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            Abstract

            
               
Background: The resistance to antimicrobial agents among Staphylococci is an increasing problem. Clinical laboratories should perform
                  D test routinely to guide the clinicians about the inducible clindamycin resistance and to prevent misuse of antibiotics.
                  
               

               Aims: Study aimed to isolates the Inducible and Constitutive clindamycin Resistance in Staphylococcus aureus in various clinical
                  samples.
               

               Materials and Methods: We analyzed the performance of disk diffusion method in 183 Staphylococci aureus strains obtained from various clinical samples
                  of the patients collected from September 2018 to February 2020 at a tertiary care centre, Meerut. 
               

               Result: Inducible clindamycin resistance was tested by ‘D test’ as per CLSI guidelines. 142(77.6%) of S. aureus isolates were found to be methicillin resistant (MRSA) and 41 (22.4%) tested sensitive to cefoxitin i.e., methicillin sensitive
                  S. aureus (MSSA). 
               

               Conclusion:  Inducible resistance and constitutive resistance were found to be higher in MRSA as compared to MSSA). The D test method
                  showed to be simple and easy in the detection of inducible (iMLSB) and constitutive clindamycin resistance (cMLSB).
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               Introduction

            Staphylococcus aureus is one of the most common pyogenic bacteria infecting man. The determination of antimicrobial susceptibility of a clinical
               isolate is often crucial for optimal antimicrobial therapy of infected patients. Emergence of methicillin resistance in Staphylococcus aureus has left us with very few therapeutic alternatives available to treat Staphylococcal infections. Staphylococcus aureus, one of the most common nosocomial and community-acquired pathogens has now emerged as an ever-increasing problem
               due to its increasing resistance to several antibiotics. In Staphylococcus spp., penicillin and methicillin resistance was first recognized in 1944 and 1961 A.D. respectively.1 The macrolide-lincosamide-streptogramin B (MLSB) family of antibiotics serves as one such alternative, with clindamycin being
               the preferred agent due its excellent pharmacokinetic properties. Clindamycin is an alternative drug for infections due to
               Staphylococcus aureus in case of intolerance to penicillin or resistance to methicillin. Furthermore, clindamycin represents an attractive option
               for several reasons. First, clindamycin is available in both intravenous and oral formulations. Second, the drug has a remarkable
               distribution into the skin and skin structures. Third, community-acquired methicillin-resistant S. aureus (CA-MRSA), which has rapidly emerged in recent years as a cause of skin and soft-tissue infections, is frequently susceptible
               to several antibiotics, including clindamycin.2, 3

            Resistance in Gram-positive bacteria not only increases morbidity and mortality, but also the costs of management of hospitalized
               patients. Studies have indicated a great increase in the ratio of staphylococci resistance to MLS group and failure in the
               treatment with clindamycin in infections with microorganisms with inducible resistance to MLS group.4

            Therefore, this study was aimed to assess the prevalence and antimicrobial susceptibility pattern of methicillin and induced
               clindamycin-resistant Staphylococcus aureus from various clinical samples received in tertiary care centre, Meerut, North India.
            

         

         
               Materials and Methods

            
                  Study Design and Period 

               A hospital-based retrospective study was conducted at Mulayam Singh Yadav Medical College & Hospital from 2018 September to
                  2020 February. 
               

               183 clinical isolates of S. aureus were subjected to D test. Out of 183 isolates, 142(77.6%) were found to be methicilin resistant S. aureus (MRSA) strains and 41(22.4%) methicillin sensitive S. aureus (MSSA) strains. Testing of methicillin resistance was done with (30μg) disc of cefoxitin as per Clinical Laboratory and Standard
                  Institute (CLSI), 2016 guidelines. D-test was performed by placing clindamycin CLI disc (2μg) and erythromycin ERY disc (15μg)
                  approximately 15-26 mm apart measured edge to edge on a Muller-Hinton agar plate that has been inoculated with a Staphylococcus isolate (0.5 McFarland standard) incubated at 35±2°C in ambient air. Flattening of the zone of inhibition adjacent to the
                  erythromycin disc (referred to as a D-zone) = inducible clindamycin resistance [Figure  1]. 
               

