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Staphylococcus lugdunensis is a major cause of aggressive endocarditis, but it is also responsible for a broad spectrum of infec-
tions. The differences in clinical and molecular characteristics between community-associated (CA) and health care-associated
(HA) S. lugdunensis infections have remained unclear. We performed a retrospective study of S. lugdunensis infections between
2003 and 2014 to compare the clinical and molecular characteristics of CA and HA isolates. We collected 129 S. lugdunensis iso-
lates in total: 81 (62.8%) HA isolates and 48 (37.2%) CA isolates. HA infections were more frequent than CA infections in chil-
dren (16.0% versus 4.2%, respectively; P � 0.041) and the elderly (38.3% versus 14.6%, respectively; P � 0.004). The CA isolates
were more likely to cause skin and soft tissue infections (85.4% versus 19.8%, respectively; P < 0.001). HA isolates were more
frequently responsible for bacteremia of unknown origin (34.6% versus 4.2%, respectively; P < 0.001) and for catheter-related
bacteremia (12.3% versus 0%, respectively; P � 0.011) than CA isolates. Fourteen-day mortality was higher for HA infections
than for CA infections (11.1% versus 0%, respectively). A higher proportion of the HA isolates than of the CA isolates were resis-
tant to penicillin (76.5% versus 52.1%, respectively; P � 0.004) and oxacillin (32.1% versus 2.1%, respectively; P < 0.001). Two
major clonal complexes (CC1 and CC3) were identified. Sequence type 41 (ST41) was the most common sequence type identified
(29.5%). The proportion of ST38 isolates was higher for HA than for CA infections (33.3% versus 12.5%, respectively; P � 0.009).
These isolates were of staphylococcal cassette chromosome mec element (SCCmec)type IV, V, or Vt. HA and CA S. lugdunensis
infections differ in terms of their clinical features, outcome, antibiotic susceptibilities, and molecular characteristics.

Staphylococcus lugdunensis was first described by Freney et al. in
1988 (1). It has emerged as an important human pathogen in

recent years, due to its ability to cause endocarditis and a broad
spectrum of other infections, including skin and soft tissue infec-
tions, bloodstream infections, bone and joint infections, central
nervous system infections, and intra-abdominal infections (2).

S. lugdunensis has a lower incidence than Staphylococcus aureus
and Staphylococcus epidermidis (3–5). Many studies have focused
on cases of bacteremia and endocarditis caused by S. lugdunensis
and have shown that this bacterium can, like S. aureus, cause in-
vasive infections but with higher rates of complications and mor-
tality (4, 6–10). Endocarditis due to this bacterium has been re-
ported to be mostly community associated (CA) (4, 7). Two
retrospective studies showed that most CA S. lugdunensis infec-
tions were skin and soft tissue infections, with a total absence of
oxacillin resistance (11, 12). We recently reported 48 cases of in-
vasive S. lugdunensis infection. Most of these cases (43 of 48
[89.6%]) were health care-associated (HA) infections, and the fre-
quency of oxacillin resistance was high (20%) (10). Staphylococ-
cal cassette chromosome mec element (SCCmec) type V was the
most common SCCmec type. We also found that the proportion
of SCCmec type II isolates was higher for commensal isolates than
for isolates causing disease in health care settings (13, 14).

Multilocus sequence typing (MLST) characterizes multilocus
genetic variability on the basis of the sequences of multiple house-
keeping genes (15). MLST has been used for population genetic
analyses and studies of phylogenetic structure and global epide-
miology in many microorganisms. MLST provides fully repro-

ducible data that can be transferred between laboratories, a con-
siderable advantage over pulsed-field gel electrophoresis (PFGE).
It has been used to characterize the evolution and macroepide-
miological features of Staphylococcus aureus (16) and Staphylococ-
cus epidermidis (17, 18). An MLST method for S. lugdunensis was
recently described by Chassain et al. (19). Twenty different se-
quence types (STs) and five clonal complexes (CCs) have been
reported in France and Belgium. We have reported the presence of
an oxacillin-resistant ST6 SCCmec type 2 clone endemic in Tai-
wan (13), but more detailed MLST typing data are required for S.
lugdunensis.

The incidence of S. lugdunensis infection is low. Data concern-
ing the clinical characteristics, outcome, antibiotic resistance, and
SCCmec typing of CA and HA S. lugdunensis infections are there-
fore limited. The clonal complex (CC) and MLST typing data for
CA and HA S. lugdunensis isolates are still lacking. In this study, we
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aimed to investigate the clinical features and molecular character-
istics of CA and HA S. lugdunensis infections.

