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» S. aureus: Opportunistic pathogen in humans and animals

» B-lactams including penicillins and cephalosporins used since the
early 1940s and late 1950s, respectively

» Bind to and inactivate the transpeptidase domain of native PBPs
iInvolved in cell wall synthesis
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B-lactam resistance sERUM Bl
Penicillin resistance Methicillin resistance
.. blaz » mecA or mecC

+» Present on SCCmec
+ PBP2a or PBP2c

» Low affinity for penicillins and
cephalosporins

» Usually plasmid-borne
» Penicillinase

» Enzymatic cleavage of the
B-lactam ring in penicillins
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Fast track — Articles

Meticillin-resistant Staphylococcus aureus with a
novel mecA homologue in human and bovine
populations in the UK and Denmark: a descriptive

study

Laura Garcfa-Alvarez PhD 2, Matthew TG Holden PhD &, Heather Lindsay BSc®, Cerian R Webb PhD 2 Derek FJ
Brown PhD £, Martin D Curran PhD ¢, Enid Walpole FIMLS ©, Karen Brooks BSe S Derek ] Pickard PhD b Christopher
Teale MRCVS ¢, Prof Julian Parkhill PhDE Stephen D Bentley PhD ®, Giles F Edwards FRCPath ®, E Kirsty Girvan MSc
® Angela M Kearns P|1Df, Bruno Pichon P|1Df, Robert LR Hill Ph 3’,Ander5 Rhod Larsen PhD € ... Dr Mark A4
Holmes VetMB* 2 &

2011:

- mecC- MRSA isolated from a milk sample in the UK and in human cases
In Denmark

- low prevalence in dairy cows, and in 1-3% of human MRSA infections in
Denmark

Garcia-Alvarez et al. Lancet Infect. Dis. 11, 595-603 (2011)
Shore et al. Antimicrob. Agents Chemother. 55, 3765-3773 (2011)
Harrison et al. EMBO Mol. Med. 5, 509-515 (2013)

Paterson et al. Trends Microbiol. 22, 42-47 (2014)

DANMAP 2020 (2021)
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» Novel mecA- homologue (mecA a5, later mecC)
» 30 Kb SCCmec Xl

Class E mec Type & cor Arsenic resistance operon
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Shore et al. Antimicrob. Agents Chemother. 55, 3765-3773 (2011)
Garcia-Alvarez et al. Lancet Infect. Dis. 11, 595-603 (2011)
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mecC MRSA Characteristics serum [

PBP2c shares 70% homology with PBP2a

» PBP2c: higher affinity for oxacillin than for cefoxitin
» mecC-MRSA: frequently FOXR-OXAS
» Cefoxitin is a better predictor for mecC MRSA than oxacilin
- PBPZ2c: thermosensible
« OXAS at 37 °C
« OXARat22°C
» Generally susceptible to non - lactams
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» Most strains belong to CC130, CC425 and CC1943
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Lozano C, et al. Microorganisms 2020, 8, 1615
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 Dairy cows were considered to be the most ”&
likely reservoir with transmission from
livestock to humans

» B-lactams are commonly used to treat bovine
mastitis

.. but mecC MRSA are also found in wildlife (low frequency )

Recently found to be widespread in Scandinavian hedgehogs (60-65%)

Bengtsson et al. Vet. Microbiol. 207, 203-207 (2017)
Rasmussen et al. PLoS One 14, e0222031 (2019)
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Are hedgehogs a natural host of mecC-MRSA in other
countries?

Why are S. aureus on hedgehogs resistant towards methicillin?

What is the role of hedgehogs in the epidemiology/evolution of
mecC-MRSA?

Anders Rhod Larsen, E-mail: ARL@ssi.dk



Our study - sampling

» 16 wildlife rescue centres in 10 European countries
» 2 wildlife rescue centres in New Zealand
» 276 hedgehogs = 828 samples (nasal area, skin and feet)

STATENS [y

INSTITUT

Anders Rhod Larsen, E-mail: ARL@ssi.dk

10



mecC MRSA in European hedgehogs

Clonal complex
[ cca9 [] Negative
[ cc130
B cca2s
[ ccs99
[] cc1943
B ccae16

*v| 1869-1892
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Dermatophytes are known to produce antibiotics and
penicillin has been isolated from 7. mentagrophytes®. The
hedgehog variant of this species in vitro can be shown
to produce considerable quantities of a penicillin-like
substance, inhibitory to sensitive Staphylococcr and
neutralized by penicillinase. The type strain of the
variant IMI. 101,051 and 3 other isolates werc grown in
Sabouraud broth shake cultures for 5 days. "The filtrates
of all produced zones of inhibition equivalent to 1-5
units/ml. of penicillin in plates seeded with the Oxford
strain of Staphylococcus aureus. Addition of penicillinase
to the filtrates destroyed their inhibitory powers.

the
btained
ined

o
obtaine
tion of mycotio lesions by pathogenio Staphylococei is woll sterilo hoparin

©1964 Nature Publisning Group

Smith & Marples. Nature 201, 844 (1964)
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Trichophyton erinacei R i

» Dermatophyte, opportunistic pathogen in hedgehogs (ringworm)
- and in dogs with secondary transmission to humans

» Common in West European hedgehogs (Erineceus europaeus)

