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ABSTRACT

Background: Over the years, the misuse of antibiotics has become a significant factor in the emergence of resistant

bacteria. Methicillin-resistant Staphylococcus aureus (MRSA) is staphylococci that are resistant to Beta-lactam
drugs. There are two types of MRSA infections: community-acquired MRSA (CA-MRSA) and hospital-acquired
MRSA (HA-MRSA). Objective: This study was aimed to determine comparison of community-acquired and hospital-
acquired methicillin-resistant Staphylococcus aureus isolated from clinical samples of in-patient and out-patient
settings of North Karnataka. Materials and methods: The clinical samples were collected from anterior nares of
the patients and their accompanists, pus of the wounds of patients attending out-patient department and various
in-patient departments’ different hospitals of North Karnataka. The samples were inoculated in nutrient broth for
enrichment of S. aureus then streaked on Mannitol Salt Agar (MSA) and incubated at 37 °C for 24 h. For characteri-
zation of the S. aureus, conventional methods such as growth characteristics on selective medium, Gram’s
staining, and biochemical characteristics have been performed. Antibiotic sensitivity test and screening for MRSA
were carried out for the isolated S. aureus using 12 different antibiotics. Results: A total of 593 samples were
collected from which 265 strains of S. aureus were isolated. Among the 265 S. aureus isolates, 76 had been
confirmed as MRSA. Clinical data as well as antimicrobial susceptibility data was analyzed and compared. In
conclusion, our results suggest that the prevalence rate of HA and CA-MRSA are 17.35%% and 11.32% respectively.
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INTRODUCTION

Staphylococcus aureus is one of the most common
human pathogens with ability to cause a wide range of
infections. On an average 20-40% of the adults are
carriers of S. aureus in the anterior nares [1]. The
emergence of community-acquired (CA) and hospital
acquired (HA) methicillin resistant S. aureus (MRSA) has
led to increasing in cases of invasive infections [2, 3]. In
1965 first case of MRSA infection recorded in Sydney,
Australia [4, 5] and in 1980 first case of a CA-MRSA
infection in the United States was reported. Both HA-
MRSA and CA-MRSA strains are transmitted by skin to

skin contact although they have distinct clinical
characteristics.

Once prevalent in health care setup for more than 40
years, MRSA has migrated to the community in recent
years [6]. The prevalence of multidrug-resistant strains
in Indian hospitals [hospital acquired MRSA (HA-MRSA)]
ranges from 15 to 70% [7]. Community-acquired MRSA
(CA-MRSA) has evolved as a novel emerging pathogen in
patients who had no contact with health care setup [8].
Unlike HA-MRSA which typically are resistant to
multiple antibiotics, CA-MRSA tend to be susceptible to
other antibiotic classes and often are resistant to only B
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lactam antibiotics [9]. They also differ from HA-MRSA in

epidemiological association, drug resistance
determinants, putative virulence factors, and genetic
background [10].

Phenotypic and genotypic features can help distinguish
between community and nosocomial MRSA strains; [11]
risk factors; [12]

susceptibility to most antibiotics other than B-lactams;

absence of hospital-associated

[13] presence of fourth type of SCCmec (the element
that contains the methicillin resistance determinant), in
contrast to the types I-lll which are typical of nosocomial
MRSA strains; [14] the presence of genes encoding for
toxins such as pantone-valentine leukocidine (PVL) and
the many staphylococcal enterotoxins in CA-MRSA [15-
18]. The present study was aimed to understand the
differences between community and hospital acquired
MRSA and their profile in the in-patient and out-patient
settings of North Karnataka. The present study helps to
describe the comparative phenotypic differences of S.
aureus and MRSA in community as well as in hospital.