MATERIALS AND METHODS
Clinical setting. This study was conducted at Chang Gung Memorial
Hospital, a university hospital and tertiary referral center in northern
Taiwan. This study was approved by the Chang Gung Medical Foundation
institutional review board (approval no. 103-3231B). The study was di-
vided into two time periods (study period I, 1 May 2003 to 31 May 2013;
study period II, 1 July to 31 October 2014. In study period I, we collected
S. lugdunensis isolates only from bacterial cultures established from nor-
mally sterile sites, including blood, ascites, synovial fluid, cerebrospinal
fluid, pleural effusion, and amniotic fluid. In study period II, we collected
S. lugdunensis isolates not only from cultures established from normally
sterile sites but also from cultures of material from wounds, pus, and
cervical swabs.

Case definition. Clinical data, including the age and sex of the patient,
chronic comorbidity, and sources of infection, were obtained retrospec-
tively by reviewing the patients’ medical records. The source of infection
was identified, where possible, on the basis of the patient’s medical his-
tory, symptoms, physical examination, laboratory test results, and radio-
graphic findings. Only the first episode of S. lugdunensis infection in each
given patient was included in the analysis. HA infections were defined as
follows: (i) S. lugdunensis infection identified more than 48 h after admis-
sion to the hospital; (ii) S. lugdunensis infection in a patient with a history
of hospitalization, surgery, dialysis, or residence in a long-term-care facil-
ity within the year preceding a positive culture; or (iii) S. lugdunensis
infection in a patient fitted with an indwelling catheter or percutaneous
medical device at the time of culture. Cases with none of the above-men-
tioned features were classified as CA infections.

Clinically significant S. lugdunensis bacteremia was defined according
to the criteria proposed by Fadel et al. (8) and Souvenir et al. (20). Patients
were considered to have clinically significant bacteremia if two consecu-
tive blood cultures yielded positive results. Patients with a single positive
blood culture were considered to have clinically significant bacteremia if
they experienced one or more of the following symptoms or signs: pro-
longed fever, hypotension, leukocytosis, or neutropenia with a left-shifted
differential, or disseminated intravascular coagulopathy combined with
risk factors for infections caused by the skin flora, including long-term
intravascular catheterization, peritoneal dialysis or hemodialysis, or ex-
tensive postsurgical infection with coagulase-negative staphylococci.
Mortality rates were calculated from deaths within 14 days of the first
culture positive for S. lugdunensis.

Microbiological methods. The S. lugdunensis isolates obtained be-
tween May 2003 and May 2013 were first identified by Gram staining and
biochemical methods (catalase-positive, coagulase-negative, pyrrolidonyl
arylamidase-positive, and ornithine decarboxylase-positive results), with
checking by PCR, as described by Noguchi et al. (21), and on a Bruker
Biotyper (database 2.0) matrix-assisted laser desorption ionization–time
of flight mass spectrometry (MALDI-TOF MS) system. Isolates obtained
between July 2014 and October 2014 were identified on the basis of Gram
staining and MALDI-TOF MS only, because the accuracy of MALDI-TOF
MS had been well demonstrated by then (22).

Antimicrobial drug susceptibility testing. We assessed the suscepti-
bility of the isolates to penicillin, clindamycin, erythromycin, and trim-
ethoprim-sulfamethoxazole by the disk diffusion method. We used ce-
foxitin disks rather than oxacillin disks to assess susceptibility to oxacillin,
in accordance with Clinical and Laboratory Standards Institute guidelines
(23).

SCCmec typing. Isolates resistant to oxacillin were subjected to SCC-
mec typing with a multiplex PCR method detecting the ccr gene complex,
the mec gene complex, and specific structures in adjacent regions, as de-
scribed by Kondo et al. (24).

agr typing. We carried out agr typing by multiplex PCR amplification
of the conserved sequences of the agrC gene with two forward primers

(5=-CTGTCATCCTTAGTGTAATTGCTG-3= and 5=-GCCGGCATAAT
AGTCCCTTCTG-3=) and one reverse primer (5=-CGAACCTTTAGCTT
ATCTGTACC-3=), as previously described (14). We determined the agr
specificity type of the isolates on the basis of the expected product sizes
(586 bp for agr type I and 771 bp for agr type II).