               
                     
                     Figure 1

                     (A)Positive D-test (iMSLB), (B) No zone (cMSLB), (C) MS Phenotype
                     

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/297bb4e8-c6d5-4b76-86a3-1f3309aacb38image1.png]

               D-test was performed as per Clinical Laboratory and Standard Institute (CLSI), 2016 guidelines.5, 6 
               

               Staphylococcus aureus ATCC 25923 strains, was used to check the quality control of ERY and CLI discs. In house positive and negative controls were
                  also used.
               

               Interpretation of erythromycin and clindamycin zones was done according to the description given below in the [Table  1].
               

               
                     
                     Table 1

                     Interpretation of erythromycin and clindamycin zones in S. aureus

                  

                  
                        
                           
                              	
                                 
                           	
                                 Sensitive
                           
                           	
                                 Intermediate
                           
                           	
                                 Resistant
                           
                        

                        
                              	
                                 Erythromycin Clindamycin
                           
                           	
                                 ≥ 23 mm ≥ 21 mm
                           
                           	
                                 14-22 mm 15-20 mm
                           
                           	
                                 ≤ 13 mm ≤ 14mm
                           
                        

                        
                              	
                                 CLSI Guidelines 2017: Performance standards for Antimicrobial disc Susceptibility Tests
                           
                        

                     
                  

               

            

         

         
               Result

            In this study, 183 Staphylococcus aureus isolated from clinical samples in our hospital during a period of 18 months. Out of which 146(79.8%) were IPD samples and
               37(20.2) samples from OPD. Predominant clinical samples being pus 112(61.2%) followed by 38(20.8%) blood, 18(9.8%) urine,
               9(5%) tracheal aspirates and 6(3.2%) from other body fluid. [Figure  2]
            

            
                  
                  Figure 2

                  Prevalence of Staphylococcus aureus in clinical sample
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            While majority of the study participants were 118(64.5%) male, and 65 (35.5%) female, the ratio was 1.8:1. Males comply poorly
               with hand-hygiene recommendations compared with females, and gender differences in motivation for improvement have been reported.7  [Figure  3]
            

            
                  
                  Figure 3

                  Prevalence of male and female.
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            In our study, 183 Staphylococcus aureus isolates were resistant to penicillin (89.6%) and ampicillin (88%), followed by (77.5%) co-trimoxazole, erythromycin (64.5%),
               Ciprofloxacin (60.6%), clindamycin (55.7%), gentamycin (25.1%) and least were resistant to vancomycin (2.1%) whereas none
               resistance showed in Linezolid. [Table  2 ]
            

            
                  
                  Table 2

                  Antibiotic sensitivity of Staphylococcus aureus

               

               
                     
                        
                           	
                              S. No.
                        
                        	
                              Antibiotics
                        
                        	
                              Antibiotic sensitivity Resistant n (%)
                        
                     

                     
                           	
                              1.
                        
                        	
                              Penicillin
                        
                        	
                              164 (89.6)
                        
                     

                     
                           	
                              2.
                        
                        	
                              Ampicillin
                        
                        	
                              161 (88)
                        
                     

                     
                           	
                              3.
                        
                        	
                              Erythromycin
                        
                        	
                              118 (64.5)
                        
                     

                     
                           	
                              4.
                        
                        	
                              Co-trimaxazole
                        
                        	
                              142 (77.5)
                        
                     

                     
                           	
                              5.
                        
                        	
                              Clindamycin
                        
                        	
                              102 (55.7)
                        
                     

                     
                           	
                              6.
                        
                        	
                              Ciprofloxacin
                        
                        	
                              111 (60.6)
                        
                     

                     
                           	
                              7.
                        
                        	
                              Gentamycin
                        
                        	
                              46 (25.1)
                        
                     

                     
                           	
                              8.
                        
                        	
                              Vancomycin
                        
                        	
                              4 (2.1)
                        
                     

                     
                           	
                              9.
                        
                        	
                              Linezolid
                        
                        	
                              -
                        
                     

                  
               

            

            142(77.6%) of Staphylococcus aureus isolates were found to be methicillin resistant (MRSA) and 41 (22.4%) tested sensitive to cefoxitin (MSSA). A total of 35%
               S. aureus isolates belonged to cMLSB while 20.8% iMLSB phenotype whereas 44.2% belonged to MS phenotype. [Table  3]
            

            
                  
                  Table 3

                  Detection of constitutive and inducible-clindamycin (MLSB) phenotypes.

