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Topical antibiotics and benzoyl peroxide, are the two main topical antibacterialAbstract
treatments indicated for mild-to-moderate acne vulgaris. Topical antibiotics act
both as antibacterial agents suppressing Propionibacterium acnes in the seba-
ceous follicle and as anti-inflammatory agents. Benzoyl peroxide is a powerful
antimicrobial agent that rapidly destroys both bacterial organisms and yeasts.
Topical clindamycin and erythromycin have been proven to be effective against
inflammatory acne vulgaris in concentrations of 1–4% with or without the
addition of zinc. However, none of the antibacterials tested was more effective
than benzoyl peroxide, which also has the advantage of not being associated with
antimicrobial resistance.
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Topical antibacterial therapy should be discontinued once improvement is
observed. If no improvement is observed within 6–8 weeks, the agent should be
discontinued and a therapeutic switch considered. The primary limitation of
benzoyl peroxide for some acne vulgaris patients is cutaneous irritation or
dryness.

Antibacterial therapy can be used in combination with other agents. Combin-
ing topical antibiotics and topical retinoids may enhance the efficacy, since the
retinoid will improve the penetration of the antibiotic. Combining a topical
antibiotic with benzoyl peroxide may increase the bactericidal effect of the
antibiotic and reduce the potential for bacterial resistance. Topical and oral
antibacterials should not be used in combination for the treatment of acne
vulgaris, since this association may increase the risk of bacterial resistance.

In recent years, research has led to a greater inflammatory triggers, and whether neuroinflam-
understanding of the pathogenesis of acne vulgaris. matory mediators play an additional role is currently
The pilosebaceous follicle is the target organ in acne under debate. Moreover, very recently it has been
vulgaris, explaining the distribution of acne vulgaris shown that immediate immunity may be implicated
primarily on the face, chest and back, areas with the in inflammatory reactions in acne vulgaris through
greatest concentration of pilosebaceous glands. The toll-like receptors (TLR2, TLR4), which are recep-
most notable pathophysiological factors that influ- tors expressed by keratinocytes and which may be
ence the development of acne vulgaris are increased activated directly by bacterial antigens such as
sebum production by the sebaceous gland, ductal P. acnes inducing an immediate production of in-
hypercornification of the pilosebaceous follicle and flammatory cytokines by the activated keratino-
Propionibacterium acnes colonisation of duct-in- cytes.[3]

ducing local inflammation and immune response.[1] This recent information concerning the patho-
physiology of acne vulgaris is important for theP. acnes is the main target of antibacterial treat-
dermatologist to consider in the use of topical anti-ment of acne vulgaris. The obstruction of the follicu-
bacterial treatment for patients with acne vulgaris,lar canal by abnormal desquamation of the follicular
especially in the context of the bacterial resistanceepithelium retains sebum within, thus favouring the
that is associated with topical antibacterials today.[4]proliferation of P. acnes. The exact role of P. acnes

in the development of acne vulgaris lesions is still a
1. Antibacterial Therapypoint of discussion. Indeed, while it has been con-

sidered to be an infectious agent for a long time, it The two main antibacterial treatments in acne
seems, according to the recent data, that it is more vulgaris are topical antibiotics and benzoyl perox-
likely to act by producing different inflammatory ide.
substances (lipase, chemotactic factor, etc.) that in-
duce the development of inflammatory lesions.[1,2]

1.1 Topical Antibiotics
There is a correlation between the reduction of P.
acnes and the clinical improvement of acne vulgaris. Clindamycin and erythromycin are the most pop-
This reduction in P. acnes is associated with a re- ular topical antibacterials for acne vulgaris.[5] Topi-
duction in pro-inflammatory mediators. The intensi- cal tetracycline is used less often and very few use
ty of host response to inflammatory stimuli most meclocycline.[6] Clindamycin and erythromycin
likely explains the variations in the intensity of have proven to be effective against inflammatory
inflammatory acne vulgaris. Certain cytokines, such acne vulgaris in topical form in concentrations of
as tumour necrosis factor-α and interferon-γ, may be 1–4% with or without the addition of zinc.[4,7] Re-
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cently, a liposome-encapsulated 1% clindamycin mum inhibitory concentration has only been shown
preparation has been proposed. On the basis of a with erythromycin and tetracycline.[14]

clinical trial it may be concluded that liposome-
2.1.2 Antibacterial Mechanism

encapsulated 1% clindamycin solution is therapeuti-
Very little information is given in the literature

cally superior over conventional 1% clindamycin
concerning the bactericidal effect of the topical anti-

solution in the treatment of acne vulgaris.[8]
biotics on P. acnes, and the published research sug-
gests that both topical erythromycin and cindamycin1.2 Benzoyl Peroxide
have a moderate direct effect on P. acnes, not signif-

