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Inducible clindamycin resistance in Staphylococcus
aureus: Reason for treatment failure
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Abstract:

Emergence of methicillin resistance in Staphylococcus aureus (S.aureus) has left us with very few
therapeutic alternatives available to treat staphylococcal infection. The widespread use of macrolide-
lincosamide-streptogramin B (MLSg) antibiotics has led to an increase in number of staphylococcal
strains acquiring resistance to MLSg antibiotics. This study was done to investigate the infections by
hospital and community acquired “erythromycin- induced clindamycin resistant” strains or D-test
positives of clinical isolates of Staphylococcus aureus (S.aureus) in a hospital. Three hundred
isolates of S.aureus were subjected to routine antibiotic susceptibility testing including Cefoxitin
(30pg) by modified disc diffusion method. Inducible resistance to clindamycin in S.aureus was
tested by D-test as per CLSI guidelines. Among 300 S.aureus isolates, 114 (38%) were methicillin
resistant Staphylococcus aureus (MRSA) and 186 (62%) methicillin susceptible Staphylococcus
aureus (MSSA). Forty one (13.67%) isolates showed induced clindamycin resistance, 49(16.33%)
showed constitutive resistance and 94 (31.33%) showed the MS phenotype. Inducible resistance and
constitutive resistance were found to be higher in MRSA compared to MSSA (22.81%, 23.68% and
8.1%, 11.8% respectively). D-test should be included as a part of routine antibiotic susceptibility
testing to detect induced clindamycin resistance to prevent treatment failure.
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Emergence of methicillin resistance
Staphylococcus aureus (Saureus) has left
us with very few therapeutic alternativ
available to treastaphylococcainfection.
The Macrolide-lincosamidstreptogramir
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Materials & Methods:

The prospective study was conducted for a
period of one year from July 2013 to June
2014. We analyzed 300 non-duplicate
consecutive isolates dbaureus isolated
from various clinical specimens like pus,
wound swab, aspirates, blood, and sterile
fluids. Age and sex of the patients were
recorded. The isolates were first identified
as Saureus by standard conventional
techniques. They were then subjected to
susceptibility testing by Kirby Bauer’s disc
diffusion on Mueller Hinton agar plates
using amikacin (30ug), ciprofloxacin
(5u0), clindamycin (2ug), fusidic acid

(10pQ), cotrimoxazole (1uQ),
erythromycin (15ug), linezolid (30ugQ),
tetracycline (10ug) and vancomycin

(30pg). MRSA was detected using
Oxacillin (1pg, Hi Media, Mumbai, India)
further confirmed by using Cefoxitin disc
(30ug, Hi Media, Mumbai, India) which is
an accurate surrogate marker foecA
gene detection. The diameter of zone of
inhibition was recorded as per CLSI
guidelines’

Those isolates which were erythromycin
resistant were further subjected to D-test
as per CLSI guidelines. Briefly,
erythromycin (15ug) disc was placed at a
distance of 15 mm (edge to edge) from
clindamycin (2ug) disc on a Mueller
Hinton agar plate previously inoculated
with 0.5 McFarland bacterial suspension.
Following overnight incubation at 3z,
flattening of zone (D shaped) around
clindamycin in the area between the two
discs indicated inducible clindamycin
resistance.Kigure|) Quality control (QC)

of erythromycin and clindamycin discs
was performed with Saureus ATCC
25923 according to standard disc diffusion
QC procedure. Additional QC was
performed with separate in-house selected
Saureus strains that demonstrated positive
and negative D-test. Ethical clearance for
the study was obtained from the
institution.

Three  different  phenotypes  were
appreciated after testing and then
interpreted. This interpretation was done
for erythromycin-resistarh.aureus strains.
All the erythromycin sensitive isolates
were excluded.

1. MSphenotype: Resistant to
erythromycin ( zone& 13mm)
Susceptible to clindamycin (zore
21mm)

D-test negative

2. Inducible ML Sg phenotype:
Resistant to erythromycin ( zore
13mm)

Susceptible to clindamycin (zore
21mm)
D-test positive Eigurel)

3. Constitutive ML Sg phenotype:
Resistant to erythromycin ( zore
13mm)

Resistant to clindamycin (zore
21mm)

Results were tabulated and analysed
statistically (software used was Epi-Info 5.
Results were expressed in proportions.
Statistical test used was Chi-Square test)
as shown imablel.

Results:

The age range of the study group was 19-
60 years. Males were 177 and females 123.
Out of 300Saureus isolates, 114 (38%)
were MRSA and 186 (62%) were
methicillin-sensitive Saphylococcus
aureus (MSSA). Inducible resistance to
clindamycin  (erythromycin  resistant,
clindamycin sensitive and D-test positive,
(IMLSg) was observed in 26 (22.81%) of
MRSA and 15 (8.1%) of MSSA isolates.
The incidence of inducible MLESIMLSg)

and constitutive MLS$  (CMLSg)
phenotypes was significantly higher in
MRSA than in MSSA (Chi-square test, P
less than 0.01). MLS resistant and
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Tablel: Distribution of isolates

Susceptibility pattern MRSA MSSA Total P value
(phenotype) No (%) No (%) No (%)
ER-S, CL-S 36 (31.58)] 80 (43.0)| 116(38.67)
Chi square - 7.27
ER-R, CL-R (cMLS) 27 (23.68)] 22 (11.8)| 49(16.33) P value - 0.0070
Very significant
ER-R, CL-S, Dtestnegative o 51 93y 69 (37.1)]  94(31.33
(MS)

_ _ " Chi square -13.02
ER-R, CL-S, Dtestpositive o6 55 g1y 15(8.1) | 41(13.67] P value - 0.0003
(IMLSpg) Very significant
Total 114 (38) | 186(62)| 300 (100

ER-S: Erythromycin susceptible; CL-S Clindamycinseptible; ER-S: Erythromycin
resistant; CL-S Clindamycin resistant; cMi-SConstitutive clindamycin resistant; MS- MS
phenotype, iIMLS- Inducible clindamycin resistant

sensitive phenotypes amori®pureus are
shown inTablel.