MATERIALS AND METHODS

This prospective study was conducted at Department of

Studies and Research in Microbiology, Gulbarga
University, Kalaburagi, Karnataka, India, from March
2012 to March 2015. Overall a total of 593 samples were
collected from the hospital in-patient and out-patient
settings. Required samples were collected from the
anterior nares, skin, and pus from the skin infections
with the help of sterile cotton swabs. The clinical
samples were collected from pus of the wounds of
patients attending in-patient and out-patient
department of various places of North Karnataka
All the

details of the individual person were filled in a datasheet

including Gulbarga, Raichur and Dharwad.

which contained brief information of name, age, sex,
occupation, living status, sample number and history
about health status.

l. Collection of samples

Required samples were collected with the help of sterile
cotton swabs. Before taking samples, the swabs were
dipped in sterile saline in propylene tubes (Hi-Media
Pvt. Ltd; Mumbai). The
immediately kept into the sterile propylene tubes

collected swabs were
provided with the swabs and put in the transport box.
These swabs were transported to laboratory for
processing within 6 hours.

Il. Isolation of S. aureus from the collected specimens

Int J Pharm Biol Sci.

In the laboratory, these samples were enriched by
incubating for 6-12 hrs in the nutrient broth [19] then it
was inoculated on to the mannitol salt agar (MSA)
medium which serves as the selective medium for
isolation of S. aureus.

lll. Phenotypic Identification

For characterization of the S. aureus, conventional
methods like growth characteristics on mannitol salt
agar, Baird Parker agar, Grams staining and biochemical
characteristics such as coagulase test and catalase test
have been performed. Antibiogram was carried out
using 12 different antibiotics including methicillin,
vancomycin and for phenotypic characterization of
MRSA. Antibiotic sensitivity tests had been performed
as per CLSI guidelines [20].

IV. Antibiotic Sensitivity Test

Antibiotic Sensitivity test was done for each S. aureus
isolate by the Kirby-Bauer disc diffusion method against
ciprofloxacin (5ug), erythromycin (15ug), cloxacillin

(30pg), (30ug), (30upg),
ampicillin (10ug), penicillin (10ug), methicillin (5ug),

vancomycin ceftizoxime

amikacin(30ug), cefoxitin(30ug), oxacillin(1pg), and
gentamycin(10pg) [21, 22]. The S. aureus confirmed
isolates were inoculated to 2-3 ml of nutrient broth. The
tubes were allowed for incubation for about 6 hours
then turbidity was adjusted to 0.5 MacFarland’s
standard. That standard inoculum of each testing S.
aureus was used for formation of uniform lawn on
Mueller Hinton agar plates with the help of sterile
cotton swabs. The plates were allowed to dry for 5
minutes. After that the antibiotic discs were kept in such
a way that space between two dices was 12-15 mm on
the plates with the help of sterile forceps. Then the
plates were incubated for about 18-24 hours in inverted
position in an incubator at 37° C. After the incubation,
individual antibiotic sensitivity zone was measured with
the help of zone measuring scale. S. aureus strain ATCC
43300 and S. aureus strain MTCC 96 were used as the
Methicillin-resistant and Methicillin-sensitive control
test standard organisms respectively [21, 22]. Then the
tested all S. aureus isolates were preserved at -10°C in
tubes containing nutrient broth and 25% glycerol for
further study.
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RESULTS
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Table 1: Prevalence of MRSA

A total of 265 S. aureus were isolated from both out-
patient and in-patient departments from which 76
MRSA were isolated with a prevalence of 28.68%. The
MRSA isolates were classified into HAMRSA and
CAMRSA, based on the clinical history. 46 MRSA isolates
were grouped into HAMRSA and 30 were grouped into
CAMRSA, with a prevalence of 17.36%% and 11.32%
respectively. Prevalence of MRSA is shown in Table 1.

Type Number (n = 265) Prevalence (%)
MSSA 189 71.32%
MRSA 76 28.68%
HAMRSA 46 17.36%
CAMRSA 30 11.32%

Overall 282 samples were collected from the hospital
out-patient settings of various places of North
Karnataka. Among them S. aureus incidence rate was

found to be 42.55% (120) and incidence rate of MRSA

was found to be 10.63% (30) as shown in Table 2.