Benzoyl peroxide is available in a variety of icantly reducing the number of surface and follicular
formulations and in concentrations ranging from 1% bacteria.[15]

to 10%.[9-11] If the point that antibacterials do not significantly
Benzoyl peroxide is a well tolerated and effective reduce the number of surface and follicular bacteria

agent for treating acne vulgaris, and has an efficacy is confirmed in the future, it would indicate that
that is maintained over years of use.[12] current topical antibiotics probably act more by an

anti-inflammatory than an antibacterial activity onGel formulations of benzoyl peroxide may be
these lesions.[1,16] It means that topical antibioticspreferred over creams and lotions because of better
would act on inflammatory lesions by inhibitingstability and more consistent release of the active
inflammatory substances produced by P. acnes (lip-ingredient. Benzoyl peroxide soaps may be consid-
ase, metalloproteases, chemotactic factors, etc.).ered for adolescent boys, both to enhance com-

pliance (the soap may be conveniently applied in the
2.2 Benzoyl Peroxideshower) and to cover large skin areas such as the

chest and back. As with all topical medications, it
Benzoyl peroxide also acts by anti-inflammatory

should be applied to the entire affected area, usually
and antibacterial mechanisms.

in the morning and the evening, and not only to the
2.2.1 Anti-inflammatory Mechanismvisible lesions.
Benzoyl peroxide inhibits the production of reac-

2. Mechanisms of Action tive oxygen species from human neutrophils.[17,18]

The exact mechanisms of this inhibition are still not
well known. In vitro, it slightly inhibits protein2.1 Topical Antibiotics
kinase C and has no modulating effect on calmodu-

Topical antibiotics have both anti-inflammatory lin, the two regulators of reactive oxygen species.
and antibacterial mechanisms. To date, no activity of benzoyl peroxide on the

sebaceous gland has been demonstrated and it does2.1.1 Anti-inflammatory Mechanisms
not modulate the differentiation or proliferation ofThe anti-inflammatory mechanisms are:
keratinocytes of the pilosebaceous epithelium.[1]

• suppression of leucocyte chemotaxis;

• a reduction in the number of P. acnes; 2.2.2 Antibacterial Mechanism

• a decrease in the percentage of proinflammatory Benzoyl peroxide has a rapid bacteriostatic –
free fatty acids in skin surface in the surface possibly bactericidal – action. The literature review
lipids. This activity is probably due to a direct performed by Eady et al.[6] showed that none of the
anti-lipase activity and a decrease of lipase pro- topical antibiotics tested was more effective than
duced by P. acnes. benzoyl peroxide. However, it should be noted that
These three mechanisms are all shown equally by reduction in P. acnes has not been proven to be

erythromycin, clindamycin and tetracycline.[13] always related to clinical effectiveness. Benzoyl
However, inhibition of lipase production by P. ac- peroxide also has the advantage of not being asso-
nes in vitro at a concentration lower than the mini- ciated with bacterial resistance. Benzoyl peroxide in
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combination with erythromycin or clindamycin has clindamycin or erythromycin), the percentage re-
been shown to be more effective and better tolerated duction of retentional lesions remained low (<30%).
than benzoyl peroxide alone.[10,19]

3.2 Benzoyl PeroxideThe predominant activity of benzoyl peroxide on
P. acnes, whether is anti-inflammatory or antibac- Benzoyl peroxide has been the most widely used
terial, has not been determined to date. topical agent for acne vulgaris since the 1960s. It has

an antibacterial activity and, like topical erythro-
3. Clinical Trials of Acne mycin, benzoyl peroxide has a main activity on
Vulgaris Treatments inflammatory lesions (papules and pustules).[20]

