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Zusammenfassung

11 Abstract

111 Deut sch

Hi ntergrund: |Stfegkhy lonceong dwe cahthree da s BadtemxiimePa
Leukozidin exXpA)mi ehalbmen PVh den l et zten Jahren
zugenommen. Ausgehen3lA vkoonl o@mii satt | ®¥Y h @mersa uNrass eqirn
rezidivierende Haut abszessmi fdeiset alt-3 Aofniv @ sPUMeLs & d h e n
jedoch auch schwere invasive I nfektionen.
Zielsetzung: Zi el di eser Arbeit i st di e-SWntersu
I nfektiongddii aat reii mehen Kohorte.

Studienkol |l ekti v: Von 2RArMwarwuz @ Kindebezeamiderdu
PVISA I nfektionen, die in der Kinderklinik der Ch
umf asst einen Fallbericrhtei redmeKiAnud dineg a rotsepne,& It ¢ iy
Studi e zu pertiiomteint aslnedn elimfeelEal | seri e zu Betroff
Ergebni sse: Es wurden 75 Kinder und Jugendliche
Mani festationen mwaziedthi wiogmwe redgje nidaut abszesse. I n
S2ugli Egzemf Abszessen und erh°htem I gE beschri
Hyp-egE Syndrom umfangreich i mmunol ogisch und ger
Di agnose einemnK®&icmafhe eSiAames P&ILI t wur de.
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nki nder der Kohorte besuchten ei dn AKsbderchgar
k
I

mentiert und analysiert wur de: Bei -SA4i eben
ni sation oder eine manniHKaensitlei elnnniietkgtliioend elreni n
einee. Ahal ysen der | sol ate wiesen auf einen ger
rnational en Referenzisolaten zeigte sich ein
|l m2 Ci gen Rei seni géglameilner MWNatcrho fAfuesneart uensgy de |

stwahrscheinlich Z U einer interfamili2ren Y

—
o - @ ® Qo O C

er gekommen.

i 19 Kinder wudeen Kpdoirdarebitale I nfektionen, i
rdeodlmac tbteet we iBteKii éllder n twreateend ndelkti onen (nek:]
sziitiden, nekrotisierende Pneumoni en, Bakteri
Il e war en dur ch ven®se T hPract mbeonste nu nkdo mip é i z & e rf
rrsti ean Be i see bKa ndderr giatlgwerr edrerl ef ekt i on Haut abs
ti entdem PadteirenFtaimmi | i enangeh®rigen voraus.

hl ussfol gerung: I n der vorliegenden Arbeit W u

kten -3A PW¥§t 2jteidgptch auch neue Awspr kbeslemonst



bekannt , dassKkol.oneisméei PNL ¢ber einen | angen Zeit
kann, 2. -SdadxiPKLindern h2&2ufig periorbitale I nfek
Hor deolsaacvhetr uwrnd 3. dass s c-8Avernef epkdtdiioanterni sdcuhrec hP ML
und Behandl uvA g TwdfngeRrWVL im famili2ren Umfeld m°gli
Auf bauend auf di eser Arbei t-PWL edarna ukf¢ nhfitn,g ei nSnuinc
und genetische Risi kPVISARtbnktekfionéschweregnti fi
1.1.2 Engl i sh

Background: | nfSecatpihynsococexpoassieng the -exot ox
Val entine Le®Wdcihdhive (RPYlernationally rmarykeeadlsy i

After nasopharyngWwlsslA molkohiyz actaiuosne R ecurrent s k

i nfections, but severe invasive infections have
Objective: This work aims to inves$Agas$ adihaet cl
infections in a pediatric cohort.

St udoypud ati on: From January 2012 to December 201
with-SAVL nfections in the pediatric department o

comprises a case repostfram aunhreakyasabpobdbn a
occurrence of periorbddrailed ndrecgadtoinesntasn dwiat lt asev
Results: 75 patients were included in our study.
skin absceespost Wéee case oif niatni alnlfyand u bnheoc tweads t
and geneti c -ltgeestsiynmgd rhoynpeerdue t o eczema, abscesse
Eventualdilnf,ecd iooom wi t hSAcwds edi Rmigud £B/dr en of t he
attended a kinder¢Arovoenbrewbkrwas &WVal gpzeeh | ndi

19 families were ei-EAear coymmti zreat iwd tvihi tPAW LI sol at ¢
After comparison with internati omsal anefserf amane ai s
travel tdestiofiaan affected family. After eval uat
di stribution was most |ikely to have occurred th

Nineteen of the 75o0ophtt @htisnf e@bi onetsl, hpoersdpeeocli aa.l | y
Furthewchil dren suffered from severe infections
pneumonia, bacteremia and pyomyositis). In two c
None of the.patients died

Con

o

l usi ons: Thecdrofuirr paudb | v &raito wsnsprevi o8A1y knc
and demonstrated nRA aclperitzat ilan Povdn bSeA asaynmpt o
cause periorital infections in aohlil3dr sre,yeirre parfte
in chiuddepossibly be prevented by identi-ficatic
SA carriers. Based on thisPWorfikocdutamet Ise¢ uiddes

i mmunol ogic and genetrieqg -PWdknfactbosesfor (seve



1.2 Einf ¢hrung

121 St aphyl ococcus aureus

Staphyl ococ@Gus aauremests gramposi tives kuwredifr®r mi ge
haufiger Kol oni sati onskeumd d®a h |Ineeinnshcahul tifclhoerna . H akit
gesunden Me nsacshyemmpt simatd Eschhume ssletetde( Kol o(nli)sat i on

