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Background: Staphylococcus aureus (S aureus) is the major cause of skin and soft tissue infections (SSTIs).
Increased methicillin-resistant strains have attracted a global concern. The aim of this study is to evaluate
the prevalence of methicillin-resistant S aureus (MRSA) SSTIs in dermatologic settings and evaluate their
susceptibility results.
Methods: A retrospective chart analysis of patients diagnosed with SSTIs in the Department of Dermatology, Buddhist Tzu Chi General Hospital in Hualien, Taiwan from November 2003 to July 2007 was
conducted. Wound or pus bacterial culture results from a wound site were collected. The epidemiology,
microbiology, and antibiotic susceptibility were assessed. Minocycline treatment experience in 15 MRSA
SSTIs inpatients was presented.
Results: Of the 443 SSTI episodes included, 59.6% were males and 40.4% were females. S aureus was the
leading cause (53.3%), and among them 53.0% were MRSA. Minocycline (94.4%), trimethoprim/sulfamethoxazole (95.2%), levoﬂoxacin (95.7%), and fusidic acid (98.9%) were the major susceptible antimicrobial agents to MRSA. Only 14.4% was susceptible to clindamycin. In the MRSA infected inpatients,
75.6% were community-associated. In our clinical experience, 15 inpatients with poor clinical response to
beta-lactam empirical antimicrobial therapy received minocycline as combination therapy based on the
susceptibility results, all of which obtained satisﬁed clinical remission.
Conclusions: S aureus is still the leading causative bacterial organism for SSTIs in the dermatologic
settings in eastern Taiwan. Methicillin-resistant strains are increasing and among which most are
community-associated in eastern Taiwan. MRSA strains are still susceptible to other non-beta lactam
antibiotics, such as minocycline, trimethoprim/sulfamethoxazole, levoﬂoxacin, and fusidic acid in
dermatological settings, of which minocycline is an alternative choice in our clinical experience.
Copyright Ó 2011, Taiwanese Dermatological Association.
Published by Elsevier Taiwan LLC. All rights reserved.

Keywords:
Community-associated
Eastern Taiwan
Methicillin-resistant Staphylococcus aureus
Minocycline
Skin and soft tissue infections

Introduction
Primary care physicians and dermatologists frequently see skin and
soft tissue infections (SSTIs), especially in outpatient clinics.
Impetigo, erysipelas, furuncles, carbuncles, abscesses, cellulitis, and
even the more severe and life-threatening necrotizing fasciitis are
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all included in this spectrum. The most common bacterial causative
organism is Staphylococcus aureus (S aureus), followed by group A
streptococci.1,2 However, methicillin-resistant strains now make up
22.5e59% of S aureus SSTIs.1e5 This increasing number of
methicillin-resistant S aureus (MRSA) infection is notable worldwide and has become a health concern.
Traditionally, MRSA is considered a health care-associated
pathogen. However, more community-associated strains originating from the community have rapidly emerged worldwide as
a cause of SSTIs and are not associated to health care settings.6e8
MRSA infections in patients from healthy communities without
the deﬁned epidemiologic criteria for health care-associated MRSA
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(HA-MRSA, Table 1) are considered community-associated MRSA
(CA-MRSA) infections.9 Family and personal histories are the only
identiﬁed risk factors for CA-MRSA SSTIs.10 CA-MRSA and HA-MRSA
isolates are distinct demographically, clinically, and in microbiologic features.11
In Taiwan, the resistance rate to tetracycline and clindamycin by
MRSA isolates from community colonizers is reportedly increasing
(up to 95.3% and 90.6%, respectively).12 Second-generation tetracyclines, also called expanded-spectrum tetracyclines, such as
minocycline and doxycycline, are becoming more widely used for
their greater potency.13
The epidemiology, microbiology, and antibiotic susceptibility for
MRSA SSTIs in eastern Taiwan, whose population accounts for only
2.5% of the total population in Taiwan (2009 census), have not been
studied. The aboriginal population accounts for 29.8% of the total
population in this region, more than other areas in Taiwan. The
purpose of this study is to describe the proﬁle of SSTIs pathogens
and the prevalence of MRSA infections in a dermatological setting
in eastern Taiwan. MRSA organism susceptibility proﬁles and our
experience of minocycline application in 15 MRSA SSTIs inpatients
are discussed.

