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Practice Points
 � Increasing bacterial resistance to antibiotics makes the management of superficial 

skin infections a major medical challenge. Antiseptics have broader spectrums of 

antimicrobial activity and a reduced potential for selection of bacterial resistance, relative 

to antibiotics. Consequently, antiseptics are appropriate alternatives to antibiotics for the 

prevention and treatment of superficial skin infections.

 � Of four widely used antiseptics (povidone iodine, polihexanide, chlorhexidine and 

octenidine), povidone iodine has a particularly broad spectrum of antimicrobial activity 

that includes Gram-positive and Gram-negative bacteria, bacterial spores, fungi, 

protozoa and viruses.

 � Widespread and extended use of povidone iodine is not associated with the selection of 

resistant bacterial strains. In contrast, bacterial resistance to chlorhexidine, quaternary 

ammonium salts, silver and triclosan has been documented.

 � Regarding duration of effect on healthy skin, chlorhexidine is active for 1–4 h, whereas 

solutions of povidone iodine are active for 12–14 h.

 � Aqueous and hydroalcoholic formulations of povidone iodine have good skin tolerance. 

Povidone iodine scrub has better skin tolerance than soap formulations of chlorhexidine 

and quaternary ammonium compounds (e.g., benzalkonium chloride and cetrimide).

 � There is an urgent need for well-designed studies directly comparing the clinical and 

economic profiles of antiseptics in this setting; nonetheless, povidone iodine can be 

considered as a first-choice antiseptic in the management of superficial skin infections.
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Resistance to antibiotic treatment is becoming 
increasingly reported, thus making the man-
agement of superficial skin infections a major 
medical challenge [1]. However, antiseptics 
(e.g., povidone iodine, polihexanide, chlorhexi-
dine and octenidine; shown in Figure  1) are 
often appropriate alternatives to antimicrobial 
chemotherapy, and current guidelines advocate 
the use of wound antiseptics when infections are 
localized and have not spread systemically [1,101]. 
Local treatment with antiseptics is expected to 
become even more prominent in future wound 
management strategies, since antiseptics have 
broad spectrums of antimicrobial activity, and 
are available in convenient and well-tolerated 
formulations [1]. Indeed, the spectrums of anti-
bacterial activity are broader for antiseptics than 
antibiotics and, because of several sites of action 
on bacteria, antiseptics have a much lower risk 
(or absence) of bacterial resistance selection [2].

Patients with burns are especially susceptible 
to colonization or contamination of wounds 
owing to large wound areas and the presence 
of exudates and necrotic tissue in wound beds. 
Antiseptic prophylaxis is therefore appropriate. 
It is also required to prevent secondary wound 
infection (resulting from surface microbes 
migrating into deeper tissues) in patients with 
trauma wounds from bites, stabbing incidents or 
traffic accidents. Generally, a single application 
of antiseptic is needed for contaminated intact 
skin or where wound access and tissue perfusion 
are good, whereas repeated cleansing with anti-
septic until elimination of infection is required 
for clinically infected wounds [2,101].

The purpose of the current article is to pro-
vide an overview of four commonly available 

anti septics used in superficial skin infections in 
the era of increasing bacterial resistance, with a 
specific focus on the role and place of povidone 
iodine. Data sources included a bibliographic 
search using MEDLINE, conference proceed-
ings and company databases from 1980 to 2013. 
The selected reference list was investigated 
to identify any key literature not available on 
MEDLINE and this was augmented by reviews 
and important articles known to the authors.

Mechanisms of antiseptic action
Antiseptics can be considered in two classes, 
according to molecular size of the antimicro-
bial constituent. Small molecules (e.g., diiodine, 
also referred to as ‘free iodine’, from povidone 
iodine) readily penetrate bacterial membrane 
channels (porins) and cause oxidation of pro-
teins within the bacterial cytoplasm, whereas 
large molecules (e.g., chlorhexidine) cannot pass 
through porins and must adsorb to the microbial 
membrane before activity. Porins are present in 
the plasma membrane of Gram-positive bacteria, 
and in both the outer and plasma membranes of 
Gram-negative bacteria.

In the case of povidone iodine, diiodine is 
released gradually from a neutral polymer base 
(polyvinylpyrrolidone), and subsequent micro-
bial membrane penetration of free iodine and 
intracytoplasmic protein oxidation cannot be 
stopped. Thus, povidone iodine has a particu-
larly broad spectrum of antimicrobial activity [3] 
and a lack of chromosome- or plasmid-mediated 
bacterial resistance. However, povidone iodine 
has variable activity against Actinobacteria 
(e.g., Corynebacterium spp., Mycobacterium spp. 
and Nocardia spp., among others), since these 

Summary  Antiseptics have broader spectrums of antimicrobial activity than antibiotics 

and a much lower risk of bacterial resistance selection. Antiseptics are therefore appropriate 

alternatives to antibiotics for the management of localized superficial skin infections. Povidone 

iodine has the broadest spectrum of antimicrobial activity of the available antiseptics, and 

has a rapid and persistent microbicidal effect. It is active against Gram-positive and -nega-

tive bacteria, bacterial spores, fungi, protozoa and several viruses, including H1N1 influenza 

virus (swine flu). It also has good skin tolerance, and is only a weak allergen: it is rarely asso-

ciated with immediate allergic reactions, which are more prevalent with chlorhexidine. It has 

also been shown to promote wound healing. Although additional data are needed from well-

designed clinical trials, povidone iodine 10% can be considered as a first-choice antiseptic for 

the prevention and treatment of superficial skin infections.
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microorganisms have cell walls with a high 
mycolic acid content, which makes it difficult 
for free iodine to penetrate.

The large molecular size of chlorhexidine dic-
tates that the compound cannot pass through 
microbial membrane porins. As a cationic 
bis-biguanide, it readily adsorbs to negatively 
charged peptidoglycans in Gram-positive bac-
terial cell walls, whereas adsorption to the outer 
membrane of Gram-negative bacteria is less pre-
dictable. At low concentrations, chlorhexidine 
is bacteriostatic, since it causes breakdown of 
microbial cell membranes [4]. At high concentra-
tions it is bactericidal, as it alters the membrane 
resulting in its destruction with leakage of cel-
lular contents from cells; it also causes coagula-
tion of cellular contents, with nucleic acid and 
protein precipitation, contributing to the death 
of the bacteria.

Overall, lack of adsorption to some Gram-
negative bacterial cell membranes explains the 
‘incomplete’ spectrum of chlorhexidine activ-
ity; for example, chlorhexidine is inactive against 
various Enterobacteriaceae (e.g., Serratia spp. 
and Proteus spp.), Pseudomonas aeruginosa, all 
Actinobacteria spp. and all spores [4].

Octenidine, with two noninteracting cation- 
active centers separated by a long aliphatic 

hydrocarbon chain, binds readily on negatively 
charged surfaces of microbial cell envelopes and 
eukaryotic cell membranes, disrupting micro-
cellular metabolism [5]. Octenidine is barely 
absorbed through the skin, mucous membranes 
or wounds [5].

Polihexanide interacts with acidic, negatively 
charged phospholipids in the bacterial mem-
brane, which leads to increased fluidity, perme-
ability and loss of integrity, followed by death 
of the organism [1]. Polihexanide is also trans-
ferred to the cytoplasm of cells, resulting in the 
disruption of bacterial metabolism [1].

