JoMMID

ISSN: 2345-5349
elSSN: 2345-5330

. Journal of Medical Microbiology
/ and Infectious Diseases

Prevalence of Constitutive and Inducible Clindamycin Resistance among
Methicillin-Resistant Staphylococcus aureus Isolates in a Tertiary Care Hospital,
Kashmir Valley

Shahida Akhter™ Asifa Nazir 1", Ovais Karnain!"~, Mariya Rouf!
1Department of Microbiology, Government Medical College, Srinagar, India

ARTICLE INFO ABSTRACT

Original Article Introduction: The increased frequency of Methicillin-resistant Staphylococcus
aureus infections has led to renewed interest in the macrolide-lincosamide

streptogramin B (MLS) group of antibiotics. Resistance to these antibiotics may
be constitutive or inducible. Isolates resistant to erythromycin may show false
in vitro susceptibility to clindamycin, leading to therapeutic failures. This study
investigated the utility of the D-Test for detecting inducible clindamycin
Received: 12 Feb. 2022 resistance in methicillin—resistant S. aureus i_solates and determining _the
Received in revised form: 14 Jul prevalence of various phenotypes in our region. Methods: For detecting
2022 ' ' inducible clindamycin resistance, a D-test using erythromycin and clindamycin
Accepted: 01 Aug. 2022 as per CLSI guidelines was performed, and four different phenotypes were
DOI: 10.52547/JoMMID.10.3.104 interpreted as methicillin-sensitive (MS) phenotype (D-test negative), inducible
MLSB (iMLSB) phenotype (D-test positive), constitutive MLSB phenotype and
sensitive to both. Results: Of the 987 isolates tested, 400 (40.53%) were MRSA.
Email: Karnainovais@gmail.com The prevalence of iIMLSB, cMLSB phenotype, MS phenotype and sensitive
Tel: +917006345867 phenotype in MRSA isolates was 42.5%, 10.5%, 28% and 19%, respectively.
Fax: The iIMLSB and cMLSB phenotypes were higher in males (24.75%, 6.25%)
than females (P-value = 0.137). The majority of MRSA isolates originated from

pus (83%). All S. aureus isolates showed 100% sensitivity to vancomycin and

linezolid. Conclusion: This study emphasizes the prevalence of inducible

clindamycin resistance in MRSA in our setup. Incorporating the D-test into the

© The Author(s) routine Kirby—Bauer disk diffusion method in clinical microbiology laboratories

|@ ®@®| will help clinicians make judicious use of clindamycin, minimizing treatment
failure.
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Infections due to Staphylococcus aureus present a
significant health problem despite the availability of
numerous effective antibiotics. Staphylococcus aureus is
a pluripotent pathogen, causing disease through both
toxin-mediated and non-toxin-mediated mechanisms.
Staphylococci are members of the Micrococcaceae
family, among which S. aureus is the primary cause of
skin and soft tissue infections, endovascular infections,
pneumonia, septic arthritis, endocarditis, osteomyelitis,
foreign body infections, and sepsis. In addition, it is also
capable of producing toxin-mediated diseases such as
toxic shock syndrome, staphylococcal scalded skin
syndrome, and food poisoning [1].

The pathogenicity and virulence of S. aureus are
associated with its capacity to produce several virulence
factors. These factors include enterotoxins, toxic shock
syndrome toxin-1, cytolytic toxins, o, and B hemolysins,

http://jommid.pasteur.ac.ir

exfoliative toxins, panton-valentine leucocidin (PVL),
protein A, and several enzymes [2]. Staphylococcus
aureus can adhere to the host tissue, which plays a vital
role in colonization and pathogenesis. Protein A, a surface
protein, fibronectin-binding protein, clumping factors,
and collagen-binding proteins help S. aureus adhere to the
host tissue extracellular matrix component [3].

Methicillin-resistant S. aureus (MRSA) was first
reported in 1961, two years after the antibiotic was
introduced to treat penicillin-resistant S. aureus strains. In
the following decades, MRSA spread worldwide and is
now detected in most hospitals and healthcare facilities
[4]. The S. aureus resistance to methicillin is caused by
the presence of the mecA gene, encoding for an additional
78-kDa penicillin-binding protein 2a (PBP2a or PBP2").

MRSA is considered community-acquired (CA-
MRSA) if the isolates are recovered within 48 hours of
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hospitalization. The CA-MRSA occurs in individuals in
the community who are generally healthy and not
receiving healthcare in a hospital or on an outpatient basis
[5].

Healthcare-associated MRSA (HA-MRSA) isolates are
primarily obtained from people attending the healthcare
setting. These patients are old and have one or more
comorbid conditions. HA-MRSA strains tend to cause
pneumonia, bacteremia, and invasive infections [6]. The
prevalence of MRSA infections differs worldwide
between 13% and 74% [7]. MRSA is now endemic in
India. The incidence of MRSA varies from 25% in
western India [8] to 50% in the south [9, 10], and in
Kashmir is 25.2% [11].