CO2 atmosphere. Thioglycolate broth was incubated at 35 C in an
ordinary culture box.
The culture results were conﬁrmed initially 18e24 hours later.
Negative growth was conﬁrmed after 48 hours. Colonies of S aureus
were identiﬁed by Gram stain, catalase reaction, and slide coagulase test. Susceptibility testing of the isolates were performed using
the Kirby-Bauer disk diffusion method according to the guidelines
of the Clinical and Laboratory Standards Institute. A zone size less
than 10 mm around an oxacillin disk indicated methicillin resistance. All of the bacterial culture organisms from SSTIs and
susceptibility were compared.

Methods

Baseline demographics

Patients

Of the 443 episodes with impression of SSTIs included, 264
episodes were males and 179 were females, whereas 130 episodes
required hospitalization for treatment and 313 received outpatient
treatment. The mean age of the inpatient group was 47.9 years
ranging from 1 year to 90 years [95% conﬁdence interval (CI):
44.8e51.7], whereas that of the outpatient group was 41.6 years
ranging from 1 year to 88 years (95% CI: 44.3e38.9). For the entire
cohort, the average age was 43.4 years (95% CI: 41.2e45.7).

A retrospective chart analysis of all patients, including inpatients
and outpatients, at the Department of Dermatology in Buddhist
Tzu-Chi General Hospital, Hualien, Taiwan, covering November
2003 to July 2007 was conducted. Patients with impression of SSTIs
category, including impetigo, erysipelas, furuncles, carbuncles,
cutaneous abscesses, cellulitis, and even necrotizing fasciitis were
included.
Wound or pus bacterial culture results from a wound site were
collected if available and patients without available bacterial
culture were excluded. Comparisons of medical records and
epidemiologic analysis with age and gender were performed.
Laboratory bacterial culture methods, identiﬁcation, and
susceptibility result of MRSA isolates
An inoculated applicator tip was transferred to a laboratory room
(Bacterial Laboratory Room of Tzu-Chi General Hospital, Hualien,
Taiwan). The specimens were plated onto blood agar plate/eosin
methylene blue agar, chocolate agar, and thioglycolate broth
according to the guideline of the National Committee for Clinical
Laboratory Standards. The plates were incubated at 35 C in a 5%

Classiﬁcation of MRSA inpatients into community-associated
and health care-associated MRSA
All of the inpatients with culture growth of MRSA were further
classiﬁed into community-associated and health care-associated
isolates based on the presence of epidemiologic criteria listed in
Table 1.
Results

Microbiology results
All bacterial culture growth results were analyzed (Table 2). The
positive rate of bacterial culture was 77.2%. Among these SSTIs
patients, 16.9% (n ¼ 75) showed more than one organism growth.
S aureus was the most dominant isolate, accounting for around
53.3% (n ¼ 236). Of the S aureus isolates, 53.0% (n ¼ 125) were
methicillin-resistant.
Antimicrobial susceptibilities of MRSA isolates
In the 125 MRSA species, the susceptibility test varied for nonbetalactam antibiotics (Table 3). The MRSA species were 84.0%
susceptible to gentamicin, 94.4% to minocycline, 95.2% to trimethoprim/sulfamethoxazole (TMP-SMX), 95.7% to levoﬂoxacin, and
98.9% to fusidic acid. However, only 14.4% were susceptible to
clindamycin.

Table 1 Deﬁned epidemiologic criteria for health care-associated MRSA infections.a
Epidemiologic criteria for health care-associated MRSA infections
1. Organisms recovered from culture specimens obtained after 48 hours of
hospital admission.
2. A history of recent dialysis, surgery, recent hospitalization and/or transfer
from another hospital, or residence in a long-term care facility within
12 months of the MRSA culture date.
3. Presence of a permanent indwelling catheter or percutaneous medical
device (e.g. tracheostomy tube, gastrostomy tube or Foley catheter, central
venous line) at the time of culture.
4. A known previous isolation of MRSA from a clinical or surveillance specimen before the study period.
a
Cases of MRSA infection among patients from healthy community without these
factors are named as community-associated MRSA infection.9
MRSA ¼ methicillin-resistant Staphylococcus aureus.