Which antiseptic to choose?
In dermatology, antiseptics are used widely as 
prophylaxis or treatment in operating field disin-
fection, and acute and chronic wound manage-
ment. For use in these settings, antiseptics should 
satisfy several requirements, which differ slightly 
according to whether healthy or infected skin is 
being treated (Table 1). No antiseptic will meet 
all listed requirements, and agents are selected 
based largely on three main desirable character-
istics: a broad spectrum of activity; rapidity of 
action; and persistence of effect either for oper-
ating room disinfection (i.e., healthy skin) or 
treatment of infected skin.
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Figure 1. Selected antiseptics.
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�� Broadest spectrum of antimicrobial 
activity
When assessing the antimicrobial spectrum of 
repeated antiseptic applications, exposure times 
and concentrations of active constituents must 
be considered. Among antiseptics, halogenated 
derivatives (e.g., povidone iodine) and alcoholic 
solutions have the most extensive spectrums of 
antimicrobial activity (Table 2) [6].

Povidone iodine has considerable activ-
ity against Gram-positive and Gram-negative 
organisms, fungi and protozoa, and, with 
increased exposure times, also against spores and 
various viruses [101], including numerous strains 
of influenza virus [7–9]. In vitro, in the absence 
of organic stress, the antimicrobial action of 
povidone iodine is usually rapid (i.e., within 
30 s) [101]. Recently, povidone iodine scrub 
4 and 7.5%, when tested at four different expo-
sure times (0.25, 0.5, 2.5 and 5 min), has also 
demonstrated virucidal activity against porcine 
influenza H1N1 virus in the presence or absence 
of interfering proteins (fetal calf serum); thus, at 
an exposure time of 15 s, povidone iodine scrub 
4% reduced viral titer by ≥4.64–4.65 log

10
; the 

corresponding decrease in viral titer with povi-
done iodine scrub 7.5% was ≥4.43–4.64 log

10 

[Meda Pharma, Data on File]. Moreover, several com-
parative studies have shown that, irrespective of 
exposure time or dilution, povidone iodine 10% 
is considerably more effective than chlorhexi-
dine against methicillin- resistant Staphylococcus 
aureus (MRSA) [10–14]. Also, based on currently 
available literature, povidone iodine appears 
to be the only antiseptic with demonstrated 
activity against dermatophyte fungal infections 
(e.g., caused by species in the Microsporum or 

Trichophyton genera) [15–17] and povidone iodine 
4% shampoo used twice weekly reduced the 
carriage of viable spores in children with scalp 
dermatophytes [15,18].

Polihexanide is a biguanide with a broad spec-
trum of antimicrobial activity against Gram-
positive and Gram-negative bacteria, atypical 
organisms (e.g., Chlamydia spp. and Mycoplasma 
spp.), and bacteria that form plaques, biofilms or 
spores; however, polihexanide is inactive against 
bacterial spores [1,101]. Polihexanide has shown 
fungicidal activity against fungi such as Candida 
spp. and Aspergillus spp., and in vitro, the anti-
septic has shown virucidal activity against 
HIV-1 and herpes simplex virus [1], although 
polihexanide is generally ineffective against 
viruses in clinical settings [101]. Altogether, the 
dual mode of polihexanide action – inhibition 
of metabolism inside bacterial cells and bacte-
rial membrane disruption after interaction with 
membrane phospholipids – suggests that future 
bacterial resistance development to polihexanide 
is unlikely [1].

Chlorhexidine, which is not a halogenated 
compound, and combinations of chlorhexidine 
with quaternary ammonium salts (e.g., benzal-
konium chloride and cetrimide), have narrower 
spectrums of antimicrobial activity than povi-
done iodine; that is, the activity of chlorhexidine 
is greater against Gram-positive than Gram-neg-
ative organisms (e.g., P. aeruginosa, P. mirabilis 
and S. marcescens), and the antiseptic has rela-
tively limited activity against fungi and envel-
oped viruses, and no activity against nonenvel-
oped viruses and bacterial spores [5,19–21]. Bac-
terial strains with resistance to chlorhexidine, 
quaternary ammonium salts, silver sulfadiazine 

Table 1. Desirable characteristics for antiseptics (based on a discussion panel).

Characteristic Operating room disinfection 
(i.e., healthy skin)

Treatment of infected skin or 
acute/chronic wounds

Broadest spectrum of antimicrobial 
activity

+++ +++

Rapid effect +++ +++
Persistent effect +++ +++
Limited inactivation by organic 
compounds

+ ++

No selection of bacterial resistance + ++
Good penetration ++ +
Good skin tolerance + +++
No, or only weak, allergenic activity + ++
No cytotoxicity + ++
+: Desirable; ++: Markedly desirable; +++: Especially desirable.
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and triclosan have been documented [4,22], and 
epidemics (e.g., infections caused by S. marces-
cens [23,24] or postinjection Mycobacterium absces-
sus infections [25]) associated with solutions con-
taining chlorhexidine or quaternary ammonium 
salts have also been reported [23–25].

Octenidine also has a wide-ranging spec-
trum of antimicrobial activity that encom-
passes Gram-positive and Gram-negative bacte-
ria, MRSA, plaque-forming organisms such as 
Actinomyces spp. and Streptococcus spp., atypical 
organisms such as Chlamydia spp. and Myco-
plasma spp., fungi, and some enveloped viruses 
(e.g., hepatitis B virus and herpes simplex virus) 
[5,101]. However, octenidine is ineffective against 
protozoa and spores [101].

Various other chemical entities with anti-
septic properties demonstrate only limited anti-
microbial activity. For example, in vitro, hydro-
gen peroxide has relatively low bactericidal activ-
ity against vegetative forms of Gram-positive 
and Gram-negative bacteria, and its activity is 
reduced by the presence of blood [26,101]. Silver 
sulfadiazine is bacteriostatic and fungistatic 
only, and clinically its overall risk:benefit ratio 
is now considered rather unfavorable [27,101]. 
Triclosan possesses only low-to-moderate bac-
tericidal and fungicidal activity. The antiseptic 
activity of potassium permanganate solution 
(1:10,000), which is sometimes used to reduce 
leg ulcer weeping via an astringent effect, has 
been seriously questioned [28].

�� Rapid effect
Limited data are available regarding the rapid-
ity of antiseptic action in dermatologic settings. 

Nonetheless, in vitro data show that, against 
methicillin-sensitive S. aureus (MSSA) and 
MRSA, alcohol solutions are bactericidal after 
10 s, and povidone iodine 10% is bactericidal 
after 15–20 s [13]. Usually (in vitro and with-
out organic stress) povidone iodine, similar to 
octenidine, has antimicrobial activity within 
30 s [101]. Polihexanide 0.04% has slower gen-
eral bactericidal activity (within 1–25 min) 
than povidone iodine and octenidine [5,101], and 
chlorhexidine is active against MSSA after 20 s, 
but takes 20 min for activity against MRSA 
[14]. After a contact time of 1 min without bio-
burden, octenidine was more effective against 
S. aureus, Escherichia coli and C. albicans than 
povidone iodine, polihexanide, chlorhexidine or 
triclosan [5].

�� Persistent effect
In terms of duration of effect on healthy skin, 
solutions of povidone iodine are active for 
12–14 h, whereas chlorhexidine is active for 
only 1–4 h [29]. Lasting bactericidal activity on 
the skin surface has been reported for iodophors 
(e.g., povidone iodine) because free iodine pen-
etrates subepidermal layers and subsequently 
returns to the skin surface [30]. Alcoholic solu-
tions of povidone iodine and chlorhexidine can 
further prolong the duration of action for these 
antiseptics. Both polihexanide and octenidine 
are adsorbed to microbial cell surfaces and 
therefore have sustained effects over several 
hours [1,5]; indeed, as octenidine binds readily to 
negatively charged surfaces and is not absorbed 
percutaneously, at least a part of the applied sub-
stance remains on the site of application, thus 

Table 2. Antimicrobial spectrums of activity for four widely used antiseptics.

