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a b s t r a c t 

Objectives: Methicillin-resistant Staphylococcus aureus (MRSA) belonging to ST398 has been widely de- 

scribed in animals. In parallel, methicillin-susceptible (MSSA) ST398 isolates causing severe infections 

in humans have recently emerged as animal-independent pathogens. This study aimed at characterising 

MSSA CC398 from different animal species in France in comparison with MSSA CC398 genomes, mostly 

of human origin. 

Methods: CC398 were detected by clone-specific PCR. Antimicrobial susceptibility testing was performed 

using the disk diffusion method. Whole genome sequencing (WGS) was performed on 47 MRSA and MSSA 

isolates, of which spa -types as well as resistance and virulence genes were extracted. A maximum likeli- 

hood phylogenetic tree based on SNPs was performed on all sequenced isolates and 51 additional MRSA 

and MSSA data found on publicly available databases. 

Results: From 275 MSSA isolates studied, 28 (10.18%) belonged to the CC398 lineage (26 ST398 and two 

single-locus variants) and mainly originated from cats (n = 12/44, 27.3%) and dogs (n = 8/55, 14.6%). Five 

different spa -types were identified, t571 (n = 18, 64.3%) and t1451 (n = 5, 17.9%) being the most frequent 

ones. Out of the 28 MSSA isolates, 26 carried the scn gene, whereas 24 carried the erm (T) gene, and all 

were genetically similar to human isolates. 

Conclusion: This study challenges the current scientific opinion that human infections due to MSSA CC398 

should only be considered an animal-independent issue. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Clonal complex 398 (CC398) methicillin-resistant Staphylococcus 

ureus (MRSA) was first reported in 2005 in pigs, and subsequently 

n numerous animal species and humans in contact, especially in 

igh-density pig farming regions. Despite their harmlessness in 

igs and their reputation as colonisers, MRSA CC398 can cause var- 

ous minor to severe infections in humans. However, most of the 

eaths attributed to CC398 has been due to methicillin-susceptible 

taphylococcus aureus (MSSA) isolates [1] . 

In the 2010s, human colonisation and infection with MSSA 

T398 were frequently reported in Europe, China and the United 

tates [2–6] , mostly due to spa -type t571. In France, the pro- 

ortion of bloodstream infections due to MSSA CC398 increased 
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rom 3.6% in 2010 to 20.2% in 2017 [7] , an increasing trend also 

bserved internationally [6] . MSSA ST398 are considered animal- 

ndependent and differ from MRSA by the global absence of the 

et (M) tetracycline-resistance gene and the presence of the erm (T) 

acrolide-resistance gene and the immune evasion cluster (IEC) 

cn gene [ 6 , 8 ]. This latter gene, together with increased capacities

o bind to keratinocytes and nasal epithelial cells, might have led 

o a specific adaptation to the human host [8] . 

Since MSSA ST398 have been considered livestock-independent, 

ery limited information is available on their prevalence and char- 

cteristics in animals. MSSA ST398 were sporadically reported from 

ogs in Spain and Germany [ 9 , 10 ], pigs in Germany, Ireland, China

nd Korea [11–14] , or meat in Tunisia and Denmark [ 15 , 16 ]. Most

nimal isolates displayed spa -types t034, t108, t899, unrelated to 

he major human spa -type t571, and no animal-human transmis- 

ion has been evidenced yet. Our goal was thus to investigate the 

resence of MSSA CC398 in a wide range of food-producing and 

omestic animals in France, a country where MSSA ST398 isolates 

ave widely been reported in humans in both hospital settings and 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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Table 1 

Characteristics of MSSA isolates obtained from different animal species 

Animal Total MSSA No. of CC398 (%) Spa -types (n) 

Cattle 69 3 (4.4) t571 (1), t1451 (1), t15810 (1) 

Goat 56 1 (1.8) t571 (1) 

Dog 55 8 (14.6) t571(5), t1451 (2), t18379 (1) 

Cat 44 12 (27.3) t571(9), t1451(2), UN (1) 

Horse 37 2 (5.4) t571 (1), t3625 (1) 

Other 14 2 (5.4) t571 (1), UN (1) 

Total 275 28 (10.2) t571(18), t1451 (5), t15810 (1), t18379 (1), t3625 (1), UN (2) 

UN, unknown. 

t

M

2

2

a

n

t

d

2

s

C

s

i

t

c

t

t

2

M

N

t

v

q

i

g

l

g

a

2

M  

t

a

c

w

e

l

f

g

3

(  

i

o

i

1  

1

T

W

o

p

t

6  

t

F

f  

a

l  

(

1

t

c  

a  

a

i

s

d

s

t

a

p

p

4

i

c

e

t

t

m

t

t

s

c

a

M

he community, and then to compare these isolates with human 

SSA CC398 ones. 

