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One Health (2)
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National Imperative

R R « 2/3 of the 1 538 433 kg of antimicrobials

Male Females

sold for animal use between 2002-4
were used in growth promaotion.

g Included antibiotics banned as AGPs Iin
£ the EU.
© 100

. SA amongst the 5 countries responsible

for 76% of the 36% overall increase In

C.ausHT\‘j, TB, malaria .Chronic respiratory diseases anthIOtIC use In 71 Countrles Over the
. Acute respiratory infections . Other NCDs I -
.Dtherinfectiousdiseases .Suicide, homicide and conflict perIOd 2000 10 |

Maternal, neonatal, nutritional Unintentional injuries

Cardiovascular diseases and diabetes

Cancers http://www.who.int/gho/countries/zaf.pdf
Van Boeckel TP et al., Lancet Infect Dis. 2014 14:742-750

Antimicrobial Resistance National Strateqgy Framework: A One Health Approach 2017-2024 Department of Health, Pretoria, South Africa. 2017
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National Imperative (2)

Appropriate antimicrobial use
and improved patient outcomes

: : Prevention
Diagnostic Enhance (IPC and

Stewardship Surveillance Vaccination)

Antimicrobial
Stewardship

Legislative Policy Reform for Health Systems
Strengthening

Education

Communication

Antimicrobial Resistance National Strategy Framework: A One Health Approach 2017-2024 Department of Health, Pretoria, South Africa. 2017
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Aim & Work Packages

Aim Work Packages
To comprehensively delineate
the molecular epidemiology, « WPI1: Surveillance
nature and_ extent of ABR In . WP2: Resistance Mechanisms
h“”.‘a”’ animal and .  WP3: Resistance Dissemination
environmental health in the s .
“One Health” context to inform ~ * WP4: Virulence
evidence-based strategies for * WP5:  Policy Briefs

Its monitoring, prevention and
containment
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Aim (2): Mapping

Map the fluidity of
 antibiotic-resistant bacterial
clones, |
 antibiotic resistance genes, % S— oo
and ‘*ﬁf' - ——
. . . N Py =
 associated mobile genetic Qiste
elements = T
within and between the human, -
animal, and environmental oy

health sectors

UKZN INSPIRING GREATNESS Woolhouse MEJ & Ward MJ. Science 2013 341: 1460



Conceptual Framework

I

Animal

I

J Environmental

Adequate, Sustainable Human, Infrastructural & Financial Resources
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Study Site: uMgungundlovu District

PHC centres, district, regional &
tertiary hospitals.

« Urban & rural case mix.

 Intensive poultry & pig livestock

o Legend
e production.
= ¥y Haalt nire
.........
Tertary Hosptal
— oo e s
_-'\ (‘.“5":‘ L] L] L] L]
* Pig & poultry litter used to fertilize
P \Jl‘;\ r Pop2011“ . .
o X agricultural soill.
L\ T,i(:f}* 50885 - 135612
\._r- Bl 137618 279204
s ~p 2 ol R

6 waste water treatment plants.
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Study Design: Ethical Considerations

 Ethical clearance from the:
— UKZN Animal Research Ethics Committee (AREC)
— UKZN Biomedical Research Ethics Committee (BREC)
— Provincial Health Research Ethics Committee (PHREC)
— Department of Agriculture, Forestry and Fisheries (DAFF)

« Confidentiality Agreements signed with producers, farmers and abattoirs.

* Voluntary, informed consent obtained for samples taken for research
purposes.

« Anonymity & confidentiality assured at all times.
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Study DeS|gn One Health Surveillance

Resistance pattern* Resistance No. of
type isolates (%)
Amp | 5(15.6)
Amp, Cip Il 2 (6.25)
Amp, R il 1(3.12)
Amp, Ery, Cli, Cip \Y 7 (21.88)
Amp, Ery, Cli, Cip, SXT Vv 7 (21.88)
Amp, Ery, Cli, Gent, R, VI 6 (18.75)
STX
Amp, Ery, Cli, Gent, Ak, VIl 4(12.5) e
STX s B weme S
*Amp, Ampicillin; Cip, Ciprofloxacin; R, Rifampin; Ery,
Erythromycin; Cli, Clindamycin,; SXT, Trimethoprim/
sulfamethoxazole; Gent, Gentamicin; Ak, Amikacin.