Antiseptic Vegetative bacteria Spores Fungi Viruses

Gram-positive Gram-negative Actinobacteria

Halogenated compound

Povidone iodine 10% BC +++, LS BC +++, LS BC ++ SC ++ FC +++, LS VC ++, LS

Biguanides

Polihexanide BC +++, LS BC +++, LS NA NA FC ++, IS VC +, IS

Chlorhexidine BC +++, LS BC +++, IS NA NA FC ++, IS VC +, IS

Cationic surfactant

Octenidine BC ++, LS BC ++, IS NA NA FC ++, IS VC +, IS

Alcohol

Ethanol 70% BC +, LS BC +, LS BC + NA FC +, LS VC +
+: Weak; ++: Medium; +++: High. 
BC: Bactericidal; FC: Fungicidal; IS: Incomplete spectrum; LS: Large spectrum; NA: No activity; SC: Sporicidal; VC: Virucidal. 
Data taken from [1,5,6,14,19–21,101].
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exerting a sustained antimicrobial effect [5], 
which is apparent even against transient infec-
tions that reach the skin after initial disinfec-
tion [31]. This residual effect of octenidine was 
shown to decrease skin colonization over time 
in a prospective, observational study evaluating 
62 severely immunocompromised patients with 
135 central venous catheters; by 2 weeks post-
central venous catheter insertion, most cultures 
were negative [32]. Overall, to ensure appropriate 
antisepsis, manufacturers’ recommended contact 
times should always be followed.

�� Limited inactivation by organic 
compounds
All antiseptics undergo some degree of inactiva-
tion by organic compounds such as blood, pus 
and serous fluids, but the extent of inactivation 
varies from one antiseptic to another. Povidone 
iodine, for instance, is inactivated to a lesser 
degree than chlorhexidine, since the iodophor 
reacts weakly with proteins [6,10,19,30]. Albumin, 
blood and mucin have been reported to have no 
major influence on the microbicidal activity of 
octenidine, whereas cardiolipin and chondroi-
tin sulfate may reduce or abolish such activity 
[5]. Similarly, blood and albumin have no major 
effect on the antimicrobial activity of poli-
hexanide, but this antiseptic is also incompatible 
with chondroitin sulfate [1].

�� No selection of bacterial resistance
This desirable feature of antisepsis is particularly 
important in light of the current major public 
health problems posed by resistant bacteria, 
especially vancomycin-resistant enterococci and 
MRSA. Additionally, some topical antimicrobial 
agents such as gentamicin are bactericidal but are 
generally avoided as they induce bacterial resis-
tance. Careful selection of antiseptics is therefore 
required to avoid similar resistance problems to 
those associated with topical antibiotics [33,34]. A 
recent study, involving >88,000 cases of impe-
tigo, by the Swedish Infection Control Society 
[35,36] showed that the increased use of fusidic 
acid in impetigo has led to an epidemic of fusidic 
acid-resistant S. aureus (Figure 2). A large reduc-
tion in the fusidic acid prescriptions has sub-
sequently led to a decrease in resistant strains, 
confirming the correlation between prescription 
and the selection of resistance (Figure 2).

Although, based on best clinical evidence, 
topical antibiotics are generally advocated for 

the treatment of impetigo, antiseptics represent 
an alternative management option [37], particu-
larly for recurrent infections [38]. Indeed, Szepe-
tiuk and colleagues demonstrated clinical supe-
riority of povidone iodine gel compared with 
fusidic acid cream in 40 children with impe-
tigo (390 treated lesions); treatment cure was 
obtained in 67.5 and 15.0% of sites treated with 
povidone iodine and fusidic acid, respectively 
[39]. In this study, discrete-to-moderate sting-
ing sensations were reported in 15.0 and 12.5% 
of povidone iodine- and fusidic acid-treated 
impetigo lesions, respectively [39].

Furthermore, to reduce any potential for devel-
opment of microbial resistance to antiseptics, 
several strategies can be adopted:

 � Use antiseptics with the broadest spectrums 
of antimicrobial activity;

 � Remove organic compounds (blood, pus and 
serous fluids) by showering before antiseptics 
are applied [40,41];

 � Maintain adequate exposure times and local 
antiseptic concentrations in vivo.

Because of the mode of action of halogen-
ated compounds (see ‘Mechanisms of antiseptic 
action’ section), widespread and extended use of 
povidone iodine is not associated with the selec-
tion of resistant bacterial strains [33,42]. Bacterial 
resistance to polihexanide and octenidine has 
also not been reported and is not anticipated 
[1,5]. Conversely, bacterial resistance to chlorhex-
idine, quaternary ammonium salts, silver and 
triclosan has been documented [6,12,14,19,43], and 
chlorhexidine-resistant strains of P. mirabilis 
have been identified in a clinical setting [44]. 
Thus, acquired resistance – which alters bacte-
rial susceptibility by, for example, altering the 
outer membranes of Gram-negative bacteria and 
preventing anti septic adsorption – appears to be 
increasing. Indeed, genes conferring resistance 
to chlorhexidine and quaternary ammonium 
compounds have been identified in up to 42% 
of S. aureus isolates in Europe and Japan [45,46].

�� Good penetration
Antiseptic penetration into deep layers of the 
skin optimizes antimicrobial activity against 
resident flora, and such penetration can be 
increased by mechanical pressure. Thus, anti-
septics should be carefully painted onto healthy 
skin to maximize antimicrobial activity. When 
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applied with friction, alcohol has been shown 
to reduce bacterial counts by 1.9–3.0 log

10
 col-

ony-forming units, compared with a decrease of 
only 1.0–1.2 log

10
 colony-forming units when 

applied without friction [47]. Overall, alcohol 
maximizes the skin penetration of active anti-
septic constituents (e.g., iodine), and when-
ever possible, the use of alcohol-containing 
antiseptics should be recommended in clinical 
settings.

�� Good skin tolerance
Aqueous and hydroalcoholic formulations 
of povidone iodine have good skin tolerance 
[48,49]. In addition, povidone iodine scrub has 
better skin tolerance than soap formulations 
of chlorhexidine and quaternary ammonium 
compounds. In an in vitro 3D human skin 
model, povidone iodine was considerably less 
irritating than chlorhexidine and quaternary 
ammonium compounds [50,51]. Thomas Hunt 
(University of California, San Francisco, 
USA), stated that “sceptics who put nothing 
in wounds but the things they put in their eye 
will be happy to hear that povidone iodine is 
now used in newborn eyes to prevent ophthal-
mia neonatorum (a purulent discharge) and 
the safety is unquestioned” [52]. Furthermore, 
to our knowledge, there are no clinical studies 
that report pain induced by the application of 
an antiseptic.

Generally, iodophors have better tissue tolera-
bility than octenidine/phenoxyethanol combina-
tions and chlorhexidine-containing formulations 
[101]. For instance, phenoxyethanol is absorbed 
across the skin, and then undergoes metabolism 
to phenoxyacetic acid and urinary excretion. 
In some countries, therefore, use of octenidine 
alone, rather than the octenidine/phenoxyetha-
nol combination, is recommended for antisepsis 
of neonatal skin [5]. Polihexanide is generally well 
tolerated when applied to the skin [1]. When used 
as standalone preparations, 70–80% ethanol 
solutions can cause unpleasant stinging [101].

Interestingly, in a study in 30 young adults, 
corneoxenometry was used to assess the irritant 
capacity of povidone iodine 7% (Braunol® solu-
tion) and 10% (iso-Betadine®) and chlorhexi-
dine 5% (Hibitane®), solutions on three skin 
areas: the back, forearm and forehead [51]. Col-
orimetry and colorimetric indices of mildness 
indicated that povidone iodine 10% had a sig-
nificantly lower irritant effect on the skin than 

chlorhexidine (p < 0.001) (Figure 3). The variable 
effect of the povidone iodine 7% solution was 
attributed to the presence of iodates (stabilizers) 
in the formulation [51].

