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ABSTRACT

Community-associated methicillin resistant Staphylococcus aureus (CA-MRSA) and healthcare-
associated MRSA (HA-MRSA) cause different kinds of infections. HA-MRSA exhibit higher degree of antibiotic
resistance compared to CA-MRSA. The objectives of the present study were to compare the antibiotic
resistance and infections caused by CA-MRSA and HA-MRSA. A cross-sectional study was carried out at tertiary
care hospitals. Infections were identified as community or healthcare-associated based on CDC definition.
Standard conventional methods were used for the isolation and identification of S.aureus. Methicillin
resistance was identified by the cefoxitin (30ug) disk diffusion method. Antibiotic susceptibility was done using
Kirby — Bauer disk diffusion method. Inducible clindamycin resistance was detected by D-test. Statistical
analysis was done using chi square test. A total of 103 CA-MRSA and 107 HA-MRSA were studied. CA-MRSA
was significantly more in skin and soft tissue infections (SSTI). HA-MRSA showed significantly higher (P< 0.05)
resistance to ciprofloxacin, clindamycin, co-trimoxazole, erythromycin and gentamicin, and multidrug
resistance. Constitutive clindamycin resistance was significantly higher (P< 0.05) in HA-MRSA compared to CA-
MRSA. CA-MRSA and HA-MRSA are associated with SSTI and bacteremia respectively with a varying degree of
antibiotic resistance. Treatment of infection caused by CA and HA-MRSA continues to be difficult especially in
the presence of inducible clindamycin resistance. Routine antibiotic resistance results should always be
accompanied with results of D-test for preventing therapeutic failure. Proper selection of this antibiotic is
needed for preventing therapeutic failure and emergence of constitutive clindamycin resistance.
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INTRODUCTION

Staphylococcus aureus is a versatile pathogen causing a variety of infectious diseases. The clinical
significance of S.aureus is due to its ability to survive in different environments, production of a wide range of
virulence factors, quick transmission and development of antibiotic resistance. Methicillin resistant
S.aureus(MRSA) which emerged in 1961, caused different types of infections in hospitalized patients and was
referred to as healthcare-associated MRSA (HA-MRSA) [1]. In 1990s, MRSA was observed to cause skin and soft
tissue infections (SSTI) in previously healthy individuals in community and was referred to as community-
associated MRSA (CA-MRSA).1 HA-MRSA and CA-MRSA differ in the epidemiological pattern of infection,
individuals affected, virulence properties and antibiotic resistance.” CA-MRSA usually carry a Staphylococcal
cassette chromosome (SCC) mec IV and V along with gene for Panton-Valentine leukocidin (PVL) production
while HA-MRSA possess SCCmec |, Il and 111 [2].

HA-MRSA normally exhibits multidrug resistance whereas CA-MRSA is mostly susceptible to non-p-
lactam antibiotics. Vancomycin, the drug of choice for treatment of invasive MRSA infection is expensive and
indiscriminate use may result in emergence of resistance. It has lead to the use of antibiotics such as
macrolide, lincosamide and streptogramins B (MLSg) for treatment. Clindamycin is commonly used to treat
several infections caused by MRSA such as skin and soft tissue, bone and joints, respiratory, abdominal and
pelvic infections.? Clindamycin has several therapeutic advantages which include low cost, better tolerance,
extended half life and availability in oral, parenteral and topical formulations, good tissue penetration and
ability to inhibit toxin production [3,4].

Resistance of MRSA to MLSg group of antibiotics could be expressed through target site modification,
macrolide efflux pump and enzymatic inactivation of the antibiotic [5,6]. Modification of the ribosomal target
site occurs by way of production of methylase enzyme encoded by erm gene (ermA, ermB, ermC). This kind of
resistance can be either constitutive (cMLSg phenotype) where the bacteria show resistance to erythromycin,
clindamycin and other members of MLSg or inducible (iMLSg phenotype) where the bacteria show in-vitro
resistance to erythromycin but appears susceptible to clindamycin. In this case erythromycin acts as an
inducer, clindamycin treatment fails [7,8]. Resistance mediated by antibiotic efflux pump is coded by msrA
gene results in resistance to macrolide and streptogramin B (MS phenotype) [5]. The objectives of the present
study were to compare the antibiotic resistance and infections caused by CA-MRSA and HA-MRSA.

