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The erm gene product confers clindamycin resistance on Staphylococcus aureus. We report a clindamycin
clinical failure where resistance developed on therapy in a D-test-positive strain. D tests of 91 clindamycin-
susceptible, erythromycin-resistant S. aureus isolates showed that 68% of methicillin-susceptible and 12.3% of
methicillin-resistant S. aureus strains were D-test positive.

Clindamycin-susceptible, erythromycin-resistant Staphylo-
coccus aureus (clindamycin-erythromycin discordant) may de-
velop clindamycin resistance (7, 8). The erm gene product is a
ribosome methylase whose expression is normally minimal.
Erythromycin induces the production of this methylase, which
is why these strains are erythromycin resistant, but mutations
in the promoter region of erm allow production of methylase
without an inducer (18, 19). These mutants are stably erythro-
mycin and clindamycin resistant. Since erythromycin resistance
can occur with other mechanisms (e.g., efflux pumps and en-
zymatic modification) (15), the D-test identifies inducible re-
sistance that might presage mutational clindamycin constitu-
tive resistance. The D-test is performed by placing clindamycin
and erythromycin disks at an edge-to-edge distance of 15 to 20
mm and looking for flattening of the clindamycin zone nearest
the erythromycin disk (2). A positive D-test suggests the pres-
ence of an erm gene that could result in constitutive clindamy-
cin resistance and clinical failure.

There are few published clinical failures of clindamycin with
emergence of resistance (1, 3, 9, 12, 16). However, there are
also reports of successful use of clindamycin in treating pa-
tients with D-test-positive isolates (3, 9). We report a clinical
failure with documented emergence of resistance. In order to
avoid poor clinical outcomes but retain the usefulness of clin-
damycin, it would be helpful to know the prevalence of induc-
ible resistance in clindamycin-erythromycin discordant bacte-
ria. This prevalence varies by geographic location, patient age,
bacterial species, and bacterial susceptibility profile (4, 5, 10,
11, 13, 14, 16). For example, a pediatric population in Houston,
Tex., with methicillin-resistant S. aureus (MRSA) had a D-test
positivity rate of 2.2% (9) compared to a similar population of
children with MRSA in Chicago, Ill., whose D-test positivity
rate was 94% (3). We determined the prevalence of D-test
positivity in clindamycin-erythromycin discordant S. aureus iso-
lates in our institution in early 2004. We tested isolates from
infected body sites where clindamycin might be considered for
therapy.

The patient was a 44-year-old man with fever, chills, and
increased low back pain 10 days after a lumbar discectomy. At
admission he had a temperature of 102.4°F and complained of
3 days of erythema, bloody drainage, and pain along his inci-
sion. He had a wound exploration, and the tissue Gram stain
showed white blood cells and gram-positive cocci. Fluid and
blood cultures grew clindamycin-erythromycin discordant me-
thicillin-susceptible S. aureus (MSSA), which was treated with
2 weeks of oxacillin followed by 2 weeks of oral clindamycin.
Ten days after completing clindamycin therapy, he had severe
back pain, chills, a temperature of 101.6°F, and purulent drain-
age from his wound. A magnetic resonance image showed new
evidence of lumbar osteomyelitis, discitis, and enhancement of
paravertebral musculature with a small fluid collection. On
vancomycin, he had surgical debridement. Bone, blood, and
wound cultures all grew MSSA with the same antibiogram as
that of his prior isolate except for new clindamycin resistance.
He successfully completed therapy with intravenous (oxacillin)
and oral (combinations of minocycline, trimethoprim-sulfame-
thoxazole, and rifampin) antibiotics for a total of 5 months.
The D-test on the original fluid isolate was positive (Fig. 1);
however, this result was not available at the time of his original
therapy. The original S. aureus wound isolate and the blood
and bone isolates collected after completion of primary ther-
apy were indistinguishable by ribotyping with EcoRI restriction
enzyme (Christiana Care Health Services, Wilmington, Del.).

