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Inducible clindamycin resistance
among Staphylococcus aureus
isolates from skin and soft tissue
infections: a study from Brunei
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ABSTRACT

Introduction: Clindamycin is one of the important antibiotics in treating Staphylococcal soft tissue
infections. Clinical failure of clindamycin therapy has been reported to be due to inducible clindamycin
resistance which cannot be detected by routine in-vitro antibiotic susceptibility testing. This study was
undertaken to detect the presence of inducible clindamycin resistance among Staphylococcus aureus
(S. aureus) isolates and its association with methicillin resistance. Materials and Methods: D zone
test was performed by incorporating it in the routine antibiotic susceptibility test for all S. aureus iso-
lates and methicillin resistance was detected by doing cefoxitin disk diffusion test according to Clinical
Laboratory Standard Institute (CLSI) guidelines 2014. Results: Forty four among 56 erythromycin re-
sistant S. aureus isolates were inducible clindamycin resistant (78.6%). It was also observed that per-
centages of inducible resistance and constitutive clindamycin resistance were higher amongst MRSA as
compared to MSSA (60.7%, 7.1% and 9.9%, 2.4% respectively). Conclusion: Clinical laboratories
should perform D zone test routinely to guide the clinicians about the inducible clindamycin resistance

in S. aureus isolates and to prevent therapeutic failure.
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INTRODUCTION

Staphylococcus aureus (S. aureus) is one of
the most common organisms causing skin
and soft tissue infections. * According to 2014
Infectious Diseases Society of America updat-
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ed guidelines, these infections can be treated
by beta-lactams (dicloxacillin, cephalexin),
lincosamides

macrolides  (erythromycin),

(clindamycin)), doxycycline, trimethoprim-
sulfamethoxazole or glycopeptides (vanco-
mycin), depending upon the severity of infec-
tion and suspected or confirmed resistance to
methicillin. 2 Clindamycin, a semi-synthetic

derivative of lincomycin is a preferred and



most efficient agent in treating Staphylococ-
cal soft tissue and skin infections including
osteomyelitis since it has excellent tissue
penetration, rapid oral absorption, with no
requirement of dosage adjustment in the
presence of renal disease. 3 However, wide-
spread use of macrolides, lincosamides,
streptogramin B (MLSg) antibiotics has led to
an increase in the number of Staphylococcal
strains acquiring resistance to MLSg antibiot-
ics. *7 This resistance can be due to three
ways; a) through target site modification by
methylation or mutation, b) through efflux of
the antibiotic, c) by drug inactivation, which
result in a variety of phenotypic resistance.
The target site modification mediated by
erythromycin ribosomal methylation (erm)
genes predominantly erm A and erm C are
the most common mechanism for such re-
sistance among Staphylococci. * ° The re-
sistance results from decreased binding of the
antibiotics to their overlapping targets on the
ribosome, which are probably altered in con-
formation due to dimethylation by enzyme
methylase encoded by the erm genes. This
mechanism confers resistance to erythromy-
cin and most other macrolides (M), lincosa-
mides (L, lincomycin and clindamycin) and
streptogramin type B(Sg) and this pattern is
referred to as MLSg phenotype which is ex-
pressed either as constitutive (MLS g pheno-
type) or inducible (iMLSg phenotype). ® In
inducible type of resistance, the bacteria pro-
duce inactive mRNA that is unable to encode
methylase. The mMRNA becomes active only in
the presence of a macrolide inducer. By con-
trast, in constitutive expression mRNA is pro-
duced even in the absence of an inducer. *

inducible

In isolates harbouring

clindamycin (iMLSg phenotype) resistance,
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exposure to clindamycin (which is not an in-
ducer) in-vivo may result in clindamycin re-
sistance due to selection of pre-existing con-
stitutive erm mutants, especially when the
organism is at high inoculum. This can also be
due to sub-inhibitory concentrations of eryth-
romycin or other macrolides that bring about
induction of the methylating enzyme. % > But
by in-vitro antibiotic susceptibility tests, only
macrolide resistance manifests while
clindamycin appears as sensitive leading to
clindamycin susceptibility report which may

lead to therapeutic failure. *°

Clindamycin resistance due to MLSg
resistance mechanism in Staphylococci mani-
fests more frequently when the strain pos-
sesses the erm A gene as compared with the
erm C gene. ®> The erm A gene is mostly car-
ried in methicillin-resistant S. aureus (MRSA)
and is located on transposons whereas the
erm C gene is mostly responsible for erythro-
mycin resistance in  methicillin-sensitive
strains of S. aureus (MSSA) and is located on