Besides being antibacterial, benzoyl peroxide al-
A lot of clinical trials on the efficacy of topical so functions as a peeling agent, with a low

antibiotics or benzoyl peroxide have been per- comedolytic activity (<20%) on retentional lesions
formed. These included: (closed and opened comedones). Indeed, few studies
• placebo-controlled trials have shown that benzoyl peroxide is slightly more
• comparative studies between two different topi- efficient on retentional lesions.[21,22] However, a

cal antibiotics sebosupressive activity has not been shown. Topical
• comparative studies between a topical antibiotic 5% benzoyl peroxide (no study with 10%) has been

and benzoyl peroxide shown to be more effective than topical antibiotics
• comparative studies between topical antibiotics on noninflammatory lesions.[23] Moreover, a 6%

and oral antibacterials benzoyl peroxide preparation suppressed the follicu-
lar population of P. acnes more rapidly and to a• comparative studies with combined therapy.
greater degree than topical antibiotics such as clin-Both benzoyl peroxide and topical antibiotics act
damycin.[24]essentially on inflammatory lesions. However, the

comparisons between the different clinical trials re-
3.3 Topical Antibiotics and Oral Tetracyclinesmain difficult. Indeed, there are considerable varia-

tions between the trials in patient profile and criteria Several studies have been performed comparing
of evaluation. oral tetracycline 500–1000 mg/day with topical

antibiotics for 12 weeks.[13,25-28] No significant dif-
3.1 Topical Antibiotics ferences were noted between tetracycline and topi-

cal antibiotics on the reduction of inflammatory
Eady et al.[6] in 1990 and Toyoda and lesions over 12 weeks. However, these results have

Morohashi[15] in 1998 reported a critical evaluation to be interpreted with caution; indeed, the dosages of
of topical antibiotics in acne vulgaris. tetracycline used were lower than those generally

On the basis of these two main reviews and more used in clinical practice.
recent data, it appears that erythromycin is the most

3.4 Combination Therapyeffective topical antibiotic on inflammatory acne
vulgaris lesions (94% improvement with erythro-

Table I provides an overview of combined andmycin, 82% with clindamycin and 70% with tetra-
single agent topical therapies and their associatedcycline). No significant difference was noted be-
activities.tween 1% and 4% erythromycin.

3.4.1 Zinc and ErythromycinIn summary, erythromycin and clindamycin ap-
pear to be more effective than placebo, although the The combination of erythromycin with zinc
conclusion is similar, but a little less definite, with could increase the spectrum of activity on retention-
tetracycline. Concerning the non-inflammatory le- al lesions and decrease the percentage of resistant
sions and the topical antibiotic used (tetracycline, strains compared with erythromycin alone. It has
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Table I. Combined and single agent topical therapies for acne vulgaris and their associated activities

Topical therapy Comedolytic Sebosuppressive Antimicrobial Anti-inflammatory Prevalence of resistant
activity activity activity activity Propionibacterium acnes

strains

ERY – – ++ + High

CLI – – ++ + High

TET – – ++ ++ High

BP + – +++ + No

TRE ++ – + – No

ADA ++ – + ++ No

ISO ++ – + + No

ERY or CLI + BP – – +++ ++ Low

ERY or CLI + TRE or ISO ++ – ++ + Low

ERY or CLI + ADA ++ – ++ ++ Low

ERY + Zn + – ++ ++ Low
ADA = adapalene; BP = benzoyl peroxide; CLI = clindamycin; ERY = erythromycin; ISO = isotretinoin; TET = tetracycline; TRE = tretinoin;
Zn = zinc; – indicates none; + indicates weak; ++ indicates moderate; +++ indicates strong.

been shown in vitro that P. acne strains are inhibited more effective than when used alone. The tolerabili-
by zinc at concentrations ≤512 µg/mL.[29] Holland et ty is good; the addition of a topical antibiotic may
al.[7] showed that the growth of erythromycin-resis- even decrease the irritation caused by the reti-
tant strains of P. acne is inhibited by the addition of noid.[34-36] However, a multicentre, randomised,
zinc 300 µg/mL to erythromycin 1000 µg/mL. double-blind, parallel-group study comparing the
Whereas Bojar et al.[30] found no additional efficacy effectiveness of 3% erythromycin/5% benzoyl per-
of zinc used with erythromycin on inflammatory oxide versus 0.025% tretinoin/4% erythromycin,
acne vulgaris lesions in vivo, Habbema et al.,[31] each applied twice daily in patients with moderate
Schachner et al.[32] and Feucht et al.[33] showed that acne vulgaris for 12 weeks, reported that the number
the combination of zinc and erythromycin was more of papules, pustules and comedones was reduced in
effective than erythromycin alone on the course of both treatment groups at week 12, and the reductions
inflammatory acne vulgaris lesions. were not significantly different between the two

treatments. The 3% erythromycin/5% benzoyl per-
3.4.2 Retinoids and Topical Antibiotics

oxide combination demonstrated significantly great-Retinoids have both comedolytic and anti-in-
er reduction of erythema and scaling compared withflammatory activities. The comedolytic activity is
0.025% tretinoin/4% erythromycin.[37]

related to a normalisation of the desquamation of the
follicular epithelium. Thus, combined therapy in-

