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Methicillin-resistant S. aureus (MRSA)
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▪ Methicillin = first β-lactamase-stable penicillin (1959)

▪ Methicillin-resistance usually mediated by mecA and mecC

▪ located on mobile genetic element:

Staphylococcal Cassette Chromosome mec (SCCmec)

▪ encode alternative penicillin-binding proteins with

reduced affinity to β-lactams 

Feil et al., 2003, J Bacteriol, 185: 3307-16

▪ Sequence Type (ST): comparison of DNA sequences of internal 

fragments of seven house-keeping genes 

(multilocus sequence typing – MLST)

▪ Clonal Complex (CC): group of closely related STs

→ members have ≥ 5 of 7 loci in common with ≥ one other ST in the group

Resistance against β-

lactam antibiotics

Often multiresistance



MRSA
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HA-MRSA =  healthcare-associated MRSA

CA-MRSA =  community-associated MRSA
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HA-MRSA CA-MRSA LA-MRSA

virulence low high very low

antimicrobial 

resistance

high low variable

Panton-Valentine Leukocidin (PVL)

Toxic Shock Syndrome Toxin 1 (TSST-1)

various enterotoxins

almost no virulence genes

very rarely enterotoxin genes, 

except: CC9/CC5 – egc

MRSA



MRSA at the Human-Animal Interface

Who is at risk?

Animal owners in close contact to their animal(s) 

→ change of the status of pet animals over the years 

→ “family members” that enjoy particular privileges and veterinary care
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MRSA at the Human-Animal Interface

Who is at risk?
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Pictures from pixabay.com

108 dog owners in Germany

− sharing of house (88.9%), sofa (68.5%), and bed (39.8%)

− dogs are allowed to lick hands (93.5%) and face (52.8%), 

are washed in the same bathtub (32.4%)
Birgit Walther



MRSA at the Human-Animal Interface

Who is at risk?

People with occupational contact to animals

→ animal caretakers, veterinarians, vet med students, farmers, abattoir workers, …

→ in part, work environment in which commonly diseased animals 

are present and antimicrobial agents are used

Henrike Krüger-Haker, PhD | Institute of Microbiology and Epizootics, School of Veterinary Medicine, Freie Universität Berlin | Germany 9
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MRSA at the Human-Animal Interface

Who is at risk?
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MRSA CC398



MRSA CC398 – Of swine and men

Netherlands 2004

young mother suffering from mastitis and high fever

− mother, baby, husband (pig farmer) MRSA-positive

− screening of contact persons and pigs:

3 farm workers and 8/10 pigs MRSA-positive
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Further screening studies

− pig farms (pigs, farm workers)

− other people with occupational exposure to pigs 

(veterinarians, veterinary students, abattoir workers)

− other animals 
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MRSA CC398 – Of swine and men



MRSA CC398 – Of swine and men

Whole genome analysis of 89 CC398 isolates (MRSA and MSSA) 

obtained from humans and animals in 19 countries and 4 continents
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MSSA → MRSA CC398

MSSA CC398

- ФSa3/IEC

+ tetracycline resistance

+ methicillin resistance

MSSA MRSA

MRSA CC398

Host jump
Zoonotic 

transmission

+ ФSa3/IEC ?



MRSA CC398 – Of swine and men

Porcine MRSA CC398 from Germany harbored numerous antimicrobial resistance properties,

including resistance to oxazolidinones in one case

− ~ 89% (158/178) of the isolates were multiresistant

− many of the resistance genes were part of mobile genetic elements such as transposons

and plasmids → horizontal gene transfer
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MLST

SCCmec typing

spa typing

dru typing

cgMLST

resistance & virulence 

genes

mobile genetic elements

WGS

LA-MRSA

CC398

n = 178 antimicrobial susceptibility testing

2007 - 2019



MRSA CC398 – Of swine and men

Henrike Krüger-Haker, PhD | Institute of Microbiology and Epizootics, School of Veterinary Medicine, Freie Universität Berlin | Germany 23

Ulrike Nienhoff

Case 1:

LA-MRSA (ST398-t034) was 

transferred from a colonized 

specialist veterinarian for 

swine diseases to his dog

Man → dog transfer of MRSA

First description of MRSA 

ST398 from a dog

Icons from flaticon.com



MRSA CC398
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Sonja Weiß

First description of MRSA ST398 from a cat

One stray cat that lived in/around livestock stables

?