Table 2 Bacterial organisms culture results of skin and soft tissue infections.
Species

Number of
isolates (%)

Staphylococcus aureus
Coagulase-negative staphylococci
b-Streptococci group A
Enterococcus
Klebsiella pneumoniae
Pseudomonas aeruginosa
Others
No growth
Multiple isolates (2 bacteria)

236
37
20
18
16
14
95
101
75

(53.3)
(8.4)
(4.5)
(4.1)
(3.6)
(3.2)
(21.4)
(22.8)
(16.9)
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Table 3 Antimicrobial susceptibilities of methicillin-resistant Staphylococcus aureus
isolates.
Antibiotics

Number of susceptible isolates/
number of tested isolates (%)

Minocycline
Gentamicin
Clindamycin
TMP-SMX
Levoﬂoxacin
Fusidic acid

117/124
105/125
18/125
119/125
110/115
93/94

(94.4)
(84.0)
(14.4)
(95.2)
(95.7)
(98.9)

TMP-SMX ¼ trimethoprim/sulfamethoxazole.

Sites of SSTIs between MRSA versus methicillin-sensitive
S aureus from 73 inpatients
Of the 130 inpatients, 73 were infected by S aureus. Based on the
susceptibility results of these 73 inpatients’ episodes, 41 were
resistant to methicillin, which consisted of 25 episodes of furuncles/carbuncles and 16 episodes of cellulitis. Cutaneous abscesses
were present in 16 episodes (13 were furuncles/carbuncles and 3
were cellulitis resulted from furuncles/carbuncles). The 41 inpatients’ episodes were further compared in terms of infected site of
SSTIs. The trunk and lower extremities were the most involved sites
(both 31.7%, n ¼ 13). The buttocks (17.1%, n ¼ 7), head and neck
(12.2%, n ¼ 5), and upper extremities (7.3%, n ¼ 3) followed in the
order of frequency. The infected sites in the rest 32 methicillinsensitive S aureus inpatients were lower extremities (43.8%,
n ¼ 14), trunk (34.3%, n ¼ 11), head and neck and upper extremities
(both 9.4%, n ¼ 3), and buttocks (3.1%, n ¼ 1). There were no
statistical signiﬁcance (p ¼ 0.391 > 0.05) between these two
groups.
Proportion of community-associated and health
care-associated MRSA from inpatients database
Based on the presence of epidemiologic criteria, 41 MRSA inpatients were divided into two groups of either communityassociated (n ¼ 31) or health care-associated infection (n ¼ 10). In
the MRSA infected inpatients, 75.6% were community-associated.
A concise report of the experience of minocycline application
in 15 MRSA SSTIs inpatients with poor response to beta-lactam
antibiotics
Based on the susceptibility, we presented our experience of the
minocycline application in the treatment of MRSA SSTIs inpatients.
In our treatment protocol, inpatients with MRSA SSTIs were treated
with empirical antibiotics initially and bacterial culture of wound or
pus was performed before antimicrobial therapy. Performance of an
incision and drainage procedure or surgical drainage was required
if an abscess or purulent lesion were present. After 3 days, when
bacterial culture and susceptibility results revealed MRSA isolates,
and there were no satisfactory clinical improvement, second-line
antibiotics, such as minocycline, were added as combination
therapy based on the susceptibility results. Children younger than 8
years were not recommended for the use of minocycline. Totally, 37
inpatients received beta-lactam antibiotics consisting of intravenous agents (e.g. ﬁrst-generation cephalosporins or oxacillin in
standard doses) as empirical antimicrobial therapy. Of which, 15
from 18 inpatients with poor clinical response to beta-lactam
empirical therapy received minocycline (oral/intravenous form, at
standard dose of 100 mg twice daily) as combination therapy with
beta-lactam agents based on the susceptibility results, all of which
obtained satisﬁed clinical remission after minocycline therapy.

