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ABSTRACT
The skin is colonized with a wide range of micralf&sme offer vital protection from colonization
and infection with pathogenic strains while othease the capacity to cause or exacerbate disease.
The aim of this thesis was to investigate the aslé management of microbes found on skin
affected by three disorders; balanoposthitis, imgpednd atopic dermatitis (AD).

Paper | investigates the frequency and distribuidmacteriaCandidaandMalasseziaspecies in
balanoposthitis, a common inflammatory and/or itikers disorder of the prepuce and glans penis.
Patients with balanoposthitis were colonized wiibrobes more often than a control group.
Specifically,S. aureusvas found in 19% of patients with balanoposttats not at all in the

control group. There was no significant increas€amdidaspecies in balanoposthitis. Different
clinical manifestations did not predict the preseatspecific microbes. There was no association
with seborrhoeic dermatitis or psorisasis.

Paper Il describes the bacterial spectrum and ptiopoof fusidic acid-resistar@. aureugFRSA)

in cultures from lesional skin in impetigo and sedarily infected ADS. aureusvas the most
frequent finding (76-93%) and fusidic acid-resis&mvas found in 75%, 32% and 6.1%of
aureusisolates from patients with bullous impetigo, fmrlous impetigo and secondarily infected
AD, respectively.

In paper Il than vitro antimicrobial activity of topical skin pharmacesis was tested agairist
aureus S. epidermidisStreptococcus pyogenédsscherichia colandCandida albicans

Formulations with clioquinol, halquinol and hydrogeeroxide had a broad antimicrobial effect.
The azole class of antifungal formulations had rmtirgtaphylococcal effect.

Paper IV describes the variationsSnaureusolonization in relation to the severity of AD
(assessed with SCORAD) in adult patients duringn@osith follow-up. High density db. aureus

on lesional skin, colonization of multiple bodyesitand persistent colonization with one strain was
associated with more severe disease.

Conclusion: Balanoposthitis was associated with increasechadtion with potentially

pathogenic microbes. The primary therapeutic targetild to moderate cases without overt signs
of infection should be to decrease inflammation eancrobial load with a topical corticosteroid-
antimicrobial combination. FRSA were a common cafdepetigo but remained relatively
infrequent in secondarily infected AD. Use of t@itusidic promotes the spread of resistant strains
and should be avoided. Topical non-resistance-ptiogpantiseptic formulations could be useful in
the management of superficial skin infections aelgp neduce the use of systemic antibiotic
treatment. Detailed investigation of different agpefS. aureusolonization in relation to AD
severity can increase understanding of the comPleureusAD interaction and the possible value
of anti-staphylococcal interventions in clinicatign-infected AD.

Keywords: balanoposthitis; microbeStaphylococcus aureu€andidg Malasseziafusidic acid;
fusidic acid-resistarfs. aureusimpetigo; atopic dermatitis; azoles; clioquinieglquinol; hydrogen
peroxide; skin infection; SCORAD
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INTRODUCTION

Microbes are everywhere. We tend to think of thensauses of disease and decay and have, in
vain, invented numerous ways to abolish them framliges. In reality, humans live in harmony
with many microbes, are struck with disease by santkbenefit from others. For instance, the
commensals of the human nasopharynx, skin andrguracial for bacterial homeostasis,
preventing colonization and infection with pathogestrains.Staphylococcus aureua potentially
pathogenic bacteria which will be discussed inHertdetail in this thesis, can cause a wide ramge o
different diseases, such as impetigo, other skihsarft tissue infections (SSTIs), staphylococcal
scalded skin syndrome (SSSS), endocarditis andgo@bning [1]. Bacterial fermentation

produces the desired consistency and flavour ofiydgnd cheese [2, 3]. The carbon dioxide
produced by fungi makes dough rise in breadmakmptheir metabolic activity on the juice of

grapes provide the unique taste of wine [4].

The work presented in this thesis was aimed atstiyating the role and management of microbes
found on skin affected by three different skin dits; balanoposthitis, impetigo and atopic
dermatitis (AD).
The study of balanoposthitis presented in papead prompted by the lack of a comprehensive
description of the spectrum of microbes found is rarticular skin disease. Specifically, there
were no reports of the frequency and distributibMalassezisspecies in balanoposthitis. The
Malasseziayeasts cause seborrhoeic dermatitis, a skin digdbas not unlike balanoposthitis, is
associated with erythema, papules and scales &s arkeere sebaceous glands are abundant.
A Scandinavian outbreak of bullous impetigo causgd strain ofS. aureusesistant to the topical
fusidic acid preparations which were widely usethattime inspired the next study. The frequency
of fusidic acid-resistars. aureugFRSA) in patients with impetigo attending the Bement of
Dermatology at Sahlgrenska University Hospital @2-2008 was investigated. In addition, the
frequency of FRSA in patients with atopic dermat{AD), a group of patients who are highly
prone to colonization and infection wigh aureuswas recorded during the same time period. The
results are presented in paper II.
As demonstrated by the emergence of FRSA it i$ fataeach clinician to use antibiotics sensibly.
Antibiotic resistance is a rapidly increasing globealth care problem. SSTIs are common
conditions and treatment with topical antiseptiegarations can sometimes be an alternative to oral
antibiotics. In paper Ill then vitro antimicrobial properties of currently availablgial skin
pharmaceuticals were tested with the agar dilagsay.
Clinical experience suggests that there is a pes@iorrelation between skin colonization wgh
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aureusand disease severity in patients with AD. Patiantls severe AD experience improvement
when treated with antibiotics, even in the absaidiare-ups. Despite this there is no convincing
scientific data demonstrating an effect of antphtdococcal treatment in clinically non-infected
AD [5]. One way to investigate a possible connetbetweers. aureusolonization and severity

of clinically non-infected AD is to monitor the gerties of colonization and disease intensity over
time. In paper IV the variation in AD severity idwdt patients during a 5-month follow-up was
described and related to changeS iraureusolonization.

The introduction of a thesis should give a theoettback-drop for the topics which are about to be
discussed. Therefore, the introductory part of lmdy of work is focused on describing the key
players in the microbial drama that is played autand in, the skin. The leading character is the
multi-talentedS. aureusHowever, without supporting actors there woulthbeplot so the
MalasseziaspeciesCandida albicansS. epidermidigndStreptococcus pyogenase also

presented in some detail.

The epidermal stage is vast and complex and alserdes some mentioning. Sometimes the floor
boards cannot be trusted, fragile due to mutatdrssructural proteins such as filaggrin in AD.

The plot and manuscript of our plays, and by thatwean the pathogenesis and current treatment
guidelines for balanoposthitis, impetigo and ADI| e reviewed. The mode of action for fusidic
acid and selected antiseptics will also be coveefdre we move on to discuss papers I-IV.

So please, take a seat! Curtain up! Enjoy!

Mikael Alsterholm
Gothenburg, 1 of October 2012

Photo: Mikael Alsterholm
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THE MICROBES

COLONIZATION AND INFECTION

Colonization

Colonization is characterized by the presence cofabes in a host where those microbes do not
disrupt the normal body functions of that host.ddatation usually occurs on surfaces in contact
with the surrounding environment, i. e. the skitg inucous membranes of the nasal and oral
cavities, urogenitalia, and the gastrointestinatosa [6]. Colonizing microbes can be commensals
as well as symbionts. Commensals live closely togretith their host and benefit by the
relationship whereas the host neither benefitasmibarmed. Symbionts are organisms that live
together and where the relationship is of mutusbathge [4]. The term commensal is, somewhat
incorrectly, often used as a synonym to colonizmgrobial flora. When the term is used in this
thesis it will be in this referred meaning.

Infection

Infection is defined as an invasion of the hostrbgrobes that can cause pathological conditions or

diseases [7].

STAPHYLOCOCCUS AUREUS

Physiology and structure

The members of the gen8taphylococcuare spherical, gram-positive bacteria which cafobad
on the skin and mucous membranes of humans, ottw@mmals and birds [4]. They are facultative
anaerobes, meaning that they have the ability hergee energy by aerobic as well as anaerobic
respiration, the latter yielding lactic acid. TimemeStaphylococcuss derived from the Greek term
staphylé which means “a bunch of grapes” and refetise growth pattern of the staphylococci [4].
Currently, the genuStaphylococcusonsists of approximately 40 species [8].

S. aureuss the most virulent of the staphylococci. It ieighly versatile and adaptable spherical
bacteria with a diameter of about one um [1]. Thlemies ofS. aureusare golden because of
carotenoid pigments that form during growth [9R@tylococci produce catalase, an enzyme which
catalyzes the conversion of hydrogen peroxide tiemand oxygen. This ability is used to

differentiate them from gram-positive, catalaseat®g cocci such as the streptoco&iaureus
13



also produces coagulase which interacts with poothin leading to blood clotting by the
conversion of fibrinogen to fibrine. The coagulésst is used to distinguish betweenaureusand
other staphylococci in clinical laboratories sifgeaureuss the onlyStaphylococcuspecies found
in humans that produces coagulase [4]. In othedsy&. aureusan promote the conversion of
fibrinogen to fibrin in a test tube whereas otharical Staphylococcusolates cannot. Therefore,
all other members of th&taphyloccocuspecies found in humans (for instai&eepidermidignd

S. saprophyticysare collectively referred to as coagulase-negattaphylococci (CoNS).

The cytoplasm 08. aureuss encapsulated by a cytoplasmic membrane contpofproteins and
lipids, a cell wall and sometimes a polysacchasidae layer. The latter is believed to inhibit
chemotaxis and phagocytosis by polymorphonucle&oeytes as well as hefh aureudo adhere

to synthetic materials. Not all clinical isolat€fsS aureusare able to produce a slime layer, reports
range from 45-70% [10, 11]. Bacterial populationslesed in a polysaccharide slime layer are
referred to as biofilm.

The principal component of the rigil aureusell wall is peptidoglycan, which consists of pdet
cross-linked glycan chains. Teichoic acid is attatto the peptidoglycan of the cell wall. Teichoic
acid aids the binding @&. aureugo fibronectin of mucosal surfaces. Another congrarof theS.
aureuscell wall is bound coagulase, discussed abovadtition, several virulence factors such as

adhesins are linked to the cell wall. These androtitulence factors are discussed below.

S. aureugan cause a wide range of diseases and is ohe ofdst studied bacterial pathogens. At
the same time it can also reside on the skin antboaimembranes of humans as a commensal. The
anterior nares is the most frequent carriage sit& faureusLongitudinal studies show that about
20% of individuals are persiste@taureuscarriers in the anterior nares, 30% are intermitte

carriers and 50% non-carriers [12-16]. The freqyefaarriage on different body sites ranges

from 10-20% in the general population and from 42639n nasal carriers. Nasal carriage increases
the risk of developing &. aureusnfection [13, 17].

Virulence factors

S. aureugproduces a plethora of virulence factors makiregvery powerful pathogen. It can cause
infections of the blood, skin, soft tissue, bond Bower respiratory tract. The virulence factors
produced by5. aureusnclude adhesins, exotoxins and superantigen $oxin

The complete genome of two methicillin-resistamdiss ofS. aureufMRSA) was first sequenced
in 2001 [18]. In addition to coding segments fog\pously known virulence factors the sequencing
revealed an array of genes coding for other pass$ixins and adhesins, meaning that the
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pathogenic potential @. aureuss still not realized in full.
Another extremely important aspect of the “succeds. aureusas a pathogen is a remarkable
ability to become resistant to antibiotics.

Adhesins

S. aureuexpresses several microbial surface componentgmetng adhesive matrix molecules
(MSCRAMMS). The function of the MSCRAMMS is to Ipeb. aureusdind to the tissue of its
host.

Fibronectin binding proteins A and B mediate thtactment ofS. aureugo fibronectin, an extra-
cellular matrix component. This mode of bindindpedieved to be important for the colonization of
atopic skin where fibronectin is redistributed tte tornified layer [19]. Collagen binding protein,
(Cna) is needed for the attachmenSofiureugo collagen and cartilage [20]. Clumping factors A
and B (CIfA and CIfB) mediate, as revealed by timaimes, clumping but also help aureusadhere
to fibrinogen when fibronectin is present. This im@ewsm is thought to be of importance in wound
infections [21].

Protein A is covalently linked to the peptidoglydager of the cell wall of mos$. aureusstrains

but not to the cell wall of the CoNS. It binds #hereceptor of IgG1, IgG2 and IgG4, thereby
preventing opsonization and phagocytosiS chureusy the cells of the immune system [1, 4].
Further protection from the immune system as wefr@am antibiotics and antiseptics can be
provided by the formation of the polysaccharidensliayer and biofilm, a mechanism which can be

considered an adhesin-related virulence factor.

Exotoxins

S. aureugan secrete numerous toxins which form poresércitioplasmic membranes of host cells
and cause subsequent cytolysis. Alpha-, beta- amihg-hemolysins, leukocidin and Panton-
Valentine leukocidin (PVL) are all examples of exahs. PVL is a virulence factor of community-
associated MRSA (CA-MRSA) and consists of two pratéLukF-PV and LukS-PV) that hetero-
oligomerize in the host’s cytoplasmic membranetmfa pore. The main target of PVL is
leukocytes which in part explains the ability of @MRSA to cause necrotizing pneumonia and skin
infections [22].

The exfoliative toxins 08. aureugexfoliative toxins A étaA) and B (¢aB)) are serine proteases
that cause the epidermal blistering of bullous itiggeand SSSS. The toxin cleaves desmoglein 1,
a structural protein of the desmosome which hdidskeratinocytes in junction [23]. In bullous
impetigo the toxin is produced locally at the sifenfection whereas in SSSS the toxin circulates
and produces blisters and desquamation at muliiqudy sites.
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Superantigen toxins

While adhesins helf. aureuso colonize and infect cells and exotoxins tatgest cells and

immune cells with different affinity, the superagen toxins have a different mode of action.
Superantigen toxins crosslink MHC class Il moleswda antigen-presenting cells with T-cell
receptors. This connection induces antigen-indeganticell proliferation and cytokine release
which in turn causes capillary leak and hypotensixamples of superantigen toxins are toxic
shock syndrome toxin-1 (TSST-1) and the entero®AinB, C, D, E, G and Q. TSST-1 causes toxic
shock syndrome, a potentially fatal condition chteazed by fever, hypotension, macular rash and
desquamation [24]. The enterotoxins, which canedtyarolysed by intestinal enzymes and are

stable at 100°C for up to 30 minutes, cause stagbygcal foodborne disease [4].

In paper IV we have studied the pattern of colamrawith S. aureusa powerful pathogen as well

as a commensal, in relation to disease severggutt patients with AD during a 5-month follow-

up.

Resistance to antibiotics

During the antibiotic are8. aureushas proven to be highly skilled at developingstsice. In the
mid 1940s, just a few years after the introducbbpenicillin in clinical practice, penicillin-
resistantS. aureusstrains were found in hospitals [25, 26]. Thesaiiss produced a penicillinase
which hydrolysed th@-lactam ring of penicillin. Within a decade penliciresistantS. aureus
strains were pandemic [27]. In the late 1950s roélini, a newp-lactam antibiotic, was introduced
and in 1961 the first report of methicillin-resist®. aureugMRSA) was published [28].
Methicillin-resistance is broad and confers resisgato allp-lactam antibiotics (penicillins,
cephalosporins and carbapenems). The mode of dotilactam antibiotics is to bind to
penicillin-binding proteins (PBPS) in the bactegall wall and inhibit transpeptidation of glycan
chains. The genetic basis for methicillin-resistaiscthe large mobile genetic element
staphylococcal cassette chromosamex(SCGOneq. The SC@neccontains a coding sequence for
an alternative penicillin-binding protein called PEBa. PBP2a has low affinity for #Hlactam
antibiotics. Therefordj-lactam antibiotics cannot bind PBP2a and inhtwt transpeptidation of
glycan chains. The origin of S@@&cis unknown and so is its mode of transmission.

Until the late 1970s reports of MRSA strains reredinelatively rare and confined to hospitals in
Europe and the United States [27]. The last yefitsab decade and the first half of the 1980s gave
rise to a pandemic of MRSA in hospitals. The omlyaining antibiotic effective against these
strains was vancomycin. Predictably, the increasedof vancomycin resulted in vancomycin-
resistanS. aureusstrains (VRSA) [29]. Since the mid 1990s MRSA hheeome widespread in the
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community on a global scale, the so-called CA-MRSA-MRSA can cause fatal systemic
infections but are also a frequent cause of nec&&TIs in dermatology out-patients [30-32].
Further testament to the ability 8f aureudo develop resistance to antibiotics is the ncl@he of
fusidic acid-resistars. aureugFRSA) which was discovered in epidemics of budlaupetigo in
Sweden and Norway at the turn of the milleniumpéaper Il we have investigated the frequency of
FRSAIn impetigo and secondarily infected AD and we dsscthe future implications of our

findings.

Figure 1. S. aureus on blood agar plate.
Photo: Mikael Alsterholm

STAPHYLOCOCCUS EPIDERMIDISAND OTHER COAGULASE -NEGATIVE STAPHYLOCOCCI

Physiology and structure

S. epidermidigolonizes all humans and is the most common coaeusiman skin. It can be found
on all body sites, especially in intertriginousa®s. epidermidiss a member of the normal skin
flora together witlS. aureusS. saprophyticysMicrococcus luteugVl. roseusM. vaians(all

aerobic cocci)Corynebacterium minutissimyi@. lipophilicus C. xerosisC. jeikeium
Brevibacterium epidermidi@erobic coryneform bacteriddropionibacterium acne®.
granulosumP. avidum(anaerobic coryneform bacteri&cinetobacter sppgram-negative
bacteria) andMalassezisspecies [33]S. epidermidigndS. saprophyticubelong to the CoNS.
Another 16 species within the CoNS subset have lsedsted from humans [8]. Colonization with
S. epidermidignd other CoNS is believed to play an importalg for microbial homeostasis on
the skin, competing witB. aureusand other potentially harmful microbes [34].

In addition to being commensals on human skin(bNS are important nosocomial pathogens,
17



often multidrug-resistant and have become dissaminaorldwide. S. epidermidiss the best
studied species of the CoNS with regards to aritresistance, virulence factors and pattern of
dissemination. In contrast with the “aggressi®e’aureusvhich produces numerous cytolytic
exotoxins and superantigen toxiss,epidermidifias a much less confrontational approach. Once it
passes a disrupted skin barrier (for instance gicalrincision) it evades the immune system,
primarily by biofilm formation [34].

S. epidermidivias long been known to cause endocarditis andtiafes related to synthetic
implantable devices such as prosthetic heart vawmdgoints, vascular grafts and intravascular
catheters [8]S. saprophyticydrequently isolated from the perineal region @susrinary tract
infections in women [35]S. epidermidigind other CoNS are, second onlystcaureusthe most
common cause of surgical site infections [36]. Mahthe isolates 0%. epidermidigrom hospital-
acquired infections are methicillin-resistant amagtdrthe capacity to produce biofilm. Taken
togetherS. epidermidisnfections present a therapeutic challenge sineesite of infection is often
remote and associated with a synthetic object wihege frequently multidrug-resistant microbes

form biofilm.

S. epidermidis and skin disease
On the surfaces. epidermidigives in harmony with its host, balances the egi#th microbial flora
and rarely causes skin disease. However, if thb@ml barrier is passed, the pathogenic potential

can be revealed as just exemplified [37].

In paper Il we have tested the antimicrobial attief topical skin pharmaceuticals against a panel
of microbes which are commonly found on the skthexias commensals, pathogens or bSth.

epidermidiswas part of that panel.