I nfekti oen aduwieruds vor wi egend uvuomnkhdmMeii zihereti é i HA e t

(FurunkrelunkeKa Abszesse), aber avecthst eoampsi vei s
PneumoniEendokamd i tSiepsi s, Sowi e Fremdk®°rper asso
nosokomi al e | mfmhe kKtsir @ taeuar uesugse(ldXJsutm Ausbruch einer |

k o mmt es nifctstondege!| han Abh?&2ngigkei't von den
Virulenzfaktoren des besiedelnden Stammes.
Di¥iruveBz auirsmstnser anderem dur ch AntAdphhtasgidonzey t o s
Exotobiedéngt . Ant i phavgeorzhyitnodseerfrak t®@ neEd achPsmati on
Bakt erdiuwunesh di e phagozytierenden Zell)dieam lersr dkitms
Bindung der | mmungl obul i ne der Kl asse Gerver
Polysaccharidkaps)el odpgus r BadGtegreimnenmsn gs f 8kt dueg zu
ei nperrot elfi bvemschut zschicht her amngeaz €€d eampwerrgd é&rma k

A(3)
Adh?& sine d9inndlemeibsatklt lewaeaerdd neknerzt e Pr ot ei ne, wel ct
des BaktrerdiuensExat razel l ul armatrix o©dpr die Zielg

Al s Exotoxine werden ward Miekreagnd rerd xep rPir midaurktt e b ¢
auf spezifische Wi rkungswei sé& dtocedermnduanso | Vdigritsscgheey
sch2adigen und somit eine bakTypii®dHae oBBota@mXx ieme b e
sind
1. Pyrogene Superantigene, beispielsweise das toxic shock Syndrom Toxin 1 (TSST1)
(5) und die staphylogenen Enterotoxine (6)
2. Exfoliatine, insbesondere die fur das Staphylococcal Scalded-Skin-Syndrome typi-
schen Exfoliatine A und B (7)
3. Hamolysine und Leukozidine mit toxischer Wirkung durch die Lyse von Zielzellen
(Erythrozyten oder Leukozyten). Dies geschieht meist durch eine Porenbildung in der

Zellmembran (proteinbasierte Hamolysine) (4).

[ n der Beharbd!| uamg@rrefiueskt i onen spielt di e Resi st
Ant ikitnfvea ei ne deerRdu8lfeagdmgebungen mi t einer h «
Anti b-Vet w&g&adungen (beispielsweise Krankenh2user
ein hSoehleerkti onsdruck auf (d®eH Baaul§teéunsime n s tvée mmk e

Gentransfer dasmeRewk guiemnizegretn haben,veekpdemtit es e



Zell wandpr otteiimdipnegnigridtieinn 2a bePB8FRaPernamaxmnd é i &
bi nde Pdetreenk A nnkelnk t aAmt i bi oti ka nicht woan dBBP2a&kt i
binden und somit die Zel |l wiaamlhts v m tb hDeassé eBiaekst eBraiku ne ri
somit reecédt poSs.i tauwgeetunsme wer dennmaé si dee md erielusi
( MRSA) bezlem cGBemggdnsat z hier z-gerrsdiSthieveutetusme i | | i

( MSSA9)
MRSA wer den j e nach i hrer klinischen Assozi at |
assozhobseptit eal MRS 4 u (MR&SA ) , atmbeid wocrobnemmuen/i ty acquir

MRSA MERSA) nwndzti er dd §exitioecrktMaR/S & o-fIR A& AEAd)

122 PantVWan entine Leukozidin
Di e Rdlinleeg Vi sltaphly | Daxeinzitl en aH8d mah)y siimmt ausf ¢hr |

i n  winwion wuinttreor suchundvoaldlenoel | auch aufgr-und vo
hemmenden anti mi krobiellen Therapieprinzd4,pikh, er
11)

I n denngveerregna J azhurdesthm @ SEr f or schperzgleed k@zsindi dien

Vordergrund wedrchelst tr ot z esieiBekranmeé heiits nloamg ei
auf wi Pfatwa b anteiurkeo ¢ PY.L pEr st mal b\ga nb edsedvarlidee hr 1894 i
die |Ilytische Aktivitat-Teknes asbaeabeatKaempithRhlenkke
1932 wuorndeden klinischen Pathologen Sir dAde | i p Nc

| eukozi dei nWigikruemrg k|l i ni schen Zusammemahangogehbheac
benagb®VL i sbwehh von MRSA al spMSeSmbielxgpemndne £r Ex s
wel ches zwei nkoemmp ofMu B d-PVU kBest eht . Die beiden

verbindemchi @hindung an die Ze1l meimbecrammnfPearmi fiea
Oct amed entf alztyemt ®ex Fismitt@ioe d&lotl e hi ereruls® Htsd e

l okal e lonmihdm&éatiung der | okladl)en | mmunant wort

Kl i némpichhemi ol ogi sche -Bba thiSéa wmqoicaadcecnu sP YV RWEA U s i n
Zusammenhang insbesondere mit wiederkehrenden u
und Weichteilinfektiorderkt igerne+f A mibte n 3A/iLg e n hauf
chirurgische Sanierungen, wiederholte rammgdlthbe ot i
Krankhei (4b)EbEenk o kommt es zu |l okalen Ausbrg¢ct
Familiengmupp@eamei nschaf t(slebi)nWea ictha rumigg#@n nstdeRVL
vergangeneal sJadefednhr |l i cher Ausl ®°ser vont nbB&hetis

