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Abstract: Skin and skin structure infections (SSSI) are an emerging issue in healthcare. They

are responsible for increasing heathcare utilization, both in hospitalizations and intravenous

antibiotic use. SSSI are caused by an evolving variety of pathogens, including Gram-positive,

Gram-negative, and anaerobic bacteria. In combination with mounting resistance patterns, this

diverse range of bacteria mandate empiric broad-spectrum antibiotic coverage. Historically,

cephalosporins and penicillins have been the mainstay of treatment, but recent data suggest

newer generation fluoroquinolones are being used with increasing frequency. In 2005,

moxifloxacin joined gatifloxacin and levofloxacin as newer generation fluoroquionolones with

Food and Drug Administration indications for SSSIs. Even within this group there exist subtle

differences that impact optimal management. This paper offers the clinician a comparative review

of the antimicrobial spectrum, pharmacodynamics, pharmacokinetics, and clinical efficacy data

to support the appropriate use of fluoroquinolones in SSSIs.

Keywords: Uncomplicated skin and skin structure infections, complicated skin and skin structure

infections, fluoroquinolone, moxifloxacin, gatifloxacin, levofloxacin

Introduction
Skin and skin structure infections (SSSI) represent a significant burden in infectious

disease. They are responsible for approximately 10% of all hospital admissions

(CDC 2001) and are the most common indication for intravenous antibiotics, accounting

for 24 million days of therapy annually (AMR 2004). The approval of moxifloxacin for

complicated skin and skin structure infections (cSSSI) by the Food and Drug

Administration (FDA) in 2005 added another advanced generation fluoroquinolone to

the array of antimicrobials with skin infection indications. This article addresses the

evolving role of these newer generation fluoroquinolones in both uncomplicated (uSSSI)

and complicated skin infections. Our goal is to provide an overview of the most commonly

available newer generation fluoroquinolones that reside on hospital formularies along

with the older generation ciprofloxacin. These are levofloxacin, moxifloxacin, and

gatifloxacin (Table 1). Although Bristol-Myers Squibb Co., the manufacturer of

gatifloxacin (Tequin®, Bristol-Myers Squibb Co., New York, NY), chose to suspend

production of the drug in June of this year, as of the writing of this text, the ultimate fate

of gatifloxacin remains undetermined. Furthermore, the authors believe that reviewing

the properties, strengths, and limitations of gatifloxacin will aid both clinicians and research

investigators in understanding the pharmacology of all fluoroquinolones. For this reason

we have chosen to continue to include gatifloxacin in our comparison.

Uncomplicated versus complicated infections
The scope of SSSI is vast both in the range of anatomical structures affected and the

pathogens involved. Bacterial skin infections can be divided into two categories,
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uncomplicated and complicated, as recognized in the FDA’s

Guidance for Industry (FDA 1998). Included in the

uncomplicated category are simple abscesses, impetiginous

lesions, furuncles, and cellulitis. Many traumatic wound

infections can also be considered uncomplicated when they

are the result of common skin colonizers that have entered

through the break in the skin’s natural defenses. These

infections are typically monomicrobial and caused by Gram-

positive organisms (DiNubile and Lipsky 2004).

Complicated SSSIs characteristically involve deeper skin

structures or coexist in patients with comorbidities or immune

suppression (Nichols 1999). Included in this category are:

major abscesses, infected burns and ulcers, infected bite

wounds, and diabetic foot infections. Complicated infections

may also include uncomplicated subtypes that are in anatomic

locations that predispose them to polymicrobial infections,

such as peri-anal abscesses. These infections are more likely

to require surgical intervention and are more likely to be

polymicrobial (DiNubile and Lipsky 2004). Other entities

such as necrotizing fasciitis and infections involving prosthetic

materials are generally not grouped with cSSSI because of

their unique natures.