Phenotyping: ‘
ASTSs, screening, antibiograms wh

bison_TN_2004
caprine_TN_2004
chicken_MO
ground_turkey_MD_2003
equine_TN_2004_1
turkey_CO

frog_Vietnam inia
:‘ishicongﬁKong in silico MLST
ish_Vietnam

i TN_2004_2 Source of isolate

equine
swine_TX
cattle_NC_2003
chicken_GA
cattle_AZ_2003
canine_AZ_2003
ground_turkey_NM_2008
ground_beef_GA_2004
swine_IL_2001
shrimp_India
spinach_CO_2008
cheese_Mexico WGS
squid_Vietnam

. pepper_Vietnam
pig_ear CA

One Health Surveillance Programme

Genotyping:

Environmental Health: Water & Soill PEGE/ERIC-PCR/REP-PCR
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Progress to Date

* Implemented surveillance in human, food animal &

3 g
£ | environmental health, i.e. :
et e ’ ;,' o Passive laboratory, active sentinel surveillance & active
ARG Y comprehensive surveillance in human health at community
gy - KK.ZVJEG.IYN%AL health centre & hospital levels,
,E;vffvg;fgaﬁai'NArAL. o Surveillance from farm to fork in intensive poultry & pig

production system,

o Surveillance in water (influent and effluent of WWTPs +
upstream & downstream surface water),

o Surveillance in soil fertilized by chicken litter.

Integrated Surveillance of
Antimicrobial Resistance in
Foodborne Bacteria

« eAMR App

« Sample collected & patient details captured at bedside prior
to antibiotic administration
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Outputs: Human Health

Afrl can JOUrnaI Of Laboratorv MEdiCine uvo Founou et al. Antimicrobial Resistance and Infection Control (2018) 7:134 P b | .
(58] https://doi.org/10.1186/513756-018-0423-0 Antimicrobial Resistance

ISSN: (Online) 2225-2010, (Print) 2225-2002 and Infection Control
Page 1of 8 . Original Research
RESEARCH Open Access
Antibiotic resistance trends of ESKAPE pathogens Extended spectrum beta-lactamase @) coms
in Kwazulu-Natal, South Africa: A five-year mediated resistance in carriage and
retrospective analysis clinical gram-negative ESKAPE bacteria:
- a comparative study between a district
@ -PLOS | o~ and tertiary hospital in South Africa
Raspail Carrel Founou'*"®, Luria Leslie Founou'# and Sabiha Yusuf Essack’
RESEARCH ARTICLE
Clinical and economic impact of antibiotic
SCIENTIFIC RE P{:}RT S resistance in developing countries: A l — ’_‘ Microbiology B
¥ systematic review and meta-analysis 5 McROBIOIOGY Resource Announcements L))
OFEN Whole Genome SequenCing of Raspail Carrel Founou™?*, Luria Leslie Founou'?, Sabiha Yusuf Essack’ -
Extended Spectrum (3-lactamase r- -
. p . . ¢ Genome Sequence of a Novel Enterococcus faecalis Sequence
(ESBL)-pr'oducmg Klebsiella l AMERICAN .-‘ Mﬂllgemgnlcgn!%gy Type 922 Strain Isolated from a Door Handle in the Intensive
ey | PREDMIORIGE |5°|?t9d fl:om HIcROBIOLOGY Care Unit of a District Hospital in Durban, South Africa
o Hospitalized Patients in KwaZulu-
Natal South Africa Christiana 0. Shobo,2b.c (0 Daniel G. Amoako,ad 0 Mushal Allam,® Arshad Ismail,® Sabiha Y. Essack, Linda A. Besterb.c
I
il Whole-Genome Sequence of a Novel Sequence Type 3136