�� No, or only weak, allergenic activity
There has been much debate and contention 
among dermatologists about the potential for 
allergic contact dermatitis associated with povi-
done iodine [53–56]. However, it is logical to 
expect any topically applied antiseptic to have 
irritant potential, and any major irritation asso-
ciated with povidone iodine generally results 
from the use of outdated solutions [54,57]. Fur-
thermore, any definitive diagnosis of allergic 
contact dermatitis requires a patch test, which 
is a classical and undebated tool for a proper 
diagnosis (‘gold standard’). Nevertheless, in 
the specific field of antiseptics, a patch test may 
generate false positive (irritant) reactions.

Occlusion most probably plays a role in the 
misinterpretation of patch test results. The 
Repeated Open Application Test is now univer-
sally used when patch test results are considered 
doubtful. Indeed, by avoiding occlusion (which 
enhances the irritant effect of antiseptics), it is 
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close to the usual application of antiseptics on 
the skin, and it is a more precise reflection of 
reality.

Povidone iodine is considered a weak allergen 
[58]. In a recent study, 500 consecutive patients 
were patch tested with povidone iodine 1% [53]. 
A total of 41 and 39% of patients, respectively, 
acknowledged applying povidone iodine on the 
skin/mucous membranes (often repeatedly) or 
denied/did not recall having used it previously. 
Patch tests were applied for 2 days (two read-
ings were taken, at 2 and 4 days). At 2 days, 
14 (2.8%) patients had a positive patch test to 
povidone iodine. Tests were still positive after 
4 days but with reduced scores. In a second stage 
(2 weeks later), the 14 positive patients were 
re-evaluated in a different way. Povidone iodine 
10% was applied twice daily (without occlusion) 
on the volar aspect of the forearm (5 × 5 cm) for 
7 days (i.e., repeated open application test). At 
day 7, only two of the 500 patients were posi-
tive (one after four applications, the other after 
six applications), and the remaining 12 patients 
(after 14 applications) were negative (false-
positives using the patch test). Thus, overall, 
povidone iodine is considered a weak allergen, 
with a prevalence of allergenicity of 0.4% [53]. 
Importantly, there is no relationship between 
iodine-associated allergic contact dermatitis and 
anaphylactoid reactions produced by radiologic 

iodine-contrast compounds (ionic or nonionic); 
although hypersensitivity reactions to iodinated 
radiologic contrast media are well documented 
[59], these reactions are related to the contrast 
molecule itself rather than to iodine [60].

Povidone iodine is only rarely associated with 
immediate allergic reactions, which are mark-
edly more prevalent with chlorhexidine [61]. Of 
33 patients with a positive chlorhexidine prick 
test, ten patients had had severe allergic symp-
toms from chlorhexidine, and 11 had had only 
mild local symptoms (such as exacerbation of 
dermatitis). Furthermore, local symptoms from 
chlorhexidine-containing products may precede 
more severe attacks [61]. A recent study reported 
the occurrence of erosive irritant contact der-
matitis, an under-recognized complication of 
chlorhexidine gluconate-impregnated dressings 
[62]. As young children and immunosuppressed 
and/or critically ill patients may be more sus-
ceptible to the irritant effects of chlorhexidine-
containing dressings, healthcare providers need 
to be aware of this risk and, when chlorhexidine-
containing dressings are used, patients should be 
monitored closely for skin breakdown [62].

While it is not currently possible to directly 
compare the relative incidence of anaphylaxis 
after povidone iodine or chlorhexidine, a British 
drug allergy clinic conducted a 1-year review of 
anaphylaxis in 23 patients during surgery, report-
ing one case each of anaphylaxis with povidone 
iodine (grade two severity) and chlorhexidine 
(grade three severity) [63].

Octenidine and polihexanide have not been 
associated with photosensitization or delayed 
contact sensitization in animal models [1,5]. Rele-
vant data are now needed from human studies to 
fully define the allergenic potential of octenidine 
relative to other topically applied antiseptics, but 
cases of anaphylactoid reactions to polihexanide 
have been reported. Overall, however, it appears 
that polihexanide is an uncommon contact 
allergen, with minimal allergenic potential [1].

�� No cytotoxicity
In vitro data vary widely, but often suggest that 
certain antiseptics may be cytotoxic [64,65], thus 
causing some clinicians to consider that repeated 
use of some antiseptics in chronic wounds may 
have a detrimental effect on wound healing. 
However, such in vitro findings cannot be gen-
eralized to the in vivo clinical setting [66]. Thus, 
in a study in 51 patients with chronic leg ulcers, 
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Figure 3. Povidone iodine 10% solution has a significantly lower irritant effect 
on the skin than chlorhexidine 5% solution (p < 0.001). A higher value for 
colorimetric index of mildness indicates a milder effect on the skin. 
Data taken from [51].
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povidone iodine significantly increased healing 
rate (+4 to 18%; p < 0.01) and reduced time 
to healing by 2–9 weeks (p < 0.01), whereas 
chlorhexidine (-1 to +5%) and silver sulfadia-
zine (+2 to 7%) only modestly improved healing 
rate [67]. Furthermore, in patients with chronic 
leg ulcers, povidone iodine 10% did not alter 
the micro vasculature, or significantly reduce the 
density of dendrocytes, which are required for 
wound healing, whereas chlorhexidine and silver 
sulfa diazine did produce such adverse changes 
[67]. The fact that povidone iodine 10% does 
not induce the destruction of cells which express 
coagulation factor XIIIa (which facilitates bind-
ing of fibrin to collagen and reshaping of the 
matrix), supports its lack of clinical cytotoxicity 
in leg ulcers [67]. In addition, in patients with 
burns, povidone iodine 10% gel has been shown 
to increase the rate of wound healing compared 
with silver sulfadiazine [68].

Some researchers report that the in vitro cyto-
toxic profile of octenidine is similar to that of 
chlorhexidine and, therefore, markedly worse 
than that of povidone iodine [5]. Conversely, oth-
ers stipulate that polihexanide has low in vitro 
cytotoxicity [1], or that the cellular and tissue tox-
icity of polihexanide is similar to that of the com-
mercially available octenidine/phenoxyethanol 
combination [101].

Povidone iodine: use in the clinical setting
Numerous commercially produced US FDA-
approved preparations of povidone iodine are 
available. Although 10% povidone iodine 
remains the standard for presurgical skin disin-
fection, lower concentrations of povidone iodine 
(e.g., 1, 4, 5 and 7.5%) are commonly used for a 
variety of indications and in different formula-
tions (aqueous and alcoholic solutions, scrub, 
gauzes, ointment and creams). Povidone iodine 
10%, for example, is standardized to deliver 1% 
of biocidal, free molecular iodine [69].

Microbicidal antiseptics (e.g., iodophors, 
polihexanide and octenidine) are more effective 
than topically applied microbiostatic antibiot-
ics (e.g., kanamycin, mupirocin, fusidic acid 
and neomycin), which have several clinical 
disadvantages (Box 1).