. Materials and methods 

.1. Bacterial collection 

Nonduplicate MSSA isolates (n = 275) originating from different 

nimal species were collected in 2014–2019 through the RESAPATH 

etwork ( https://resapath.anses.fr/ ) and confirmed by a triplex PCR 

argeting the 16S rRNA, mecA and nuc genes. CC398 isolates were 

etected as already published [17] . 

.2. Antimicrobial susceptibility testing 

Susceptibility testing was performed using the disk diffu- 

ion method according to the guidelines of the Antibiogram 

ommittee of the French Society for Microbiology ( https://www. 

fm-microbiologie.org/ ). S. aureus ATCC 25923 was used as qual- 

ty control. Penicillin G, cefoxitin, cefovecin, kanamycin, gen- 

amicin, tobramycin, tetracycline, erythromycin, spiramycin, lin- 

omycin, chloramphenicol, florfenicol, fusidic acid, enrofloxacin, 

igecyclin and linezolid (Mast Diagnostics, Amiens, France) were 

ested. 

.3. Whole genome sequencing (WGS) 

Total genomic DNA was extracted from 47 CC398 isolates (28 

SSA, 19 MRSA) using a NucleoSpin Microbial DNA kit (Macherey- 

agel, Hoerdt, France). Libraries were prepared using the Nex- 

era XT technology, and sequencing was performed on a No- 

aSeq instrument (Illumina, San Diego, CA, USA). Reads were 

uality trimmed and assembled using SPAdes v. 3.14.0. Qual- 

ty controls are provided in Supplementary Table S1. Resistance 

enes and virulence markers were detected using the CGE on- 

ine tools ResFinder v. 3.2 and VirulenceFinder v. 2.0 ( https://www. 

enomicepidemiology.org/ ). Data are available under the BioProject 

ccession number PRJNA763220. 

.4. Phylogenetic analysis 

In addition to our sequenced isolates, 51 CC398 strains (48 

SSA of human (n = 15), food (n = 17) and animal (n = 16) origin and

hree MRSA of human origin) were retrieved from publicly avail- 

ble databases (Supplementary Table S2). A phylogenetic tree was 

onstructed based on single nucleotide polymorphism (SNP). SNPs 

ere identified by mapping reads against the ST398 S0385 refer- 

nce genome (GenBank AM990992). The maximum-likelihood phy- 

ogenetic tree was established using the CSI Phylogeny with de- 

ault settings ( https://www.genomicepidemiology.org/ ). The phylo- 

enetic tree was visualised using iTOL v6 [18] . 
121 
. Results 

The 275 MSSA isolates originated from cattle (n = 69), goat 

n = 56), dogs (n = 55), cats (n = 44), horses (n = 37) and diverse an-

mals (n = 14; four rabbits, six monkeys, two sheep, one bird and 

ne rat). MSSA CC398 were detected by PCR in 28 (28/275, 10.2%) 

solates collected from cats (n = 12/44, 27.3%), dogs (n = 8/55, 

4.6%), cattle (n = 3/69, 4.4%), horses (n = 2/37, 5.4%), goat (n = 1/56,

.8%) and others (n = 2/14, 5.4%) ( Table 1 , Supplementary Table S1). 

hese 28 presumptive isolates were confirmed as MSSA CC398 by 

GS, with 26 isolates belonging to ST398 and the two remaining 

nes belonging to two different single-locus variants (SLV) (Sup- 

lementary Table S1). They belonged to five spa types (t571, t1451, 

3625, t15810 and t18379), with the predominance of t571 (n = 18, 

4.3%) and t1451 (n = 5, 17.9%) ( Table 1 ). Spa -type t571 was par-

icularly prevalent in cats (n = 9/12, 75%) and dogs (n = 5/8, 62.5%). 

or comparison purposes, 19 MRSA CC398, concomitantly isolated 

rom horses (n = 8), dogs (n = 6), cattle (n = 4) and goat (n = 1), were

lso whole genome sequenced (Supplementary Table S1). They be- 

onged to spa -types t011 (n = 15, 78.9%), t899 (n = 2) and t1939

n = 2). 

