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Background: Staphylococcus aureus is the most common cause of skin and soft-
tissue infections. Methicillin-resistant S. aureus and community-acquired methi-
cillin-resistant S. aureus have shown an increase in prevalence among soft-tissue
infections over the past several years, with overall rates approaching 50 percent
at the authors’ institution in 2002. The object of this study was to determine the
incidence of methicillin-resistant S. aureus with respect to hand infections, the
antibiotic resistance pattern of methicillin-resistant S. aureus isolates, and im-
plications for a change in antibiotic treatment algorithms for hand infections.
Methods: A retrospective chart review of 761 patients with hand infections
tracked by International Classification of Diseases, 9th Revision codes for finger or
hand abscesses from 2001 to 2003 was performed at Parkland Memorial Hos-
pital, Dallas, Texas. Culture results were obtained from 436 patients and ana-
lyzed for type of organism, and sensitivity profiles were obtained for all methi-
cillin-resistant S. aureus isolates.
Results: The median age of 761 patients was 40 years (range, 16 to 77 years);
71 percent were male and 28 percent were female. Of the 436 cultures reviewed,
371 (85 percent) had organisms identified. Methicillin-resistant S. aureus was the
dominant single organism in hand infections cultured in all 3 years. The overall
methicillin-resistant S. aureus rate was 61 percent of all hand infections in 2003.
The percentage of S. aureus isolates identified as methicillin-resistant S. aureus
increased from 55 percent to 78 percent over 3 years, up from 34 percent in
2001. Fortunately, 86 percent of these methicillin-resistant S. aureus isolates
demonstrated sensitivity to conventional antibiotics, but a trend of resistance is
developing.
Conclusions: The incidence of community-acquired methicillin-resistant S. au-
reus increased from 34 percent to 61 percent over a 3-year period at the authors’
county institution. An increasing trend of resistance patterns among conven-
tional antibiotics was also demonstrated. As a result of this study, the treatment
algorithm at Parkland Memorial Hospital has been modified to include abscess
drainage accompanied by an antibiotic regimen targeted specifically at me-
thicillin-resistant S. aureus. These data also have implications for broader
application regarding simple skin infections and current antibiotic treatment
algorithms. (Plast. Reconstr. Surg. 119: 935, 2007.)

Methicillin-resistant Staphylococcus aureus is
an established nosocomial pathogen in
both hospital-acquired and community-

acquired forms. The number of skin and soft-
tissue infections attributed to methicillin-
resistant S. aureus has been increasing steadily.
Prompt diagnosis and treatment are paramount.
Although community-acquired methicillin-
resistant S. aureus has been previously associated
with predisposing risk factors such as diabetes
mellitus, prior antibiotic use, immunocompro-
mise, or intravenous drug use,1,2 more recent
studies have described a rising trend in other-
wise healthy patients. Outbreaks in settings such
as prisons,3 schools and daycare centers,4 and
athletic teams5 make identifying high-risk pa-
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tients even more challenging, thereby prompt-
ing a change in the treatment algorithm of com-
mon skin and soft-tissue infections to include
coverage for methicillin-resistant S. aureus.

We noted an increase in the number of me-
thicillin-resistant S. aureus–positive hand abscess
cultures among inpatients at Parkland Memorial
Hospital in Dallas, Texas. Often the diagnosis of
methicillin-resistant S. aureus was delayed pend-
ing culture results, subsequently mandating
longer hospitalizations and increased cost. This
prompted a retrospective review to determine
the incidence of methicillin-resistant S. aureus
among hand infections within our county hospi-
tal patient population, and an assessment of me-
thicillin-resistant S. aureus resistance patterns. An
empiric treatment algorithm based on these
findings was developed.

PATIENTS AND METHODS
The Institutional Review Board of The Uni-

versity of Texas Southwestern Medical Center and
Parkland Memorial Hospital granted permission
to retrospectively review patients’ medical records
and waived requirements for informed consent. A
list of patients was generated using International
Classification of Diseases, 9th Revision code discharge
diagnoses for finger and/or hand abscess by the
medical records database of Parkland Memorial
Hospital. This list was then cross-referenced with
a centralized microbiology laboratory database for
cultures isolated during patient hospitalization
dates.

Cultures were performed by the clinical labo-
ratory using National Committee for Clinical Lab-
oratory Standards methodology. Isolates identi-
fied as methicillin-resistant S. aureus underwent
antibiotic susceptibility and sensitivity testing per-
formed by the disk diffusion method to six antibi-
otics including vancomycin, gentamicin, levofloxa-
cin, trimethoprim/sulfamethoxazole, tetracycline,
and rifampin (antibiotics on Parkland Memorial
Hospital’s formulary were used and were targeted
at specific organisms after microbial sensitivities
were obtained). All cultures were subdivided into
six categories, including methicillin-resistant S.
aureus, methicillin-sensitive S. aureus, Streptococcus
species, Gram-negative rods, polymicrobial speci-
mens, and coagulase-negative Staphylococcus.

