
Antibiotic resistance is a growing concern that 
threatens the effective treatment of infectious 
diseases. A 2014 report published by the World 

Health Organization on the global surveillance of 
antimicrobial resistance demonstrates the severity 
of this issue and calls for concerted action among all 
government sectors and society to mitigate antimi-
crobial resistance.1 Dermatologists prescribe antibi-
otics more often than any other specialty, based on 
the prescribing rate per clinician,2 with at least two-
thirds of these prescriptions written for the treatment 
of acne vulgaris. Not surprisingly, the prevalence of 
strains of C. acnes resistant to antibiotics, especially 
to erythromycin, has increased and can be found in 
more than 50% of patients, resulting in treatment fail-
ure.3,4 However, of potentially greater concern from a 
public health standpoint is the emergence of resis-
tant strains of commensal bacteria. As an example, 
among the erythromycin-resistant staphylococci that 
have resulted from the use of topical erythromycin, 
many strains are also cross-resistant to clindamycin. 
It is the development of this type of resistance that 
warrants concern over a future threat of emergence 
of multidrug-resistant pathogen isolates.5,6

While it is difficult to prevent the creation of mutants, 
there are ways to restrict their amplification.7 One 
important strategy involves adjusting the dosing of 
antibiotics. Doses can be adjusted to ensure that 
all susceptible cells are killed or that the drug level 
remains at a concentration capable of restricting 
mutant growth. This raises the question of how much 
drug is enough. It has long been conventional wisdom 
that, when treating with antibiotics, the best approach 
is to “hit hard” (Paul Ehrlich, 1913) or “use enough” 
(Alexander Fleming, 1943), by using the highest rec-
ommended dose to treat the infection. This means 
dosing above the minimum inhibitory concentration 
(MIC) until the infection is cleared.8 In many cases, 
dose-limiting toxicities are the main factor in determin-
ing a therapeutic dose, but theoretically, a dose exists 
that would inhibit the growth of all single-step resis-
tant mutants–it just may not be achievable in practice 
due to the associated adverse events, especially with  
systemic therapy.

Topical antibiotics may offer an approach to treatment 
aimed at slowing the emergence of resistance, pro-
vided an appropriate antibiotic is used. This is because 
topical antibiotics may allow dosing outside of the 

mutant selection window (MSW).8,9 
The concept of the MSW is illustrated 
in the model example of Streptococcus 
pneumoniae treated with moxifloxacin  
(Figure 1). Here it was demonstrated 
that drug doses outside the MSW did not 
selectively enrich for resistant bacterial 
mutants.10,11 The lower boundary of the 
MSW is the MIC, or the drug concentration 
at which growth of 105 wild-type cells is 
blocked. The upper boundary represents the 
drug concentration that blocks the growth 
of all single-step bacterial mutants. This 
is called the mutant prevention concen-
tration (MPC). The MSW, therefore, is the 
concentration range extending from the 
MIC up to the MPC, within which resis-
tant mutants are likely to emerge. If drug 
concentrations fall into the MSW for a  
prolonged period, resistant mutant bacte-
rial strains are likely to develop. This con-
cept is illustrated in an experiment with 
where S. aureus infected rabbits were 
treated with various doses of levofloxa-
cin and the MIC of the bacterial popula-
tion was evaluated over time (Figure 2).12

The selection of an appropriate dose 
depends upon, among other things, the relationship 
between the MSW and the therapeutic window of the 
antibiotic.8 The therapeutic window can be defined 
as the dosing window between the lowest effective 
dose and the highest tolerable dose. A high-dose 
strategy best prevents resistance when a maximum 
tolerable dose can suppress emergence of resistant 
strains. Conversely, when the maximum tolerable 
dose of a drug is ineffective at suppressing resistant 
strains, a low-dose strategy may be more effective 
at preventing resistance than a high-dose approach 
in some cases. In most cases, prescribed doses are 
inside the MSW and apply antibiotic selection pres-
sure. Resistance in an individual patient is held in 
check by the immune system, which clears pathogens 
after they are exposed to antimicrobials. However, over 
hundreds of millions of antibiotic prescriptions, even 
small numbers become important if the resistant 
mutants spread.10

The potential advantage of topical antibiotics, in terms 
of selection for resistance, is that they can allow for 
delivering concentrations above the MPC in the skin 
but with low systemic exposure.8,9 Since topicals typ-
ically have much lower toxicity, they can be dosed 
much higher. The key is to dose outside the MSW: 
drug concentrations below the MIC largely eliminate 
selective pressure for bacteria, while drug concen-

FIGURE 1. Streptococcus pneumoniae treated with moxifloxacin

FIGURE 2. Selection of levofloxacin-resistant S. aureus in rabbits after  
oral levofloxacin
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trations above the MPC inhibit the entire population, 
including resistant mutants (shaded green areas of 
Figure 1). Therefore,  dosing outside the MSW has 
the potential to impede resistance.
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