METHODS
Study design and specimen collection

The present cross sectional study was conducted over a period of one year (August 2013 - July 2014)
in the Department of Microbiology in a private Medical College of South India. The study had the approval of
Institutional Ethics Committee. A total of 210 MRSA strains (103 CA-MRSA and 107 HA-MRSA) isolated from
clinical specimens were used in the present study. Standard guidelines were used to identify MRSA as CA-
MRSA and HA-MRSA [9,10]. MRSA were considered community-associated when isolated from patients visiting
the out-patient setting or within 48 hours of admission to the hospital; in the absence of hospitalization/
admission to skilled nursing facility/dialysis/ surgery in the past one year; absence of MRSA infection or
colonization; and absence of any indwelling medical devices [9]. MRSA was considered healthcare-associated
when isolated from patients with localized or systemic condition that results from adverse reaction to the
presence of an infectious agent(s) or its toxin(s) and that was not present or incubating at the time of
admission to the hospital and became evident 48h or more after admission [10].

Isolation and identification of MRSA

Clinical specimens like pus/exudates, blood, sputum and indwelling medical devices were collected
based on type and site of infection. Demographic and clinical details of patients were collected using a
structured proforma. The specimens were processed by gram stain followed by culture using standard
procedures. S.aureus was identified by colony morphology, gram stain, catalase test and coagulase test [11].
Cefoxitin (30pug) disk diffusion method was used to detect methicillin resistance in S.aureus [12].
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Antibiotic susceptibility testing

Antibiotic susceptibility test was done using modified Kirby Bauer disk diffusion method and results
were interpreted according to Clinical Laboratory Standards Institute (CLSI) guidelines [12]. Antibiotics tested
included ciprofloxacin (5 ug), clindamycin (2 ug), co-trimoxazole (25 pg), erythromycin (15 pg), gentamicin (30
pg), linezolid (30 pg), penicillin (10 units), rifampicin (5 ug) and teicoplanin (30 pg). Agar dilution was used for
testing vancomycin [12]. S.aureus ATCC 25923 was used for quality control. The antibiotics were purchased
from Himedia Laboratories, Mumbai.

Detection of MLSg Phenotype [8,13]

MRSA strains resistant to both erythromycin and clindamycin were considered to be cMLSg
phenotype. MRSA strains resistant to erythromycin but sensitive to clindamycin were subjected to double disk
diffusion test (D-test) [8]. Disks containing erythromycin (15ug) and clindamycin (2ug) were placed at a
distance of 15mm edge to edge on a Muller Hinton agar plate containing lawn culture of the test isolate. The
plates were incubated at 35°C for 16-18h and observed for the pattern of zone of inhibition around the
clindamycin disk. Flattening of the zone of inhibition (D-shape) around the clindamycin disk adjacent to
erythromycin disk was considered D-test positive indicating iMLSg. Absence of flattening of zone of inhibition
around clindamycin was considered D-test negative and was considered MS phenotype [13].

Data analysis

SPSS version 16.0 software was used for performing the statistical analysis. All the variables of CA and
HA-MRSA were summarized using descriptive analysis. Chi square test was employed to compare the
categorical variables between the two groups. P<0.050 was considered statistically significant.

RESULTS

Table 1: Age and gender distribution of patients infected with CA-MRSA and HA-MRSA.