Discussion
This study is conducted in 2003e2007 in Hualien County, which is
located in eastern Taiwan, where distinct geographic location and
ethnic populations are illustrated. In this study of a dermatologic
setting in eastern Taiwan, 53.3% of SSTIs are because of S aureus. In
all of the bacterial culture from skin infections in one study in an
emergency department in the United States, around 76% of bacterial culture obtained were caused by S aureus species.2 The results
here are consistent with other reports, with S aureus still as the
leading causative bacteria for SSTIs.2
The prevalence of MRSA SSTIs varies widely among different
studies, which involves different geographic locations and patient
characteristics. In several recent studies in SSTIs, methicillinresistant strains accounts for 26.7e59% of S aureus in North
America2e5,14 and 22.5% in European countries.1 Risk factors for
MRSA have already been constructed,10,15e17 including masculine
sex, advanced age, previous isolation of MRSA from a clinical or
surveillance specimen, presence of a permanent indwelling catheter or percutaneous medical device at the time of culture, recent
dialysis, surgery, recent hospitalization and/or transfer from
another hospital, or residence in a long-term care facility during the
recent 12 months preceding the culture, chronic disease, previous
antibiotic therapy, and injection drug use, although there is no
consensus yet. In our study, 53% of S aureus strains are methicillinresistant, which is clinically signiﬁcant for dermatologists when
facing SSTIs. Screening for risk factors is helpful and important to
choose the initial empiric antibiotics.
Traditionally, MRSA is considered a health care-associated
pathogen. However, the CA-MRSA strain has already been
described worldwide and deﬁned by speciﬁc epidemiological and
molecular criteria.18 The used epidemiologic criteria to differentiate
CA-MRSA from HA-MRSA are relatively simple and practical.
However, S aureus can persist as a colonizer for months or years,
and some “community-onset” infections may actually be caused by
hospital-acquired strains and, vice versa, CA-MRSA may invade
hospitals, leading to misclassiﬁcation of the source.18 Nevertheless,
family and personal histories are still the only identiﬁed risk factors
for CA-MRSA.10 Skin and soft tissue are the predominant sites of
infection for CA-MRSA.19 In the present study, CA-MRSA strains
accounts for 75.6% of MRSA isolates among SSTIs inpatients. On
reviewing the literatures, the ratio of community-associated strains
variances from all kinds of MRSA infections in different areas
ranged from 8% in Japan20 to 12e74% in United States.8,17 The result
that the prevalence of CA-MRSA is higher in ratio than other studies
may be related to the acquisition from SSTIs and indicates that
more MRSA SSTIs from the dermatological settings in eastern
Taiwan can be caused by strains related to the community.
The CA-MRSA strains from various communities are usually not
the multidrug-resistant phenotype,21,22 which always contains
Type IV staphylococcus cassette chromosome mec and a major
portion carries the genes for Panton-Valentine leukocidin.23,24 PVLpositive strains of S aureus are associated with tissue necrosis and
abscess formation, although it is unclear whether PVL is mediating
these effects, indicating a role for PVL as a major virulence factor.18
Most CA-MRSA strains are identiﬁed from the skin and compared
with health care-associated cases, they are more likely to be
susceptible to clindamycin, tetracycline, erythromycin, and
ﬂuoroquinolones.8,9,16,25
Therapeutic options for SSTIs include incision and drainage in
combination with antimicrobial therapy, which may be oral,
topical, or parenteral. The effect of antimicrobial drugs between
in vitro susceptibility data and clinical effectiveness could be
possibly disconcordance and the inﬂammation, microenvironment,
and immune system are still the major factors when humans
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encountering infections. Of note, performance of incision and
drainage of abscess-like lesions remains the mainstay of
therapy.9,26 In two cohort studies from emergency departments,
MRSA strains were 94e95% susceptible to clindamycin, 86e92% to