Multilocus sequence typing. The DNA sequences of seven house-
keeping genes (aroE, dat, ddl, gmk, ldh, recA, and yqiL) were used for the
multilocus sequence typing (MLST) of S. lugdunensis, as previously de-
scribed by Chassain et al. (19). Each unique allelic profile was assigned to
a sequence type (ST). The sequencing data obtained for the seven house-
keeping genes were compared with those provided by the Institut Pasteur
of Paris website (http://bigsdb.web.pasteur.fr/). Clonal complexes (CCs)
were determined using the database of the Institut Pasteur of Paris. The
sequences of the various alleles at each of the seven loci defined the allelic
profile corresponding to the ST. We compared the STs of the isolates
studied here with those available from the Institut Pasteur of Paris website
with eBURST version 3 (http://eburst.mlst.net/; Department of Infectious
Disease Epidemiology, Imperial College London, United Kingdom) soft-
ware.

Hemolytic activity. We assessed �-hemolysin activity to evaluate agr
function. This activity was analyzed by performing a cross-streaking test
perpendicular to S. aureus RN4220, which produces only �-hemolysin, on
a Columbia blood agar plate. We used S. aureus ATCC 25923 as the agr-
positive control and S. aureus strain Mu 50 as the agr-negative control.

Statistical analysis. The data were processed and statistical analyses
performed with the Statistical Package for Social Sciences software version
18.0 (SPSS, Inc., Chicago, IL, USA). The data are expressed as absolute
numbers and percentages. Differences in proportions between the two
groups was analyzed in a two-tailed z-test for proportions, using an online
statistics software (http://www.socscistatistics.com/tests/ztest/).

RESULTS

We collected 129 S. lugdunensis isolates in total: 67 (51.9%) during
study period I (1 May 2003 to 31 May 2013) and 62 (48.1%) in
study period II (1 July to 31 October 2014) (Table 1). During study
period I, most of the isolates were obtained from blood cultures
(56 of 67 [83.5%]) or from ascites (4 of 67 [6.0%]). In study period
II, most of the isolates were obtained from pus cultures (39 of 62
[62.9%], 36 from skin and soft tissue infection, one from Bartho-
lin’s cyst infection, one from maxillary sinusitis, and one from

TABLE 1 General data of isolates collected from study period I (May
2003 to May 2013) and study period II (July to October 2014)

Characteristic

No. (%) for

Total (n � 129)
Study period
I (n � 67)

Study period II
(n � 62)

Sample types
Blood 58 (45.0) 56 (83.6) 2 (3.2)

Pus 39 (30.2) 0 39 (62.9)
Wound 18 (14.0) 0 18 (29.0)
Ascites 4 (3.1) 4 (6.0) 0
Body fluid 3 (2.3) 2 (3.0) 1 (1.6)
Synovial fluid 2 (1.6) 2 (3.0) 0
Cerebrospinal fluid 1 (0.8) 1 (1.5) 0
Cervix 1 (0.8) 0 1 (1.6)
Pleural effusion 1 (0.8) 1 (1.5) 0
Tissue 1 (0.8) 0 1 (1.6)
Amniotic fluid 1 (0.8) 1 (1.5) 0

Type of infection
Community associated 48 (37.2) 7 (10.4) 41 (66.1)
Health care associated 81 (62.8) 60 (89.6) 21 (33.9)
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deep neck infection) and wound culture (18 of 62 [29.0%]). Most
of the isolates (60 of 67 [89.6%]) in study period I were HA. In
contrast, more than half of the isolates (41 of 62 [66.1%]) in study
period II were CA.

Overall, 55.8% of the 129 episodes of infection occurred in
male patients, and the mean � standard deviation age of the pa-
tients was 49.99 � 24.90 years (Table 2). No difference in the sex
ratio of patients was found between HA and CA infections. De-
spite the similar mean ages of patients with HA and CA infections,
HA infections were found to be more frequent than CA infections
in children (16.0% versus 4.2%, respectively; P � 0.041) and in the
elderly (38.3% versus 14.6%, respectively; P � 0.004). HA infec-
tions were less frequent than CA infections in patients between the
ages of 18 and 65 years (45.7% versus 81.3%, respectively; P �
0.001). Most of the episodes of HA infection in children con-
cerned children under the age of 1 year (10 of 13 [76.9%]), and
there were no episodes of CA infection in patients under the age of
1 year. Patients with HA infections had higher rates of comorbid
conditions, including diabetes mellitus (39.5% versus 12.5, re-
spectively; P � 0.001), end-stage renal disease (37.5% versus 0%,

