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Abstract

Purpose: To describe the incidence of erythromy-
cin-induced resistance to clindamycin in a sample of
Staphylococcus aureus isolates.

Methods: 100 erythromycin-resistant and clindamy-
cin-sensitive S. aureus were collected as a convenience
sample from February to August 2003. Inducible
clindamycin resistance was identified using the D-
zone disc method,

Results: Ofthe 100 Staphylococcus aureus isolates,
64 were methicillin sensitive (MSSA) and 36 were
methicillin resistant (MRSA). Of the 64 MSSA isolates,
22 (34%) had inducible resistance. Of the 36 MRSA
isofates, 4 (11%) had inducible resistance. Overall,
26% of these clindamycin sensitive S. aureus isolates,
exhibited inducible resistance to clindamycin.
Conclusions: In this sample, MSSA isolates were
almost three times more likely to have inducible MLS
resistance compared to MRSA jsolates. Inducible re-
sistance may compromise the efficacy of clindamycin.
The frequency of inducible resistance in this series of
“clindamycin sensitive” S. aureus jsolates is 26%. It is
likely that the true percentage of clindarmycin resistance
is being underestimated since testing for inducible
resistance is not routinely performed.

Introduction

Rates of community-acquired methicillin-resistant
Staphylococcal aureus (MRS A ) carriage and infections
have been increasing. Transitioning to oral outpatient
treatment of such infections, especiaily in children,
is often limited to clindamycin since erythromycin,
tetracycline, and quinalone antibiotics have limited
efficacy or undesirable side effects. A recent article

concluded that clindamycin was effective in treating
children with invasive infections caused by susceptible
community-acquired-MRSA isolates’. However. it
should be noted that hospital acquired MRS A isolates
are more commonly clindamycin resistant.

Macrolides (e.g..erythromycin), lincosamides (e.g.,
clindamycin; trade name Cleocin), and streptogramins
(e.g.. quinupristin-dalfopristin; trade name Synercid)
are antimicrobial agents active against Gram-positive
bacteria and some Gram-negative cocci. Strepto-
gramins are commonly used in the cattle industry (e.g.,
virginiamycin). These three groups are collectively
known as “MLS” (macrolide-lincosamide-strepto-
gramin) antibiotics. They are chemically distinct. but
alike in their mode of action, which inhibits protein
synthesis by binding to the 50S ribosomal subunits?.
Since the introduction of erythromycin, macrolide-
resistant S. aureus have appeared along with acquired
macrolide-resistance and resistance to other MLS
antibiotics”. Resistance to antimicrobial therapy has
become an increasing concern among physicians.
Clindamycin is more commonly employed for the
outpatient treatment of infections with suspected
Staphylococcus aureus, since methicillin/oxacillin
and cephalosporin resistance rates are rising.

The mechanism of macrolide resistance is briefly
described in the footnote below*. But of clinical im-
portance, is that some S. aureus organisms that are
clindamycin-susceptible and erythromycin-resistant
based onin vitro testing, will behave as though they are
clindamycin-resistantin the presence of erythromycin.
In other words, erythromycin, induces clindamycin

* Macrolide resistance may be due to one of three mechanisms., but the best known mechanism has been target
site modification caused by methylation of adenine nucieotides in the 238 subunit of the 508 ribosomal RNA®.
Specifically, methylation reduces the ability of macrolides, lincosamides, and type-B streptogramins to bind
to the ribosomal subunits, thereby allowing protein synthesis to continue. In staphylococci and streptococci,
a methylating enzyme present can be repressed in sensitive bacteria, but in the presence of subinhibitory
concentrations of macrolides. the gene that confers resistance becomes expressed and the enzyme is induced®.
Cross-resistance between all macrolides, lincosamides (clindamycin and lincomycin), and streptogramins B
(pristinamycin 1, quinupristin. and virginiamycin S) defining the MLS_ phenotype, occurs because of overlap-
ping binding sites of these antimicrobials. Although other mechanisms of resistance to macrolides have been
reported, ribosomal methylation remains the most prevalent mechanism”’. Biochemical studies demonstrate
that the erm (erythromycin resistance methylase) genes encode the methylases that cause ribosomal modifica-

tion leading to resistance™.
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resistance in some of these organisms. Erythromycin
is one of the most effective inducers of resistance,
but lincosamides (clindamycin) have been known to
induce resistance resulting in subsequent treatment
failure in patient infections with these S, aureus iso-
lates®. Thus, although the lab reports the organism as
being clindamycin sensitive, the organism behaves
as if it is clindamycin resistant. This phenomenon is
known as MLS inducible resistance, since any MLS
antibiotic can theoretically induce resistance. MLS
resistance is well known in the infectious disease
literature. but it is less well discussed in the primary
care, emergency medicine and general hospital care
literature. The purpose of this report is to determine
the frequency of erythromycin-induced clindamycin
resistance in a sample of S. aureus isolates in Hono-
lulu.