tetracycline, 60% to ﬂuoroquinolones, and 100% to rifampicin and
TMP-SMX. Only 6% were susceptible to erythromycin.2,27 However,
the MRSA isolates in the present study were only 14.4% susceptible
to clindamycin, which was lower than those of the aforementioned
studies. This made clindamycin to be an unfavorable choice against
MRSA in eastern Taiwan. On the other hand, in this study, minocycline, TMP-SMX, levoﬂoxacin, and fusidic acid were still the
major susceptible antimicrobial agents to MRSA. This result may be
related that more MRSA SSTIs from the dermatological settings in
eastern Taiwan can be possibly caused by strains related to the
community. Thus, dermatologists in Taiwan could still have many
choices of antibiotics against MRSA SSTIs.
Several alternative (nonvancomycin) anti-MRSA agents, that is,
TMP-SMX, expanded-spectrum tetracyclines (doxycycline and
minocycline), and ﬂuoroquinolones, can be used successfully with
few and minor adverse drug effects to treat nonlife-threatening
MRSA infections in appropriate patients. Usage of these alternative
drugs may help avoid the use of newer, more costly, antimicrobials,
which should be reserved for more severe infections. In several
studies of S aureus SSTIs, TMP-SMX appears to be an appropriate
agent.28,29 Nonetheless, TMP-SMX has side effects and may result in
bone marrow suppression or hypersensitivity reactions. TMP-SMX
may also not provide adequate activity to empirically cover Group A
streptococcus, another common causative organism.30 Although
fusidic acid possesses good antimicrobial activity against S aureus
(including MRSA) and has been in clinical use worldwide, it is found
not to be effective for eradication of MRSA colonization and the
emergence of fusidic acid-resistant strains was detected more
common in the world and signiﬁcantly higher in dermatology
patients compared with other hospital patients and primary-care
patients.31,32 Continued restriction of fusidic acid is recommended by some authors.31
Expanded-spectrum tetracyclines appear to be a promising
treatment option for patients who present with suspected CAMRSA skin infection.33 Adverse effects are less likely with doxycycline than minocycline.34,35 However, minocycline achieves
much higher concentrations in the tissues where it does its work in
reducing swelling and killing germs than doxycycline does.36
Besides, the demonstration of doxycycline-inducible efﬂux pump
mediated resistance and in vitro data suggesting that doxycycline
has less intrinsic anti-S aureus activity than minocycline does,37e40
indicating a role for minocycline as a choice against MRSA infections. In our experience, minocycline is still sensitive to MRSA in
dermatological settings and prescribed by physicians as an alternative choice, indicating minocycline a clinical application for
antimicrobial therapy. About 15 MRSA SSTIs inpatients were
recruited during the study period and altogether received satisfactory effect to combination therapy with beta-lactam antibiotics
and minocycline. Combination therapy can be used to expand the
antimicrobial spectrum, to enhance the susceptibility level of
resistant strains, to minimize toxicity, and to obtain synergistic
antimicrobial activity, resulting in more pronounced inhibition of
microorganism growth than either drug alone.41 Based on this
clinical experience, we also obtained excellent response clinically in
other patients afterward.
This study has several limitations. First, its retrospective analysis
lacks reliable and complete data for parameter estimates and
clinical evaluation. Second, SSTIs patients without available bacterial culture have been excluded. However, bias will be unavoidable
although this group of patients may possibly have less severe
conditions not warranting wound culture. Third, the minocycline
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combination therapy as an alternative choice is estimated from the
limited number of inpatients and our clinical experience rather
than from the randomized control study. Future prospective clinical
studies evaluating large number of SSTIs may more certainly
elucidate the clinical role and effect of minocycline therapy.
In conclusion, from epidemiology and microbiology of SSTIs in
dermatologic settings in eastern Taiwan, S aureus remains the
