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Abstract: The foodborne pathogenic Staphylococcus is common in clinical settings. It contaminates
food during the raw material processing, packaging, and transportation, thus causing a variety of serious
human infections. However, the drug resistance of this species has been on the rise, posing a huge threat
to public health. The methyltransferase encoded by the cfi (chloramphenicol-florfenicol resistance)
gene in Staphylococcus can cause methylation of bacterial ribosomal RNA, thus blocking or weakening
the binding between multiple antibiotics with different chemical structures and peptidyl transferase
center (PTC). This explains the development of multiple drug resistance in this species. Linezolid, an
oxazolidone, is regarded as the last line of defense after vancomycin in the treatment of infections
caused by drug-resistant Gram-positive bacteria. cfr gene accelerates the spread of linezolid resistance.
This gene is ubiquitous in a variety of pathogenic Staphylococcus bacteria and the close relationship of
the gene with various mobile elements (plasmids, transposons, integration-related elements, etc.) is the
structural basis for its wide spread. In the horizontal transfer of cfr gene, foodborne pathogenic
Staphylococcus plays an important role as an intermediary. This study reviews the distribution,
resistance mechanism, genetic environment, and transfer mechanism of cfi gene in pathogenic
Staphylococcus, which is expected provide a reference for prevention and control of the spread of

pathogenic Staphylococcus and the control of further spread of multidrug resistant bacteria.

Keywords: pathogenic Staphylococcus; cfr gene; resistance mechanism; genetic environment;
transmission mechanism
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Figure 1

Structure of methyltransferase (Cfr and RImN) and Cfr target sites (V domain of 23S rRNA)! "1,

A: predictive structures of SAM methyltransferase Cfr; B: predictive structures of RNA methyltransferase
RImN; C: comparison of Cfr and RImN prediction structures (Cfr-purple, RImN-green); D: X-ray structure of
the 50S ribosomal subunit; E: the secondary structure of part of domain V 23S rRNA.
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x1 ofr EREABREFNRITERALREEEER
Tablel Prevalence and genetic background of c¢fr gene in Staphylococcus
Bacteria Source ]izzIZt?(f w/publication Country Gene location ~ Genetic background
S. lentus, Cattle, 1997-2000/ Germany™>*T  pSCFS], 1S21-558-cf-ATn558 (Tn558-like);
S. simulans, swine 2000-2006 pSCFS3 Isa (B)-cfi-pre/mob-erm
S. sciuri, S. aureus, (33)-spc-tnpC-AtnpB-rep,
S. lentus, Swine, 2001-2005/2014  Germany®, pSCFS3, Tn558-like,
S. aureus, MRSA patients America®!, p1128105, Arep-AtnpB-cfr-rec-pre/mob-Arep,
Columbia™'*” chromosome  erm (B)-cfi-1S21-558-erm (B)
S. warneri, Pig 2006/2006 Denmark™ pSCFS6 tnpA-tnpB-AtnpC-1S21-558-Isa
S. simulans (B)-cfi-IS21-558-ATn558
S. aureus, Patients 2007/2013 Americal?* PSCFS3, p7LC, Tn558-like, IS256-aacA-aphD-
S. epidermidis, p004-737X, ISEnfa4-cfr-orfl-1SEnfa4,
S. epidermidis, S.Patients 2008/2013 America®, pSAT737, Arep-AtnpB-cfr-rec-pre/mob-Arep,
aureus, MRSE, Spain®**Z, Ttaly™! pSCFS3-like, Tn558-like
pSCFS7-like,
plasmid
S. cohnii, Patients 2009/2010 Mexicol™" Plasmid, Arep-AtnpB-cfi-rec-pre/mob-Arep
S. epidermidis, Chinal pSS-02-like
MRCONS,
S. haemolyticus,
S. cohnii
MRSA, MRSE, Patients, 2010/2015 Spain®*>"), Ttaly™, pERGB, 1S21-558-cfi-1S431-ant (4)-la-tet (L)-dfiK,
S. cohni, animal, milk Chinal®" pSPO1.1, res-tnp-cfi-1821-558-Isa (B)-Tn552like,
S. arlettae, pSS-(01-03),  Apre/mob-cfi-AtnpB-rep-Tn917,
S. saprophyticus, pBS-01, rep-Apre/mob-cfi-pre/mob-erm
S. equorum pMSA1l6 (C), Tnd58-like, IS256-aacA-aphD-
ISEnfa4-cfr-orf1-ISEnfa4-Tn558,
rep-erm (A)-Apre/mob-cfr-Apre/mob
S. aureus, MRSP, Patients, dog, 2011/2018 Americal®", 2823634, Tn558-like, IS256-aacA-aphD-1SEnfa4-
MRSA, CoNS, pig, chicken, Portugal®, p25ZB12, cfr-orfl-1SEnfa4, rep-Apre/mob-cfi-
S. capitis, duck, workers, Chinal*"#-63 plasmid, pre/mob
CoNS, S. lentus, environment, chromosome,
S. sciuri, slaughterhouse pHNKF3,
S. cohnii, pHNCR35,
S. haemolyticus, pHNZT2
S. rostri,
S. simulans,
S. arlettae
S. epidermidis,  Patients, pig 2012/2019 Germany™®, p12-00322-like, Tn558-like, [S257like-cfr-1S21-
S. aureus, Ireland®”, Brazil®®, pSCFS3-type,  558-Isa (B)-1S257like-res,
MRSA, Portugal'®”, pM12/0145,  tnpA-tnp-cfi-mpC-orf138-fexA,
S. capitis, China® ™73 pM13/0401,  istBlike-tnp-cfi-1S21-558-Isa
S. cohnii, Koreal™ p45547X, (B), rep-Apre/mob-cfi-pre/mob-erm
p6ZB3,pN3,  (B), ISEnfa4-cfr-orfl-ISEnfa4,
p2ZX3, p2ZG3, 1S256like-cfi-1S256like
p5ZGl4,
p5ZX13,
pMHZ, pHKO1,
pRMO1, pRAOI,
p432
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S. epidermidis,  Patients, 2013/2021
MRSA, S. cohnii, porcine,