Several clinical studies and/or systematic 
analyses have demonstrated superior efficacy 
of chlorhexidine (alcohol-based formulation) 
compared with povidone iodine (aqueous 
formulations) for surgical site antisepsis in 

clean-contaminated surgery [70,71], preopera-
tive surgical site preparation [72], skin prepara-
tion for prevention of catheter-related infections 
[73,74] and skin preparation for blood cultures 
[75]. However, it is important to note that these 
comparative outcomes are largely based on 
data obtained with aqueous povidone iodine 
and alcohol-based formulations of chlorhexi-
dine. There are currently very few clinical data 
comparing alcohol-based formulations of povi-
done iodine and chlorhexidine [76]. A prospec-
tive study of three skin preparation protocols 
concluded that iodophor-based compounds 
may be superior to chlorhexidine on postop-
erative wound infection rates [77]. Indeed, a 
recent systematic review and meta-ana lysis 
presented evidence that the perceived efficacy 
of chlorhexidine in skin antisepsis is often 
based on the efficacy of alcohol formulations, 
and that the antiseptic role of alcohol has often 
been overlooked in evidence assessments [78]. 
Parienti and colleagues showed that the use of 
alcoholic povidone iodine for skin disinfection 
reduced the incidence of catheter colonization 
and related infection compared with aqueous 
10% povidone iodine disinfection in an adult 
intensive care unit [79]. Furthermore, despite the 
reported outcomes from clinical studies, there is 
currently no evidence to suggest that the use of 
chlorhexidine during hand scrub reduces surgi-
cal site infection, which explains why guidelines 
from WHO, the Centers for Disease Control 
and Prevention and the Association for Periop-
erative Practice do not recommend one specific 
antimicrobial over another for hand scrub [71]. 
Indeed, current Centers for Disease Control 
and Prevention guidelines state that, due to the 
absence of studies comparing alcohol formula-
tions of povidone iodine and chlorhexidine to 
prepare clear skin, the situation represents an 
‘unresolved issue’ [102], and a 2013 Cochrane 

Box 1. Clinical disadvantages of topical antibiotics relative to antiseptics.

 � Narrower spectrum of antimicrobial activity
 � Microbiostatic rather than microbicidal
 � High risk of resistance and crossresistance
 � Limited or no activity against multiresistant organisms (e.g., MRSA)
 � No residual effect (e.g., because of local metabolism)
 � Low concentrations at target site
 � Short- and/or long-term cytotoxicity
 � Marked allergenic potential

MRSA: Methicillin-resistant Staphylococcus aureus. 
Data taken from [101].
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review, including 13 studies with 2623 partici-
pants, concluded that “more research is required 
to show whether one antiseptic is better than 
the others at preventing wound infection after 
clean surgery” [80].

Importantly, as shown in Table 3, povidone 
iodine 10% possesses several of the desirable 
antiseptic characteristics such as broadest spec-
trum of antimicrobial activity, rapidity of action, 
persistent effect and other related characteristics 
that are discussed throughout this article, and as 
such, is a first-choice antiseptic for the prevention 
and treatment of superficial skin infections [2]. 
Among the wide range of iodophor formulations, 
product efficacy can vary markedly, depending 
on the amount of free iodine or diiodine avail-
able [101]. That said, povidone iodine has a better 
tissue tolerability profile than those of octeni-
dine/phenoxyethanol and chlorhexidine, and it 
is indicated in several clinical settings (Box 2). 
From a practical perspective, povidone iodine 
may cause skin/clothing staining but stains on 
skin and natural fabrics can be removed with 
soap and water; sodium thiosulfate may be used 
to remove stains on synthetic fabrics.

The potential risk of hypothyroidism result-
ing from iodine exposure after administration 
of povidone iodine has been well documented 
[81–85], with studies concluding that, in order 
to mitigate the possible risk, the routine use of 
iodine-containing antiseptics in very-low-birth 
weight infants should be avoided [81–83]. In the 
more recent prospective, controlled study by 
Brown and coworkers, routine skin-cleansing 
with povidone iodine was shown not to be com-
monly associated with transient neonatal hypo-
thyroidism in North America, possibly reflecting 
differential sensitivity due to prior iodine status 
[84]. Another study, conducted by Rooman and 
colleagues, showed that there was no difference 
in thyroid function between neonates treated 
with povidone iodine for procedures such as 

the insertion of catheters or chlorhexidine [85]. 
Nevertheless, due to potential issues relating to 
thyroid function with iodine-containing agents, 
povidone iodine is contraindicated in infants 
aged <1 month, patients with hyperthyroidism, 
iodine hypersensitivity or in patients receiving 
radio-iodine therapy [101]. Povidone iodine is an 
antiseptic of choice for the topical treatment of 
infected wounds or acute trauma wounds with 
colonization. It is also an appropriate anti septic 
for pre- and post-operative prophylaxis, and the 
combination of 39% w/w each of ethanol and 
2-propanol with povidone iodine is the first-
choice antiseptic for lacerations or stab wounds 
in HIV-infected individuals or patients with 
hepatitis B or C virus [101].

In summary, although additional data are 
needed from well-designed clinical trials directly 
comparing the clinical utility of antiseptics, 
povidone iodine 10% can be considered as a 
first-choice antiseptic for the prevention and 
treatment of superficial skin infections.

Conclusion & future perspective
In the current era of mounting bacterial resis-
tance to antibiotics, and considering that such 
resistance can be particularly serious (e.g., in 
the cases of vancomycin-resistant enterococci 
and MRSA) interest has been rekindled in anti-
septic use for the prevention and treatment of 
superficial skin infections. Thus, an antisep-
tic such as the iodophor povidone iodine has 
several desirable pharmacodynamic proper-
ties and clinical characteristics (including no 
selection of bacterial resistance) that make it 
an appropriate first-line choice for the man-
agement of infected wounds and dermatoses, 
and for pre- and post-operative prophylaxis. 
Of major note, povidone iodine 10% has the 
broadest spectrum of antimicrobial activity of 
currently available antiseptics, and included in 
this spectrum are bacterial spores, fungi and 

Table 3. Characteristics of current antiseptics in operating room disinfection (i.e., healthy skin) and in the treatment of 
infected skin.

Characteristic Antiseptic Ref. 

Povidone iodine 10% Polihexanide Chlorhexidine 2% Octenidine Ethanol 70%

Broad spectrum of 
antimicrobial activity 

+++ ++ ++ ++ ++ [1,4–22,101] 

Rapidity of action +++ + ++† +++ +++ [5,14,101] 

Persistent effect ++ +++ + +++ + [1,5,14,29]

+: Least effective; ++: Moderately effective; +++: Most effective. 
†Active against methicillin-sensitive Staphylococcus aureus after 20 s, but takes 20 min for activity against methicillin-resistant S. aureus [14].
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viruses such as bird flu and H1N1 swine flu. 
Therefore, this iodophor also has an important 
clinical role as a hand disinfectant in infection 
control strategies.

In addition to the treatment of superficial skin 
infections, there are various uses of antiseptics in 
the medical field, including hand rub (disinfec-
tant), hand scrub (in the operating room), surgi-
cal swab, preoperative body wash and prior to 
invasive procedures. The various antiseptics are 
used differently based upon the specific indica-
tion that is being treated. Despite the widespread 
use of antiseptics, no consensus currently exists 
about which antiseptic is best for each particular 
clinical setting, with research into the compara-
tive efficacy of antiseptics often being hampered 
by small sample sizes, varying techniques of skin 
prepping used and differing concentrations and 
formulations (e.g., alcoholic or aqueous) of anti-
septic evaluated [3]. Thus, there is an urgent need 
for well-designed, multicenter studies to be con-
ducted to directly compare the clinical and eco-
nomic profiles of established and emerging anti-
septics [1]. Due to concerns relating to potential 
chemical interaction, the combination of different 
antiseptics appears to offer no clinical advantage.

Currently, although there is some evidence of 
clinical benefit for certain antiseptics over oth-
ers, antiseptic selection for the management of 
superficial skin infections is largely empirical 
and based on the limited data available from 
appropriately designed and conducted clinical 
trials [1].

General rates of bacterial resistance to anti-
biotics are likely to continue to increase and, in 
the management of superficial skin infections, 
antiseptics may become even more widely used. 
This is particularly true if, as expected, com-
parative data accrue from well-designed studies 
and economic analyses of antiseptics in specific 

settings. In this way, clinical advantages of one 
antiseptic over another (e.g., a broader spec-
trum of antimicrobial activity, a faster and more 
persistent effect, and no selection of bacterial 
resistance) will be more clearly defined. Guide-
lines for antiseptic use can then be developed 
and clarified, and antiseptics in general will 
be accurately positioned relative to each other 
in the prevention and treatment of superficial 
skin infections. As other clinical data grow, 
antiseptics with particular virucidal activity 
(e.g., povidone iodine against H1N1 swine flu) 
are likely to see increased use in related settings, 
such as in general hygiene measures (e.g., body 
disinfection) employed as part of epidemic and 
pandemic control.
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Box 2. Indications for povidone iodine. 