Overview of microbiology of SSSI
USSSIs are generally caused by Staphylococcus aureus and

Streptococcus pyogenes, and empiric therapy is traditionally

directed only toward these Gram-positive organisms (Guay

2003). First generation cephalosporins, commonly cephalexin,

are the most frequently prescribed antibiotics. Extended spectrum

cephalosporins, such as cefdinir, and dicloxacillin, an anti-

staphylococcal penicillin, are also appropriate choices (Stevens

et al 2005). The newer generation fluoroquinolones levofloxacin,

gatifloxacin, and moxifloxacin all have FDA-approved

indications for uSSSI, but because of their broad spectrum

potency are commonly reserved for more serious infections.

In recent years the emergence of community-acquired

strains of methicillin resistant S. aureus (MRSA) has

complicated the treatment of even uncomplicated infections.

In some settings, community-acquired MRSA (CA-MRSA)

represents greater than 50% of the S. aureus infections

cultured from uSSSIs (Frazee et al 2005). These patients

exhibit none of the commonly accepted risk factors for

hospital-associated MRSA. Furthermore, these isolates

represent a different genetic entity than the hospital-associated

variety (Naimi et al 2003). An in-depth discussion of the

emergence of CA-MRSA on treatment of uSSSIs is beyond

the scope of this review, but clearly it has impacted the empiric

choice of antibiotics in the primary care setting. CA-MRSA,

while not sensitive to the usual choices for uncomplicated

skin infections, displays in vitro sensitivity to a variety of

other commonly prescribed antibiotics. While fluoroquinolones

have shown variable efficacy both in vivo and in vitro against

MRSA, the authors of this paper do not recommend the use

of quinolones for MRSA. Several studies have, in fact,

suggested that the use of quinolones may increase a patient’s

risk of developing a MRSA infection (Manhold 1998;

Graffunder and Venezia 2002; Weber et al 2003). Trimethoprim/

sulfamethoxazole appears to be the most useful empiric

treatment when CA-MRSA is suspected, demonstrating in

vitro sensitivities of 100% in one study (Frazee et al 2005).

Clindamycin can be used, but some MRSA carry a gene for

inducible clindamycin resistance that begs caution with the

use of this agent (Fiebelkorn et al 2003). Furthermore, as

CA-MRSA is most common in abscesses and other pus

containing infections, it is vitally important to determine those

infections which can be managed by incision and drainage

alone. Preliminary research in immunocompetent pediatric

patients has suggested that uncomplicated abscesses less than

5 cm can be effectively managed with incision and drainage

alone (Lee et al 2004). Evidence-based guidelines for

determining which infections can be managed without

antibiotic therapy are currently lacking for adults.

As in uSSSI, Gram-positive organisms are also the most

common pathogens in cSSSI (Rennie et al 2003). However,

Gram-negative and anaerobic microbes become more prevalent

(Yee et al 2005). As illustrated in Figure 1, the most common

Gram-negative organisms in cSSSIs include Pseudomonas

aeruginosa, Escherichia coli, Klebsiella pneumoniae, and

Enterobacter cloacae (Rennie et al 2003). Additionally, enteric

flora, frequently enterococcus species and anerobes, become

more important when the area of skin infected is in the lower

half of the body (File and Tan 1995). The most common

Table 1 Newer generation fluoroquinolones: basic facts

Quinolone Typical dose Route of administration Metabolism Half life Unique features

Levofloxacin 500–50 mg IV or PO Renal 6–9 hours
Moxifloxacin 400 mg IV or PO Hepatic conjugation 12 hours Anaerobic coverage
Gatifloxacin 400 mg IV or PO Renal 7–14 hours Dysglycemia
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anaerobes isolated are typically Prevotella, Bacteroides, and

Peptostreptococcus species. In one large study of complicated

skin infections, these organisms were cultured in approximately

10% of infections (Giordano et al 2005).