RESULTS
During the 3-year study period, 761 patients

were identified with primary International Classifi-
cation of Diseases, 9th Revision diagnoses of either
finger or hand abscesses. Culture results were

available from 432 (57 percent) patients who un-
derwent a drainage procedure. Of the 432 patients
with available cultures, 362 (85 percent) had ei-
ther single or multiple organisms isolated. Seventy
patients (15 percent) had cultures that either re-
sulted in “no growth” after 5 days’ incubation,
cultures that were “lost,” or cultures that were not
sent after operative debridement (Table 1). The
median age of patients with available cultures for
the collection period was 40 years (range, 16 to 77
years), and 309 were male patients (71 percent)
and 123 were female patients (28 percent).

The overall incidence of methicillin-resistant
S. aureus in hand infections was found to be 34
percent in 2001, 46 percent in 2002, and 61 per-
cent in 2003 (p � 0.01) (Table 2). Among single-
organism staphylococcal infections, the incidence
of methicillin-resistant S. aureus showed an alarm-
ing increase from 55 percent in 2001 to 78 percent
in 2003 when compared with methicillin-sensitive
S. aureus (Fig. 1). The incidence of other patho-
gens identified during this time period generally
dropped—methicillin-sensitive S. aureus, from 26
percent in 2001 to 18 percent in 2003; Streptococcus
species, from 14 percent to 8 percent; Gram-neg-
ative rods, from 3 percent to 4 percent; polymi-
crobial specimens, from 16 percent to 11 percent;

Table 1. Comparison of Study Results by Year, 2001
to 2003

Year No. MRSA Other*
No

Growth†

Not
Sent/
Lost‡

Cellulitis
Only

2001 175 32 61 4 12 66
2002 286 77 90 8 20 93
2003 299 62 40 5 17 175
MRSA, methicillin-resistant S. aureus.
*Culture results other than methicillin-resistant S. aureus, including
methicillin-sensitive S. aureus, Streptococcus species, Gram-negative
rods, coagulase-negative Staphylococcus species, and polymicrobial
specimens.
†Cultures without growth after a 5-day incubation period.
‡Procedural report of drainage but no culture recovered from the
record.

Table 2. Comparison of Culture Results by Year,
2001 to 2003*

Year Total No. MRSA (%) Other (%)†

2001 93 32 (34) 61 (66)
2002 167 77 (46) 90 (54)
2003 102 62 (61) 40 (39)
MSRA, methicillin-resistant S. aureus.
*p � 0.01.
†Culture results other than methicillin-resistant S. aureus, including
methicillin-sensitive S. aureus, Streptococcus species, Gram-negative
rods, coagulase-negative Staphylococcus species, and polymicrobial
specimens.
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and coagulase-negative Staphylococcus, from 2 per-
cent to 0 percent.

Methicillin-resistant S. aureus strains isolated
from hand infections demonstrated a remarkable
86 percent sensitivity rate to the six antibiotics
routinely tested at Parkland Memorial Hospital.
All strains isolated were 100 percent susceptible to
vancomycin and gentamicin, with variable sensi-
tivity to the other four drugs routinely tested: tri-
methoprim/sulfamethoxazole, tetracycline, levo-
floxacin, and rifampin. An increase in methicillin-
resistant S. aureus resistance patterns was noted
over the 3-year study period, with total resistance
to these four drugs increasing from 6 percent to
11 percent and intermediate resistance increasing
from 0 percent to 12 percent (p � 0.01).

DISCUSSION
Antimicrobial resistance has been increasing

steadily. All S. aureus isolates were susceptible to
penicillin when it was introduced in 1944; how-
ever, the first cases of penicillin-resistant S. aureus
were seen just 2 years later, and half of the isolates
were resistant by 1950. The first reported case of
methicillin-resistant S. aureus came just 1 year after
the introduction of methicillin in 1960. Although
vancomycin was introduced in 1958, the unfavor-
able side-effect profile made its routine use lim-
ited. The first reported case of vancomycin-inter-
mediate S. aureus was in 1997 in Japan.6 In July of
2002, the first case of vancomycin-resistant S. au-
reus was reported in Michigan.7 Some of the factors
that lead to antimicrobial resistance include high
use of single agents, suboptimal dosages, cross-
transmission of resistance genes, and poor isola-
tion techniques.6 To date, five distinct lineages of
methicillin-resistant S. aureus have been geneti-
cally identified, and antimicrobial resistance is ev-
ident in all lineages.8