Methods

One hundred erythromycin-resistant and clindamy-
cin-sensitive Staphylococcus aureus isolates were
prospectively obtained from Clinical Laboratories
of Hawaii from February 2003 to August of 2003
(includes outpatient and inpatient, community and
hospital acquired). All strains were classified by sus-
ceptibilities toclindamycin and erythromycin with the
Vitek system (Vitek, Hazelwood, MO). Isolates were
tested for inducible clindamycin-resistance using the
disc method described by Weisblum and Demohn’.
Absence of inducible resistance (true clindamycin
sensitivity) shows a normal clear zone around the
clindamycindisc, evenin the presence of erythromycin
(Figure 1). Erythromycin-induced resistance toclinda-
mycin shows growth into the clindamycin inhibition
zone adjacent to the erythromycin disc (Figure 2).
In other words, next to the erythromycin disk, the
clindamycinzone of inhibition is small, demonstrating
that the presence of erythromycin induces resistance
to clindamycin. In the absence of erythromycin, the
clindamycininhibitionzone is large. This phenomenon
isalso called D-zoneresistance, since the clindamycin
inhibition zone is shaped like the letter D.

Results

Of the 100 S. aureus isolates, 64 were methicillin
sensitive (MSSA) and 36 were methicillin resistant
(MRSA). Of the 64 MSSA isolates, 22 (34%) had
inducible resistance. Of the 36 MRSA isolates, 4
(11%)had inducible resistance. Overall, 26% of these
“clindamycin sensitive™ S. aureus isolates exhibited
erythromycin-induced resistance to clindamycin.
See Table 1.

Discussion

Conventional testing may be underestimating the
clindamycin resistance rate. From our data, 26% of
S. aureus isolates sensitive to clindamycin based on

e

Figure 1. — Absence of MLS inducible resistance

The erythromycin disk is on the left and the clindamycin disc is on the
right. This S. aureus isolate is erythromycin resistant {small zone of
inhibition} and clindamycin sensitve (large zone of inhibition).

Figure 2.— Presence of MLS inducible

D-zone resistance.

Here, the erythromycin disc is on the left and the clindamycin disc is on
the right. The clindamycin zone of inhibition is blunied on the left side
of the clindamycin disc (resembling the letter ‘D"). This is an example
ofinducible clindamycin resistances, 7, in which clindamycin resistance

is induced by the presence of erythromycin,

Tabie 1.— MLS resistance rates among MSSA and MRSA isolates

MSSA MRSA
D-zone Phenomenon 22 4
(MLS resistance)
Total isolates 64 36
Percent inducible resistance 34% 1%

Table 2.— Clindamycin resistance rates among S. aureus isolates in Honolulu

Year Clindamycin-resistance rate
1999 2%
2000 4%
2001 5%
2002 8%
2003 15%
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conventional testing. exhibited clindamycin resistance in the presence
of erythromycin. Data comparisons between methicillin-sensitive
(MSSA) and methicillin-resistant S. aureus (MRS A). suggest that
MSSA isolates are three-times more likely to have inducible-resis-
tance than MRSA.

There have been recent case reports of inducible-resistance of
staphylococeal isolates during therapy while on clindamycin®®.
Overall. organisms are becoming increasingly resistant to current
antibiotics despite attempted changes in physician prescribing be-
havior. In Honolulu, clindamycin resistance rates for S. aureus have
slowly risen. Data obtained from Clinical Laboratories of Hawaii
show that clindamycin-resistance in S. aureus was 2% in 1999 (see
Table 2). In 2003, clindamycin-resistant S. aureus isolates increased
10 15%: a seven-fold increase over 5 years. The in vivo resistance
rates are likely to be higher than this since inducible resistance is not
detectable by conventional antibiotic sensitivity determinations.

We did not examine the clinical records of these patients. Nor did
we stratify the S. aureus isolates by age group, specimen source or
inpatient/outpatient. Furthermore, the isolates were not tested for
the erm gene (see footnote®). Thus we were unable to definitively
determine whether the inducible resistance was due to methylation
or from one of the less common mechanisms™’.

