
*Correspondence: rosy.nitin10@gmail.com; +91 7082708667

(Received: June 26, 2021; accepted: September 01, 2021)

Citation: Bala R, Kaur N, Gupta N, et al. Detection of Inducible Resistance to Clindamycin among Methicillin Resistant and 
Sensitive strains of staphylococcus aureus from India. J Pure Appl Microbiol. 2021;15(4):1957-1962. doi: 10.22207/JPAM.15.4.17

© The Author(s) 2021. Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License which 
permits unrestricted use, sharing, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons license, and indicate if changes were made. 

Bala et al. | J Pure Appl Microbiol | 15(4):1957-1962 | December 2021
Article 7125 | https://doi.org/10.22207/JPAM.15.4.17

Print ISSN: 0973-7510; E-ISSN: 2581-690X

ReseARCh ARtiCle OPeN ACCess

  www.microbiologyjournal.org1957Journal of Pure and Applied Microbiology

Detection of Inducible Resistance to Clindamycin 
among Methicillin Resistant and Sensitive strains of 
Staphylococcus aureus from India

Rosy Bala1*, Narinder Kaur1, Nitin Gupta2, Jyoti Chauhan1, Ritu Garg1, 
Harit Kumar1 and Adesh K Saini3

1Department of Microbiology, MM Institute of Medical Sciences and Research, MM Deemed to be University, 
Mullana, Ambala - 133 203, Haryana, India.
2Department of General Medicine, MM Institute of Medical Sciences and Research, MM Deemed to be 
University, Mullana, Ambala - 133 203, Haryana, India.
3Department of Biotechnology, Central Research Cell, Maharishi Markandeshwar (Deemed to be University), 
Mullana, Haryana, 133207, India.

Abstract
The resistance to MLSB antibiotics, i.e. Macrolide-Lincosamide-Streptogramin B (MLSB), is an increasing 
problem among Methicillin-resistant Staphylococci. The resistance to macrolides can be by efflux 
mechanism or via inducible or constitutive resistance. Unfortunately, routine clindamycin susceptibility 
testing fails to detect the inducible resistance, which commonly results in treatment failure and 
necessitates incorporating a simple D-test to detect such resistance. A retrospective observational 
study was performed on S. aureus isolates from patients. The strains were subjected to antibiotic 
susceptibility testing followed by detection of mecA gene by a polymerase chain reaction and, the 
‘D-test’ was performed to know the inducible resistance to clindamycin. A total of 235 isolates were 
identified as S. aureus. Antibiotic susceptibility test indicated 190 MRSA and 45 are sensitive to MLSB 
(MS). Inducible clindamycin resistance was found among 48 (20.4%) isolates and constitutive resistance 
in 104 (44.2%). MRSA strains had higher inducible and constitutive resistance than MSSA strains (22.1%, 
51.6% and 13.3%, 13.3%, respectively). Clindamycin is a commonly used antibiotic in patients with 
MRSA infections to spare higher-end anti-MRSA antibiotics like linezolid and vancomycin. To detect 
inducible clindamycin to avoid treatment failures; the study showed the importance of incorporating 
the D-test in routine testing.
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INTRoDUCTIoN
 Skin and soft tissue infections, if not 
appropriately treated, may lead to disfiguring, 
amputation, sepsis and extended hospital stays 
which results in a significant increase in mortality 
and morbidity rates across the world. A variety 
of micro-organisms can be associated with 
skin and soft tissue infections, Staphylococcus 
aureus being the commonest isolate.1,2 b-lactam 
group of antibiotics is the most commonly used 
antibiotic for the treatment of Staphylococcus 
aureus infections.3,4 However, Methicillin-resistant 
S. aureus (MRSA) poses severe therapeutic 
challenges. During the past decades, a steep 
rise has been observed in methicillin-resistant S. 
aureus isolates.5 MRSA strains are often multidrug-
resistant, leaving few therapeutic options. 
The macrolide-lincosamide-streptogramin B 
(MLSB) antibiotics are commonly used to treat 
MRSA infections, and among them, the use of 
clindamycin as an alternative therapy has risen in 
India and other parts of the world.1 The advantages 
of choosing clindamycin are—availablility of 
both parenteral and oral formulations, high bio-
availability, soft tissue permeability, inhibits toxin 
production, and is relatively cheap.6 However, 
its increased use has resulted in widespread 
resistance against clindamycin.
 The resistance to clindamycin depends 
upon the expression of rRNA methylase (RM) 
by S. aureus, either produced constitutively or 
induced by an inducing agent. Erythromycin is 
known to be an effective inducer of the enzyme. 
S. aureus isolates with constitutively expressing 
RM (strains termed cMLSB) resist clindamycin and 
erythromycin while the strains with inducibler RNA 
methylase enzyme (iMLSB) show resistance only to 
erythromycin but are sensitive to clindamycin.7,8 
However, in vivo clindamycin can be ineffective in 
such cases. Interestingly, the difference between 
iMLSB and cMLSB can be detected by D-test.