respectively; P � 0.001), and solid-organ cancers (22.2% versus
2.1%, respectively; P � 0.002), than patients with CA infections.
The distribution of clinical infectious foci differed between HA
and CA infections. CA infections were more likely to affect the
skin and soft tissues (85.4% versus 19.8%, respectively; P �
0.001), mostly with abscesses and pus formation (31 of 42
[73.8%]), and were less likely to concern normally sterile sites. HA
isolates accounted for a higher proportion of cases of bacteremia
of unknown origin (34.6% versus 4.2%, respectively; P � 0.001)
and catheter-related bacteremia (12.3% versus 0%, respectively;
P � 0.011) than CA isolates. Five cases of infective endocarditis
were identified. Three of these cases were HA, and the other two
were CA. All the cases of HA endocarditis occurred in patients
with end-stage renal disease treated by hemodialysis. We found
that 14-day all-cause mortality was higher for HA than for CA
infections (11.1% versus 0%, respectively; P � 0.017).

Higher proportions of HA than of CA isolates were resistant to
penicillin (76.5% versus 52.1%, respectively; P � 0.004) and oxa-
cillin (32.1% versus 2.1%, respectively) (Table 3). Rates of resis-
tance to clindamycin and erythromycin were similar in HA and

TABLE 2 Distribution of gender, age, comorbidity, source of infection, and outcome between health care- and community-associated infectionsa

Characteristic Total (n � 129)
Health care
associated (n � 81)

Community
associated (n � 48) P value

Gender
Male 73 (56.6) 44 (54.3) 29 (60.4) 0.496

Age (yr)
Mean � SD 49.99 � 24.90 51.35 � 28.13 47.70 � 18.26 0.423
0–17 15 (11.6) 13 (16.0) 2 (4.2) 0.041b

�1 10 (7.8) 10 (12.3) 0 0.011b

18–64 76 (58.9) 37 (45.7) 39 (81.3) �0.001c

�65 38 (29.5) 31 (38.3) 7 (14.6) 0.004d

Comorbidity
Diabetes mellitus 38 (29.5) 32 (39.5) 6 (12.5) 0.001d

End-stage renal disease 32 (24.8) 32 (37.5) 0 �0.001c

Liver cirrhosis 6 (4.7) 6 (7.4) 0 0.054
Solid-organ malignancy 19 (14.7) 18 (22.2) 1 (2.1) 0.002d

Hematologic malignancy 2 (1.6) 2 (2.5) 0 0.271
Cerebrovascular accident 18 (14.0) 14 (17.3) 4 (8.3) 0.156

Source of infection
Skin and soft tissue 57 (44.2) 16 (19.8) 41 (85.4) �0.001c

Unknown source of bacteremia 30 (23.3) 28 (34.6) 2 (4.2) �0.001c

Catheter-related bloodstream infection 10 (7.8) 10 (12.3) 0 0.011b

Bone and joints 8 (6.2) 7 (8.6) 1 (2.1) 0.136
Arteriovenous fistula/graft 6 (4.7) 6 (7.4) 0 0.053
Infective endocarditis 5 (3.9) 3 (3.7) 2 (4.2) 0.986
Intra-abdomen 4 (3.1) 4 (4.9) 0 0.119
Genital system 3 (2.3) 2 (2.5) 1 (2.1) 0.889
Peritoneal dialysis-related peritonitis 2 (1.6) 2 (2.5) 0 0.271
Lung 1 (0.8) 1 (1.2) 0 0.441
Central nervous system 1 (0.8) 1 (1.2) 0 0.441
Deep neck 1 (0.8) 1 (1.2) 0 0.441
Sinusitis 1 (0.8) 1 (1.2) 0 0.441

14-day all-cause mortality 9 (7.0) 9 (11.1) 0 0.017b

a All data are presented as the no. (%), unless otherwise stated.
b P � 0.05.
c P � 0.001.
d P � 0.01.
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CA isolates (clindamycin resistance: 23.5% versus 18.8%, respec-
tively, P � 0.529; erythromycin resistance: 27.2% versus 20.8%,
respectively, P � 0.424). Rates of resistance to trimethoprim-sul-
famethoxazole were low in both groups. SCCmec typing of the 27
oxacillin-resistant isolates was successful for 25 isolates, with the
other two isolates being nontypeable (NT) (Table 3). The oxacil-
lin-resistant isolates of SCCmec types II (5 of 81 [6.2%]), IV (1 of
81 [1.2%]), V (17 of 81 [21%]), and Vt (2 of 81 [2.5%]) were
obtained from patients with HA infections. Only one oxacillin-
resistant isolate were identified in a case of CA infection, and this
isolate was nontypeable for SCCmec. No statistical difference in
agr typing results was observed between the HA and CA isolates.