Single procedure application
 � Antisepsis of intact skin
 � Antisepsis of mucous membranes (e.g., before bladder catheterization, biopsies, 

injections, punctures or surgery)
Repeated, temporally limited applications

 � Antisepsis of wounds (e.g., burns, leg ulcers or pressure ulcers)
 � Dermatoses with infection or superinfection
 � Body disinfection (e.g., for general hygiene or before surgery)

Data taken from [101].

References
Papers of special note have been highlighted as:
�� of interest
����� of considerable interest

1 Hubner NO, Kramer A. Review on the 
efficacy, safety and clinical applications of 
polihexanide, a modern wound antiseptic. 
Skin Pharmacol. Physiol. 23(Suppl.), S17–S27 
(2010).

�� Detailed review positioning polihexanide 
relative to other antiseptics used in wound 
management.

2 How to Treat Skin Infections in the Era of 
Bacterial Resistance?  Del Guidice P, 
Lachapelle JM, Lambert J. (Eds). Maca-
Cloetens, Bruxelles, Belgium (2012).

3 Durani P, Leaper D. Povidone-iodine: use in 
hand disinfection, skin preparation and 
antiseptic irrigation. Int. Wound J. 5(3), 
376–387 (2008).

4 Milstone AM, Passaretti CL, Perl TM. 
Chlorhexidine: expanding the 
armamentarium for infection control and 
prevention. Clin. Infect. Dis. 46(2), 274–281 
(2008).

5 Hubner NO, Siebert J, Kramer A. 
Octenidine dihydrochloride, a modern 
antiseptic for skin, mucous membranes and 
wounds. Skin Pharmacol. Physiol. 23(5), 
244–258 (2010).

�� Detailed overview of the general clinical 
utility of octenidine and octenidine/
phenoxyethanol as modern antiseptics.

6 McDonnell G, Russell AD. Antiseptics and 
disinfectants: activity, action, and resistance. 
Clin. Microbiol. Rev. 12(1), 147–179 (1999).

7 Kawana R, Kitamura T, Nakagomi O et al. 
Inactivation of human viruses by povidone-



Clin. Pract. (2013) 10(5)590 future science group

Therapeutic Perspective | Lachapelle, Castel, Casado et al.

iodine in comparison with other antiseptics. 
Dermatology 195(Suppl. 2), S29–S35 (1997).

8 Ito H, Ito T, Hikida M et al. Outbreak of 
highly pathogenic avian influenza in Japan 
and anti-influenza virus activity of povidone-
iodine products. Dermatology 212(Suppl. 1), 
S115–S118 (2006).

�� Demonstrates that povidone iodine has 
virucidal activity against several avian 
influenza strains: H5N1, H5N3, H7N7 and 
H9N2.

9 Wutzler P, Sauerbrei A, Klocking R, 
Brogmann B, Reimer K. Virucidal activity 
and cytotoxicity of the liposomal formulation 
of povidone-iodine. Antiviral Res. 54(2), 
89–97 (2002).

10 Michel D, Zach GA. Antiseptic efficacy of 
disinfecting solutions in suspension test 
in vitro against methicillin-resistant 
Staphylococcus aureus, Pseudomonas aeruginosa 
and Escherichia coli in pressure sore wounds 
after spinal cord injury. Dermatology 
195(Suppl. 2), S36–S41 (1997).

11 Block C, Robenshtok E, Simhon A, Shapiro 
M. Evaluation of chlorhexidine and povidone 
iodine activity against methicillin-resistant 
Staphylococcus aureus and vancomycin-
resistant Enterococcus faecalis using a surface 
test. J. Hosp. Infect. 46(2), 147–152 (2000).

12 Kunisada T, Yamada K, Oda S, Hara O. 
Investigation on the efficacy of povidone-
iodine against antiseptic-resistant species. 
Dermatology 195(Suppl. 2), 14–18 (1997).

13 McLure AR, Gordon J. In-vitro evaluation of 
povidone-iodine and chlorhexidine against 
methicillin-resistant Staphylococcus aureus. 
J. Hosp. Infect. 21(4), 291–299 (1992).

14 Yasuda T, Yoshimura S, Katsuno Y et al. 
Comparison of bactericidal activities of 
various disinfectants against methicillin-
sensitive Staphylococcus aureus and 
methicillin-resistant Staphylococcus aureus. 
Postgrad. Med. J. 69(Suppl. 3), S66–S69 
(1993).

15 Neil G, Hanslo D, Buccimazza S, Kibel M. 
Control of the carrier state of scalp 
dermatophytes. Pediatr. Infect. Dis. 9(1), 
57–58 (1990).

16 Pierard-Franchimont C, Arrese JE, Camacho 
MA, Piérard GE. Experimental dermatophyte 
infection abated by povidone-iodine: 
assessment by computerized-assisted 
corneofungimetry. Int. J. Mol. Med. 1(1), 
117–119 (1998).

17 Carod J-F, Ratsitorahina M, 
Raherimandimby H, Hincky Vitrat V, 
Ravaolimalala Andrianaja V, Contet-
Audonneau N. Outbreak of Tinea capitis and 

corporis in a primary school in Antananarivo, 
Madagascar. J. Infect. Dev. Ctries. 5(10), 
732–736 (2011).

18 Higgins EM, Fuller LC, Smith CH. 
Guidelines for the management of tinea 
capitis. Br. J. Dermatol. 143, 53–38 (2000).

19 Russell AD, Day MJ. Antibacterial activity of 
chlorhexidine. J. Hosp. Infect. 25(4), 229–238 
(1993).

20 Elbaze P, Ortonne JP. [Practical use of 
antiseptics in dermatology]. Ann. Dermatol. 
Venereol. 116(1), 63–71 (1989).

21 Stickler DJ, Thomas B. Antiseptic and 
antibiotic resistance in Gram-negative 
bacteria causing urinary tract infection. 
J. Clin. Pathol. 33(3), 288–296 (1980).

22 Hegstad K, Langsrud S, Lunestad BT, Scheie 
AA, Sunde M, Yazdankhah SP. Does the wide 
use of quaternary ammonium compounds 
enhance the selection and spread of 
antimicrobial resistance and thus threaten our 
health? Microb. Drug Resist. 16(2), 91–104 
(2010).

23 Vigeant P, Loo VG, Bertrand C et al. An 
outbreak of Serratia marcescens infections 
related to contaminated chlorhexidine. Infect. 
Control Hosp. Epidemiol. 19(10), 791–794 
(1998).

24 Nakashima AK, McCarthy MA, Martone 
WJ, Anderson RL. Epidemic septic arthritis 
caused by Serratia marcescens and associated 
with a benzalkonium chloride antiseptic. 
J. Clin. Microbiol. 25(6), 1014–1018 (1987).

25 Tiwari TS, Ray B, Jost KC Jr et al. Forty years 
of disinfectant failure: outbreak of 
postinjection Mycobacterium abscessus 
infection caused by contamination of 
benzalkonium chloride. Clin. Infect. Dis. 
36(8), 954–962 (2003).

26 Coates D. Sporicidal activity of sodium 
dichloroisocyanurate, peroxygen and 
glutaraldehyde disinfectants against Bacillus 
subtilis. J. Hosp. Infect. 32(4), 283–294 (1996).

27 Sagripanti JL. Metal-based formulations with 
high microbicidal activity. Appl. Environ. 
Microbiol. 58(9), 3157–3162 (1992).

28 Martin L, Vaillant L. Antiseptiques. In: 
Thérapeutique Dermatologique. Médecine-
Science Flammarion, Paris, France, 951–958 
(2001).