Recent trends in the epidemiology of MRSA indicate
that these strains are no longer limited to healthcare
facilities, and new strains appear in the communities. In
India, the importance of MRSA as a problem was
recognized relatively late [12]. The MRSA prevalence is
not uniform and varies in different parts of India. This
variation in prevalence may be due to factors like study
design, population, and geographical distribution,
differential clonal expression, drug pressure in the
community, health care facilities available in the hospital,
implementation, and monitoring by infection control
committee, and rationale antibiotic usage which varies
from hospital to hospital. MRSA is a significant cause of
nosocomial infection worldwide. Serious endemic and
epidemic MRSA infections occur globally, as infected
and colonized patients in health care settings are the
reservoirs.

Clindamycin is a good alternative for treating
methicillin-resistant and susceptible Staphylococcal
infections [13, 14] and is of particular importance as an
alternative antibiotic in penicillin-allergic patients [15].
However, one crucial issue in clindamycin treatment is the
risk of clinical failure during therapy. Clindamycin
resistance can develop in Staphylococcal isolates with
inducible phenotype, and from such isolates, spontaneous
constitutively resistant mutants have arisen both in vitro
testing and in vivo during clindamycin therapy [16]. The
erythromycin resistance methylase (erm) genes encode
enzymes that confer inducible or constitutive resistance to
MLSB agents. Constitutively resistant isolates are
resistant to all MLSB antibiotics and readily detected by
standard susceptibility testing methods. Inducible
resistance is expressed in the presence of potent inducers
of methylase synthesis, such as 14 membered (e.g.,
erythromycin) and 15 membered (e.g., azithromycin)
macrolides. The 16 membered macrolides (e.g.,
spiramycin), lincosamide (e.g., clindamycin), and
streptogramin B antibiotics may appear active when
susceptibility is tested by the standard method since they
are only weak inducers of methylase synthesis. However,
inducible resistance can be detected by the disc diffusion
induction test (D-test) [17].
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Reporting Staphylococci as susceptible to clindamycin
without checking for inducible clindamycin resistance
may thus result in inappropriate clindamycin therapy. On
the other hand, negative results for inducible clindamycin
resistance confirm clindamycin susceptibility and provide
an excellent therapeutic option. Hence, there is a need to
identify the mechanisms that confer resistance to MLSB
antibiotics  concerning  clindamycin  therapy for
Staphylococcal infections.

The prevalence of inducible resistance should be
known, as it varies by geographical location, bacterial
species, methicillin susceptibility, and hospital. In the
context of the increase in resistance and emergence of
multidrug-resistant organisms, accurate antimicrobial
susceptibility data of an isolate is crucial for appropriate
treatment decisions.

It is recommended that all erythromycin-resistant S.
aureus should be tested for inducible clindamycin
resistance to prevent clindamycin treatment failures and
to report the prevalence of resistant phenotypes, which
varies widely.

This study was undertaken to determine the prevalence
of various MLSB phenotypes in S. aureus isolated from
various clinical specimens in a tertiary care center in
Kashmir, J&K, India, and to study the utility of D-Test for
detecting inducible clindamycin resistance in methicillin-
resistant S. aureus isolates.

MATERIAL AND METHODS

This descriptive cross-sectional study was conducted in
the Department of Microbiology, Government Medical
College, Srinagar, from October 2017 to April 2019.
Ethical clearance was obtained from the institutional
ethical committee of the college (GMC-IEC-2017) after
due process.

Processing of isolates. Non-duplicate consecutive
isolates of methicillin-resistant S. aureus were obtained
from patients' clinical samples like blood, pus, body
fluids, and wound swabs.

Isolation and identification of S. aureus. All
specimens were processed as per the standard operating
procedures [18]. Staphylococcus aureus was identified by
colony morphology on 5% sheep blood agar. Cream to
golden yellow colonies with or without hemolysis was
identified by Gram staining, catalase, and coagulase tests
(slide and tube coagulase) using standard microbiological
techniques [18].

Antimicrobial Susceptibility testing. Antimicrobial
Susceptibility testing was performed by Kirby Bauer's
disk diffusion method on Mueller-Hinton agar plates. A
0.5 Mc Farland standard inoculum was prepared from a
pure colony, and lawn culture was made on a Mueller-
Hinton agar plate. Antibiotic discs, including penicillin
(10U), cefoxitin (30 pg), erythromycin (15 ug),
clindamycin (2 pg), gentamicin (10 pg), ciprofloxacin (5
Kg), vancomycin (30 pug) and linezolid (30 pg) were
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placed on it. Susceptibility results were interpreted as per
the CLSI guidelines [19].

Quality Control (QC). Staphylococcus aureus ATCC
25923 was used to perform quality control. Additional QC
was performed with separate in-house selected S. aureus
strains that demonstrated positive and negative D-test
reactions.

