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Analysis of methicillin-resistant Staphylococcus aureus (MRSA) characterized as USA300 by pulsed-field gel
electrophoresis identified two distinct clones. One was similar to community-associated USA300 MRSA
(ST8-IVa, t008, and Panton-Valentine leukocidin positive). The second (ST8-IVa, t024, and PVL negative) had
different molecular characteristics and epidemiology, suggesting independent evolution. We recommend spa
typing and/or PCR to discriminate between the two clones.

The methicillin-resistant Staphylococcus aureus (MRSA)
clone USA300, having multilocus sequence type (MLST) ST8
and staphylococcal protein A (spa) type 008 and carrying
staphylococcal cassette chromosome (SCCmec) 1Va, has dis-
seminated in the United States, as well as to other parts of the
world (16, 26, 27). USA300 carries the luk-PV genes encoding
Panton-Valentine leukocidin (PVL), has been identified in a
variety of community populations, and has been associated
with skin and soft tissue infections (SSTI), as well as more
severe infections, such as sepsis, pneumonia, and necrotizing
fasciitis (7, 22, 28).

The identification of USA300 isolates is primarily based on
pulsed-field gel electrophoresis (PFGE) (10). Other genetic
markers have also been suggested for identification of USA300
isolates, including (i) the arcA gene of the arginine catabolic
mobile element (ACME) (3, 8, 26, 29), (ii) sequencing of the
direct repeat unit (dru) region (9), and (iii) different USA300-
specific multiplex PCRs targeting /uk-P} and a “signature” six-
AT-repeat sequence within the conserved hypothetical gene
SACOLO0058 (2).

In Denmark, MRSA isolates have been consecutively typed
by PFGE since 1999, with the addition of sequence-based
methods, such as MLST and spa typing, on selected isolates
since 2001 (6). This process identified some of the first
USA300 isolates in Europe but, surprisingly, also identified
isolates with USA300 PFGE banding patterns but a different
spa type (1, 15, 16). In this study, we investigated the epide-
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miology and genetic diversity of these isolates and USA300
and USAS00 reference strains (20) using PFGE (23), spa typ-
ing (11), MLST (5), SCCmec typing (21, 24), dru typing (9),
ACME (26), the six-AT signature sequence (2), detection of
luk-PV (4), and antimicrobial susceptibility testing (Neo-Sen-
sitabs), as well as microarray analysis (18, 19).

Clinical and epidemiological information was obtained con-
secutively (17). Infections were categorized into four different
groups: import, hospital associated, community associated, and
health care associated with community onset (14).

Where appropriate, statistical significance (P < 0.05) was
assessed using the Mann-Whitney test or Fischer’s exact test.

Between 1999 and 2006, 80 MRSA isolates from Denmark
had USA300 PFGE profiles (50 representative PFGE profiles
are shown in Fig. 1). However, by spa typing, two different spa
types, t008 (11-19-12-21-17-34-24-34-22-25 [n = 38]) and the
single repeat variant t024 (11-12-21-17-34-24-34-22-25 |
42]), both belonging to ST8, were identified (the extra repeat
[19] is shown in boldface). All isolates typed as SCCmec IVa.
However, significant genetic, epidemiological, and clinical dif-
ferences were found, as shown in Tables 1 and 2. Patients
infected with t008 isolates were significantly younger than pa-
tients infected with t024 isolates (P < 0.01). Patients acquired
t008 MRSA in the community (50%) or through travel abroad
(21%), and infections were predominantly SSTIs (94%). In
contrast, the majority of patients with t024 MRSA were either
hospitalized (26%) or had health care-associated risk factors
(38%), and they presented with SSTIs (64%) but, also, a larger
variety of infections, including fatal respiratory tract infections
(11%) and operation- and procedure-related infections (11%).
Remarkably, no t024 MRSA cases were imported.