MALASSEZIA SPECIES

Physiology and structure

TheMalassezigyeast is a unicellular eukaryotic organism belaggp the microbial flora of the

skin. It ranges in size from 1-8 pm in diameter had a thick multilayered cell wall mainly
consisting of carbohydrates, proteins and lipidse Yeast cells reproduce by unilateral budding and
can assume various shapes such as bottle-shapesg]mvoid or cylindrical [38]. They colonize

the skin of humans and animals, including haindtdk, with a particular preference for sebum-

containing skin sites.
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The taxonomy and identification methods falassezisspecies are continuously being revised as
new species are discovered. A revision and enlaggeof the genus was performed in 1996, by
then including seven specidd; furfur, M. pachydermatidV. sympodialisM. globosaM. obtusa

M. restrictaandM. slooffiag[39].

In recent years, the knowledge of the geMiatassezighas expanded further and, to date, includes
an additional seven species that have been isdiaedhealthy and diseased human and animal
skin (M. dermatis M. japonicg M. nang M. yamatoensidVl. equina M. capraeandM. cunicul)

[40].

With the exception oM. pachydermatistheMalassezisspecies need lipids to grawvitro. The
differentiation ofMalasseziaspecies in clinical settings and in epidemiologstallies has
traditionally been based on morphology in comboratvith physiological properties (page 49) [38,
41, 42]. Now, an option in epidemiological studeshe identification and quantification of

MalasseziaDNA from skin specimens.

Malassezia and skin disease

Malasseziaspecies are associated with several common s&@ases such as pityriasis versicolor,
seborrhoeic dermatitis and dandrulff.

Pityriasis versicolor is characterized by smalldwpr hyperpigmented scaly plaques, primarily
located to seborrhoeic areas of the skin sucheashést, back and neck. High temperature and
humidity, genetic predisposition and poor immuragus are factors contributing to the disease. In
Sweden, prevalence rates are 0.5% for males affl fd:3females [43]. Microscopy of scales from
pityriasis versicolor lesions reveals the presafa@bundanMalassezisspores and hyphae whereas
Malasseziaare much more rarely found on unaffected skinmthe skin of healthy controls [44,

45]. In addition, the hyphal state appears to playmportant role in the pathogenesis of pityriasis
versicolor, since hyphae are found in lesions preetive of whichMalassezisspecies is isolated

[40]. M. globosais the species that is most often isolated fratyrigisis versicolor. However, while
the association between pityriasis versicolor siadassezids considered confirmed, current
epidemiological data does not permit any definiteaclusion as to which of tiMalassezia

species are implicated in this disease [40].

Seborrhoeic dermatitis is a relapsing skin dis@ateerythema and scaling in the seborrhoeic areas
of the skin. The disease has a predilection fosttadp, eyebrows and paranasal folds but can also
affect chest, back, axillae and genitals. Prevaeates are reported to be 2.6% for men and 3.0%
for women [46]. Seborrhoeic dermatitis is belietede caused by a nonspecific immune response
to Malasseziabut the exact mechanism remains obscure [40 D&fdruff is the mildest

manifestation of seborrhoeic dermatitis.
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In paper | we have investigated a possible roléMalassezian balanoposthitis, a common form of
dermatitis affecting the area of the prepuce aedjtans penis where several infectious agents have
been implicated. The frequency and distributioMafassezisspecies in the male genital region

was investigated previously in both uncircumcised eircumcised men but not in relation to
balanoposthitis. It was concluded tivailasseziaspecies belong to the resident microflora of the
male genital region. Isolation rates were lowetcinsumcised men [48, 49]. The involvement of
Malasseziaspecies in skin diseases affecting the male deei@n such as balanoposthitis,

seborrhoeic dermatitis and psoriasis was suggéstiedot further investigated [49].

CANDIDAALBICANS

Physiology and structure

Like S. aureusand theMalasseziaspecies, the ubiquitous yeasts of @adidaspecies can be
human pathogens as well as commensalslbicansis the most important member of its genus.
The cytosol contains a nucleus, ribosomes, mitogharand an endoplasmatic reticulum. The cell
membrane consists of phospholipids, glycoprotents anportantly, ergosterol. Ergosterol is the
target of many antifungals because human cellsagooholesterol instead of ergosterol. Exterior to
the cellmembrane is a cell wall containing chitin.

C. albicansis part of the normal flora of the oral cavitysgaintestinal tract and external genitalia
[4, 50]. Itis likely that most individuals expeniee at least one episode of candidal disease iin the
lifetime. Finding aCandidaspecies in a swab sample doesn’t immediatelyfguidis a relevant
pathogen. The clinical context has to be carefeMgluated. Erythema, pustules or other signs of

inflammation at the sample site makes clinicalvafee of the finding more likely.

C. albicans and skin disease

C. albicansis favoured by the warm and moist microenvironnveimich arises at intertriginous

sites in obesity, under diapers, due to incontieedoooling and improperly fitted dentures.
Conditions and illnesses which predispose for aliadis include immunosuppression and diabetes
mellitus. Treatment with systemic antibiotics céterahe normal flora of the skin and mucous
membranes and thereby permit an overgrowiGaididaspecies.

In dermatologyC. albicansis encountered as a pathogen in oral candidigemstal candidiasis,
intertrigo, candidal paronychia and in diaper cdradiis [33]. The first consideration in treatmemnt i

to, whenever possible, reduce moisture and lingtligposing factors. Topical treatment
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alternatives with azoles, nystatin or amphoterigiare available in several different vehicles which
are chosen depending on body site [33, 50]. Fdroaradidiasis gel or mouth wash is a good
option, genital candidiasis can be treated witlagival tablet or vaginal cream and for cutaneous
candidiasis a cream is usually the best choicee8ys fluconazole treatment is an important
alternative for oral candidiasis responding ina@eely to local treatment and for therapy-resistant
or frequently recurring genital candidiasis.

C. albicanscan be a clinically relevant pathogen in the nggeital regionC. albicansis found in
swab samples from the area of the prepuce and g&nis in patients with balanoposthitis and has

been considered the principal causing microbeisfdbndition [51-54].

In paper | we have studied the frequencZoblbicansin balanoposthitis in relation tdalassezia

species and bacteria. It was also included in #meof microbes tested in paper Ill.

STREPTOCOCCUS PYOGENES

Physiology and structure

The genusStreptococcusclude a wide variety of different gram-positieecci which appear
arranged in pairs or chains. In contrast with t@lsylococci the streptococci are catalase-negative
There are three different, not mutually exclusaehemes for differentiation of streptococci;
serological properties (Lancefield groupings A-Hl&xV), haemolytic patterns and biochemical
properties. Haemolysis can be compl@taémolysis), incompletexthemolysis) or absent{
hemolysis) [4].

S. pyogeneslso called Group Atreptococcu$GAS), are 0.5-1 um spherical cocci that form short
chains.In vitro they grow on enriched blood agar media. A largeezof B-hemolysis is observed
around coloniesS. pyogenebkas several virulence factors including the s@{acchored M-protein
which forms the basis for modern serological défération ofS. pyogenestrains. The M-protein
mediates adhesion to host cells and resistangestonization and phagocytosis. Invasze
pyogenessolates are surrounded by a hyaluronic acid palgisaride capsule which protects from
opsonization and phagocytosis and is almost idaniocchuman polysaccharides, further facilitating

the evasion of the host immune response [55].

S. pyogenes and skin disease
S. pyogenes a common cause of pharyngitis, sometimes caawgld by scarlet fever [50]. A
couple of days after the first symptoms of pharfiagiatients develop a diffuse erythematous rash
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on the upper chest and extremities. Circumorabpé#iparing around the mouth) and sparing of the
palms and soles is a common finding. The toungatially covered with a yellowish white
membrane which is later shed revealing the redvbeay tongue.

S. pyogeness also the cause of several different SSTIs,irenfyjom superficial to deep [33].
NowadaysS. pyogenes a rare cause of impetigo but remains a freqoaase of echtyma which
penetrates further into the dermis. Erysipelagisdime authors (and particularly in the U.S.) by
definition caused b$. pyogenesvhereas European authors tend to recogdizrireuss well [50,
56]. The list of pathogens causing cellulitis isrendiverse bu§. pyogeneis the most common. It

is likely that health care professionals worldwidé have to re-evaluate the management of SSTIs
in the years to come due to the CA-MRSA epidem&-MRSA cause echtyma-like skin infections
and in recent years outbreaks have been reportedgamilitary trainees, prisoners and athletes
[32, 57].

In paper Il we have tested the antimicrobial atfief topical skin pharmaceuticals against a panel
of microbes which are commonly found on the skthexias commensals, pathogens or bSth.

pyogenesvas part of that panel.

THE SKIN DISEASES

BALANOPOSTHITIS

Balanoposthitis is defined as inflammation of tkim ©f the glans penis (balanitis) or the glans
penis and prepuce combined (balanoposthitis) [SB,Ealanoposthitis usually presents as pruritic
or sore diffuse rubrosquamous macules. Symptomsalsarbe more pronounced with glazed
erythema, pustules, erosions or even ulcers.

It is described that approximately 10% of menratieg genitourinary medicine clinics in the U.K.
suffer from balanoposthitis [60]. The main causéafnoposthitis is considered to be infection,
with particular attention given to yeasts, but baethave also been implicated [51-54]. A risk
factor for developingCandidabalanoposthitis is diabetes mellitus. In factymgtomatic infection
with Candidain the area of the prepuce and glans penis origehphimosis (sometimes a
consequence of balanoposthitis) can be an earyeatis marker for diabetes mellitus [61, 62].
Interestingly, no specific microbial aetiologicaltor can be detected in 31-41% of patients with
balanoposthitis [51-54]. Irritant dermatitis causgdraumitteration is one cause of balanoposthitis

which probably explains a large proportion of thoases [60]. In fact, balanoposthitis has been

22



referred to as a combination of a biomechanicaliafettious disorder where abrasive trauma from
frequent retraction of the prepuce and genital \wasbreates a beneficial milieu for microbes [62].
Balanoposthitis seems to mainly, but not exclugivaffect men who are not circumcised [58, 63].
There are several important differentials to thegdosis of balanoposthitis as it is defined above.
AD, seborrhoeic dermatitis and, perhaps more confynpsoriasis can affect the male genitalia,
causing a similar clinical picture. Genital invotrent of pityriasis versicolor is rare but has been
described [64, 65]. Plasma cell balanitis, sometineéerred to as Zoon balanitis, is a distinct
clinical entity usually presenting as a solitargigily circumscribed red plaque on the glans peiis o
middle-aged and older men. Histopathologicallyspia cells are seen. The aetiology is unknown
[66]. Erythroplasia of Queyrat is the clinical appgnce of Bowen's disease (carcinamsitu of
squamous cells) of the prepuce and glans penisamdometimes be mistaken for balanoposthitis
of other aetiology. The condition is associatechwiiman papilloma virus (HPV) and has a

relapsing course with a risk of progression to sguas cell carcinoma [67].

The role of microbes

Studies on the role of microbes as causative agémiglanoposthitis have shown differing results.
Some authors have published data supporting tkeof@. albicang(10-60% of cases) whereas
others have detected a high frequency of groupdptsicocci (4-28% of cases) [51-54]. Among
those studies, only two have included a controligr investigate the frequency and distribution
of microbes on the glans penis and in the prepséialof men without balanoposthitis in the same
clinical setting [51, 52]. The carriage rate(falbicansin the sulcus coronarius is reported to be
14-20% in healthy men and does not seem to beeimndked by circumcision [49, 68, 69].

Several other microbes suchTagchomonas vaginalisGardnerella vaginalisanaerobic bacteria,
mycobacteriaEntamoeba histolyticareponema pallidugrherpes simplex virus and HPV, are
infrequently associated with balanoposthitis [70, 7

Despite being a common skin pathog&naureusas only been associated with balanoposthitis on
rare occasion [52]. A possible role fdialasseziasspecies in the pathogenesis of balanoposthitis has

been suggested but not examined further [49].

Diagnosis and management

In most mild to moderate cases the clinical prest@nt together with the patient’s history allows
the clinician to diagnose balanoposthitis withauetaborate work-up. However, balanoposthitis is
a descriptive term which covers inflammatory, itilees, pre-malignant and malignant disorders so
every case should be carefully considered.

There are no Swedish guidelines for the manageofdalanoposthitis. In 2008 the Clinical
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Effectiveness Group of the British Association &&xual Health and HIV published an update of
The U.K. National Guideline on the Management aBaposthitis [71]. Selected investigations
from that guideline, adapted to Swedish conditiamd intended to aid diagnosis in cases of

uncertainty are summarized in the following.

» Askin biopsy should always be secured if thet@nig suspicion of pre-malignant or
malignant disease.

* Whenever there is diagnostic uncertainty a subtgragpswab forCandidaspecies and
bacterial culture should be undertaken.

» Urinalysis for glucose — especially if candidaladfion is suspected.

* Polymerase chain reaction (PCR) analysis for hespeplex virus (HSV) when appropriate.

* PCR-analysis folfreponema pallidunm case of ulcerations.

» Screening for sexually transmitted infections (§Blsch asChlamydia trachomatis
Neisseria gonorrhoeagndMycoplasma genitaliurmfection.

* In chronic cases (especially if unresponsive toapy) consider dermatoses such as

psoriasis, AD or contact dermatitis.

The aims of the investigation and treatment agidagnose and treat STIs, to minimize sexual and
urinary dysfunction and to detect and treat preignaht and malignant conditions.

The patients are instructed to avoid frequent géniashing while inflammation is present. Genital
washing should be restricted to once daily using wster and possibly a mild non-scented soap.
Sexual intercourse can cause abrasive trauma fréipeice and glans penis and should initially be
avoided.

Topical treatment with a hydrocortisone imidazaiearn is generally effective in mild to moderate
cases of irritant balanoposthitis a@dndidabalanoposthitis. The treatment of balanoposthitils

be discussed further in relation to the resultsaper | (page 65-66). Balanoposthtitis is often
relapsing and patients should be informed of thigrder to improve compliance and obtain a good
treatment result.

On rare occasion, the presentation is dramatic prihounced oedema, pain, oozing and crusts.
This clinical picture has been associated withpstreoccal or HSV infection and warrants oral
antibiotic or antiviral treatment [72, 73]. Metraazole should be chosen if there is suspicion of an

anaerobic infection (foul smelling discharge, oedeand inflamed glands) [71].

In paper | we have investigated the frequency asitlilbution of bacteria and yeasts in

balanoposthitis. A possible association betwedemdint clinical presentations and microbes and
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with seborrhoeic dermatitis was also explored.

| MPETIGO CONTAGIOSA

Impetigo contagiosa (in the following referred wimpetigo) is a localized superficial skin
infection which affects both children and adult$ isumore common in children. Impetigo exists in
two clinical forms; non-bullous impetigo and bultoimpetigo. Non-bullous impetigo accounts for
70% of impetigo cases. It is characterized by enythtous macules rapidly evolving into short-
lived vesicles or pustules which are replaced bipwesh (honey-coloured) crusts and superficial
erosions. Predilection sites are the face and mxies. Bullous impetigo affects the face and the
extremities but also the trunk, the buttocks amdpgérineum. Lesions are initially small vesicles
which later enlarge into superficial bullae rangfrgm 1 to 5 centimetres in diameter [33, 50].
Differentials for impetigo include herpes simpleecondarily infected AD, fungal infections,
eczema herpeticum and, importantly, early stag&S&S. In fact, the exfoliation seen in SSSS is
explained by systemic dissemination of the exfl&toxin which causes bullous impetigo.
Children under the age of six years and immunocomgzed adults can be affected by SSSS.

The role of microbes

In the vast majority of cases, non-bullous andduslimpetigo are caused By aureus.
Occasionally non-bullous impetigo can be cause8.ijyyogenes

General predisposing factors for impetigo are amweimate and high humidity. In Sweden, the
incidence of impetigo peaks during the warmer mewththe year (July-September). Predisposing
factors for individuals are skin trauma and atopy.

As revealed by its full name, the infection is hygbontagious and minor epidemics often occur in
day care centers and schools. Impetigo also sprapafly within households.

Despite being consistently cited as a very comméettion in medical textbooks and scientific
publications (even the most common skin infectiochildren globally) incidence rates are hard to
appreciate. The most exact incidence numbers plpbalme from a series of meticulous
Norwegian studies of impetigo in an island commyditring the years 2001-2009. Incidence rates
ranged from 0.0057 to 0.0260 cases per personiy@awell-defined population of 4500 people
[74].
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Diagnosis and management

Typical skin lesions are usually present and thgmibsis impetigo is easily made. Even tho8gh
aureusis almost always the causative agent a swab sampbacterial culture should still be
undertaken to rule o@&. pyogeneand to obtain an antibiotic resistance profiletf@S. aureus

isolate at hand.

The Swedish Medical Products Agency (Ladkemedel®tgriegularly issues evidence-based
recommendations for the treatment of impetigo ahérdbacterial SSTIs. The latest update was
published in 2009 and the key points are summairzéite following [75]. Earlier this year (2012)
an updated Cochrane review of interventions foratigo was published and the result of that
review is commented in relation to the Swedish glings [76].

» Mild cases of impetigo are usually self-healinghatite aid of a careful hygiene regimen to
promote quicker recovery and prevent further sprgadCrust should be removed daily and
the skin washed with water and a mild soap. Repaate of unwashed towels should be
avoided. Hands should be washed frequently and ti@ntfectant used. The Swedish
Medical Products Agency states that there is sonueece to suggest that application of
chlorhexidine on lesions can be beneficial. ThelCae review found lack of support for
disinfection measures to manage impetigo.

» Topical retapamulin applied twice daily for fiveydas recommended if symptoms persist
despite the described hygiene regimen. Retapamalsnapproved in the EU in 2007. It
belongs to a new class of antibiotics, the pleutiims, and targets bacterial ribosomes in a
novel way which it does not share with any otheitastic [77]. To date, clinically relevant
resistance to retapamulin or cross-resistanceatfiter antibiotics has not been reported.

» Topical fusidic acid is natecommended due to resistance amorgugusisolates.

Similarly, topical mupirocin is natecommended due to increasing reports of resigtanc
outside of Sweden. At present, topical mupirocinged exclusively in the attempt to
eradicate MRSA from Swedish carriers and holdslaogin the treatment of impetigo. The
Cochrane review found that topical fusidic acid éomical mupirocin were equally or more
effective than oral antibiotic treatment but rengatlon the growing resistance rates for
commonly used antibiotics.

* Oral antibiotic treatment is recommended in wideagror progressing impetigo. The
Cochrane review comments that there is a lackuafies$ in patients with extensive impetigo
so it is unclear if oral antibiotics are supertapical antibiotics in this group.

» For children cefadroxil 25-30 mg/kg and day dividetd two doses daily or flucloxacillin
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50-75 mg/kg and day divided into three doses dailegcommended. Clindamycin 15 mg/kg
and day divided into three doses is recommendedsg of allergy to penicillin. Seven days
of treatment is suggested for cefadroxil, fluclakacand clindamycin.

» For adults flucloxacillin or dicloxacillin 750-1000g three times daily or cefadroxil 500-
1000 mg twice daily is recommended. Clindamycin-BB0 mg three times daily is
recommended in case of allergy to penicillin. Sedays of treatment is suggested for

flucloxacillin, dicloxacillin, cefadroxil and clir@mycin.

In paper Il we have investigated and compared #utelial spectrum in two main§. aureus
associated skin diseases, impetigo and secondaelgted AD, with special emphasis on fusidic

acid-resistans. aureugFRSA).

ATOPIC DERMATITIS

AD is a chronic or relapsing inflammatory skin @dise characterized by dry skin, erythematous
macules or plaques and pruritus. Up to 20% of chiidand 1-3% of adults, with some regional
variations, are affected throughout the world [T&jildren of parents with AD have increased risk
of developing AD and there is 80% concordance imoaggous twins and 20% in heterozygous
twins, demonstrating a strong hereditary influedd®2.is strongly associated with other

manifestations of atopy (allergic rhinoconjuncisiand asthma).

The exact pathophysiology of AD is not known buédtions in immune reactivity, skin barrier

function, allergens and microbial colonization alleconsidered important factors.

