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Methicillin-resistant Staphylococcus aureus (MRSA) carrying mecC gene (mecC-MRSA) is frequently reported
among European hedgehogs (Europeaus erineaus) due to co-evolutionary adaptation to dermatophyte infection in
European hedgehogs. The occurrence of MRSA in European hedgehogs in Finland is unknown. Consequently, we
investigated the occurrence of MRSA in wild hedgehogs from urban Helsinki metropolitan area in 2020-2021
and applied whole genome sequencing (WGS) to further characterize the studied isolates and compared them
with human clinical MRSA isolates. Altogether 115 dead hedgehogs were screened for MRSA using selective
cultivation methods. Presumptive MRSA isolates were tested for antimicrobial susceptibility and confirmed
MRSA isolates were further characterized by spa-typing and WGS. Hedgehog derived MRSA isolates were
compared with clinical human MRSA isolates using core genome multilocus sequence typing (cgMLST). In total
MRSA was recovered from 11 out of 115 (10%) hedgehogs. Among these four different spa types (t304; n = 4,
t8835; n = 4, t5133; n = 2 and t622; n = 1) and three different sequence types (STs) (ST6; n = 6, ST7663; n = 4
and ST2840; n = 1) were identified. From the studied MRSA isolates seven harboured the mecA gene (mecA-
MRSA) and four were identified as mecC-MRSA. All mecA-MRSA isolates carried immune evasion cluster genes,
and one isolate was positive for Panton-Valentine leukocidin. cgMLST comparison revealed close genetic relat-
edness among three hedgehog and two human mecA-MRSA isolates all belonging to t304/ST6. Our results
suggest a clonal dissemination of a successful MRSA clone among humans and hedgehogs. Further studies are
warranted to investigate the sources and dissemination of such clone in urban environments. We observed a
relatively low occurrence of mecC-MRSA in Finnish hedgehogs.

1. Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is a Gram-
positive bacteria with zoonotic potential, responsible for approxi-
mately 150,000 infections every year in the European Union (EU),
resulting in >7000 attributable deaths [1]. Initially emerging in the
1960s soon after methicillin was introduced for clinical use, MRSA was
primarily associated with hospital infections [2]. Decades later, in the
late 1990s, MRSA was demonstrated to be responsible for community-

related infections [3] and in recent years, specific clonal lineages of
MRSA have been associated with livestock [4]. Methicillin resistance in
S. aureus is caused by the production of penicillin-binding protein 2,
encoded by mec genes mecA (mecA-MRSA) and mecC (mecC-MRSA)
[5,6]. Mobilized readily by staphylococcal cassette chromosome mec
(SCCmec) [7], mec genes render MRSA strains resistant to most p-lactam
antibiotics.

In 2011, a mecA homologue mecA;gaos1 (also known as mecC) was
described in MRSA strains carried by dairy cattle and later by humans
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[8,9]. While mecC-MRSA occurs only occasionally in humans [10] it is
widely distributed among different domesticated animal and wildlife
species [4,11] and is especially prevalent in European hedgehogs (Eri-
naceus europaeus) [12-15]. Studies spanning from the 1960s have
demonstrated the co-occurrence of penicillin-like substance-producing
dermatophyte species Trichophyton erinacei with penicillin-resistant
MRSA, and later specifically mecC-MRSA, in hedgehogs [15,16]. These
findings led to a hypothesis of hedgehogs being a primary host for mecC-
MRSA. Subsequently, Larsen et al. [13] demonstrated that mecC-MRSA
predates the modern use of antimicrobials in European hedgehogs as a
result of co-evolutionary adaptation to dermatophyte infection.

Similarly, evidence from numerous studies suggests that carriage of
antimicrobial-resistant bacteria (ARB) and antimicrobial-resistant genes
(ARGs) in wildlife is not necessarily due to selection pressure from the
clinical use of antibiotics but is instead a sign of anthropogenic pollution
[17]. The spillover of ARB/ARG into wildlife populations may occur
through various anthropogenic sources, such as waste disposal, waste-
water management or agricultural activity [18-20] and exposure is
more likely for species living near humans, as demonstrated by a recent
study in which a high prevalence of multidrug-resistant Enterobacteri-
aceae in European hedgehogs was noted in highly populated areas of
Spain [21].