For detecting methicillin resistance, cefoxitin was used
as a surrogate marker. Isolates with cefoxitin zone size >
22mm were defined as methicillin-susceptible, and those
with <21mm as methicillin-resistant [19].

Detection of inducible clindamycin resistance.
Inducible clindamycin resistance was examined as per the
CLSI guidelines [19]. An erythromycin disk (15 pg) was
spaced at a distance of 15-26 mm from the clindamycin
disk (2 ug), plates were examined after 18 h of incubation

Clindamycin Resistance among Staphylococcus aureus

at 35°C, and interpretation of the test was made as follows
(Figures 1 and 2). A) Isolates susceptible to erythromycin
as well as clindamycin, B) MS phenotypes, isolates
resistant to erythromycin (zone size < 13 mm) but
sensitive to clindamycin (zone size > 21 mm). No
flattening of the zone of inhibition around clindamycin
was observed. Isolate is reported as erythromycin-
resistant but susceptible to clindamycin, C) cMLSB
phenotype, the isolates resistant to both the erythromycin
(zone size < 13 mm) and clindamycin (zone size < 14
mm), D) iMLSB phenotype, isolates is resistant to
erythromycin (zone size < 13 mm) but sensitive to
clindamycin (zone size > 21 mm). However, flattening the
inhibition zone around clindamycin towards the
erythromycin disk will produce a "D" shaped blunting. In
this case, the isolate is defined as resistant to both
erythromycin and clindamycin.

Fig.1. a) Inducible Clindamycin Resistance iMLSB Phenotype (D-test)
b) Constitutive Clindamycin Resistance cMLSB

Data collection and statistical analysis. The patient's
age, gender, type of infection, and other details, were
collected on a predefined proforma. Data collected was
typed in a Microsoft Excel sheet, and variables were
summarized as frequency and percentage. Categorical,
continuous variables were summarized as mean and = SD.
Data analysis was done using Epi Info 7.0.

Table 1. Prevalence of MRSA and MSSA isolates

RESULTS

During the study period, 987 S. aureus isolates were
obtained, including 400 (40.53%) methicillin-resistant S.
aureus (MRSA) and 587 (59.47%) methicillin-sensitive S.
aureus (MSSA) isolates (Table 1).

Total No. of Samples

MRSA MSSA
987 400 (40.53%)

587 (59.47%)

The male/female distribution of MRSA isolates isolated
in our study is shown in table 2, with the majority (n=237,
59.25%) belonging to male patients. The patients' age in
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which MRSA samples were detected ranged from 5 days
to 79 years, with meantSD 34.9+16.2 years. Most
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samples belonged to the age group 31-40 (26.50%), The distribution of MRSA isolates according to sample
followed by the 41-50 age group (19.25%). type is shown in table 3. Most samples originated from
pus (n= 332, 83%), followed by blood (n=40, 10%).

a) Sensitive Both Phenotype

Fig. 2. a) Sensitive to Erythromycin and Clindamycin
b) MS Phenotype (Resistant to Erythromycin and sensitive to Clindamycin)

Table 2. Distribution of MRSA isolates based on gender

Gender No. of Samples Percentage
Male 237 59.25%
Female 163 40.75%

Table 3. Distribution of MRSA isolates according to the clinical samples

Sample type No. of samples Percentage
Pus 332 83.00%
Blood 40 10.00%
Bal 5 1.25%
Wound swab 7 1.75%
Bone material 1 0.25%
Central line tip 2 0.50%
Et aspirate 2 0.50%
Ett tip 4 1.00%
Infected implant 2 0.50%
Milk secretion 1 0.25%
Nasal secretion 1 0.25%
Plueral tap 1 0.25%
Synovial fluid 1 0.25%
Bile 1 0.25%

The 400 MRSA isolates subjected to D-test to detect phenotypes, with the iMLSB phenotype comprising the

inducible  clindamycin  resistance revealed four majority of isolates (n=170, 42.5%) followed by the MS
phenotype (=112, 28%) (Fig. 3).

J Med Microbiol Infect Dis 107 2022 Vol. 10 No. 3
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MS, 112, 28%

PREVALENCE OF MRSA PHENOTYPES

iMLSB, 170, 42%

cMLSB, 42, 11%

Fig. 3. Prevalence of MRSA phenotypes

The phenotype distribution concerning sample type is
shown in table 4. Most iIMLSB isolates were obtained
from pus 148 (37%), followed by blood 12 (3%). The
prevalence of various MRSA phenotypes from pus

Table 4. Phenotypes distribution concerning the sample type

samples compared to other samples combined differed
significantly (P-value < 0.05). In our study, penicillin and
cefoxitin showed 100% resistance, followed by
erythromycin (81%). The antibiotic resistance pattern of
all antibiotics is shown in figure 4.

