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The multiresistance gene cfr was identified for the first time in streptococci, namely, in porcine Streptococcus suis isolate S10.
The cfr gene was detected on the �100-kb plasmid pStrcfr, where it was bracketed by two copies of the novel insertion sequence
ISEnfa5, located in the same orientation. The detection of a cfr- and ISEnfa5-containing amplicon by inverse PCR suggests that
ISEnfa5 may play a role in the dissemination of cfr.

The cfr gene, encoding a 23S rRNA methyltransferase, confers
resistance to five chemically unrelated antimicrobial classes,

including phenicols, lincosamides, oxazolidinones, pleuromuti-
lins, and streptogramin A (1), as well as decreased susceptibility to
the 16-membered macrolides spiramycin and josamycin (2).
Since its first identification in a Staphylococcus sciuri isolate of
bovine origin (3), this multiresistance gene has been detected in
isolates of the genera Staphylococcus, Bacillus, Enterococcus, Mac-
rococcus, Jeotgalicoccus, Proteus, and Escherichia (4). Although
florfenicol and lincosamides are used for the control of Streptococ-
cus suis infections, the gene cfr has not yet been reported in strep-
tococci. In a routine surveillance study of antimicrobial resistance
of bacteria from farm animals in 2012, a hemolytic, florfenicol-
resistant (MIC � 16 �g/ml) streptococcal isolate, S10, was ob-
tained from the nasal swab of an apparently healthy pig at a con-
ventional farm in the Beijing, China, area. Gram staining, colony
morphology, and ATB Rapid ID 32 Strep analysis (bioMérieux,
Craponne, France) identified isolate S10 as Streptococcus suis.
Moreover, 16S rRNA gene sequences, obtained using both univer-
sal prokaryotic primers (3) and S. suis-specific primers (5),
showed 100% identity to the 16S rRNA gene sequence of S. suis
strain NYFC (GenBank accession no. FJ660465.1).

S. suis is a global pathogen that causes a wide variety of diseases
in swine, such as meningitis, pneumonia, endocarditis, septice-
mia, and arthritis (6). Of the 35 official serotypes described to date
for S. suis, S. suis serotype 2 (SS2) is the most virulent and fre-
quently isolated from diseased animals (7). A PCR assay (5) to
detect virulence genes in SS2 isolates, including capsular polysac-
charide (cps2J), muramidase-released protein (mrp), extracellular
factor (ef), and suilysin (sly), yielded negative results for isolate
S10. Rapid serotype-specific PCR screening to detect 15 serotypes
of S. suis using previously described primers (8, 9) revealed that S.
suis S10 does not belong to any of these serotypes.

S. suis S10 was investigated for the presence of the genes cfr,
fexA, and fexB, all of which confer florfenicol resistance in Gram-
positive bacteria, using previously described primers (3). Both cfr
and fexA were detected in S. suis S10, and the nucleotide sequence
of cfr in isolate S10 showed 100% identity to that of the cfr gene on
plasmid pSCFS1 of S. sciuri (GenBank accession no. NC_005076).
To the best of our knowledge, this is the first report of either the cfr
or the fexA gene in a Streptococcus isolate. Isolate S10 exhibited
high MIC values for florfenicol (64 �g/ml), clindamycin (128 �g/
ml), tiamulin (64 �g/ml), tetracycline (64 �g/ml), and erythro-
mycin (128 �g/ml) but showed low MIC values for ciprofloxacin

(1 �g/ml), ampicillin (0.25 �g/ml), and ceftiofur (0.25 �g/ml). In
addition, isolate S10 exhibited a linezolid MIC of 4 �g/ml, which
corresponds to linezolid MIC values previously observed among
cfr-carrying enterococcal and staphylococcal isolates of porcine
origin (3, 10). S1 nuclease pulsed-field gel electrophoresis (PFGE)
revealed at least three plasmid bands ranging from 50 to 140 kb in
size in isolate S10, while Southern blot analysis (11) indicated that
both cfr and fexA were located on an �100-kb plasmid, designated
pStrcfr (Fig. 1). However, pStrcfr could not be transferred into
recipient strain Enterococcus faecalis JH2-2 or Staphylococcus au-
reus RN4220 either by conjugation or by transformation (3), sug-
gesting that this cfr-carrying plasmid may not be conjugative
and/or able to replicate in bacterial species other than strepto-
cocci.

To determine the flanking regions of cfr in pStrcfr, the genetic
environment of the cfr gene was sequenced by a modified random
primer walking strategy (12), starting from each end of the cfr
gene. A segment of 8,762 bp was determined (Fig. 2A). Within this
fragment, the cfr gene was bracketed by two identical insertion
sequence (IS)-like structures that were in the same orientation.
Interestingly, the region containing the two IS-like elements and
the cfr gene in pStrcfr showed 99.9% identity to the corresponding
cfr-carrying segment of pEF-01 in E. faecalis (GenBank accession
no. NC_014508) (11). This high level of similarity between the
streptococcal and enterococcal cfr-carrying segments suggested
the spread of the cfr gene between these two genera. The IS-like
element, which was 1,686 bp in length and contained two open
reading frames, was submitted to the IS database (http://www-is
.biotoul.fr/is.html) and received the designation ISEnfa5. ISEnfa5
is related to ISSth1 (GenBank accession no. FR875178) from
Streptococcus thermophilus JIM 8232 and belongs to the IS3 family.
ISEnfa5 is slightly larger than ISSth1 (1684 bp). The first open
reading frame of ISEnfa5 coded for a protein of 224 amino acids
(aa), which had 42.1% (96/228) identity and 62.3% (142/228)
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similarity to transposase Orf1 of ISSth1. The second open reading
frame overlapped the first one by 4 bp and coded for a 299-aa
protein, which exhibited 48.8% (143/292) identity and 68.8%
(201/292) similarity to transposase Orf2 of ISSth1. Each ISEnfa5