Most of these patients with cSSSI are treated in the hospital

with intravenous antimicrobial agents, but no consensus exists

regarding empiric therapy (Rhagavan and Linden 2004). The

most commonly used antimicrobials currently are broad-

spectrum cephalosporins and the combination penicillin/

penicillinase inhibitor agents (AMR 2004). The newer

generation fluoroquinolones, with their broad-spectrum

activity against Gram-positive and Gram-negative organisms,

are important additions to battle against these infections, and

can be used as monotherapy. Moxifloxacin in particular adds

additional activity against anaerobic organisms that makes it

a unique choice even amongst this group.

Antimicrobial activity
Moxifloxacin, gatifloxacin, and levofloxacin demonstrate

excellent activity against the most common pathogens in skin

infections, including S. aureus. The minimum concentration

of drug needed to inhibit 90% of bacterial growth (MIC90)

for moxifloxacin and gatifloxacin against S. aureus is

0.125 mcg/ml, which falls well below the Clinical and

Laboratory Standards Institute (CLSI) breakpoint of ≤0.5

mcg/mL for susceptibility (Blondeau et al 2003; CLSI 2006).

The MIC90 for levofloxacin against S. aureus is higher at 0.5

mcg/ml, but still falls below the CLSI susceptibility breakpoint

of ≤1 mcg/mL (Blondeau et al 2003; CLSI 2006).

Although this data provides valuable information

regarding in vitro antimicrobial activity, pharmacodynamic

principles must also be considered. Since fluoroquinolones

exhibit concentration-dependent killing, the area under the

concentration curve to MIC (AUC–MIC) ratio is often used

to correlate drug concentration and antimicrobial activity. In

order to use this value clinically, interpretive breakpoints are

needed. Unfortunately, these are not well established or

validated clinically. While a target AUC–MIC breakpoint of

≥125 is commonly stated for the fluoroquinolones, it is

important to remember that this value was derived from a

study in which ciprofloxacin was utilized for the treatment

of primarily lower respiratory tract infections caused by a

Figure 1 Prevalence of causative pathogens in complicated skin infections.
Reference: Rennie et al. 2003.
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variety of organisms (Forrest et al 1993). Since it is likely

that pharmacodynamic targets are both antibiotic- and

pathogen-specific, a target of ≥125 may not be applicable to

all SSSI and their associated pathogens (Wright 2000).

In an attempt to overcome this problem, a comparison

was undertaken by Firsov and colleagues (2005). Using two

clinical isolates of S. aureus, fluoroquinolone-specific and

strain-independent AUC–MIC relationships were evaluated.

Additionally, AUC–MIC breakpoints for each agent were

predicted based on antimicrobial effect. The breakpoints for

moxifloxacin, gatifloxacin, and levofloxacin were 75, 95, and

115 respectively. AUC–MIC50 ratios were calculated following

standard dosing and MIC50s from the strains of S. aureus.

These values were 206, 143, 65, and 118 for moxifloxacin,

gatifloxacin, levofloxacin (500 mg) and levofloxacin (750 mg),

respectively. As can be seen in Table 2, standard dosing was

sufficient to exceed the established breakpoints for all agents

except levofloxacin at the 500 mg dose. Incorporating the

above pharmacodynamic findings with published MIC data,

one can see that the results are similar. While Firsov and

colleague’s experiment is stylish and well thought out,

correlation with clinical efficacy is necessary.

Gatifloxacin and levofloxacin demonstrate excellent in vitro

activity against S.s pyogenes with MIC90s well below the CLSI

breakpoints for susceptibility of ≤1 mcg/mL and ≤2 mcg/mL,

respectively (Milatovic et al 2000; Blondeau et al 2003; CLSI

2006). Moxifloxacin demonstrates good activity against this

organism as well (Milatovic et al 2000). In vitro activity also

appears to be excellent for gatifloxacin and moxifloxacin against

Enterococcus faecalis based on MIC90 data, although interpretive

standards are not available (Edmiston et al 2004; CLSI 2006).

Perhaps as expected, none of the newer generation quinolones

show reliable in vitro activity against the hardy Enterococcus

faecium, with MIC90s of 8 or higher.