. Phenotypes
Clinical samples
iMLSB cMLSB MS Sensitive both
Pus 148 (37%) 28 (7%) 93 (23.25%) 63 (15.75%)
Blood 12 (3%) 9 (2.25%) 13 (3.25%) 6 (1.5%)
Wound swab 2 (0.5%) 1 (0.25%) 3(0.75%) 1 (0.25%)
Bal 3 (0.75%) 1 (0.25%) 1 (0.25%) 0 (0.0%)
Ett tip 1 (0.25%) 2 (0.5%) 1 (0.25%) 0 (0.0%)
Central line tip 2 (0.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Et aspirate 1 (0.25%) 1 (0.25%) 0 (0.0%) 0 (0.0%)
Infected implant 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (0.5%)
Bile 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.25%)
Bone material 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.25%)
Milk secretion 1 (0.25%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Nasal secretion 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.25%)
Plueral tap 0 (0.0%) 0 (0.0%) 1 (0.25%) 0 (0.0%)
Synovial fluid 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.25%)

DISCUSSION

In the present study, the prevalence of MRSA isolates
during the study period in our lab was 40.53%. The
prevalence of MRSA isolates in similar studies in India
were 36.9%. [20], 37.8% [21], 37.96 [22] and 36.88%

J Med Microbiol Infect Dis 108

[23] which is in accordance with our results. Some studies
have shown higher rates ranging from 49.8% to 64.9%
[24, 25, 26, 27]. Studies from Ethiopia [28] and Jordan
[29] have reported higher rates of 82.27% and 77.5%,
respectively. The differences in the prevalence of MRSA
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among different countries and between different regions
in a country could be due to differences in the study
design, population, and geographical distribution. The
variation may be due to differential clonal expansion and
drug pressure in the community, health care facilities
available in the hospital, implementation and monitoring

by infection control committee, and rationale antibiotic
usage, which varies from hospital to hospital. Further, it
emphasizes the importance of local surveillance in
generating relevant local resistance data that can guide
empiric therapy [24, 30].

100% 100%

0%

ANTIBIOTIC RESISTANCE PATERN

100% .
90% 81%
80%
0,
70% 59.25% 3%
60%
50%
40%
30%
20% 8.75%
10% ’ ‘ 0.00% 0.00%

S & S S & S & Ny
& ) S ¥ N S S &P
N 3 J $ » R S N
S & & Q Q S $ >
Q *«‘2‘ Q~O 0% 0& ?‘é NV
& § © B
B PENICILLIN CEFOXITIN B ERYTHROMYCIN = CIPROFLOXACIN

CLINDAMYCIN ® GENTAMYCIN ®VANCOMYCIN

LINEZOLID

Fig. 4. Antibiotic Resistance Pattern of MRSA Isolates.

The prevalence of the iMLSB phenotype in our study
was 42.5%, showing that more than one-third of isolates
were resistant to clindamycin which would have been
easily missed and reported as clindamycin susceptible in
regular Kirby—Bauer disk diffusion susceptibility testing
and could have resulted in therapeutic failure. The iIMLSB
phenotype rates in similar studies in India were 46.34%
[22], 42.1% [31], 44.8% [32], 43.6% and 39.7% [33]
which is in accordance with our results. Some studies
have shown lower rates ranging from 27.1% to 32.53%
[20, 35, 40, 41]. In our study, cMLSB phenotype
prevalence was 10.5%. The cMLSB phenotype rates in
similar studies in India were 11.11% [24], 12.8% [38],
9.6% [23] which is in accordance with our results. Higher
rates of cMLSB phenotype were reported in some studies
ranging from 46.6% to 64.8% [20, 21, 39]. Also, actual
clindamycin-sensitive isolates exhibiting efflux pump-
mediated resistance to macrolides (MS phenotype) had a
28% prevalence. The MS phenotype rates in similar
studies in India were 25.39% [36], 22.8% [40], and 22.5%
[26], in agreement with our results. The MS phenotype
prevalence reported by other studies are 16.7% [20], 8%
[21], 20% [39] and 44.6% [41]. This fact implies that
clindamycin can be safely and effectively instituted as a
therapeutic drug in such clinical scenarios despite
macrolide resistance. All erythromycin-resistant isolates
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need not necessarily be resistant to clindamycin.
Conversely, labelling all erythromycin-resistant isolates
as clindamycin resistant and not reporting clindamycin
resistance in the presence of the iMLSB phenotype will
prevent the use of clindamycin as an effective therapy in
situations where it is most likely to respond [41].

The different patterns of resistance observed in various
studies are due to geographical regions, patient population
studied, age groups, antibiotic prescription patterns, and
hospital characteristics [26, 43]. There is a high variation
for constitutive clindamycin resistance between various
studies, as it depends on the overuse of the drug and
conversion of inducible phenotype to constitutive
phenotype during treatment [44].

The prevalence of iIMLSB and cMLSB phenotypes was
higher in males (24.75%, 6.25%) than in females but was
not statistically significant (P 0.137), which might be due
to the high recovery rate of MRSA in male patients. The
high MRSA recovery rate in male patients is because men
are mainly involved in occupations most likely lead to
trauma compared to women [34].

