutional review board .
REC0055-20 Ilzre(;iz;li:h Ethics Committee, Faculty of Veterinary Science, University of Pretoria, W l I 'S

Animal Ethics Committee, Faculty of Veterinary Science, University of Pretoria, UNIVERSITY
Pretoria
Research Ethics Committee, Faculty of Humanities, University of Pretoria,

REC0055-20

HUMO027/0620

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

406/2020 :
Pretoria

Animal Research Ethics Committee, National Institute for Communicable
Diseases (NICD), Johannesburg
Human research ethics committee (Medical), University of the Witwatersrand, b rural development
Johannesburg ale&e & land reform
Section 20 clearance, Department of Agriculture, Land Reform and Rural vepsitmenk

ural Development and Land Refarm
Development (DALRRD) of the Republic of South Africa

Pretoria 5
Faculty of Health Sciences Research Ethics Committee, University of Pretoria, 6
>~ 4

AECO003-19

M190244

12/11/1/1/13

REPUBLIC OF SOUTH AFRICA

/

Centres for Disease Control and Prevention |
Safeguarding Africa’s Health
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RESULTS

Isolation rate of E. coli from humans
o Sixty-four (64) farm workers were recruited:
 Male (76.56%; 49/64) on average 40 years old

 Performed various duties on the farm:
 Animal-handling (43.75%; 28/64)
 Maintenance and housekeeping (29.69%; 19/64)
 Transportation of pigs to the abattoir (9.38%; 6/64)
 Animal feed preparation (3.13%; 2/64)
 Unknown (14.06%; 9/64)

 Escherichia coli was isolated from 77.78% (49/63) of the swabs
» Different morphologies were observed from the same rectal swab in 13 instances and two isolates were
therefore processed. T

~ A total of 63 human E. coli isolates
obtained from 49 rectal swabs underwent further testing ~

African ( } AFRICA CDC .r
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RESULTS

Isolation rate of E. coli from pigs
» Atotal of 113 pig faecal droppings were collected from 23 production houses:

 Escherichia coli was not isolated from every pig faecal dropping (detection rate:
88.5%, 100/113), but were isolated from every production house (100%, 23/23)

» Different morphologies were also observed from five pig faecal droppings (two
different colony morphologies from four droppings and three different colony
morphologies from a single dropping)

Thus, a total 106 porcine E. coli isolates obtained from 100 pig faecal droppings underwent
further testing
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Phenotypic antibiotic susceptibility profiles

E. coli isolated from humans (n =63) E. coli isolated from pigs (n =106)
100% 100%
0% 0%
20% 20%
Antibiotics:
o 0% AMP = Ampicillin
CHL = Chloramphenicol
S e S B CIP = Ciprofloxacin
= += — ..
S 50% S 50% GEN G_entamlcm
o o SXT = Trimethoprim/
O s0% O pe Sulfamethoxazole
TC = Tetracycline
30% 30%
20% 20%
10% 10%
0% 0%
AMP CHL CIP GEN SKT TC AMP CHL CIP GEN SKT TC
Antibiotic Antibiotic

Afncan (@) interpretation . s . R AFR] CA CDC

. Centres for Disease Control and Prevention
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RESULTS

Phenotypic antibiotic susceptibility profiles

 Resistance towards other B-lactam antibiotics (i.e. Cephems such as ceftazidime and
cefepime) and carbapenems (i.e. ertapenem, meropenem, imipenem and doripenem) were not

detected

» Distribution of colistin MICs and genotypic resistance:

Human Pigs
IS (Fepimls) % (n=63) % (n=106)

0.5 7.94 (5) 9.43 (10)
88.89 (56) 84.91 (90)
2 3.17 (2) 5.66 (6)

Mobile colistin resistance (mcr) genes were not detected and a single porcine isolate
harboured the V161G mutation in pmrB gene
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RESULTS

Antibiotic resistance genes: distribution of B-lactam resistance genes in E. coli

Mot detected 63%
Mot detected .
s ]
o blaTEM-1B 299 §o
o O pBla0XA-1- blaTEM-1B '
° o
_ L]
w o
% E BIaTEM-1C I%
o) Multiple blaTEM variants 2% 0]
BlaTEM-14 I%
Source
bBlaTEM-14 2%
I-% Human

Multiple blaTEM variants

N rig

0% 20% 40% 60% 0% 20% 40% 60% 20%
FPercentage Percentage
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RESULTS

Antibiotic resistance genes:
distribution of quinolones resistance determinants in E. coli
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I @
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z z
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E E
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M g
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Percentage Percentage
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RESULTS Source

Human

Antibiotic resistance genes: H -
distribution of aminoglycoside-modifying enzymes (AMES) in E. coli

Mot detected 60%
g APH(3"-b; APH(E)-d 21%
= 8
3 I
E % AMNT(3")a; APH(3"Hb; APH(E)-d _
a ANT(3")Ha; APH(3"Hb; APH(EH 10% E
1]
@ ACC(E"-b-cr, ACC{3)Id; ANT(3")-la; APHIZ Ha; APH{3")b; APH(E)-d -
ANT(3I Ha; APH(I'-a; APH(3"Hb; APH{E)-Id -
ANT(3")-la 10%
ANT(3"Ha; APH(3"Ha -
0% 20% 40% 60% . - T
Percentage ACC(3MId, APH(3'Ha; APH{3"}-b; APH(E)-1d I%
n=63 0% 10% 20%
Percentage
AMEs: n=106
Afrlcan « ANT = nucleotidyltransferases (resistance towards streptomycin) AFR] CA CDC
. - » APH = phosphotransferases (resistance towards streptomycin and kanamycin) Centres for Disease Control and Prevention
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* ACC = Acetyltransferases (resistance towards gentamicin) Safeguarding Africa’s ueam\k J
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RESULTS

