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ABSTRACT

Introduction: The increasing prevalence of methicillin resistance among Staphylococci is an alarming problem. MRSA isolates with inducible
clindamycin resistance (iCR) are resistant to erythromycin and sensitive to clindamycin on routine testing. D-test can help to determine whether
clindamycin could be used as a therapeutic option. Hence the present study was undertaken to detect incidence of inducible resistance to
clindamycin in erythromycin resistant S. aureus isolates by D test and to study the association between clindamycin and methicillin resistance.
Materials and Methods: Two hundred and seven isolates of Staphylococcus aureus were tested for methicillin resistance using cefoxitin (30pg)
disc by Kirby Bauer disc diffusion method. Inducible resistance to Staphylococci was tested by D test as per CLSI guidelines.

Results: Of the total 207 isolates tested, 126 were erythromycin resistant. Among the erythromycin resistant isolates, 37(29.3%) showed
clindamycin resistance, 47(37.3%) showed constitutive resistance and the remaining 42(33.3%) were of MS phenotype. Inducible and constitutive
resistance was higher in MRSA as compared to MSSA(32.8%,44.2% and 25%,28.5%) respectively.

Conclusion: The study emphasizes the fact that every microbiology laboratory should perform D test on routine basis. This will help in detecting
inducible clindamycin resistance and thus prevent therapeutic failure.
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INTRODUCTION

Staphylococcus aureus is one of the most common pyogenic bacteria
infecting man.'S. aureus is known for acquiring antimicrobial
resistance promptly after the introductionof new antibiotics. Emerging
resistance to methicillin in this organism has left us with very few
therapeutic alternatives to treat the infections caused by them.
Clindamycin in macrolide-lincosamide streptogramin B (MLS,)
family of antibiotics serves as one such alternative for treating both
methicillin susceptible S. aureus (MSSA) and methicillin resistant S.
aureus (MRSA) infections, due to its excellent pharmacokinetic
properties. However, widespread use of MLS, antibiotics has led to an
increase in the number of Staphylococcal strains acquiring resistance
to MLS, antibiotic.’

Clindamycin resistance in Staphylococcus species can be either
constitutive or inducible.'The most common mechanism for such
resistance is target site modification mediated by erm genes, which can
be expressed either constitutively (constitutive MLS,phenotype) or
inducibly (inducible MLS,phenotype). Strains with inducible
resistance to clindamycin are difficult to detect in the routine
laboratory as they appear erythromycin-resistant and clindamycin
sensitive in vitro when not placed adjacent to each other. In such cases,
in vivo therapy with clindamycin may select constitutive erm mutants
leading to clinical therapeutic failure. In case of another mechanism of
resistance mediated through msrA genes i.e. efflux of antibiotic,
Staphylococcal isolates appear erythromycin-resistant and
clindamycin-sensitive both in vivo and in vitro and the strain do not
typically become clindamycin resistant during therapy. Thus to avoid
clinical therapeutic failure in the resistance case mediated by erm gene,
it is very important to detect inducible clindamycin resistance
phenotypes in vitro which can be made by erythromycin-clindamycin
disc approximation test (D-test) as its sensitivity was found 100% in
different studies when compared with erm and msr gene detection by
polymerase chain reaction.”’

The present study was aimed to detect incidence of inducible
clindamycin resistance in erythromycin resistant S. aureus isolates by
D test and to study the relationship between clindamycin and
methicillin resistance.

MATERIALSAND METHODS

Bacterial isolates

The present cross-sectional study was conducted in the Department of
Microbiology, North Bengal Medical College from November 2017 to
April 2018. A total of 207 non-duplicate isolates of Staphylococcus
aureus was isolated from different clinical samples (wound swab,

aspirates, blood , urine and respiratory) of both genders and all age
groups attending North Bengal Medical College.

Identification of the organism and testing for MRSA

The isolates were first identified as S. aureus by standard biochemical
techniques’ and then subjected to susceptibility testing by modified
Kirby Bauer's disc diffusion method on Mueller Hinton agar plates.
Methicillin resitance was detected using cefoxitin disc diffusion test.
Isolates with cefoxitin zone size >22 mm were considered methicillin
susceptible (MSSA) and those with <21 mm were considered
methicillin resistant (MRSA).”