Mor bidit?at iuums bnddseortea Ibietd & tjgparsguenrd e nin R autnide nPtat i ent e n
anerkannt 1wW9r den

PVISAi nfi zi erinteenuRdt iPandiemmceeden zinglelPViakgatSive

aur drufsi z( &Mtie | bertrag8Agewnvfoml PtVLeber engen Kont



PVISA Kol onResekbktaktoren f¢igr eine Besiedelung si
PVISAPra@avabedlzBesuch von oder Aufenthal't in Genm
(beispi Shswasbbptdlerk¢nfte f(¢r5 G8f 1 JOMht et e)

Obwohl die klinischen-SAspiodé @it adoenggiiricstcwdd midsPtVLd i e
pat hophysi ol ougnidscther Rgéhaue Wwvbkmeacvhanalssnu$oxi n
umstrilnt eelixtpreor i ment €at hophysi-0bwpgaé@iegtveom iVl ang
starke Differenz zwischen deSip&zild = reunvds otsncthg aed e h
maCgeblich zur KIl2run@l 4 e s 248 cshchheernhzaeji et d s avhbhe is i n d
spzifische Rezeptorinteraktionen von PVL mit me
di e KompReezneepnttor en CS5&@Rnded ABUKIZmponente des To:
unda®ber fl-Prchteabidnhi eanlts Rezept orPVWKgmponé2RekE3)

Di ese Rezeptorspm2gfi theroweihgnd tdteenl tzel | ul @2ren T
Toxins, sowieTeopedMh@gezieapPri mieren die entsprec
anderlss plvesni nohemtd nelm eohne entspr-lenssoermmtter Knockt
als viable Modell organiWsm&kw2zgygr Analyse der PVL
Nach Akquiri erunmdg LkLcuekdH dmu&krsden Bact eriwomha gvERS Ak ° r
als auch MSHBAI RiVer e&n . I n den USA ist PVL vorwieg
MRSA Kl on assozi(izesr)tl n( UBWBOPa gi bt es regiona
epidemi ol ogischen VerteikeBYWg.nivoawiDequdarsdc hVand MSE
exprimiert ZDd ewdHPrdidn-fiR8AT mmon 7 RYich2 6z,.0B7 i e

Met hicillvomeBWsthehfhz die klinische Erscheinung d
Ei nfl usssh(feambgueon einer anderen antiinfektiven Th
einer Studi e konnte kein UnPeesmbne@vwWiIMBE& er Mo
gegeaPbheumoniRWIMRSA gezei i) we®SMeinst bislang vor
als ambul ant ebwkanahajheedockheiagn ndumraHmmdusdor goeble i n
Krankenh2usern bec28%)Yyieben worden

Aufgrund der Assoziation miHaucttdeo mihg @eh | wind ¢ &it k @n
wichtige Differentialdiagnosen unter anderem an
I nsbesondere das seltene aut-bg@&ymadr dmmi HaB$) vies f
anderem idurshhen im frehepsetKEdneesm lutneadlr wi eder keh
Hauyt ObnAt ewvegsi nf eiknsiboenseonnd eSr. e adugebubsnnz ¢i3cOhnet
Weitere syydpowmameedes HIES sind eine spezifische
mesit er st mi tmlzeubneenhsnaelntdeer deutl i ch wird, sowi e e
er h°®Gd aimg-lEe v e | im Bes#mhlich sind eine Reihe vo
Traneducand Activator of $TARGecr$ PADIiocen kHaicntiosrc h
WahrscheiailnglhkSiwi rd durch einermMaklomiascHearmrst &¢
Heall NbWHH ESScoree)al ui ert, wel cR@al sabs ied meknt Weewe r>t et



eine mol ekul arygseen et®iAIz8hre DAinaad n o sneascihc hseircuhn gz i e hen
(3 uch die septische Gr anuiln®nraero slemmusnd eefienk ts,e |We
dur ch schon fre¢h auftretende,sondzr ei ay reeguesdd e b
my kot i(d meed e shonpderrPiplelzilsnd ekt i onen der Lymphknot el
aber auch der L dmedc htanut ( 3.2)CWeitt er hin kommt es
Abszessbil dungundn L ddmeairt, soommaite® s g anBunlt z¢,ndungetl
Gastrointuemslt i dmadgenit DiesaktErskrankung wird dur
Mut ati ovaen Gewenur sacht f ¢ Pweoltcehien eNi cdoetsi-Andaenni i dn
Dinukl eoti dphoGyihdie iiNIA®BHE rAeuri .gr u nddaruse sf ol gende
NADPGOGXxi d-Maege®ldeFunkti oresw®enmdarstGranul ozyten Kkein
Radi kale zur Abt°tung von Babkhdrieemeoder mPndeern
Il mmunabwehr(32)sultiert

123 Zi el di eser Arbeit

Obwohl di e ReSA ei nvohenPVilLet zt en Jahren genauer

Beteiligung und Relevanz des Toxins in der Kklin
bekmtbi e vorliegende eAT beiineri sitntiemr dRashzm pl i n2r en
Chariivm® ver sit@2tsmedizin Berlin entstanden. Die A