AD patients have an immune deviation towards ThR2iaareased IgE production. Elevation of
total or allergen-specific IgE levels is one of thest typical laboratory biomarkers for AD.
However, this is controversial since not all patsenith AD have raised IgE levels, a fact which
further complicates the understanding of the patlgsiplogy of the disease. The terms extrinsic
(IgE-associated) and intrinsic (non-lgE-associafdd)have been coined to separate two clinically
distinct groups of patients. Patients with intra&D do not have bronchial asthma or allergic
rhinitis, show normal total serum IgE levels, nedfc IgE, and negative skin-prick tests to
aeroallergens or foods [79].
Genetic studies have not been able to detect catedigtnes which are unique to AD but rather
found genes which are also associated with otlserades of immune dysregulation such as asthma
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and allergies. Examples of identified genes arélika receptor 2 (TLR2), nucleotide-binding
oligmerization domain | (NOD1) and CD14 (monocyiffedentiation antigen), involved in antigen
presentation and cell-mediated and humoral immaspanse pathways [80].

The impaired skin barrier function of AD has reeglvmuch attention in recent years after the
discovery of loss-of-function mutations in the epial barrier protein filaggrin (FLG) as a
predisposing factor for AD [81]. Filaggrin functi®im the ordered formation of the cornified
envelope, the outermost layer of the epidermidoéis so by aggregating the cytoskeleton of
keratinocytes. In the process, filaggrin is progeetl into pyrrodiline carboxylic acid and trans-
urocanic acid that contribute to the compositiothef water-binding so-called natural moisturizing
factor (NMF) of the skin [82]. The consequence bGHoss-of-function mutations is decreased
stratum corneum hydration. The resulting impaiddd barrier is believed to, at least partly, explai
an increased susceptibility to allergic sensit@atmicrobial colonization and infections in patgen
with AD. In addition to mutations in FLG, genomimfiling of mRNA in AD has detected defects

in expression of several other genes encodingtstalqroteins of the cornified envelope [80].

The FLG mutations are not only associated with ADdlso with asthma, but only in patients who
suffer from AD [83-85]. This association togethathathe current knowledge of the impaired skin
barrier and the altered immune response is coreddersupport the idea of a march towards atopy
initiated in early life. The decrased hydration &nel defective structure of the skin makes it
permeable to allergens and microbes. The penagrali@rgens and microbes are believed to trigger
a dysfunctional immune response starting in the akd disseminating, leading to the secondary

development of allergies and asthma [80, 86].

The role of microbes

AD patients are characterized by a remarkably bighneous colonization rate wigh aureus
frequencies reaching 90% on lesional skin in scgpents [87-91]. It is evident that atopic skin is a
favourable habitat fo®. aureusin atopic skin, fibronectin is redistributed teetcornified layer and
S. aureugpossesses adhesins (fibronectin binding prot&nd\B) which bind fibronectin [19].
Colonization withS. aureuss a predisposing factor for SSTIs. In accordafiaeg-ups of AD are
frequently associated with. aureusuperinfection and require oral antibiotic treatina addition

to intensified topical anti-inflammatory therapy2]9

While the impact o5. aureusn flared superinfected AD is undisputed the ifi¢his diversified
pathogen in clinically non-infected AD is less ¢léhe density of. aureusutaneous colonization
in AD has been reported to correlate with diseasergty [88, 93]. The presence of exotoxin- and
superantigen toxin-producing strainsSfaureusn the skin has been associated with exacerbation
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of AD [94, 95]. Decreasing inflammation in AD witbpical corticosteroids, TCI or UV-therapy
generally decreases disease severity as well areisS. aureusolonization [96-99].

Taken together these data have led cliniciansgomas that topical anti-inflammatory treatment in
combination with staphylococcal reduction can inyerdD management. This was supported by a
2009 placebo-controlled study from the U. S. wherairring use of dilute bleach baths was
combined with intermittent intranasal applicatidmwpirocin ointment in children with moderate
to severe AD. The combination treatment reducedsAizerity compared to placebo [100]. In
contrast, a previous British study in childrenriorh 1998 showed no effect on disease severity in
children with clinically non-infected AD receivirmyal flucloxacillin for 4 weeks with an 8-week
post-treatment follow-up [101].

A recent Cochrane review on the effect of antidsyégcoccal interventions in patients with
clinically non-infected AD could not support thdiedcy of such interventions. The authors stated
that there was a lack of high-quality randomizentialed clinical trials and that better and longer
term studies are needed to show clear evidencnafat benefit [5]. It is also possible that there
are different patterns &. aureusarriage within the AD cohort and that this migffect the
outcome of intervention studies.

CandidaandMalasseziaspecies have been implicated as aggravating art@ubsets of AD
patients but the association is not clear sincgissushow conflicting results [38]. While not
causative agents of AMalasseziaspecies may play a role for AD severity in adaltignts with
head and neck dermatitis who do not respond toerttional therapy [102, 103].

In paper IV we investigate the longitudinal vamatiof different aspects &. aureusolonization in
adults with AD and relate our findings to diseasecsity.

Diagnosis and management

The diagnosis AD is criterion-based and is usuadily made on the basis of clinical inspection
and patient history. Hanifin and Rajka and The WAKrking Party have established criteria for the
diagnosis of AD [104, 105]. These criteria weredusepaper IV.

Hanifin and Rajka Diagnostic Criteria for AD

Major criteria: Must have three or more of:

1. Pruritus
2. Typical morphology and distribution
« Flexural lichenification or linearity in adults
« Facial and extensor involvement in infants anddreih
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3. Chronic or chronically-relapsing dermatitis
4. Personal or family history of atopy (asthma, alierginitis, atopic dermatitis)

Minor criteria: Should have three or more of:

1. Xerosis

Ichthyosis, palmar hyperlinearity, or keratosiapd
Immediate (type 1) skin-test reactivity

Raised serum IgE

Early age of onset

Tendency toward cutaneous infections (espec&byireusand herpes simplex) or impaired
cell-mediated immunity

7. Tendency toward non-specific hand or foot derngatiti
8. Nipple eczema

9. Chellitis

10. Recurrent conjunctivitis

11.Dennie-Morgan infraorbital fold

12.Keratoconus

13. Anterior subcapsular cataracts

14.Orbital darkening

15. Facial pallor or facial erythema

16. Pityriasis alba

17. Anterior neck folds

18.Itch when sweating

19.Intolerance to wool and lipid solvents

20. Perifollicular accentuation

21.Food intolerance

22.Course influenced by environmental or emotionatdiesc
23.White dermographism or delayed blanch

ook wnN

There is no laboratory test pathognomonic for Alxtépathology on a skin biopsy can support the
diagnosis but does not give a definitive answer.

The European Task Force on Atopic Dermatitis (EFTABs recently published guidelines for the
treatment of AD [106, 107]. Selected key pointsrirthese guidelines are summarized in the
following. A majority of AD patients manage theemhatitis satisfactorily with continuous use of
topical emollients combined with intermittent ugeapical corticosteroids or calcineurin inhibitors
(TCI).

» Topical emollients
Topical emollients are the mainstay of maintengheeapy and rehydrate the skin. It is
preferentially applied after a bath or a showeslghtly humid skin. Glycerol appears

better tolerated than urea and propylene glycal,isipreferred in children. Emollients
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should be used liberally and frequently. Quantitexpuired are estimated to 150-200 g per
week in young children and up to 500 g per weekdults. There is evidence to support that
regular use of emollient (after an induction of igsion with topical corticosteroids) has

corticosteroid sparing effects in mild to moderaiz

Avoidance of non-specific provocation factors aedballergens

Mechanic irritants (wool) and chemical irritantefeated occupational or household
exposure to water, detergents and solvents) shoeuévoided.

The value of avoidance of allergens is less cldagre is some evidence to suggest that
house dust miteermatophagoides pteronyssinaisdD. farinae) provoke symptoms of

AD and that special encasings on mattresses aogvpimay be beneficial.

Food allergens

Cow’s milk, hen’s egg, wheat, soy, tree nuts amahyts can cause or exacerbate dermatitis
during infancy [108]. There is little evidence tgpport effect of an elimination diet in
unselected groups of patients with AD. The guidedinonclude that patients with moderate
to severe AD should eliminate foods that provokadyeor late reactions upon controlled

provocation tests.

Topical anti-inflammatory therapy

Topical corticosteroids and TCI have significarfeef on skin lesions of AD compared to
placebo.

Topical corticosteroids should be used liberallyimy acute flares. Potency and formulation
is chosen based on body site and intensity of symgtApplication of topical anti-
inflammatory therapy should follow the finger-tipitirule. 0.5 g of ointment is enough to
cover two adult palm areas or 2% of an adult badfase. This amount is expressed from a
tube with a 0.5 centimeter nozzle from the diskal srease to the top of the index finger.
After improvement, steroids are tapered to avoithdvawal rebound. Proactive therapy
with long-term twice weekly application may helprémluce relapses.

TCI do not induce atrophy and can be an alternatitepical corticosteroids around the
eyes, on the perioral skin and in skin folds. Theréo date, no scientific evidence of an
increased risk of lymphoma, skin cancer or othdignancies due to TCI. Proactive

therapy with twice weekly application of tacrolimengy help to reduce relapses.
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Antihistamines

There is not enough evidence to support use dhigtdmines in the treatment of pruritus in
AD.

Phototherapy

UVB+UVA (280-400 nm), broadband UVB (280-320 nmaymow-band UVB (peak 311-
313 nm) and UVA1 (340-400 nm) can all improve timptoms of AD. Effects of UV-light
thought to be of importance in AD treatment is th@dulation of the immune system
through apoptosis of inflammatory cells, inhibitiohLangerhans cells and alteration of
cytokine production [109].

Narrow-band UVB is less erythemogenic and prefetodotoad-band UVB. UVAL is

preferred in severe cases.

Systemic immunosuppressive treatment

Oral glucocorticosteroids have an unfavourable/loskefit ratio and long-term use is not
recommended in the treatment of AD. Short-termfasacute flares in exceptionally severe
cases could be considered.

Ciclosporin may be used in chronic, severe casé®adh adults. Azathioprine,
mycophenolate mofetil or methotrexate may be us#dgpel) in adults AD patients if

ciclosporin is ineffective or contraindicated.
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ANTIBIOTICS AND ANTISEPTICS

FUSIDIC ACID AND FUSIDIC ACID -RESISTANT S. AUREUS (FRSA)

History of fusidic acid

Fusidic acid is a narrow spectrum anti-staphyloabaatibiotic which was introduced by the
Danish company Leo Pharma in 1962 [110]. It waktsd from the fermentation broth of the
fungusFusidium coccineuntfusidic acid has a steroid-like structure arthésonly member of the
fusidane class of antibiotics (Figure 2). Afterladministration it is readily absorbed, shows high

and long-lasting serum levels and penetrates bheset, synovial fluid and heart tissue [111].

HO™

Figure 2. Structure of fusidic acid.

In Europe, fusidic acid has been available as vartopical preparations for the treatment of
impetigo and other superficial staphylococcal skfections [112]. In Australia, Canada, Europe
and some parts of Asia systemic fusidic acid treatrhas been used for difficult-to-tréataureus
infections, i. e. osteomyelitis, joint graft infeasts and endocarditis [113-115].

In Sweden, topical fusidic acid is available aseam 2%, an ointment 2% and an ointment-soaked
dressing 30 mg/dfFor use in opthamology there is an ointment 2&/&fiplication in the
conjunctival sac. For systemic use, sodium fusidasailable as a 250 mg tablet and as a
formulation for infusion [116].

In vitro, fusidic acid has high activity agairst aureusincluding MRSA, ands. epidermidi$l17].
The fact that clinical MRSA isolates can be sewsitd fusidic acid is of great clinical importance.
Systemic fusidic acid is generally used in combaratvith other antimicrobial agents, e.g.
rifampicin, sincen vitro exposure selects for resistanc&iraureugl18].

Fusidic acid has never been approved in the UuSwilth the emerging epidemic of MRSA and
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CA-MRSA voices from the pharmaceutical industry laeeng raised for the introduction of an oral

preparation of fusidic acid [119].

Mechanism of action

Fusidic acid is an inhibitor of bacterial proteynthesis through binding of the bacterial GTPase
elongation factor G (EF-G) [111]. EF-G interactshathe ribosome during protein synthesis to
catalyze translocation of the mRNA-tRNA complex ghis needed for peptide chain enlongation
in the translation of MRNA to protein [120]. Whersidic acid binds EF-G it prevents the EF-G-
ribosome interaction and stalls protein synth&diss mechanism of translation inhibition is unique
to fusidic acid. There is no known cross-resistdmet@veen fusidic acid and any other class of
antibiotics.

The main niche for fusidic acid in Europe has bigical preparations for the treatment of
superficialS. aureusskin infections (impetigo, secondarily infected JADopical antibiotics are
known to exert selective pressure and promote iatitlresistance. Even though the preparations
were widely used for more than three decades tlere few reports of staphylococcal resistance to
fusidic acid up until the late 1990s [121].

Fusidic acid-resistantS. aureus (FRSA)

At the beginning of the new millennium, widespreadbreaks of bullous impetigo were noted in
children in Sweden and Norway. It was discovered these outbreaks were caused by the same
fusidic acid-resistarts. aureuslone and the epidemiological data was publishe2DD2 [122,

123]. In the years that followed there was inceglasurveillance of FRSA in Europe. The presence
of the same FRSA clone was subsequently establisitbé U.K., Ireland and France [124-126]. In
a recently published study based on data from ZDWB it also appears highly prevalent in the
Netherlands [127].

Fusidic acid-resistance B aureussolates can arise through two principally diffgrenechanisms.
Mutation infusA(the gene on the bacterial chromosome coding FeGIEwas the first identified
cause of resistance. The altered EF-G does notfbsidic acid as effectively and bacterial protein
synthesis remains undisturbed [128]. AlternativBlyaureusan harbour genes coding for proteins
that protect EF-G from fusidic acid-binding. Thegemes fusB fusCandfusD) can be located on
plasmids or the bacterial chromosome [129, 13@§. durrently not known which of tHasAD
determinants are the most prevalent in clinical AiRSlates [131].

The impetigo-associated FRSA clone identified tigfeaut Europe has been carefully characterized
and named the epidemic European fusidic acid-esgigtpetigo clone (EEFIC) [112, 132]. MIC

for fusidic acid against the EEFIC has been shanetapproximately 4 mg/L [112].
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The EEFIC carries thieisBdeterminant on its chromosome. It is further cbinazed by agr allelic
group IV, spa type 171 and the presence of exiedidbxinetAand ofteretB[112, 125]. The

EEFIC is strongly associated with bullous impetigo.

Unsurprisingly, there seems to be an associationdss the patterns of prescription and use of
fusidic acid and FRSA levels [133]. The emergerah® FRSA clone in Sweden and Norway
coincided with increased prescription of topicaitlic acid products. Specifically, in 2001 a sales
peak for topical fusidic acid was reached in efgivedish counties followed by a peak in FRSA-
levels in 2002. During the following two years toglifusidic acid sales and FRSA levels declined
[134]. A contrasting report from the U.K. demontdhpersisting high levels of FRSA despite a
drop in topical fusidic acid use. There was evemarease in FRSA levels in non-dermatology
outpatients and hospital patients. The authorsestgd that a reservoir of FRSA had been attained
in the community and that longer follow-up was regetb witness any effects of restricted use of
topical fusidic acid [135]. Recent use, prolonged and intermittent use of topical fusidic acid
have been described to influence FRSA rates in a@logy outpatients with AD [136, 137].

The emergence of the FRSA prompted the SwedishddeBroducts Agency (Lakemedelsverket)
to revise their guidelines on the treatment of itigmein 2003. Avoidance of topical fusidic acid
was recommended and this recommendation remainte 2009 revision [75, 138]. Several
authors outside of Sweden also advised on resgicise of topical fusidic acid preparations [118,
139, 140].

While different aspects of FRSA and impetigo hagerbgenerously studied there are relatively few
publications focusing on the prevalence of FRSAIN Since topical fusidic acid is used primarily
in Europe most studies originate there. A dermatpiapatient department in the Netherlands
reported increasing rates of FRSA in patients WIh ranging from 9.7% in the mid-90s to 23.4%
in 2001 [141]. An outpatient clinic in Cambridgeooeted FRSA in 50% of AD patients tested in
2002 [136]. One German study published in 2004adised 6% fusidic acid-resistanceSn
aureusisolates from children with AD while another Gemstudy published in 2008 found FRSA
in 25% ofS. aureugositive skin swabs from children and adults v [142, 143]. The highly
variable reports are likely due to regional diffeces in the use of topical fusidic acid and toftoe

that the investigations were conducted at diffetien¢ points in the European FRSA epidemic.

ResNet, a Swedish antimicrobial resistance-suareik database, offers monitoring of FRSA levels
for each county and the whole nation [144]. Thexgeibvided by ResNet is based on antibiotic
resistance profiles for 100 consecutive strainS.@ureusent in by all county laboratories once
yearly. Fusidic acid-resistance is consistentlyrtfust prevalent antibiotic resistanceSnaureus
(susceptibility to erythromycin, clindamycin, gemtgcin, norfloxacin, fusidic acid and cefoxitin
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(screen for MRSA) is tested). FRSA levels peakedl @ in 2002, declined to 3.8% in 2005 and
were then stabilized at 4.0-6.0% in the yearsftigwed. In 2011, FRSA levels were 6.0%.
During the same time period (2002-2011) MRSA leVvege gradually increased from virtually

non-existent to 1.2% in 2011.

In paper Il we have investigated the rate of FR®Bullous impetigo, non-bullous impetigo and
secondarily infected AD in patients attending aondgrmatology clinic in the second-largest city
in Sweden in the years 2004-2008.

ANTISEPTICS

Biocides are broad-spectrum chemical agents tlaatisrate microbes [145]. Biocides can be “-
static” (bacteriostatic, fungistatic, sporistatid)ich means they inhibit growth of microbes or “-
cidal” (bactericidal, fungicidal, sporicidal) whiecheans they kill microbes. Biocides used on living
tissue are referred to as antiseptics whereas tis@kon surfaces and inanimate objects are
referred to as disinfectants. While antibioticsiloihspecific metabolic pathways or the processing
of the bacterial genome, usually at low concerdretj antiseptics have a less specific (and in most
cases only partly defined) mode of action. Clidicalgnificant antimicrobial resistance against
antiseptics is much less common than resistandasagantibiotics. This is probably due to the
broader range of activity of antiseptics, oftemaultiple cellular targets. However, both innate and
acquired antimicrobial resistance against antisetoes exist. There is increasing concern that the
use of biocides in health care, consumer prodarasin industrial settings contributes to the
development and selection of antibiotic-resistamatiss [146]. Acquired antimicrobial resistance
against antiseptics has been describe&f@ureugl45]. Antiseptics can also cause contact
dermatitis and even anaphylactic reactions [147].

Alcohols

Alcohol formulations are commonly used for handaue disinfecting, e. g. by health care workers.
Alcohols have the ability to damage cell membraaras denature proteins of microbes. They are
effective against vegetative bacteria, virusesfandi but are not sporicidal [145].

Chlorhexidine
Chlorhexidine is a bactericidal agent. It damagek@enetrates the cell wall and cell membrane,
presumably by passive diffusion, causing leakagecaagulation of the cytoplasm [145].
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Cutaneous exposure to chlorhexidine can cause glaaph reactions [148, 149]. It has also been
suggested that the low prevalence of delayed hgpsitivity to chlorhexidine is underestimated
[147].

Hydrogen peroxide

Hydrogen peroxide acts as a powerful oxidant.ddprces the hydroxyl radikal "OH which oxidizes
cell components such as lipids, proteins and DNAas been suggested that exposed sulfthydryl
groups and double bindings are especially vulnerdthydrogen peroxide is effective against
bacteria, bacterial spores, fungi and viruses [18%m-positive bacteria are more susceptible than
gram-negatives. If a microbe produces catalas¢her @eroxidases this may serve as partial
protection. Catalase promotes ZH — 2H,O + O, thus limiting hydroxyl radical formation. There

are no known microbes that are resistant to hyarpgeoxide.