Table 2: Incidence of S. aureus and MRSA in the hospital out-patient setting (CA-MRSA)

Sources

Hospital

No. of Samples tested

Incidence of S. aureus

Carriage rate of MRSA

Total Male Female Male Female Male Female
42/97 23/51 13/97 08/51
Govt. 48 97 5l (43.29%) (45.09%)  (13.40%) (15.68%)
21/49 06/18 02/49 00/18
KBN 67 4 18 (42.85%) (33.33%)  (4.08%)  (00.00%)
Navodaya 7/15 4/11 2/15 1/11
OPD Raichur 20 1 (46.66%) (36.36%)  (13.33%)  (9.09%)
RIMS 06/14 03/07 1/14 1/7
) 21 14 07
Raichur (42.85%) (42.85%)) (7.14%)  (14.28%)
SDM o 14 o 06/14 02/06 02/14 0/6
Dharwad (42.85%) (33.33%)  (14.28%  (0.0%)
82/189  38/93 20/189  10/93
Total OPD 282 189 93 (43.38%) (40.86%) (10.58%) (10.75%)
120/282 30/282
Overall OPD 282 (42.55%) (10.63%)

Overall 311 samples were collected from the hospital in-
patient settings of various places of North Karnataka.
Among them S. aureus incidence rate was found to be

46.62 % (145) and MRSA incidence rate was found to be
14.79% (46) as shown in Table 3.

Table 3: Incidence of S. aureus and MRSA in the hospital in-patient setting (HA-MRSA)

Sources Hospital No. of samples tested Incidence of S. aureus Carriage rate of MRSA
Total Male Female Male Female Male Female
IPD Govt. 155 92 63 42/92 29/63 21/92 07/63
(45.65%) (46.03%) (22.82%) (11.11%)
KBN 74 42 32 20/42 18/32 06/42 04/32
(47.61%) (56.25%) (14.28%) (12.50%)
Navodaya 32 22 10 09/22 04/10 01/22 01/10
Raichur (40.90%) (40.00%) (4.54%) (10.00%)
RIMS 28 19 09 09/19 03/09 02/19 01/09
Raichur (47.36%)  (33.33%)  (10.52%) (11.11%)
SDM 22 15 07 08/15 03/07 02/15 01/07
Dharwad (53.33%)  (42.85%)  (13.33%) (14.28)
Total IPD 311 190 121 88/190 57/121 32/190 14/121
(46.31%) (47.10%) (16.84%) (11.57%)
Overall IPD 311 145/311 46/311
(46.62%) (14.79%)
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Total of 12 antibiotics were used to study antibiotic resistant to Penicillin and minimum of 2.50% resistant
susceptibility of isolated S. aureus. Among the 12 to Vancomycin as shown in the Table 4.
antibiotics used maximum of 93.33% isolates were

Table 4: Hospital wise antibiotic % resistance in OPD (CA-MRSA)
TOTAL ANTIBIOTICS RESISTANT

HOSPITAL S.A. G E P VA M CX A cip AK CzX coX OX
GOVT 65 04 10 61 02 21 21 46 07 04 16 42 21
KBN 27 02 03 25 0 02 02 17 03 0 04 11 02
NIMS RCR 11 0 02 10 0 03 03 08 01 00 03 06 03
RIMS RCR 09 00 01 08 01 02 02 08 00 00 02 06 02
SDM DWD 08 00 01 08 00 02 02 06 02 01 03 03 02
TOTAL 120 06 17 112 03 30 30 85 13 05 28 68 30

%
RESISTANCE

5.00 14.16 93.33 250 25.00 25.00 70.83 10.83 4.16 23.33 56.66 25.00

Total of 12 antibiotics were used to study antibiotic susceptibility of S. aureus. Among the 12 antibiotics used
maximum of 93.79% resistance was shown to Penicillin and minimum of 4.14% resistance was shown Vancomycin
as shown in the Table 5.