Among MSSA CC398, only resistances to penicillin G ( blaZ ; 

5/28, 53.6%) and erythromycin ( erm (T); 23/28, 82.1%) were iden- 

ified. MRSA isolates presented more associated resistances, espe- 

ially to tetracyclines ( tet( M), n = 19/19), trimethoprim ( dfrK , n = 14)

nd aminoglycosides ( aac( 6 ′ )- aph (2 ′ ′ ), n = 13). In terms of MSSA-

ssociated virulence factors, only scn was identified in 26 MSSA 

solates (92.9%). 

The phylogenetic tree grouping all CC398 isolates (from this 

tudy plus 51 CC398 publicly available genomes) indicated a clear 

ivergence between MRSA and MSSA isolates ( Fig. 1 ), but also 

howed two subgroups among MSSA isolates. One subgroup con- 

ained all t571 and t1451 isolates (mostly originating from humans 

nd domestic animals), while the second subgroup mostly encom- 

assed t034 isolates (mainly coming from livestock and food sam- 

les). 

. Discussion 

Genomic-based studies showed that the CC398 population orig- 

nally emerged as a human-adapted animal-independent lineage 

haracterised by methicillin-susceptibility, the presence of the 

rm (T) gene and the prophage ϕSa3 containing the IEC gene clus- 

er. This lineage then evolved as an animal-dependent lineage 

hrough the loss of ϕSa3 and the acquisition of the tet (M) and 

ecA resistance genes [ 6 , 19 ]. 

MRSA CC398 have been recurrently reported from animals, but 

here was a lack of data on MSSA CC398. In this study, we showed 

hat, though considered animal-independent, MSSA CC398 were 

urprisingly frequent (10.2%, 28/275) in sick animals, especially in 

ats and dogs (27.3% and 14.6%, respectively). Whether they may 

lso colonise healthy animals would be important to know since 

SSA CC398 were shown to circulate in households [20] . 

https://resapath.anses.fr/
https://www.sfm-microbiologie.org/
https://www.genomicepidemiology.org/
https://www.genomicepidemiology.org/
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Fig. 1. Maximum-likelihood phylogenetic tree based on SNP analyses of 98 CC398 strains obtained by CSI Phylogeny from the Center for Genomic Epidemiology Web-based 

platform (https://www.genomicepidemiology.org/). Spa type ( spa ), isolate origin (CN, China; DE, Germany; DK, Denmark; FR: France, GF: French Guiana; PL, Poland; US, 

United States), the presence of antimicrobial resistance, and virulence markers are indicated. MRSA are indicated with red branches in the tree. SLV1-SLV4 indicate ST398 

single-locus variants (see Supplementary Tables S1 and S2). The filled stars and circles indicate confirmed antimicrobial resistance and virulence markers, respectively, as 

extracted from ResFinder and VirulenceFinder. Visualisation was realised using iTOL v6. Isolates named with prefix MSSA and MRSA are unique to this study. Genes encod- 

ing resistance to beta-lactams ( blaZ, mecA ), tetracycline [ tet(M) ], macrolide-lincosamide-streptogramin B [ erm(A), erm(C), erm(T) ], pleuromutilin-lincosamide-streptogramin A 

[ vgaE ], aminoglycosides [ ant(9)-Ia, aac(6 ′ )-aph(2 ′ ’) ], and trimethoprim ( dfrK, dfrG ), and those encoding leukocidins ( lukD, lukE ), staphylokinase ( sak ), staphylococcal comple- 

ment inhibitor ( scn ), toxic shock syndrome toxin (tst ) and staphylococcal enterotoxins A ( sea ) are shown. 

122 
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[  
Most MSSA CC398 belonged to the spa -types t571 (18/28, 

4.3%) and t1451 (5/28, 17.9%), which are the most prevalent spa - 

ype in isolates from French hospitals [ 4 , 5 ]. A total of 26/28 iso-

ates harboured the scn gene, while 24/26 harboured the erm (T) 

ene and were thus strongly reminiscent of the ancestral human 

opulation [ 6 , 8 , 19 ] . 

According to the SNP-phylogeny, all French animal isolates clus- 

ered with the human ones, while most other isolates for which 

enomic data were available clustered in another sub-clade mostly 

ncompassing spa -type t034 isolates from food or livestock ori- 

in. Price et al. already suggested the presence of two sub-clades 

f MSSA CC398 [19] , but more data from different countries and 

ontinent are needed to refine the global phylogeny of this spe- 

ific clade. This phylogeny also proved that French MSSA isolates 

hared no common features with French MRSA isolates, so that 

ny genetic link between animal MRSA and MSSA CC398 can be 

xcluded. 