Carbapenem-Resistant Klebsiella pneumoniae Strain Isolated
from a Hospitalized Patient in Durban, South Africa

Yogandree Ramsamy,*? (©'Koleka P. Mlisana, " © Mushal Allam,© © Arshad Ismail,© ©Ravesh Singh,>
Daniel G. Amoako,® ©)Sabiha Y. Essackd
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Outputs: Animal Health

b i REview
- ftovr}tlfe,\':\ Aloay : W\EY Contents lists available at ScienceDirect
® Science of the Total Environment
MICROBIAL DRUG RESISTANCE >t
Volume 00, Number 00, 2018 EPIDEMIOLOGY P

© Mary Ann Liebert, Inc.
DOL: 10.1089/mdr.2017.0383

journal homepage: www.elsevier.com/locate/scitotenv

Antibiotic Resistance in the
Food Chain: A Developing

v ; 2 G oo ol "

T . . . . D Country-Perspective Genomic analysis ofmethncnllln resistant Staphylococcus aureus 1sqlatcd -

Antibiotic Resgtance _m Food Animals in Afrlca. ry P from poultry and occupational farm workers in Umgungundlovu District, —
A Systemahc Review and Meta-Ana|yS|S Luria Leslie Founou™, Raspail Carrel Founou’* and Sabiha Yusuf Essack’ South Africa

Daniel Gyamfi Amoako *"*, Anou Moise Somboro **, Akebe Luther King Abia ¢, Mushal Allam ¢, Arshad Ismail ¢,
: b : 1, A%
Luria Leslie Founou,"2 Daniel Gyamfi Amoako, Linda Bester®, Sabiha Yusuf Essack

Raspail Carrel Founou,® and Sabiha Yusuf Essack’

Contents lists available at ScienceDirect = 5 5 :
Contents lists available at ScienceDirect

Journal of Global Antimicrobial Resistance

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locate/jgar

journal homepage: www.elsevier.com/locate/ijfoodmicro
Genome Note

Draft genome sequences of extended-spectrum ()]
{ ' h p-lactamase-producing Enterobacter aerogenes FEZ ) . o ) . ..
\Z pat ogens isolated from swine and human Mannitol-fermenting methicillin-resistant staphylococci (MRS) in pig

pathogens

i»

Luria Leslie Founou™"", Raspail Carrel Founou®*, Mushal Allam*,

abattoirs in Cameroon and South Africa: A serious food safety threat
Arshad Ismail”, Sabiha Yusuf Essack®

Article

Genome Mining and Comparative Pathogenomicr Artie

. = v : Emergence and Spread of Extended Spectrum
Analysis of An Endemic Methicillin-Resistant B-Lactamase Producing Enterobacteriaceae (ESBL-PE)
Staphylococcus Aureus (MRSA) Clone,

in Pigs and Exposed Workers: A Multicentre
ST612-CC8-t1257-SCCmec_IVd(2B), Isolated in

Luria Leslie Founou™", Raspail Carrel Founou™, Sabiha Yusuf Essack”, Cyrille Finyom Djoko™*

Comparative Study between Cameroon and
South Africa South Africa

Daniel Gyamfi Amoako **, Anou M. Somboro 23, Akebe Luther King Abia 30,
Mushal Allam 4@, Arshad Ismail ), Linda A. Bester 2 and Sabiha Y. Essack ?

Luria Leslie Founou "2*(, Raspail Carrel Founou -3, Noyise Ntshobeni 4, Usha Govinden !,
Linda Antoinette Bester °, Hafizah Yousuf Chenia %, Cyrille Finyom Djoko *7 and
Sabiha Yusuf Essack !
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Outputs: Environmental Health

NC STATE Hospital effluent in South Africa as a source qA
UNIVERSITY for antibiotic resistant carbapenemase- —— A AMERICAN
KWAZULU-NATAL SOCIETY FOR

- producing Klebsiella species - T MICROBIOLOGY

GENOME SEQUENCES
NCSTATE | Surveillance and Whole Genome Sequencing of 2

R) UNIVERSITY Antibiotic Resistant Enterococcus spp. from
South African Hospital Effluents