 Three different phenotypes can be 
exhibited by strains for MLSB antibiotics 9 as shown 
in Table 1. 
 In the present study, the antibiotic 
sensitivity testing of the isolates was done along 
with D-test to figure out the rate of inducible 
resistance to clindamycin in our hospital and to 
formulate treatment options for iMLSB isolates.

MATeRIAL AND MeTHoDS
Sample collection
 The current study is a retrospective 
observational study done for one year (January, 
2019 - December, 2019). Pus samples from 
patients from all age groups with skin and soft 
tissue infections received in the Department of 
Microbiology, M.M. Institute of Medical Science 
and Research, were processed according to 
standard laboratory guidelines.
Inclusion criteria
 Patients with skin and soft tissue infection 
of any age or sex.
exclusion criteria
 S. aureus isolates for infection other than 
skin and soft tissue infection.
Isolation and characterization of S. aureus isolates 
 The samples were streaked for culture 
on MacConkey agar and blood agar media and 
were incubated at 37°C for 24-48 h. After the 
Gram staining and biochemical tests as per 
standard laboratory protocols10, the S. aureus 
isolates were collected and examined for antibiotic 
susceptibility. The Kirby Bauer‘s disc diffusion 
antibiotic sensitivity testing (AST) was done, and 
interpretations were made as per the Clinical 
and Laboratory Standards Institute (CLSI). The 
antibiotics tested include penicillin (10 units), 
co-trimoxazole (1.25/23.75μg), ciprofloxacin 
(5μg), gentamicin (10μg), erythromycin (15μg), 
clindamycin (2μg), azithromycin (15μg) and 
linezolid (30μg) (HiMedia,Mumbai, India). 

Table 1. Phenotypes of strains towards MLSB antibiotics

Phenotype Erythromycin Sensitivity Clindamycin Sensitivity Remarks

MLSB sensitive (MS) Resistant (zone size ≤13mm) Sensitive ( ≥21mm zone) Circular zone of inhibition
InducibleMLSB Resistant (zone size ≤13mm) Sensitive ( ≥21mm zone) D-shaped zone of inhibition 
   with flattening towards 
   erythromycin. 
Constitutive MLSB Resistant (zone size ≤13mm) Resistant ( ≤14mm zone)  Nozone of inhibition 



  www.microbiologyjournal.org1959Journal of Pure and Applied Microbiology

Bala et al. | J Pure Appl Microbiol | 15(4):1957-1962 | December 2021 | https://doi.org/10.22207/JPAM.15.4.17

Vancomycin sensitivity was determined by broth 
dilution test to determine MIC. Cefoxitin (30µg) 
disc was used to detect methicillin resistance and 
the isolates that yielded a zone diameter of <22 
mm around the cefoxitin disc were considered 
as MRSA.11 The control strain used was S. aureus 
(ATCC 25923).
Detection of mecA gene by PCR for molecular 
confirmation of MRSA12

 DNA of the cefoxitin resistant strains was 
extracted using QIA amp DNA mini kit (QIAGEN). 
Isolated DNA was amplified using the primers as 
described by Geha et al. 
 Forward primer sequence - 5’-GTA GAA 
ATG ACT GAA CGT CCG ATAA – 3’
 Reverse primer sequence- 5’-CCA ATT CCA 
CAT TGT TTC GGT CTA A –3’
D-test 
 For determining the phenotype of strains 
against MLSB group of antibiotics, the clindamycin 
(2µg) disc and erythromycin (15µg) disc were 
placed at a distance of 15mm (edge to edge) on 
a Mueller Hinton agar inoculated 0.5 McFarland 
bacterial suspension of the test organism and the 
strains were allowed to grow for 24 h at 37°C.12

Statistical Analysis
 Performed by using SPSS, version 18.0 
(SPSS Inc., Chicago, IL).

ReSULTS
 In our study, a total of 235 S. aureus 
isolates were obtained from patients with 
infections of the skin and soft tissue. Out of 235 
S. aureus strains screened 80.5% (190/235) strains 
were cefoxitin resistant. The DNA from these 
strains was isolated, and amplicons were detected 
for mecA gene. We found that all the cefoxitin-
resistant strains harbor mecA gene, showing that 
among all the collected samples, 80.5% were 
MRSA (190/235) strains and rest were MSSA. Of 
the 190 MRSA strains, 69.5% (132/190) were from 
hospitalized patients. 
 After that, the antibiotic sensitivity testing 
for MRSA strains was performed, and phenotype 
was examined and recorded (Table 2). Resistance 
to various classes of antibiotics was higher among 
the MRSA isolates than among methicillin-
sensitive S. aureus (MS).
 After that, we examined MRSA and 
MSSA strains to exhibit resistance towards 
erythromycin and clindamycin by performing 
D-test by putting the discs carrying antibiotics. 
As summarized in Table 3, we found that among 
MRSA strains (n=190), 23% were sensitive to both 
erythromycin and clindamycin, and ~51% showed 
resistance to both. Importantly, we found that 
22% showed positive D-test in MRSA strains(Fig 
1), thus belonging to iMLSB, indicating inducible 
expression of RM enzyme. On the other hand, 
among MSSA strains, 13% showed positive D-test, 
66% showed sensitivity towards both antibiotics, 
and 13% showed resistance. Thus, in totality, our 
study showed that 44% of all the strains showed 
the presence of constitutive RM enzyme while 20% 
of strains showed that RM is inducible.