In conclusion, this is the first report of such high proportions of 

SSA CC398 in animals, and mainly in pets. Our data support the 

ypothesis that animal MSSA CC398 are phylogenetically linked to 

uman strains circulating in France [ 4 , 5 ], and even if a human ori-

in seems an acceptable hypothesis, more data are needed to deci- 

her whether they were acquired from humans or vice versa. More 

lobally, these data indicate that domestic animals—and principally 

ets—could contribute to the persistence—and maybe spread—

f MSSA CC398 in the human population, making MSSA CC398 

pidemiology less independent of the animal host than previously 

hought. 

unding 

This work was supported by internal funding of the French 

gency for Food, Environmental and Occupational Health & Safety 

ANSES). 

eclaration of Competing Interest 

None to declare. 

cknowledgements 

We thank Nathalie van der Mee-Marquet for fruitful scientific 

iscussions. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.jgar.2022.02.017 . 

eferences 

[1] Smith TC , Wardyn SE . Human infections with Staphylococcus aureus CC398. 
Current Environ Health Reports 2015;2:41–51 . 
123 
[2] Chen H , Liu Y , Jiang X , Chen M , Wang H . Rapid change of methicillin-resistant
Staphylococcus aureus clones in a Chinese tertiary care hospital over a 15-year 

period. Antimicrob Agents Chemother 2010;54:1842–7 . 
[3] Bhat M , Dumortier C , Taylor BS , Miller M , Vasquez G , Yunen J , et al. Staphylo-

coccus aureus ST398, New York City and Dominican Republic. Emerg Infect Dis 
2009;15:285–7 . 

[4] van der Mee-Marquet N , François P , Domelier-Valentin AS , Coulomb F , De-
creux C , Hombrock-Allet C , et al. Emergence of unusual bloodstream infections 

associated with pig-borne-like Staphylococcus aureus ST398 in France. Clin In- 

fect Dis 2011;52:152–3 . 
[5] Bonnet I , Millon B , Meugnier H , Vandenesch F , Maurin M , Pavese P , et al. High

prevalence of spa type t571 among methicillin-susceptible Staphylococcus au- 
reus from bacteremic patients in a French university hospital. PloS One 2018;13 

e0204977-e . 
[6] Bouiller K , Bertrand X , Hocquet D , Chirouze C . Human infection of methicillin–

susceptible Staphylococcus aureus CC398: a review. Microorganisms 2020;8 . 

[7] Sauget M , Bouiller K , Richard M , Chagrot J , Cholley P , Hocquet D , et al. Increas-
ing incidence of bloodstream infections due to Staphylococcus aureus clonal 

complex 398 in a French hospital between 2010 and 2017. Eur J Clin Micro- 
biol Infect Dis 2019;38:2127–32 . 

[8] Uhlemann AC , Porcella SF , Trivedi S , Sullivan SB , Hafer C , Kennedy AD ,
et al. Identification of a highly transmissible animal-independent Staphylococ- 

cus aureus ST398 clone with distinct genomic and cell adhesion properties. 

mBio 2012;3 . 
[9] Gómez-Sanz E , Torres C , Benito D , Lozano C , Zarazaga M . Animal and human

Staphylococcus aureus associated clonal lineages and high rate of Staphylococcus 
pseudintermedius novel lineages in Spanish kennel dogs: predominance of S. 

aureus ST398. Vet Microbiol 2013;166:580–9 . 
[10] Vincze S , Stamm I , Monecke S , Kopp PA , Semmler T , Wieler LH , et al. Molecu-

lar analysis of human and canine Staphylococcus aureus strains reveals distinct 

extended-host-spectrum genotypes independent of their methicillin resistance. 
Appl Environ Microbiol 2013;79:655–62 . 

[11] Argudín MA , Tenhagen BA , Fetsch A , Sachsenröder J , Käsbohrer A , Schroeter A ,
et al. Virulence and resistance determinants of German Staphylococcus 

aureus ST398 isolates from nonhuman sources. Appl Environ Microbiol 
2011;77:3052–60 . 