——
uurerenre or

KWAZULU NATAL

Resource Announcements

_‘ Microbiology

ARWAZLLL-NATALI

T. L King's, 5. Schmidt' S.Thkul P. Fedorka-Cray’, 5. Keelara?, L. Harden’, S. Y. Essacl¢ Checitfor
1Discipine . g South Alica, Cantrefor etarinary Medicine, North Carolina Seate Univ. T.L King'3, 5. Schmidt!, 5. Thakur®, . Fedoria-Cray®. 5. Keelara®, L Harden?, .Y, Essack!
- i N v befiuriogd -
Tlmch, NG, Dumrbar, Soush Alrica
ABSTRACT Results
A combination of K. pneumenige and K. exytoca were obtained as per APL. A higher ABSTRACT Results & Discussion
Efftusnt from th urban hospital prasentad 3 higher

Introduction and scope
Hospital efiluents are crucial hotspots for the dissemination of antibiotic resistant
‘microorganisms and may threaten public health f incorrectly handied and disposed of.
This study analysed hospital and proximate effluents for the presence of antibiotic
resistant Klebsiella spp.
Methods

Effluent sampies were obtained twice over a three-month period from two hospitals
(urban tertiary and rural district) and two wastewater works (VWW/TPs). Membrane
fitration and chromogenic agar was used to enumerate and isolate presumptive
Kiebsiella spp.. and confirmation was achieved via API20E. Clinical Klebsiela spp. isolates
were provided by the urban hospital for comparison. The antibiotic resistance profiles
were established according to EUCAST, and ESBL and production was
elucidated. Representative isolates were chosen for whole genome sequencing.

2 2
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W Urban Hospital @ Rural Hospital 5 Darvil WWTP & Appelsbosch WWTP

Resistance was observed for Klebsiclla spp. from all sources.
Almost 20% of urban hospital effluent isolates were resistant to
the penicillins, cephalosporins, monobactams and aminoglycosides.

BoCTXeH
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proportion of Kiebsiella spp. frem urban tertiary hospital effsent was MDR (23%)
compared to rural district hospital effivent (9%). Widespread resistance to f-lactam,
fluoroquinolone and aminoglycoside antibiotics was observed. and ESBLs were
observed from both the cinic and hospital efluents. Klebsiela spp. from dinical
sources (and a small proportion of effluent) presented carbapenem resistance. Fifteen
Klebsielia spp. isolates were phenotypically carbapenemase positive: |4 clinical and |
from urban hospital effluent.
Antibiotic resistance genes detected via VWG included the blaoxa o1
in K. oxyzoca from urban hospital effiuent. blaygyy; carbapenemase in a dlinical s
from the same hospital, and a variety of aminoglycoside (age, aph, aad) and
quinolone resistance genes (ogx, gnr). Sequence type 572 was common ameng urban
and rural hospital effluent isolates. and one clinical and one urban hospital effluent
isolate were ST-307.

Conclusions
Hospital effluents in South Africa contain ABR Kbsila spp. - sometimes harbouring

isolates from the clinical-hospital effiuent-wastewater Works continuum infer a need
for additional treatment of such effluent.

100

90 86% of human dinical isolates were Extended
Spectrum frlactamase producing, while 17% and 11%
of isolates from urban and rural hospital effluent were
™ ESBL. No WWTP isolates were ESBL. There was no
incidence of AmpC production.