All three agents have good in vitro activity against the

three most common nonpseudomonal Gram-negatives found

in complicated skin infections (Blondeau et al 2003; Edmiston

et al 2004; CLSI 2006). These include Escherichia coli,

Klebsiella pneumoniae and Enterobacter cloacae. In

comparison with moxifloxacin, gatifloxacin and levofloxacin

exhibit greater activity against Pseudomonas species

(Blondeau et al 2003) and therefore moxifloxacin should not

be used as monotherapy against this organism.

Moxifloxacin is distinguished from gatifloxacin and

levofloxacin by its added activity against anaerobes. In vitro

pharmacokinetic modeling provides some insight as to the

target AUC–MIC ratios for this agent against several anaerobic

species. A 90% effect was achieved with an AUC–MIC ratio

of 25.7 for Bacteroides fragilis, 16.2 for Clostridium

perfringens, and 17.4 for Gram-positive anaerobic cocci (Noel

2005). Integrating this data with moxifloxacin’s reported AUC

of 48 following a single 400 mg dose, it is evident in vitro

data supports moxifloxacin’s clinical success against

anaerobic organisms in several recent trials (Edmiston et al

2004; Giordano et al 2005).

Pharmacokinetic profile
The pharmacokinetics of moxifloxacin, gatifloxacin, and

levofloxacin are similar (Table 2). All are well absorbed

following oral administration with a bioavailability of

approximately 90% (Wickersham and Schweain 2005). Oral

and intravenous doses for these agents are the same. Although

food does not significantly affect bioavailability, aluminum-

and magnesium-containing antacids, other metal cations such

as iron and zinc, as well as various buffered didanosine

preparations and sucralfate can decrease oral absorption

(Wickersham and Schweain 2005). The most stringent interval

restrictions apply to moxifloxacin, which should be

administered at least four hours before or eight hours after

the above-mentioned agents. Gatifloxacin should be given at

least four hours prior to these interacting medications and

levofloxacin should be administered at least two hours before

or after (Lubasch et al 2000; Furlanut et al 2003; Wickersham

and Schweain 2005).

Moxifloxacin, gatifloxacin, and levofloxacin follow linear

pharmacokinetics, meaning that serum concentrations change

in proportion to dose. The approximate half-lives for

moxifloxacin (12 hours), gatifloxacin (7 to 14 hours), and

levofloxacin (6 to 9 hours) are all sufficiently long to allow

for the convenience of once daily dosing. All reach steady-

state serum concentrations within three days and are widely

distributed throughout the body, with tissue concentrations

often exceeding those in the plasma (Wickersham and

Schweain 2005). In a pharmacokinetic study evaluating the

Table 2 AUC/MIC90 ratios for various flouroquinolones
against Staphylococcus aureus

Quinolone Dose AUC MIC90

(mg) (mcg.·hr/mL) (mcg/mL)

Gatifloxacin 400 32.9 0.125
Levofloxacin 500 45.6 0.5
Levofloxacin 750 82.6 0.5

Adapted from Firsov AAC 2005;49:2642 (AUC data) and Blondeau Int J
Antimicrobial Agents 2003;22:147 (MIC90 data)
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penetration of moxifloxacin into inflammatory fluid, a 400

mg dose achieved mean blister fluid penetration rates of 83.5%

and 93.7% following oral and intravenous administration,

respectively (Wise et al 1999). An examination of the

maximum AUC values for blister fluid and plasma revealed

that penetration into blister fluid exceeded 100%. Gatifloxacin

and levofloxacin also exhibit good penetration into blister

fluid (Trampuz et al 2000; Trampuz and Laifer 2002).

The most important pharmacokinetic differences between

these agents are their metabolic and elimination pathways.

Specifically, moxifloxacin is primarily eliminated via hepatic

conjugation while gatifloxacin and levofloxacin are eliminated

renally. An assessment of end-organ function is therefore

necessary for proper dosing and avoidance of toxicity.