29 Fleurette J, Freney J, Reverdy ME. Les 
alcohols. In: Antisepsie et Désinfection. ESKA, 
Paris, France, 252–267 (1995).

30 Gottardi W. The uptake and release of 
molecular iodine by the skin: chemical and 
bactericidal evidence of residual effects caused 
by povidone-iodine preparations. J. Hosp. 
Infect. 29(1), 9–18 (1995).

31 Harke HP. [Octenidine dihydrochloride, 
properties of a new antimicrobial agent]. 
Zentralbl. Hyg. Umweltmed. 188(1–2), 
188–193 (1989).

32 Tietz A, Frei R, Dangel M et al. Octenidine 
hydrochloride for the care of central venous 
catheter insertion sites in severely 
immunocompromised patients. Infect. 
Control Hosp. Epidemiol. 26(8), 703–707 
(2005).

33 Gordon J. Clinical significance of methicillin-
sensitive and methicillin-resistant 
Staphylococcus aureus in UK hospitals and the 
relevance of povidone-iodine in their control. 
Postgrad. Med. J. 69(Suppl. 3), S106–S116 
(1993).

34 Russell AD. Plasmids and bacterial resistance 
to biocides. J. Appl. Microbiol. 83(2), 155–165 
(1997).

35 Österlund A, Kahlmeter G, Haeggman S, 
Olsson-Liljequist B; Swedish Study Group on 
Fusidic Acid Resistant S. Aureus. 
Staphylococcus aureus resistant to fusidic acid 
among Swedish children: a follow-up study. 
Scand. J. Infect. Dis. 38(5), 332–334 (2006).

36 Österlund A, Eden T, Olsson-Liljequist B, 
Haeggman S, Kahlmeter G. Clonal spread 
among Swedish children of a Staphylococcus 
aureus strain resistant to fusidic acid. Scand. 
J. Infect. Dis. 34(10), 729–734 (2002).

37 George A, Rubin G. A systematic review and 
meta-ana lysis of treatments for impetigo. Br. 
J. Gen. Pract. 53(491), 480–487 (2003).

38 Dhurkin SR, Selva D, Huilgol SC, Guy S, 
Leibovitch I. Recurrent staphylococcal 
conjunctivitis associated with facial impetigo 
contagiosa. Am. J. Ophthalmol. 141(1), 
189–190 (2006).

39 Szepetiuk G, Henry F, Pierard GE. 
Comparative study of the efficacy of fusidic 
acid and povidone iodine in childhood 
impetigo. J. Pediatr. Infect. Dis. 1, 219–223 
(2006).

40 Mangram AJ, Horan TC, Pearson ML, Silver 
LC, Jarvis WR. Guideline for Prevention of 
Surgical Site Infection, 1999. Centers for 
Disease Control and Prevention (CDC) 
Hospital Infection Control Practices Advisory 
Committee. Am. J. Infect. Control 27(2), 
97–132; quiz 133–134; discussion 196 (1999).

41 Rotter ML, Larsen SO, Cooke EM et al. A 
comparison of the effects of preoperative 
whole-body bathing with detergent alone and 
with detergent containing chlorhexidine 
gluconate on the frequency of wound 
infections after clean surgery. The European 
Working Party on Control of Hospital 
Infections. J. Hosp. Infect. 11(4), 310–320 
(1988).



591future science group www.futuremedicine.com

Antiseptics in the era of bacterial resistance: a focus on povidone iodine | Therapeutic Perspective

42 Lanker Klossner B, Widmer HR, Frey F. 
Nondevelopment of resistance by bacteria 
during hospital use of povidone-iodine. 
Dermatology 195(Suppl. 2), S10–S13 (1997).

�� Study in continuous ambulatory peritoneal 
dialysis patients revealing that long-term use 
of povidone iodine is not associated with 
resistance development in coagulase-negative 
staphylococci.

43 Goldenheim PD. In vitro efficacy of 
povidone-iodine solution and cream against 
methicillin-resistant Staphylococcus aureus. 
Postgrad. Med. J. 69(Suppl. 3), S62–S65 
(1993).

44 Stickler DJ. Chlorhexidine resistance in 
Proteus mirabilis. J. Clin. Pathol. 27(4), 
284–287 (1974).

45 Mayer S, Boos M, Beyer A, Fluit AC, Schmitz 
FJ. Distribution of the antiseptic resistance 
genes qacA, qacB and qacC in 497 methicillin-
resistant and -susceptible European isolates of 
Staphylococcus aureus. J. Antimicrob. 
Chemother. 47(6), 896–897 (2001).

46 Skurray RA, Rouch DA, Lyon BR et al. 
Multiresistant Staphylococcus aureus: genetics 
and evolution of epidemic Australian strains. 
J. Antimicrob. Chemother. 21(Suppl. C), 19–
39 (1988).

47 Lowbury EJ, Lilly HA, Bull JP. Methods for 
disinfection of hands and operation sites. Br. 
Med. J. 2(5408), 531–536 (1964).

48 Reverdy ME, Martra A, Allaert FA, Nony P, 
Freney J. [Kinetics of bactericidal activity of 
PVP-I solution dermal on the resident flora of 
the elbow, after application of 15 or 30 
seconds]. Médecine et Maladies Infectieuses 27, 
711–714 (1997).

49 Reverdy ME, Martra A, Stamm C, Claudy A, 
Allaert FA, Verriere JL. [Bactericidal activity 
of pvp-i alcoholic solution in comparison with 
the pvp-i dermal solution after single 
application on the resident flora of the elbow 
in healthy subjects evaluating tolerance after 
repeated applications for seven days]. Hygiènes 
8(1), 34–38 (2000).

50 Nagasawa M, Hayashi H, Nakayoshi T. 
In vitro evaluation of skin sensitivity of 
povidone-iodine and other antiseptics using a 
three-dimensional human skin model. 
Dermatology 204(Suppl. 1), S109–S113 
(2002).

51 Quatresooz P, Xhauflaire-Uhoda E, Pierard-
Franchimont C, Pierard GE. Regional 
variability in stratum corneum reactivity to 
antiseptic formulations. Contact Dermatitis 
56(5), 271–273 (2007).

����� Study using corneoxenometry to show that 
povidone iodine 10% has significantly less of 

an irritant effect on the stratum corneum 
than chlorhexidine 5% (p < 0.01).

52 Cherry GW. Iodine revisited. Eur. Tissue 
Repair Soc. 4(1), 6–13 (1997).

53 Lachapelle JM. Allergic contact dermatitis 
from povidone-iodine: a re-evaluation study. 
Contact Dermatitis 52(1), 9–10 (2005).

54 Wiwanitkit V. Povidone iodine irritant 
dermatitis. Indian J. Pharmacol. 42(1), 55 
(2010).

55 Murthy MB, Krishnamurthy B. Severe 
irritant contact dermatitis induced by 
povidone iodine solution. Indian J. Pharmacol. 
41(4), 199–200 (2009).

56 Velázquez D, Zamberk P, Suárez R, Lázaro P. 
Allergic contact dermatitis to povidone-
iodine. Contact Dermatitis 60(6), 348–349 
(2009).

57 Kara A, Tezer H, Devrim I, Cengiz AB, 
Secmeer G. Chemical burn: a risk with 
outdated povidone iodine. Pediatr. Dermatol. 
24(4), 449–450 (2007).

58 Contact Dermatitis (5th Edition). Johansen 
JD, Frosch PJ, Lepoittevin JP (Eds). Springer, 
Heidelberg, Germany (2011).

59 Brockow K, Christiansen C, Kanny G et al. 
Management of hypersensitivity reactions to 
iodinated contrast media. Allergy 60(2), 
150–158 (2005).