Antibiotic resistance genes:
distribution of dihydrofolate reductases (trimethoprim resistance) in E. coli

dfrA14 13%

dfrAd 10%
o b dfrA14 '
P 0
= dfrA7 5% =
E =
= =
— dfrA17 5% — OffA12; dfrA21 .e.
A, o
1] L1}]
o dfrA12 3% 5
O O dfrA17 le
dffA7; drA14 2%

dfrA l’° Source
dirAs 2%
Human
afAT; diTAT4 2% szt o M P
0% 20% 40% 60% 0% 20% 40% B0%
Percentage Percentage
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RESULTS

Antibiotic resistance genes:
distribution of sulphonamide resistant dihydropteroate synthase (sul) in E. coli

Mot detected 60%

sul2 2%
: g -~ I
2 2
(] (]
= =
1] 1]
E sult; sul2 1% E sul2 -
o o
L1} L1}
- -
Li ] Li ]
© © sult; sul2 .6
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sulZ; sul3 I%
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N rig
0% 20% 40% 60% 0% 20% 40% 60%
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RESULTS

Antibiotic resistance genes: distribution of tetracycline resistance genes in E. coli

Mot detected T1%
] L]
I I
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RESULTS

Antibiotic resistance genes: distribution of chloramphenicol resistance genes in E. coli

cmilAl; catB3; floR

Mot detected 93%

cmiAl
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£
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RESULTS

Phylogeny: Achtman 7-gene multilocus sequence type (MLST)

o = o]
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RESULTS

I
N 4

Core genome multilocus sequence [
type (cgMLST) and hierarchical
clustering (HierCC) on Enterobase

e ¥
N
Overall phylogeny of ) Source Niche
minimum spanning tree = o\ - i o
according to source niche N
o~ _&—
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RESULTS |

Core genome multilocus sequence
type (cgMLST) and hierarchical
clustering (HierCC) on Enterobase

Level: HCO Vel NS

Five clusters, consisting of two isolates S A\|7 \V 74/ 812322 E

each, were genetically indistinguishable: = ||/ Ao © 173767 2]

S S Ry (173811 [2]

« ST171955 (Humans) — =7 L A @ 1738152

« ST173766 (Pigs: Site A, House 2, Weaning) /. oy
« ST173767 (Single pig: Morphologically =

distinct isolates)
« ST173811 (Pigs: Site B, House 12, Weaning)

* ST173815 (Pigs: Site B, House 16, Weaning)
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RESULTS |

Core genome multilocus sequence
type (cgMLST) and hierarchical
clustering (HierCC) on Enterobase

Level: HCO Vel NS

Five clusters, consisting of two isolates S A\|7 \V 74/ 812322 E

each, were genetically indistinguishable: = ||/ Ao © 173767 2]

S S Ry (173811 [2]

« ST171955 (Humans) — =7 L A @ 1738152

« ST173766 (Pigs: Site A, House 2, Weaning) /. oy
« ST173767 (Single pig: Morphologically =

distinct isolates)
« ST173811 (Pigs: Site B, House 12, Weaning)

* ST173815 (Pigs: Site B, House 16, Weaning)
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RESULTS

Core genome multilocus sequence
type (cgMLST) and hierarchical
clustering (HierCC) on Enterobase

Level: HC2

@ 173811 [3]
) 1719552
@ 173701[2]
1737192
@ 173721 2]
() 173766 [2]
@ 173767 [2)
@ 1738152
@ 174541 2]

Nine clusters, consisting of two to three
Isolates each, were detected.:
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RESULTS |

oy @ 5625 (7]

] () 63117 [8]

Core genome multilocus sequence @ 176 5]
(O 173778 [4]

type (cgMLST) and hierarchical 2 @324
clustering (HierCC) on Enterobase /s 2:?;?;;1[3]

& @ 173811 [3]

. | 35563 |
Level: HC200 . '

B

G

. \ |/ . 3 @ 5075 [3]
X8 7/ ® "n‘ (5953 [3]

27 clusters were detected, of which three o\ 5% /e e
clusters (HC200_3556, HC200_32433, e ®13e72)

- i L () 140183 [2]

HC_ 41988) consisted of human and 2 o 17378612

. .. = = . ey
porcine E. coli isolates V& _

T,

8 O @ 39183 2]
. S s e = @ 39222
Other clusters at HC200 consisted of only i o N ® 44832

human or porcine E. coli isolates ¢ /N Ve @ 4553 2]
o 0@ @ 79311[2]
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CONCLUSION

“Take home messages”

 Porcine E. coli isolates were proportionally more resistant to antibiotics tested, except for trimethoprim-
sulfamethoxazole where human E. coli isolates were slightly more resistant

 Overall, porcine E. coli isolates harboured a higher diversity of antibiotic resistance genes, which is an indication of
high genetic variability of the porcine E. coli accessory genome and potentially indicates the selection pressure
excerted by antibiotics used in the farm setting

« ST10 was the most predominant ST in both human and porcine E. coli isolates, based on Achtman’s 7-gene MLST
scheme

« Human and porcine E. coli isolates were genetically diverse, with evidence of hierarchical clustering at level 2 to 200,
which potentially indicates:
1) atransmission risk between animals from different production houses, phases and sites
1) atransmission risk between animals and humans, potentially due to proximity
1) atransmission risk between humans, potentially due to shared facilities

Airican (ag) AFRICA CDC |




FUTURE WORK

To be continued...

« Concordance between phenotypic and antibiotic
susceptibility profiles for human and porcine E. coli WHAT'S

Isolates NEXT? |

 Description and comparison of virulence genes for human
and porcine E. coli isolates

* Description and comparison of mobile genetic elements
for human and porcine E. coli isolates
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