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THE BENEFITS OF GENOMICS FOR
MONITORING ANTIBIOTIC RESISTANCE
AND DETECTING TOXI-INFECTIONS
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Antimicrobial resistance (AMR)
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AMR: Added value phenotyping and genomics

ﬁhenotype: expression of the resista@
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Toxi-Infections
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Toxi-infections: added value genomics

Molecular database
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GENOMIC MONITORING OF MRSA

Monitoring in food-producing animals in a One-health context
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S. aureus: a multi-host pathogen

Richardson et al, Nature Ecol Evol, 2018
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MRSA prevalence in animals in Belgium

Ve.lIC Ives

Bovines for meat
(]

On-farm monitoring since 2011
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*  Prevalence of MRSA

Characterization of MRSA isolates
- Phenotype + Basic genotype ’
* In-depth genotype (WGS),
since 2022
| 0 “ 1
- 3-years-rotation:

Poultry, Bovines, Porcines

Brailers

« Highest prevalence (>50%) in veal !l‘

calves and porcines
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MRSA genotyping
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L|vestock assomated
(LA-MRSA)
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Community acquired Hospital acquired MRSA
(CA-MRSA) (HA_PMRSA)q

* Mostly LA-MRSA
* HA- and CA-MRSA sporadically

detected in Belgium in food-producing
animals:
* porcines, bovines or poultry
« Source not traced
« WGS is helpful to assess genetic
relatedness

= LA-MRSA = CA-/HA- MRSA

Bovins (2021) Porcins (2022) Volailles (2023)

= LA-MRSA = CA-/HA- MRSA ® LA-MRSA = CA-/HA- MRSA
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Source: https://favv-afsca.be/nl/antibioticaresistentie-resultaten#sciensano



Example: HA-MRSA strain detected in bovines

Isolated from meat cattle in 2018 in Belgium:
- ST22 (CC22) HA-MRSA

tst (toxic shock syndrome)

sak, chp, scn (immune evasion cluster)
Tet S

SCCmec typical of LA-MRSA (IV2b/ 1Va2Db)

- Hypothesis: a strain of human origin which is thought to have acquired resistance to methicillin in
animals

- Importance of genomics for the monitoring
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ONE-HEALTH MONITORING OF
RESISTANCE TO CRITICAL ANTIBIOTICS

The linezolid case
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Linezolid

» Linezolid (LZD):
« a critically important antibiotic to treat human infections
(MRSA, VRE)

* not licensed for food-producing animals
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Known resistance mechanisms

Known genetic determinants conferring resistance to linezolid

. Antibiotic classes
Gene Mechanism )
(Resistance to)

Oxazolidinones,
mcosamides,

O cfr 23SrRNA methylation
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@ Common
2 optrA ribosomic protection idi :@\ Cr0§s-
o resistance
. . . Oxazolidingne to phenicols
POXtA ribosomic protection : :
tetracycli
Mutations in 23SrRNA ribosomic protection Linezolid

> AN In green, antimicrobials used (very) commonly in food-
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Resistance mechanisms identified

4/147 1/147

18/147

Emutation B1gene B2 genes M3 genes

— Most of the isolates (97.3%) carried transferable LR genes
— Mainly optrA: only gives cross-resistance to phenicols (and LZD)
& /<ciensano 2 Cross-selection will maintain these genes
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Large diversity observed among LR enterococci isolates

Very large phylogenetic differences observed along with some smaller clades containing more closely related isolates

« E. faecalis: 28 different STs (including 3 new) E. faecalis . .
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VARB57| ST480 |Human N - optrA_3" | - - optrA-ORG-2
VARGB11 | ST480 |Pigs and swines 115 2 - optrA 1 - - optr&A-0ORG-2
. : VARA496| ST480 |Bovi 28 4 - tra 5 | - - trA-ORG-6
* No clear correlation between phylogenies and |yarsss| st4s0 |roman : C | eeeas |- i OB A.ORG.6
. VARS5B) ST480 JBovine 78 - optrA:1 - - optra-0ORG-1
ne carried LR genes (alleles) VAR490| ST480 |Bovine 23 - optra_1 |- - optrA-ORG-2
HE ALTHEJ P VARS74| ST480 |Bovine 87 - optra_ 1 |- - optrA-ORG-2
H 1 il VAR308| ST480 |Human - - optrA 1 - - optrA-0ORG-1
: - could indicate a facilitated transfer varaoel a1ase leomat 53 HASE B _ o A ORG- 1
g/ 7 VAR489| ST480 |Pigs and swines 22 - optrA_1 |- - optr&-ORG-2
sciensano and spread of LR genes VARSB7| ST480 |Bovine 81 - optrA_1 | - - optrA-ORG-2
VAaRS544] ST480 |Bovine B8 - optra_1 - - optra-0ORG-2
VARSTE| ST480 [Bovine 87 - optrA 1 - - optrA-ORG-2