3.4.3 Benzoyl Peroxide and Topical Antibioticscreases the anti-inflammatory activity of the topical
Benzoyl peroxide and topical antibiotics can beantibiotic, decreases the risk of resistance and in-

used separately (one product in the morning, thecreases the spectrum of activity of antibacterials to
other one in the evening) or in a same product. Inthe retentional lesions. Moreover, tretinoin increases
either case, the randomised studies show that thethe penetration of topical antibiotics used in con-
combined therapy gives the lowest severity gradejunction with it. Comparative trials have been per-
throughout the evaluation period. Erythromycin/formed between topical antibiotics alone and com-
benzoyl peroxide was the first combined therapybined therapy (topical antibiotic and retinoid),
used. This formulation appears to be more effectiveshowing a faster effect with the combined therapy
than each product alone, but the difference is moreboth on inflammatory and retentional lesions. Both
significant with erythromycin alone than with ben-clindamycin and erythromycin combined with a top-
zoyl peroxide.[38]ical retinoid (0.025% tretinoin or isotretinoin) are
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Recently, three independent randomised trials 5. Bacterial Resistance
have been performed with a combination of 1%
clindamycin/5% benzoyl peroxide gel formulation For the last few years, there has been an increased
in a total of 1250 patients with mild-to-moderate frequency of the number of patients carrying P.
acne vulgaris.[39-41] The results indicated that the acnes and Staphylococcus epidermidis resistant to
benzoyl peroxide/clindamycin combination product current topical antibiotics, which have been used for
was an effective treatment for reducing the in- more than 30 years.[47] This resistance raises two
flammatory lesions, but has only a minor effect on questions.
non-inflammatory lesions of acne vulgaris. More- 1. What are the potential risks at the clinical level for
over, at the bacteriological level, the total P. acnes the patients?
count (p = 0.002) and the clindamycin-resistant

2. Does the presence of these resistant strains de-P. acnes count (p = 0.018) appeared significantly
crease the effectiveness of topical antibiotics largelyreduced after 16 weeks of treatment with combina-
used today to treat acne vulgaris?tion gel compared with clindamycin monotherapy.

As yet, no formal conclusion has been given toThese reductions in total P. acnes and clindamycin-
these two questions. This is particularly related toresistant P. acnes counts correlated with reductions
the fact that the antibiotics can act on the inflamma-in total acne vulgaris lesions.[42]

tory lesions of acne vulgaris by two different mech-
anisms: anti-inflammatory and antibacterial. To4. Adverse Effects
date, it is still not clear which is the prevalent
mechanism in their effectiveness. A recent survey,

4.1 Topical Antibiotics conducted throughout Europe, showed that at least
50% of acne vulgaris patients are colonised by ery-The tolerance of topical antibiotics is generally
thromycin- and clindamycin-resistant strains ofexcellent. The main adverse effects are irritation
P. acnes.[48] Resistance appears to emerge throughwith erythema, peeling, itching, dryness and burn-
either selection of pre-existing resistant bacterialing. Pseudomembranous colitis is rare, but has been
strains, or through de novo acquisition of a resistantobserved after topical treatment with clindamycin
phenotype. There is cross resistance between ery-hydrochloride and clindamycin phosphate.[43,44]

thromycin and clindamycin. Two types of mutationsThis good tolerability explains why topical antibio-
(ribosomal RNA 16S and 23S) have been found,tics are often prescribed even in summer.
conferring to the strains a cross resistance with the
macrolides, lincosamides and type B streptogra-4.2 Benzoyl Peroxide
mins.[49] The duration of treatment required before
resistance emerges varies greatly between patients,The primary limitation of benzoyl peroxide for
but the longer the duration of treatment, the moresome acne vulgaris patients is concentration-depen-
likely antibacterial-resistant P. acnes will emerge,dent cutaneous irritation or dryness and bleaching of
and courses of 6 months are highly likely to result inhair, clothes and bed linens. Benzoyl peroxide can
resistance. In France, a study of 40 acne vulgarisinduce an irritant dermatitis with erythema, scaling
patients showed a prevalence of 95% of strains ofand itching. These adverse effects occur primarily
S. epidermidis and 52% of P. acne resistant to ery-within the first few days of treatment and subside
thromycin.[29]with continued use.[45,46]