In our study, the highest iIMLSB and cMLSB
phenotypes rates (12% and 3.5%) were in the 31-40 age
group, showing no significant difference from other age
groups (P 0.807). A higher rate of MRSA isolation
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(26.5%) in this age group may be the reason for the higher
prevalence of iIMLSB and cMLSB phenotypes. Other
similar studies have reported higher MRSA rates in ages
31-40 [11, 34, 45].

The majority of sample types (83%) from which MRSA
was isolated in our study were pus. The prevalence of
iIMLSB and cMLSB phenotypes was also highest in pus
samples (37%, 7%). The prevalence of iMLSB and
cMLSB phenotypes from pus samples showed a
significant difference from other samples combined (P <
0.05). Various studies from India [11, 20, 26, 45, 46] and
Iran [47] have also observed that pus comprised most
samples with high iIMLSB and cMLSB resistance
phenotypes. This may be due to S. aureus being the
primary cause of skin and soft tissue infections. Skin and
soft-tissue infections (SSTIs) constitute approximately
90% of CA-MRSA cases, and 90% of these are abscesses
and/or cellulitis with purulent drainage [48].

We tested penicillin, cefoxitin, erythromycin,
clindamycin, gentamicin, ciprofloxacin, vancomycin,
linezolid, penicillin, and penicillin and cefoxitin showed
100% resistance, followed by erythromycin (81%). The
isolates showed 100% sensitivity to linezolid and
vancomycin, followed by gentamycin (91.25%). A
similar study in the Kashmir region showed that MRSA
isolates were 100% resistant to penicillin, followed by
erythromycin (78%) [11]. Also, studies from various parts
of India [20, 25, 46, 49] indicated similar antibiotic
sensitivity  patterns. Here, we detected 100%
susceptibility to vancomycin; a similar study from the
Kashmir region [50] found that S. aureus isolates were
100% susceptible to linezolid and vancomycin, followed
by ciprofloxacin (60.43%). The remarkable susceptibility
to linezolid, vancomycin, and gentamicin may be due to
the lesser use of these antibiotics due to limited
availability [26].

Antibiotic sensitivity testing for any clinical isolate is
often crucial in determining the course of treatment,
especially in  multidrug-resistant  pathogens. The
emergence of methicillin-resistant S. aureus has left us
with few therapeutic options to treat staphylococcal
infections. Clindamycin, a Lincosamide, has excellent
oral bioactivity making it an excellent alternative to
intravenous drugs. It distributes evenly throughout the
body and penetrates quickly into the tissues. Once orally
administered, it is metabolized quickly and excreted in
urine and bile [51, 52]. Clindamycin is frequently used to
treat skin and bone infections because of its tolerability,
cost, oral form, and excellent tissue penetration, and the
fact that it accumulates in abscesses, and no renal dosing
adjustments are needed [53].

Newer antibiotics like vancomycin, linezolid, and
quinupristin-dalfopristin  have been advocated in
managing the methicillin-resistant S. aureus, but recent
reports of resistance to these agents have raised genuine
concerns over how long these uniform susceptibilities will
remain [54, 55, 56]. This has led to renewed interest in
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using macrolide-lincosamide-streptogramin B (MLSB)
antibiotics to treat S. aureus infections, with clindamycin
being the preferred agent.

In conclusion, this study emphasizes the prevalence of
inducible clindamycin resistance in MRSA in the
Kashmir valley. The emergence of MRSA has led to a
resurgence in interest in clindamycin therapy for S. aureus
infection. Clindamycin is a valuable therapeutic option for
various MRSA infections, including musculoskeletal
infections, skin and soft tissue infections, and even
pneumonia with empyema. However, the use of
clindamycin for these infections has been somewnhat
hampered by concern over possible inducible resistance
to clindamycin and its impact on clinical outcomes.

The actual sensitivity to clindamycin can only be
judged after performing the D-test on erythromycin-
resistant isolates. The use of the D-test in routine
laboratories will help us advise the clinicians regarding
clindamycin use in superficial skin and soft tissue
infections, as clindamycin should not be used for
clindamycin-induced resistant Staphylococcus, i.e., D-test
positive. At the same time, it can be the drug of choice in
case of D-test negative isolates.

Thus, the simple and reliable D-test can be incorporated
into the routine Kirby—Bauer disk diffusion method in
clinical microbiology laboratories. This test enables
clinicians in the judicious use of clindamycin, as
clindamycin is not a suitable drug for the D-test-positive
S. aureus isolates. Therefore, the clindamycin treatment
failure could be minimized.

ACKNOWLEDGMENT

We thank Prof. Anjum Farhana, Head of the
Department of Microbiology, Govt. Medical College,
Srinagar, for her help and support.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest
associated with this manuscript.

REFERENCES

1. Gordon RJ, Lowy FD. Pathogenesis of methicillin-resistant
Staphylococcus aureus infection. Clin Infect Dis. 2008; 46
(suppl 5): S350-9.