               

               
                     
                        
                           	
                              Organism
                        
                        	
                              Inducible (iMLSB) resistance n (%)
                        
                        	
                              Constitutive (cMLSB) resistance  n(%)
                        
                        	
                              Ms Phynotype n(%)
                        
                     

                     
                           	
                              S. aureus
                        
                        	
                              38 (20.8)
                        
                        	
                              64 (35)
                        
                        	
                              81(44.2)
                        
                     

                  
               

            

            Both constitutive and inducible resistance phenotypes were found to be significantly higher in MRSA isolates compared to MSSA. [Table  4]
            

            
                  
                  Table 4

                  istribution among MRSA & MSSA

               

               
                     
                        
                           	
                              Susceptibility Pattern
                        
                        	
                              MRSA (%)
                        
                        	
                              MSSA (%)
                        
                        	
                              Total (%)
                        
                     

                     
                           	
                              Erythromycin
                        
                        	
                              96(81.4%)
                        
                        	
                              22(18.6%)
                        
                        	
                              118(100%)
                        
                     

                     
                           	
                              Imlsb
                        
                        	
                              29(76.3%)
                        
                        	
                              09(23.7%)
                        
                        	
                              38(100%)
                        
                     

                     
                           	
                              cMSLB
                        
                        	
                              58(90.6%)
                        
                        	
                              06(9.4%)
                        
                        	
                              64(100%)
                        
                     

                     
                           	
                              Ms Phenotype
                        
                        	
                              13(16%)
                        
                        	
                              68(84%)
                        
                        	
                              81(100%)
                        
                     

                  
               

            

            

            
                  
                  Table 5

                  Prevalence of Staph. aureus isolates in various clinical sample in different centres in India
                  

               

               
                     
                        
                           	
                              S. No.
                        
                        	
                              Author
                        
                        	
                              Sample
                        
                     

                     
                           	
                              Pus %
                        
                        	
                              Blood %
                        
                        	
                              Urine %
                        
                        	
                              Tracheal aspirates %
                        
                        	
                              Other Body fluid %
                        
                     

                     
                           	
                              1.
                        
                        	
                              Present study
                        
                        	
                              61.2
                        
                        	
                              20.8
                        
                        	
                              9.8
                        
                        	
                              5
                        
                        	
                              3.2
                        
                     

                     
                           	
                              2.
                        
                        	
                              Gupta et al.
                        
                        	
                              50.9
                        
                        	
                              26.7
                        
                        	
                              8
                        
                        	
                              3
                        
                        	
                              2.4
                        
                     

                     
                           	
                              3.
                        
                        	
                              Krishna et al.
                        
                        	
                              63
                        
                        	
                              10.5
                        
                        	
                              14
                        
                        	
                              -
                        
                        	
                              -
                        
                     

                     
                           	
                              4.
                        
                        	
                              Kumari et al.
                        
                        	
                              64
                        
                        	
                              20
                        
                        	
                              3.2
                        
                        	
                              -
                        
                        	
                              -
                        
                     

                     
                           	
                              5.
                        
                        	
                              Shrestha et al.
                        
                        	
                              72.5
                        
                        	
                              -
                        
                        	
                              8.7
                        
                        	
                              -
                        
                        	
                              -
                        
                     

                     
                           	
                              6.
                        
                        	
                              Deepak et al.
                        
                        	
                              43.1
                        
                        	
                              1.9
                        
                        	
                              13.1
                        
                        	
                              -
                        
                        	
                              -
                        
                     

                     
                           	
                              7.
                        
                        	
                              Mohammad et al.
                        