Mi t aribeetnedr Mi t adrebre iAtbegrern | ung f ¢r | nhomu necklta goil eo,g i pe?
| mmunol ogi emedHyzgingn Der m&t ohogmibekanadl| ogi e. Al
Abteilungen hatten <SiAnref niadmeg! eeaohB®¥tLeigtiv ge
Bekannt hRRMiEA viom der weiteren mgediegin@astrcimeesth .Ver s c
und Ptagmietn-PwWhi schen Symptomen wurden von externi
unterschiedlicher Verdacht sdi agnosen an di e
Uni ver si tviéetr svk.le\sireenk e Betrofaaehgr uumudr iieemder kehr end
Hauti nf ek?tcihslniecnher wei se zun?achst al s i mmd nk omp
| mmundAmbki anvzoengestedl wei se wur den jahrel ange
Pat inemretinn d Patuinedntiehnr en oft mal s mi t betterto,f fbeenveonr Fiah
Beschwe&rod g rekitsmagtw -PALin Verbinduwng agglemascslsten beha
wer dieaanntAeh grund des oben bes cshirnide biemnsebne sRoinsdiekroep |
und Jugeenidnle cgheef 2 hr det e Subgruppe.

Zielvdadrlri egendand Adbeint ei ng e sacthiloonsedne neesn,  Rlu bel iikn
deutschen GroCstadt vorwiegenden -XA ilnn fseclihéeino nMann
Kindern und Z2dugdokKUmehetner en, Zu beschrei ben unoct
Verst@andni-SAvondP¥éiner RAIlIl eapgalemi.zot schen

Der spezifiRBRullei Famdil de oduf grund der wichtigen di
Erw2gungen eingeschlossen.sanaliRBehnke hk ato@idolnAed br L
i nebdondere die | bertr-84iumgRavemers vdinn d®P&Lgartens e



wer denrP.ubll m k amuiradne w2 ikileirnei sche Mani f-8Ataniehkt vome
i nsbesonder e (red JKu gnedredMra |cuhieenP t b 1 uinkda W o dzeu 4
Beschuedg und Evianleuam¥ iothlea t voni mwadswiewvem | nfekti o

Kindern und Jugendlichen konzipiert.

124 Anmer kuergf aMgtr amb pubelni kati on

An dieser Stelle mPchte ich darauf hinweisen, da
Ar béMiet hoHFr gebnimd eAnt eDil £k udledmiad 1t e aus den ansch
angef¢sggten und kumulativ in diese Disasletrdamtu md

somit als Teil er gebeti 2®I4(7H,FX)rLeeciiestst 2a@irk( 73K 4 )¢ Hjoemrtp e
al2.01(83&6hd Hepp2aOlL(936rr°ffentlicht wurden.

1.3 Met hlodi

I m Zeitraum vomDEareumbdr 021071 2viuwidsem der Kinder kIl i ni
ifUniversit@atsmedgrzumdBeohi nachgewi esener oder ha
SA I nfekrtgeosnKehtéeenundenkrudgearsaglti.ch

Bei Ver da&®ac mte -SPAVILKo |l oni sati on oder I nfektdion wur
Abstriche ( Nase und Rachen) a bdgeensotnrmiecnh e soodwe
Konnkti val abs$r i a&uNeecuhddveeri s er f ol gt-Eumaat eCol Balkit & |
Agar M tSchafstnBpue z-i édent i fi kMadlowei sndder Empfi no
gegen¢gber Antibiot$Sksatmacther| StdKirdateE i 2n des Eur
Committee on Antimicrobial Susceptibility Testin
l ulw®duXx Fwumd ¢stPell y mer ase KeRQGRhmrcenagletwii ers e(n . I m Ra
der Erstunt er s u-8 ANlanogh wea csh eRMliod gd & r ceiisnieert e Befr
Lokalisati on und H@e uufnidg k ewWweti ¢ hvtoeni | iHafugeakt i onen,
demografi schen etaitleingt enmi tAngeh®ri gen und W €
Er schei nunngistbtielldsereni nem zu diesem Zwbolgédhbae mir
Betroféemieal tdur cdi ndi e Mit gAGeceart wid&dgi mieéls von
Dekol oni sat i o:fNsamaQ rea hMuemmidrea ¢ i Gkt veenri dtlirmggi tmfad | i ¢ h,
zwei malkPgliche Mundspe¢l ungodaeni t ChOlca reme xdii chi n,
Ganzk®°rperwaschung mi t Octenidin oder Chl or hex
Austaasthr KoPrperpiheghpiedClikod BEahantbegmaummdd K2 mi
Waschung der Handt ¢cher und Bedtaghlibehe SB&Eagei nd
schwerodarer t herapilemfesk tsit@maren wur den ggf . Zus?@
MaCnahmeai megdt emi sscnifee Keeriltvieat i ont aBpét waffdlenen
auch solche Kinder und Jug-8AdNihoved s lzeviarweli chhdn
war , wel che jedoch eine hohe klI-BAi KochenWsaarischeh
(z.B.-SAPVNachwei s bei einemndahAdms zABgeh?®rn gear u



AnamneBie§g . Ergebni sse wurden vBrcBdibrelilre eaiorkeurmelnd
und ggf . durch weitere Nachforschungen (Tel ef on
aktualisiert.

Di e Bearbeitung me i nemsd elBo rercfhaulngtsey e ghaasl sl hbbei rei Ccehnt d
(Publi kation 1), al si KAautsibaruc B3y an allyss er e(tRwhslp e k't
(Publi kation-S2YyiendPalbB¢rkaRludbolni kdayw.u rodeerng 2 mz & n4d e
Telefonintervi dwsoldgpewthgoe f ¢ihe t Ma tnflzced inke nd ePrub | i kat

ei nzzeulsnammengef asst.