Moreover, at the clinical level, there are threeAntibacterial/retinoid combinations, which have
studies showing a recognised correlation betweenthe potential to increase the spectrum of activity of
the presence of antibacterial-resistant P. acnes andtopical treatment on acne lesions, are often asso-
clinical response to treatment with topical antibio-ciated with more adverse effects (erythema, scaling
tics.[47,50,51]and itching).
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The potential risks of using topical erythromycin resistant strains is expected to be low, but the avail-
and clindamycin are essentially related to the trans- able data at the moment are limited to one study.[56]

fer of resistance to other bacteria, specifically Strep- Azelaic acid is a 9-dicarbonic acid which targets
tococcus spp. and S. aureus. The study by Mills et follicular keratinisation and P. acnes. It is available
al.[47] demonstrated that topical erythromycin in- in a 20% cream formulation. Compared with benzo-
creased the frequency of erythromycin-resistant yl peroxide, its efficacy is mainly on retentional
S. aureus at the nares.[47] Further studies are neces- lesions. Its activity on inflammatory lesions is slow-
sary to confirm or discount this risk. er than benzoyl peroxide but appears similar after

12–16 weeks of treatment.[57] No report of P. acnesThus, from these studies, it appears that bacterial
resistance to azelaic acid has been reported.resistance can be considered as a possible contribu-

tory factor to, or possible cause of, therapeutic fail-
ure. In addition, resistance to topical antibiotics may 7. Recommendations
induce de novo resistance to these antibiotics in
other commensally present bacteria (e.g. staphylo-

From the data discussed in this article, the fol-cocci), which often develop resistance much more
lowing recommendations may be proposed concern-quickly than in P. acnes and may be a potential risk
ing the use of topical antibiotics in acne vulgaris.for the patient.
• Do not use topical antibiotics where other topicalFurthermore, antibacterial-resistant strains can be

acne vulgaris treatments (retinoids, benzoyl per-transmitted between individuals, and studies have
oxide) can be expected to bring the same benefit.shown that 41–85.7% of untreated close contacts of

• Do not use a topical antibiotic alone; rather, useacne vulgaris patients having long-term topical an-
in a combined therapy with retinoids or benzoyltibiotic treatment harbour erythromycin-resistant
peroxide.strains of P. acnes.[52] Even dermatologists may be

• Do not combine topical and systemic antibac-colonised by resistant strains compared with non-
terials.dermatologist physicians.[53] Resistant strains can be

• Stop topical antibiotic therapy when there is noreduced at the sites of application by using the
further improvement or the improvement is onlytopical antibacterial agent benzoyl peroxide. Oral
slight.antibacterials should not be combined with topical

• Try to avoid continuing topical antibiotics for aantibiotics. Indeed, this may increase the risk of
long period (6–8 weeks into treatment might beP. acnes resistance and provides no additive benefit.
one appropriate timepoint at which to assess res-However, no single available agent will fully eradi-
ponse).cate antibacterial-resistant P. acnes.

• Check patient’s compliance with treatment.
Topical benzoyl peroxide has been shown to be6. Other Topical Antibacterials

active against fully sensitive and resistant strains of
Meclocycline is an oxytetracycline derivative P. acnes. Therefore, this agent reduces the likeli-

available as a 1% cream. One study has shown a hood of emerging antibacterial-resistant P. acnes
significant efficacy of meclocycline on inflamma- and reduces the number of resistant bacteria in situ.
tory lesions compared with vehicle.[54] In patients in whom bacterial resistance is sus-

Nadifloxacin is a synthetic fluoroquinolone de- pected, topical antibiotics are often simply discon-
rivative. A double-blind, vehicle-controlled trial tinued. However, ideally, such patients should be
showed that nadifloxacin is significantly superior to managed by first swabbing and culturing to verify
control in the decrease of acne vulgaris lesions and the presence of resistant strains and then using non-
in the number of P. acnes in the follicle, with a antibiotic therapies such as topical benzoyl perox-
minimum inhibitory concentration lower than that ide, topical or systemic retinoids, hormonal thera-
of tetracycline and minocycline.[55] The incidence of pies or systemic zinc salts.
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