                        	
                              -
                        
                        	
                              5.1
                        
                        	
                              48.5
                        
                        	
                              12.5
                        
                        	
                              -
                        
                     

                  
               

            

         

         
               Discussion

            Our study revealed an extremely high percentage of MRSA 77.6%. In Korea, the prevalence of MRSA has been estimated to be more
               than 70% among all clinical isolates in early 2010s.8 Various previous studies showed the high prevalence in their studies, Toleti et al. have reported a prevalence rate of 64.70%,
               and much closer rate 77.5% reported by Jarajreh et al. in their study conducted in Saudi Arabia. While 92% higher rate reported
               by Rameshwari et al.9, 10, 11

            In the present study, erythromycin resistance was seen in 64.5% isolates. Among the erythromycin- resistant S. aureus, iMLSB resistance was observed in 20.8% isolates and cMLSB in 35% and MS phenotype in 44.2%. A study carried out by Steward
               et al. reported maximum iMLSB phenotype 16.4% followed by cMLSB 12.5% and MS phenotype 7.8%. Similarly studies carried out
               by Regha et al., Deotale et al. also reported iMLSB as the predominant phenotype followed by cMLSB and then MS phenotype.12, 13, 14 
            

            In the present study there was significant gender difference in the study group; male was 64.5% affected where as 35.5% female
               and male to female ratio was 1.8:1. Similar rate reported by Patel et al. Staphylococcus aureus isolated were 54% form males and 46% from females.15 
            

            In the present study, 183 isolates of S. aureus, 61% were isolated from pus samples followed by 20.8% from blood, 9.8% from urine, 5% from tracheal aspirates 3.2% from other
               body fluid which was similar to study reported by various authors, mention in16, 17, 18, 19, 20, 21  [Table  5 ].
            

         

         
               Conclusion

            In the present study we describe D-test, it was inexpensive and easy to perform test, it can be included as a part of routine
               antibiotic susceptibility testing to accurately identify iMLSB and cMLSB clindamycin susceptible Ms Phenotypes. Resistance
               in Gram-positive bacteria not only increases morbidity and mortality, but also the costs of management of IPD or OPD patients.
               Studies have indicated increase rate of staphylococcus resistance in male’s. In addition, D-testing can provide information
               about resistant to MLS phenotype group of antibiotics and can be useful for surveillance studies related to MLS resistance
               in Staphylococci in clinical samples.
            

         

         
               
               Source of Funding
               
            

            None.

         

         
               
               Conflict of Interest
               
            

            None.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Appelbaum, P C,   (2007). Microbiology of Antibiotic Resistance in Staphylococcus aureus. Clin Infect Dis, 45, S165–70.
                     

                  

                  
                     
                        2 
                              

                     

                     Marcinak, J F & Frank, A L,   (2006). Epidemiology and treatment of community-associated methicillin-resistantStaphylococcus aureusin children. Exp Rev Anti-infect Ther, 4(1), 91–100.
                     

                  

                  
                     
                        3 
                              

                     

                     Tristan, A, Bes, M, Meugnier, H, Lina, G, Bozdogan, B & Courvalin, P,   (2007). Global Distribution of Panton-Valentine Leukocidin–positive Methicillin-resistantStaphylococcus aureus,2006. Emerg Infect Dis, 13(4), 594–600.
                     

                  

                  
                     
                        4 
                              

                     

                     Panagea, S, Perry, J D & Gould, F K,   (1999). Should clindamycin be used as treatment of patients with infections caused by erythromycin-resistant staphylococci?
                        J Antimicrob Chemother, 44(4), 581–2.
                     

                  

                  
                     
                        5 
                              

                     

                       (2017). Performance Standards for Antimicrobial Susceptibility Testing; Twenty seventh informational supplement. CLSI document.
                        M100- S20. Pennsylvania: Clinical and Laboratory Standards Institute.    
                     

                  

                  
                     
                        6 
                              

                     

                       (2014). Performance Standards for Antimicrobial Susceptibility Testing; Twenty-Fourth Informational Supplement.    
                     

                  

                  
                     
                        7 
                              

                     

                     Humphreys, H, Fitzpatick, F & Harvey, B J,   (2015). Gender Differences in Rates of Carriage and Bloodstream Infection Caused by Methicillin-ResistantStaphylococcus
                        aureus: Are They Real, Do They Matter and Why? Clin Infect Dis, 61(11), 1708–14.
                     

                  

                  
                     
                        8 
                              

                     

                     Chen, C J & Huang, Y C,   (2014). New epidemiology of Staphylococcus aureus infection in Asia. Clini Microbiol Infect, 20(7), 605–23.
                     