131 Publ i k&taildeX:i cht

Die ErsteFalhlge mircdlot g¢ e nach Aufighyysendg!| 3¥ndn gEi d
El tern Pateirent Dirmenony mi sDaetretnez us aerhrmamgt exudsol gt e
Patientengespr&chen, der, ksl ci hnriisfcthleinc h ©n t elroskuucnheuni
Patientenakte (Papier und digital) wund | aborchen
Esefotgt Zausammenf assung des( ¥dri snti eslclhiemgrsiga laul,neds, £
klinischer Untersuchungsbefund, -Unt Eruwnadeehr ,s s e
di fferentialdi agnaogShesapiee] berdl @@moongagiei gneart hFol | o
Up sowie eine Einordnung in den &kitovterhen klurai
retr osvpevketr gl ei chbare F2ll e herangezegedtgmed in |
di skutiert.

132 Publi kation 2: Ausbruchsanal yse

Disee Arbeit ent wickelt eArshiechh sgaculpgdpem i ani eM2P¥YL 20 ]
Cluster wvon Kindern mitktwioendeenr kierhrendem Baulkiné
erfahren hatte cuhnsdei rdd mmAlmgbrkionsul tiert wur de
teil nehmenden Kinder unterschrieben nach Auf kIl @
Teil nahme an der Studi e. Tleoclt gngre ni mn BaBmédm adan
Auf arbeitung desdahuasabss agltibhmiiskt ee kei ne Notwendi gke
erteilten Et hi kvot dmsCamBubi kBaeunsjsacnmiuns s Fr ankIl i n,
EA4/ 11.2/We7i)t ere Analysen erfyomigtemtimLAdS ghli chs d
L.Hanitsch.Leinsltner hatten Kenntni s der Original
Frageb°gdeAnvoymi si erung.

Zur Ausbruchseind2 mmung wur de zeuirn Breuhl atniddliusnzg p |
Betroffenen unudc hzng dUeong erAsusbruchsabl auf s ZUus
Kindergartenkinder und Erzieherlnnen w-6 Aden m
Besiedel ung gA ewt e de mvViLt el s BakterienkRul tur |
nachgewi esen. Wahrend eéemedi €| EezeaehekEd mzeenr und
cber den Ausbruch wund m°PglicheEpn2¥eagebeg&nr avu



ent wickel't und wunter den Familien veratuecihl theiEr
Familienmitgliedrer Hatuerdkhramrkiusngleea oder Grunde
demografi schiklnteDat e@e,Koht akht mit ander en Kinde
auCerhalb des Kindergartens, Haustieren und Ausl
Die genetische déé& mwaSrcdtesemmh anfgt PovdSvd 5 0 éwat dee p er
whol e genome seqguenci hgNdtWG®EN alaem DReauftesrcehmemmzent r
Staphyl okokken un dRobBnelretellonksaski ki eant Wkesni gerlod®e0 anal )
Loci wurMdMekWtoizwrsesegut ypi Agal MERVTESA | soévmetna et .

Al JUalt er schi ede wurden definiert als Nachweis vor
Del eti onen oder PSBIi yogobepNusmeof{ SHe) .

133 Publ i kati on 3KoMRertremsgptekdii e/ e

F¢r diese retrospektKiwna a3 tJuudy een diuircdheen asniadhg si er t
Zeitraum von Januar 20U BeélsaniddPridusder Vv2onldnser er
ambul anten oder station?rerEiBaglarcdl wrg eme fwwm ddeen |
mi t mi ndest ens -SeAi npeons i & u fmm MB\BLs eBsetterhoef f BB g atmi ten

ScreeMAbsigri chen wurden nicht i.n diese Arbeit ein
Prima2rer Unpemiswmc hdags Auftreten von Augeninfekt
Monaten vor deS eNrascthandsiuRgvelni nwwe kd eenp rEdigenanamnese
oder Di agnose von mindestens einer def bilest en o
rezidivier emduer de& nf erkethironal af eksmeiiomadn géeén | der un
Zeitspanne eeffiohigerti chAlvikekoeltamiedwaitnieognat i ve Scr e
Abstrumcdien ausbleibendesuRrRdz Wéit®dhda/re nAlHgkunti anen.

Mi ndestens zwei Monate nach Ende der Deldm!| oni s @
I nterviews per Telefon bei Kindié&ritmowmmad.Jugendl ic
Di e Daten wurden nach Il dentifikation der Falle

eéktronische Akte) anonymisiert gesammelt und mi

134 Publi kation 4: Fall seri e

F¢r diese retrospekti ven Jteudiraumwmumnvoaen Jamsiader201
2017 aufgr usA amnurPsvdr er Kliearhkh bebdaddgénhdhi Khed
anailgst, in welchen eineSAchwehgewnéeé&ni war den P
Al schwer e Iwnfraletni ofhisnet raanvteini nf ekti ve Therapiefi u
Int ensivstationi oder! bAAwhchlimg s satuaft i dnd - oder
Operationi in VerbinduhAy Imifte ketii noenr deekftiinieer tPVIBe
Fall en wur den Dat eir amkrenh@8 wmgaufdeenst hal t e s, ant i
Operationen wund Beat mealnligns t Theelreafpoinei ng esasmews wurd

M° glichkeiten zu pr&@ventiven I nterventionen retr
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Di e Daten wurden nach IHiennvteirfsitk?antdinoins edrekrl 2Fr2dud nl ge due
Patientenakten (Papierakekp andnyemieskiterrotni g e & a mmn
MicrosoftE ExcelE 2013 verarbeitet.