Table 5: Hospital wise antibiotic % resistance in IPD (HA-MRSA)

TOTAL ANTIBIOTICS RESISTANT

HOSPITAL S.A. G E P VA M CcX A CIP AK czX coX OX
GOVT 71 22 35 68 04 28 29 45 29 19 24 46 29
KBN 38 21 18 34 02 10 10 21 21 06 11 22 10
NIMS RCR 13 03 05 12 00 02 02 07 02 02 04 09 02
RIMS RCR 12 03 03 11 00 03 03 07 02 01 03 07 03
SDM DWD 11 02 04 11 00 03 03 04 02 01 04 04 03
TOTAL 145 51 65 136 06 46 47 84 56 29 46 88 47

%
° 35.17 44.22 93.79 4.14 31.72 3241 57.93 38.62 20.00 31.72 60.69 3241

RESISTANCE
Table 6: Overall % Resistance of antibiotics in OPD and IPD
% RESISTANCE IN OPD % RESISTANCE IN IPD
ANTIBIOTIC
(CA-MRSA) (HA-MRSA)
Gentamicin(G) 05.00 35.17
Erythromycin(E) 14.16 44.22
Penicillin(P) 93.33 93.79
Vancomycin (VA)  02.50 04.14
Mehticillin(M) 25.00 32.41
Cefoxitin (CX) 25.00 32.41
Ampicillin(A) 70.83 57.93
Ciprofloxacin (CIP) 10.83 38.62
Amikacin (AK) 04.16 20.00
Ceftizoxime (CZX)  23.33 31.72
Cloxacillin(COX) 56.66 60.69
Oxacillin (OX) 25.00 32.41
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FIG 1: Graphical representation of overall % resistance of antibiotics in OPD and IPD

DISCUSSION

In developing countries like ours, in spite of the strict
aseptic precautions which are being followed, MRSA
causes important nosocomial infections. The improper
usage of antibiotics can be identified as the root cause
of the present condition. Since drug resistance is
common among Staphylococcus aureus appropriate
antibiotics should be chosen, based on the susceptibility
pattern. Methicillin-Resistant S. aureus (MRSA) is a
significant pathogen that has emerged over the past
four decades, which causes both nosocomial and
community-acquired infections. A rapid and an accurate
detection of the methicillin resistance in S. aureus is
important for the use of the appropriate antimicrobial
therapy and for the control of the spread of the MRSA
strains, because MRSA is an important nosocomial
pathogen which causes significant morbidity and
mortality. [23] Serious infections due to methicillin
resistant S. aureus such as bacteremia, osteomyelitis,
and sepsis are more prevalent in the hospital settings,
but more importantly many cases of MRSA infections
can be seen among previously healthy individuals with
no exposure to health care setting, hence, these
communities associated MRSA have become more
important in daily practice. [24, 25, 26]

In our study prevalence of MRSA was found to be
28.68%. The similar prevalence rate of 27% was
reported by Vysakh et al; [23]. Among total MRSA,
11.32% and 17.35% MRSA were isolated from hospital
OPD (CA-MRSA) and hospital IPD (HA-MRSA)
respectively North  Karnataka. CA-MRSA
prevalence was same as that of the study carried out by

from

Abdel-Maksoud et al; they reported the prevalence rate
of 11.50% [27]. Vysakh et al; reported 20% of HA-MRSA

prevalence which is slightly higher than that of our
result [23]. All the CA-MRSA were isolated from the
patients visiting for dressing at the out-patient settings
of the hospital who did not have recent history of
hospitalization and fulfilled the criteria for CA-MRSA.
HA-MRSA were isolated from patients attending the
various in-patient settings of the hospital and had
recent history of hospitalization and fulfilled criteria for
HA-MRSA.