The occurrence of MRSA in wild hedgehogs has been well docu-
mented in some Nordic countries; however, no reports from Finland
exist. In this context, we studied MRSA in wild hedgehogs from the
urban Helsinki metropolitan area in 2020-2021, characterized the iso-
lates by whole genome sequencing (WGS) and compared them with
human clinical MRSA isolates to further understand the epidemiology of
the studied isolates.

2. Materials and methods

The study material consisted of 115 (54 males, 35 females and 26 not
identified) deceased or euthanized wild hedgehogs from the Helsinki
metropolitan area, Finland, brought to the Korkeasaari Zoo’s Wildlife
Hospital during 2020 and 2021 due to injuries or other disease symp-
toms. Some of the hedgehogs (n = 51) were already deceased or
euthanized outside the hospital premises, and some were kept in the
wildlife hospital before dying naturally or being euthanized (n = 38).
For some animals this information was missing (n = 26). Each hedgehog
was placed in a plastic bag and kept in a — 20 °C freezer until trans-
portation to the laboratory. Ethical approval was not required according
to the Nature Conservation Act (1096/1996 §40,49). The rest of the
metadata are presented in Supplementary Table 1. Data from human
clinical MRSA isolates originate from the national infectious disease
register. Clinical microbiology laboratories in Finland are required to
send all MRSA findings to the Finnish Institute for Health and Welfare
(THL) for spa typing. WGS is performed for a subset of these, for
example, invasive isolates, isolates linked to outbreaks or those selected
for specific projects. spa typing is performed to all MRSA isolates sent to
THL, yearly on approximately 1500 MRSA isolates, and approximately
1600 isolates have been typed by WGS since 2015.

2.1. Isolation, species confirmation and antimicrobial susceptibility testing
of methicillin-resistant Staphylococcus aureus

To determine the carriage of MRSA, swab samples were obtained
from each hedgehog from the nostril, buccal cavity, and perineum just
after thawing. Each swab was enriched in 9 ml Miiller Hinton broth
(Sigma-Aldrich, Saint Louis, MO, USA) with 6.5% NaCl and incubated at
37 °C for 16-24 h. Subsequently, a 10 pl loopful of the suspension was
spread onto CHROMagar™ MRSA (CHROMagar, Paris, France) and the
plate was incubated at 37 °C for 16-24 h. Up to two presumptive
S. aureus colonies from each plate with visible growth were subcultured
on blood agar plates (Oxoid, Basingstoke, UK) and incubated at 37 °C for
22-24 h. Species identification was done with matrix-assisted laser
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desorption/ionization time-of-flight mass spectrometry (MALDI-TOF)
(Bruker MALDI Biotyper Microflex LT, Bruker Daltonik GmbH, Bremen,
Germany) by picking and inoculating a freshly grown overnight colony
onto MALDI-TOF target plate. Spots were allowed to dry and subse-
quently overlaid with 1 pl of matrix (a-cyano-4-hydroxycinnamic acid)
(Bruker Daltonik, GmbH, Bremen, Germany). A score value of 2.0-3.0
was considered high confidence and was set as the criteria.

For presumptive MRSA strains, antimicrobial susceptibility was
tested with the disc diffusion method using 30 pg cefoxitin discs (Rosco
Diagnostica, Taastrup, Denmark). Minimum inhibitory concentration
values were determined using a Sensititre™ EUSTAPF plate (Thermo-
Fisher Scientific, East Grinstead, UK) (Table 1). The results were inter-
preted according to European Committee on Antimicrobial
Susceptibility Testing epidemiological cut-off values [22]. S. aureus
ATCC 25178 was used as a negative reference strain. Isolates resistant to
cefoxitin were stored at —80 °C for further analysis.

2.2. Confirmation of methicillin-resistant Staphylococcus aureus and spa
typing

Confirmation of MRSA was done by in-house multiplex polymerase
chain reaction (PCR) targeting mec using the method developed by
Stegger et al. [23] following the protocol recommended by the EU
Reference Laboratory [24]. In addition, bacterial isolates were charac-
terized with a simplex polymerase chain reaction (PCR) targeting the spa
gene, following the method developed by Shopsin et al. [25]. The PCR
products (300-400 bp) were sent for Sanger sequencing (Institute of
Biotechnology, Helsinki, Finland) and the spa types were assigned using
the spa-typing task template in Ridom SeqSphere+8.3 [26].