leading causative bacterial organism. Methicillin-resistant strains
are increasing and among which most are community-associated in
eastern Taiwan. MRSA strains are still susceptible to other nonbetalactam antibiotics, such as minocycline, TMP-SMX, levoﬂoxacin,
and fusidic acid, in dermatological settings, of which minocycline is
an alternative choice in our clinical experience.
References
1. Sader HS, Farrell DJ, Jones RN. Antimicrobial susceptibility of Gram-positive
cocci isolated from skin and skin-structure infections in European medical
centres. Int J Antimicrob Agents 2010;36:28e32.
2. Moran GJ, Krishnadasan A, Gorwitz RJ, et al. Methicillin-resistant S. aureus
infections among patients in the emergency department. N Engl J Med
2006;355:666e74.
3. Phillips S, MacDougall C, Holdford DA. Analysis of empiric antimicrobial
strategies for cellulitis in the era of methicillin-resistant Staphylococcus aureus.
Ann Pharmacother 2007;41:13e20.
4. Cohen PR, Kurzrock R. Community-acquired methicillin-resistant Staphylococcus aureus skin infection: an emerging clinical problem. J Am Acad Dermatol
2004;50:277e80.
5. Iyer S, Jones DH. Community-acquired methicillin-resistant Staphylococcus
aureus skin infection: a retrospective analysis of clinical presentation and
treatment of a local outbreak. J Am Acad Dermatol 2004;50:854e8.
6. Elston JW, Barlow GD. Community-associated MRSA in the United Kingdom.
J Infect 2009;59:149e55.
7. Como-Sabetti K, Harriman KH, Buck JM, et al. Community-associated
methicillin-resistant Staphylococcus aureus: trends in case and isolate characteristics from six years of prospective surveillance. Public Health Rep
2009;124:427e35.
8. Naimi TS, LeDell KH, Como-Sabetti K, et al. Comparison of community- and
health care-associated methicillin-resistant Staphylococcus aureus infection.
JAMA 2003;290:2976e84.
9. Ruhe JJ, Smith N, Bradsher RW, Menon A. Community-onset methicillinresistant Staphylococcus aureus skin and soft-tissue infections: impact of
antimicrobial therapy on outcome. Clin Infect Dis 2007;44:777e84.
10. McNamara WF, Falk MJ, Lee YH. Staphylococcal colonization of caretakers of
children who have community-acquired skin and soft tissue infections.
J Pediatr Surg 2010;45:1294e8.
11. David MZ, Daum RS. Community-associated methicillin-resistant Staphylococcus aureus: epidemiology and clinical consequences of an emerging
epidemic. Clin Microbiol Rev 2010;23:616e87.
12. Lu PL, Chin LC, Peng CF, et al. Risk factors and molecular analysis of community
methicillin-resistant Staphylococcus aureus carriage. J Clin Microbiol
2005;43:132e9.
13. Maibach H. Second-generation tetracyclines, a dermatologic overview: clinical
uses and pharmacology. Cutis 1991;48:411e7.
14. Achiam CC, Fernandes CM, McLeod SL, et al. Methicillin-resistant Staphylococcus aureus in skin and soft tissue infections presenting to the Emergency
Department of a Canadian Academic Health Care Center. Eur J Emerg Med; 2010
Feb 17 [Epub ahead of print].
15. Cho DT, Cha HY, Chang HH, et al. Risk factors for speciﬁc methicillin-resistant
Staphylococcus aureus clones in a Korean hospital. J Antimicrob Chemother
2006;57:1122e7.
16. Fridkin SK, Hageman JC, Morrison M, et al. Methicillin-resistant Staphylococcus
aureus disease in three communities. N Engl J Med 2005;352:1436e44.
17. Groom AV, Wolsey DH, Naimi TS, et al. Community-acquired methicillinresistant Staphylococcus aureus in a rural American Indian community. JAMA
2001;286:1201e5.
18. Stryjewski ME, Chambers HF. Skin and soft-tissue infections caused by
community-acquired methicillin-resistant Staphylococcus aureus. Clin Infect
Dis 2008;46:S368e77.
19. Golding GR, Levett PN, McDonald RR, et al. A comparison of risk factors associated with community-associated methicillin-resistant and -susceptible
Staphylococcus aureus infections in remote communities. Epidemiol Infect
2010;138:730e7.
20. Piao C, Karasawa T, Totsuka K, Uchiyama T, Kikuchi K. Prospective surveillance
of community-onset and health care-associated methicillin-resistant Staphylococcus aureus isolated from a university-afﬁliated hospital in Japan. Microbiol
Immunol 2005;49:959e70.
21. Bassetti M, Nicco E, Mikulska M. Why is community-associated MRSA
spreading across the world and how will it change clinical practice? Int
J Antimicrob Agents 2009;34:S15e9.