-
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Production of penicillins in Trichophyton erinacei s
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L-a-aminoadipate + L-cysteine + L-valine
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Dube et al. BMC Microbiology (2021) 21:212

https:/doi.org/10.1186/512866-021-02260-9 BM C M icro b| Ology

RESEARCH Open Access

Benzylpenicillin-producing Trichophyton g‘
erinacei and methicillin resistant -
Staphylococcus aureus carrying the mecC

gene on European hedgehogs - A pilot-

study

Faruk Dube'?", Robert Soderlund?, Matilda Lampinen Salomonsson®*, Karin Troell*® and Stefan Bérjesson®’

Dube et al. BMC Microbiol. 21, 212 (2021)
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Activity of penicillins produced by T. erinacei

ATCC 9144 ATCC 25923 ATCC 29213 (blaZ*) ATCC 43300 (mecA*)

02.5099.D wild-type 02.5099.D AmecC 02.5099.D Ablaz, 02.5099.D A(mecC-blaz

LGA251 LGA251 )

LGA251 wild-type LGA251 AmecC LGA251 AblaZ, s, LGA251 A(mecC-blaZ

LGA251 )
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Epidemiology & evolution

» WGS of CC130, CC425 and CC1943
- 205 mecC-MRSA and 9 MSSA isolates from hedgehogs

- 786 mecC-MRSA and 127 MSSA isolates from other sources
(mainly humans, cattle, sheep, goats and wild animals from
western and central Europe)
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Several introductions of SCCmec Xl serum [
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Phylogenetic

analysis of

SCCmec Xl
(n=991)

SCCmec Xl in
16

monophyletic
lineages
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Host associations serum R

» Genetic markers of host adaptation
- |IEC-1 — evasion of the human innate immune response
(0%)
- vwbg,p — von Willebrand factor with coagulase activity
against ruminant plasma (4%)

Anders Rhod Larsen, E-mail: ARL@ssi.dk
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Host associations SERUM [
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different mecC-
MRSA lineages?
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Hedgehog distribution in Denmark

» Hedgehogs have a limited capacity for dispersal over long
distances (3-4 km) and between islands

» Two Danish hedgehog subpopulations

- Jutland (peninsula connected to Europe)
- Major islands

v

Major
islands
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»» Distribution of mecC MRSA subtypes are strikingly similar in
hedgehog and human populations

b
CC130:A1

CC130:A3

3

CC130:A9
- CC130:A10
CC130:A10.1

Major
islands

CC425:B3
CC425:B3.1
CC1943:C1

CC1943:C2

CC1943:C3

[ I I [ [ [ | I [ I I |
50 40 30 20 10 O 0 20 40 60 80 100

Number of hedgehog isolates Number of human isolates
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+» Northen border of human CC130 MRSA cases resembles the distribution
of hedgehogs

¢ ‘ | ' Distribution of the European hedgehog (Erinaceus europaeus L.)
\ p) \ | in Sweden and Finland
/ | ¢  suwomis ¢  Hans Kristiansson
/ ‘ ~ | “&inland
/'/ ' \) f @ .
/ . ¢y - : Kristiansson, H. 1981: Distribution of the European hedgehog { Erinaceus europacus
® Pohjarilahti : L.) in Sweden and Finland. — Ann. Zool. Fennici 18 115—119.

//. Sverige JSoMAskO o ® ) ‘ _ . _
/ pA { AL ) Information on the distribution and changes in abundance of the hedgehog in
| ! : Sweden was collected by means of questionnaires. The investigation showed that

| J ® man has influenced the distribution of the hedgehog in Sweden (as in Finland and
i M CaHkT Norway) due to intentional mtmducmn In Finland and Sweden, its range has
\ Oslo \ " 2 iir ‘MeTep6) expanded during the twentieth centu Hov.ner this has occurred much faster in

‘a o @ ot e ‘ _ dgeh

\ Stockholm " Eesti o
- ® e 5.| A "mmnmum umc span’ was calculated to predict the areas in which thr
a‘ ) PR hedgehog is expected to be found in self-maintained populations. This time-span
{ L/ VSt ja._j A was calculated to 155 days and covers the time needed for reproduction, storage
) ../ { A of energy and growth of the young. [t corresponds rather well with the northern
o f el e Vo distribution limit of the hedgehog. It was found that no large-scale general changes
3 ..’g_) el -Lietuvay’ in abundance occurred between 1975 and 1979.
>, L X

Hans Kristiarsson, Department of Animal Ecology, University of Lund, Ecology Building,
§-223 62 Lund, Stweden,

https://nrar.shinyapps.io/nordicmrsa/
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» Hedgehogs are the most likely primary host of mecC-MRSA

» Human mecC-MRSA isolates probably originate from local
hedgehog reservoirs

Anders Rhod Larsen, E-mail: ARL@ssi.dk 26



Conclusions

» Methicillin resistance in S. aureus emerged in the pre-antibiotic era
as a co-evolutionary adaptation to the colonization of
dermatophyte-infected hedgehogs

Anders Rhod Larsen, E-mail: ARL@ssi.dk
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» Subsequently, these mecC-MRSA lineages have spread within the
local hedgehog populations and between hedgehogs and
secondary hosts, including livestock and humans
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» The evolution of resistance genes in natural environments
demonstrates that the use of a One Health approach is critical for
our understanding and management of antibiotic resistance

Anders Rhod Larsen, E-mail: ARL@ssi.dk
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Emergence of methicillin resistance
predates the clinical use of antibiotics
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