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Abstract
It has been well established that inappropriate antimicrobial use has contributed to the emergence and spread
of multi- drug resistant bacteria such as methicillin resistant Staphylococcus aureus (MRSA). This is the first
report of molecular typing of MRSA isolates from Bermuda. Sixty two MRSA isolates obtained from patients in a
community hospital and out-patients from the community were subjected to molecular typing using pulsed-field gel
electrophoresis (PFGE). The majority of the MRSA isolates belong to the USA 100 clonal type (43%). A clonal group
similar to USA 300 was isolated from out-patients (29%) compared to in-patients (9%). In addition, retrospective
analysis of susceptibility testing revealed that both the USA 100 and USA 300 clonal types were fully susceptible
to vancomycin, gentamicin and linezolid. Furthermore, greater than 90% of both clonal types were susceptible to
trimethroprim-sulfamethoxazole and tetracycline. Empirical therapy using agents active against MRSA should be
considered for patients presenting with skin and soft tissue infections.
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Introduction
Although initially recognized as an important nosocomial or
healthcare associated pathogen, MRSA is now endemic in the community
[1]. Risk factors for healthcare-associated MRSA (HA-MRSA) have
been well defined and include hospitalization, surgery, and residence
in a long-term care facility, and use of indwelling catheters or other
percutaneous medical devices [2]. Community-associated MRSA (CAMRSA) infections are known to be caused by virulent strains which can
affect healthy individuals who had none of the previously mentioned
HA-MRSA risk factors [3]. Furthermore, CA-MRSA infections most
commonly manifest as skin and soft tissue infections, but more invasive
infections, including sepsis and necrotizing pneumonia, also occur
[4]. However, it is important to note that CA-MRSA strains have been
increasingly reported as an important cause of nosocomial infections,
indicating that they may become endemic in hospital settings [5]. It
has been well established that MRSA is an increasing problem in the
USA, Europe, Asia, South America and the Caribbean. In this study, we
report the first molecular typing results of MRSA isolates for Bermuda.

Materials and Methods

overnight broth cultures of the organisms were pelleted; bacterial DNA
was extracted in agarose plugs using a solution containing lysostaphin
and lysozyme. Restriction enzyme digestion was performed using Sma
1. Restriction endonuclease fragments were analyzed by PFGE using a
contour-clamped homogenous electric field DR-11 apparatus (BioRad
Laboratories, Inc, Hercules, CA) set at 14°C; initial switch, 5 seconds,
final switch 50 seconds; and time 23.5 hours. After electrophoresis,
gels were stained with ethidium bromide. Macrorestriction DNA
banding patterns were digitized and analyzed using Molecular Analyst
DNA Fingerprinting soft ware (BioRad). Patterns were compared and
interpreted using the criteria of Tenover et al. [6].

Results
The results of PFGE identified five clonal types among our isolates.
Twenty seven, 43% (27/62) showed a PFGE profile similar to the
USA100 clone. Two isolates, 3% (2/62) showed a PFGE profile similar
to the USA 200 clone. Twenty four isolates, 39% (24/62) showed a PFGE
profile similar to the USA 300 clone. One isolate, 2% (1/62) showed
a PFGE profile similar to USA 1100 clone. Eight isolates, 13% (8/62)
could not be classified and were deemed unique.
The majority (24%,15/62) of isolates belonging to the USA 100
clonal type, were isolated from in-patients compared to 19% (12/62)
from out-patients (24%). However, the majority of the USA 300 clonal
type isolates, 29% (18/62), were isolated from out-patients compared to
9.6% (6/62) from in-patients (29%) (Table 1).

In this study, we carried out molecular typing on 62 MRSA
isolates which were obtained from in-patients and out-patients from
the community presenting with skin and soft tissue infections. We
considered an infection to be of healthcare onset if the MRSA culture
was obtained >72 hours after a patient was admitted to the hospital and
the patient had no evidence of infection at the time of admission. A
MRSA culture obtained within 72 hours of presenting to the Emergency
Department of the hospital or a physician in the community with
evidence of infection was considered an indication of communityassociated infection. Isolates were previously tested for oxacillin
resistance by disk diffusion and susceptibility testing was carried out
using the Vitek II automated system (BioMerieux,Inc,Durham,NC).
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The MRSA isolates were genotyped by pulsed-field gel
electrophoresis (PFGE) using a protocol developed in the Division of
Medical Microbiology at the Johns Hopkins Hospital, USA. Briefly,
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MRSA
(PFGE) Type

USA 100

USA 200

USA 300

USA 1100

In-Patients

15 (24.1%)

Out-Patients

12 (19.3%)

Unique

2 (3.2%)

6 (9.6%)

1 (1.6%)

1 (1.6%)

0

18 (29%)

0

7 (11.2%)

Table 1: Breakdown of in-patients and out-patients MRSA clonal types by PFGE.

The percentages of USA 100 clonal types susceptible to
trimethroprim-sulfamethoxazole, tetracycline, gentamicin, vancomycin
and linezolid were 95%, 100%, 100%, 100% and 100% respectively.
All of the USA 300 clonal types were susceptible to trimethroprimsulfamethoxazole, tetracycline, gentamicin, vancomycin and linezolid.
In addition, all of the unique clonal types were also susceptible
to trimethroprim-sulfamethoxazole, tetracycline, gentamicin,
vancomycin and linezolid.