CA-MRSA HA-MRSA P value
(n=103) (n=107)
Number (%) Number (%)
Gender
Male 67 (65) 75 (70) 0.526
Female 36 (36) 32 (30) 0.526
Age Group 0.967
<10 19 (19) 21 (20) 0.079
11-20 18 (18) 9(8) 0.431
21-30 9(9) 14 (13) 0.092
31-40 13 (13) 24 (22) 0.507
41-50 13 (13) 18 (17) 0.327
51-60 14 (14) 9(8) 0.070
61-70 13 (13) 5(5) 0.778
71-80 4 (4) 5(5) 0.494
>81 0(0) 2(2)

P <0.05 considered statistically significant

A total of 210 MRSA strains consisting of 103 (49%) CA-MRSA and 107 (51%) HA-MRSA were studied.
There was no significant difference with regard to age and gender distribution of patients [Table 1]. Types of
infection caused by CA-MRSA and HA-MRSA are shown in Table 2. Most of the CA-MRSA infections were of the
skin and soft tissue. Deep infections were more common with HA-MRSA. CA-MRSA isolates were significantly
more susceptible to ciprofloxacin, clindamycin, co-trimoxazole, erythromycin and gentamicin [Table 3]. All the
isolates were susceptible to linezolid, teicoplanin and vancomycin. Table 4 shows comparison of resistance to
multiple antibiotics among the clinical isolates of MRSA. Out of 103 CA-MRSA isolate, 24 (23%) were resistance
to three or more antibiotics, whereas out of 107 HA-MRSA isolates, 79 (74%) were multidrug resistant. This
difference was significant (P<0.050). Resistance to both erythromycin and clindamycin was observed in 4/103
(4%) CA-MRSA and 22/107 (21%), this difference was statistically significant (P <0.050). 23/103 (22%) CA-MRSA
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and 40/107 (37%) HA-MRSA were resistant to erythromycin but susceptible to clindamycin in the disk diffusion
test. Among these, 22 CA-MRSA and 32 HA-MRSA were D-test positive indicating iMLSg (Table 5). iMLSg
phenotype was most common followed by cMLSg and MSg phenotype.

Table 2: Infections caused by CA-MRSA and HA-MRSA.

Type of Infection CA-MRSA HA-MRSA P value
(n=103) (n=107)
Number (%) Number (%)
Skin and soft tissue infections 98 (95) 73 (68) <0.001
Bacteremia 4 (4) 23 (22) <0.001
Lower respiratory tract infections 0(0) 8(8) 0.007
Others 1(1) 3(3) 0.622

P <0.05 considered statistically significant

Table 3: Antibiotic resistance pattern of CA-MRSA and HA-MRSA.

Antibiotics Antibiotic resistance pattern P value
CA-MRSA HA-MRSA
(n=103) (n=107)
Number (%) Number (%)
Ciprofloxacin 48 (46.7) 74 (69.8) 0.001
Clindamycin 26 (25.2) 54 (50.5) <0.001
Co-trimoxazole 36 (34.9) 79 (73.8) <0.001
Erythromycin 27 (26.2) 62 (57.9) <0.001
Gentamicin 26 (25.2) 48 (44.9) 0.003
Linezolid 0(0) 0 (0) -
Penicillin 103 (100) 103 (100) -
Rifampicin 3(2.9) 6 (5.6) 0.499
Teicoplanin 0(0) 0(0) -
Vancomycin 0(0) 0(0) -

P <0.05 considered statistically significant

Table 4: Comparison of multiple drug resistance pattern among CA-MRSA and HA-MRSA.

Resistance to CA-MRSA HA-MRSA P value
multiple antibiotics (N=103) (N=107)
n (%) n (%)
Cf,Cd, Co,E, G 5 (4.85) 25 (23.5) <0.001
Cf,Cd, E, G 7 (6.8) 16 (14.9) 0.059
Cd, Co, E 12 (11.7) 38 (35.5) <0.001

®Cf - Ciprofloxacin; Cd — Clindamycin; Co — Co-trimoxazole; E — Erythromycin; G — Gentamicin P < 0.05 considered
statistically significant

Table 5: Distribution of MSg cMLSg and iMLS; among CA-MRSA and HA-MRSA.