Closely related isolates from pigs, bovines and humans

E. faecalis ST480

Q® ('\S\ X v g
q)@& 5@‘5" & & & & &
— GCF 002945355.1/ 2014 USA NA - - 2716.16.16.16.16.16
\_ GCF 0010622761 NA  USA Human - - 2121212121212
GCF 013248625.1 | 2016 Canada NA - - - - 1
VAREST 2019 Belgium Human D optA 3 . 2131313131313 * 9 Closely related isolates
GCF 0039627751 2013 China Human - optrA_5 - - .
GCF 0098306951 2016 China Dogs - pptrA 5 - - (
— VARG11 2019 Belgium Pigs and swines - optrA 1 - - 2.2.2.2.2.2.2 dlﬂ:erence Of 10 to 25
—_— GCF 002973815.1) | 2016 France Human - optrA_1 - -
VARA96 2019 Belgium Bovine - optrA_5 - - 2.2.2.10.10.10.10 SNPs based on SNP
VARB58 2019 Belgium Human - optrA_5 - - 2.15.15.15.15.15.15
VAREE6 2019 Belgium Bovine - optrA_1 - - 2255555 )
GCF 0039623551 | 2014 China Human - optrA_5 - - address
GCF 009830505.11 | 2016 China Doas - optrA 2 - -
VAR490 2019 Belgium Bovine - optrA_1 - - 2.2.2.2.3.3.3
VARS74 2019 Belgium Bovine - optrA_1 - - 2222777
GCF 00297373511 | 2016 _France _ Human - oDItA 5 - - 1
VAR308 || 2017 Belgium Human - optrA_1 - - 2222888 ° ISOIateS from plgs1
— VAR526 2019 Belgium Bovine - optrA 1 - - 2222666 .
— GCF 0020737751 | 2016 France Human - optrA_2 - - bOV|neS and humans
b GCF 00396231511 | 2014 China Human - OptrA_7 - -
GCF 0143254251 2017 Lebanon Human - optrA 3 - -
GCF 014325545.1 2017 Lebanon Human - optrA 3 - -
— VARS67 2019 Belgium Bovine - OptrA_1 - - 2222444 S . . I
— VAR489 2019 Belgium Pigs and swines - optrA_1 - - 2.2.2.2.11.14.14 °
VARS44 2019 Belgium Bovine - optrA_1 - - 222211.11.11 uggeStlng a pOtentIa
Tree scale: 10 ¢ L VARS576 2019 Belgium Bovine - optrA_ 1 - - 2222999

- epidemiological link
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Genomic research as a basis of AMCRA advise

USAGE PRUDENT DU FLORFENICOL CHEZ LES ANIMAUX
EN VUE DE LIMITER LE RISQUE DE RESISTANCE AU LINEZOLIDE

W AVGR
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FOODBORNE OUTBREAK
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Spaghetti special

2024: 46 ill after spaghetti night organised by youth movement — 2 hospitalisation

mostly within 24h: Diarrhea, fever, abdominal cramps
c‘.

® o %
@ * ﬁ a S Epidemiological study
L d hw’ dg s. - Lime Survey

‘I—T\—FHTIII =S Wil = ':‘ - Retrospective cohort study

-

—————————
~~~~~

spaghetti dinner (meat or veq)
tiramisu (homemade)
ice-cream (commercial) be
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Spaghetti special

2024: 46 ill after spaghetti night organised by youth movement — 2 hospitalisation
mostly within 24h: Diarrhea, fever, abdominal cramps

Q.
Epidemiological study \-
- Lime Survey
- Retrospective cohort study

________
~~~~

spaghetti dinner (meat or veq)
tiramisu (homemade)

ice-cream (commercial)
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Spaghetti special

- 2024: 46 ill after spaghetti night organised by youth movement — 2 hospitalisation
« mostly within 24h: Diarrhea, fever, abdominal cramps

Attack rates:
- 96% for tiramisu

- 85% for spaghetti
- Tiramisu (leftovers) y gPCR++, isolation+
- Eggs (same batch) - gPCR+, isolation-
Typing: Salmonella Enteritidis
- Faeces regional hospital: Salmonella spp. » Salmonella Enteritidis
- Sentto NRC
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Whole genome sequencing

4B0D03885-Human

- Faeces regional hospital: Salmonella Enteritidis

4BD02884-Human

24FP08287-24430960-Bereidingen op basis van eiproducten - [ iramisu (leftovers)

24FP05897-24291225-muscle tissue

24FP05898-24291226-muscle tissue

24FP05900-24291228-muscle tissue

24FP05462-24270295-Meat laying hen (entire bird)

S24FPO5463-242T0299-Meat laying hen (entire bird)

—S524FP05899-24291227-muscle tissue

S24FP07164-24361090-Meat laying hen (entire bird)

S23FP07880-23400653-Dust chicken

20 15 10 5 0

g/> MNumber of Allelic Differences
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Traceability (FAVV-AFSCA)

0@ 2 farms: /v Autocontrol: no non conform results since 2022

» - Antwerp

_ » Extra sampling: no Salmonella detected
Limburg \
Autocontrol: one non conform  ~

II
I
- same hatchery |
\
\
\

S25FPO0254-2308181708-stam Salmonella Enteritidis

él
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Conclusion: added value of genomics
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Link human and food/ animal strains

Link outbreak strains to WGS
database: source detection

High resolution solution next to
epidemiological data

Resistance mechanisms
- Transferable?
- Co-selection?
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