Moxifloxacin is metabolized by hepatic sulfate and

glucuronide conjugation, accounting for 38% and 14% of a

dose, respectively (Wickersham and Schweain 2005). A

beneficial property of this agent is that it is not metabolized

by the cytochrome p-450 enzyme system, thereby minimizing

the potential for drug interactions. As 95% of an oral dose is

either excreted as unchanged drug or known metabolites, no

dosage adjustment is required in patients with impaired renal

function (Wickersham and Schweain 2005). Additionally, no

dosage adjustment in needed in patients with mild to moderate

hepatic insufficiency, defined as Child-Pugh class A or B.

However, moxifloxacin is not recommended in patients with

severe hepatic insufficiency.

Gatifloxacin and levofloxacin are primarily removed

renally as unchanged drug via glomerular filtration and

tubular secretion. In patients with a creatinine clearance less

than 40 mL/min, gatifloxacin doses should be reduced from

400 mg daily to 400 mg initially followed by 200 mg daily

(Wickersham and Schweain 2005). This dose reduction also

applies for those on hemodialysis or continuous ambulatory

peritoneal dialysis (CAPD). Doses should always be

administered just after hemodialysis. Levofloxacin must also

be adjusted for renal impairment. It is important to note that

dose adjustment for levofloxacin is dependent on indication

as well as creatinine clearance (Wickersham and Schweain

2005). For uncomplicated SSSI in patients with a creatinine

clearance of 20 to 49 mL/min, a 500 mg dose should be

followed by 250 mg every 24 hours. For those with a creatinine

clearance less than 20 mL/min the same initial dose should

be followed by 250 mg every 48 hours. This extended interval

also applies to patients on hemodialysis or CAPD. For cSSSI

in patients with a creatinine clearance of 20 to 49 mL/min, a

750 mg initial dose should be followed by 750 mg every 48

hours. For those with a creatinine clearance less than 20 mL/

min, including patients on hemodialysis or CAPD, a 750 mg

initial dose should be followed by 500 mg every 48 hours.

Clinical studies
Table 3 summarizes the available clinical trials of newer

generation fluoroquinolones for skin and skin structure

infections.

Moxifloxacin
Parish and colleagues (2005) studied a seven-day course of

oral moxifloxacin (400 mg, once daily) versus cephalexin

(500 mg, three times daily) in a prospective, randomized,

blinded trial for uSSSI. The most common infections included

cellulitis, impetigo, and minor wound infections. 351 patients

were included in the clinically evaluable group. The clinical

response rate (resolution of symptoms) was 90% in the

moxifloxacin group versus 91% in the cephalexin group. 125

patients had bacteriologic data available; 68 in the moxifloxacin

group and 57 for cephalexin. By far the most prevalent organism

isolated was S. aureus, followed by Streptococcus spp.

Eradication rates in the S. aureus isolates were 92% and 93%,

for moxifloxacin and cephalexin, respectively.

Giordano et al (2005) compared intravenous/oral

moxifloxacin (400 mg once daily) with iv piperacillin-

tazobactam (3.0/3.75 g every 6 hours) followed by oral

amoxicillin-clavulanate (800 mg twice daily) in cSSSI.

Table 3 Summary of clinical trials of newer generation fluoroquinolones for skin and skin structure infections

Author and year Type of skin infection Study drug and Duration of Clinical Bacteriological
dosing therapy cure rate  cure rate

Parrish 2005 Uncomplicated Moxifloxacin 400 mg PO daily 7 days 90% 92%
Giordano et al 2005 Complicated Moxifloxacin 400 mg IV/PO daily 7–14 days 79% 78%
Tarshis et al 2001 Uncomplicated Gatifloxacin 400 mg PO daily 7–10 days 91% 91%
Tarshis et al 2001 Uncomplicated Levofloxacin 500 mg PO daily 7–10 days 84% 84%
Nichols et al 1997 Uncomplicated Levofloxacin 500 mg PO daily 7–10 days 98% 98%
Graham et al 2002 Complicated Levofloxacin 750 mg IV/PO daily 7–14 days 84% 91%
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Treatment duration was between 7 and 14 days, at the

investigator’s discretion. Infection types enrolled were

complicated by definition, and included deep abscesses,

cellulitis, diabetic foot infections, infected ischemic/decubitus

ulcers, and surgical wound infections. The clinical cure rates,

79% (moxifloxacin) and 82% (control group), in the efficacy

valid population (n = 367) were not statistically different.