60 Pecquet C. [Allergy to iodine]. Ann. 
Dermatol. Venereol. 130(8–9 Pt 1), 795–798 
(2003).

61 Aalto-Korte K, Makinen-Kiljunen S. 
Symptoms of immediate chlorhexidine 
hypersensitivity in patients with a positive 
prick test. Contact Dermatitis 55(3), 173–177 
(2006).

62 Weitz NA, Lauren CT, Weiser JA et al. 
Chlorhexidine gluconate-impregnated central 
access catheter dressings as a cause of erosive 
contact dermatitis: a report of 7 cases. JAMA 
Dermatol. 149(2), 195–199 (2013).

63 Chong YY, Caballero MR, Lukawska J, Dugué 
P. Anaphylaxis during general anaesthesia: 
one-year survey from a British allergy clinic. 
Singapore Med. J. 49(6), 483–487 (2008).

64 Lineaweaver W, Howard R, Soucy D et al. 
Topical antimicrobial toxicity. Arch. Surg. 
120(3), 267–270 (1985).

65 Cooper ML, Laxer JA, Hansbrough JF. The 
cytotoxic effects of commonly used topical 
antimicrobial agents on human fibroblasts 
and keratinocytes. J. Trauma 31(6), 775–782; 
discussion 782–774 (1991).

66 Gilchrist B. Wound care. Should iodine be 
reconsidered? Nurs. Times 93(32), 70–71, 
74–76 (1997).

67 Fumal I, Braham C, Paquet P, Pierard-
Franchimont C, Pierard GE. The beneficial 
toxicity paradox of antimicrobials in leg ulcer 
healing impaired by a polymicrobial flora: 
a proof-of-concept study. Dermatology 
204(Suppl. 1), S70–S74 (2002).

����� Study in 51 patients with chronic leg ulcers 
showing that povidone iodine significantly 
improved healing rate and reduced time of 
healing, whereas chlorhexidine and silver 
sulfadiazine had only modest effects on 
these parameters.

68 Mayer DA, Tsapogas MJ. Povidone-iodine 
and wound healing: a critical review. Wounds 
5(1), 14–23 (1993).

69 Capriotti K, Capriotti JA. Topical iodophor 
preparations: chemistry, microbiology, and 
clinical utility. Dermatol. Online J. 18(11), 1 
(2012).

70 Darouiche RO, Wall MJ Jr, Itani KM et al. 
Chlorhexidine-alcohol versus povidone-
iodine for surgical-site antisepsis. N. Engl. 
J. Med. 362(1), 18–26 (2010).

71 Jarral OA, McCormack DJ, Ibrahim S, 
Shipolini AR. Should surgeons scrub with 
chlorhexidine or iodine prior to surgery? 
Interact. Cardiovasc. Thorac. Surg. 12(6), 
1017–1021 (2011).

72 Lee I, Agarwal RK, Lee BY, Fishman NO, 
Umscheid CA. Systematic review and cost 
ana lysis comparing use of chlorhexidine with 
use of iodine for preoperative skin antisepsis 
to prevent surgical site infection. Infect. 
Control Hosp. Epidemiol. 31(12), 1219–1229 
(2010).

73 Chaiyakunapruk N, Veenstra DL, Lipsky BA, 
Saint S. Chlorhexidine compared with 
povidone-iodine solution for vascular 
catheter-site care: a meta-ana lysis. Ann. 
Intern. Med. 136(11), 792–801 (2002).

74 Macias JH, Arreguin V, Munoz JM, Alvarez 
JA, Mosqueda JL, Macias AE. Chlorhexidine 
is a better antiseptic than povidone iodine 
and sodium hypochlorite because of its 
substantive effect. Am. J. Infect. Control 1. 
doi:10.1016/j.ajic.10.002 (2013) (Epub ahead 
of print).

75 Mimoz O, Karim A, Mercat A et al. 
Chlorhexidine compared with povidone-
iodine as skin preparation before blood 
culture: a randomized, controlled trial. Ann. 
Intern. Med. 131(11), 834–837 (1999).

76 Traoré O, Dubray C, Schuller MP, Laveran 
H. Comparison of the in vivo bactericidal 
efficacy of alcoholic povidone iodine versus 
alcoholic chlorhexidine for operation area 
disinfection. Hygiénes 12(4), 431–436 
(2004).



Clin. Pract. (2013) 10(5)592 future science group

Therapeutic Perspective | Lachapelle, Castel, Casado et al.

77 Swenson BR, Hedrick TL, Metzger R, 
Bonatti H, Pruett TL, Sawyer RG. Effects of 
preoperative skin preparation on postoperative 
wound infection rates: a prospective study of 
3 skin preparation protocols. Infect. Control 
Hosp. Epidemiol. 30(10), 964–971 (2009).

78 Maiwald M, Chan ES. The forgotten role of 
alcohol: a systematic review and meta-ana lysis 
of the clinical efficacy and perceived role of 
chlorhexidine in skin antisepsis. PLoS ONE 
7, e44277 (2012).

79 Parienti JJ, du Cheyron D, Ramakers M et al. 
Alcoholic povidone-iodine to prevent central 
venous catheter colonization: A randomized 
unit-crossover study. Crit. Care Med. 32(3), 
708–713 (2004).

80 Dumville JC, McFarlane E, Edwards P, Lipp 
A, Holmes A. Preoperative skin antiseptics for 
preventing surgical wound infections after 
clean surgery. Cochrane Database Syst. Rev. 3, 
CD003949 (2013).

81 Smerdely P, Lim A, Boyages SC et al. 
Topical iodine-containing antiseptics and 
neonatal hypothyroidism in very-low-
birthweight infants. Lancet 2(8664), 
661–664 (1989).

82 Parravicini E, Fontana C, Paterlini GL et al. 
Iodine, thyroid function, and very low birth 
weight infants. Pediatrics 98(4 Pt 1), 
730–734 (1996).

83 Gordon CM, Rowitch DH, Mitchell ML, 
Kohane IS. Topical iodine and neonatal 
hypothyroidism. Arch. Pediatr. Adolesc. Med. 
149(12), 1336–1339 (1995).

84 Brown RS, Bloomfield S, Bednarek FJ, 
Mitchell ML, Braverman LE. Routine skin 
cleansing with povidone-iodine is not a 
common cause of transient neonatal 
hypothyroidism in North America: 
a prospective controlled study. Thyroid 7(3), 
395–400 (1997).

85 Rooman RP, Du Caju MV, De Beeck LO, 
Docx M, Van Reempts P, Van Acker KJ. Low 
thyroxinaemia occurs in the majority of very 
preterm newborns. Eur. J. Pediatr. 155(3), 
211–215 (1996).

�� Websites
101 Kramer AW, Daeschlein G, Kammerlander G 

et al. An assessment of the evidence on 
antiseptics: a consensus paper on their use in 
wound care. 
www.werner-sellmer.de/Downloads/
Leitlinien/Konsensusempfehlung%20
Wundantiseptik%202004%20Englisch.pdf 
(Accessed 31 July 2013)

102 Guidelines for the Prevention of Intravascular 
Catheter-Related Infections, 2011. Centers for 
Disease Control and Prevention. 
www.cdc.gov/hicpac/bsi/bsi-guidelines-2011.
html  
(Accessed 20 May 2013)

www.werner-sellmer.de/Downloads/Leitlinien/Konsensusempfehlung%20Wundantiseptik%202004%20Englisch.pdf
www.werner-sellmer.de/Downloads/Leitlinien/Konsensusempfehlung%20Wundantiseptik%202004%20Englisch.pdf
www.werner-sellmer.de/Downloads/Leitlinien/Konsensusempfehlung%20Wundantiseptik%202004%20Englisch.pdf
http://www.cdc.gov/hicpac/bsi/bsi-guidelines-2011.html
http://www.cdc.gov/hicpac/bsi/bsi-guidelines-2011.html

