
Original Article

  This work is licensed under the Creative Commons Attribution 4.0 License. Published by Pacific Group of e-Journals (PaGe) 

Spectrum of Constitutive and Inducible Clindamycin  
Resistance in Staphylococcus Spp Isolated from Clinical  

Samples and Its Relation with Methicillin Resistance

Introduction
Staphylococcus aureus and coagulase negative 
staphylococcus spp are virulent pathogens that are 
currently significant etiology for a variety of infectious 
diseases.[1] The antimicrobial resistance problem in 
methicillin resistant Staphylococcus aureus(MRSA) and 
methicillin resistant coagulase negative staphylococcus spp 
(MRCONS) isolates leads to high morbidity and mortality.
[2] Increasing frequency of such infections and changing 
patterns in antimicrobial resistance have led to renewed 
interest in the use of macrolide-lincosamide-streptogramin 
group B (MLSB) antibiotics to treat such infections.[3]

Clindamycin is the preferred antibiotic for the treatment 
of methicillin resistant strains due to its excellent 
pharmacokinetic properties with optimum tissue 
penetration and high concentration in abscess.[4]MLSB 
antibiotics inhibit bacterial protein synthesis by binding to 
the 23S rRNA of the 50S ribosomal subunit .[5] However, the 

misuse of MLSB antibiotics has led to increased resistance 
of Staphylococcusspp. to these drugs due to a variety of 
resistance mechanisms. Ribosomal target site modification 
is the most common mechanism of resistance to MLSB in 
staphylococci. MLSB resistance can be either constitutive 
(cMLSB) or inducible (iMLSB). [6]

In vitro, isolates with constitutive expression are resistant 
to erythromycin and clindamycin due to presence of erm 
(erythromycin ribosome methylase) gene. In constitutive 
resistance, rRNA methylases are always produced unlike 
in inducible resistance where they are produced only in 
presence of an inducer.[7]Isolates with inducible resistance 
are resistant to erythromycin but appear falsely susceptible 
to clindamycin in vitro.[8] Inducible clindamycin resistance 
is not recognized by using standard susceptibility test 
methods.[9] Failure to identify iMLSB may lead to clinical 
failure of clindamycin therapy.[9] Apart from this, macrolide 
resistance can also be mediated by efflux mechanisms 
expressed by msr gene (MS phenotype), where only 
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ABSTRACT
Backgound: Increasing Staphylococcal infections with changing patterns of antimicrobial resistance has led to renewed interest in macrolide-
lincosamide-streptogramin group B (MLSB) antibiotic. Misuse of MLSB antibiotics has increased resistance of Staphylococcus spp. to these 
drugs. Failure to detect inducible clindamycin resistance leads to therapeutic failure. Determine the prevalence of constitutive and inducible 
clindamycin resistance in clinical isolates of Staphylococcus spp. Ascertain the relationship between methicillin-resistance in Staphylococcus spp 
with constitutive and inducible clindamycin resistance.

Study Aimed: Study aimed to  determine the prevalence of constitutive and inducible clindamycin resistance in clinical isolates of Staphylococcus 
spp. and ascertain the relationship between methicillin-resistance in Staphylococcus spp with constitutive andinducible clindamycin resistance.  

Methods: Prospective study was carried over a period of six months with 722 clinical specimens. A total of 184 Staphylococcal isolates were 
identified. Staphylococcal isolates were speciated as S aureus, S epidermidis and S saprophyticus. Antibiotic susceptibility testing was done by 
Kirby-Bauer’s disc diffusion method using cefoxitin, erythromycin, and clindamycin. A disc approximation test was performed for detection of 
inducible clindamycin resistance for all strains resistant to erythromycin but sensitive to clindamycin.