2.3. Whole genome sequencing and bioinformatic analyses

Bacterial DNA extraction and purification was done for MRSA iso-
lates with a Qiagen DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA,
USA) according to the manufacturer’s instructions. DNA quality was
assessed with a NanoDrop ND-1000 spectrophotometer (Thermo Fischer
Scientific, Wilmington, Delaware, USA) and quantity with a Qubit 2.0
Fluorometer (Invitrogen Life Technologies, Carlsbad, CA, USA). The
extracted DNA was stored at —80 °C prior to sequencing. The library
preparation was done with a NEBNext Ultra DNA Library Prep Kit
(Illumina, San Diego, CA, USA) and the sequencing was performed with
the Illumina NovaSeq 6000 platform (Illumina, San Diego, CA, USA)
with 2 x 150 bp paired-end reads.

The quality of the raw reads were assessed with MultiQC 1.12 [27]
and reads were trimmed using Trimmomatic 0.39 [28]. Draft genomes
were obtained by using SPAdes 3.15.0 [29]. ARGs, plasmid replicons,
virulence genes, SCCmec elements and multilocus sequence types (STs)
were determined from assembled reads through the Center for Genomic
Epidemiology tools (Technical University of Denmark, Denmark) with
ResFinder 4.1 [30], PlasmidFinder 2.1 [31], VirulenceFinder [32],
SCCmecFinder 1.2 [33] and MLST 2.0 [34] according to the server’s
default parameters. The immune evasion cluster (IEC) types were
assigned according to the presence of genes associated with the IEC
system [35]. New multilocus sequence typing (MLST) allele combina-
tions were submitted to the PubMLST database [36]. The MLST clonal
complexes (MLST-CCs) for MRSA isolates were determined using the
PubMLST database [36].

2.4. Genomic comparison of MRSA strains

Subsequently, raw reads of the hedgehog MRSA isolates were sent to
THL for further investigation. Ridom SeqSphere+8.5.1 [26] was used to
perform a core genome MLST (cgMLST) analysis at THL to compare the
studied MRSA isolates from hedgehogs (n = 11) with all the sequenced
human MRSA isolates from the Finnish National Infectious Diseases
Register (n = 1,600). Raw reads from both human and hedgehog isolates
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Table 1

Zone of inhibition and minimum inhibitory concentration (MIC) of antimicrobials for 11 methicillin-resistant Staphylococcus aureus isolates from hedgehogs.

Zone of inhibition (mm)* MIC (mg/l)"