In contrast to most t008 isolates, t024 isolates were often
constitutively resistant to clindamycin and susceptible to kana-
mycin (Tables 1 and 2). Furthermore, t024 isolates did not
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ID spa
2682-2002 t008
3638-2003 1024

40015 1024
40126 1024
42906 1024
44329 t008
45302 t008
45532 1024
46703 1024
46744 t008
47581 008
41464 t008
51407 t008
45210 t008
46312 t008
47533 t008

2286-2003 t008
2849-2003 t008

40149 t008
42322 t008
4242-2000 t008
42475 t008
43395 1024
43484 t008
43493 008
43596 t008
43645 t008
43722 t008
44054 t008
44065 t008
44073 t008
44615 t008
44628 t008
45206 1024
45207 1024
45827 008
45888 t008
46176 1024
46923 t008
46930 1024
47124 1024
47139 t008
47303 t008
47670 t008
45868 t008
47401 t008
51414 064

FIG. 1. Unweighted pair group method with arithmetic mean (UPGMA) dendrogram of Smal PFGE profiles from Danish MRSA isolates
(2000 to 2005) constructed by the use of Dice determinations (optimization, 1.0%j tolerance, 2.1 to 3.1%). The reference strains are USA300 and
USAS500. Note that t008 and t024 isolates do not cluster separately by PFGE.

carry the luk-PV genes, exhibited different dru types, and in-
consistently carried the ACME-related arcA gene and the con-
served hypothetical gene SACOL0058 containing the six-AT-
repeat sequence characteristic of typical t008 USA300 isolates

(Table 1). Whole-genome microarray analysis of the CDC
USA300 and USAS500 reference strains and four clinical iso-
lates, including two t008 (2849-2003 and 44073) and two t024
(45532 and 46703) isolates, revealed additional genetic differ-
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TABLE 1. Bacteriological, epidemiological, and clinical data
obtained for patients infected or colonized with either
t008 or t024 in Denmark (1999 to 2005)

NOTES 3767

The t008 clinical isolates were very closely related by bacterio-
phage, Staphylococcus aureus pathogenicity island (SaPI), plas-
mid, transposon, and SCCmec element content and were vir-

Characteristic” t008 (n = 38) 024 (n = 42) tually identical to the USA300 reference strain, except that the
Tvoi latter carried an additional tetracycline resistance cassette. In
yping . . . .
ST 8 8 contrast, the t024 isolates, while very closely related in their
SCCmec IVa IVa core genomes, were distinct from the t008 isolates due to
luk-PV + - dissimilar bacteriophages, SaPI’s, SCCmec elements, plasmids,
ACME - - and transposons (Table 2). These differences represent multi-
dru type 7d, 7e, 9g,% 9i, 10a 10a . .
Six-AT repeats T Iy ple horizontal gene transfer and/or rearrangement events, sug-
gesting a substantial difference between t024 and t008 isolates.
Resistance (%) The USAS500 reference isolate was distinct from the t008 and
?222?1%& 72 12 t024 isolates by PFGE profile (Fig. 1), spa type (t064), and
Erythrzmycin 2 38 MGE profile, especially regarding phage, SaPI, and transposon
Clindamycin 13 86 carriage.
Norfloxacin 42 55 These results suggest that two different clones with a typical
Fusidic acid 5 12 USA300 PFGE pattern and SCCmec IVa are common in Den-
Median ages of patients (yrs)* 31 7 ma;k. Half Qf the isolates seem to be “classic” USA300 bot.h
epidemiologically and genetically (spa type t008, luk-PV posi-
Sources of isolates (%) tive, ACME positive, and with six or more AT repeats within
Community associated# 50 2 SACOL0058), whereas the other half belong to a genetically
Health care associated with 18 38 . iologically diff | incipally ch .
community onset and epidemiologically different clone principally characterized
Hospital associated# 5 26 as spa type t024. This latter clone has recently been shown to
Import# 21 0 be inadequately detected by the BD GeneOhm MRSA kit
Active surveillance culture# 5 33 compared to the detection of t008 isolates, emphasizing se-
Locations of infections (%) n =36 n = 28 quence dlﬁeren'ces in the primer binding sites of th§ SCCmec
Skin and soft tissue# 94 64 right extremity junction (1). At present, t024 comprises 1.01%
Respiratory tract 3 11 of the spa sequences deposited in the Ridom database (www
Deep seated 3 7 .Ridom.de), originating from most of Europe, as well as the
Operation and procedure related 11 United States and Canada. However, not all t024 isolates are
Urinary tract 3.5 . R . . . .
Other 35 identical either, as a Dutch isolate with /uk-P1” has been iden-