MLSg phenotype CA-MRSA HA-MRSA P value
(n=103) (n=107)
Number (%) Number (%)
MS, 1(0.9) 8(7.5) 0.047
cMLS, 4(3.9) 22 (21.4) <0.001
iMLS, 22 (21.4) 32(31.1) 0.157

P <0.050 considered statistically significant
DISCUSSION

MRSA is one of the frequently identified antimicrobial resistant pathogen worldwide. Genotypic,
phenotypic and clinical profiles of CA-MRSA and HA-MRSA usually vary. However, some studies have shown
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overlapping of properties of these strains and healthcare associated infections caused by CA-MRSA [14]. The
present study shows significant difference between CA-MRSA and HA-MRSA with regard to the types of
infections caused and antibiotic susceptibility pattern. Compared to a previous Asian surveillance study, we
observed the prevalence of CA-MRSA to be similar to Korea, while it was higher than Sri Lanka, Taiwan and
Vietnam] [15]. The same study showed a lower rate of CA-MRSA in India compared to the present study hence
demonstrating a steady rise in the rate of MRSA in Indian community. In the same surveillance, the rate of HA-
MRSA was higher in countries other than India, whereas it was lower when compared to our study.

We observed that most of the infections caused by CA-MRSA were of skin and soft tissue. This
observation is consistent with the results of previous studies [2,15,16]. Deep infections like bacteremia and
lower respiratory tract infections were more commonly caused by HA-MRSA which is comparable to the
results of previous studies [2,15,16]. We observed that compared with CA-MRSA, HA-MRSA isolates were more
resistant to antibiotics. These results are consistent with results of previous studies [15,16]. However, some
studies have reported a higher degree of resistance to erythromycin and clindamycin among CA-MRSA [15,17].
We observed higher rate of multidrug resistance in HA-MRSA compared to CA-MRSA which was consistent
with the results of previous studies [18,19]. The antibiotic resistance among MRSA strains would depend on
the extent of use of these antibiotics.

Clindamycin is most commonly used in the treatment of infection caused by S.aureus especially SSTI.
A high constitutive MLSg resistance among MRSA was observed in our study which was variable compared to
previous studies [20,21]. The rate of inducible clindamycin resistance in our study was less compared to several
previous studies from India and Pakistan [20-22]. A previous Indian study has shown a higher rate of inducible
clindamycin resistance.”® The rate of inducible clindamycin resistance in the present study was comparable to
previous studies conducted in the same geographical area [24,25]. However, some studies have reported a
higher rate of inducible clindamycin resistance among both HA and CA-MRSA [21,23,26,27].

One of the problems with regards to the use of clindamycin to treat MRSA infections in the possible
presence of inducible clindamycin resistance, that could not be detected in routine antibiotic susceptibility
testing. Simple D-test should be performed to differentiate strains that have genetic capability of emerging
resistant during treatment from strains that are susceptible to clindamycin. This test should be done for all
MRSA strains that are resistant to erythromycin but appear susceptible to clindamycin in routine testing in the
laboratories. If D-test is not done, iMLSy phenotype strains would be wrongly interpreted clindamycin
susceptible and therapeutic failure occurs if clindamycin is used. On the other hand, if all erythromycin
resistant MRSA were considered clindamycin resistant, effective and safe clindamycin treatment would be
denied for those patients infected with strains that exhibit MSg phenotype.

In conclusion, CA-MRSA and HA-MRSA differ in the types of infections caused and antibiotic resistance
pattern. CA-MRSA usually causes skin and soft tissue infections. CA-MRSA is more susceptible to non B-lactam
antibiotics. Early differentiation of MRSA isolates as community-associated or healthcare-associated can help
in the selection of antibiotics for empirical treatment. All isolates that are resistant to erythromycin but
susceptible to clindamycin in routine testing should be tested for inducible clindamycin resistance by D-test
before considering clindamycin for treatment. Molecular studies will help further characterize CA-MRSA and
HA-MRSA strains.
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