We collected all 168 S. aureus isolates from wounds, ab-
scesses, bone, cerebrospinal fluid, pleural fluid, ascitic fluid,
and joint fluid from 1 January to 28 February 2004 at Temple
University Hospital (Philadelphia, Pa.). The strains (adult, pe-
diatric, inpatient, and outpatient) were stored in glycerol at
�74°C until batch testing in April 2004. Antibiotic susceptibil-
ities were determined by the Vitek-1 test (bioMerieux, Hazel-
wood, Mo.); erythromycin-intermediate strains were considered
resistant. The D-test was performed on clindamycin-erythromycin
discordant strains by preparing an 0.5 McFarland suspension of
bacteria in tryptic soy broth (2) inoculated on Mueller-Hinton
plates incubated at 35°C for 18 to 24 h with erythromycin (15 �g)
and clindamycin (2 �g) disks placed 17 mm apart (edge to edge).
Controls with known D-test positivity and negativity were also
tested. Results were photographed and visually inspected by two
investigators.

* Corresponding author. Mailing address: Temple University Hos-
pital, Section of Infectious Diseases, 3401 North Broad St., Philadel-
phia, PA 19140. Phone: (215) 707-3807. Fax: (215) 707-4414. E-mail:
TLevin9696@yahoo.com.

1222



Ninety-one (54.2%) of 168 isolates were clindamycin-eryth-
romycin discordant. There was 100% concordance of the D-
test results between the investigators. The majority (72.2%) of
the discordant strains were MRSA; however, only 8 (12.3%) of
65 strains were D-test positive (Fig. 2). Twenty-five (27.5%) of
the 91 discordant strains were MSSA, but 17 (68%) of the 25

strains were D-test positive. Overall, 25 (27.5%) of the 91
discordant strains were D-test positive.

The mechanisms of clindamycin resistance have been stud-
ied for years, and the D-test was developed to identify poten-
tial clindamycin resistance so that possible ineffective therapy
is not started when conventional tests show clindamycin MICs

FIG. 1. D-test positivity on the original wound culture isolate from the case patient. E, erythromycin; CL, clindamycin.

FIG. 2. Summary of all clindamycin-erythromycin discordant isolates.
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within the susceptible range (�0.5 �g/ml). Molecular markers
for the erm gene are available, but they are costly and incon-
venient for everyday use (8, 15, 17). The D-test is easy to
perform and interpret, reproducible, and inexpensive but still
not universally used. There is a good correlation of standard
D-tests with a modification applied to purity plates done at the
time of specimen preparation for the Vitek-2 test (6).

Clindamycin is frequently used to treat skin and bone infec-
tions because of its tolerability, cost, oral form, and good tissue
penetration. With this high prevalence of D-test positivity, why
are clindamycin clinical failures seldom reported? It may take
time for a mutant strain to develop, and the immune system
may have already controlled the infection. New agents active
against gram-positive bacteria have been developed, so clinda-
mycin may now be used less often. Finally, although a D-test-
positive isolate may mutate on therapy, the mutation rate in
clinical infections is unknown and may be rare.

We studied the prevalence of D-test positivity in isolates that
might be treated with clindamycin. We documented a clinda-
mycin failure when resistance developed in a D-test-positive
MSSA isolate. S. aureus clindamycin susceptibility reporting
should be suppressed when erythromycin resistance is found
(unless a D-test is negative). If D-testing is delayed until re-
sistance testing is complete, the results may not be available for
maximal clinical utility. Alternatively, the clinician may have to
request it specifically.

It may be risky to use clindamycin when erythromycin testing
shows a resistant or intermediate phenotype. The risk might
currently be lower with MRSA, but this disparity may not
continue or not be true elsewhere. Routine D-testing might
allow clinicians to retain confidence in clindamycin when eryth-
romycin resistance is present.
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