» -

20
» I I
, . DL owwe L

Clinieal Urban H Rural H Darvill  Appelsbosch
(human) effluent effluent WWTP WWTP
= CTH/CAZ resistant
mFOX resistane

Confirmed ESBL
Confirmed AmpC producer

Fiobsiella michizanenci KP124

- Darl TP (urban haspital effuent)
- UM cuene
- UM cuene K michiganenss KCTC1 686
BH effien —
* Agpelshosch WWTP
- UM efuene K anoco CAVITIS
» Cliica
« Clinica
< Gl K presemceie subsp P
peumonias 1984

- UM eene

xam

The UPGMA dendrogram depicts the unique clustering of isolates from each source, while the heat map represents
the presence/absence of all antibiotic resistance genes. Aminoglycoside and fluoroquinolone genes were detected in
all dlinical and hospital effluent isolates. Carbapenemase big@XA-181 was detected in K. michiganensis from urban
hospital effluent, while blaNDM-1 was detected in two dlinical isolates from the same hospital. 17 =carbapenemase

First report of carbapenemase producing
Kiebsiello michiganensis from South
African hospital effluent. Initially
identified as K. axytoca, ANI analysis —

KP15 & KPI20 - K. varicoi; KP170, KP230, KPB4, KPI30, GCKP 12, GCKPE, GOKPA3 — K

>97% identity to K michiganensis.

rp—

Echics, Acknowlodgements & Disclozuras
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Draft Genome Sequence of Providencia rettgeri APW139_S1,
an NDM-18-Producing Clinical Strain Originating from Hospital
Effluent in South Africa

Noyise B. Ntshobeni,@ @9 Mushal Allam,” Arshad Ismail,® {2 Daniel G. Amoako,c (¥ Sabiha Y. Essack,c (¥ Hafizah Y. Chenia

Science of The Total Environment —
Available online 18 November 2019, 135550
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Short Communication

Antibiotic resistant Klebsiella spp. from
hospital, hospital effluents and wastewater
treatment plants in the uMgungundlovu
District, KwaZulu-Natal, South Africa

Tracy L.B. King b Stefan Schmidt® & = Sabiha Y. Essack b
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Introduction and scope

Tha anchbiotic resistance profilas wers astablished for all kolates (BUCAST
disk dffusion). and 2 sub-set of represantithe isolites was sakcted for furthar whols
soquanding.

penoma llkmiea
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iy et
i CEED (rep-familiez)
abite overiap

E foecolis olates

along continuum

Clustering, shared 5Ts
+ identical genogypez
between isolates 3long
the dlinical/hospital/

WWTF contimum
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g L]

UH — urban hozpmal; RH — rural hozpmal

dagrea of resstant

{MDR) Encercenceus lsciates (12%) comgarad to the rural hospital (4%). Tha reral and

SEmIsoESiImsu s wmes B ooinies =5

Peidinca of vancomyck rusktet Eerccocoz (VRE) drom offusetz or

Appalsbozch WWTF howaver ona tolats from Darvil WWTP was VRE 8% (2124) of
dinical sirams wers VRE.

nmmmummmmmwmamwu

revaaled pemes confarring resstiece to the tetacycing
{maci€’). ant(§”). aph{¥]]. macroida (ermB: lsad). phenicol (cat) :.dmmmn
{éfG) classes. Four £ fascals lciates from urban hospital and urkan WWTP sameles

balonpad to sequancs s {ST) 16, whils two boiates from sach source shared STISI,
25 wal 2 Idantical pamotyplc resistance prodes.

Conclusions
The survallance curried out in this work confirmed that affisnts from hospital and
Ememoocns.

vad for combined £ spp. isolates
15 o o
7 5 o
7 o 5
1 o o
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Salectad putative virulence factors: cytolysin (opf) genes only
found in EB (Darvill) and E6 I{RH effluent). Enterococcal
surface protsin {esp) only found in rural hospital efiuent.
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Envisaged Output

« Create an electronic platform that will triangulate, in real time
trends in antibiotic use & resistance from robust, representative
One Health surveillance programmes.

« Compare surveillance systems in terms of technical feasibility &
cost effective delineation of robust, representative surveillance it

Containment

d t of Antimicrobial
a a . Resistance

« Explore a proxy surveillance system for antibiotic resistance in
humans and food animals.

« Unambiguously give credence to the One Health approach for
the containment of antibiotic resistance.

https://www.antimicrobial-resistance.biomerieux.com/wp-content/uploads/2015/10/lllustration Chapl-le.pnqg
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