Phenotypic detection of constitutive MLS,,inducible MLS; and
MS phenotype

Inducible resistance to clindamycin was tested by 'D test' as per CLSI
guidelines.” Briefly, erythromycin (15 pg) disc was placed at a distance
of 15 mm (edge to edge) from clindamycin (2 pg) disc on a Mueller-
Hinton agar plate, previously inoculated with 0.5 McFarland standard
bacterial suspensions. Following overnight incubation at 37°C,
flattening of zone (D-shaped) around clindamycin in the area between
the two discs, indicated inducible clindamycin resistance.

Three different phenotypes were appreciated after testing and

interpreted as follows':

1. Constitutive MLS, Phenotype - this phenotype was labelled for
those Staphylococcal isolates which showed resistance to both
erythromycin (zone size <I3mm) and clindamycin (zone size
<14mm) with , circular shape of zone of inhibition if any around
clindamycin.

2. Inducible MLS ; Phenotype - Staphylococcal isolates showing
resistance to erythromycin (zone size <13mm) while being
sensitive to clindamycin (zone size >2 1mm) and giving D shaped
zone of inhibition around clindamycin with flattening towards
erythromycin disc were labelled as having this phenotype.

3. MS Phenotype - Staphylococcal isolates exhibiting resistance to
erythromycin (zone size <13mm) while sensitive to clindamycin
(zone size >21mm) and giving circular zone of inhibition around
clindamycin was labelled as having this phenotype.

Quality control (QC) of the erythromycin and clindamycin discs was
performed with S. aureus ATCC25923, according to the standard disc
diffusion QC procedure. The data were analyzed using Statistical
Package for Social Science, version 20. p value <0.05 was considered
statistically significant.
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RESULTS

Among 207 Staphylococcal isolates tested, 80 (38.6%) were MRSA,
and 127 (61.3%) were MSSA. Out of these 207 isolates, 126(60.8%)
were erythromycin resistant and mostly MRSA (MRSA 70 and MSSA
56). On the contrary, isolates sensitive to both Erythromycin and
Clindamycin were mostly MSSA (55.11%). (Figure 1).

Figure 1: Distribution of MRSA among Erythromycin sensitive
and resistantisolates.
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Chi square: 38.82, p value:<0.00001(significant at p<.05)
Ery=Erythromycin,Cl=Clindamycin,R = resistant

126 erythromycin resistant isolates were subjected to D test.D test was
positive in 37(29.26%) of the isolates (23 MRSA and 14 MSSA)

Fig 2: Inducible MLSB (D test +ve) in Methicillin Resistant
Staphylococcus Aureus (MRSA)

Constitutive clindamycin resistance was shown by 47 (37.3%) isolates
(31 MRSA and 16 MSSA) and MS phenotype was seen in 42 (33.33%)
isolates (16 MRSA and 26 MSSA). The percentage of inducible and
constitutive resistance was more among MRSA (32.8% and 44.2%)
than MSSA (25% and 28.5%) while the MS phenotype was more
among MSSA (46.4%) as compared to MRSA (22.8%) (Table 1)

Table 1: Distribution of MLSB phenotype among erythromycin
resistant strains (n=126)

Phenotypes MRSA(n=70)|MSSA(n=56)| Total
ERY- R, CL- R (¢cMLSB) |31 (44.2%) |16 (28.5%) |47 (37.3%)
ERY-R,CL-S 23 (32.8%) |14 (25%) 37(29.3%)
(IMLSB ,D test +ve)

ERY-R,CL-S 16 (22.8%) |26 (46.4%) |42(33.3%)
(MS,D test —ve)

Ery=Erythromycin,Cl=Clindamycin

Analysis shows that methicillin resistance is a significant factor in D
test positive isolates as compared to D test negative isolates.(p
<0.05)(Table 2)

Table 2: Comparison of D test +ve and D test —ve Staphylococcus
aureus isolates by Chisquare analysis

Phenotype MRSA MSSA
D +ve 23 14
D -ve 16 26

Chisquare4.55,p=0.032 (Significant at p<0.05)

RESULTS

Clindamycin is a good alternative for the treatment of both methicillin-
resistant and -susceptible staphylococcal infections. Also,
clindamycin has good oral bioavailability making it a good option for
outpatient therapy and changeover after intravenous
antibiotics.Clindamycin resistance can develop in staphylococcal
isolates with the inducible phenotype, and spontaneous constitutively

resistant mutants have been selected from such isolates both in vitro
and in vivo during Clindamycin therapy.Failure to identify iMLS
resistance may lead to clinical failure of clindamycin therapy.
Conversely, labeling all erythromycin-resistant Staphylococci as
clindamycin-resistant prevents the use of clindamycin in infections
caused by truly clindamycin-sensitive Staphylococcal isolates."
Hence, Clinical and Laboratory Standards Institute (CLSI)
recommends routine testing of all Staphylococcal isolates for iMLS,,.”