14 Ergebni sse

I m von mir untersuchten Zeitraum vom® Xiamnmduead 2012
Jugendéaimizhleant oder station?ar i N tSPAs earsesro zK li iem it ke
I nfektionen behd®@rde lotftwueVdieda |dli eisrenauf grund von ho
Wahr scheinl i chkSA tKofl ¢ornieiand omVdjoesdsd dlhsenlhante Pevha n d
Entsprechend S5iviumdler-®A&PNhBc hgeBvdies®ine bpeeno meagymc hen
Kindern kewntiesoHMVLeDti ewsliydenomati schen Kinder u
ber i chvtoertweineggleetd ut absgzewesleche ann? hedma gglaaizemm?
K°r per bfebtbrial fdeunn ¢

40

35
30
25
20
15
10

0

Rumpf und Axilla Kopf/Gesicht Extremitaten  Inguinal und Gluteal

Anzahl der Nennungen

(€]

AbbildAhgzessl okalisationen

Gesondert analwndiett owemnudalre s chAuwgee e | nfKeekitnieosn en
der Kinder oder Jugendliclkemownwerstarb in Folge e
I m Folgenden werden die RFEulgleiblnatsisen edne r z uksi annzneel nnge
beachten ist hier, dass die einzelnen Studien un

daher in der Studienpopul ation unterscheiden.

141 Publi kationt 1: Fall beri ch

Di &or st edd uu-M@nat e alten Sa2ug It i negisn eenr fsodigtt e zwe i
bestehenden juckenden Ekzem mit rezidivierender
Haut abszessen in unserer p?2diatrisch edémmucioe ogi
Eletr n gbamrchgemadhiwtee e Konj umnkdgepltedliesshuesdsii ndes
mi t Sympt ombegi nn in der welolteame®dieins wloicihe un
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Gentamycin behwandeAus woamdjemnkti xal dbetsemcSEent wan
aureunsne weitere Rufffewvemazinenrdwenmg &hini schers Unt el
Ki ndzees gt besi ¥Yor st el |l ungeiinn pdaesru IEAKnzbeurh aanmr Rumpf un
Extremit?aaten, ohne weitere pat hol ogi scarenBef un
konm@pui ne georgische Juden (Cousins zweiten Grad
Hauterkrankungen posidtiiage okiea gt des edieecubtalbiocrh er h©° h
Ges alnmglkonzent reatnieon Eosi nophil i e, -Bobmapreé mlt y mp h c
nor imag Al lg6d -KgMzentr,atsoowmieen ei ne nor mal e Gr ani
(PhagoBaists)DNelrHI ESScor e unt eVet gactbhgseadcees. HEES
erfol gtimol elgelmert iSSTAFAShal yse mit Sequenzidgeuung VO
Di agnosesicherung. E il mes elr é ti e@rno awug odtee nlancthrgoerwi e s e
noch nnchBtezug bBeéscHHliESben Wordemskwarmeglieahein
Auswi rdkeurngl nserti oinngquvord aExdsm! ivde i t et eschengmest
mi t einer r/AmaAlkgsnrep | edenent 2ren Desoxyribodukllesi ns
STATPIF osevium e pl ant . sBRBEBesstrundgi eer f ol gt e, stellten
Kindes nenit aufgetjreeeedemnt ergi nElszenmar Migte
der mat oskopi scher Untersuchung wurde eine Scabi
di agnostiziert. Es erfol gt eHieeirnuentBe h aknadm uensg znuirt
Reni ssden Hautl @2sioneanafnd griundh drerdautdaeze ®ende
erfolgte zudem ein Nasenabstrich des-SKAi mgad sa,n gi. n
Die Eltern waren eiénfkall lonn Nmasa lDumicthfRVilr ung der
Dekol oni sati onsma@mreshmamr durnmdh ik el imbeidmess K12 d
monati ged#tpBolslyonwpt omfr ei

Retrospekti v 6wuPradtei ne nztuedne nu n d P5a0t iJeanhtrien)n earu s(f A lntdeirg
welche im Zeitraum von 2012 bis 20Eevadhigy(und v
320k3U/ 1) ohne Atiopre odéekpaomaen mnrtazirdiAniaenrnerscdc
Haut abszessen mit Verdadmmuaof odil €£Shesm (Ambsual resen,z

Jugendl i che wunvdo rEgensatcehlsletnewor den waren.j &Edobbastar
keine zus?tziChahaht efiz€EtBi.ka fr ¢her Beginn ein
At emwegsi nfueldt iedaieenul ar ge neteirsfconlegtTee sntiucnhgt . I n

wur de-SAVIL n Na sheenna bosdterri cCAbszessmetarial nachgewi e

142 Publi kation 2: Ausbruchsanalyse

Aus gspnugn K tAndad ry sk ewareiFes alb é eldruenig svyoomp nEKEmambesche
eines Kindméetgacheersen Abszessen an BRUumpfi elsrech BEX tr
war ejidvw -8f hm€wazol Sr esivisskeawlsiteerrt wor den. Nur eine
auf HMEWIpression getestet wor denNacDhhwesiesr elrelsrt a dhhatt .t