Isolate

VAN

CPT CLI DAP ERY FUS GEN LEVO LZD MXF MUP NOR RIF TEL TLA TET TOB SXT

FOX

CFO30

Antibiotic®

<(0.25) <2

<2
<0.25

<0.03 <2

<4

<1
<0.5
<0.5

<0.25

<4

<4 <) <0.25 <1 <1 <0.5 <2 <0.5
<0.5 <0.5 <0.25

22
9.7

ECOFF

0.5

<1

<4 <0.03 <1 <0.03 <0.5
<4
<4
<4
<4
<4
<4
<4
<4

<4
<4

<2 <0.25

0.5

<0.5

<0.25

<0.12

D884

<0.5 <0.25 <1 0.5
<0.5

<1 <0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
<0.03

<0.03

<0.12 <0.5 <0.25 <0.5 <0.25 0.5 <2 <0.25

<0.5

11.7

D888

<1 0.5

0.25
<0.25

<1

<0.03

<0.5

<0.25

2
<2

0.5
0.5

<0.5 <0.25

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
<0.25

<0.12 <0.5

<0.5

11
11.8

D1

<1 <0.5 <1 0.5
<0.5

<0.03

<0.5

<0.25

<0.25

0.5
<0.5

<0.12 <0.5 <
<0.5

<0.5

D2

<1 0.5

0.25
<0.25

<1

<0.03

<0.5
<0.5

<0.25

0.5

<0.25

0.5 <0.12 <0.5

<
<0.5

D3

<0.5 <1 0.5
<0.5

<1

<0.03

<0.25

0.5
0.5

0.25
0.25
<0.25

<0.5

<0.12

D4

<1 0.5

<0.25

<1

<0.03

2 <0.25 <0.5
2

2
2

<2

<0.5 <0.5

<0.12

<0.5

D5

<0.25 <1

<0.25

<0.5

<1

0.03
<0.03

<0.5

<0.25

0.5
0.5

0.5
0.5

<0.5

<0.5

<0.12

<0.5

11

D6

0.5

<1

<0.5
<0.5
<0.5

<1

<0.5

<0.25

<0.25

<0.5

<0.5

<0.12

<0.5

D7

<1 0.5

<0.25

<1

<0.03

<0.5

<0.25

<0.25

<0.5

<0.5

<0.12

<0.5

10

D8
D411

<1 0.5

<0.25

<1 <0.03

<0.03

<0.5

<0.25

<0.25

<0.5

<0.5

<0.12

0.5

@ Zones of inhibition in bold lettering are under the epidemiological cut-off value (ECOFF).

b MICs in bold lettering are above the ECOFF cut-off value.

¢ CFO30, cefoxitin (30 pg); FOX, cefoxitin; CPT, ceftaroline; CLI, clindamycin; DAP, daptomycin; ERY, erythromycin; FUS, fusidate; GEN, gentamicin; LEVO, levofloxacin; LZD, linezolid; MXF, moxifloxacin; MUP,

mupirocin; NOR, norfloxacin; RIF, rifampin; TEI, teicoplanin; TLA, telavancin; TET, tetracycline; TOB, tobramycin; SXT, trimethoprim/sulfamethoxazole; VAN, vancomycin.

d Tentative ECOFFs are indicated inside brackets.
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were de novo assembled using the Velvet algorithm v1.1.04 [37] and the
public cgMLST scheme for S. aureus was used with default parameters
[38].

3. Results
3.1. Isolation and detection of MRSA

According to species confirmation 11 out of 32 (34%) presumptive
S. aureus colonies were confirmed as S. aureus. Consequently, S. aureus
was recovered from 11 out of 115 (10%) hedgehogs and all isolates were
resistant to cefoxitin and harboured either mecA or mecC gene, i.e., the
isolates were considered to be MRSA (Table 1, Table 2 and Supple-
mentary Table 1). All the studied MRSA isolates were susceptible to
other tested antimicrobials. (Table 1).

3.2. spa typing

Among the 11 studied isolates, four different spa types, namely t304
(n = 4), t8835 (n = 4), t5133 (n = 2) and t622 (n = 1) were identified
(Table 2).

3.3. Whole genome sequencing and bioinformatic analyses

Among the 11 isolates, 4 were carrying the mecC and 7 the mecA
gene. Furthermore, blaZ was carried by 8 out of 11 (73%) isolates
(Table 2). The 11 studied isolates belonged to three different multilocus
STs, namely ST6 (n = 6), ST7663 (n = 4) and ST2840 (n = 1). STs could
be further classified into two different clonal groups (MLST-CC): ST6
belonged to CC5 and ST2840 belonged to CC8. There was no assigned
MLST-CC for ST7663.

All the t304/ST6 isolates (n = 4) carried rep5a and repl6, and the
t5133/ST6 isolate carried the rep20 and rep7c replicons. All the mecA-
MRSA isolates were IEC-positive, three of them being type E (carrying
the scn and sak genes) and four of them being type D (carrying the scn,
sak and sea genes). Moreover, t622/ST2840 was determined to be PVL-
positive, harbouring the lukF-PV and lukS-PV genes. Other virulence
genes are presented in Table 2. All the mecA-MRSA isolates had SCCmec
type IV, including subvariants Va(2B) and Vc(2B). All the mecC-MRSA
isolates had SCCmec type XI(8E).