12] Brennan GI , Abbott Y , Burns A , Leonard F , McManus BA , O’Connell B , et al. The

emergence and spread of multiple livestock-associated clonal complex 398 
methicillin-resistant and methicillin-susceptible Staphylococcus aureus strains 

among animals and humans in the Republic of Ireland, 2010-2014. PLoS One 
2016;11:e0149396 . 

13] Eom HS , Back SH , Lee HH , Lee GY , Yang SJ . Prevalence and characteristics of
livestock-associated methicillin-susceptible Staphylococcus aureus in the pork 

production chain in Korea. J Vet Sci 2019;20:e69 . 

[14] Zou G , Matuszewska M , Jia M , Zhou J , Ba X , Duan J , et al. A survey of Chinese
pig farms and human healthcare isolates reveals separate human and animal 

MRSA populations. bioRxiv 2021 2021.08.02.454852 . 
15] Chairat S , Gharsa H , Lozano C , Gómez-Sanz E , Gómez P , Zarazaga M ,

et al. Characterization of Staphylococcus aureus from raw meat samples in 
Tunisia: detection of clonal lineage ST398 from the African continent. Food- 

borne Pathog Dis 2015;12:686–92 . 
[16] Li H , Andersen PS , Stegger M , Sieber RN , Ingmer H , Staubrand N , et al. An-

timicrobial resistance and virulence gene profiles of methicillin-resistant and 

-susceptible Staphylococcus aureus from food products in Denmark. Front Mi- 
crobiol 2019;10 . 

[17] Stegger M , Lindsay JA , Moodley A , Skov R , Broens EM , Guardabassi L . Rapid PCR
detection of Staphylococcus aureus clonal complex 398 by targeting the restric- 

tion-modification system carrying sau1-hsdS1 . J Clin Microbiol 2011;49:732–4 . 
[18] Letunic I , Bork P . Interactive Tree of Life (iTOL) v5: an online tool for phyloge-

netic tree display and annotation. Nucleic Acids Research 2021;49:W293–6 . 

[19] Price LB , Stegger M , Hasman H , Aziz M , Larsen J , Andersen PS , et al. Staphylo-
coccus aureus CC398: host adaptation and emergence of methicillin resistance 

in livestock. mBio 2012;3 . 
20] Uhlemann A-C , McAdam PR , Sullivan SB , Knox JR , Khiabanian H , Rabadan R ,

et al. Evolutionary dynamics of pandemic methicillin-sensitive Staphylococcus 
aureus ST398 and its international spread via routes of human migration. mBio 

2017;8 e01375-16 . 

https://doi.org/10.1016/j.jgar.2022.02.017
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0001
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0001
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0001
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0002
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0002
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0002
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0002
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0002
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0002
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0003
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0003
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0003
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0003
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0003
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0003
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0003
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0003
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0004
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0004
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0004
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0004
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0004
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0004
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0004
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0004
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0005
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0005
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0005
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0005
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0005
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0005
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0005
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0005
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0006
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0006
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0006
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0006
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0006
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0007
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0007
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0007
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0007
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0007
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0007
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0007
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0007
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0008
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0008
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0008
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0008
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0008
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0008
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0008
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0008
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0009
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0009
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0009
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0009
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0009
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0009
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0010
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0010
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0010
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0010
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0010
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0010
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0010
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0010
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0011
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0011
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0011
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0011
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0011
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0011
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0011
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0011
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0012
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0012
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0012
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0012
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0012
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0012
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0012
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0012
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0013
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0013
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0013
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0013
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0013
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0013
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0014
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0014
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0014
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0014
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0014
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0014
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0014
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0014
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0015
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0015
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0015
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0015
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0015
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0015
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0015
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0015
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0016
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0016
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0016
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0016
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0016
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0016
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0016
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0016
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0017
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0017
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0017
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0017
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0017
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0017
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0017
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0018
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0018
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0018
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0019
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0019
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0019
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0019
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0019
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0019
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0019
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0019
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0020
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0020
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0020
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0020
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0020
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0020
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0020
http://refhub.elsevier.com/S2213-7165(22)00051-0/sbref0020

	Is methicillin-susceptible Staphylococcus aureus (MSSA) CC398 a true animal-independent pathogen?
	1 Introduction
	2 Materials and methods
	2.1 Bacterial collection
	2.2 Antimicrobial susceptibility testing
	2.3 Whole genome sequencing (WGS)
	2.4 Phylogenetic analysis

	3 Results
	4 Discussion
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Supplementary materials
	References