The microbiologically valid population (n = 237) grew a range

of pathogens. The most common was S. aureus (52%),

followed by nongroup A streptococci, Enterococcus, Strep

pyogenes, Peptostreptococci spp., and Escherichia coli.

MRSA was found in 7% of infections. Polymicrobial

infections were found in 113 patients (47%). Bacterial

eradication rates were similar in both groups for all targeted

pathogens, including 81% for MSSA. Eradication rates in

monomicrobial infections (85% both groups) were higher than

polymicrobial infections (70% moxifloxacin vs 77% control).

Gatifloxacin
In a double-blind, randomized study, Tarshis and colleagues

(2001) compared gatifloxacin (400 mg once daily) versus

levofloxacin (500 mg once daily) in uSSSI. Total duration of

therapy was 7–10 days. In the clinically evaluable population

(n = 333), the cure rate for gatifloxacin and levofloxacin was

91% and 84%, respectively. The types of infection included

were similar to other uSSSI studies and included near equal

distribution between folliculitis, wound infections, cellulitis,

and abscesses. Across these diagnoses, higher clinical cure

rates trended toward gatifloxacin but were not statistically

significant. Of the 308 pathogens isolated, the most common

were S. aureus, S. pyogenes, and S. agalactiae. Microbiological

eradication rates mirrored clinical cure rates and were not

statistically different for any pathogen.

Levofloxacin
In addition to the Tarshis study, data for levofloxacin in uSSSI

comes from trials against ciprofloxacin. Nichols and colleagues

(1997) compared 7–10 days course of levofloxacin (500 mg

once daily) against ciprofloxacin (500 mg twice daily) in an

open label, randomized, multi-center trial. Infection types

enrolled were largely consistent with prior uSSSI trials, noting a

predominance of cellulitis (43%). In the clinically assessable

population (n = 375), the clinical success rate (cured plus

improved) was 98% and 94% for levofloxacin and ciprofloxacin

respectively. This difference was not statistically significant. A

total of 519 pathogens were isolated, with S. aureus and S.

pyogenes being the most prevalent. The difference in overall

bacterial eradication rates between levofloxacin (98%) and

ciprofloxacin (89%) was not statistically significant.

Evidence for levofloxacin in cSSSI comes from 1 large

multicenter, open label, randomized clinical trial. Graham and

colleauges (2002) compared levofloxacin (750 mg, intravenous/

oral) against ticarcillin-clavulanate (TC) (3.1 g intravenous

every 4–6 hours) alone or followed by amoxicillin-clavulanate

(AC) (875 mg every 12 hours). Duration of therapy was 7–14

days as clinically indicated. Both regimens were equally

efficacious. The clinical success rates, 84% (levofloxacin) and

80% (TC/AC), were not statistically different. A diverse range

of pathogens were cultured, including Gram-positives (Staph,

Strep, Enterococcus), Gram-negatives (Proteus, Enterobacter,

E. coli, Pseudomonas), and anaerobes. Overall microbiologic

eradication rates, 91% (levofloxacin) and 84% (TC/AC), were

similar.

Safety and tolerability
Moxifloxacin, at the 400 mg dose, has been widely shown to

be safe and well tolerated in numerous clinical trials across

many disease types. In pooled data from over 8600 patients

who received the 400 mg dose, most adverse events were

described as mild to moderate in severity and required no

treatment. The most common adverse events considered by

investigators to be at least possibly drug-related included

nausea (6%), diarrhea (5%), dizziness (2%). Moxifloxacin

was discontinued due to drug related adverse reactions in

2.9% and 6.3% of patients for oral and intravenous

administration respectively (Bayer Pharmaceuticals 2005).