Results: Out of 184 staphylococcal isolates, 128 (69.5%) S aureus and 56 (30.4%) Coagulase negative Staphylococcus spp were identified. 114 
(61.9%) of the isolates were susceptible to both clindamycin and erythromycin. Overall 70 (38.04%) isolates were resistant to erythromycin. Out 
of these,38 (54.2%%) of strains depicted cMLSB phenotype being resistant to both erythromycin and clindamycin.20 (28.5%) isolates showed 
inducible clindamycin resistance while 12(17.1%) isolates indicated MS phenotype. Percentage of both constitutive and inducible clindamycin 
resistance was found to be higher in methicillin resistant staphylococcal isolates than methicillin sensitive isolates. 

Conclusions: We recommend that the clinical microbiology laboratories should test the isolates for inducible clindamycin resistance by D test, for 
all isolates that appear erythromycin resistant and clindamycin susceptible in vitro.
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macrolides are resistant in vitro while clindamycin 
remains susceptible.[10]

The Clinical Laboratory Standards Institute (CLSI) 
has recommended the erythromycin –clindamycin disc 
approximation test (D-zone test) to detect the inducible 
clindamycin resistance.[11]The aim of this study was to 
determine the prevalence of constitutive and inducible 
clindamycin resistance in clinical isolates of Staphylococcus 
spp in our region. There is scarcity of data regarding this 
prevalence from our geographical region. This will help 
avoid and clinical failure and retain the usefulness of 
clindamycin. We also tried to ascertain the relationship 
between methicillin-resistance in Staphylococcus spp with 
constitutive and inducible clindamycin resistance. 

Methodology
This prospective observational study was conducted in the 
department of microbiology over a period of six months 
from January 2016 to June 2016 on the clinical samples 
from inpatient and outpatient departments. A total of 184 
Staphylococcal isolates from 722 clinical specimens like 
pus, urine, blood, sterile body fluids, sputum, peripheral 
and central line catheter tips, wound swabs, respiratory 
aspirates were included in the study. Isolates were identified 
as Staphylococcus spp and further speciated as S aureus, S 
epidermidis and S saprophyticus by standard biochemical 
techniques like Gram staining, catalase test, slide and 
tube coagulase test, growth on Mannitol Salt agar and 
novobiocin (5µg) disc susceptibility testing.[12]Antibiotic 
susceptibility testing was done on Mueller Hinton Agar 
(Himedia Laboratories Pvt. Ltd, India) by Kirby-Bauer’s 
disc diffusion method using cefoxitin (30µg), erythromycin 
(15µg), and clindamycin(2µg).The zones were interpreted 
as per CLSI 2015 guidelines.[11] Mec A mediated Oxacillin 
resistance was determined among the isolates using 30ug 
cefoxitin disc inoculated on Mueller Hinton Agar (Himedia 
Laboratories Pvt. Ltd, India) and incubating the plates 
at 33-350C in ambient air for 16-18 hrs. The zones were 
interpreted as follows: sensitive (S) ≥ 22 mm, and resistant 
(R) ≤ 21 mm to cefoxitin, for Staphylococcus aureus; S ≥ 
25 mm and R ≤ 24 mm to cefoxitin, for coagulase-negative 
Staphylococcus spp.[11]The antibiotic discs were procured 
from Hi-media Laboratories Pvt. Ltd, India. Quality control 
(QC) was achieved with S. aureusATCC 25923 (American 
Type Culture Collection, Manassas, VA, USA).All isolates 
those were resistant to both erythromycin (zone size ≤13 
mm) as well as clindamycin (zone size ≤14 mm) were 
labeled under cMLSB phenotype. [8]

A disc approximation test was performed for detection of 
inducible clindamycin resistance for all strains that were 
resistant to erythromycin but sensitive to clindamycin as 
per CLSI 2015 guidelines. [11] A 2 µg clindamycin disc was 

placed 15 mm away from the edge of a 15µg erythromycin 
disc. The culture plates were incubated aerobically 
overnight at 37°C and were examined under transmitted 
light the following day. The different phenotypes were 
appreciated as follows:

1. MS (Macrolide Streptogramin) phenotype: Such 
isolates were termed as D test negative.

2. Inducible MLSB (iMLSB) phenotype: Such isolates 
were termed as D test positive. [Figure 1]

Statistical analysis was done with relevant tests. This study 
was approved by institutional ethics committee.