element had imperfect inverted repeats (IR) of 39 bp (right IR)
and 40 bp (left IR) at its ends. In addition, direct target site dupli-
cations (5=-GAT-3=) were detected immediately upstream of the
left ISEnfa5 and downstream of the right ISEnfa5. Analysis of the
up- and downstream flanking regions by primer walking sug-
gested that the integration of the ISEnfa5-cfr-ISEnfa5 segment oc-
curred within an lnu-like gene. Further up- and downstream of
the ISEnfa5-cfr-ISEnfa5 segment in pStrcfr, a 1,746-bp region and
a 919-bp region exhibited 91.5% and 96.5% nucleotide sequence
identity, respectively, to the corresponding regions of plasmid
pSM19035 (GenBank accession no. AY257120) from Streptococ-
cus pyogenes (Fig. 2A). The 852-bp hp gene in pStrcfr showed
85.7% (730/852) nucleotide sequence identity to the 807-bp iota
gene from pSM19035.

To determine the possible existence of a free circular form
containing ISEnfa5-flanked sequences, an inverse PCR assay
was performed using previously designed primers P1 and P2
that were located within the cfr gene (11) and plasmid DNA
purified from S. suis S10 as the template. A PCR product of the
expected size of 3,405 bp was obtained, and sequence analysis
revealed that the amplicon contained the cfr gene sequences,
the sequences between cfr and two ISEnfa5 elements, and one
intact ISEnfa5 element (data not shown). This observation sug-
gested that recombination between the two ISEnfa5 copies
may occur, resulting in looping out of the cfr-carrying segment
including one ISEnfa5 element. Taking into account the
knowledge that ISSth1-related insertion sequences, including
ISEnfa5, produce 3-bp duplications at their target site, the ac-
quisition of the cfr-carrying segment in S. suis might have oc-
curred in two steps. In step 1, an ISEnfa5 element integrated
into the lnu-like gene of plasmid pStrcfr, thereby producing the
3-bp target site duplication at its integration site. In step 2, a

FIG 1 Identification of cfr and fexA genes in the plasmids of S. suis S10. Plasmids
from S10 were characterized by S1 nuclease PFGE (a) or Southern blot hybridiza-
tion of S10 with cfr or fexA probes (b). Lane M1, low-range pulsed-field gel marker
(New England BioLabs, Beverly, MA); lane 1, S. suis S10.

FIG 2 (A) Genetic environment of the cfr gene in plasmid pStrcfr from strain S10 and structural comparison with plasmids pEF-01 from E. faecalis EF-01 and
pSM19035 from S. pyogenes; (B) genetic environment of the fexA gene in pStrcfr. The arrows indicate the positions and directions of transcription of the genes.
Different genes are indicated by different shadings. Regions of �90% homology are marked by gray shading. Black arrows labeled P1 and P2 indicate the primers
used for inverse PCR.
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DNA segment containing the cfr gene and another copy of
ISEnfa5 underwent recombination with the already present
ISEnfa5. This resulted in an integrated cfr gene flanked by
two ISEnfa5 elements located in the same orientation in
pStrcfr. However, the structure ISEnfa5-cfr-ISEnfa5 also re-
sembles a composite transposon, and the possibility of a direct
mobilization of this putative composite transposon into the
coding sequence of the lnu-like gene via a classical transposi-
tion mechanism cannot be excluded.

Considering the coexistence of fexA and cfr genes on plas-
mid pStrcfr, a 15,519-bp segment carrying the fexA gene was
obtained by primer walking (Fig. 2B). An intact Tn558 trans-
poson including the fexA gene in this segment exhibited 99.9%
(5667/5673) nucleotide sequence identity to the corresponding
region of cfr-carrying plasmid pSS-01 (GenBank accession no.
JQ041372) in Staphylococcus cohnii. Immediately upstream of
Tn558, a gene (hp) coding for a hypothetical protein of 230 aa
and an integrase gene (int) were detected. The 319-aa integrase
protein showed 89.0% (284/319) identity and 91.8% (293/319)
similarity to an integrase from Enterococcus faecium (GenBank
accession no. ELA55919). A putative restriction-modification
(RM) system was found further downstream of the int gene.
The 670-aa protein encoded by the res gene exhibited 39.1%
(263/673) identity and 59.3% (399/673) similarity to the Alwl
restriction endonuclease from Streptococcus pneumoniae NP070
(GenBank accession no. EHD56118). The 700-aa protein encoded by
the met gene revealed 99.4% (696/700) identity and 100% (700/700)
similarity to a DNA methyltransferase from Enterococcus faecalis
(GenBank accession no. ADD81212). As the presence of an RM gene
complex in a plasmid increases the stability of plasmid maintenance
in bacterial cells (13), the RM system detected in this study may play
a role in the stabilization of plasmid pStrcfr in streptococci.

In conclusion, we report the first identification of a plasmid-
borne cfr gene in streptococci of porcine origin and present evi-
dence for the involvement of ISEnfa5 in the mobility of this mul-
tiresistance gene. This observation extends the current knowledge
of bacterial hosts capable of acquiring cfr, as well as of the role of IS
elements in its dissemination. Attention should be paid to the
potential risks of transfer of the cfr gene from S. suis S10 to other
porcine streptococci. Therefore, routine surveillance for the pres-
ence of cfr in streptococci of porcine origin is warranted.

Nucleotide sequence accession numbers. The 8,762-bp seg-
ment of the cfr gene bracketed by two identical IS-like structures
and the 15,519-bp segment carrying the fexA gene were submitted
to GenBank and can be found under accession numbers
KC844836 and KF129409, respectively.
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