Similar findings have emerged from clinical trials involving

gatifloxacin. In trials that included over 5000 patients, the

majority of adverse effects were considered to be mild, and

therapy was discontinued due to adverse events in only 2.7%

of patients. Nausea (8%), vaginitis (6%), diarrhea (4%),

headache (3%), and dizziness (3%) occurred most commonly

(Bristol-Myers Squibb 2006a). In phase III clinical trials

evaluating levofloxacin, approximately 4% of patients

discontinued therapy due to adverse events. These events

included nausea (6.8%), headache (5.8%), diarrhea (5.4%),

insomnia (4.6%), and constipation (3.1%); all comparable

with placebo (Ortho-McNeil Pharmaceuticals 2005).

Although the agents discussed in this paper are generally

well tolerated, the impact of fluoroquinolones on the QT

interval continues to be debated in the literature. The effects

of QT prolongation can range from incidental electrocardiogram

findings to life-threatening arrhythmias, specifically, torsades

de pointes (TdP). Fluoroquinolones are thought to prolong
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the QT interval through interaction with outward potassium

channels in myocardial tissue. Preclinical research shows the

effect of various quinolones on the QT interval appears to

vary quite markedly for each agent (Hagiwara et al 2001).

The most significant changes were seen with sparfloxacin,

which has since been discontinued partly as a result of these

findings. Moxifloxacin, gatifloxacin, and levofloxacin did not

show any significant effects on the duration of the action

potential at typical therapeutic concentrations (Hagiwara

et al 2001; Yap and Camm 2003). While these models provide

a baseline understanding of the quinolones’ impact on the

QTc, it is important to discern what the clinical relevance of

this data is considering the multifactorial nature of cardiac

arrhythmias. Based on the European Union’s Committee for

Proprietary Medicinal Products guidelines, a new drug that

induces QTc changes of less than 30 msec from baseline is

unlikely to raise significant concern regarding the potential

development of arrhythmias (EMEA 2005). A risk stratification

schedule for torsades de pointes with respect to antimicrobial

agents has been developed (Owens 2004). This stratification

integrates nonclinical models, clinical studies, case reports,

pharmacokinetic data, and post-marketing safety studies with

portions of a previously developed risk assessment scheme.

According to this pool of data, medications are divided into

five schedules, with schedule I associated with the highest

risk of TdP and schedule V the lowest. Moxifloxacin,

gatifloxacin, and levofloxacin are classified as schedule IV

agents, meaning that the risk for TdP is minimal, and the

drugs display a favorable pharmacokinetic safety profile. Such

features include predictable pharmacokinetics, more than one

elimination pathway, and/or weak interference with the

cytochrome p-450 enzyme system.

Multiple case reports that have highlighted the development

of serious ventricular arrhythmias associated with the

administration of the new quinolones have drawn attention

to important predisposing risk factors for QTc prolongation

(Iannini and Circiumaru 2001; Ball 2002; Bertino et al 2002;

Gandhi et al 2003; Amankwa et al 2004). These reports

illustrate that clinically significant arrhythmias tend to develop

in patients with risk factors such as known syndromes of

prolonged QTc, severe hypokalemia or hypomagnesemia,

and concurrent use of other drugs that are known to prolong

the QTc interval, such as Class IA or III antiarrhythmics.

Consensus has been reached that quinolones are best avoided

in such high-risk patients (Owens 2001).