plasmids .* >

In resistance due to efflux pump, con-
stituted by msr A gene and chromosomal
genes, which is specific for macrolide (M) and
streptogramin (S), then the Staphylococcal
isolates appear erythromycin resistant and
clindamycin sensitive in vitro and do not typi-
cally become clindamycin resistant during
therapy as clindamycin is neither an inducer
nor a substrate for efflux pump (MS pheno-

type). *

The incidence of inducible clindamycin
resistance is highly variable from region to
region and from the country to country. 58

Hence, local statistics on this resistance is of



crucial value for empiric therapy. This snap-
shot study aim to find out the incidence of S.
aureus harbouring inducible clindamycin re-
sistance (iMLSg) in Brunei Darussalam and
also to understand the relationship between

MRSA and inducible clindamycin resistance.

MATERIALS AND METHODS

This prospective study was conducted at mi-
crobiology laboratory, RIPAS Hospital. A total
of 280 S. aureus were isolated during this
study period from all pus specimens and test-
ed for inducible clindamycin resistance. The
isolates were identified by Gram staining, col-
ony morphology and slide coagulase test and
then subjected to routine antibiotic suscepti-
bility testing by modified Kirby Bauer s disk
diffusion method on Muller Hinton agar plates
as per Clinical Laboratory Standard Institute
(CLSI) guidelines 2014. ° The isolates with
cefoxitin inhibition zone size <19mm were
considered as MRSA.

Inducible resistance to clindamycin
was tested by ‘D zone test’ as per CLSI guide-
(15pg) and
clindamycin (2ug) discs were placed in the

lines 2014. ° Erythromycin

routine disc dispenser i.e. the distance be-
tween them was 26mm. Following overnight
incubation at 37°C, circular zone of inhibition
with a zone size =2=21mm around the
clindamycin with flattening on the side facing
erythromycin disc (D zone), indicated induci-

ble clindamycin resistance (Figure 1).

In the routine antibiotic susceptibility
test, three different phenotypes were appreci-
ated among erythromycin resistant S. aureus
isolates. & °

1: Constitutive MLSg phenotype - Staphylococ-

cal isolates that showed resistance to both
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Fig. 1: Inducible clindamycin resistance indicated
by a circular zone of inhibition (size =221 mm)
around the clindamycin with flattening on the side
facing erythromycin disc (D zone).

erythromycin (zone size <13mm) and clindamy-
cin (zone size <14mm) with circular shape of
zone of inhibition around clindamycin.

2: Inducible MLS; (iMLSg) phenotype - Staphylo-
coccal isolates showing resistance to erythromy-
cin (zone size <13mm) while being sensitive to
clindamycin (zone size =21mm) and giving D-
shaped zone of inhibition around clindamycin with
flattening towards erythromycin disc.

3: MS phenotype - Staphylococcal isolate exhibit-
ing resistance to erythromycin (zone size
<13mm) while sensitive to clindamycin (zone
size 221mm) and giving circular zone of inhibi-

tion around clindamycin disc.

Quality control (QC) of the erythromy-
cin and clindamycin discs was performed in
triplicates using S. aureus ATCC25923, ac-
cording to the standard disc diffusion QC pro-
cedure. ° Additional QC was performed with
separate in-house selected S. aureus strains
that demonstrated positive and negative D-
test reactions. Quality control of commercially
obtained media used in the study, was done

with each shipment/batch of media. *°

Results were tabulated and analysed

statistically.
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Table 1: Susceptibility to erythromycin and clindamycin among all S. aureus isolates.

Clindamycin sensitive

Erythromycin

D test negative, MS
Resistant (n=56) gativ

4 (1.4%)

D test positive, IMLS,

Clindamycin resistant

Constitutive MLSg

44 (15.7%) 8 (2.9%)

RESULTS

Two hundred and eighty S. aureus strains
were tested for susceptibility by routine disc
diffusion testing; 56 (22.2%) of them were
erythromycin resistant.

D zone test analysis revealed 78.6%
of isolates were inducible clindamycin re-
sistant among erythromycin resistant S. au-
reus (n=44/56) (Table 1). Percentage of both
inducible and constitutive resistance was
higher amongst MRSA isolates as compared
to MSSA (Table 2).