In the present study, of the 207 isolates of Staphylococcus aureus,
erythromycin resistance was seen in 126 (60.8%) isolates which is
quite higher. This indicates higher use of macrolides like erythromycin
as the first resort for empirical therapy in this region which has resulted
in higher degree of resistant mutant. Study done by Pal e al(50.52%)"
and Lyall er al(51.7%)" also reported higher percentage of
erythromycin resistance. Low rate of resistance was reported by
Prabhu et al. (28.4%)" and Ajantha e al. (15.7%)".

Inducible clindamycin resistance was observed in 29.3 %( 37) of
erythromycin resistant isolates. This emphasises the fact that if D test is
not performed routinely, a significant number of cases will present
with therapeutic failure. Different studies have found varying
prevalence rates of inducible clindamycin resistance. Higher rate of
inducible resistance was observed by Ajantha et al."(49%), Goyal et
al. *(50.6%), where as lower rate was observed by Prabhu ef al.
(10.5%).0ur finding was similar to that reported by Sande et al
“(30.2%) and Lyall ez al *(33.3%). In this study, constitutive resistance
was observed in 37.3 %( 47) of the erythromycin resistant isolates
which was almost similar to the finding by Sande et al." (35.5%).
Higher percentage was reported by Pal et al. “(46.9%) whereas lower
percentage was observed in studies by Patil et al. ""(3.55%) and Mittal
et al. "*(6.15%).In the present study, 33.3% of erythromycin resistance
S. aureus isolates showed true clindamycin susceptibility (MS
phenotype). Lower incidence was observed by Patil ez al. "(15.33%)
and Mittal et al. "(15%).

In our study, inducible clindamycin resistance was seen in higher
percentage of MRSA than MSSA(32.8% MRSA, 25% MSSA
isolates) but the association between MRSA and inducible
clindamycin resistance was not found to be statistically significant
(Chi square 0.58, p value 0.44). Our finding was similar to that reported
by Sande et al "°(33.3% in MRSA and 25% in MSSA) and Gadepalli et
al.”(30% in MRSA, 10 % in MSSA). Similarly constitutive resistance
was also more in MRSA than MSSA (44.2% and 28.5% respectively)

Staphylococci exhibiting inducible resistance to MLS,, antibiotics are
now common in clinical practice. One should be cautious about using
clindamycin in patients with major infections, especially where
treatment is likely to be prolonged or infection difficult to eradicate as
constitutive mutants can be selected during the course of clindamycin
therapy in patients with MLSBi. Conversely labeling all
erythromycin-resistant staphylococci as clindamycin resistant would
prevent the use of clindamycin in infections caused by truly
clindamycin susceptible isolates.”

CONCLUSION

The laboratories and also clinicians must be aware of the local
prevalence of iMLSB isolates. As there is a high rate of clindamycin
resistance in the staphylococcal isolates, the laboratories should
routinely test S. aureus strains for iMLSB so that chances of
therapeutic failure is decreased. As the D-test is simple, inexpensive
and easy to perform, it can be included as a part of routine antibiotic
susceptibility testing.

ACKNOWLEDGEMENT:

The authors would like to thank Head of the Department of
Microbiology and Principal of North Bengal Medical College for
permitting to carry out the study.

CONFLICT OF INTEREST: The authors declare that there is no
conflict of interest.

FUNDING: None

REFERENCES

1. Adhikari RP,Shrestha S,Barakoti A et al. Inducible clindamycin and methicillin resistant
Staphylococcus aureus in a tertiary care hospital, Kathmandu, Nepal. BMC Infectious
Diseases. 2017; 17:483.

2. Gadepalli R, Dhawan B, Mohanty S, Kapil A, Das BK, Chaudhry R. Inducible

| 56 |—| International Journal of Scientific Research |



Volume-9 | Issue-2 | February-2020 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

. ________________________________________________________________________________________________________________|
clindamycin resistance in clinical isolates of Staphylococcus aureus. Indian J Med Res.
2006; 123:571-3.