DISCUSSIoN
 MRSA isolation is increasing from 
infections of the skin and soft tissue. The increasing 
resistance to the available therapeutic options for 
the treatment of MRSA is worrisome. Our study 
detected a high prevalence of MRSA (80.5%)
comparable to studies performed in Ethiopia1,13 

and Kenya.14 However, the results of our study 
are higher from the studies from India3,5 and 
other parts of the world.15-17 The difference in 
prevalence from different regions could be due to 

Fig. 1. D-Test. No zone of inhibition around erythromycin 
disc but zone of inhibition is present around clindamycin 
with flattening towards erythromycin giving the shape 
of “D”.
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the variation in the study population, antibiotics 
used, sample size, and infection control policies. 
As, mostly the treatment of skin and soft tissue 
infections is on an empirical basis;the increase 
of antimicrobial resistance; the update on the 
susceptibility pattern of the isolates can help in 
the selection of empirical therapy. Clindamycin is 
one of the commonly used drug for Staphylococcal 
infections, particularly skin and soft tissue 
infections.4 The differentiation of inducible MLSB 
(iMLSB phenotype) isolates from isolates with MS 
phenotype is a critical as use of clindamycin in 
iMLSB phenotype results in treatment failures. In 
our study, iMLSB phenotype (Positive for D-test)
was 22.1% and 13.3% in MRSA and MS isolates, 
respectively. The prevalence of MS phenotype  
(D test- Negative) was 3.1% and 6.7% among MRSA 
and MSSA isolates, respectively. Similar results 
were observed from a study from in India where 
MS phenotype was found among 8% isolates.18 
However, PatelM et al.19 and Lall M et al.20 reported 
higher rates 50% and 37.5%, respectively, of iMLSB 
phenotype among MRSA strains.

Limitation and suggestion
 The study is performed on patients from 
Northern Part of India, so the data need to be 
further verified by different research groups to 
know prevalence of iMLSB at National level. We 
would be further working on charchterization of 
genes responsible for the inducibilty of RM gene.

CoNCLUSIoN
 The incidence of MLSB resistance varies 
with geographical area, with patterns of infections 
and drug use. Therefore, constant surveillance 
should be done for MLSB resistance in S. aureus 
using D-test on erythromycin-resistant isolates 
in every health care setting to avoid therapeutic 
failures. Routine testing of all Staphylococcal 
isolates for iMLSB is the recommendation by 
CLSI to minimize the misuse of the drug. The 
clinicians should also be aware of in vitro inducible 
clindamycin resistance. Vancomycin and linezolid 
are the drugs to be considered in such cases for 
therapy. 

Table 2. Antibiotic sensitivity pattern of the S.aureus isolates

Isolates Sensitivity    Anti Microbial Agent / N
 Pattern
  Cip E CL TE Gen Ln Vn COT Rf

MRSA (n=190) S 11 44 86 143 135 183 190 91 164
 R 179 146 104 47 55 7 0 99 26
MSSA (n=45) S 15 30 37 37 7 44 45 29 45
 R 30 15 7 7 38 1 0 16 0
Total (n=235) S 26 74 123 180 142 227 235 120 209
 R 209 161 111 54 93 8 0 115 26

S=Sensitive, R=Resistant, Cip= Ciprofloxacin, E= Erythromycin, CL= Clindamycin, TE= Tetracycline,Gen= Gentamycin,  Ln= Linezolid, 
Vn= Vancomycin, COT= Co-trimoxazole, Rf= Rifampicin.

Table 3. Susceptibility pattern ofclindamycin and erythromycin among the isolates

Susceptibility Number(Percentage) Number (Percentage) Number (Percentage)
pattern (Phenotype) MRSA (N= 190) MSSA strains (N=45) All S.aureus (N=235)

E= S, CL= S 44 (23.1%) 30 (66.7%) 74 (31.5%) 
E= R, CL= R 
(cMLSB) 98 (51.6%) 6 (13.3%) 104 (44.2%)
E= R, CL= S 
(D test +ve) =iMLSB 42 (22.1%) 6 (13.3%) 48 (20.4%)
E= R, CL= S 
(D test negative) =  MS 6 (3.1%) 3 (6.7%) 9 (3.8%)
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