2. Deurenberg RH, Stobberingh EE. The evolution of

Staphylococcus aureus. Infect Genet Evol. 2008; 8 (6):
747-63.

3. Foster TJ, Hook M. Surface protein adhesins of
Staphylococcus aureus. Trends ~ Microbiol.1998; 6 (12):
484-8.

4. DelLeo FR, Otto M, Kreiswirth BN, Chambers HF.
Community associated Methicillin resistant
Staphylococcus aureus. Lancet. 2010; 375: 1557-68.

5. National Nosocomial Infections Surveillance (NNIS)
System Report, data summary from January 1992 through

2022 Vol. 10 No. 3


http://dx.doi.org/10.52547/JoMMID.10.3.104
http://jommid.pasteur.ac.ir/article-1-444-en.html

[ Downloaded from jommid.pasteur.ac.ir on 2025-11-03 ]

[ DOI: 10.52547/JoMMID.10.3.104 ]

Akhter et al.

10.

11

12.

13.

14.

15.

16.

17.

18.

J Med Microbiol Infect Dis

June 2003, issued August 2003. Am J Infect Control. 2003;
31 (8): 481-98.

David MZ, Daum RS. Community associated Methicillin
resistant Staphylococcus aureus: Epidemiology and
consequences of an emerging epidemic. Clin Microbiol
Rev. 2010; 23 (3): 616-87.

Kock R, Becker K, Cookson B, van Gemert-Pijnen JE,
Harbarth S, Kluytmans J, et al. Methicillin-resistant
Staphylococcus aureus (MRSA): burden of disease and
control challenges in Europe. Euro Surveill. 2010; 15 (41):
19688.

Patel AK, Patel KK, Patel KR, Shah S, Dileep P. Time
trends in the epidemiology of microbial infections at a
tertiary care center in west India over last 5 years. J Assoc
Physicians India. 2010; 58 Suppl: 37-40.

Gopalakrishnan R, Sureshkumar D. Changing trends in
antimicrobial susceptibility and hospital acquired
infections over an 8-year period in a tertiary care hospital
in relation to introduction of an infection control
programme. J Assoc Physicians India. 2010; 58 Suppl: 25-
31.

D'Souza N, Rodrigues C, Mehta A. Molecular
characterization of Methicillin-resistant Staphylococcus
aureus with emergence of epidemic clones of sequence
type (ST) 22 and ST 772 in Mumbai, India. J Clin
Microbiol. 2010; 48 (5): 1806-11.

Ahmad S. Prevalence and susceptibility pattern of
Methicillin Resistant Staphylococcus aureus (MRSA) in
Kashmir. Bangladesh J Medical Sci. 2013; 12 (4).

Rajaduraipandi K, Mani KR, Panneerselvam KM, Bhaskar
M, Manikandan P. Prevalence and antimicrobial
susceptibility ~ pattern ~ of  methicillin  resistant
Staphylococcus aureus: a multicentre study. Indian J Med
Microbiol. 2006; 24 (1): 34-8.

Fiebelkorn KR, Crawford SA, McEImeel ML, Jorgensen
JH. Practical disk diffusion method for detection of
inducible clindamycin resistance in Staphylococcus aureus.
J Clin Microbial. 2003; 41 (10): 4740-4.

Dass BS, Nagarajan A, Krishnan P, Sivakumar G.
clindamycin resistance among Staphylococcus aureus
causing skin and ear infections from Chennai, South India.
BMC Infect Dis. 2012; 12 (Suppl 1): 70.

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. 2006;
123 (4): 571-3.

Yilmaz G, Aydin K, Iskender S, Caylan R, Koksal I.
Detection and prevalence of inducible clindamycin
resistance in Staphylococci. J Med Microbiol. 2007; 56 (Pt
3): 342-5.

Azap O, Arslan H, Timurkaynak F, Yapar G, Oruc E, Gagir
U. Incidence of inducible clindamycin resistance in
Staphylococci: first results from Turkey. Clin Microbiol
Infect. 2005; 11 (7): 582-4.

Introduction to microbiology: Part Il: Guidelines for
collection, transport, processing, analysis and reporting of
cultures from specific specimen sources. In: Winn WC,
Allen SD, Janda WM, Koneman EW, Procop GW, Woods

111

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

GL as editors: Colour Atlas and textbook of medical
microbiology. 6th edition. Lippincott Williams and Wilkins
Philadelphia: 2006: 111-31.

Clinical and laboratory standard institute. Performance
standards for antimicrobial susceptibility testing; 27th
informational supplement. (M100-S26). Wayne: CLSI
(2017).

Shetty J, Afroz Z. Prevalence of constitutive and inducible
clindamycin resistance among clinical isolates of
Staphylococcus aureus in a tertiary care institute in North
India. Int J Res Med Sci. 2017; 5 (7): 3120-5.

Singh T, Deshmukh AB, Chitnis V, Bajpai T. Inducible
clindamycin resistance among the clinical isolates of
Staphylococcus aureus in a tertiary care hospital. Int J
Health Allied Sci. 2016;5 (2): 111-4.