ei nen Ausbruch ver mut et en, informierteni nwir d ¢
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systemati sches Screening (nhasopharyngeal e Abstr |
Ki nded i hrer Eumd ebtreaiifnnkegnt e. Von den getesteten
asympt omat i-SSA her 2Rj\elLr . Al | . gaeulrognenlscanteen wiaa ielnl i Me t |
sensi bel iTed onokx & £dlst ent . VoA  pdoesni t PV En Kindern
zus?tzlich alle Haumdadpigkrmaheakbboaubati on getes
Den Fragebogen erhielten wir von 15 deri d®, Kind
dass in den vergangenen 12 Monaten Mitglsiseder vo
erkrankt Batrreoff dhwuFdenl Fami -SA npomsiitt iRFVIiget est e
sympt omati schen Familienmitgliedern definiert.
Haufigkeit von Spieltreffen zwischean akdn diea miKli ine
den wahrscheiimdlaghnsgewe Gredaafrisk el ,| tRei t)e 3, Publ i |
F¢nfgige Dekol oni s ati ieth@3 mvauQrndaehrimefng r¢ flefdetried i en  (al |
Haushaltsmitglieder wunabh?ngilgeivtoent KKeblca reiledna tnigo n ¢
eine Wohh&Absadl|l uss der Dekol onisationsmaGnahmen
SA positives Kind und eine positiveMaBataheneuwmngs |
wurden f¢r diese Per soneW* mroarads anlo@iama Ig ewipdsdd f o vl
beri chteetdeerk ebient r of f enen Fa+ideire nWeg bcehrt eeirlnienufteek tHe
gab keine weiteren F&lle im Kindergarten.

Whol e genome seqarefhali gatgdaScEis isionga t vwoeulnndi vi duen
aus srRdmin i eSequence tyynast@phy!| ©€6688c-as$ pla)pd3tsedsi n A
wirde in allen | soDaMlLSET endaghgiedtb@audhouSen&mrepi ng
basieerrftol gWret eri chief f erenzi er unce rnei tgteeybBm&ATH pre i t ung
(Cunter Einbezi e miln7g9LOvcodru fi s geessean Welg €3 1kadknhn t e
Ausbr-tebsaten nachgewi esen werdemer twaasg uwn g WHrytpeort
befreundeten Kindern und anschl i eCemtde rleetndDtj Z2twe i |
maxi ngaelneet i isfcfleef 20 Afl dred e9i ch zwi schen | sol aten v
1 und ErwachsenemGAav,0 kRS®iatmg |5 e) Rulimi dati ®erw o2 ut i
Verwanddechawel aereunt eregs fooleemri n Verighteémcmami ondk

| sol at samml ung des Dfeeurt esnczhzeenh ¢ M mS t oanpahl yrl edk ek k e n
ausgew?imétleincilljRAEPosi tYereqnl -6 0hwdnms p-ay p t 355
emstt ammt en PRKF%Ildleemi aus emewrerrdea mi eadu f Zwe i Kontir

mi ni male genetische Differenz zu(Gruanfsier e, CSest
Publ i k)aiieosne s2 g e n e t\Vesrcghl -ens?ochhastt eent st ammt e ei nem L
von Eu(rLoapnad welzolkdese gnélICisgeRei seFiaani | vemmi t gl i ede
Fami |l warEg erfolgte ein weRPiMVieacdirer\enrdgelnei Gréinedeun
genomi sche iUmgR&dhumgn der best ehdelmRegn Dat gemanuler
bel egen, dass es si nldemdihifambDinedleEtt genddieel konn
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Bezi ehung dzesins cCAluesriso luathem und Land AmweaSi hmher arl:?
Anonymi sierung unsemeens3t wdiee gteenialuree Breenennung Vv
nicht m°glich.

143 Publ i k &Rteit oo sé:ekothhovr t enstudi e

I m Zeitraum von Januar 2012 bis Januar 2017 wur c
PVISA Nachweis i n unseuwned sKoldmdntiSkiuwle earedesilgtPas hl os
medi anewabllobdiSepanaene WAddhb)e wden Jumg=eunrd )
46%MWM2dcHen =SR8bhen (Klidnbthere PVMMRSANT i, zdatandEe8 &%)
MiRVIMSSB.ei ei nem(Aatteidearmineemu | tniHmldee bk a der Auf naht
erfolgte-SAi Ke | Palibm &aounsj uanlka b svt rPiicchi emen uneéen Pati er
(38Bogr i cht epteern ogibbiketieoln i m Be ob ac htDuineg sCzheairtarkatuem i s
di eser i Raenennan PaitThadoretlnl eSei t e 3,z Pudhi&«kmad é foams St
Berichtete Auwameéemfwika i fomle@t : =plLrbPYsaebpst zael fenez=e | 1 u | it
Konjkuihviti sundHorded) a (Meum Pa)X(ileSndh)emi cht et en ¢ b
rezi di vHoerrdeendlea e n Erstauftreten i n enge mzuemi t | i
Auftreteniwdrenzubdsduttlddi chteil i (GfFaelti kSBaenhel ageRubl
3)y BeiP&tienti Raenekmaimenes nach erfolgten Dekolonis
Fol lUpfvei traum (16 Wdarmatne) zum Wi Adgembektebaerny
di esjwdoch in allen F2llen mit-ueaidn eMai Wihd cce H a wnff ter
verbunden und in zwei -SA2lelremreuwumdae hgewh aB¥h. Vi
und Pani «kmthnten -dpmniFoht owoddrmm.kt Deet vezdhmei benc
Patiemen unan Paltiiemen symptomfrei