90

T.-C. Lin et al. / Dermatologica Sinica 29 (2011) 86e90

22. Eady EA, Cove JH. Staphylococcal resistance revisited: community-acquired
methicillin resistant Staphylococcus aureusean emerging problem for the
management of skin and soft tissue infections. Curr Opin Infect Dis 2003;16:
103e24.
23. Stevens AM, Hennessy T, Baggett HC, Bruden D, Parks D, Klejka J. Methicillinresistant Staphylococcus aureus carriage and risk factors for skin infections,
Southwestern Alaska, USA. Emerg Infect Dis 2010;16:797e803.
24. Dryden M, Andrasevic AT, Bassetti M, et al. A European survey of antibiotic
management of methicillin-resistant Staphylococcus aureus infection:
current clinical opinion and practice. Clin Microbiol Infect 2010;16(Suppl. 1):
3e30.
25. Mongkolrattanothai K, Aldag JC, Mankin P, Gray BM. Epidemiology of
community-onset Staphylococcus aureus infections in pediatric patients:
an experience at a Children’s Hospital in central Illinois. BMC Infect Dis
2009;9:112.
26. Bhambri S, Kim G. Use of Oral Doxycycline for Community-acquired Methicillin-resistant Staphylococcus aureus (CA-MRSA) Infections. J Clin Aesthet
Dermatol 2009;2:45e50.
27. Frazee BW, Lynn J, Charlebois ED, et al. High prevalence of methicillin-resistant
Staphylococcus aureus in emergency department skin and soft tissue infections. Ann Emerg Med 2005;45:311e20.
28. Mascitti KB, Gerber JS, Zaoutis TE, Barton TD, Lautenbach E. Preferred treatment and prevention strategies for recurrent community-associated methicillin-resistant Staphylococcus aureus skin and soft-tissue infections: a survey
of adult and pediatric providers. Am J Infect Control 2010;38:324e8.
29. Szumowski JD, Cohen DE, Kanaya F, Mayer KH. Treatment and outcomes of
infections by methicillin-resistant Staphylococcus aureus at an ambulatory
clinic. Antimicrob Agents Chemother 2007;51:423e8.
30. Cenizal MJ, Skiest D, Luber S, et al. Prospective randomized trial of empiric
therapy with trimethoprim-sulfamethoxazole or doxycycline for outpatient
skin and soft tissue infections in an area of high prevalence of methicillinresistant Staphylococcus aureus. Antimicrob Agents Chemother 2007;51:
2628e30.

31. Mitra A, Mohanraj M, Shah M. High levels of fusidic acid-resistant Staphylococcus aureus despite restrictions on antibiotic use. Clin Exp Dermatol
2009;34:136e9.
32. Chang SC, Hsieh SM, Chen ML, Sheng WH, Chen YC. Oral fusidic acid fails to
eradicate methicillin-resistant Staphylococcus aureus colonization and results
in emergence of fusidic acid-resistant strains. Diagn Microbiol Infect Dis
2000;36:131e6.
33. Ruhe JJ, Menon A. Tetracyclines as an Oral Treatment Option for Patients with
Community Onset Skin and Soft Tissue Infections Caused by MethicillinResistant Staphylococcus aureus. Antimicrob Agents Chemother 2007;51:
3298e303.
34. Gemmell CG, Edwards DI, Fraise AP, et al. Guidelines for the prophylaxis and
treatment of methicillin-resistant Staphylococcus aureus (MRSA) infections in
the UK. J Antimicrob Chemother 2006;57:589e608.
35. Smith K, Leyden JJ. Safety of doxycycline and minocycline: a systematic review.
Clin Ther 2005;27:1329e42.
36. Ellison MJ. Vancomycin, metronidazole, and tetracyclines. Clin Podiatr Med Surg
1992;9:425e42.
37. Cunha BA. Minocycline versus doxycycline for meticillin-resistant Staphylococcus aureus (MRSA): in vitro susceptibility versus in vivo effectiveness. Int
J Antimicrob Agents 2010;35:517e8.
38. Ruhe JJ, Monson T, Bradsher RW, Menon A. Use of long-acting tetracyclines for
methicillin-resistant Staphylococcus aureus infections: case series and review of
the literature. Clin Infect Dis 2005;40:1429e34.
39. Lewis SA, Altemeier WA. Correlation of in vitro resistance of Staphylococcus
aureus to tetracycline, doxycycline, and minocycline with in vivo use.
Chemotherapy 1976;22:319e23.
40. Minuth JN, Holmes TM, Musher DM. Activity of tetracycline, doxycycline, and
minocycline against methicillin-susceptible and -resistant staphylococci.
Antimicrob Agents Chemother 1974;6:411e4.
41. Aiyegoro OA, Afolayan AJ, Okoh AI. Synergistic interaction of Helichrysum
pedunculatum leaf extracts with antibiotics against wound infection associated
bacteria. Biol Res 2009;42:327e38.