In addition to cardiac effects, gatifloxacin has recently

received attention for its potential to induce both hypo- and

hyperglycemia. As a result, the prescribing information for

gatifloxacin was revised to include a contraindication in patients

with diabetes mellitus (Bristol-Myers Squibb 2006b). This

decision was based on post-marketing case reports of

significant hypoglycemia and hyperglycemia, primarily in

diabetic patients (Bristol-Myers Squibb 2006b). However,

dysglycemia has also been reported in patients without a history

of diabetes, emphasizing the importance of appropriate patient

selection and monitoring when prescribing gatifloxacin. As

mentioned in the introduction, Bristol-Myers Squibb Co. has

now chosen to suspend production of gatifloxacin. It is

important to note the US FDA did not mandate the

discontinuation of gatifloxacin, nor did the FDA require a “black

box” warning for dysglycemia. In a statement issued by Bristol-

Myers Squibb Co., the drug manufacturer states that “the cost

to manufacture outweighed the usage rate” and continued

production of gatifloxacin was no longer cost-effective.

An increasingly common consequence of antimicrobial

use is the development of Clostridium difficile associated

disease. C. difficile infections can range in severity from mild

diarrheal illness to life-threatening toxic megacolon and intra-

abdominal sepsis. Many studies have investigated the complex

and overlapping set of risk factors that may predispose a

patient to develop C. difficile infections, and while much

controversy remains, a few overriding themes have emerged.

The first risk is the use of any antimicrobial agent, followed

by environmental exposure to the bacteria, with the extent of

infection dependent upon a host other factors including the

use of gastric acid reducing medications, underlying

comorbidities, advanced age, and host serum immunoglobulin

levels (Mulligan et al 1993; Bignardi 1998; Johnson and

Gerding 1998; Dial et al 2004; Gerding et al 2004).

Predictably, the fluoroquinolones, as a commonly prescribed

class of antimicrobials, have been implicated as a risk factor

for C. difficile infections, particularly during local outbreaks

of resistant strains (Loo et al 2005). However, since nearly all

antimicrobial agents have been associated with the

development of C. difficile infections, one must ask if the

fluoroquinolones as a class result in more infections than other

classes of antimicrobials. A case-control study presented at

the American Society of Microbiology in 2005 found a

relative risk of developing C. difficile of 3.2 for fluoroquinolones,

compared with relative risks of 14, 5.5, and 4.2 for

cephalosporins, macrolides, and vancomycin respectively

(Owens 2006). Other speculation has suggested that

antimicrobials with activity against anaerobic organisms

would differentially favor the growth of C. difficile. This,
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however, has not been borne out in numerous studies. Clinical

studies of the anti-anaerobic moxifloxacin which involved

more than 21 000 patients did not show any increased

incidence of C. difficile infections in patients treated with

moxifloxacin relative to patients treated with other

antimicrobials (Ball et al 2004; Owens 2006). Furthermore,

a comparison of moxifloxacin against levofloxacin, which

does not possess activity against anaerobes, failed to show

any difference in rates of C. difficile infections (Anzueto et al

2006). While all clinicians should be wary of precipitating

C. difficile-associated disease when prescribing antimicrobials,

at present there exists no evidence to suggest that any class

is immune from the risk (Owens 2006).

Conclusion
With the addition of moxifloxacin to the ranks of

antimicrobials with an indication for skin and skin structure

infections, most clinicians have a newer generation

fluoroquinolone available to them on their hospital

formulary. This is, of course, in addition to the litany of drugs

with antimicrobial spectra that overlap the list of common

skin pathogens. With their once daily convenience, easy

transition to oral therapy and excellent safety profile, the

newer generation fluoroquinolones are excellent additions

to the current armamentarium against SSSIs. However, while

moxifloxacin, gatifloxacin, and levofloxacin have proven

themselves to be effective agents across the full gamut of

skin and skin structure infections, clinicians should be

prudent in the use of flouroquinolones as first line agents.

Their efficacy against a broad variety of less common Gram-

negatives for which current antimicrobial choices are limited

and dwindling needs to be preserved. The utility of these

agents lies in their ability to serve as monotherapy in the

face of polymicrobial infections where Gram-negative

organisms are suspected along with the usual gram positive

culprits. Moxifloxacin provides an additional benefit in its

coverage of anaerobes, and its role in the treatment of these

infections is likely to expand.
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