Reddy MC, Bindu HM, Soumendranath M, Kanta RC,
Kapur I. Prevalence of inducible Clindamycin resistance in
Staphylococcus aureus from clinical samples: A study from
a teaching hospital in Andhra Pradesh, India. Int J Curr
Microbiol App Sci. 2014; 3 (3): 402-9.

Patil NR, Mali US, Kulkarni SA, Ghorpade MV and Mane
V. Detection of inducible clindamycin resistance among
clinical isolates of Staphylococcus aureus in a tertiary care
hospital. Int J Curr Microbiol App Sci. 2014; 3 (9): 689-94.

Damke SS, Vishani S, Fule RP. Prevalence of inducible
clindamycin resistance of staphylococcus aureus in
hospitalized patients in tertiary care hospital. Int J Cur Res
Rev. 2017; 9 (8): 14-7.

Tyagi S, Oberoi A. Inducible clindamycin resistance in
staphylococcus aureus isolates and its correlation with
multidrug resistance: a study from north India. J Evolution
Med Dent Sci. 2016; 5 (16): 749-52.

Majhi S, Dash M, Mohapatra D, Mohapatra A, Chayani N.
Detection of inducible and constitutive clindamycin
resistance among Staphylococcus aureus isolates in a
tertiary care  hospital, Eastern India. Avicenna J Med.
2016; 6 (3): 75-80.

Banik A, Khyriem AB, Gurung J, Lyngdoh VW. Inducible
and constitutive clindamycin resistance in Staphylococcus
aureus in a north-eastern Indian tertiary care hospital. J
Infect Dev Ctries. 2015; 9 (7): 725-31.

Mama M, Aklilu A, Misgna K, Tadesse M, Alemayehu E.
Methicillin- and  Inducible  Clindamycin-Resistant
Staphylococcus aureus among Patients with Wound
Infection Attending Arba Minch Hospital, South Ethiopia.
Int J Microbiol. 2019: 2965490.

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

Sasirekha B, Usha MS, Amruta JA, Ankit S, Brinda N,
Divya R. Incidence of constitutive and inducible
clindamycin  resistance among hospital-associated
Staphylococcus aureus. 3 Biotech. 2014; 4 (1): 85-9.

Appalaraju B, Jayakumar S. Inducible Clindamycin
Resistance in Staphylococcus aureus isolated from clinical
samples. J Commun Dis. 2010; 42 (4): 263-8.

2022 Vol. 10 No. 3


http://dx.doi.org/10.52547/JoMMID.10.3.104
http://jommid.pasteur.ac.ir/article-1-444-en.html

[ Downloaded from jommid.pasteur.ac.ir on 2025-11-03 ]

[ DOI: 10.52547/JoMMID.10.3.104 ]

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

J Med Microbiol Infect Dis

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.

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 (3): 182-5.

Shrestha B, Pokhrel BM, Mohapatra TM. Phenotypic
characterization of nosocomial isolates of Staphylococcus
aureus with reference to MRSA. J Infect Dev Ctries. 2009;
3 (7): 554-60.

Mokta KK, Verma S, Chauhan D, Ganju SA, Singh D,
Kanga A, et al. Inducible clindamycin resistance among
clinical isolates of Staphylococcus aureus from sub
Himalayan Region of India. J Clin Diagn Res. 2015; 9 (8):
DC20-3.

Chudasama V, Solanki H, Vadsmiya M, Vegad MM.
Prevalence of inducible clindamycin resistance of
Staphylococcus aureus from various clinical specimens by
D test in tertiary care hospital. IOSR J Dent Med Sci. 2014;
13 (3): 29-32.

Supriyarajvi, Gupta A, Tina G, Sharma BP. Detection of
inducible Clindamycin Resistance among Staphylococcal
isolates from various clinical specimens in a tertiary care
institute in North west region of Rajasthan, India. Int J Curr
Microbiol App Sci. 2015; 4 (10): 741-9.

Koppada R, Meeniga S, Anke G. Inducible clindamycin
resistance among in Staphylococcus aureus isolated from
various clinical samples with special referenceto MRSA.
Sch J Appl Med Sci. 2015; 3: 2374-80.

Sande (Tathe) SV. Phenotypic detection and incidence of
inducible clindamycin resistance among Staphylococcus
aureus from tertiary care hospital. Int J Adv Med. 2015; 2
(3): 264-8.

Lall M, Sahni AK. Prevalence of inducible clindamycin
resistance in Staphylococcus aureus isolated from clinical
samples. Med J Armed Forces India. 2014; 70 (1): 43-7.

Lyall KS, Veenu Gupta, and Deepinder Chhina. Inducible
clindamycin resistance among clinical isolates of
Staphylococcus aureus. J Mahatma Gandhi Inst Med Sci.
2013; 18 (2): 112-5.