Microcid®, a hydrogen peroxide cream introduced in 1994Hertreatment of impetigo, was tested
in a double-blind randomized multi-centre trial egatopical fusidic acid and was found to be
equally effective [150]. It was included in the 30Bwedish Medical Product Agency guidelines for
impetigo treatment as an optional complement ta¢bemmended hygiene measures [138].
However, Microci@ did not prove to be as clinically effective asieipated. In the current
guidelines it is not included [75].

Clioquinol

Clioquinol (5-chloro-7-iodo-8-quinolinol) belongs the chinoline colours and has been used as a
drug since the 1950s. Initially, an oral formulatiwas prescribed for the treatment of intestinal
amoebas. However, several reports of neurotoxicifapanese patients in the 1970s led to the
withdrawal of clioquinol. Recently, clioquinol hasceived new attention due to its ability to
dissolve copper from beta amyloid protein aggregassociated with Alzheimer’s disease. It is also
known that clioquinol can induce cell death in rgaéint cells. It does so by inhibiting the
proteasome, the “waste basket” organelle whiclomprised of protelytic enzymes and degrades
ubiquinated proteins destined for destruction [13he mechanism behind the antimicrobial effect
of clioquinol is not known [152]. Clioquinol is ud@s a topical antiseptic in dermatology. Its arigi
from the group of chinoline colours is evident fréme temporary yellowish discolouration of the
skin which is created upon use. In Sweden, cliogjugavailable as an additive (3%) to
betamethasone cream or ointment. There are fewtsepioresistance against clioquinol. It is not a
common contact allergen and has not been assoetedkin malignancies [151]. Treatment
periods should be kept short and use is not adwsgdung children [153].
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Halquinol, a related substance, has previously lagaiable in Sweden, as an additive (0.75%) to
triamcinolone cream. It was discontinued for unknawasons during the progress of this work but

is featured in paper Il together with clioquinoicha hydrogen peroxide formulation.
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AIMS OF THE STUDIES

PAPER |

To describe the frequency and distribution of b@&tend the yeastSandidaandMalassezian
balanoposthitis.

To investigate if different microbes correspondligtinct clinical presentations of balanoposthitis.
To investigate a possible association betwdatasseziaand balanoposthitis.

To investigate a possible association between bptzsthitis and seborrhoeic dermatitis or

psoriasis.

PAPER Il

To investigate the bacterial spectrum in patienth unpetigo, bullous impetigo and secondarily
infected AD.
To investigate the prevalence of fusidic acid-tasise amoné. aureussolates from patients with

non-bullous impetigo, bullous impetigo and secoitgarfected AD.

PAPER I

To test than vitro antimicrobial activity, expressed as MIC agairedested microbes, of commonly

used topical skin pharmaceuticals and their acifestances.

PAPER IV

To describe variations i8. aureusolonization (body sites, density, strain identdapnd relate these
variations to disease severity, expressed as SCORAIhg a 5-month follow-up of adult patients
with AD.
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MATERIAL AND METHODS

SUBJECTS AND SAMPLES

PAPER |

The study was performed in the venereology clifithe Department of Dermatology and
Venereology at Sahlgrenska University Hospital, hee see patients with STIs and genital
dermatoses. A total of 102 patients presenting hatlanoposthitis between 2004 and 2006 were
included in the study. Twenty-six patients withalimical signs or medical history of

balanoposthitis served as a control group.

Balanoposthitis group Control group
n=102* n=26

Balanoposthitis 102 -
Bacterial STIs
Chlamydia trachomatisarethritis 3
Mycoplasma genitaliurarethritis -
Viral STIs
Herpes simplex type 2 1 -
Varicella zoster (right leg) - 1
Condylomata acuminata 2 8
Molluscum contagiosum 1 2
Other
Eczema nummularis (extragenital) 1 -
Folliculitis 1 1

Non-malignant preputial epithelial 1 -
hyperplasia

Non-specific urethritis 5
Pruritus scrotalis -
STI check-up -
Zoon balanitis 1 -

@ =N

Table I. Additional diagnoses in the balanoposshifioup and reasons for the visit in the control

group

*The total number of diagnoses in this column erdegde number of patients, since some patients
received diagnoses in addition to balanopostl#fid: sexually transmitted infection.
Modified from Alsterholm et al [154] (= paper |) thipermission from the publisher.

40



Some patients with balanoposthitis had additioregmbses. A majority of patients in the control
group attended the clinic for routine STI checkenmgenital warts (Table 1). It is important to note
that genital warts or other dermatoses in the ocbghoup did not affect the area of the prepuce or
glans penis.

It can be argued that peri-genital dermatoses aagenital warts could influence frequency and
distribution of microbes on the prepuce and glaragindirectly. To avoid this possible bias, an
alternative way to recruit a control group coulddaeen to choose age-matched patients attending
the dermatology section of our clinic or to adwetior healthy volunteers. However, we could not
assume that general health and lifestyle factorddvioe similarly distributed in such a group. In
addition, we had ethical considerations regardeoguitment of a control group outside the
venereology section. Inspection and swabs of théajearea are not regarded as a routine

examination by most patients. It could prove diffido find volunteers willing to participate.

Ages in the balanoposthitis group ranged from 1Bltgears (median 28, mean 33 years). Ages in
the control group ranged from 18 to 44 years (ne@® mean 29 years). Two patients in the

balanoposthitis group and one patient in the cognamup were circumcised.

Presence or absence of predetermined clinicatieriter balanoposthitis was assessed in each
patient. The criteria for the diagnosis balanoptistivas presence of one or more of the following;
erythema, papules, pustules, transudate, white mserab or fissures in the area of the prepuce and
glans penis. All patients underwent clinical exaation of the skin including the scalp to assess
presence or absence of seborrhoeic dermatitisaoiasss. They were also asked if they had
previously experienced symptoms of seborrhoeic détisior psoriasis. Swab samples from the
area of the prepuce and glans penis for bacterialre, Malasseziaculture and semiquantitative
Candidaculture was secured from all patients.

PaAPER |1

A prospective study of the bacterial spectrum amdgdence of fusidic acid-resistance am&ng
areusisolates in patients with impetigo and secondanifgcted AD was conducted in the time
period 2004-2008. In addition a patient recordeevivas made covering the first (2004-2005) and
last (2007-2008) years of the prospective study.

At the time of the study, the Department of Derrfagy ran clinics in the three hospitals serving
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the greater Gothenburg area (Sahlgrenska Hospiséla Hospital and MélIndal Hospital). Impetigo
and secondarily infected AD are considered emesgdammatology cases and are usually, but not
exclusively, referred to our on-call dermatologito works in the largest clinic located at
Sahlgrenska Hospital. The authors of paper Il iggniypatients for the prospective study when they,
on a regular basis, served as the on-call derngigtld his arrangement explains why the number
of patients included in the prospective study 8 io relation to the total number of patients
presenting with impetigo or secondarily infected ACthe Department of Dermatology. Also, the
patients were not strictly consecutive since tladitseof clinical work does not always allow time
for the inclusion in a study.

The intermittent recruitment was considered a wesakmf the study that could result in an
involuntarily biased selection of patients. Therefave performed a patient record review. The
review was aimed at finding all cases of impetigd aecondarily infected AD at the Department of

Dermatology and collect bacterial culture data waeailable.

In the following, the prospective study 2004-2008 ¢he patient record review are described

separately.

Prospective study 2004 to 2008

The study was performed at the Department of Destogy and Venereology at Sahlgrenska
University Hospital, Gothenburg, Sweden, from JR@@4 to May 2008. Patients who presented to
the authors at Sahlgrenska Hospital with eithereitigo, bullous impetigo or secondarily infected
AD were asked to participate. There was no selediased on gender or age, nor were patients
selected to be seen by the authors. All patiemsudting with the Department of Dermatology need
a referral which is usually issued by a generatfiraner at a primary health care facility. Skin
lesions were examined and the diagnosis impetigitgus impetigo or secondarily infected AD

was made based on clinical evaluation. A swab safaplbacterial culture was secured from a
clinically infected skin lesion in each patient.dBarial cultures were sent to the Department of
Clinical Bacteriology, Sahlgrenska University Hdapiaccording to standard procedure. il
aureusisolates from clincal samples are routinely testgainst fusidic acid, cefoxitin (screening

for MRSA), clindamycin, erythromycin and tobramycin

Seventy-five patients, 38 presenting with impe{ig® of whom had bullous impetigo) and 37 with
secondarily infected AD, agreed to participaten@ study. The age range in the impetigo group was
1-49 years, with a mean of 18 years and a mediaid géars. The age range in the bullous
impetigo group was 2—-30 years (mean 18 years, mdd@aears). The age range in the secondarily
infected AD group was 6 months to 62 years (meayeas, median 29 years).
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Patient record review
The patient record review covered all patientsnalitey the three clinics of the Department of
Dermatology for impetigo or secondarily infected A&l patient records at the Department of

Dermatology are computerized. The review was cwig in 2009.

A search for all patients receiving the diagnostides for “Impetigo” (L01.0 and L01.0X),
“Secondarily infected dermatoses” (L01.1), “Pruresnier” (L20.0), “Otherwise specified AD”
(L20.8) or “AD unspecified (L20.9)” in the time peds June 2004 to May 2005 and June 2007 to
May 2008 was made. The diagnostic codes whichsgd aome from the Swedish version of the
International Statistical Classification of Diseas@d Related Health Problems, Tenth Revision
(ICD-10). One or more diagnostic codes are rowiaskigned to every patient visit by the
dermatologist who was consulted. In the patienbnd:ceview, impetigo could not be differentiated
into the non-bullous and bullous types with cettalrecause the description of the clinical

presentation was sometimes limited.

The search rendered a total of 2353 patient reddd®! from June 2004 to May 2005 and 1169
from June 2007 to May 2008). These patient recasete reviewed by author MA.

A total of 283 out of the 2353 records describea#toses other than impetigo or AD or lacked a
definitive diagnosis and were excluded. All recoddscribing ongoing impetigo or secondarily
infected AD together with the securing of a baetleculture from afflicted skin were selected for
further analysis. These records also included tbhbsige patients who were included in the first and
last year of the prospective study. The resulth®fbacterial cultures including antibiotic resmta
patterns foiS. aureusvere collected from the register at the Departroé@linical Bacteriology.

An overview of the patient record review is provdd&igure 3).

In June 2004 to May 2005 there were 66 cases ddtiggnand 55 cases of secondarily infected AD
where a swab sample for bacterial culture was sélclihe age range in the impetigo group was 9
days to 81 years (mean 26 years, median 23 yddms)age range in the secondarily infected AD
group was 7 months to 86 years (mean 25 yearsamedi years).

In June 2007 to May 2008 there were 53 cases ddtiggnand 55 cases of secondarily infected AD
where a swab sample for bacterial culture was secUihe age range in the impetigo group was 1—
90 years (mean 31 years, median 21 years). Theaage in the secondarily infected AD group was

1-90 years (mean 29 years, median of 24 years).
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June 2004-May 2005

Impetigo, Secondarily
infected dermatos€d.76)

/N

Impetigo Other

(101) diagnoses
(75)
Bacterial No bacterial

culture (35)

culture (66)

Prurigo Besnier, Otherwise specified
AD, AD unspecified(1008)

/ N

Other Atopic
diagnoses dermatitis
(42) (966)

Non-flaring AD Flare-up
(516) (450)

RN

Oral antibiotics No oral antibiotics

prescribed prescribed
(144) (306)
Bacterial No bacterial

culture (55) culture (395)

June 2007-May 2008

Impetigo, Secondarily
infected dermatosgd.04)

/N

Impetigo Other
(53) diagnoses
(51)

No bacterial
culture (20)

Bacterial
culture (33)

Figure 3. Patient record review

Prurigo Besnier, Otherwise specified
AD, AD unspecified(1065)

/ N

Other Atopic
diagnoses dermatitis
(115) (950)

Non-flaring AD Flare-up
(405) (545)

RN

Oral antibiotics No oral antibiotics

prescribed prescribed
(124) (421)
Bacterial No bacterial

culture (55) culture (490)

A search for diagnostic codes L01.0 + LO1.0X (Ingat LO1.1 (Secondarily infected
dermatoses), L20.0 (Prurigo Besnier), L20.8 (Othssvgpecified AD) and L20.9 (AD unspecified)

was made and retrieved records reviewed. Numbpatiénts at each step in brackets.
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PAPER 1|

The MIC for topical skin pharmaceuticals and acBubstances from these pharmaceuticals were

determined against selected microbes with agatiailassay.

Topical skin pharmaceuticals
The following topical skin pharmaceuticals werdeds The formulations of the pharmaceuticals

were all creams.

Antibiotic formulation
Fucidin® 2% (fusidic acid) (Leo Pharma, Malmo, Sweden)

Antifungal formulations

Canestefi 1% (clotrimazole) (Bayer, Solna, Sweden)

Daktar® 2% (miconazole) (Janssen-Cilag, Sollentuna, Sweden
Lamisil® 1% (terbinafine) (Novartis, Taby, Sweden)

Antifungal formulation with corticosteroid

Daktacorf (miconazole 20 mg/g hydrocortisone 10 mgjdJanssen-Cilag, Sollentuna, Sweden).

Antiseptic formulation

Microcid® 1% (hydrogen peroxide) (Bioglan Pharma, Malmé, Gavg

Corticosteroid formulation

Betnovaf (betamethasone) (GlaxoSmithKline, Solna, Sweden)

Emovaf 0.05% (clobetasone butyrate) (GlaxoSmithKline n8pBweden)

Dermovaf 0.05% (clobetasol) (GlaxoSmithKline, Solna, Swéden

Hydrokortison CC8 1% (hydrocortisone) (Clear Chemical Sweden, Baparsweden)

Corticosteroid formulations with antiseptic agent

Betnovaf with chinoform (betamethasone 1 mg/g + clioquiB®img/g) (GlaxoSmithKline, Solna,
Sweden)

Kenacutafi (triamcinolone 1 mg/g + halquinol 7.5 mg/g) (BoisMyers Squibb, Bromma,
Sweden).

Note: Clioquinol is 5-chloro-7-iodo-8-quinolinol dmhalquinol is a mixture of 5,7-dichloro-, 5-
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chloro- and 7-chloro-8-quinolinols.

Active substances

The following active substances were tested.

Clioquinol (5-chloro-7-iodo-8-quinolinol) (Sigma-dtich, Stockholm, Sweden)
Econazole nitrate salt (Sigma-Aldrich, StockholmieSen)

Fusidic acid (Sigma-Aldrich, Stockholm, Sweden)

Ketoconazole nitrate salt (Sigma-Aldrich, Stockhp8weden)

Miconazole nitrate salt (Sigma-Aldrich, Stockhol&weden)

Terbinafine hydrochloride (Biomol, Immunkemi F & Dérfalla, Sweden)

Selected microbes

The bacteria and yeast were reference strainsnaatéiom Culture Collection University of
Goteborg (CCUG)Candida albicangCCUG 5594) Escherichia col(CCUG 24),Staphylococcus
aureus(CCUG 17621)Staphylococcus epidermidi€CUG 39508) antreptococcus pyogenes
(CCUG 4207).

Comments on the selection of pharmaceuticals, sulastces and microbes

We wanted to explore antibacterial effects of amigfals and chose several antifungal formulations.
For the antiseptics we wanted to test the speeiased range of activity. In the case of the
corticosteroids we wanted to investigate potertgimicrobial effects of additives and
preservatives since the amounSofaureun atopic skin is reported to diminish after apgiion

of corticosteroids alone and the reason for thisisfully elucidated [96]. The topical antibiotic
was chosen as a reference for anti-staphylococtialty

Selected active substances from the formulations vested alone to determine if other
components of the formulations influenced antinticabactivity.

S. aureusvas chosen because it is a frequent skin pathagjerell as a commens8l. epidermidis
was selected for being the most common coccus orahwskin and a representative of the CoNS.
S. pyogenes a common pathogen associated with SSTIs anenalb@r of the genus
StreptococcusE. colirepresented the gram-negatives and was included gican be a relevant
colonizer of inflamed skin or even a primary pathiog:. albicanswas added as a reference since

we tested antifungal preparations.
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PAPER IV

Variations inS. aureugolonization and disease severity in adult pasieith AD were registered
during a 5-month follow-up.

The study was performed at the Department of Destogy and Venereology and the Department
of Microbiology at Sahlgrenska University Hospital2010-2012. A search of all patient records
made during the period January 1 to September 2@ 20the Department of Dermatology was
conducted. Search critera were patients 18 yeaskler who had received the diagnostic code
“Prurigo Besnier (atopic dermatitis) L20.0” accarglito the Swedish version of the International
Statistical Classification of Diseases and Rel&tedlth Problemn, Tenth Revision (ICD-10). 489
patient records matched these criteria and weilewed by author MA. All patients with moderate
to severe AD without ongoing systemic treatmenal(oorticosteroids, other immunomodulators) or
phototherapy were considered eligible for the stindy 78). These patients were contacted by
phone in random order and offered participationlusion was stopped when 20 patients had
agreed to participate.

Eleven men and ten women agreed to participatesirstudy. Of those, eleven men and nine
women completed follow-up. Age distribution wag;patients age range 26-66 years (mean 48
years, median of 41 years); male patients age ra&g6 years (mean 41 years, median of 39
years); female patients age range 26-65 years (degaars, median 42 years).

Follow-up for each patient was 5-6 months duringchievaluation was made at three time-points
(visit 1 at starting point, visit 2 after 2-3 moatand visit 3 after 5-6 months). Follow-up tookgala
between January 2011 and June 2011 with the ercepititwo patients who were followed-up
from March 2011 to September 2011. The same prbwe&s used at each visit. A history of the
patient’s treatment for AD during the last 2-3 nientvas taken, SCORAD assessment was
performed by author MA and swab samples for qualgaand quantitative bacterial cultures were
collected by authors MA and LS.

SCORAD evaluation
The severity of AD was assessed with the SCORABRxr(deverity SCORg of Atopic
Dermatitis) [155]. The SCORAD index includes estiimaif the body surface area affected by AD
and grading of six intensity items (erythema, oeaf@pulation, oozing/crusts, excoriations,
lichenification and dryness). The combination af #tea estimation and intensity grading renders a
score which is referred to as objective SCORAD xnange 0-83). The SCORAD index also
includes two subjective items. Patients are askaepiade their average pruritus and sleep loss,
respectively, during the last three days and njdiaising a visual analogue scale. This grading
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renders an additional score which is added to ective SCORAD score. The total score is
referred to as the total SCORAD index (range 0-10®jective SCORAD index as well as total
SCORAD index was calculated at all visits. Theantrdividual and inter-individual relations
between SCORAD indices were similar for objectiv®@RAD index and total SCORAD index.
Statistical analysis was performed with both thective SCORAD index and the total SCORAD
index with similar results (data not shown).

Due to current convention and to facilitate comgamiwith other studies, we chose to consistently
use the objective SCORAD index in tables and figuiée intensity of AD was defined as mild
(objective SCORAD index 0-15), moderate (objec®@ORAD index 15-40) or severe (objective
SCORAD index >40) according to the classificatiéi©oanje et al [156].
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LABORATORY METHODS

PAPER |

Culture and differentiation of bacteria and Candida species

One cotton swab sample for bacterial culture arelfonsemi-quantitativ€andidaculture were
obtained from the area of the prepuce and glans pBacterial cultures were sent to the
Department of Clinical Bacteriology according tarelard procedur€andidaandMalassezia
species were cultured and differentiated at theame$ laboratory of the Department of
Dermatology which also serves as a clinical lalwogator the detection of cutaneous yeast and
dermatophyte infections.

Candidaspecies were cultured on Sabouraud’s agardt 3ad growth visually quantified as very
discrete, discrete, moderate or heavy. The isolaées then differentiated on CHROMagar
CandidaMedium plates (Becton Dickinson GmbH, Heidelb&grmany). Colonies d. albicans
have a distinct green colour on CHROMagar mediwtiirgy them apart from oth€andida
species [157, 158].