                  

                  
                     
                        9 
                              

                     

                     Toleti, S, Bobbillapati, J, Kollipaka, S & Myneni, R,   (2015). Detection of inducible clindamycin resistance and susceptibilities to other antimicrobial agents in clinical isolates
                        of Staphylococcus aureus. Int J Res Med Sci, 3(3), 612–21.
                     

                  

                  
                     
                        10 
                              

                     

                     Jarajreh,  D, Aqel, A, Alzoubi, H & Al-Zereini, W,   (2017). Prevalence of inducible clindamycin resistance in methicillin-resistant Staphylococcus aureus: the first study in
                        Jordan. J Infect Dev Coun, 11, 350–4.
                     

                  

                  
                     
                        11 
                              

                     

                     R Thakur, Sharma, S & Goyal, R,   (2015). Inducible and constitutive clindamycin resistance among clinical isolates of Staphylococcus aureus in a tertiary
                        care Hospital of Muzaffarnagar Medical College and Hospital, Muzaffarnagar. IOSR, 14(9), 57–60.
                     

                  

                  
                     
                        12 
                              

                     

                     Steward, C. D., Raney, P. M., Morrell, A. K., Williams, P. P., McDougal, L. K. & Jevitt, L.,   (2005). Testing for Induction of Clindamycin Resistance in Erythromycin-Resistant Isolates of Staphylococcus aureus. J Clin Microbiol, 43(4), 1716–21.
                     

                  

                  
                     
                        13 
                              

                     

                     Regha, I. R., Harichandran, D & Sulekha, B.,   (2016). Inducible Clindamycin Resistance among Clinical Isolates of Staphylococcus aureus in a Tertiary Care Centre, Kerala,
                        India. Curr Microbiol App Sci , 5(4), 929–34.
                     

                  

                  
                     
                        14 
                              

                     

                     Deotale, V, Mendiratta, DK, Raut, U & Narang, P,   (2010). Inducible clindamycin resistance inStaphylococcus aureusisolated from clinical samples. Indian J Med Microbiol, 28(2), 124–6.
                     

                  

                  
                     
                        15 
                              

                     

                     Patel, M., Waites, K. B., Moser, S. A., Cloud, G. A. & Hoesley, C. J.,   (2006). Prevalence of Inducible Clindamycin Resistance among Community- and Hospital-Associated Staphylococcus aureus Isolates.
                        J Clin Microbiol , 44(7), 2481–4.
                     

                  

                  
                     
                        16 
                              

                     

                     Gupta, D K, Pandey, A & Thakuria, B,   (2019). Occurrence of inducible clindamycin resistance in clinical isolates of staphylococcus aureus in a tertiary care
                        hospital. Int J Health Sci Res, 9(8), 71–7.
                     

                  

                  
                     
                        17 
                              

                     

                     Krishna, B V S, Asha, B P & Chandrasekhar, M R,   (2004). Community-Acquired Methicillin-Resistance Staphylococcus aureus Infections in a South Indian City. Southeast Asian J Trop Med Public Health, 35(2), 371–4.
                     

                  

                  
                     
                        18 
                              

                     

                     Kumari, N, Mohapatra, T M & Singh, Y I,   (2008). Prevalence of Methicillin-Resistant Staphylococcus aureus (MRSA) in a Tertiary-Care Hospital in Eastern Nepal. J Nepal Med Assoc, 47(170), 53–6.
                     

                  

                  
                     
                        19 
                              

                     

                     Shrestha, B, Pokhrel, B & Mohapatra, T,   (2009). Study of nosocomial isolates of Staphylococcus aureus with special reference to methicillin resistant Staphylococcus
                        aureus in a tertiary care hospital in Nepal. Nepal Med Coll J, 11(12), 123–6.
                     

                  

                  
                     
                        20 
                              

                     

                     Deepak, S, Samant, S A & Urhekar, A D,   (1999). Study of coagulase positive and negative staphylococci in clinical samples. Indian J Med Sci, 53, 425–8.
                     

                  

                  
                     
                        21 
                              

                     

                     Rahbar, M & Hajia, M,   (2007). Inducible Clindamycin Resistance in Staphylococcus aureus:A Cross-Sectional Report. Pak J Biol Sci, 10(1), 189–92.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

