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Letters to the Editor
Frequency of High-Level Mupirocin-Resistant Staphylococcus aureus

in a Tertiary Care Facility

Methicillin-resistant Staphylococcus aureus (MRSA) strains
are frequently resistant to multiple antibiotics, antiseptics, and
disinfectants (4). Therefore, the presence of MRSA, even as a
mere colonizer, presents a serious threat, especially in hospi-
tals and nursing homes (14). The Albuquerque Department of
Veterans Affairs Medical Center (AVAMC) began using top-
ical mupirocin to eliminate MRSA from the nares of all colo-
nized individuals in 1991. This approach is considered safe and
effective and lacks the morbidities, side effects, costs, and ef-
fects upon normal flora associated with oral antibiotics (1–3,
12, 13). However, several studies have appeared recently that
associate mupirocin usage with the emergence of highly mupi-
rocin-resistant MRSA (5–8, 10). To assess the impact of mupi-
rocin usage at the AVAMC, the frequency and the level of
mupirocin resistance were measured with 427 S. aureus isolates
saved by the microbiology laboratory between 1989 and the
first quarter of 1995 (Table 1). The collection included MSSA
isolates cultured from invasive sites and all MRSA.
Methicillin and mupirocin resistances were measured in

Mueller-Hinton agar by the agar dilution method (11) at two-
fold increments from 2 to 64 and 2 to 1,024 mg/ml, respectively.
Isolates of S. aureus were considered methicillin resistant if the
MIC was .2 mg/ml and mupirocin resistant if the MIC was 4
to 64 mg/ml (low-level resistance), 128 to 256 mg/ml (intermedi-
ate-level resistance), and $500 mg/ml (high-level resistance), re-
spectively (7). Duplicate samples from the same patient were not
included in the analysis unless a change in susceptibility occurred.
Eighty-two percent (350 of 427) of the isolates were resistant to
methicillin, 0.7% (3 of 427) were resistant to mupirocin but not
methicillin, and 6.1% (26 of 427) were resistant to bothmethicillin
and mupirocin. Mupirocin resistance was independent of the
hospital unit or body site from which the isolate was collected.
S. aureus colonizes mucosa superficially, and very high local

doses of mupirocin are achieved when mupirocin is applied as
an ointment (20,000 mg/ml). Therefore, the clinical significance
of low and intermediate levels of mupirocin resistance is ques-
tionable (7). However, four MRSA isolates, all collected be-
tween November 1994 and January 1995, displayed high-level
resistance. These isolates originated from three patients in
three separate units in the hospital who had been treated with

mupirocin prior to the collection of the resistant isolate. In one
patient, highly resistant isolates were recovered from both a
urine culture and a tracheostomy site that had previously been
colonized by mupirocin-susceptible MRSA. Approximately 3
weeks later, MRSA with high-level resistance to mupirocin was
also isolated from the patient’s nares.
Prevention of MRSA infections requires prompt treatment

of critically ill patients and treatment and monitoring of car-
riers, particularly during outbreaks (14). However, high-level
mupirocin resistance can be mediated by conjugative plasmids
(9), and so the potential exists for the selection of widespread
mupirocin resistance with increased use of mupirocin and a
concomitant increase in treatment failure (7). The emergence
of high-level mupirocin-resistant MRSA at the AVAMC since
November 1994 further suggests that there is rapid selection
for high-level mupirocin resistance once established. In this
light, it may be prudent to limit the use of mupirocin to de-
colonizing patients with documented MRSA infections, indi-
viduals at high risk for developing systemic infections, and
carriers associated with outbreaks.

REFERENCES

1. Casewell, M. W., and R. L. R. Hill. 1987. Mupirocin (pseudomonic acid)—a
promising new topical antimicrobial agent. J. Antimicrob. Chemother. 19:1–5.