Culture and differention of Malassezia species

Samples foMalasseziecultures were obtained using a contact plate gming-Notman agar
pressed against the prepuce and glans penis. Lgdyoitman agar is the most effective culture
media for isolation oMalasseziayeasts [159]. Semi-quantitative cultures Ktalasseziaspecies

were made on the contact plates used for sampifgfed by differentiation of the isolates. At the
time of the study sevevlalasseziaspecies had been characterized in humigngyrfur, M.
pachydermatisM. sympodialisM. globosaM. obtusaM. restrictaandM. slooffiae

The contact plates were incubated af@Zor 7-14 days. Colonies were then counted andiro
was quantified as > 5 colonies, 2-5 colonies ooltirey. Morphologically different colonies were
re-cultured on separate Leeming-Notman platesuidhér differentiation.

Malasseziaspecies grow selectively on media, are sensitivernperature and exhibit different
enzymatic activities. These properties are uselilstinguish species according to the combined
methods of Guillot et al and Mayser et al [38, 4],

Specifically, the isolates were cultured on Sabodmextrose agar at 32°C and modified Dixon
agar at 38°C. Further differentiation was basethercatalase reaction determined by application of
hydrogen peroxide, culture with Cremophor EL #rglucosidase activity assayed by using esculin

agar tubesM. pachydermatislone grows on Sabouraud’s agar. Se\Medhsseziaspecies, but not
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M. restricta express catalase and split hydrogen peroxidenater and oxygerM. furfur is the

only species that can metabolize Cremophor EL (BR@Gastor oil) and grows right up to the edge
of a well containing Cremophor EL made on a Leenhlogman plateM. obtusaandM.

sympodialis but notM. globosaandM. slooffiag split esculin in agartubes into esculetin and
glucose turning the media black due to releaseoofsaltsM. sympodialisandM. slooffiaegrow

on Dixon agar at 38° C wherelss globosaandM. obtusado not. The combined growth/activity

profile from the described tests determinesMladassezisspecies (Figure 4).

PAPER II

Cultures for bacteria and determination of fusidicacid-resistance inS. aureus isolates

A swab sample for bacterial culture was taken feoatinically infected skin lesion in each patient.
Specifically, isolates db. aureusvere visually detected on selective plates andi@éroy the
coagulase test. All isolates $f aureusvere routinely tested for antibiotic resistancaiast
cefoxitin, fusidic acid, clindamycin, erythromycamd tobramycin by disk diffusion on Mueller-
Hinton agar. Thé&. aureussolates were characterized as FRSA or fusidid-aensitive according
to the breakpoints defined by EUCAST [160]. Disatemt of fusidic acid was 10ug. Clinical
breakpoint was a zone diameter of 24 mm correspgrdi a MIC breakpoint of 1 mg/L (§1

mg/L, R > 1 mg/L).

The full genetic characterization of the FRSA cliype later named the EEFIC was not completed
when this study started [112, 132]. Consequeriib,RRSA isolates were not molecularly typed to
determine if they belonged to the EEFIC.
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Contact plate with
Leeming-Notman agar

|

Sabouraud’s agar

negative positive

l

Catalase reaction M. pachydermatis
negative positive
M. restricta Cremophor EL
negative positive
Esculin M. furfur
negative positive

Dixon agar at 38° C Dixon agar at 38° C
negative positive negative positive

} Vo }

M. globosa M. slooffiae M. obtusa M. sympodialis

Malassezisspp. Sab. 32 °C Catalase Cremophor Esculin Dixon 38 °C
EL
M. pachydermatis + +/- +/- +/- +
M. furfur - + + - +
M. sympodialis - + - + +
M. slooffiae - + - - +
M. obtusa - + - + -
M. globosa - + - - -
M. restricta - - - - -

Figure 4. Differentiation of Malassezia species.

All Malasseziasolates were cultured on Sabouraud agar (Sabdified Dixon agar (Dixon) and
with Cremophor EL. Catalase activity was assayeddplication of hydrogen peroxide (Catalase
reaction) 3-glucosidase activity was assayed by using esagjar tubes (Esculin). + denotes
growth or activity, - denotes abscence of growthdivity. The growth/activity profile determined
the Malasseziaspecies.
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PAPER 1|

Determination of MIC with agar dilution assay

The MIC is the lowest concentration of a substahaewill inhibit visible growth of a microbe

after overnight incubation (this period can be edtxl for some slow-growing microorganisms).
MIC is considered the golden standard for antinb@bsusceptibility testing and can be

determined by agar or broth dilution assays [162)].1

It is possible to dissolve creams in agar and vesetthis unconventional approach to determine the
MIC of entire formulations against selected micmbEhe colour and turbidity of the agar is

affected when high concentrations of cream areobtlisd but bacterial and yeast colonies are still

easily recognizable on the plates.

When using the agar dilution assay the substaratesitveing tested is dissolved in agar on plates i
a range of concentrations (doubling dilutions sigpsnd down from 1 mg/L as appropriate). An
inoculum of the microbe is applied on the plated alfowed to absorb. After overnight incubation,
the plate with the lowest concentration of the safose that inhibits microbial growth is noted and

represents the MIC of the substance against theobedFigure 5).

MIC for substance against microbe (mg/L)

00000000

Microbe

Concentration of substance -

Figure 5. Basic concept of MIC determination by rad@dution assay.

The agar dilution assay was used to determine MiQalpical skin pharmaceuticals (below referred
to as formulations) and active substances fronetpearmaceuticals agair$taureussS.

epidermidis S. pyogene%. coliandC. albicans

Dilution series for each formulation/substance waepared in blood agar medium (Columbia agar
(Oxoid, Basingstoke, U.K.) + 5% defibrinated hopéeod) forS. pyogeneand in Diagnostic
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Sensitivity Test (DST) agar (Oxoid) f&. aureus, S. epidermidiS. albicansandE. coli. All

dilution series were made with freshly prepared amtclaved agar. The agar was allowed to cool
to a temperature of 48-50°C in an incubator bedoi@mulation or substance was added.
Formulations were weighed and dissolved directlgigar for the concentrations 20% (10 g cream
in a final volume of 50 ml agar, weight/volume (W/V10% (w/v), 5% (w/v) and 1% (w/v). For the
lower concentrations a stock solution of 1% (0O&aam in a final volume of 50 ml agar) was
prepared and further diluted with agar to obtaincemtrations 0.5—-0.0001% (w/v). A pre-warmed
oven with a constant temperature of 50°C kept thekssolution at an appropriate temperature
during experimental procedures. Final concentratimyes were; Betnovatl—20% (w/v),

Betnovaf with chinoform 0.005-20% (w/v), Emoval—20% (w/v), Dermov&t1-20% (w/v),
Canestefi 1% 0.001-20% (w/v), Dakt&2% 0.001-5% (w/v), Daktac6rD.001-20% (w/v),
Fucidin® 2% 0.0001%—20% (w/v), Hydrokortison CE$% 1-20% (w/v), Kenacut&rD.005-20%
(wiv), Lamisil® 1% 0.001-20% (w/v) and Microcidl% 0.001—-20% (w/v). Substances were
dissolved in dimethylformamide (DMF) to prepardaack solution of 10 mg/ml and this solution
was further diluted and mixed with agar. When tep8. pyogeneghe stock solution was instead
prepared with ethanol 99.5% (Kemetyl AB, Haningee8en) because DMF was no longer
recommended for laboratory use. Final concentratoges were: clioquinol 0.125-10§/ml,
econazole nitrate salt 1.0—-p8/ml, fusidic acid 0.03125-2%g/ml, ketoconazole 0.125-10@/ml,
miconazole nitrate salt 0.125-108/ml and terbinafine hydrochloride 0.5—@/ml. The MICs
against all microbes for DMF (range tested 0.62861@lume/volume = v/v)) or ethanol (range
tested 0.625-10% (v/v)) were also determined torenthat antimicrobial effect could not be
attributed to the solvent for the active substances

Standard Petri dishes (92 x 16 mm (diameter x hgiglere used and the agar volume in each plate
was 25 ml. After the agar was poured, plates wikoead to cool and were then used immediately.
There were duplicate plates for all dilution steps.

Bacterial colonies from blood agar plates were dsegreparation of the inoculum@. albicans

was grown on Sabauroud’s agar medium. Colonies susspended in PBS. The appropriate
colony-forming units (CFU)/ml for a microbe was tt@ncentration producing sufficient growth on
pure agar plates when inoculated with a 20 ul apdtincubated at 37 °C for 24 hours. According
to this suspensions were adjusted to approximatell CFU/ml forC. albicans 2 x 1¢ CFU/ml
for E. coli, 2 x 16 CFU/ml forS. aureus8 x 16 CFU/ml forS. epidermidignd 6 x 18 CFU/m

for S. pyogenessing a turbidimeter (DEN-1 McFarland DensitomeBaosan).

The surface of the agar plates were inoculated av2Bul spot using a replicator and incubated at
37°C for 24 h. MIC was the lowest concentratiothaf formulation/substance inhibiting growth
determined by visual inspection. MIC for the actudbstance as part of a cream was calculated as
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the concentration of active substance in the cneattiplied by the MIC for the entire cream.

Limitations of the in vitro model

When reviewing the results of paper Il it is imgzot to consider than vitro results cannot always
be extrapolated to the vivo situation. Then vitro andin vivo milieu can differ greatly with
regards to factors such as pH, salt concentradodgemperature. A potential weakness with the
agar dilution assay is the heating of the formalatvhich occurs when it is dissolved in the agar.
When agar plates are made the formulation or snbstis dissolved in liquid agar which keeps a
temperature of 48-50°C as described. The agatoheeep this temperature during dissolving
because it sets quickly when cooled below 45°C.ade, with the dissolved formulation, is
immediately poured into Petri dishes at room terajpee where it quickly cools and sets. As a
consequence, all formulations tested have brieffghed a temperature which is above body
temperature and higher than that recommendeddoage. It is possible that this heating affects
properties of the formulations.

Considering these limitations, the MIC value fdoamulation needs to be viewed in relation to
MIC values obtained for other formulations with g@me assay and, most importantly, in relation

to clinical experience.
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PAPER IV

Quantitative culture for S. aureus

Quantitative culture from the skin surface allowsdetermination of the density of a particular
microbe expressed as CFU/cm

Quantitative cultures foB. aureusvere obtained from representative sites of lesiand

uninvolved skin at all patients’ visits during f@li-up. Sampling and culture was performed at the
Department of Dermatology, Sahlgrenska Universipgpital. The method was an adaptation of
methods previously described [163, 164].

A stainless steel ring with an inner area of 5.5 wms placed on the skin and held in place with
moderate pressure by two fingers (Figure 6). Oriliter of dispersed detergent (PBS, pH 7.9,
with 0.1% Triton X-100) was applied onto the skircamscribed by the ring. Diluted Triton X-100
helps suspend bacteria to single cells without dgmgetheir cell membranes. The skin was then
rubbed with a glass rod for exactly one minute. fifierobe-containing suspension was then
aspirated and aliquoted. Serial ten-fold diluti¢unsdiluted to 1:100 000) were immediately
prepared. 10Ql of each dilution was plated on individual bloagha plates (Columbia agar (Oxoid,
Basingstoke UK) + 5% defibrinated horse blood)tiRtaserial dilutions of the microbe suspension
ensured that there would be plates with an appatgpniumber of colonies for manual counting.
Plates were incubated for 24-48 hours in 37°C.

All morphologically different colonies found on tipdates after incubation were counted separately
and tested with SlidéxStaph Plus (Biomérieux, Lyon, France), a reicwreusspecific
agglutination test. All SlidékStaph Plus-positive isolates were verified wita thbe coagulase

test. The density d8. aureun the skin expressed as CFU7amas calculated.

Number of S. aureus CFU on plate x 10 x dilution factor
= Number of S. aureus CFU/cm?

5.5 cm?

All S. aureussolates were cultured on new blood agar platepdaty. Isolates were then kept in

freezing medium at -80°C.
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Figure 6. Quantitative culture for S. aureus.

A. 1 mL Triton X 0.1% in PBS applied onto skin. $kin is rubbed for one minute with a glass rod.
C+D. The aspirate is plated on blood agar plateMtiple colonies after incubation. F. Slidex®
Staph Plus shows agglutination foraureuscolony.Photo: Mikael Alsterholm and Lina Hagvall

Considerations regarding sampling site

For several reasons, the preferred sampling sitguantitativeS. aureusulture was the arm. In
adult patients with AD both lesional skin and urditwed skin is often present on the arms. The arm
is also a body part where the stain-less steelussgl for sampling is easily applied and held in
place. Sinc&. aureusolonization rates vary depending on body sitesis important to keep
sampling within the same body area, whenever plessiborder to avoid over- or underestimation
of differences between lesional and uninvolved sitmer body sites were sampled when there

were no representative areas of lesional or unuagbskin on the arms; preferably the trunk or
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upper leg. The meticulous sampling technique fangjtative culture proved highly sensitive. In
fact, we took conventional swabs for qualitativéiune on skin immediately adjacent to the
sampling sites for the quantitative cultures. Bha@ureugletection level was lower for swab

samples than for the quantitative cultures (dateshown).

Qualitative culture for S. aureus

Swab samples fd8. aureusultures were secured from the anterior naresjl®and perineum at
each visit. Swab samples were also taken from oy bites where quantitative cultures were
obtained for comparison of the detection levehaf two techniques as described above. Cultures
were made at the Department of Microbiology, thel@anska Academy at the University of
Gothenburg.

S. aureussolates were verified with Slid&S&taph Plus and the tube coagulase test, re-cdlfare

purity on blood agar plates and kept in freezingliona at -80°C.

Pulsed-field gel electrophoresis (PFGE)

All S. aureussolates found on lesional skin, in the anteriaras and perineunm € 94) and
twenty-five S. aureussolates found on uninvolved skin were typed taaia identity with PFGE.
Low counts ofS. aureu®n uninvolved skin in the absenceSfaureuson lesional skin were not
typed.

We chose to type for strain identity with PFGE hesgathe primary aim was to establish isolate
interrelationships and because PFGE remains tliesgahdard in clinical bacteriology [165].

S. aureussolates were grown on blood agar plates overtniggn colonies were suspended in 500
ul TEN-buffer (Trizm& HCL (Sigma T3253), EDTA (Titriplex Il Merck 84173pdium
desoxycholate (Merck 6504)), the suspension ceged (13 000 G, 20 seconds) and the
supernatant discarded. The bacteria were re-susgénd.25ul EC-buffer (Trizm& HCI (Sigma
T3253), sodium chloride (Fischer Scientific), ED{[Rtriplex Il Merck 8417, polyoxyethylene 20
cetyl ether (Sigma P5884), sodium deoxycholate ¢ké604), N-laurylsarcosyl (Sigma L5125)).
The suspensions were placed on a heating blodk $&°C for 15 minutes and 12 Lysosome A
(0.5 uful, Sigma Aldrich) was added. Plugs were createddring 12511 2% low-melting-point
agarose to each suspension (Sigma Aldrich) andtpigel25ul of the resulting mix into plug
molds. Plugs were kept at 5°C for 15 minutes aed thcubated at 37°C for one hour in tubes
containing 1 ml EC-buffer. Subsequently, plugs watieed in half and placed in tubes containing
250ul TE-buffer (Trizma® HCI (Sigma T3253), EDTA (Tipiex 1l Merck 8417)) and 2pl protein
kinase K (5 mg/ml) (Roche Applied Science). Plugserthen incubated with fresh TE-buffer at
5°C for ten minutes and this washing step was tepesix times.
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The bacterial DNA was digested with 20 units of kerayme in 20Qul of the corresponding
restriction enzyme buffer and separated by elebtvmgsis with the Gene Path system (Bio-Rad
Laboratories, Sweden). Total runtime was 23 hoths.first block switch time was 5-15 seconds
for 10 hours and the second block switch time we6@ seconds for 13 hours. The voltage for the
run was 6 V/cm or 200 V. The included angle was’1Z@e ramp factor was linear. After
completed runtime, gels were stained in ethidiunmrbde (1ug/ml) followed by destaining for one
hour or more in 500 ml distilled water.

The digital comparison of profiles was made wite BioNumerics software (Version 6.6; Applied
Maths, St-Martens-Latem, Belgium). Cluster analgéiBice similarity indices based on the
unweighted- pair group method using average linkdg¢*GMA) was used to generate a
dendrogram describing the relationships among Ppi@fes. Isolates were considered to belong

to the same PFGE group if their Dice similarityérdvas> 80%.

Carriage patterns @&. aureusstrains on lesional skivere analyzed.
Persistent carriag@as defined aS. aureugpositive with same strain at three visits or satnain at

two visits and negative at remaining visit.

Intermittent carriagavas defined aS. aureugositive with low counts at one visit, negative at

remaining visits.

Non-carriagevas defined aS. aureusegative at all three visits.

STATISTICS

All data were analyzed using R version 2.14.2 evjmus versions (The R Foundation for

Statistical Computing, Vienna, Austria) [166].

Paper |

The frequencies of microbes in the balanopostgitisip and in the control group were compared
with Fisher’s exact test. The same statisticakumsent was used to compare prevalence of
seborrhoeic dermatitis between groups. The sigmifie level wap < 0.05.

Paper Il
The statistical test used to compare frequenci€R&A between groups was Fisher’s exact test.

The significance level wgs< 0.05.
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Paper Il
No statistical calculations were used in the inetigtion and presentation of the data.

Paper IV

Comparison of5. aureuslensity on lesional and uninvolved skin was madk Wilcoxon sign-

rank test. Mean objective SCORAD index for persis& aureusarriers and non- or intermittent
carriers was compared with Wilcoxon rank-sum t€strelation between the density®faureus

on lesional skin and objective SCORAD index wadya®al with linear regression. The number of
S. aureuspositive body sites was related to objective SCORAdex with generalized least square

regression. The significance level was 0.05.

ETHICAL APPROVAL

Paper I, Il and IV
The design of the studies presented in papersahdllV were all individually reviewed and
approved by the Ethics Committee at the Universit§gothenburg. Participants received oral and

written information about the studies before thaiitten consent was obtained.
Paper Il

For paper Il no ethical approval was required sitiee study did not involve patients, patient data

or animals.
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SUMMARY OF RESULTS AND DISCUSSION

PAPER |

A total of 102 patients with clinical signs of batposthitis and 26 control patients were examined.
Investigation revealed that one patient from tHar@posthtitis group suffered from Zoon balanitis
and another from HSV type 2. The data of thesepat@nts are not included in the following

since Zoon balanitis and viral aetiology were algghe scope of the study.

General microbial colonization

Overall, we found that microbial colonization waemafrequent in the area of the prepuce and
glans penis in patients with balanoposthitis thrathe control group (59% and 35%, respectively,
< 0.05). S. aureusvas found in 19 % of patients in the balanopaostigitoup and in none of the

control patientsp < 0.05. Results are summarized in Table II.

Balanoposthitis group Control group
n= 100 n=26
S. aureus 19 (19%) * -
Group B streptococci 9 (9%) 1 (3.8%)
Group C streptococci 3 (3%) -
C. albicans 18 (18%) 2 (7.7%)
Malasseziaspecies 23 (23%) 6 (23%)

Table II. Frequency of bacteria and yeasts in balawsthitis and in the control group
*p<0.05
Modified from Alsterholm et al [154] (= paper I) thipermission from the publisher.
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C. albicans

We found no increase 0. albicans(or group B streptococci) in patients with balaosthitis
compared with controls (Table II, Table Ill). Ndhet Candidaspecies thag. albicanswere
detected.

Balanoposthitis group Control group
n= 100 n=26

C. albicans

Heavy growth 10 (10%) -

Moderate growth 8 (8%) 2 (7.7%)

Table Ill. Quantification of growth of C. albicamns patients with balanoposthitis and in the control

group.
Modified from Alsterholm et al [154] (= paper I) thipermission from the publisher.