The percentage of isolates displaying agr dysfunction was similar
in the two groups.

Six CCs were identified by MLST typing. CC1 was the most
frequently isolated clonal complex (n � 56 [43%]), followed by
CC3 (n � 33 [25.6%]) and CC8 (n � 22 [17.1%]) (Table 3). We
identified 12 STs in total. The most frequently encountered STs
were ST41 (belonging to CC1, n � 38 [29.8%]), ST38 (belonging
to CC3, n � 33 [25.6%]), and ST36 (belonging to CC2, n � 15
[11.6%]). We identified three new STs not present in the database,
which we named ST43, ST44, and ST45. The allelic profile of ST43
was 1-4-3-1-5-7-4 for aroE, dat, ddl, gmk, ldh, recA, and yqiL. This
ST is most closely related to ST33 (6-4-3-1-5-7-3) and ST9 (1-4-

TABLE 3 Antibiotic resistance, distribution of SCCmec typing, agr group, and �-hemolysin, clonal complex, and multilocus sequence typing among
Staphylococcus lugdunensis isolates that cause health care- and community-associated infection

Characteristica

No. (%) for

P valueTotal (n � 129)
Health care
associated (n � 81)

Community
associated (n � 48)

Antibiotic resistance
Penicillin 87 (67.4) 62 (76.5) 25 (52.1) 0.004b

Oxacillin 27 (20.9) 26 (32.1) 1 (2.1) �0.001c

Clindamycin 28 (21.7) 19 (23.5) 9 (18.8) 0.529
Erythromycin 32 (24.8) 22 (27.2) 10 (20.8) 0.424
TMP-SMX 3 (2.3) 1 (1.2) 2 (4.2) 0.285

SCCmec type
II 5 (3.9) 5 (6.2) 0 0.078
IV 1 (0.8) 1 (1.2) 0 0.441
V 17 (13.2) 17 (21.0) 0 �0.001c

Vt 2 (1.6) 2 (2.5) 0 0.271
NT 2 (1.6) 1 (1.2) 1 (2.1) 0.703

agr type
I 57 (44.2) 31 (38.3) 26 (54.2) 0.078
II 72 (55.8) 50 (61.7) 22 (45.8) 0.078

�-Hemolysin
Negative 10 (7.8) 7 (8.6) 3 (6.3) 0.624

Clonal complex and MLST typing
CC1 56 (43.4)

ST6 2 (1.6) 2 (2.5) 0 0.271
ST25 11 (8.5) 5 (6.2) 6 (12.5) 0.215
ST41 38 (29.5) 24 (29.6) 14 (29.2) 0.841
ST44 3 (2.3) 0 3 (6.3) 0.002b

ST45 2 (1.6) 0 2 (4.2) 0.064
CC2 2 (1.6)

ST29 2 (1.6) 1 (1.2) 1 (1.2) 0.703
CC3 33 (25.6)

ST38 33 (25.6) 27 (33.3) 6 (12.5) 0.009b

CC4 12 (9.3)
ST33 12 (9.3) 6 (7.4) 6 (12.5) 0.337

CC7 1 (0.8)
ST27 1 (0.8) 0 1 (2.1) 0.194

CC8 22 (17.1)
ST36 15 (11.6) 12 (14.8) 3 (6.3) 0.141
ST39 7 (5.4) 2 (2.5) 5 (10.4) 0.054

Singletons
ST43 3 (2.3) 2 (2.5) 1 (2.1) 0.889

a TMP-SMX, trimethoprim-sulfamethoxazole; NT, nontypeable; MLST, multilocus typing sequence typing.
b P � 0.01.
c P � 0.001.
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3-1-1-3-4), from which it differs by the alleles at two loci. The
allelic profile of ST44 was 1-1-7-1-5-9-2, and this ST is most sim-
ilar to ST41 (1-1-1-1-5-9-2), from which it differs by the allele at
one locus. The allelic profile of ST45 was 1-2-1-1-5-9-2, and this
ST is most closely related to ST41, from which it differs by the
allele at one locus. Some genetic evolution was observed in clonal
complex 1. The ancestral genotype was ST41 in our study, and
eBURST identified ST25, ST44, and ST45 as being derived from
ST41 (Fig. 1). ST41 isolates were similarly distributed between HA
(29.6%) and CA (29.2%) infections. ST38 isolates were more fre-
quent among HA than among CA isolates (33.3% versus 12.5%,
respectively; P � 0.009).