Hospital-acquired and community-acquired
methicillin-resistant S. aureus have historically dif-
fered both demographically and clinically, with
microbiologically distinct isolates. Community-ac-
quired methicillin-resistant S. aureus patients are
typically younger, with less severe infections
caused by strains more likely to be susceptible to
multiple antibiotic classes than their health care
associated counterparts.9 Historically, community-
acquired methicillin-resistant S. aureus cases were
only reported among individuals with predispos-
ing risk factors such as immunocompromise and
diabetes mellitus. However, the prevalence of
community-acquired methicillin-resistant S. au-
reus infections among patients without these iden-
tified risk factors is increasing.10,11

There are valid concerns about the prevalence
of methicillin-resistant S. aureus and its economic
impact worldwide. Current estimates show rates of
methicillin-resistant S. aureus colonization rang-
ing from 0.12 percent in Portugal to 17 percent in
New Delhi, India.12 The United States estimates
for colonization range from 2 to 11 percent.18 In
a case-control analysis for matched infections of
methicillin-resistant S. aureus and methicillin-sen-
sitive S. aureus, patients with methicillin-resistant
S. aureus infections had worse clinical and eco-
nomic outcomes.13 Thus, the rapid identification
and proper treatment of methicillin-resistant S.
aureus are of paramount importance for improv-
ing outcomes.

This study was designed to objectively quantify
the incidence of methicillin-resistant S. aureus–
associated hand infections treated at Parkland Me-
morial Hospital and to review the trend of anti-
biotic resistance among methicillin-resistant S.
aureus isolates. It was also intended to help identify
certain risk factors among patients so that empiric
antibiotic treatment of methicillin-resistant S. au-

Fig. 1. Percentage of S. aureus in hand infection from 2001 to 2003.
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reus could be initiated immediately rather than in
a delayed fashion while waiting for culture results
taken at the initial drainage procedure. Our
county hospital experience reflects the tendency
in this community for patients to present with
more complicated hand infections than are typi-
cally seen in outpatient care centers.

Our data demonstrate a profound increase in
the incidence of methicillin-resistant S. aureus
hand infections, from 35 percent in 2001, to 46
percent in 2002, to 61 percent in 2003. Our ability
to track risk factors for methicillin-resistant S. au-
reus was limited by a retrospective review of often
incomplete medical records. However, after re-
viewing the 3-year rising trend of methicillin-re-
sistant S. aureus in hand infections and with recent
literature supporting community-acquired methi-
cillin-resistant S. aureus in healthy patients without
predisposing risks, the question of identifying me-
thicillin-resistant S. aureus risk factors became sec-
ondary. The issue that became more relevant was
how to alter the treatment algorithm for hand
infections to adequately address this trend in com-
munity-acquired methicillin-resistant S. aureus in-
fection.

There are numerous studies13–15 to suggest that
methicillin-resistant S. aureus infections are asso-
ciated with prolonged hospitalizations, increased
mortality and morbidity, and increased costs when
compared with methicillin-sensitive S. aureus in-
fections. Treatment failure is the common cause
of increased morbidity and cost. In 1985, Llera
and Levy demonstrated in a randomized, double-
blind, placebo-controlled study of 50 adults that
96 percent of simple skin and soft-tissue abscesses
improved with incision and drainage, and that
antibiotic therapy did not alter outcome at 1
week.16 In the era of increasing methicillin-resis-
tant S. aureus infections, this simple treatment al-
gorithm may no longer apply, as outcomes are
influenced by early surgical intervention and
proper choice of antibiotic regimen.1,17 When
treatment of infection requires more than simple
incision and drainage, how do practitioners de-
velop a responsible and rational treatment plan
when it comes to hand infections?

Before this study, the treatment algorithm for
hand abscess at Parkland Memorial Hospital in-
cluded incision and drainage and administration
of systemic antibiotics. Simple abscesses (i.e., fel-
ons and paronychia) in a healthy, reliable patient
were often treated with drainage, first-generation
cephalosporins, and closely monitored outpatient
wound care. Cultures were not routinely obtained
from these patients. Patients with more compli-

cated infections and associated comorbidities,
such as diabetes mellitus, history of immunocom-
promise, intravenous drug use, or frequent hos-
pitalization, were routinely treated as inpatients.
These patients underwent incision and drainage
and empirically received a broad-spectrum anti-
biotic (most commonly, ticarcillin disodium/cla-
vulanate potassium) until culture-directed ther-
apy changes could be made. Frequently, this
process took in excess of three days. In cases of
methicillin-resistant S. aureus, this often translated
into a delay in treatment, with additional morbid-
ity and cost.