Icon from flaticon.com and pictures via reddit and tumblr

→ Cat – cattle interactions at farm level?



MRSA CC398

Animal human 

exchange of LA-MRSA 

ST398 on dairy farms
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MM

Farm A Farm O
26 dairy farms

LA-MRSA ST398 was detected among dairy cattle, 

milkers, and occasionally also among other animals 

of the same farm (pigs, sheep, goats, dogs)

Occasionally more than one subtype per farm

Andrea T. 

Feßler

Icons from flaticon.com



MRSA CC9



MRSA CC9

MRSA ST9 have among other countries mainly been recovered from pigs or pig farm workers 

in mainland China, Hong Kong, and Malaysia.

The lineage is also described as an emerging clone in some areas with intensive industrial 

livestock production in the United States.
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MRSA CC9
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Jun Li
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MRSA CC9
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Jun Li

▪ Overall very high resistance rates, which also include 

fluoroquinolones and streptogramins 

▪ Resistance to oxazolidinones and rifampicin in rare cases

Icon from flaticon.com

Li et al., 2017, Vet Microbiol, 201: 183-7



MRSA CC9
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MRSA ST9 have also 

been identified in turkeys, 

chicken and poultry meat

Icons from flaticon.com



MRSA CC130
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MRSA CC130
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mecC-mediated methicillin resistance

▪ found in MRSA of various sequence types

ST130 / t843

ST425

ST1526 / t6293

ST1945

ST1946

ST151

ST1245

▪ found in strains from humans and cattle that 

had the same MLST and spa types 

→  exchange
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Laura

García-Álvarez
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García-Álvarez et al., 

2011, Lancet Infect 

Dis, 11: 595-603



MRSA CC130

▪ mecC found in strains of MLST types ST130, ST599 and ST1945 

from dogs, cats and a guinea pig

▪ ST130/t843 strains were detected in a cat and the guinea pig

 → even wider dissemination and mecC not exclusively associated with CC130

 → no phenotypic resistance toward non-β-lactams
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MRSA CC130

− 75% of 222 mecC-MRSA from European

hedgehogs belonged to CC130

− European hedgehogs are a natural reservoir

of zoonotic mecC-MRSA lineages, which

predate the antibiotic era

− hedgehogs are the most likely primary host in

some countries, but dairy cows and other

domesticated animals probably act as

intermediate hosts and vectors in zoonotic

transmission from hedgehogs to humans

Henrike Krüger-Haker, PhD | Institute of Microbiology and Epizootics, School of Veterinary Medicine, Freie Universität Berlin | Germany 35

Nature. 2022, 602:135-141. doi: 10.1038/s41586-021-04265-w.

Picture from pixabay.com and Icons from flaticon.com



MRSA CC5



MRSA CC5

▪ common and widespread CC

▪ comprises a large number of different MRSA strains

− HA- and CA-MRSA

− some have spread pandemically

− also detected in poultry

▪ carries the enterotoxin gene cluster

▪ several human strains harbor important virulence genes, e.g. the genes for the 

Panton-Valentine leukocidin (PVL) or the toxic shock syndrome toxin 1 (TSST-1)

▪ many additional resistance-associated genes, isolates from poultry in Germany

showed also resistance to tetracyclines, macrolides-lincosamides-streptogramin B

antibiotics, spectinomycin, and enrofloxacin
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MRSA CC5

▪ 57 avian S. aureus isolates, including 48 from healthy or diseased broiler 

chicken, collected in 8 countries on 4 continents during 54 years

▪ 32 / 48 (67%) isolates from broiler chickens belonged to ST5 or its single 

locus variants ST1342, ST1346 and ST1350
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MRSA CC5