Most of the oxacillin-resistant isolates (n � 27) belonged to
ST38 (n � 21), with ST41 (n � 4) and ST6 (n � 2) being the next
most frequent sequence types for these isolates (Table 4). The
ST38 oxacillin-resistant isolates were mostly of SCCmec type V (17
of 21), followed by SCCmec type Vt (2 of 21) and SCCmec type IV
(1 of 21). The ST6 (two isolates) and ST41 oxacillin-resistant iso-
lates (three isolates) were SCCmec type II. Two oxacillin-resistant
isolates were SCCmec type NT: one belonged to ST38 and the

other to ST41. The ST38 oxacillin-resistant isolates of SCCmec
type V were obtained at our hospital in 2009, the type Vt isolates
were obtained in 2011, and the type IV isolates were obtained in
2012. The ST6 oxacillin-resistant isolates of SCCmec type II were
obtained in 2010, and the ST41 oxacillin-resistant isolates of SC-
Cmec type II were obtained in 2012. The only oxacillin-resistant
isolate from a CA infection belonged to ST38 and SCCmec type
NT and was obtained in 2014.

DISCUSSION

This is the first study to compare of HA and CA S. lugdunensis
infections directly, in a total of 129 cases. Overall, HA isolates were
found to be more likely than CA isolates to cause bloodstream
infection. In contrast, CA isolates mostly caused skin and soft
tissue infections. The age distributions of the patients presenting
HA and CA infections was also different. HA infections were more
frequent than CA infections in children and the elderly. HA infec-
tions had a higher 14-day all-cause mortality than CA infections.
Oxacillin resistance was almost exclusively limited to HA isolates
carrying SCCmec types II, IV, V, and Vt. The emergence of oxa-
cillin-resistant isolates of ST38, ST41, and ST6 in health care set-
tings was noted.

CA and HA S. lugdunensis infections were found to have dif-
ferent clinical presentations in this study. CA infections were less
invasive than HA infections and were more likely to cause skin and
soft tissue infections with abscess formation. The presentation of
CA S. lugdunensis infection was similar to that previously reported
(11, 12). In contrast, HA isolates were more frequent than CA
isolates in cases of bacteremia of unknown origin and catheter-
related bloodstream infection. S. lugdunensis endocarditis has
been widely reported in many studies and is associated with high
mortality, at about 70% (2, 6, 25). S. lugdunensis is thought to
behave similarly to Staphylococcus aureus in cases of endocarditis,
but the overall mortality for S. lugdunensis infections is lower than
that for S. aureus infections, especially for CA infections. We iden-
tified three cases of HA endocarditis and two of CA endocarditis in
this study. S. lugdunensis endocarditis may, therefore, occur in
both HA and CA settings. All the HA cases of endocarditis oc-

FIG 1 eBURST diagram showing the relatedness among the major cluster (clonal complex 1) of S. lugdunensis isolates in this study and compared with the
reference sequence types (STs) in the database of the Institut Pasteur (http://bigsdb.web.pasteur.fr/). Each circle represents an ST. The size of the circle represents
the proportion of the number of isolates in the study.

TABLE 4 MLST and year of isolation of oxacillin-resistant
Staphylococcus lugdunensis (n � 27)

MLST
typing (n)

Clonal
complex

SCCmec
typing
(no. of
isolates)

No. of isolates by yr of isolation

2009 2010 2011 2012 2013 2014

ST6 (2) CC1 II (2) 1 1

ST38 (21) CC3 IV (1) 1
V (17) 2 5 4 1 2 3
Vt (2) 1 1
NT (1) 1a

ST41 (4) CC1 II (3) 2 1
NT (1) 1

a The isolates belonged to community-associated infections. Other isolates belonged to
health care-associated infections.
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curred in patients on hemodialysis. These findings are consistent
with those of a previous study by Ho et al. showing high rates
(54.6%) of S. lugdunensis carriage in patients on long-term renal
replacement therapy (26). These high rates of carriage in patients
with end-stage renal disease suggest that there may be a risk of
endocarditis in patients on hemodialysis.