MRSA comprises approximately 25% of S. aureus isolates in
Honolulu. reducing the efficacy rate of anti-staphylococcal penicil-
lins (e.g., methicillin, oxacillin, dicloxacillin) and cephalosporins.
Clindamycin is an available oral alternative for S. aureus infections.
Trimethoprim-sulfamethoxazole, doxycycline (not suitable for young
children), rifampin and the very expensive drug, linezolid are other
alternatives. Since the differential of causative microbial agents for
soft tissue infections, often includes group A beta hemolytic strep-
tococci (GABHS) and S. aureus together. clindamycin potentially
covers these two well. The potential for inducible resistance to
clindamycin reduces the efficacy certainty of clindamycin therapy.
Additionally, inducible MLS inducible resistance is also exhibited
by strains of GABHS™.

Increasing awareness of inducible resistance should be brought
1o the attention of primary care physicians, emergency physicians
and hospital based physicians, treating potentially serious S. aureus
infections such as cellulitis, septic arthritis, osteomyelitis, abscesses,
staphylococcal pneumonia, bronchiectasis, bacterial endocarditis.
bacterial pericarditis, etc. For serious and life-threatening infections
with S. aurcus. clindamycin’s sensitivity rate is not good enough. The
potential for inducible resistance further compromises the efficacy
of clindamycin. Once the organism is identified, if clindamycin
therapy is being considered, clindamycin sensitivity testing should
ideally include testing for inducible resistance since conventional
testing does not identify inducible resistance.

Additionally, there should be more judicious use (i.e., less use) of
macrolides (e.g., azithromycin and clarithromycin) and clindamycin
since both have been implicated as inducers of the resistance in S.
aureus. However. an ideal practice parameter to determine appropri-
ate use is difficult to develop.

Pediatric data suggests that community acquired MRSA can be
treated with clindamycin’, but this has the potential for the develop-
ment of inducible resistance and possible treatment failure while
on therapy®. In summary. inducible resistance to clindamycin may
compromise the efficacy of clindamycin. The frequency of induc-

ible resistance in this series of “clindamycin sensitive”™ S. aureus
isolates is 26%. It is likely that the true percentage of clindamycin
resistance is being underestimated since testing for inducible MLS
resistance is not routinely performed.

References

1. Martinez-Aguilar G. Hammerman WA, Mason EO Jr, Kaplan SL. Clindamycin treatment of invasive
infections caused by community-acquired, methicifiin-resistant and methicillin susceptible Staphylococ-
cus aureus in children. Pediatr Infect Dis J. 2003;22(7):593-598.

2. Sanchez ML, Flint KK. Jones BN. Occurrence of macrolide-incosamide-streptogramin resistances
among staphylococeal clinical isolates at a university medical center. Is false susceptibility 1o new
macrolides and clindamycin a contemporary clinical and in vitro testing problem? Diagn Microbiot
Infect Dis. 1993;16(3):205-213.

3. Duval J. Evolution and epidemiology of MLS resistance. J Antimicrob Chemother. 1985:16Suppl
A137-148.

4. Schmitz FJ, Verhoef J. Fluit AC. Prevalence of resistance to MLS antibiotics in 20 European university
hospitals participating in the European SENTRY surveliance programme. Sentry Participants Group.
J Antimicrob Chemother. 1399:43(6):783-792.

5. Courvalin P Qunissi H, Arthur M. Muttiplicity of macrolide-lincosamide-streptogramin antibiotic resistance
determinants. J Antimicrob Chemother. 1985;16 SupplA:91-100.

6. Frank AL, Marcinak JF, Mangat PD, et al. Clindamycin treatment of methicillin-resistant Staphylococcus
aureus infections in children. Pediatr Infect Dis J 2002:21(6)530-534.

7. Clarebout G. Nativelle E, Leclercq R. Unusual inducible cross resistance to macrolides. lincosamides.
and streptogramins B by methylase production in clinical isolates of Staphylococcus aureus. Microb
Drug Resist. 2001 Winter;7(4):317-322,

8. Leclercg R, Courvalin P. Bacterial resistance to macrolide. lincosamide. and streptogramin antibiotics
by target modification. Antimicrob Agents Chemother. 1991;35(7):1267-1272.

9. Weisblum B, DemohnV. Erythromycin-inducible resistarice in Staphylococcus aureus: survey of antibiotic
classes involved. J Bacteriol 1969;98(2):447-452.

10. UhY. Jang IH, Hwang GY. et al. Antimicrobial susceptibility patterns and macrolide resistance genes
of beta-hemolytic streptococci in Korea. Antimicrob Agents Chemother. 2004:48(7):2716-2718.

Aloha Laboratories, Inc
...when results counts

A CAP accredited laboratory
Quality and Service I

David M. Amberger, M.D.
"Best Doctors in America”
Laboratory Director

Phone (808) 842-6600
Fax (808) 848-0663
results@alohalabs.com
www.alohalabs.com

HAWAI MEDICAL JOURNAL. VOL 64, JANUARY 2005