This result is in contrast with previous investayat who have reported. albicansfollowed by
group B streptococci, to be the most common miciolimlanoposthitis. Only two previous studies
have included a control group for comparison amy tieport the prevalence Gf albicansin
balanoposthtitis to 30-31% [51, 52]. Age range &atd of circumcision were similar in our study
and the studies of others and cannot explain tifereince.

In our study the growth d. albicanswas visually quantified. We found very discretalwcrete
growth ofC. albicansin 13 additional patients in the balanoposthitisugp and in 2 additional
patients in the control group (not displayed inl&al). We felt that the clinical importance ofnye
discrete or discrete growth Gf albicanswas uncertain, especially since colonization ofghieus
coronarius is frequent in asymptomatic men [68, B8grefore we chose to present statistics based
only on patients with moderate and heavy growt@ adélbicansin paper Il. Even if we include the
patients with very discrete and discrete&Cofalbicansin our statistical analysis we do not reach a
significant difference in the frequency Gf albicansbetween the balanoposthitis group and the
control group (31% vs 15%,= 0.14). Previous investigators do not describeomsider
guantification ofC. albicansand this could possibly lead to an overestimatibclinical

significance.
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Malassezia species
There was no difference in the frequencyaflassezisspecies between groups (Table I1). Five
differentMalassezisspecies were found (Table IV).

Balanoposthitis group Control group

n= 100 n=26

>5col. 2-5col. 1col >5col. 2-5col. 1.co
M. globosa - 5 3 - - 1
M. obtusa 1 4 2 - - 1
M. sympodialis - - 3 - - 2
M. obtusa + M. globosa 1 1 - - - -
M. obtusa + M. sympodialis - 1 - - - -
M. obtusa + M. restricta 1 - - - - -
M. sympodialis + M. restricta - 1 - 1 - -
M. globosa + M. slooffiae - - - 1 - -

Table IV. Frequency, distribution and quantificatiof Malassezia species in the balanoposthitis

and control groups.

For eachMalasseziaspecies quantification and number of patientsshoavn. When more than one
Malasseziaspecies was detected the combined number of edaesipresented.
Modified from Alsterholm et al [154] (= paper |) thipermission from the publisher.

Observations oMalassezisspecies were too few to establish if the distribbuif species differed
between groups. The most commonly found speciesaapgd to bé&/l. globosaandM. obtusa

For the differentiation oM. obtusaandM. sympodialiggrowth at 38°C in a Dixon medium is used
(Figure 4, page 51). During the study, this steyved to be unexpectedly sensitive to the general
state of the medium (date of preparation, viscpsitigerefore, we cannot exclude that some of the
isolates have been incorrectly identifiedvisobtusawhile they in fact werdl. sympodialis
Assuming that we, due to these methodological ssuve underestimated the numbekof
sympodialigsolatesin favour ofM. obtusa we find thatM. globosaandM. sympodialignight have
been two of the most common isolates among ouemtgti This would be similar to the results of
Mayser et al who described the frequency and sp@cbf Malasseziaspecies in the area of the
prepuce and glans penis in healthy men, a majofityhich were uncircumsized. The most

common isolates in that study weévle sympodialisandM. globosa49].
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The lack of overrepresentationilasseziaspecies in our study does not necessarily rul@out
role for this yeast in the aetiology of balanopa&hThe association between specMalassezia
species, the amount of those species on the skidiaaases like pityriasis versicolor and
seborrhoeic dermatitis has proven to be complicatetincompletely understood [40]. For
instance, patients with seborrhoeic dermatitis H@aen shown to harbour increased, decreased or
unchanged levels of yeasts on lesional skin condpart uninvolved skin [47, 167]. It has been
proposed that in those skin diseases where theiaisea withMalassezias clearly established, e.
g. seborrhoeic dermatitis, the host immunologieaponse to the yeast is of importance [168]. In
seborrhoeic dermatitis, treatment to rediviz@asseziayields a parallel improvement of symptoms
[169]. Suggested ways fiMalassezido induce symptoms are through precipitating arlie®
against the yeast, production of toxin, lipasevagtand activation of complement [170, 171].

S. aureus
In the balanoposthitis group 19% of patients exbdb. aureusn the area of the prepuce and glans
penis while nd. aureusvere found in the control group € 0.05) (Table II).

An overrepresentation &. aureusas not been described in any previous study @mibrobial

flora of balanoposthitis. In facg. aureusas rarely been detected at all. This is somewhat
surprising sincé. aureuss a very common skin pathogen as well as a corsatelm the general
population, 22% of adults are colonized in the erim, a number rising to 60% for those who are
nasal carriers ofS. aureugl12].

There are several possible explanations for tHerdifice inS. aureugprevalence in our and other
comparable studies [51-54].

* The definition of balanoposthitis in our study abdiffer from the definitions used by
others and this could in turn influence the micobdgical data. There are no universally
acknowledged criteria for the diagnosis balanoptistmor is there a scoring system to
grade severity. Most patients attending our clpriesent with mild to moderate
balanoposthitis. We suggest that mild to moderatartmposthitis in many cases is caused
primarily by irritants such as excessive hygiemeqfient sexual intercourse or other
dehydrating or abrasive trauma to the prepuce Em$genis. This association has been
described by others [60]. Dehydrated or otherwis&ied skin could be vulnerable to
colonization with microbes that can maintain ore@ase inflammation. A probable
candidate for colonization would % aureusexplaining why we find a high percentage of

this staphylococcus in our study.
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* Individual patient factors, i.e. diabetes, obegsrsonal hygiene customs and sexual habits
were not described by us or others. Differencesioh factors might explain why we find
and increased rate 8f aureugand no increase i@. albican$ in contrast with other
studies. Another factor to consider in this contexdlimate. Our studie was performed in a
relatively cold climate. The microbial panoramabafanoposthitis might be different in hot
and humid climates.

* Another possible explanation for the increasecatsmh rate ofS. aureusould be that the
frequency and distribution of microbes in any papioh are not constant. Community
patterns of antibiotic consumption, the use andpmsiion of hygiene products as well as
sexual habits change and can in turn alter the ositipn of the microbiome. The
comparable studies of microbes in balanoposthiésevpublished in the years 1983-1995
and might represent a microbial milieu that has esolved [51-54].

* The increased rate & aureusould also be due to a hypothetical higher rajgatients
with atopy in our study compared to others. An asdmn between balanoposthitis and AD
has been suggested [60]. In retrospect, we regtéaking a patients’ history regarding AD
and other manifestations of atopy. Patients withak® frequently colonized with. aureus
and the skin lesions of balanoposthitis and ADsarelar. Balanoposthitis could in some

cases be a manifestation of AD édaureusolonization would be expected.

Normal bacterial skin flora

41% of patients in the balanoposthitis group arb @5 patients in the control group exhibited no
S. aureur group B/C streptococci and no growthGandidaor Malasseziaspecies. Cultures from
these patients showed normal bacterial skin fldieclvwas defined as one or several of alpha
streptococci, CoNSZorynebacteriunspecies, enterococét, coli, gram-negative mixed flora or

gram-positive mixed flora.

The association between clinical presentation andfterent microbes

Clinical findings were similar among patients ie thalanoposthitis group, irrespective of microbe.
Erythema of the prepuce and/or glans penis wastigt common finding (83%) followed by
papules (48%), transudation (30%) and white mengx827%).

In this material there was no correlation betwdamoal findings and specific microbes. The
clinical presentation of balanoposthitis did natgict the presence or absence of microbes or the
type of microbe present in the preputial sac othenglans penisCandidainfection of the skin is
sometimes associated with pustules. It has beenmrsti@at the presence of pustules in

balanoposthitis is highly suggestive@dndida[51]. This was not replicated in our study. In fact
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pustules were rare, present in only five patietmts, of whom presented wit@. albicans
The presence of a particular microbe was not catedlwith the number of clinical criteria noted in
an individual patient, meaning it was not appatkat any of the microbes were associated with a

more severe clinical picture (data not shown).

The association between balanoposthitis, seborrh@edlermatitis and psoriasis

No association between balanoposthitis and sebeald@rmatitis or psoriasis could be
demonstrated.

Patients with balanoposthitis reported a similagérency of seborrhoeic dermatitis compared with
controls, 29/100 patients (29%) and 9/26 patie3®g4), respectively. Clinical findings of
seborrhoeic dermatitis at time of visit were preseri3/29 (45%) of those patients with
balanoposthitis who reported ever having seborthdeimatitis and in 3/9 (33%) of those control
patients who reported ever having seborrhoeic diima

Patients with balanoposthitis were subdivided basethe results of the cultures. The frequency of
seborrhoeic dermatitis was not significantly higimeany of the subgroups (44% of patients with
Malasseziars 5.4% of patients witlC. albicansvs 26% of patients witB. aureusNS). The
observedMalassezidsolates were too few to establish whether oreeweral species were
associated with balanoposthitis and or seborrhdeimatitis.

There was no patient with active psoriasis in theygbut one patient in the balanoposthits reported

previous psoriatic skin lesions.

Conclusion

For the first time, the spectrum of bacteff@ndidaandMalassezisspecies in patients with
balanoposthitis and a control group is describéar@ was a significantly higher frequency of
microbes in the area of the prepuce and glans jrethe balanoposthitis group compared to the
control groupS. aureusvas found in 19% of balanoposthitis patients lmitat all in the control
group. An increase i€. albicansin balanoposthitis, previously described by othesss not
confirmed. Clinical findings did not predict preserof specific microbes. There was no association

between balanoposthtitis and seborrhoeic dermatijisoriasis.

Our findings and the results of other investigagurggest that patients with mild to moderate
balanoposthitis are vulnerable to colonization waiticrobes in the area of the prepuce and the glans
penis. We propose that the condition reflects aremsed susceptibility to irritants causing
dermatitis and subsequent colonization with micsoéese microbes could increase and maintain

pre-existing inflammation. The irritants could becessive hygiene habits or repeated minor

65



abrasive trauma during sexual intercourse.

The primary therapeutic target in mild to modeiases of balanoposthtitis should be to decrease
inflammation with a mild topical corticosteroid @up | or II). The addition of antimicrobial agents
to the topical preparation can reduce microbiatllaad thereby probably increase the anti-
inflammatory effect. It is interesting that somelas, for instance miconazole, in addition to their
effect on yeasts are active agaiistureusaandS. epidermidisn vitro (shown and discussed in
paper Ill). In our clinic, tapered topical hydrotisone-miconazole or triamcinolone-econazole
application (twice daily for one week, once daiby bne week and once every other day for one
week) is generally effective. In severe cases Grmposthitis systemic antibiotics are sometimes

needed to resolve symptoms.

66



PAPER Il

Bacterial spectrum in prospective study 2004-2008

Thirty-eight patients with impetigo and 37 patienith secondarily infected AD were included in
the study.

S. aureusvas by far the most common bacteria found in cettdrom skin lesions in impetigo and
AD (76-93%) (Table V, Table VI).

Impetigo Bullous impetigo
n=25 n=13
S. aureus 17 (68%) 11 (85%)
Methicillin-resistantS. aureufMRSA) 1 (4.0%) -
S. aureus+ Group A streptococci 1 (4.0%) 1 (7.6%)
Coagulase negative staphylococci 2 (8.0%) -
Bacillus cereus 1 (4.0%) -
Normal skin flora 1 (4.0%) -
Negative culture 2 (8.0%) 1(7.6%

Table V. Prospective study 2004-2008. Frequencydistdbution of bacteria in impetigo and
bullous impetigo.

For each bacteria/group of bacteria the numbeabépts is presented.
Modified from Alsterholm et al [172] (= paper Il)ith permission from the publisher.

Secondarily infected AD

n=37
S. aureus 28 (76%)
Methicillin-resistantS. aureufMRSA) 1(2.7%)
S. aureus+ Group A streptococci 3 (8.1%)
S. aureus+ Group C streptococci 1(2.7%)
Coagulase negative staphylococci 2 (5.4%)
Negative culture 2 (5.4%)

Table VI. Prospective study 2004-2008. Frequenclydistribution of bacteria in secondarily
infected AD.

For each bacteria/group of bacteria the numbeabtépts is presented.
Modified from Alsterholm et al [172] (= paper Il)ith permission from the publisher.
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FRSA in prospective study 2004-2008

FRSA were a frequent finding in impetigo, particiydullous impetigo, but less common in AD.
Specifically, 75% of5. aureussolates were fusidic-acid resistant in bulloupétigo, 32% in
impetigo and 6.1% in secondarily infected AD. Theas a statistically significant difference

between groups (Figure 7).

100% - p <0.05
I T I
<0. <0.
90% 1 p <0.05 p <0.0001
I 1 I
80% -
70% -
60% -
@ Impetigo
50% + O Bullous impetigo
O Secondarily infected AD
40% -+

30% 4

20% 4

10% +

0% -
Prospective study 2004-2008

Figure 7. Prospective study 2004-2008. Frequencyd®tusidic acid-resistance in S. aureus-
isolates from patients with impetigo, bullous ingetor secondarily infected AD.

Frequency of FRSA was compared between groupshistier’s exact test. Values are presented
with a 95% confidence interval. Significance lewglsp < 0.05.
From Alsterholm et al [172] (= paper Il) with pession from the publisher.

Bacterial spectrum in the patient record review
S. aureusvas by far the most common bacteria found in cettdrom skin lesions in impetigo (76-
88%) and AD (78-84%) (Table VII, Table VIII). Bact& spectrum and frequency 8f aureus

isolates were similar in the prospective study tedpatient record review.
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Impetigo

June 2004-May 2005
n=66

June 2007-May 2008
n=33

S. aureus

Methicillin-resistantS. aureugMRSA)
S. aureus+ Group A streptococci

S. aureus+ Group B streptococci

S. aureus+ Group G streptococci

S. aureus other bacteria
Coagulase negative staphylococci
Group A streptococci

Bacillus cereus

Other bacteria

Negative culture

45 (68%)
2 (3.0%)
5 (7.6%)
6 (9.1%)
2 (3.0%)
1 (1.5%)
1 (1.5%)

4 (6.1%)

21 (64%)
1 (3.0%)

2 (6.1%)
1 (3.0%)
2 (6.1%)
1 (3.0%)
2 (6.1%)
3 (9.1%)

Secondarily infected AD

June 2004-May 2005
n=55

June 2007-May 2008
n=55

S. aureus

Methicillin-resistantS. aureugMRSA)
. aureus+ Group A streptococci

. aureus+ Group B streptococci

. aureus+ Group C streptococci

. aureus+t Group G streptococci

. aureus+ Group A & G streptococci

w nu nu nuo nu n

. aureust other bacteria

Group G streptococci

Coagulase negative staphylococci
Other bacteria

Negative culture

30 (55%)

1 (1.8%)
3 (5.5%)
2 (3.6%)
2 (3.6%)
2 (3.6%)
3 (5.5%)

5 (9.1%)

3 (5.5%)
4 (7.3%)

22 (40%)
1 (1.8%)
6 (11%)
8 (15%)
1 (1.8%)
5 (9.1%)
(1.8%)
2 (3.6%)
1 (1.8%)
2 (3.6%)
3 (5.5%)
3 (5.5%)

Table VII and VIII. Patient record review. Frequgrend distribution of bacteria in impetigo (VII)

and secondarily infected AD (VIII).

For each bacteria/group of bacteria the numbeabépts is presented.

Modified from Alsterholm et al [172] (= paper Il)ith permission from the publisher.
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FRSA in the patient record review

In the time period June 2004 to May 2005 33% o&ureussolates found in impetigo were fusidic
acid-resistant whereas the corresponding numbes.faureussolates found in secondarily infected
AD was 12%. In the time period June 2007 to May&P8% ofS. aureussolates found in

impetigo were fusidic acid-resistant whereas threesponding number f@. aureussolates found

in secondarily infected AD was 2.2% (Figure 8). 3theesults were similar to those of the

prospective study.

50% - p<005 p <001

40% -

30% -

@ Impetigo

O Secondarily infected AD

20% -

10% -

1

0% - ‘
June 2004-May 2005 June 2007-May 2008

Figure 8. Patient record review. Frequency (%)udiflic acid-resistance in S. aureus-isolates from
patients with impetigo or secondarily infected AD.

Frequency of FRSA was compared between groupshistier’s exact test. Values are presented
with a 95% confidence interval. Significance lewgisp < 0.05.
From Alsterholm et al [172] (= paper Il) with pession from the publication.

It is important to point out that the patientshiststudy represent a selected group of impetigb an
AD patients in the sense that they have been szféaran outpatient dermatology clinic. Mild
cases of impetigo and secondarily infected AD diendreated by general practitioners and other
health care professionals. This means that themgatin our study do not necessarily represent the
spectrum of impetigo and secondarily infected Alhi@ general population. For instance, bullous
or extensive lesions could be a clinical preseniadif impetigo suggesting differential diagnoses
and could make a general practitioner more inclioefer the patient to a dermatologist. While
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we note that a similar study in a primary healtrecgetting might have rendered another result, it
appears unlikely that the frequencies of FRSA instudy are an underestimation of those in the
general population.

In our clinical setting, the prospective study dat seem to reflect a biased selection of patients.
The patient record review gave a similar resulardong age-distribution, bacterial spectrum and
frequency of fusidic acid-resistanceSnaureussolates.

S. aureusvas, unsurprisingly, the most common finding im+wllous impetigo, bullous impetigo
and secondarily infected AD, constituting over 76Ptsolates. Fusidic acid-resistant isolateSof
aureuswere a frequent finding in bullous impetigo. TlEsonsistent with the established
association between FRSA, production of exfoliatasdn and bullous impetigo lesions [112].
However, FRSA were also cultured from lesions ofically non-bullous impetigo and a small
fraction of infected AD lesions. This demonstratest FRSA infection is not always associated
with blistering skin disease.

The patient record review indicated a decline aphoportion of FRSA isolates from 2004 to 2008
(from 33% to 24% for impetigo and from 12% to 2.8 secondarily infected AD, NS). A
statistically significant change in the same dicetts documented in the well defined population of
the Norwegian island community Austevoll where itige and FRSA incidence is continuously
monitored. A gradual decrease in impetigo-deri8edureussolates resistant to fusidic acid was
recorded from 2001 to 2009 [74].

National data on the proportion of FRSA among S&drivedS. aureussolates from Norway and
Sweden also show a decline. The Norwegian Surmedi&ystem for Antimicrobial Resistance
demonstrated that the proportion of FRSA from SSvds steadily falling from 25% in 2004 to

10% in 2008 [173]. Data from the Swedish survetasystem ResNet showed the same trend but
on a lower scale [144]. Swedish FRSA levels peatél6% in 2002, declined to 3.8% in 2005 and
stabilized at 4.0-6.0% in the years that followed.

Although FRSA levels seem to decline it is noteWwgthat resistance against fusidic acid remains
the most prevalent antibiotic resistance in thespahantibiotics tested o8. aureussolates

reported to ResNet (page 35) [144].

In addition to investigating fusidic acid-resistarnn S. aureussolates derived from lesions of
impetigo this study focused on the less investijatevalence of FRSA in secondarily infected
AD. The atopic skin is highly susceptible to colmation withS. aureusWe speculated that patients
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with AD could be at risk of becoming carriers osiflic acid-resistant clones 8f aureusin turn
serving as community reservoirs and increase fugpesad. With the high prevalence of both
impetigo and AD in young children, FRSA could rdpidecome widespread through daycare
centers and schools.

In contrast to this proposed scenario, the reshlbsv a low frequency of fusidic acid-resistance
amongsS. aureussolates from patients with secondarily infectdd. Ancouragingly, the frequency
remained low during 2004-2008 and there was ewvéication of a decline. This was in contrast
with the trend indicated by scattered Europeanrtsgimm the mid-90s and onward where FRSA
were found in up to 50% of patients [136, 141-143R}e reason for the low rates of FRSAin AD in
our study is probably the restrictive use of topfaaidic acid implemented in Sweden in 2003 [75,
138]. There could also have been differences betvseeden and other European countries in the
pattern of prescription and use of fusidic aciapto 2003. Increased use of topical fusidic aoid i
the community promotes the emergence of resisteains. Conversely, limitations in use have
been followed by declining FRSA levels [134-137].