3. Lim HS, Lee H, Roh KH, Yum JH, Yong D, Lee K, et al. Prevalence of inducible
clindamycin resistance in staphylococcal isolates at Korean tertiary care hospital.
Yonsei Med J. 2006; 47:480—4

4. Deotale V, Mendiratta DK, Raut U, Narang P. Inducible clindamycin resistance in
Staphylococcus aureus isolated from clinical samples. Indian J Med Microbiol. 2010;
28:124-6.

5. Steward CD, et al. Testing for induction of clindamycin resistance in erythromycin
resistant isolates of Staphylococcus aureus. J Clin Microbiol. 2005; 43:1716-21.

6. Juda M, Chudzik-Rzad B, Malm A. The prevalence of genotypes that determine
resistance to macrolides, loncosamides, and streptogramin B compared with spiramycin
susceptibility among erythromycin-resistant Staphylococcus epidermis. Mem Inst
Oswaldo Cruz. 2016; 111(3):155-60.

7. Woods CR. Macrolide-inducible resistance to clindamycin and the D-test. Pediatr Infect
DisJ.2009;28(12):1115-8.

8. Kloos WE, Banerman TL. Staphylococcus and Micrococcus, Chapter 22. In: Manual of
clinical microbiology. 7 th ed. Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken
RH, editors. Washington DC: ASM Press; 1999. p. 264-82.

9. Clinical and laboratory standards institute. Performance standards for antimicrobial
susceptibility testing. Twenty ninth informational supplement. Wayne, PA: CLSI; 2019:
CLSIdocument M100-S22,39(1).

10.  Prabhu K,Rao S,Rao V. Inducible Clindamycin Resistance in Staphylococcus aureus
Isolated from Clinical Samples. Journal of Laboratory Physicians.2011; 3(1):25-27

11.  Yilmaz G, Aydin K, Iskender S et al. Detection and prevalence of inducible clindamycin
resistance in staphylococci. Journal of Medical Microbiology (2007), 56: 342-345.

12.  Lyall KS, Gupta V, Chhina D. Inducible clindamycin resistance among clinical isolates
of Staphylococcus aureus. J Mahatma Gandhi Inst Med Sci. 2013; 18:112-5.

13.  Pal N, Sharma B, Sharma R, Vyas L. Detection of inducible clindamycin resistance
among staphylococcal isolates from different clinical specimens in Western India. J
Postgrad Med. 2010; 56:182-5

14.  Ajanta GS, Kulkarni RD, Shetty J, Shukhada C, Jain P. Phenotypic detection of
Inducible clindamycin resistanceamong S. aureus isolates by using the lower limit of
recommended inter disk distance. Indian J Pathol Microbiol. 2008; 51(3):376-8.

15.  GoyalR, Singh NP, Manchanda V, Mathur M. Detection of clindamycin susceptibility in
macrolide resistant phenotypes of Staphylococcus aureus. Indian J Med Microbiol.
2004;22:251-4.

16. Sande SV. Phenotypic detection and incidence of inducible clindamycin resistance
among Staphylococcus aureus from tertiary care hospital. International Journal of
Advances in Medicine. 2015;2(3):264-268

17.  Patil N, Mali U, Kulkarni S, Ghorpade M, ManeV. Detection of inducible clindamycin
resistance among clinical isolates of Staphylococcus aureus in a tertiary care hospital.
IntJ Curr Microbiol App Sci. 2014; 3(9):689-94

18.  Mittal V, Kishore S, Siddique ME. Prevalence of inducible clindamycin resistance
among clinical isolates of Staphylococcus aureus detected by phenotypic method: a
preliminary report. J Infect Dis Immun. 2013; 5(1):10-2.

19.  Gadepalli R, Dhawan B, Mohanty S, Kapil A, Das BK, Chaudhry R. Inducible
clindamycin resistance in clinical isolates of Staphylococcus aureus. Indian J Med Res.
20006;123:571-3.

20. Lal L, Sahni AK. Prevalence of inducible clindamycin resistance in Staphylococcus
aureus isolated from clinical samples. Medical J of Armed Forces India. 2014; 43-47

I International Journal of Scientific Research |—| 57 |