Results
Out of total 722 different clinical samples received, 184 
staphylococcal isolates were identified. The distribution 
of positive samples according to the source of sample was 
found to be significantly unequal (p<0.001). The maximum 
positive samples were seen in swabs (62.1%) followed by 
venous tips (53.9%). [Table 1]

Out of the total positive isolates, 128 (69.5%) S aureus 
and 56(30.4%) coagulase negative Staphylococcus spp 
were identified. Among 128 S aureus isolates, 84 (65.6%) 
were phenotypically identified as MSSA while 44(34.3%) 
as MRSA. Among 56 Coagulase negative staphylococcus 
spp, 48 (85.7%) were phenotypically identified as S 
epidermidis while 8(14.2%) as S saprophyticus.

Among 48 S epidermidis strains, 38 (79.1%) were 
phenotypically identified as MSSE, while 10 (20.8%) as 
MRSE. Among 8 S saprophyticus isolates, all 4 isolates 
were methicillin sensitive.The distribution of MSSA 
according to the source of sample was found to be 
significantly unequal (p<0.001) and same case were for 
MRSA, MSSE, MRSE and MSSS. [Table 1]

114 (61.9%) of the isolates were susceptible to both 
clindamycin and erythromycin. Overall 70(38.04%) 
isolates were resistant to erythromycin.No significant 
relationship was found between the type of isolate and 
Erythromycin resistance (p=0.516). Out of the total 
erythromycin resistant strains,38 (54.2%) of strains 
depicted cMLSB phenotype.20 (28.5%) isolates showed 
inducible clindamycin resistance while 12 (17.1%) isolates 
indicated MS phenotype.Statistically, the proportion of 
phenotype among the erythromycin resistant isolates was 
highly significant (p<0.001).Percentage of both constitutive 
and inducible clindamycin resistance was found to be 
higher in methicillin resistant staphylococcal isolates than 
methicillin sensitive isolates. However statistically no 
significant relationship was found between the individual 
isolates and type of erythromycin resistance (p=0.136). 
[Figure 2, 3, Table 2]
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Table 1: Sample source and distribution of isolates of Staphylococcus spp.

Source of sample Total No. of 
samples

Total samples 
positive MSSA MRSA MSSE MRSE MSSS MRSS

Urine 257 16 8 0 0 0 8 0
Blood 164 44 20 16 8 0 0 0
Pus 137 60 28 16 12 4 0 0
Swabs 58 36 16 10 6 4 0 0
Sputum 39 4 2 2 0 0 0 0
Body fluids 41 10 6 0 2 2 0 0
Venous tips 26 14 4 0 10 0 0 0
Total 722 184 84 44 38 10 8 0

Significance chi sq = 131, 
p<0.001

chi sq = 45.2, 
p<0.001

chi sq 
= 45.0, 
p<0.001

chi sq 
= 80.3, 
p<0.001

chi sq 
= 25.7, 
p<0.001

chi sq 
= 14.6, 
p=0.023

NA

MRSA = methicillin resistant S.aureus, MSSA = methicillin sensitive S.aureus, MRSE = methicillin resistant S epidermidis, MSSE = methicillin sensitive S 
epedermidis, MSSS= methicillin sensitive S saprophyticus, MRSS= methicillin resistant S saprophyticus 

Table 2: MLSB phenotypes of Staphylococcal isolates and their relationship with methicillin resistance 
Isolates Overall % of isolates Erythromycin resistance (%) cMLSBType iMLSBType MS Type
MSSA (84) 45.7 32(38%) 14(43.7%) 10(31.2%) 8(25%)
MRSA (44) 23.9 16(36.3%) 10(62.5%) 6(37.5%) 0(0)
MSSE (38) 20.7 12(31.5%) 6(50%) 2(16.6%) 4(33.3%)
MRSE (10) 5.4 6(60%) 4(66.6%) 2(33.3%) 0(0)
MSSS (8) 4.3 4(50%) 4(100%) 0(0) 0(0)
MRSS (0) 0.0 0 0 0 0
Total(n=184) - 70 (38.04%) 38(54.2%) 20(28.5%) 12(17.1%)

Significance chi sq = 3.26, 
p=0.516

chi sq = 12.4, 
p=0.136

Test of phenotype proportion : chi sq = 15.20, p<0.001

Fig. 1: The D- test showing positive result.
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Fig. 2: Distribution of MLSB resistance phenotypes in Staphylococcal isolates.