Discussion:

The determination of antimicrobial
susceptibility of a clinical isolate is often
crucial for optimal antimicrobial therapy
of infected patients. This is particularly
important considering the increase of
resistance and the emergence of multidrug
resistant organism&aureus is one of the
important pathogens causing nosocomial
and community-acquired infections. It
facilitates disease by its propensity to
develop multidrug resistance which
complicates treatment, well exemplified by
MRSA, leaving few therapeutic optiofis.
Clindamycin is a good substitute to treat
both MRSA and MSSA infections. Its
advantages are its low cost, availability of
oral and parenteral forms, lack of need for
renal adjustment, good tissue penetration,
fewer side effects, ability to directly inhibit
toxin production and the fact that it is not
impeded by high bacterial burdén.
Furthermore, it is a useful option in the
treatment of penicillin allergy patients.

However, resistance to clindamycin can
develop in staphylococcal isolates with
inducible phenotype, and from such
isolates, spontaneous constitutively
resistant mutants have arisen both in vitro
as well as in vivo during clindamycin
therapy?  Reporting Saureus as

susceptible to clindamycin  without
checking for inducible resistance may

result in institution of inappropriate
clindamycin therapy. On the other hand,
negative for inducible clindamycin
resistance confirms clindamycin

susceptibility and provides a very good
therapeutic optiof.

In our study, we found high percentage of
Saureus isolates [184 (61.33%)] resistant
to erythromycin. Amongst them, 41
(22.3%) tested positive for inducible
clindamycin resistance by D-test, which is
compared with other studies rable II.
These findings suggest that if D-test had
not been performed, nearly one-third of the
erythromycin resistant isolates would have
been misinterpreted as clindamycin
sensitive resulting in therapeutic failure.
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We also observed that inducible
MRSA (22.81%) as compared to MSSA
(8.1%) isolates which is in correlation with
previous studie®.'® * 2while Deotale V

et al*® reported 27.6% in MRSA and 1.6%
in MSSA. Some studies have shown a very
high frequency of inducible resistance to
MRSA On the contrary, few studies
have showed higher percentage of
inducible resistance in MSSA as compared
to MRSA as shown ifable|l.* °

Accurate susceptibility data are important
for appropriate therapy decisions. The
pattern of macrolide resistance Sraureus
varies in different regions. Depending
upon this prescription rate will not be
uniform in different regions. There is no
substantial data regarding clindamycin
prescription from India. It is kept as a
reserve drug and is usually advocated in
severe in-patient MRSA infections
depending upon antibiotic susceptibility
results. Further, by using clindamycin,
vancomycin can be avoidéd.However,

clindamycin resisteas higher among A
expression of inducible resistance to
clindamycin could limit the effectiveness
of this drug'®
The true susceptibility to clindamycin can
only be judged after performing D-test on
the erythromycin resistant isolate. The
prevalence of inducible clindamycin
resistance may vary from hospital to
hospital. From our study, we can conclude
that there is fairly high percentage of
inducible clindamycin resistance amongst
the staphylococcal isolates which shows
erythromycin resistance.

Inducible clindamycin resistance cannot be
detected by standard broth micro-dilution
testing, automated susceptibility testing
devices and standard disc diffusion test or
E-test”® The D-test identifies inducible
clindamycin  resistance, is simple,
inexpensive, easy-to-perform,
reproducible, and can be included as a part
of routine antibiotic  susceptibility

testing®* %°

Tablell: Various studies showing prevalence of IML Sg in S.aureusisolates

Authors MRSA (%) MSSA (%)
Sathish JV et al. 2014 (present study) 22.81 8.1
Sexena S., et 4. 2014 28.9 12.6
Dhanalakshmi TA et & 2013 13.1 6
Samant SA et d° 2013 36 50
Kumar S., et al® 2012 22.6 11.8
Prabhu K et at’ 2011 20 6.2
Pal N et af® 2010 43.6 6.93
Shenoy MS et &’ 2010 15.65 :
Deotale V et al? 2010 27.6 1.6
Gupta V et al.” 2009 20 17.33
Shrestha B et &F. 2009 39.7 0
Vandana KE et dl. 2009 48.7 9.5
Ciraj AM et al”® 2009 38.4 12.9
Ajantha GS et al” 2008 74 45
Angel MR et al® 2008 12 25
Rahabar M et at 2007 22.6 4
Yilmaz G etaf’ 2007 24 .4 14.8
Gadepalli R et al. 2006 30 10
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Figurel: D-test positive isolate showing
flattening of clindamycin (CL) zone
adjacent to erythromycin (ER) disc

In conclusion, increased rate of induci
clindamycin resistance (iMlg) among
staphylococcal isolates indicates tr
importance of identification of such strali
by D-est to avoid treatment failure wh
clindamycin is used. Thanks to the e:¢
detection of iIMLS, such a measure w
enable the clinician to save tin
Consequently, treatment us CL can be
omitted in patient with infections caus
by inducibly resistant strains, a
therapeutic failures may thus be avoit
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