3.4. Genomic comparison of MRSA strains

We identified three clusters based on a defined cluster threshold of
24 allelic differences (Fig. 1) [38]. Two human MRSA t304/ST6 isolates,
one from 2018 (Western part of Finland) and another one from 2022
(Helsinki metropolitan area) showed close relatedness, with 9 and 15
allelic differences respectively compared with identical hedgehog
strains D5, D6 and D7 (Cluster 1). The third human MRSA t304/ST6
isolate from 2020 had 27 allelic differences compared with the first
cluster. The second cluster (Cluster 2) included two t5133/ST6 mecA-
MRSA hedgehog isolates, D1 and D2, with one allele difference, and the
last cluster (Cluster 3) included four t8835/ST7663 mecC-MRSA
hedgehog isolates, from which D8 and D888 were identical, while D411
had three and D884 had 25 allelic differences compared with the
identical isolates. A distance matrix of all the t304/ST6 isolates (n = 45)
from 2012 to 2022 showed that the range of allelic differences between
two isolates was 0-135 with a median of 66 allelic differences (Sup-
plementary Fig. 1 and supplementary Table 3).

4. Discussion

In this study we show a clonal dissemination of a successful clone,
t304/ST6 mecA-MRSA, among humans and hedgehogs, as evidenced by
cgMLST analysis. In the absence of direct epidemiological linkage of the
studied hedgehog and human isolates, we argue that the plausible
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Table 2
Background information and genomic characteristics for the 11 methicillin-resistant Staphylococcus aureus isolates from hedgehogs.
Isolate  City Residential Year Resistance SCCmec Multilocus Clonal spa Virulence genes Immune Plasmid
district genes type” sequence complex type evasion replicons
type (CO) cluster type

aur, splA, splB, splE,
D1 Vantaa Louhela 2020 mecA IVa(2B) 6 CC5 t5133 higA, higB, higC, lukD, E -
lukE, sea, sak, scn

sak, scn, higA, higB, rep20
D2 Kirkkonummi Kuusela 2020 mecA IVa(2B) 6 CC5 t5133 higC, kD, WKE, sea, E rep7c)
aur, splA, splB, splE
sak, scn, aur, splA, splB,
o ) splE, higA, higB, higC,
D3 Helsinki Vuosaari 2020 mecA, blaZ IVc(2B) 2840 Cccs 622 IkD, TukE, lukF-PV, E -
[ukS-PV
hlgA, higB, higC, kD, rep5a
D4 Helsinki Malmi 2020 mecA, blaZ IVce(2B) 6 CC5 t304 lKE, sea, aur, splA, D ’
splB, splE, sak, scn repl6
sak, scn, aur, splA, splA, rep5a,
D5 Helsinki Munkkivuori 2020  mecA, blaZ Va(2B) 6 ccs t304 splB, splE, higA, higB, D replg
higC, lukD, lukE, sea
aur, splA, splB, splE, rep5a,
D6 Helsinki Malmi 2020 mecA, blaZ IVa(2B) 6 CC5 t304 sak, scn, higA, higB, D rep16’
higC, ukD, lukE, sea
hlgA, higB, higC, lukD, rep5a
D7 _ - 2020 mecA, blaZ IVa(2B) 6 CC5 t304 lukE, sea, sak, scn, aur, D repl 6:
splA, splB, splE

aur, splA, splB, splE,

hlgA, higB, higC, lukD,

[ukE, sec, seg, sei, sel,

sem, sen, seo, seu, tst

higA, higB, higC, lukD,

ukE, sec, seg, sei, sel,

sem, sen, seo, sel, tst,
aur, splA, splB, splE
aur, splA, splB, splE,

higA, higB, higC, kD,
lukE, sec, seg, sei, sel,

sem, sen, seo, seu, tst

D8 Helsinki Etu-T6016 2020 mecC, blaZ XI(8E) 7663 - t8835
D884 Helsinki Landbo 2020 mecC, blaZ XI(8E) 7663 - t8835
D888 Helsinki Etu-T6616 2020 mecC, blaZ XI(8E) 7663 - t8835
D411 Helsinki Meilahti 2020 mecC, blaZ XI(8E) 7663 - t8835

aur, splA, splA, splB,

splE

# SCCmec, staphylococcal cassette chromosome mec.

MST Cluster 2
1304, humfin isolite *, 2020 15138, D1, 2020
& . St
= 15138, D2, 2020
1304, human isolate *, 2022 43 .
N 15
1303, D5, 2820 116 \