Schreckenberger PC, llendo E, Ristow KL. Incidence of
Constitutive and Inducible Clindamycin Resistance in
Staphylococcus  aureus and  Coagulase-Negative
Staphylococci in a Community and a Tertiary Care
Hospital. J Clin Microbiol. 2004; 42 (6): 2777-9.

Date K, Choudhary M, Thombare V. Inducible
clindamycin resistance in clinical isolates of staphylococci
in a rural hospital. Int J Biol Med Res. 2012; 3: 1922-5.

Santos Sanchez |, Mato R, de Lencastre H, Tomasz A;
CEM/NET Collaborators and International Collaborators.

112

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Clindamycin Resistance among Staphylococcus aureus

Patterns of multi-drug resistance among methicillin-
resistant hospital isolates of coagulase positive and
coagulase negative Staphylococci collected in the
international multicenter study RESIST in 1997 and 1998.
Microb Drug Resist. 2000; 6 (3): 199-211.

Garoy EY, Gebreab YB, Achila OO, Tekeste DG, Kesete
R, Ghirmay R et al. Methicillin-Resistant Staphylococcus
aureus (MRSA): Prevalence and Antimicrobial Sensitivity
Pattern among Patients—A Multicenter Study in Asmara,
Eritrea. Can J Infect Dis Med Microbiol. 2019; 8321834.

Ghosh S, Banerjee M. Methicillin resistance & inducible
clindamycin resistance in Staphylococcus aureus. Indian J
Med Res. 2016; 143 (3): 362-4.

Motamedifar M, Ebrahim-Saraie HS, Mansury D. Patterns
of Constitutive and Inducible Clindamycin Resistance in
Staphylococcus aureus Isolated from Clinical Samples by
D-test Method, Shiraz, Southwest of Iran. Galen Medical
Journal. 2014; 3 (4): 216-8.

Moran GJ, Krishnadasan A, Gorwitz RJ, Fosheim GE,
McDougal LK, Carey RB, et al. Methicillin resistant
Staphylococcus aurous infections among patients in the
emergency department. N Engl J Med. 2006; 355 (7): 666-
74.

Nikbakht M, Rezaee MA, Hasani A, Nahaei MA, Sadeghi
J, Seifi SJ. Phenotypic and Genotypic Study of Inducible
Clindamycin  Resistance in  Clinical Isolates of
Staphylococcus aureus in Tabriz, Northwest Iran.
Jundishapur J Microbiol. 2017; 10 (1): 1-8.

Fomda BA, Ahmad PM, Zahoor D, Thokar MA, Nasir RA.
Phenotypic detection of constitutive and inducible
clindamycin  resistance in  clinical isolates of
Staphylococcus aureus and coagulase negative
Staphylococcus on routine susceptibility plate. J Commun
Dis. 2010; 42 (1): 19-26.

Anouk E Muller, JW Mouton, PM Oostvogel, PJ Rab, AV,
Joost D, Eric AP, et al. Pharmacokinetics of Clindamycin
in Pregnant Women in the Peripartum Period. Antimicrob
Agents Chemother. 2010; 54 (5): 2175-81.

Martinez AG, Hammermann WA, Manson EO, Kaplan SL.
Clindamycin treatment of invasive infections caused by
community acquired Methicillin resistant and methicillin
susceptible Staphylococcus aureus in children. Pediatr
Infect Dis J. 2003; 22 (7): 593-8.

Kasten MJ.  Clindamycin,  metronidazole, and
chloramphenicol. Mayo Clin Proc. 1999; 74 (8): 825-33.

Srinivasan A, Dick JD, Perl TM. Vancomycin resistance in
staphylococci. Clin Microbiol Rev. 2002; 15 (3): 430-8.

Johnson AP, Woodford N. Glycopeptide-resistant
Staphylococcus aureus. J Atimicrob Chemother. 2002; 50
(5): 621-3.

Eliopoulos GM. Quinupristin-dalfopristin and linezolid:
Evidence and opinion. Cli Infect Dis. 2003; 36 (4): 473-81.

2022 Vol. 10 No. 3


http://dx.doi.org/10.52547/JoMMID.10.3.104
http://jommid.pasteur.ac.ir/article-1-444-en.html

[ Downloaded from jommid.pasteur.ac.ir on 2025-11-03 ]

[ DOI: 10.52547/JoMMID.10.3.104 ]

Akhter et al.

Cite this article:
Akhter Sh, Nazir A, Karnain O, Rouf M. Prevalence of Constitutive and Inducible Clindamycin Resistance among
Methicillin-Resistant Staphylococcus aureus Isolates in a Tertiary Care Hospital, Kashmir Valley. J Med Microbiol Infect
Dis, 2022; 10 (3): 104-113. DOI: 10.52547/JoMMID.10.3.104

J Med Microbiol Infect Dis 113 2022 Vol. 10 No. 3


http://dx.doi.org/10.52547/JoMMID.10.3.104
http://jommid.pasteur.ac.ir/article-1-444-en.html
http://www.tcpdf.org