Fig. 3: Association Between type of isolate and type of methicillin resistance.

Discussion
Out of the 184 Staphylococcal isolates obtained from 
various sites, 69.5% were identified as S aureus and 30.4% 
as Coagulase negative Staphylococcus spp. S aureus was 
the most common isolate in our study. 

In addition, methicillin sensitive strains were more common 
both among S aureus as well as Coagulase negative 
staphylococcus spp.In our study 34.3% of S aureus isolates 
were methicillin resistant while 20.8% of Coagulase 
negative staphylococcus spp isolates were methicillin 
resistant. Various Indian studies concluded that MRSA as 
one of the common cause of hospital-acquired infections 
and different hospitals have reported a prevalence of about 
30%- 80% methicillin resistance.[13,14,15]Newer antibiotics 

like vancomycin, linezolid, and pristinomycin have been 
advocated in the management of such infections, but recent 
resistance trends are alarming.[16,17]It raises real concerns 
over how long these uniform susceptibilities will hold 
good. In such a scenario, clindamycin becomes a good cost 
effective choice. Good oral absorption makes this drug an 
important option in outpatient therapy and as a follow-up 
after intravenous therapy.[18]In recent times, clindamycin has 
become the drug of choice for Staphylococcal skin and soft 
tissue infections as it directly inhibits the Staphylococcal 
toxin production. Clindamycin attains high concentrations 
in abscesses and requires no renal dose adjustments .It can 
be used as an alternative in penicillin-allergic patients.
[18] It is effective against both methicillin resistant and the 
methicillin sensitive Staphylococcal isolates.[5]
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In our study 38.02% of isolates were resistant to 
erythromycin. Our findings were supported by 
studies of Prabhu et al and Deotale V et al where the 
prevalence of erythromycin resistance was 28.4% and 
32.4% respectively.[8,19]The prevalence of constitutive 
clindamycin resistance was found to be 54.2% in our 
study which was higher than what is reported in other 
studies.[19,20,21]Inducible clindamycin resistance was 
observed in 28.5.% of the isolates in our study which 
was in concordance with the resistance rates of 28.2% 
reported by Prabhu et al.[8]However lower (10.5%)
and higher rates(50.6%,49%) of inducible clindamycin 
resistance have been reported by other authors.[8,10,22]

Our observations suggest that skipping the D test will 
lead to nearly one third of the erythromycin resistant 
isolates misidentified as clindamycin sensitive resulting 
in therapeutic failure. Misreporting of Staphylococcal 
isolates   susceptible to clindamycin without checking 
for inducible resistance may result in institution of 
inappropriate clindamycin therapy. Not performing D test 
would underestimate clindamycin resistance. On the other 
hand, negative result for inducible clindamycin resistance 
confirms clindamycin susceptibility.

The constitutive clindamycin resistance was found to be 
higher in MRSA and Methicillin resistant S epidermidis 
(MRSE) as compared to MSSA and Methicillin sensitive 
S epidermidis (MSSE) (62.5% and 66.6% vs 43.7% and 
50%). This is in concordance with findings by Azap et al 
(64% vs 4.6%), Yilmaz et al (44.2% vs 4.5%), Gupta et 
al (46% vs1 0%) ,and Farooq S et al (49.52% vs 8.27%) 
who reported a higher prevalence of c MLSB phenotype in 
MRSA as compared to MSSA.[21,23,24,25]Constitutive mutants 
can be selected in vitro in the presence of clindamycin or 
any other non-inducer macrolide as they are widespread 
among methicillin-resistant strains.[26]