Table IX illustrates topical fusidic acid sales &RISA levels in Sweden in the years following our
study. The comparatively low and stable frequerfdysidic acid- resistance amo&g aureus
isolates from SSTIs has been paralleled with dishimg national sales of fusidic acid cream and

ointment.

Sales of fusidic acid cream and ointment FRSA

(number of 15 g packs*) (% of totalS. aureussolates)
2008 58539 5.3
2009 53076 4.7
2010 50030 6.2
2011 44833 6.0
2012 40700** 4.8***

Table IX. Swedish sales of fusidic acid cream antiment and FRSA reported to ResNet 2008-
2012.

Sales data available on request from Apotekens@erstatistic@apotekensservice.se

* Fusidic acid cream and ointment are availabl&5rg and 30 g packs, numbers have been
recalculated to 15 g packs.

** Estimated value for entire year, report avai@br January to August (27248).

*** Report currently available from 12 out of 29p@rting laboratories.
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It is difficult to determine to what extent a dediin total FRSA levels depends on restrictiveafse
topical fusidic acid and what is attributable te ttormal dynamics of an epidemic. In the patient
record review we found 101 cases of impetigo infitisé year but only 53 cases in the last year. In
similarity, there is data from Austevoll showinglecrease in the incidence of impetigo between
2001 and 2009. Given that impetigo remains the $@arily associated with FRSA, fewer
impetigo cases would also mean a decrease in t@lentamber of FRSA isolates. While the
incidence of impetigo and, as a consequence, F&R8IA levels in Austevoll have faded, the
percentage of FRSA isolates has remained high amngmetigo cases. In 2008, 44%%faureus
isolates from impetigo lesions were fusidic acidistant and 89% of those isolates belonged to the
EEFIC [74].

One lesson we learned during the patient recon@wewas that in many cases no bacterial cultures
were secured from patients with impetigo or secahydiafected AD. The reason for this is

probably that dermatologists are aware that insh veajority of cases these conditions are caused
by S. aureusThere is however another increasingly importaason for collecting swabs for
bacterial cultures: monitoring of trends in anttimoesistance. Sweden has excellent surveillahce o
antibiotic resistance on a national and regionadllecomparatively low frequencies of multi-
resistant bacteria in both outpatient and inpattan¢ and the authorities work actively to reduce
non-evidence based prescription of antibioticsc@mpliment this, clinicians need to be vigilant of
emerging antibiotic resistance in bacterial str&ios specified patient groups.

It appears widely accepted that long term treatmatit topical antibiotics should be avoided as it
can select for resistant strains [174]. For ingatapical mupirocin for SSTIs has promoted
resistance irs. aureusand CA-MRSA [175, 176]. In contrast, short durattopical antibiotic

therapy remains controversial [152]. Fusidic ae@ches us that widespread use of brief courses

can promote resistance on a community level.

Conclusion

Management of impetigo and other SSTIs is possiileout the use of topical fusidic acid
formulations. Fusidic acid resistance remains amomform of antibiotic resistance amo8g
aureusisolates in Sweden. There is strong evidencetfieatommunity pattern of topical fusidic
acid use influences the proportion of FRSA isolatdtured from patients with impetigo and other
SSTIs. Fusidic acid is an antibiotic that, duetsauniqgue mechanism of action, does not exhibit
cross-resistance wifktlactam antibiotics. Fusidic acid can thereforeeffective against MRSA and
may become an increasingly important systemic antithin the years to come [118]. Rapidly
increasing antibiotic resistance is a global hegtbat and in view of that it seems wise not to
waste fusidic acid. Indiscriminate use could pasdlytmake this antibiotic worthless.
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Thein vitro antimicrobial properties of commonly used topslah pharmaceuticals and their
active substances, expressed as MIC-values agailested microbes were investigated with agar
dilution assay. Table X provides an overview of tbgults to the help the reader follow the

discussion. Tables XI-XV show the results in moeéad.

Antibiotic formulation and substance

The MICs for Fucidiff 2% cream (fusidic acid) and fusidic acid are pnése in Table XI. The
strongest activity was, as predicted, seen ag8instireusandsS. epidermidigMIC 0.1 ug/ml for
fusidic acid as part of the cream or alone apg/ml for the entire cream), but there was also an
effect onS. pyogene@MIC 10 ug/ml for fusidic acid as part of the cream, 6.@Bml for fusidic
acid alone and 500g /ml for the entire cream). Fusidic acid did ndtibit growth ofC. albicans
or E. coli

Fusidic acid is primarily an anti-staphylococcalglrbut activity against streptococci has been
describedn vitro. In an evaluation of 242 strains of streptocosolated from SSTIs, MIC levels
ranged from 8 mg/l to 16 mg/I for fusidic acid [37lAh our study, MIC for fusidic acid as part of
cream agains$. pyogeness equivalent to 10 mg/l and MIC for fusidic atebted as active
substance alone is equivalent to 6.3 mg/l. It ssgae that fusidic acid can have a clinically
relevant activity against streptococci when used tpical preparation. In comparison, skin
concentrations after twice daibyal administration of 500 mg fusidic acid are repotietbe 39-79
mg/l which could explain a described clinical effEl78]. However, development of resistance
against fusidic acid i®. aureusargues against the use of topical fusidic acichtdations as

discussed in paper Il

Antifungal formulations and substances

Clotrimazole as part of Canesfet% and miconazole nitrate, econazole nitrate artirtafine
hydrochloride were effective agair@t albicangMICs 3.125-25ug/ml) (Table XII).

Miconazole in Daktdt 2% and Daktacofthad a high MIC again€. albicans(1000pg/ml for
miconzole as part of the cream, 50,Q@0ml for the entire cream) compared with miconazole
nitrate alone (MIC 3.L1g/ml). The same pattern was noted for terbinafineamisif® 1% (MIC
2000ug/ml for terbinafine as part of the cream, 200,060n! for the entire cream) and terbinafine
hydrochloride alone (MIC 2hg/ml).
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C. albicans E. coli S. aureus S. epidermidis S. pyogenes

Fucidin® - - +++ +++ t
Fusidic acid - - Y F++ +
Canesten® + - +++ +++ -
Daktar® - - +++ T+ )
Daktacort® - - +++ ++ _
Miconazole nitrate ++ ND T+ T+ I
Lamisil® - - - - T+
Terbinafine HCI ++ ND - - -
Econazole nitrate +++ ND T+ T+ I
Ketoconazole ++ ND ++ T+ ND
Microcid® - ++ +++ +++ ++

Hydrokortison CCS® - - - - -

Emovat® - - - - -
Betnovat® - - - - -
Dermovat® - - - - -
Betnovat® with chinoform | ++ ++ ++ ++ +
Clioquinol ++ sl Siis Siis ND
Kenacutan® ++ ++ ++ ++ NA

Table X. Overview of in vitro antimicrobial actiyiof topical skin pharmaceuticals.

Arbitrarily choosen ranges of activity: +++ MIC @)/ml (for active substance as part of cream tvasubstance alone), ++ MIC 2-50 pg/ml, +
MIC > 50 pg/ml, - MIC > 1000 pg/ml. ND = not detarmable. NA = not analyzed.
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Clotrimazole, miconazole and econazole nitrate stban effect against staphylococci (MIC 1.0
ug/ml for clotrimazole and miconazole as part ofaong, MIC 1.6ug/ml for miconazole nitrate
alone and MIC 1.@g/ml for econazole nitrate alone).

Activity againstS. pyogenewas variable. Lamisil 1% cream had the strongest effect, with a MIC
of 10 ug/ml for terbinafine as part of the cream whiléteafine hydrochloride alone did not have
any effect.

There was no effect da. colifor any of the antifungal formulations or substamnce

No effect againsE. coliwas detected for the formulations Cane&t@&@uaktalf’ or Daktacort. The
possible effect of the azoles agaiBstcoliwas not determined because at 50 pg/ml the
concentration of the solvent DMF (used to dissdheesubstances before added to the agar) is 5%.
MIC for DMF againstE. coliis 5%.

One aim of this investigation was to test whettesebcomponents of a formulation had additive or
synergistic effects with the active substance at tarmulation. Our data does not support the
presence of such effects. MIC values for the adidestance as part of a formulation and for the
same substance tested separately were roughlptie @able X). There were two exceptions to

this, miconazole and terbinafine, respectively,alihwill be discussed in the following.

« The lack of acitivity of miconazole in Dakfaand Daktacoft (MIC 1000 pg/ml) againsE.
albicanswhile miconanzole nitrate alone appeared effedtkC 3.1 pg/ml) was an
unexpected finding. A possible explanation fos tthiscrepancy could be interactions
between cream and agar components inhibiting fieetedf miconazole. It is also noted that
glucocorticoids have been reported to inhibit tfieat of some antimicrobial vitro [179].
High concentrations of glucocorticoids have beeswshto protect yeasts, but not
staphylococciin vitro against the action of econazole nitrate [180]lu&gcorticoid-azole
interaction may explain the high MIC for miconazisieDaktacor®, which is a combination
of miconazole and hydrocortisone, but not the Mf@aktar®, which does not contain any

glucocorticoid.

« Terbinafine as part of LamiSiexhibited MIC 2000 pg/ml again€t albicans while
terbinafine hydrochloride alone had a MIC of 25mlig/A possible explanation for this, as
proposed for Dakt&rand Daktacoft, could be conditions in tha vitro situation, such as

interactions between cream and agar components.
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Our results show an effect of azoles against stapbgci, both as part of formulations and as
single substances. The members of the azole daksgs are known to possess antibacterial
properties against some gram-positive bacteria,[182]. Clotrimazole and econazole have been
shown to be effective againgtycobacterium smegmatmdStreptomycestrains but noE. coliin
vitro [183]. These bacteria contain P450 mono-oxygen@ses0s), some of which are homologues
to 14u-sterol demethylase, the target enzyme of azdleanlbe speculated that tinevitro effect of
azoles agains$. aureuandS. epidermidislemonstrated in our study are mediated through 14

sterol demethylase homologues in staphylococci.
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C. albicans E. coli S. aureus S. epidermidis pysgenes

ASPC/AS EC ASPC/AS EC ASPC/AS EC ASPC/AS EC ASPC/AS EC
Fucidin® 2% No effect No effect No effect No effect 0.1 5.0 0.1 5.0 10 500
(fusidic acid)
Fusidic acid No effect - No effect - 0.13 - 0.13 - 6.3 -

Table XI. Minimal inhibitory concentration (MIC)f@antibiotic cream and substance. MIC expressed@snl of active substance as part of cream
(ASPCY, entire cream (EC) and active substance alone.(AS)

& MIC of active substance as part of cream (ASPChlsulated as the concentration of active substamthe cream multiplied by MIC for the entire
cream. Modified from Alsterholm et al [184] (= papk) with permission from the publisher.

C. albicans E. coli S. aureus S. epidermidis S. pyogenes

ASPC/AS EC ASPC/AS EC ASPC/AS EC ASPC/AS EC ASPC/AS EC
Canesteh 1% 10 1000 No effect No effect 1.0 100 1.0 100 500 50000
(clotrimazole)
Daktaf® 2% 1000 50000 No effect No effect 1.0 50 1.0 50 1000 50000
(miconazole)
Daktacorf 1000 50000 4000 200000 1.0 50 1.0 50 1000 50000
(miconazole)
Miconazole nitrate 3.1 - b - 1.6 - 1.6 - 25 -
Lamisil® 1% 2000 200000 No effect No effect No effect No effect 2000 200000 10 1000
(terbinafine)
Terbinafine HCI 25 - P - No effect - No effect - No effect -
Econazole nitrate 3.1 - b - 1.0 - 1.0 - 25 -
Ketoconazole 3.1 - P - 25 - 13 - -© -

Table XlI. Minimal inhibitory concentration (MIC#&r antifungal creams and substances. MIC expreasgag/ml of active substance as part of
cream (ASPC) entire cream (EC) and active substance alone.(AS)

& MIC of active substance as part of cream (ASPChlsulated as the concentration of active substamthe cream multiplied by MIC for the entire
cream® MIC 50 pg/ml. At 50 pg/ml of miconazole nitraterttinafine HCL, econazole nitrate and ketoconattwee is 5% DMF in agar. MIC for
DMF againstE.coliis 5%.° MIC 50 pg/ml. At 50 pg/ml of ketoconazole ther&¥% ethanol in agar. MIC for ethanol agaiispyogeneis 5%.
Modified from Alsterholm et al [184] (= paper INith permission from the publisher.
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Corticosteroid formulations

The corticosteroid creams showed high MICs agaithshicrobes. In some cases there was still
growth of microbes on agar plates with 20% (w/viegam (Table XIII)This was not unexpected.
Still it was important to explore any potentialiamitrobial effects of preservatives or other

additives in these formulations.

Corticosteroid formulations with antiseptic agent

Corticosteroid creams with antiseptic agents shoavedffect on all microbes tested (Table XIV).
Betnovaf with chinoform (betamethasone with clioquinol) hsaahilar activity against all microbes
with the exception 0%.pyogenegMIC 15 ug/ml againsC. albicansE. coli, S. aureusandsS.
epidermidisand MIC 150ug/ml againsS. pyogenedor clioquinol as part of the cream).
Clioquinol tested alone had comparable effectss@ig/ml of clioquinol no growth of. pyogenes
was seen. However, at 5@/ml of clioquinol there was 5% ethanol in the agad MIC for ethanol
againstS. pyogenewas 5%, thus the true effect of clioquinol agalBispyogenewas not
determined.

Kenacutafi (triamcinolone with halquinol) was similarly eftae against all microbes (MIC 7.5
ug/ml for halquinol as part of the cream). MIC ofrfiéeutan® agains. pyogenewas not

determined because this cream was discontinuedgitive study.

Antiseptic formulation

The antiseptic cream Micro&idl% (hydrogen peroxide) had effect primarily®naureugMIC
1.0 ug/ml for hydrogen peroxide as part of the cream Eo@ug/ml for the entire cream) ar&l
epidermidis(MIC 0.5 pg/ml for hydrogen peroxide as part of the cream 2hgg/ml for the entire

cream) with weaker activity agairist coli, S. pyogenemndC. albicangTable XV).

The corticosteroids with antiseptic agents anchyygrogen peroxide cream Micro&igvere the
formulations with the widest species-related raoigactivity (Table X). In constant effort to limit
the use of antibiotics, non-resistance-promotingsaptic formulations with activity against
bacteria and yeasts can be very useful in thentieyatt of superficial skin infections and in
secondarily infected skin diseases. Betndweth chinoform and Kenacut&mad MICs of a
magnitude which are probably reacliedivo. It is unfortunate that Kenacufais no longer
available.

Our results showeith vitro activity of Microcid® against the staphylococci but less so ag@nst
pyogenesndE. coliand the effect was even weaker agathstlbicans The MIC for hydrogen
peroxide as part of Microcfdcream was 500 pg/ml agairGt albicans This is equivalent to 0.05 g
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cream/ml and it is conceivable that a concentraticthat magnitude can be reachedivo by
applying a relatively modest amount of cream. Tinis of thought demonstrates the difficulty of
interpreting and extrapolating vitro data to then vivo situation. Specifically, it is hard to
transform a MIC-value obtained with the agar ddatassay into suggestions on the amount of
cream needed to be applied in order to reach dasinuncentration on the skin. Thevitro results
of our study indicate that hydrogen peroxide prapans can be useful. The drawbacks of
hydrogen peroxide are short time of action becafisehigh degradation rate and local irritation.
Formulations need to stabilize as well as relegdedgen peroxide in order to be effectinevivo
[150].
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C. albicans E. coli S. aureus S. epidermidis S. pyogenes

ASPC EC ASPC EC ASPC EC ASPC EC ASPC EC
Betnovaf 200 200000 No effect No effect No effect No effect No effect No effect 100 100000
(betamethasone)
Emovaf 0.05% 100 200000 100 200000 100 200000 50 100000 100 200000
(clobetasone butyrate)
Dermovaf 0.05% 50 100000 100 200000 100 200000 100 200000 50 100000
(clobetasol)
Hydrokortison CC8 1% 2000 200000 No effect No effect No effect No effect 2000 200000 500 50000
(hydrocortisone)

Table XIlIl. Minimal inhibitory concentrations (MI¢$or corticosteroid creams. MIC expressed as p@factive substance as part of cream (ASPC)
and for the entire cream (EC).

& MIC of active substance as part of cream (ASPChlsulated as the concentration of active substamthe cream multiplied by MIC for the entire
cream.
Modified from Alsterholm et al [184] (= paper INith permission from the publisher.

C. albicans E. coli S. aureus S. epidermidis S. pyogenes
ASPC/AS EC ASPC/AS EC ASPC/AS EC ASPC/AS EC ASPC/AS EC
Betnovaf with chinoform 15 500 15 500 15 500 15 500 150 5000
(clioquinol)
Clioquinol 6.3 - 13 - 6.3 - 6.3 - b -
Kenacutafi (halquinol) 7.5 1000 7.5 1000 7.5 1000 7.5 1000 - -

Table XIV. Minimal inhibitory concentrations (MIC®) corticosteroid creams with antiseptic agentOvexpressed as pg/ml of active substance as
part of cream (ASPCand for the entire cream (EC).

& MIC of active substance as part of cream (ASPChlsulated as the concentration of active substamthe cream multiplied by MIC for the entire
cream”MIC 50 pg/ml. At 50 pg/ml of clioquinol there is 58thanol in agar. MIC for ethanol agaiSstpyogeneis 5%.¢Not investigated because
Kenacutafi was taken off the market during this work.

Modified from Alsterholm et al [184] (= paper INith permission from the publisher.
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C. albicans E. coli S. aureus S. epidermidis  S. pyogenes
ASPC EC ASPC EC ASPC EC ASPC EC ASPC EC

Microcid® 1% (hydrogen peroxide) 500 50000 50 5000 1.0 100 0.50 50 50 500

Table XV. Minimal inhibitory concentration (MIC)rfantiseptic cream. MIC expressed as pg/ml of acivbstance as part of cream (ASPan)d for

the entire cream (EC).

& MIC of active substance as part of cream (ASPChlsulated as the concentration of active substamthe cream multiplied by MIC for the entire

cream.
Modified from Alsterholm et al [184] (= paper INith permission from the publisher.
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Benefits and hazards with antiseptics

The results of the study highlight the potentia@futness of azoles and antiseptic preparations.
While skin bacteria, especialf. aureushave developed resistance to various antibiahes,

topical azoles and allylamines used against deqphgtes and yeast infections have been
prescribed extensively with less development afictilly relevant resistance among fungi [185,
186]. Therefore it was interesting to explore anylmcterial effects of antifungals. We find thia¢ t
azoles are effective agairst aureuandS. epidermidisn vitro. If this activity is presen vivo as
well it could be beneficial in the treatment of miksuperficial skin infections.

To be able to replace or complement antibioticé wopical antiseptics is an appealing concept. In
contrast with the targeted action of antibiotiag#tjseptics are not as pharmacologically precise and
act on multiple cellular targets making it hardar inicrobes to evade their damaging effects. It can
be argued that increased proper use of antisdptiéscalized superficial skin infections could
decrease the use of antibiotics, thus minimizingcsiee pressure on bacterial strains.

There is however concern that the use of biocidé®alth care, households and in industrial
settings can promote resistance to antisepticcantlibutes to the selection of antibiotic-resistan
strains [146]. For instance, increased antiseptiCdyidue to the presence of tecABfamily of
genes encoding multi-drug efflux pumps, have besstiibed for MRSA strains [187]. These efflux
pumps can confer resistance to chlorhexidine aher@ntiseptics. ThgacABfamily of genes is
present predominantly on multi-resistance plasnadd, has been found in methicillin-sensitive
aureusand CoNS as well. The significance of this withars to clinical effect (e.g. hand
disinfectants) and the ecological consequencesgaesistance with antibiotics and selection for
resistant strains) remains to be discovered.