Discussion
Molecular methods have been used to study the epidemiology of
MRSA in hospitals and the community, with PFGE proving the most
satisfactory method on the basis of its discriminatory ability and
reproducibility [7]. In this study, we have confirmed the reports of other
groups in the literature that USA 300 is a predominant clone in our
community. It has been well established that USA 100 and 200 are the
predominant clonal types in healthcare settings in the USA. However,
in Asia and Oceania, USA 1100, a community strain, is the major clonal
type [8]. There was no significant difference in the prevalence of the USA
100 clone in our hospital and the community. Also, both the USA 100
and USA 300 clones were susceptible to vancomycin, gentamicin and
linezolid. In addition, the majority of both the USA 100 and 300 clones
were susceptible to tetracycline and trimethroprim-sulfamethoxazole
the preferred oral drugs for treating skin and soft tissue infections
caused by MRSA. It is interesting to note that the USA 100 isolates in
this study appear to be more susceptible than what is reported in the
literature. Both HA-MRSA and CA-MRSA possess resistance to betalactam antimicrobial agents, conferred by the staphylococcal cassette
chromosome (SCC) mec element [9]. However, CA-MRSA strains are
typically less resistant to non-beta-lactam antimicrobial agents [10]. The
Unique clonal types were found to be quite prevalent in the community,
albeit their significance is yet to be determined. Both HA-MRSA and
CA-MRSA have major consequences for infection control policies
in hospitals and other healthcare facilities. In this study, CA-MRSA
appears to cause healthcare-associated infections; an observation which
has been mentioned by others in the literature [11]. Interestingly, a
recent mathematical model developed by D’Agata et al. has postulated
that USA 300 will become the predominant clone in US hospitals in the
future and that it will probably manifest increased virulence relative to
the USA 100 clone it will be displacing [12]. These findings highlight
the need for infection control measures to prevent transmission within
healthcare settings. Microbiological surveillance is an important tool to
evaluate local infection control policy to assess which microorganisms
are causative pathogens in healthcare settings. Furthermore, it has
been suggested that surveillance per se probably results in a decrease
of nosocomial infections as shown by the International Nosocomial
Control Consortium (INICC) [13].
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In conclusion, this study describes CA-MRSA USA 300 and HAMRSA USA 100 clonal type emergence in Bermuda. In addition, it
also demonstrates MRSA USA 300 clonal type transmission within
healthcare settings. Empirical management with agents active against
CA-MRSA should be considered for patients presenting with skin and
soft tissue infections. Also, compliance to infection control policies
and procedures when caring for patients with suspected CA-MRSA
infections is critical for preventing transmission of these strains in
healthcare settings.
Acknowledgments
The authors are most grateful to Lee Holder for excellent technical assistance.

References
1. Grundmann H, Aires des-Sousa M, Boyce J, Tiemersma E (2006) Emergence
and resurgence of methicillin-resistant Staphylococcus aureus a public health
threat. Lancet 368: 874-875.
2. Thompson RL, Cabezudo I, Wenzel RP (1982) Epidemiology of nosocomial
infections caused by methicillin-resistant Staphylococcus aureus. Ann Intern
Med. 97: 309-317.
3. Zetola N, Francis JS, Nuermberger EL, Bishai WR (2005) Community-acquired
methicillin-resistant Staphylococcus aureus: an emerging threat. Lancet Infect
Dis 5: 275-286.
4. Fridkin SK, Hageman JC, Morrison M, Sanza LT, Como-Sabetti K, et al. (2005)
Methicillin- resistant Staphylococcus aureus disease in three communities. N
Engl J Med 352: 1436-1444.
5. Maree CL, Dawn RS, Boyle-Vavra S, Matayoshi K, Miller LG (2007)
Community-associated methicillin-resistant Staphylococcus aureus isolates
and healthcare-associated infections. Emerg Infect Dis 13: 236-242.
6. Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, et al. (1995)
Interpreting chromosomal DNA restriction patterns produced by pulse-field gel
electrophoresis: criteria for bacterial strain typing. J Clin Microbiol 33: 22332239.
7. Schmitz FJ, Steiert M, Tichy HV, Hofmann B, Verhoef J, et al. (1998) Typing
of methicillin-resistant Staphylococcus aureus isolates from Dusseldorf by six
genotypic methods. J Med Microbiol 47: 341-351.
8. Ho PL, Cheung C, Mak GC, Tse CW, Ng TK, et al. (2007) Molecular epidemiology
and household transmission of community-associated methicillin-resistant
Staphylococcus aureus in Hong Kong. Diagn Microbiol Infect Dis 57: 145-151.
9. Hiramastu K, Katayama Y, Yuzawa H, Ito T (2002) Molecular genetics of
methicillin-resistant Staphylococcus aureus. Int J med Microbiol 292: 67-74.
10. Naimi TS, LeDell KH, Como-Sabetti K, Borchardt SM, Boxrud DJ, et al. (2003)
Comparison of community and healthcare associated methicillin-resistant
Staphylococcus aureus infection. JAMA. 290: 2976-2984.
11. Seybold U, Kourbatova EV, Johnson JG, Halvosa SJ, Wang YF, et al. (2006)
Emergence of community-associated USA 300 genotype as a major cause of
healthcare-associated blood stream infections. Clin Infect Dis 42: 647-656.
12. D’ Agata Em, Webb GF, Horn MA, Moellering RC, Ruan S et al. (2009) Modelling
the invasion of community-acquired methicillin-resistant Staphylococcus
aureus into hospitals. Clin Infect Dis 48: 274-284.
13. Allegranzi B, Bagheri NS, Combescure C, Donaldson L, Pittet D (2011) Burden
of endemic healthcare-associated infection in developing countries:systemic
review and meta-analysis. Lancet 377: 228-241.

This article was originally published in a special issue, Medical Genetics
of Infections handled by Editor(s). Dr. Joel Kenneth Weltman, University of
Brown, USA

Molecular Biology & Genetics of Pathogens

ISSN: 2161-0703 JMMD, an open access journal