The present study revealed that more than 90% of the
CA-MRSA strains were susceptible to gentamycin,
vancomycin, ciprofloxacin, and amikacin, suggesting
that these drugs could provide a better option to treat
CA-MRSA High rate of resistance was
observed to all antibiotics tested. by HA-MRSA
compared to CA-MRSA. It is interesting to note that the
resistance pattern of Ampicillin was more in CA-MRSA

infections.

than HA-MRSA where remaining all antibiotics tested
were shown higher degree of resistance to HA-MRSA.

CONCLUSION

Prevalence of MRSA is alarmingly high and causes a
great worry to hospital settings in causing infections.
Therefore, routine monitoring of MRSA infections along
with their antimicrobial susceptibility pattern can assist
in formulating a suitable antibiotic policy which may be
helpful in reducing the burden and spread of MRSA
infections in hospitals across North Karnataka.

ACKNOWLEDGMENT

Authors thank the University Grants Commission (UGC),
New Delhi for providing financial assistance to carry out
this study.

International Journal of Pharmacy and Biological Sciences

140

Sagar M. Arali et al

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

e
9

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

REFERENCES

1.

10.

11.

12.

13.

Collee JG, Fran ser AG, Marmion BP, Simmons A. Mackie
and McCartney Medical Microbiology. Vol. 6. Ch. 6. Tata
McGraw Hill Publications; p. 380-8. (1996)

Frank AL, Marcinak JF, Mangat PD, Tjhio JT, Kelkar S,
Schreckenberger PC, et al. Clindamycin treatment of
methicillin resistant Staphylococcus aureus infections in
children. Pediatr Infect Dis J; 21:530-4. (2002)
Fiebelkorn KR, Crawford SA, McEImeel ML, Jorgensen JH.
Practical disk diffusion method for detection of inducible
clindamycin resistance in Staphylococcus aureus and
coagulase-negative staphylococci. J Clin Microbiol;
41:4740-4. (2003)

Fey PD, Said-Salim B, Rupp ME, Hinrichs SH, Boxrud DJ,
Davis CC, et al. Comparative molecular analysis of
community- or hospital acquired methicillin-resistant
Staphylococcus aureus. Antimicrob Agents Chemother;
47:196-203. (2003)

Fluit AC, Wielders CL, Verhoef J, Schmitz FJ.
Epidemiology and susceptibility of 3,051 Staphylococcus
aureus isolates from 25 university hospitals participating
in the European SENTRY study. J Clin Microbiol; 39:3727-
32.(2001).

Basak S, Mallick SK, Bose S. Community associated
Staphylococcus
emerging pathogen: Are we aware? J Clin Diagn Res;
4:2111-5. (2010).

Arakere G, Nadig S, Swedberg G, Macaden R, Amarnath
SK, Raghunath D. Genotyping of methicillin resistant

methicillin  resistant aureus- an

Staphylococcus aureus strains from two hospitals in
Bangalore, South India. J Clin Microbiol; 43:3198-202.
(2005).
Chambers HF. The epidemiology of
Staphylococcus aureus? Emerg Infect Dis; 7:178-82.
(2001).

Eveillard M, Joly Guillou ML. Methicillin resistant
Staphylococcus aureus in the institutionalized older
patient.Rev Clin Gerontol; 19:13-23. (2009).

Prakash M, Rajasekar K, Karmegam N. Prevalence of

changing

methicillin resistant Staphylococcus aureus in clinical
samples collected from Kanchipuram town, Tamil Nadu,
South India. J Appl Sci Res; 3:1705-9. (2007).

Evons J, Cow AW, Parker MT. Methicillin resistance in
staphylococci. Lancet. 27:904-7. (1963).

Barrett FF, McGehee RF Jr, Finland M. Methicillin
resistant Staphylococcus aureus at Boston City Hospital:
bacteriologic and epidemiologic observations. N Engl J
Med.; 279:441-48. (1968)

MRSA in Healthcare Settings. Updated: October 3.
Available at:
http://www.cdc.gov/ncidod/dhqp/ar_MRSA_spotlight_
2006.html. (2007).