304, D4,
MST Cluster 1 04883ezo "~

B D¥ 2020

1304, human isolate, 2018

18835( D884, 2020

\

18835, D411)2020
Y MST Cluster 3

18835, D8, 2020
18835,0888/ 2020

Fig. 1. Minimum spanning tree of all
hedgehog MRSA (n = 11) and three
human isolates illustrating their genetic
relationship based on up to 1712
cgMLST target genes, pairwise ignoring
missing values. The numbers represent
the allelic differences between isolates.
The isolates are denoted with spa type,
isolate and isolation year. Each colour
represents a sequence type (ST). Red:
ST6, blue: ST2840 and green: ST7663.
Asterisk sign denotes that the isolates
originate from the same person. (For
interpretation of the references to
colour in this figure legend, the reader
is referred to the web version of this
article.)
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direction for the transmission of IEC-positive mecA-MRSA clones is from
humans to hedgehog (spillback event) through contaminated environ-
ment. As demonstrated in previous studies, spillback of antimicrobial
resistance from humans to wildlife may be enabled by spatial proximity
[17,18,20,21] and hedgehogs commonly inhabit areas with high human
activity, providing them with food sources and nesting areas but also
opportunities for indirect and physical contact with humans and their
waste [39]. However, our data cannot rule out the directionality from
hedgehogs to humans. Two of the hedgehogs harbouring identical t304/
ST6 mecA-MRSA strains (D5 and D6) originated from different resi-
dential areas in Helsinki and were treated at different times in the
wildlife hospital. This could suggest for the possibility of nosocomial
spread of the clone through contaminated surfaces and hospital staff in
the wildlife hospital. In contrast, available evidence from previous
studies suggests that most of the hedgehogs acquire MRSA outside
rescue facilities and that occurrence of MRSA is only slightly lower in
hedgehogs that died in the wild compared with hedgehogs that stayed in
rescue facilities [12,13]. Moreover, our data point out the possibility of
two separate introductions of t304/ST6 mecA-MRSA to the local
hedgehog population, as demonstrated by the allelic difference of 116
and different SCCmec types between isolates D4 and D6, originating
from hedgehogs collected in the same month and area. Nevertheless, it is
difficult to assess the directionalities of these transmissions without
more extensive knowledge on the occurrence of this clone in animals
and the environment.

The t304/ST6 mecA-MRSA clone has recently emerged and t304 has
become one of the most common spa types in Northern Europe among
humans, concurrent with the influx of refugees from the Syrian civil war
to Europe [40,41]. In addition to core genome allelic similarity, the
studied t304/ST6 mecA-MRSA isolates had similar genomic features
common to the broader t304/ST6 population in Nordic countries,
including rep5a and rep16 plasmid replicons and SCCmec type IVa [40].
Moreover, all the studied t304/ST6 mecA-MRSA isolates were PVL-
negative. According to the literature, t304/ST6 mecA-MRSA has been
described from broiler meat in Germany [42], pigs in Sri Lanka [43],
cheese in Egypt [44] and from a feral cat in Poland [45]. Moreover, it
was described as the predominant clone isolated from two separate
foodborne outbreaks in China [46]. Indeed, food products contaminated
with t304/ST6 mecA-MRSA harbouring staphylococcal enterotoxins,
such as sea, could be source for foodborne illnesses. The remarkable
ability of S. aureus to adapt to or colonize multiple hosts calls for future
studies to further investigate possible t304/ST6 mecA-MRSA sources and
host interactions leading to dissemination, and possible development of
secondary reservoirs in urban environments.