We identified only one oxacillin-resistant isolate obtained
from a CA infection, and in this case, the isolate was nontypeable
by SCCmec. SCCmec types IV, V, and Vt were considered to be CA
in oxacillin-resistant S. aureus and S. epidermidis isolates, but we
found oxacillin-resistant isolates of SCCmec types IV, V, and Vt
only in cases of HA infections. No SCCmec type IV, V, or Vt isolate
was identified in cases of CA S. lugdunensis infection. Only one
case of CA oxacillin-resistant S. lugdunensis SCCmec type V infec-
tion has been reported to date, in Brazil (27). This finding suggests
that the rate of oxacillin resistance in S. lugdunensis remains low in
the community. The origin of the oxacillin-resistant S. lugdunensis
isolates of SCCmec type V remains unclear, but in this study, they
did not appear to originate from the community.

The MLST method for S. lugdunensis was developed in 2012,
and previous reports identified three major CCs (CC1, CC2, and
CC3) and showed that the most frequent STs were ST3 (belonging
to CC3), ST2 (belonging to CC2), and ST1 (belonging to CC1) in
France (19). Ho et al. (26) reported that ST3 was also the most
common ST colonizing patients with end-stage renal disease in
Hong Kong, and 25.3% of the ST3 isolates identified were found
to be of SCCmec type V. In our study in Taiwan, the most common
CCs were CC1 and CC3, as in France and Hong Kong, but the
most common STs were different. In our hospital, the most com-
mon ST was ST41, belonging to CC1, and ST38, belonging to CC3.
These differences between different countries highlight the ge-
netic diversity of S. lugdunensis in different regions. We also iden-
tified a clone of oxacillin-resistant S. lugdunensis ST6 of SCCmec
type II in our hospital environment, and most of the isolates of this
clone did not cause infection (13). ST41 was the most common ST
in both HA and CA infections, but ST38 has recently emerged as a
cause of HA infections, probably because the increasing numbers
of oxacillin-resistant ST38 isolates are of SCCmec type IV, V, or Vt.
In addition to the ST6 oxacillin-resistant isolates of SCCmec type
II identified in 2010, we also identified ST41 oxacillin-resistant
isolates of SCCmec type II in 2012, but there were fewer of these
isolates than ST38 oxacillin-resistant isolates. High levels of anti-
biotic use may favor the emergence of oxacillin-resistant isolates
in health care settings.

We did not observe any difference in the distribution of agr
types and �-hemolysin activity between CA and HA isolates. The
agr system is important in the pathogenesis of staphylococci. The
�-hemolysin activity represents the function of agr gene, which is
correlated with toxin expression profiles and biofilm formation of
S. aureus (28). Different agr types are associated with CA and HA
S. aureus infections (29). Although the role of the agr gene in S.
aureus infection was well documented, we did not found any sta-
tistic difference between agr types or agr gene function and CA or
HA S. lugdunensis infection. The role of the agr gene in S. lug-
dunensis infections still needs further investigation.

Our study is subject to several limitations. First, the clinical
data were collected retrospectively by chart review. In cases of
bloodstream infection, the origin of the infection was determined
on the basis of clinical judgment. Second, the inclusion criteria
and durations of the two periods were different, making it difficult

to balance the numbers of CA and HA infections, and the distri-
butions of CA and HA infections differed between the two study
periods. It remains unclear whether changes in the molecular ep-
idemiological features of these infections occurred between the
two time periods, with potential effects on our results. Third, no
healthy volunteers with S. lugdunensis carriage were enrolled in
our study for further comparisons of the molecular characteristics
of isolates of community origin. Finally, our study was conducted
at a single center and therefore may not be representative of the
national situation. Further multicenter data should be collected to
evaluate the genetic evolution of S. lugdunensis in Taiwan.

In conclusion, our data show that HA and CA S. lugdunensis
infections differ in terms of their clinical features and antibiotic
resistance profiles. Most STs were similarly distributed between
HA and CA infections, but ST38 isolates predominated in the HA
setting. The emergence of resistant strains of ST6, ST38, and ST41
in cases of HA infections was noted.
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