
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY,
0066-4804/98/$04.0010

May 1998, p. 1305 Vol. 42, No. 5

Copyright © 1998, American Society for Microbiology

Characterization of Mupirocin-Resistant Staphylococcus aureus
from Different Geographic Areas

With the increasing use of mupirocin, resistance among
staphylococci has emerged (1). High-level resistance (MICs,
.500 mg/ml) is usually mediated by a plasmid-associated
mupA gene. Low-level resistance (MICs, ,100 mg/ml) is more
common, can be selected in vitro with increasing concentra-
tions of mupirocin, and, except for one report (7), has not been
associated with mupA. We sought to define the characteristics
and relatedness of Mupr strains from different geographic re-
gions in the United States.

A total of 18 Staphylococcus aureus strains with high-level
resistance (Hi-Mupr strains) and 19 S. aureus strains with low-
level resistance (Lo-Mupr strains) were obtained from Ann
Arbor, Mich.; Johnson City, Tenn.; and New Haven, Conn.
(4–6, 8). Contour-clamped homogeneous electric field electro-
phoresis (CHEF) of genomic DNA was performed as de-
scribed previously (7). Plasmid profile analysis was done fol-
lowing extraction of DNA by a rapid mini-prep procedure,
treatment with HindIII, and separation of fragments by con-
ventional agarose electrophoresis.

Southern analysis of chromosomal and plasmid DNA was
performed according to standard procedures with a PCR-am-
plified product of an intragenic 1.65-kb NcoI fragment of mupA
for the probe (7). Previously described oligonucleotide primers
Mup1 and Mup2 were used for PCR amplifications (2). Filter
mating experiments were carried out as described previously (3).

There were 11 Michigan strains (2 Hi-Mupr methicillin-
resistant S. aureus [MRSA] and 9 Lo-Mupr [6 MRSA and
3 methicillin-susceptible S. aureus] strains), 14 Tennessee
MRSA strains (6 Hi-Mupr and 8 Lo-Mupr strains), and 12
Connecticut strains (10 Hi-Mupr and 2 Lo-Mupr strains).

Eight different CHEF patterns were noted among the 37
strains. All 14 Tennessee strains were closely related and were
similar to the 2 Hi-Mupr and to 5 of the 9 Lo-Mupr strains
from Michigan; the 4 other Michigan strains showed three
different patterns. Of the 12 Connecticut strains, 8 showed one
predominant pattern and the other 4 showed three different pat-
terns; all were unrelated to the Michigan and Tennessee strains.

All strains contained plasmids. Analysis of plasmid profiles
showed differences between the Michigan and Tennessee
strains that had appeared similar by CHEF typing; there were
three different patterns among the 11 Michigan strains, and four
entirely different patterns among the 14 Tennessee strains. The 12
strains from Connecticut showed five unique plasmid profiles.

All 18 Hi-Mupr strains transferred mupirocin resistance and
contained mupA on plasmid DNA. The 2 Michigan strains
carried mupA on a 9.1-kb fragment, the 6 Tennessee strains
carried it on a 4.6- or a 5.5-kb fragment, and all 10 Connecticut
strains carried it on a 4.6-kb fragment.

No Lo-Mupr strains transferred mupirocin resistance and,
based on hybridization results, none had plasmid-associated
mupA. In nine Michigan Lo-Mupr strains and two of eight
Tennessee Lo-Mupr strains, the mupA probe hybridized to
genomic DNA, indicating mupA is on the chromosome. No Con-
necticut Lo-Mupr strain showed hybridization to the mupA probe.

Both chromosomal and plasmid typing indicated that Con-
necticut strains were not related to Michigan and Tennessee
strains. Although most of the strains from Michigan and Ten-
nessee were closely related by CHEF typing, their plasmid

profiles differed. Hi-Mupr S. aureus strains from the three
geographic areas transferred resistance, but the plasmid loca-
tion of the mupA gene varied.

Low-level mupirocin resistance was associated with chromo-
somal mupA in some but not all strains. Both high-level and
low-level mupirocin resistance appeared to have arisen from
multiple different clones within an individual institution and in
different geographic areas of the United States.
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