Similarly, the inducible clindamycin resistance was higher 
in MRSA and MRSE as compared to MSSA and MSSE 
(38% and 33.3% vs 31.2%% and 16.6%) .This was in 
concordance with few other studies. [24, 27, 20]

In studies by Yilmaz et al , Braun et al and Gadepalli et 
al  inducible resistance to clindamycin in MRSA isolates 
was found to be 24.4% ,30% and 30% respectively.[24,27,20]

However lower prevalence of inducible resistance to 
clindamycin in MRSA has also been reported in literature.
[23,28] High frequency (63%) of iMLS B resistance is reported 
among S. aureus isolates with an erythromycin-resistant 
and clindamycin-susceptible phenotype. Inducible MLS 

B phenotypes were more in MRSA (74%) as compared 
to MSSA (45%).[29] This indicates that the prevalence of 
resistance phenotypes vary among methicillin sensitive 
and methicillin resistant staphylococcal isolates among 
different geographical regions. Induced clindamycin 
resistant Staphylococcal spptend to be multidrug resistant 
because of the overlapping binding sites of macrolides, 
lincosamides, and streptogramins B in 23S rRNA. This 
accounts for cross-resistance amongst the three classes 
of drugs.[30] Such a situation limits treatment options 
and increases the likelihood of inadequate antimicrobial 
therapy.

We observed a high prevalence of MS phenotypes (25% 
and 33.3%) in our study among MSSA and MSSE isolates 
respectively. This could be attributed to the empirical and 
inappropriate use of macrolides. Macrolides are frequently 
used over the counter and usage for non bacterial 
infections leads to selection of resistant mutants. Hence 
it is emphasized that macrolide antibiotics should always 
be used with caution during empirical therapy. Also, due 
to the shared site of activity, MLS group of drugs can be 
antagonistic to each other and lincosamides should not be 
administered concurrently with erythromycin.

Appropriate therapy decisions demands vigilance on the 
resistance trends. The pattern of macrolide resistance 
in Staphylococcus spp varies in different regions. This 
makes prescription patterns for clindamycin very variable. 
There is no substantial data regarding clindamycin 
prescription from India.[5,8]It is kept as a reserve drug and 
is usually advocated in severe in-patient MRSA infections 
depending upon the antimicrobial susceptibility testing. 
The patients attending our hospital are generally financially 
burdened. Thus by prescribing clindamycin, use of reserve 
antibiotics can be spared. However, expression of inducible 
resistance to clindamycin could limit its effectiveness. 
Inducible resistance is often missed by the clinical 
microbiologists in routine testing when erythromycin and 
clindamycin discs are placed in nonadjacent positions. So, 
clinical microbiology laboratories should correctly report 
inducible clindamycin resistance in Staphylococcus spp, 
and D-test can be used as a simple, cost effective and 
reliable method to delineate inducible and constitutive 
clindamycin resistance in routine clinical laboratories.

Conclusions
We recommend that the clinical microbiology laboratories 
should test inducible clindamycin resistance by D test 
for all isolates that appear erythromycin resistant and 
clindamycin susceptible in vitro to avoid therapeutic 
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failure. This will also prevent an underestimated 
clindamycin resistance rate in different geographic 
regions. Macrolides should be used with caution as an 
empirical therapy. Clindamycin should not be administered 
concurrently with erythromycin as these drugs can be 
antagonistic.The prevalence of both constitutive as well as 
inducible clindamycin resistance is higher in methicillin 
resistant strains which limit the treatment options and 
demands prompt vigilance of resistance trends. Prevalence 
of macrolide resistant phenotypes should be evaluated 
in CA MRSA and HA-MRSA strains in our community 
especially in the background of high constitutive resistance 
when selection of resistant mutants can be fast. Our study 
gives a spectrum of clindamycin resistance among clinical 
isolates of S. aureus from this region of the country which 
will help clinicians choose an appropriate therapy.
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