Lowder et al., 2009, PNAS, 46: 19545-50



MRSA CC5

According to the phylogenetic analysis

▪ all poultry isolates closely related to each other

▪ no separate clades for diseased and asymptomatic birds

The poultry ST5 clade belongs to a ST5 sub-lineage

▪ includes human strains that were circulating in Poland in the 1990s

→ distribution of SNPs indicates that these isolates are basal to all isolates in the clade

→ host switch from humans to poultry occurred approximately in the early 1970s

(95% CI 30 to 63 years)
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MRSA CC5
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Lowder et al., 2009, PNAS, 46: 19545-50

The poultry ST5 clade has undergone rapid intercontinental dissemination



MRSA CC5
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Lowder et al., 2009, PNAS, 46: 19545-50

With the host jump, the poultry ST5 isolates gained

− two prophages

− one pathogenicity island

− two plasmids



MRSA CC22



MRSA CC22
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▪ common and widespread CC

▪ emergence of different MRSA strains

▪ commonly occurs in humans as pandemic strains, e.g. UK-EMRSA-15

→ UK-EMRSA-15 detected also in dogs, cats and dairy cows

→ suggests human source for isolates infecting companion and livestock animals

Icons from flaticon.com



MRSA CC22
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MRSA CC22
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Harrison et al., 2014, mBio, 5: e00985-13

MRSA ST22 phylogeny

Isolates from companion animals

− fluoroquinolone resistance mutations in

grlA (Ser80Phe) and gyrA (Ser84Leu)

− erm(C)-carrying plasmid less likely, but

when present, erm(C) more likely to be

constitutively expressed, thus mediating

also clindamycin resistance



MRSA CC22

− UK-MRSA-15 was identified in four cows 

and one milker

− resistance to β-lactams, kanamycin and 

quinolones

− milker had been volunteering in a nursing 

home since months

− milker isolate differed mainly for absence of 

the untruncated β-haemolysin and presence 

of the immune evasion cluster
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Colonized milker played role of MRSA vector into the herd

Adaptive capacity of MRSA to the bovine host

Icons from flaticon.com and picture from pixabay.com
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MRSA CC80

▪ dominant clonal group among CA-MRSA of humans in Europe

▪ occasionally, CC80 strains occur also in pet animals

Henrike Krüger-Haker, PhD | Institute of Microbiology and Epizootics, School of Veterinary Medicine, Freie Universität Berlin | Germany 49

MRSA (ST80-t131) was 

isolated from a woman who 

suffered from recurrent 

deep skin abscesses, her 

husband, her two kids, and 

a cat who lived in the same 

household.

Treatment success only 

after decolonization of all 

humans and the cat.

Transfer of MRSA between humans and a cat

MRSA-ST80 was PVL-positive and showed resistance to 

β-lactam and fusidic acid antibiotics

Picture by Jessica Rockowitz on Unsplash
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Concluding Remarks

▪ There are dominant clonal complexes in the different animal species in 

different countries/continents.

Henrike Krüger-Haker, PhD | Institute of Microbiology and Epizootics, School of Veterinary Medicine, Freie Universität Berlin | Germany 51Icons from flaticon.com



Concluding Remarks

▪ There are dominant clonal complexes in the different animal species in 

different countries/continents.

▪ MRSA from animals often harbor further resistance properties besides 

methicillin resistance, in part involving mobile genetic elements.
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Concluding Remarks

▪ There are dominant clonal complexes in the different animal species in 

different countries/continents.

▪ MRSA from animals often harbor further resistance properties besides 

methicillin resistance, in part involving mobile genetic elements.

▪ MRSA can be exchanged between animals and humans in both directions.

▪ The close contact between humans and their pets favors the occurrence of 

„human“ clonal complexes in animals (CC22, CC80).

▪ Host jumps have resulted in new clades within certain clonal complexes, the 

members of which are better adapted to the new host.
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Thanks a lot for your attention!
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