Another finding of our study also indicates a possible spillback of
MRSA from humans to hedgehogs. In addition to t304/ST6, our study
found three other mecA-MRSA isolates, belonging to t5133/ST6/CC5 (n
= 2) and PVL-positive t622/ST2840/CC8 (n = 1). All these isolates had
markers of human adaptations, namely the presence of human-specific
IEC genes, scn and sak [35]. Moreover, these isolates harboured the
SCCmec type IV element (subtypes a and c¢) commonly associated with
community-associated MRSA [3]. Altogether, these findings suggest that
the studied isolates originate from human-adapted strains. In contrast to
mecC-MRSA, mecA-MRSA is detected in wildlife only occasionally [11]
and there are only two reported cases of mecA-MRSA in hedgehogs (one
from Spain and another from Hungary), belonging to CC1 and CC45,
respectively [47,48]. There seems to be a compelling reason to argue
that mecA-MRSA isolates in wildlife originate from humans. On a
broader scale, however, the significance of wildlife species as mecA
reservoirs remains unclear due to the fragmented nature of the reported
cases and lack of comprehensive investigations into the possible
anthropogenic and environmental factors facilitating the dissemination
of such strains. We acknowledge these shortcomings in our study too and
suggest further epidemiological studies to unravel why certain mecA-
MRSA strains occur among urban wildlife.

We identified only four (3.5%, 4/115) mecC-MRSA isolates among
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the studied hedgehogs. Although this result differs considerably from
those in other Nordic countries [12,14,15], it is consistent with a recent
study that reported a low occurrence of mecC-MRSA in hedgehogs in
Hungary [48]. Furthermore, mecC-MRSA has not been detected in
hedgehogs in Greece, Romania, Italy, France and Spain [13]. This could
indicate that, initially, particular mecC-MRSA lineages were not
distributed evenly among European hedgehog populations during the
postglacial expansion in Europe, despite long-distance dispersal events
across some countries, as delineated by Larsen et al. [13]. However, the
new MLST allele combination ST7663, being a single-locus variant of
ST1943, is at least by definition part of CC1943, which is one of the most
successful and oldest mecC-MRSA clones in Europe and initially emerged
in hedgehogs [13]. This shows that potentially some descendants of the
CC1943 lineage occur among hedgehogs in the Helsinki metropolitan
area, although at low frequencies. In Finland, only sporadic cases of
human mecC-MRSA occur and, presumably, the prevalence of mecC-
MRSA is also low in Finnish livestock, as only one mecC-MRSA isolate,
belonging to t3256/ST130, has been described from a mastitis sample
from a cow [49]. However, mecC-MRSA could also be under-reported,
since most of the clinical samples from livestock are not routinely iso-
lated and clinical laboratories might have methods that are not sensitive
enough to detect mecC-MRSA [50]. Indeed, the most plausible reason for
the low occurrence of mecC-MRSA in this study could be due to meth-
odological reasons as most of the chromogenic agars used in clinical
settings are optimized to detect mecA-MRSA and there might be notifi-
able differences in how commercial chromogenic agars detect mecC-
MRSA isolates [50]. In this study, we used a selective chromogenic agar,
which could have a low sensitivity for mecC-MRSA, and therefore a
chromogenic agar with known performance on mecC-MRSA should be
used in the future studies. Moreover, we acknowledge that Finnish
hedgehogs should be sampled at a wider geographical scale, repre-
senting environments from rural to semi-rural areas, and during
different seasons. Most of the hedgehogs in this study were collected
during summer months, and previous studies have shown that T. erinacei
is especially prevalent in hedgehogs during winter [51]. This could
simultaneously affect the occurrence of mecC-MRSA carriage in hedge-
hogs. However, a recent study by Dube et al. [15] managed to recover a
high prevalence of mecC-MRSA from Swedish hedgehogs that were
sampled from spring to early autumn, although the prevalence of
T. erinacei in these samples remained low. Moreover, sampling only dead
and frozen animals could affect the overall success of the isolation of
MRSA strains, although previous studies have successfully recovered
MRSA strains with similar sampling [12,14].

5. Conclusions

In conclusion, we report a possible spillback event of the mecA-MRSA
t304/ST6 strain from humans to hedgehogs in Finland. This finding
underlies the relevance of integrating antimicrobial resistance surveil-
lance in wildlife to capture the complex epidemiology of MRSA.
Although anthroponotic transmission of mecA-MRSA to wildlife seems to
occur only sporadically, urbanized environments might escalate this
phenomenon, especially among wild animals that live in close proximity
to humans. To prevent the possible development of secondary reservoirs
and preserve the health of humans, further studies assessing trans-
mission and the sources of mecA-MRSA clones in urban environments
are needed. The reason for the low occurrence of mecC-MRSA in Finnish
hedgehogs remains unanswered.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.onehlt.2023.100516.
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