S. capitis, duck, pig,

S. delphini, fecal,

S. sciuri,

S. chromogenes

S. aureus

CoNS, MRSA, Calves, pig, 2014/2021
MRSH, MRSE, veterinarian,

S. haemolyticus, patients,

CoNS, chicken,

S. capitis, pork, duck

S. cohnii,

S. equorum,

S. sciuri,

S. simulans,

S. capitis,

S. delphini,

S. aureus

S. aureus, Patients, 2015/2019
MRSA, fecal,

S. arlettae, dumplings

MRSA, MRSE, Patients, 2016/2021
MRSH, chicken,

S. epidermidis,  pig,

S. hominis, wound,

S. lugdunensis,  blood,

S. cohnii, animals

S. aureus

MRSA, Patients, 2017/2022
S. aureus, sputum,

S. epidermidis,  pig,

S. pasteuri, environment

S. cohnii

S. haemolyticus, Patients 2018/2020
S. cohnii

MRSA, Pig 2019/2021
S. aureus

MRSA Pig 2020/2020

Ireland™!,

[42,71-72,75-79]
China A

Korea”

Germany[40’80],

Ireland®Y,
India®

b
Chinal2742-43.7283-84)

Korea”

Italy[gs’%],

Chinal®" %
Korea”

Spain®,

China?’*"
Koream],
China®!

Belgium®?,

Chinal”!
Koreal>%)

Vietnam®™

Spain®, Italy!*!

Spain®”!

Plasmid,
pLRSA417,
pSROL1,
pSS-02,
pSCFS7-like,
chromosome,
pWo28-3
p13-00130,
p13-00131,
p13-00882,

, pSEM13-0451,

1S256-aacA-aphD-ISEnfa4-cfi-orfI-
ISEnfa4, ISEnfa4-cfr-orf1-1SEnfad cfi-
orfl-ISEnfa4 (integrate into mec
Complex), Tn558-derivative, fex
(A)-orfl38-aacA-aphD-1S257-aadD-
ble-1S21-558-cfi-res-tnpA, AIS1216-
aacA-aphD-1S256-cfi-1S256, Tn558-like,
Tn558-like,
tnpA-tnp-cfi-tnpC-orf138-fexA,
rep-pre/mob-Alsa

(B)-cfr-pre/mob-erm

pSAM13-0401, (T), aacA-aphD-1SEnfa4-
pl13L105, pG350, cfi-orfI-ISEnfad, erm
pB289, pYFC28, (C)-Apre/mob-cfr-pre/mob-rep,

pHNTLD1S,

pHNTLKJC2,

pWo35-20,
pWo28-3,
pWo28-1,
pWo27-9,
chromosome

Chromosome,

chromosome-
Tn6644,
pSA-01,
p2868B2
pSCFS7-like,
p26FS31,
p25FS24,
p25FS35,
pHBI119,
pHYBG,
pH29-46
pSA12

pLRSA41-
like
Chromosome

Plasmid

Tn558-derivative

(chromosome), tnpA-res-cfi-1
S21-558-ble-aadD-1S257-
aacA-aphD-orfl38-fexA-optrA,
tnpA-res-cfr-1S21-558-ble-aadD-1S257-
aacA-aph D (chromosome)

ISEnfa5-cfr-ISEnfa5 (chromosome),
1S43 I-rep-Apre/mob-cfr-pre/mob-erm
(C)-repU-Apre/mob-tet

(L)-IS431, Tn558-like

Erm (A)-Apre/mob-cfr-pre/

mob-rep, Tn558-like,

1S256-aacA-aphD-1S256-cfi-orfI-
1S256-fexA

Tn558-like

1S256-aacA-aphD-ISEnfa4-cfi-orf1-1ISEnfa4
Tn558-like

Tn558-like

MRSA: methicillin-resistant Staphylococcus aureus; MRSH: methicillin-resistant Staphylococcus haemolyticus; MRSP:

methicillin-resistant Staphylococcus pseudintermedius;

MRSE: methicillin-resistant Staphylococcus epidermidis;

CoNS:

coagulase-negative staphylococci; MRCoNS: methicillin-resistant coagulase-negative staphylococci; Bright green: mobile

genetic elements related gene.
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cfr orf3 tnpA orfl

orf2 tnpC  tnpB tnpA
Tn558 (AJ715531)

1821-5 of S. delphini 245-1/2794-1,
(20 258 bp)
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I 100%
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I Antimicrobial resistance [ Transposase I Dirext reperts EHypothetical protein
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