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Int J Pharm Biol Sci.

National Nosocomial Infections Surveillance System.

National Nosocomial Infections Surveillance (NNIS)
System report, data summary from January 1992
through June 2004. Am J Infect Control.; 32:470-85.
(2004).

Charlebois ED, Perdreau-Remington F, Kreiswirth B,
Bangsberg DR, Ciccarone D, Diep BA, et al. Origins of
community strains of methicillin-resistant
Staphylococcus aureus. Clin Infect Dis.; 39:47-54. (2004).
Ma XX, Ito T, Tiensasitorn C, Jamklang M, Chongtrakool
P, Boyle-Vavra S, et al. Novel type of staphylococcal
cassette chromosome mec identified in community-
acquired methicillin-resistant Staphylococcus aureus
strains. Antimicrob Agents Chemother.; 46:1147-52.
(2002).

Baba T, Takeuchi F, Kuroda M, Yuzawa H, Aoki K, Oguchi
A, et al. Genome and virulence determinants of high
virulence  community-acquired MRSA. Lancet.;
359:1819-27. (2002).

Naimi TS, LeDell KH, Como-Sabetti K, Borchardt SM,
Boxrud DJ, Etienne J, et al. Comparison of community-
and health care-associated methicillin  resistant
Staphylococcus aureus infection. JAMA. 290:2976-84.
(2003).

Chakraborty SP, Mahapatra SK, Roy S. Biochemical
characters and antibiotic susceptibility of
Staphylococcus aureus isolates. Asian PacJ Trop Biomed,
1(3):212-6. (2011).

Clinical and Laboratory  Standards

Performance standards for antimicrobial susceptibility

Institute.

testing: nineteenth informational supplement M100-
$19. Wayne PA: The Committee. (2009).

Clinical and Laboratory Standards Institute. Methods for
disk diffusion: approved standard M02-A10 and MO07-
A8: performance standards for antimicrobial disk
susceptibility tests. Wayne PA: The Committee. (2009).
Bauer A. W., Kirby W., Sherris J. C., turck, Turck M.
Antibiotic susceptibility testing by a standardized single
disk method. Am. J. Clin. Pathol. 45, 493-496. (1966).
Vysakh P.R. and M. Jeya, “A comparative analysis of
community acquired and hospital acquired methicillin
resistant Staphylococcus aureus,” Journal of Clinical and
Diagnostic Research, vol. 7, no. 7, pp. 1339-1342,
(2013).

Barrett FF, McGehee RF Jr, Finland M. Methicillin
resistant Staphylococcus aureus at Boston City Hospital:
bacteriologic and epidemiologic observations. N Engl J
Med.; 279:441-48. (1968).

Salgado CD, Farr BM, Calfee DP. Community acquired
methicillin resistant Staphylococcus aureus: a meta-
analysis of prevalence and risk factors. Clin Infect Dis.;
36:131-9. (2003).

Okuma K, lwakawa K, Turnidge JD, Grubb WB, Bell JM,
O'Brien FG, et al. Dissemination of new methicillin-

International Journal of Pharmacy and Biological Sciences

Sagar M. Aralietal | 14 J

L’

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

ny

)/

27.

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

resistant Staphylococcus aureus clones in the
community. J Clin Microbiol.; 40:4289-94. (2002).
Abdel-Maksoud M, EI-Shokry M, Ismail G, Hafez S, El-

Kholy A, Attia E, et al. Methicillin-resistant

[ Received:02.06.18, Accepted: 09.07.18, Published:19.07.2018 }

Int J Pharm Biol Sci.

Staphylococcus aureus recovered from healthcare- and
community-associated infections in Egypt. Int J
Bacteriol; 2016:5(2016).

*Corresponding Author:
Channappa T.Shivannavar*
Email: ctshiv@gmail.com

International Journal of Pharmacy and Biological Sciences

Sagar M. Arali et al

142

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/
mailto:ctshiv@gmail.com