Another important consideration is the risk of @jle reactions to antiseptics. For instance,
chlorhexidine can provoke life-threatening anapbiytareactions, even after application on
unbroken skin [147-149].

Conclusion

Microbes are believed to trigger, exacerbate arglistain inflammatory skin disease, such as AD
(discussed in paper V), balanoposthitis and séloeic dermatitis (discussed in paper I). Treatment
of these and other skin diseases can require iittennhuse of antibiotics and antifungals in

addition to anti-inflammatory agents. We are faangjobal rapid dissemination of multi-resistant
bacteria. Therefore, dermatologists and all otlealth care professionals need to carefully consider
every prescription of antibiotics and make us disaptic alternatives including the antimicrobial
potential of already existing topical skin pharmaesls.

This study highlights the broad vitro antimicrobial effect of the currently availabléocjuinol and
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hydrogen peroxide formulations and of the discargthhalquinol formulation. The azole class of
antifungal formulations have an anti-staphylocoefgdct.

The development of new antiseptic and antibiotmdal preparations is an important task for the
future. Responsible use of existing and future fdations is essential for the successful

management of skin infections.
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PAPER IV

The variations irS. aureusolonization (measured with qualitative and quatitie culture and
PFGE) and disease severity (measured with objeSIB@RAD index) were described over a 5-

month period in twenty adult patients with modetatsevere AD.

At total of 21 patients (eleven men and ten wonpam)icipated in the study. Nineteen patients
attended all three visits. Patient number 10 astdrible first visit but declined further participmati
Patient number 12 was unable to attend the sedsitdlue to a traumatic elbow injury but
attended the first and third visit.

The objective SCORAD index showed that 19 patié®@86) exhibited moderate AD at one or
more visits, for some fluctuating to mild (6/19)smvere (8/19). One patient had consistently mild

AD and one patient had consistently severe AD duiatiow-up (Table I*).

S. aureus colonization rate on lesional and uninvolved skin
The proportion of patients colonized wish aureust least once during follow-up was 71% for

lesional skin and 90% for uninvolved skin (Table Il

S. aureus density on lesional and uninvolved skin

The meart. aureugiensity for the patients was higher on lesional #kan on uninvolved skin at
all visits (p = 0.04,p = 0.02 ancp = 0.02 for visits 1, 2 and 3, respectively) (Talb)d-igure 1).
Higher density ofs. aureuson lesional skin corresponded to more severe skseaeasured as
objective SCORAD index (visit Jy= 0.0003, R = 0.49; visit 2p = 0.0003, R= 0.52; visit 3,

p = 0.004, B=0.35) (Figure 2).

Number of body sites colonized witls. aureus

Five different body sites were sampled $oraureusat each visit; lesional skin, uninvolved skin, the
anterior nares, tonsils and perineum. The numbbody sites colonized wit. aureusvas

positively correlated with the objective SCORAD éxdp = 0.007, B= 0.46) (Figure 3). Statistical
analysis was made with generalized least squaregsgign for all observations from all visits and
with linear regression for all observations froncteaisit separately (data not shown) with similar

result.

*Paper IV is currently in manuscript. For tables figdres the reader is referred to the manuscript.
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Variations in carriage of S. aureus strain

PFGE was performed on &l aureussolates from lesional skin, the anterior nared perineum rf
= 94) and a majority of isolates from uninvolvednsfn = 25). Low counts 08. aureu®n
uninvolved skin in the absence ®f aureuon lesional skin were not typed.

There were few intra-individual changes in carriagstrain during follow-up. Eleven patients
(11/20, 55%) were persistent carriers of a spestfi@in on lesional skin. Persistent carriage was
defined as sam®. aureusstrain at three visitsr same strain at two visits asd aureusmegative at
remaining visit. Seven patients (7/20, 35%) wene-ocarriers ofS. aureuon lesional skin (5/7) or
intermittent carriers (2/7). Non-carriage was defirasS. aureusegative on lesional skin at all
three visits. Intermittent carriage was definedaaureugositive on lesional skin with low counts
at one visit, negative at remaining visits (TalM@. [The mean objective SCORAD index was
significantly higher among persistent carriers tharong non- and intermittent carriers (38.0 vs
17.2,p = 0.002) (Figure 4).

In order to understand the clinical influenceSofaureusn AD it is important to investigate the
temporal variations in colonization in relationdisease severity. Flare-ups of AD are often
associated witls. aureusuper-infection and one treatment strategy isiieeof topical
antimicrobial agents and oral antibiotics [92]. pigsthe strong link between flare-ups of AD and
S. aureussuper-infection, the importance 8f aureusolonization in AD pathogenesis and the
impact of colonization in patients with clinicaliypn-infected AD remain controversial.

AD is not just a disease affecting children anchéegers but often persists in later life why researc
should focus on adults as well [188]. The tempshdit in S. aureusolonization in relation to the

severity of AD has, to our knowledge, rarely beesadibed in adults.

The patients participating in this study were aslulith moderate to severe AD which they felt was
satisfactorily managed with emollients and topaaticosteroids. They were not treated with
topical or oral antimicrobials, phototherapy orlanamunomodulators during follow-up.
Phototherapy was excluded because UV-light affiaetsnicrobial flora on atopic skin, includirg
aureus and decreases disease severity [97-99]. We ¢baseduct the study during the first six
months of the year (January to mid-June 2011) vtherlimate in Sweden offers little outdoor
living and UV-exposure. The UV-exposure that caocundn late spring and early summer did not
affect mean objective SCORAD index or mean numb&. @aureussolates (no statistically
significant difference between visit 1, 2 and 3adaot shown).

Patients treated with immunomodulating drugs (eyglosporine or oral corticosteroids) were not
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included since immunomodulation might influence ¢benposition of the skin microbiome,

potentially complicating the interpretation of data

The data in this study represents the normal vanatn disease severity and life circumstances for
adult patients with moderate to severe AD. Thereewaly two flare-ups of AD during follow-up.
Those flare-ups required anti-staphylococcal astibitreatment (patient number 17 and patient
number 21). In addition, there was a one antibitpatment for a post-traumatic soft tissue
infection and one short term prophylactic treatradter minor skin surgery (patient number 12 and
patient number18). Two of the patients were colediwith a news. aureusstrain on lesional skin

after antibiotic treatment (patient number 18 aatigmt number 21).

The patients in this study were colonized wBthaureusn lesional skin, uninvolved skin, in the
anterior nares, tonsils and perineum to a muchenightent than the general population. In the
general populatiors. aureusarriage rates on different body sites are highlyable and

influenced by nasal carriage status. In nasal raoniess the rate of colonization on different body
sites averages 15% with the hands, forearm anpdahieeum being the most common site of
carriage. In persistent nasal carriers the ratolanization averages 40% with colonization of the
hands in 90%, the forearm in 45% and the peringu6®% of cases [12]. The colonization rates on
different body sites among the patients in thislgtwere similar to those of persistent nasal cesrie
in the general population even though 24% (5/2abients were non-carriers in the anterior nares

during follow-up (Table Ill, Table V).

It is well known that nasal colonization is a risktor for staphylococcal skin infection [12]. We
propose that nasal colonization is a risk factorctdonization/recolonization of atopic skin as wel
and this has been indicated by others [189].diss possible that atopic skin can serve as a
significant reservoir fo6. aureusequally or more important than the anterior nangth

colonization of the skin influencing the colonizatiof the anterior nares rather than the reverse. A
early study of colonization and infection wigh aureusn AD found nasal carriage in 84% of
patients, comparable to 53-67% in this study [18Qgrestingly, five patients in our study (5/21,
24%) carried on&. aureusstrain in the anterior nares and another strailesional skin at one or
several visits, demonstrating that nasal carriags chot always dictate which strain is carried on
the skin.

Persistent carriers &. aureuson lesional skin had significantly higher meaneative SCORAD

index than non-/intermittent carriers. This datpmart previous findings th&. aureusarriage on
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lesional skin is associated with more severe AD ®34-193]. In addition, linear regression
analysis showed that patients with more severe AdDhgher density db. aureun lesional skin
and carrieds. aureun multiple body sites.

This study shows that the patients with the mostiseAD were persistent carriers of the same
strain on lesional skin during follow-up. They weilso carriers of the same strain at multiple other
body sites. It has been proposed that colonizatitima newS. aureusstrain could provoke an
exacerbation of AD by triggering the immune sys{&f1]. Atopic skin obviously provides a
beneficial environment fd8. aureusand the concept of frequent recolonization wittes strain is
not inconceivable. The results of this study (aligio follow-up was short) do not support
colonization with a nev. aureusstrain as a prominent trigger of disease activityfact, even
though there were large intra-individual fluctuasan SCORAD indices, a changeSfaureus
strain was a rare event for any of the participahie results indicate that variations in AD
intensity, at least in the absence of acute fla®and antibiotic treatment, are associated with a
change ir5. aureuslensity on lesional skin but not necessarily witthange of strain.

Is S. aureusa primary trigger of dermatitis or is colonizatiarsecondary phenomenon due to the
fact that the altered skin barrier in AD providdsemeficial environment fd8. aureu8 The

guestion remains controversial. Wherever truth lies abundance of virulence factors associated
with S. aureusupports a role for this fascinating microbe dsiang force in the skin

inflammatory response. Reducing the amour8.cdiureusn the skin could very well be beneficial
for AD severity although this is still not conclusly demonstrated in a large randomized clinical
trial. It is important to consider that anti-stafggoccal treatment might be effective for patients
who are persister8. aureusarriers but less so for intermittent carriers. Wggeve that persistent
carriers need to be identified in the inclusiongerss of future clinical trials. There is a pos#il

that AD patients who are persistent carriers of 8naureusstrain in high numbers and on multiple
sites could benefit from anti-staphylococcal treatitrin the absence of clinical infection. Changes
in the skin microbiome before, during and afteedse flares have recently been described in
children with AD using 16S ribosomal RNA bactegaine sequencing [194]. The authors show that
microbial diversity on lesional skin was dramatigaéduced during flare-ups but changed towards
higher diversity post-treatment. Flare-ups wergattarized by a build-up to high numbers of one
species, typically staphylococci, while an incraggproportion ofStreptococcus
PropionibacteriumCorynebacteriunand other species were observed following thenafgy.
suggest that intermittent treatment with topicalraitrobials could prevent the domination®f

aureusand promote microbial diversity on the skin. Ttusild potentially reduce overall disease
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severity and number of flare-ups for those AD pdtavho are persisteBt aureusarriers on
lesional skin. Preferably, antiseptics should bedusince it is important not to further increase th
use of topical or oral antibiotics. As with all aneous application the risk for allergic reactions
(contact dermatitis and anaphylaxis) has to beideresd when designing new treatment strategies.
If intermittent use of antiseptics proves effectivveould be an antibiotic-sparing treatment sgite

This area of research warrants further exploration.

Conclusion

We describe the temporal shift$ aureuslensity and strain distribution along with changes
disease severity in adult patients with AD. Colatizn withS. aureuson lesional skin is associated
with more severe disease. Even in the absenceuté Hare-ups the objective SCORAD index
varies greatly. In our study, these variations oeathout a shift in strain but with concomitant
changes irs. aureuglensity on lesional skin. The data implies th&rimittent anti-staphylococcal
treatment could be beneficial for persist8naureusarriers by reducing bacterial density, breaking
the reign of a singl&. aureusstrain and thereby promote a more diverse micrabicClinical trials
investigating the effects of anti-staphylococcaitment in AD patients persistently colonized with

S. aureusare needed.
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CONCLUSION OF PAPER I-IV

Patients with balanoposthtitis have a significahityher frequency of microbes in the area of the
prepuce and glans penis compared to healthy cen§oaureusvas found in 19% of
balanoposthitis patients but not at all in the calrgroup. An increase €. albicansin
balanoposthtitis, previously described by others wot confirmed. Clinical findings did not
predict presence of specific microbes. There wagssociation between balanoposthtitis and
seborrhoeic dermatitis or psoriasis. The primaeydpeutic target in mild to moderate cases of
balanoposthtitis without overt signs of infectidroald be to decrease inflammation with a mild
topical corticosteroid (group | or 1l). The additiof antimicrobial agents to the topical preparatio

can reduce microbial load and further help to deseanflammation.

FRSA was a common cause of impetigo, especiallpbsilimpetigo, in the period studied. It was a
relatively rare finding in secondarily infected ARates of FRSA isolation from impetigo and
secondarily infected AD did not increase in thegestudied. There is strong evidence that the
community pattern of topical fusidic acid use iefices the proportion of FRSA isolates cultured
from patients. Management of impetigo and otherIS&Tpossible without topical fusidic acid

formulations and use should be avoided.

Topical skin pharmaceuticals with clioquinol, halgpl and hydrogen peroxide have a broad
antimicrobial effectn vitro. The azole class of topical antifungal formulasidrave an anti-
staphylococcal effeéh vitro. These effects, when presémvivo, should be used when appropriate
to avoid unnecessary antibiotic treatment of lichis@perficial skin infections. In view of increagin
antibiotic resistance the development of new aptisend antibiotic topical preparations is an
important task for the future. Responsible usexgdting and future formulations is essential fag th

successful management of skin infections.

In adults with AD, variations in disease severigrevpositively correlated with. aureuslensity on
lesional skin, number of body sites colonized aasistent carriage of the sai®eaureusstrain.
The data suggest that patients with this patte@ adfireuscolonization might benefit from anti-

staphyloccoccal interventions even in the absehsegos of infection.

90



FUTURE PERSPECTIVES

Our current practice is to treat mild to modera&boposthitis with a topical hydrocortisone-
miconazole combination. It would be interestingdst this treatment against hydrocortisone alone
and miconazole alone in a double blind study. Resduld determine if anti-inflammatory

interventions, anti-microbial interventions or armdmnantion of both are the most effective.

There is a continuous discussion regarding thesinggsion ofCandidabetween partners in
heterosexual relationships. Evidence to supporénmafemale sexual transmission@dndidaas a
clinically significant cause of recurrent vulvovagi candididas is lacking [195-197]. At the same
time, the 2008 U.K. National Guidelines on the Mgeraent of Balanoposthtitis state that there is a
high rate of candidal infection in sexual partngrpatients withCandidabalanoposthitis and that
these partners should be offered screening [7H.fatt that transmission @fandidaspecies from
men to women seem to be of limited clinical impoda for recurrent vulvovaginal candidiasis does
not necessarily mean that vulvovaginal candidiaglisnot increase the risk for balanoposthitis. We
have found no studies describing the prevalencgaoflidabalanoposhtitis in partners of women
with recurring vulvovaginal candidiasis. A prospeetstudy of men in monogamous relationships
with women suffering from recurrent vulvovaginahdadiasis could help shed light on possible

effects for these men.

To complement the yearly FRSA-surveillance fromNRest would be interesting to perform a new
culture-based study at the Department of Dermayoind@gahlgrenska University Hospital. A
suggested design would be to prospectively cotlelttires from alpatients with impetigo and AD

(this time including clinically non-infected AD agell) during three months.

The impact ofS. aureusolonization on AD deserves further investigatidfe plan to analyze for
virulence factors with polymerase chain reactiothmisolates which have already been collected
and typed for strain specificity.

An exciting prospect would be a late follow-up bé tpatients described in paper IV. What shifts
occur in the characteristics 8f aureusolonization and AD severity over longer periofisime?
Ultimately, a randomized controlled trial investigg the effect of an anti-staphylococcal
intervention on AD severity in patients with sigoént and persistel@8. aureusarriage could

prove rewarding.
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POPULAR SCIENCE SUMMARY IN SWEDISH

K OLONISATION OCH INFEKTION MED STAFYLOKOCKER OCHAND RA
MIKROORGANISMERS VID HUDSJUKDOM

Introduktion

Mikroorganismer sasom bakterier och svampar koéwaisstandigt var hud. Kolonisation innebéar
att mikroorganismer lever pa huden utan att orsikaa. De utgor dessutom ett skydd genom att
hindra sjukdomsframkallande bakterier och svamigar &tt fa faste och ge upphov till en infektion.
Koloniserande mikroorganismer tros kunna undertgdtaforsamra hudsjukdomar som uppstatt av
annat skal.

BakterienStaphylococcus aure(S. aureuskan kolonisera huden men aven ge upphov till
hudinfektion. Studierna som ingar i den har avhiaigeih har undersokt forekomst och betydelse av
S. aureuoch andra mikroorganismer vid hudsjukdom.

Artikel |

Den forsta studien har undersokt férekomsten avanikianismer pa ollon och férhud vid balanit,
en eksemliknande reaktion pa penis som drabbdesta iman. Overdrivet tvattande och skav vid
samlag ar vanliga orsaker. Tidigare studier haatwast infektion med svampé&andida albicans

(C. albican$ kan vara en orsak. Studien som presenteras hdlihgen visar att mikroorganismer
ar vanligare pa ollon och férhud hos patienter in@dnit &n hos en frisk kontrollgrupp. Framférallt
forekomS. aureufta (19%) vid balanit men inte alls hos friskaaBp var inte vanligare vid
balanit i denna studie.

Slutsats: Patienter med balanit ar koloniserade med mikrmisgmer, framforallS. aureusoftare

an friska och det kan underhalla och forstarkamksektionen pa ollon och férhud. Behandlingen
bor inriktas pa att minska eksemreaktionen och mé@ngnikroorganismer med en mild
kortisonkrdm med bakterie- och svampdédande tdlsat

Artikel Il

Den andra studien har undersokt vilka bakterier sarer pa huden vid hudinfektionen impetigo
(svinkoppor) och vid infekterat eksef®. aureuyar den vanligaste bakterien och hittades i 76-93%
av fallen. DeS. aureusom hittades var i varierande utstrackning motisiraftiga mot
antibiotikakram innehallande fusidin som tidiganwé@nts mycket vid behandling av impetigo. 75%
av S. aureusrar motstandskraftiga mot fusidin vid blasbildami@etigo, 32 % vid icke-
blasbildande impetigo och 6.1% vid infekterat eksem

Slutsats: S. aureusnotstandskraftiga mot fusidin ar en vanlig orshlkmpetigo men ar relativt
ovanliga vid infekterat eksem. Anvandning av fuskdém kan ge 6kning av motstandskraft®ja
aureusoch bor undvikas.

Artikel 111

Den tredje studien har undersokt den bakterie-sseimpdédande effekten hos vanligt
forekommande hudlakemedel (kramer). KrAmerna Iséattiegenom att gjutas in i odlingsplattor
dar olika mikroorganismer som kan finnas pa hudg¢invéixa. Kramer som inneholl substanserna
clioquinol, halquinol och vateperoxid var effektiret manga olika mikroorganismer. Azoler, som
ar svamplékemedel, hade dessutom effekt mot baktvitypen stafylokocker, t € aureus
Slutsats: Den bakterie- och svampdéddande effekten hos Igértigjliga l1akemedel bor utnyttjas.
Nya lakemedel i kramform som inte framjar utvecilav motstandskraft hos mikroorganismer
behdvs for att i framtiden behandla hudinfektioner.
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Artikel IV

Den fjarde studien har undersokt hur kolonisati@u®. aureugpa huden och andra stéllen pa
kroppen varierar 6ver tid hos vuxna patienter mextm. Samtidigt har svarighetsgraden av
eksemet matts. De patienter som hade svart ekseaftheS. aureupa den eksemdrabbade
huden och hade tatare vaxt@wvaureusin patienter med lindrigare eksem. De bar ockisdes.
aureuspa frisk hud, i nasan och svalget.

Slutsats: Det ar viktigt att fortsatta studera samspeletianeb. aureuskolonisation och
svarighetsgrad av eksem for att avgora det evdatu&idet av att behandla ner mang@emaureus
hos patienter med eksem.
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