“ Boldface indicates the predominant dru type.
b, #, statistically significant difference (P < 0.05) between t008 and t024
isolates with either Mann-Whitney U or Fischer’s exact test, respectively.

ences. All isolates, including the USA500 reference strain, had
a typical ST8 gene distribution pattern, including the genomic
islands Gla and GIB. However, a marked difference in the
carriage of mobile genetic elements (MGEs) was observed,
including resistance and putative virulence genes (Table 2).

tified (12).

The observations in this study suggest that reports of
USA300 could include isolates with important genetic varia-
tions if PFGE, MLST, or SCCmec typing is the method used,
as supported by findings of ACME- and Panton-Valentine
leukocidin-negative USA300 isolates (10, 13).

Already, the need for more discriminatory methods has been
debated in areas of high USA300 prevalence (25). The results
of this study suggest that spa type t008 may identify the ST8

TABLE 2. Summary comparison of MGEs between isolates as detected by multistrain microarray

Variant; relevant gene(s) carried by indicated MGE*

Strai PFGE ¢ Bacteriophage Plasmid class
ram pattern spa type SaPI1 SCCmec 1V Tnss54 T
$Sa2 (COL) (MW?2) n. ransposon
dSal (MW?2) $Sa3 I(COL) 11 (MW2)
2849-2003 USA300 t008 v1; luk-PV  (MRSA252) chp, V1, sek, seq vl v1; bla, cad
scn, sak
44073 USA300 t008 vl; luk-PV  (MRSA252) chp, v1; sek, seq vl v1; bla, cad
scn, sak
45532 USA300 1024 v2 v2 v2 v2; bla, cad ermA, spc
46703 USA300 1024 v2 v2 v2 v2; bla, cad ermA, spc
USA300 USA300 t008 vl; luk-PV  (MRSAZ252) chp, V1, sek, seq vl tet v1; bla, cad
reference scn, sak
USAS500  USAS500 t064  (Mu50) v3 (MW2) scn, sak  v3; sek, seq, v3 v3; bla, cad (Mu50) aacA
reference seb, ear

“ MGEs have been clustered into families according to the method of Lindsay and Holden (18), and the sequenced strain with the most closely matched MGE is given in
parentheses (i.e., MRSA252, Mu50, COL, and MW2) (17). Note that the closest match is never identical, and there is substantial variation in MGEs between most S. aureus
isolates. “v” indicates a variant compared to the other strains; strains with the same variant have the same v number. aacA, aminoglycoside resistance; bla, B-lactamase
resistance; chp, chemotaxis inhibitory protein; cad, cadmium resistance; ear, putative 3-lacatamase like protein; ermA, erythromycin resistance; scn, staphylococcal complement
inhibitor; sak, staphylokinase; seb, enterotoxin B; sek, enterotoxin K; seq, enterotoxin Q; spc, spectinomycin resistance; fet, tetracycline resistance.
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lineage related to community-associated MRSA infections
more accurately than PFGE. A marker such as luk-PV is gen-
erally enough to identify “classic” USA300 isolates. Microarray
analysis has revealed a range of other genes that could also be
considered to discriminate isolates (Table 2). The results of
this study clearly suggest that USA300 MRSA identified solely
by PFGE should be confirmed by at least one PCR analysis,
which could be for luk-PV, or a sequence-based typing method,
such as spa typing.

Microarray data accession numbers. Fully annotated mi-

croarray data have been deposited in BuG@Sbase (accession
number E-BUGS-77; http://bugs.sgul.ac.uk/E-BUGS-77) and
also ArrayExpress (accession number E-BUGS-77).

The Wellcome Trust supports the Bacterial Microarray Group at St.

George’s (www.bugs.sgul.ac.uk).

We thank Denise Waldron, Adam Witney, and Phil Butcher for

additional assistance with microarrays.
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