DISCUSSION

Clindamycin is an excellent drug for Staphylo-
coccal infections, particularly skin and soft
tissue infections and an alternative in penicil-
lin allergic patients. ! Since it has good oral
bioavailability it is a good option as a step-
ping down antibiotic after intravenous antibi-
otics and for outpatient therapy. * However,
clindamycin resistance can develop in staphy-

lococcal isolates with inducible phenotype, and
from such isolates, spontaneous constitutively
resistant mutants have arisen both in vitro
testing and in vivo during clindamycin thera-
py. 12 Reporting S. aureus as susceptible to
clindamycin without checking for inducible
resistance may result in institution of inappro-
priate clindamycin therapy. On the other hand
negative result for inducible clindamycin re-
sistance confirms clindamycin susceptibility
and provides a very good therapeutic option.
Since the iMLS resistance mechanism is not
recognised by standard antibiotic susceptibility
test methods and its prevalence varies ac-
cording to geographical location, D zone test
described in CLSI guidelines has become an
imperative part of routine antimicrobial sus-
ceptibility test for all clinical isolates of S. au-
reus and should be included in the routine

antimicrobial susceptibility method. % 13

In our four months study, we found

Table 2: Association of clindamycin resistance with methicillin resistance among
S. aureus isolates.

MRSA (n=28)
cL-s

ERY-S 5 (17.9%)

D-TEST negative,

ERY-R (n=56) MS

D-TEST positive, iMLSg

2 (7.1%) 17 (60.7%) 2 (7.1%)

Constitutive MLSg

MSSA (n=252)

CL-S CL-R

219 (86.9%) NIL

D-TEST negative, MS.

D-TEST positive, iMLSg Constitutive MLSg

2 (0.8%) 25 (9.9%) 8 (2.9%)

ERY=Erythromycin, CL=Clindamycin, S=Sensitive, R=Resistant, Constitutive MLSg=Constitutive MLSz phenotype, iMLSs =Inducible MLSs phenotype, MS=MS phenotype. MRSA=Methicillin resistant Staphylo-

coccus aureus, MSSA=Methicillin Sensitive Staphylococcus aureus.



22.2% (n=56/280) of S. aureus isolates with

erythromycin resistance. Among them 44
(78.6%) isolates were tested positive for in-
ducible clindamycin resistance by D zone test,
while 8 (2.9%) were constitutive clindamycin
resistant and only 4 (1.4%) were truly sensi-
tive to clindamycin (MS phenotype). These
observations suggest that had D zone test not
been performed, more than two third of the
erythromycin resistant isolates would have
been misidentified as clindamycin sensitive

resulting in therapeutic failure.

The prevalence of inducible clindamy-
cin varies from one geographical area to an-
other. In this study we found a very high per-
centage (78.6%) of inducible clindamycin re-
sistance. Comparatively other studies have
shown less prevalence like in Delialioglu et al.
from Turkey (7.8%) ® and in a study done in
Thailand by Chelae et al. (9.9%) * but in
some other studies showed a slightly higher
incidence as in Fokas et al. from Greece, it
was 35% !° and Urmi et al. from India it was
43%. ® Hence our study showed a very high
incidence of inducible clindamycin resistance

in this geographic region.

It was also observed that percentages

of inducible resistance and constitutive
clindamycin resistance were higher amongst
MRSA as compared to MSSA (60.7%, 7.1%
and 9.9%, 2.4%). This is in concordance with
few of the studies reported before. 12 A study
conducted by Neela et al.
showed 96.1%

MRSA were inducible clindamycin resistant. !’

from Malaysia
of erythromycin resistant
Some studies have shown a high or equal fre-
quency of inducible resistance in MSSA com-
pared to MRSA. 18 1°
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In the context of the restricted range
of available antibiotics for the treatment of
methicillin resistant staphylococcal infections
and with the known limitations of glycopep-
tides, clindamycin could be considered for the
management of serious soft tissue infections
due to its excellent penetration into skin and
soft tissues. An accurate susceptibility report
is paramount to avoid therapeutic failure due
to inducible clindamycin resistance. This em-
phasises the need to incorporate D zone test-
ing in the standard antimicrobial susceptibility
tests. It is a simple, auxiliary and reliable
method to detect inducible clindamycin re-
sistance in routine clinical laboratories without
any additional cost or human resources but
contributing much to therapeutic manage-

ment.
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