2. Doebbeling, B. N., D. L. Breneman, H. C. Neu, R. Aly, B. G. Yangco, H. P.
Holley, R. J. Marsh, M. A. Pfaller, J. E. McGowan, B. E. Scully, D. R.
Reagan, R. P. Wenzel, and the Mupirocin Collaborative Study Group. 1993.
Elimination of Staphylococcus aureus nasal carriage in health care workers:
analysis of six clinical trials with calcium mupirocin ointment. Clin. Infect.
Dis. 17:466–474.

3. Doebbeling, B. N., D. R. Reagan, M. A. Pfaller, A. K. Houston, R. J. Hollis,
and R. P. Wenzel. 1994. Long-term efficacy of intranasal mupirocin oint-
ment. Arch. Intern. Med. 154:1501–1508.

4. Irizarry, L., T. L. Merlin, J. R. Rupp, and J. K. Griffith. Reduced suscepti-
bility of methicillin resistant Staphylococcus aureus to cetylpyridinium chlo-
ride and chlorhexidine. Chemotherapy, in press.

5. Janssen, D. A., L. T. Zarins, D. R. Schaberg, S. F. Bradley, M. S. Terpenning,
and C. A. Kauffman. 1993. Detection and characterization of mupirocin resis-
tance in Staphylococcus aureus. Antimicrob. Agents Chemother. 37:2003–2006.

6. Kauffman, C. A., M. S. Terpenning, H. Xiaogong, L. T. Zarins, M. A.
Ramsey, K. A. Jorgensen, W. S. Sottile, and S. F. Bradley. 1993. Attempts to
eradicate methicillin-resistant Staphylococcus aureus from a long-term-care
facility with the use of mupirocin ointment. Am. J. Med. 94:371–378.

7. Layton, M., and J. E. Patterson. 1994. Mupirocin resistance among consecu-
tive isolates of oxacillin-resistant and borderline oxacillin-resistant Staphylo-
coccus aureus at a university hospital. Antimicrob. Agents Chemother. 38:
1664–1667.

8. Layton, M. C., M. Perez, P. Heald, and J. E. Patterson. 1993. An outbreak of
mupirocin-resistant Staphylococcus aureus on a dermatology ward associated
with an environmental reservoir. Infect. Control Hosp. Epidemiol. 14:369–375.

9. Morton, T. M., J. L. Johnston, J. Patterson, and G. L. Archer. 1995. Char-
acterization of a conjugative staphylococcal mupirocin resistance plasmid.
Antimicrob. Agents Chemother. 39:1271–1280.

10. Naguib, M. H., M. T. Naguib, and D. J. Flournoy. 1993. Mupirocin resistance
in methicillin-resistant Staphylococcus aureus from a veterans hospital. Che-
motherapy 39:400–404.

11. National Committee for Clinical Laboratory Standards. 1993. Method for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically.
Document M7-A3. National Committee for Clinical Laboratory Standards,
Villanova, Pa.

12. Reagan, D. R., B. N. Doebbling, M. A. Pfaller, C. T. Sheetz, A. K. Houston,
R. J. Hollis, and R. P. Wenzel. 1991. Elimination of coincident Staphylococ-
cus aureus nasal and hand carriage with intranasal application of mupirocin
calcium ointment. Ann. Intern. Med. 114:101–106.

13. Scully, B., F. Briones, G. Jian-wei, and H. C. Neu. 1992. Mupirocin treatment
of nasal staphylococcal colonization. Arch. Intern. Med. 152:353–356.

TABLE 1. Frequency of mupirocin-resistant S. aureus
from 1989 to 1995a

Yr
No. of mupirocin-susceptible and -resistant isolates

Susceptible Low MIC Intermediate MIC High MIC Total

1989–1990 93 7 0 0 100
1991 42 0 1 0 43
1992 72 2 0 0 74
1993 79 8 0 0 87
1994–1995 112 7 0 4 123
Total 398 24 1 4 427

a The difference between the 3.3 and 0% frequencies of high-level resistance
in 1994 to 1995 and 1989 to 1994, respectively, was statistically significant by
Fisher’s exact test (P 5 0.016), the Kruskal-Wallis test (P 5 0.04), and the Exact
JT test for trend overtime (P 5 0.06).
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