Based on the data from this study, we have
modified the above protocol and instituted a new
treatment algorithm for hand/finger abscesses at
our county hospital. Adequate incision and drain-
age still serves as the fundamental first step of the
protocol. However, routine cultures are now per-
formed on all abscesses regardless of size, location,
or patient demographics. The choice of antibiotic
treatment now includes empiric coverage of me-
thicillin-resistant S. aureus for both simple and
severe hand infections. According to our culture
analysis, 86 percent of methicillin-resistant S. au-
reus isolates obtained from hand infections at our
institution had a favorable susceptibility profile to
levofloxacin, rifampin, trimethoprim/sulfame-
thoxazole, and tetracycline and 100 percent sus-
ceptibility to vancomycin and gentamicin. Park-
land routinely stopped testing against clindamycin
in 2002 because of a significantly increasing resis-
tance pattern. On the basis of these profiles, we
presume 86 percent of the methicillin-resistant S.
aureus isolates from hand infections in our patient
population to be community-acquired methicillin-
resistant S. aureus and 14 percent to be hospital-
acquired methicillin-resistant S. aureus. Although
there have been more reliable and accurate meth-
ods of determining hospital-acquired versus com-
munity-acquired methicillin-resistant S. aureus, in-
cluding pulsed field gel electrophoresis and
exotoxin analysis, the cost of these modalities pre-
cludes their routine use at our county institution.
This is clearly a shortcoming of our study. How-
ever, inference based on susceptibility profiles re-
mains the best surrogate marker available at the
time, given our resources.

Simple infections, for the purpose of this
study, are defined as localized abscess (i.e., paro-
nychia and felon) without cellulitis in healthy pa-
tients without comorbidities. We recommend
treating simple infections with an empiric combina-
tion of levofloxacin/rifampin or trimethoprim/
sulfamethoxazole plus rifampin. We avoid using
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vancomycin as a first-line agent (Fig. 2). Compli-
cated infections include advanced abscess with as-
sociated cellulitis in patients with comorbidities or
recurrent abscesses. For these extensive infec-
tions, or any that have failed treatment with beta-
lactam agents, we recommend empiric coverage
with vancomycin. Additional broad-spectrum cov-
erage for Gram-negative organisms and anaerobes
is added, when indicated, based on the nature of
the inciting trauma (e.g., animal or human bite).
Treatment of skin and soft-tissue infections with
newer agents such as linezolid and quinupristin/
dalfopristin are currently restricted at our institu-
tion to use by the infectious disease service and are
reserved for more resistant strains of methicillin-
resistant S. aureus on a culture-directed basis.

Our data show a trend toward resistance
among methicillin-resistant S. aureus isolates in
our community. Therapeutic options are limited
as more reports of vancomycin-intermediate S. au-
reus and vancomycin-resistant S. aureus become
more frequent in the world literature. There are
several studies to suggest substantial economic
benefit in the treatment of methicillin-resistant S.
aureus infections with linezolid versus vancomycin
with regard to length of stay for complicated soft-

tissue infections from suspected or confirmed me-
thicillin-resistant S. aureus.18–20 However, use of
newer agents is not a guarantee, as recent reports
of linezolid-resistant methicillin-resistant S. aureus
and community-acquired vancomycin-resistant S.
aureus enter the literature.21 Several investiga-
tional agents are in advanced stages of develop-
ment, including dalbavancin, oritavancin, and
tigecycline; however, they will undoubtedly be re-
served for life-threatening infections with highly
resistant pathogens.22

CONCLUSIONS
Methicillin-resistant S. aureus–related skin and

soft-tissue infections are increasing at an alarming
rate, as reflected by a retrospective analysis of our
county hospital data. Treatment algorithms must
reflect this change to maximize success and limit
cost and morbidity. Judicious use of antimicrobials
and continuous monitoring of resistance patterns
and infection control measures are essential to
preventing multidrug-resistant organisms. We rec-
ognize that this aggressive empiric treatment algo-
rithm using first-line methicillin-resistant S. aureus
agents presents a short-term solution to a long-
term problem in the prevention of microbial re-

Fig. 2. Algorithm for treatment of hand infections at Parkland Memorial Hospital.
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sistance. However, given that 61 percent of all
hand infections are methicillin-resistant S. aureus
related in our hospital, it is clear that a protocol
change is necessary.

Our institution is currently involved in a ran-
domized, prospective study to evaluate the efficacy
and cost analysis of this proposed treatment algo-
rithm. We highly recommend that practitioners
practice culture-directed therapy of all abscesses
and review the methicillin-resistant S. aureus
trends in their own communities to adjust local
treatment regimens, as needed, for empiric me-
thicillin-resistant S. aureus coverage.
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