144 Publi kation 4: Fall seri e

Von den 75 im Studienzeitraum identifizierten Ki
Kriterien einer schweren | nfTeakiteldmeSei hetei3cCrRad hkk
zusammengefasst. Das durchschnititthehebAtteg 8eb
(SpanfeWodHé& Jahre). Es handelte sich um sechs
den Kindern hatten Il ediglich zwei KSdadgtlti bgsméh
neonatkBitetanugssyndr @emner asympt oimaatliyesholm@ g a kio@aygien
(CM¥)nfektion und ein Kin®dr amstplZaunsttaa nido nn aucnhd Hlearrz
i mmu n seuspspirvfeer api e. I n vi er-MRFB2Al | reenc hwewdiensi &ielh e
Mani festationen war en ndkr=cdhtleikssibeerreennddee (Pfnaesidm,oi ntii es
PyomyositiMs{oEd@) tpgrs2 gen=1) uli tumsd (medi)di vi erend
Pyoder mi e unter I ehma bSppuepzpi rf e ssscihoen Ko e lri-XA/ YL one
I nfektionen waren (vnen3®pei Shde@embp $ € nriess p(inr=alt)o,r i sc
I nsuffi(ani—dbyrzdAktug At emnoytndrSom ( ARDSDiI emi=t3t)l.er e
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Krankenhausaufbeenttdhdag Ttasgdea u(eSr a mamgadl ) Bu mi tl{ClIUMC

Aufenthaltsdauer zEhnTadlNgdd)e CFPBparcemaid nPati enten ¢b
Ei nntReertbl ireebs indiEte heohr2nkungen nageht Emzd@ssiualy
Anschluss ¢ber mé mkee mp| edeat en?@ rleint aRd hhanlsibe hand |
bevor der Schul besuckho nfnd ret. g ePsrei tne2tr ewelrndneunn d e f ekt €
Patientinnen und Patienten ausgeschlossen worden
Wi eGra®j kSeite 5,daPrugd,svikealtlito nszeechhRrd 1 v en di e unmitt
Anamnese vor der Aufnahme und Bieohm nmdid{SAnKp\ele iem ¢ 15
suggestiv f¢gr eineSBeddredlendiengparpide iPBMitheaean csod&i e
Angeh®°rigen. Drei Pat i enkt¢grnznldianetiuendd Weea ttihennfteeknt i hoante
in der Ei genanamnese. len Aznwgeeih °Fd Igleemr ezawWtlen ena
Wei chteilinf ekltni okneeinn ebne rdiicehsteert .F2 1 | e-Saer Enbhgs&cr «
einem Fall -SvarBadieedeViLung deserPaArn ggenh erni guendd bsecki an
bereits Dekol oni apfi omlsema Cwmarhdmem. Die Familie wa

vereinbarten Kontroll abstrichen erschienen.

15 Di skussion

Die wvier in dieser Ar beit zusammengef assten Pu
Spektrum $é&nl| RVeBktionen in ei nkezw.p??eiinem impicdieat rl
Seing (KinderBgiamitgem)di eser Aspekte werden anhand
Fol genden diskutiert und in den aktut&l hdat Fesresh
eine kurze Zusdharmewndralsisaugnggmadiégrd n2ii s @A usbl ick.

151 Publ i k:&taildeX i cht

| n di eser St uddiee kinangreons ewiimdung eimhalsiméldl i ni s ¢
ausf ¢ésghrlicher di fferenti ad diilagmobweée k¢ haeud | Azbnkeli? r u
Aeinfacheh Hautinfektionen zur ¢ckzuf ¢ghren war
di fferential di agnostische Her aSUtAs f d md e k o migen Welr
behandel nden rztinaenkamua rzte darstell

Basiner eauf unseren weiterfbbarendde-sEB8erBPV¥iLBhtuUNgRAA
und Patdteeltleenn wi r di e HKHypoghes$tekanste sallifpisist e
Patienten wund tPaR¥Ae nltn fnenketni oomien ei nen th?2 Efingen
emsprechende Bl uBeesnttinnmthamseg Gelsdcabg i st jedoch bis
Gegenstand dkkiragRosti k@Abekr kPd¥bBamgrtnsprechend s
wei tDearteen zur Best?Hypgonigefembkakni aelelr@dt Zedt  dumkt
202 09i bt es mei nes, KWii nee ndeiineeadetval c he si ch mi t
Fragestelltung befass

Zusammenfassend fol ge$%A Iwnfrektdiacmrs mii tAegpHEPhMLhM rar C
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gben kann:l nHienket iKorolS AvandP8tabi &d ikd&msncehblh E&SI | em

wenn di e Iwifeekitni ounnesnehem Fal ben ersten Lebensmon
Patienten und Patientinmued Met cEkeemiemidé&lkt iHarnuen
GesalmgE soll t-emndeSc-&¥WNldanf ekt somend f er ennetrivwaolgdeina g n o
wer den, bevor ei ne amdIwekuli greglemmd n s®ibh@elgnost i k

eingeleitet wird.

152 Publi kation 2: Ausbruchsanal yse

I n di es &rondittlechi ewi r-Amnsaveenr t\ WSy der einzelnem | sol
beschri ebene AusSbA uacshs ozan eRVMlen Hautinfektionen v
von Einschleppung dies Pamhbgehamibreeged nMemr nati or
Reiasmrramneseénschli eCenden Ktwpet BeagtmaokKWwameen es
deckt dirghemietn Studi en, wel che internati-®Aal e REe
I nfektion bes(ch9)iDebee MutsaMdeean ung deBAAkB fmakdrt o on Vv
einzelnen Kinder und der Hauéigaeskérgddore Boklal k

engem Kontakt zur I ber,t r dipestgbtidiedste rPiagt emoAuemds h me
verdeutlicht die Relevanz von Kilnbddern als | bertr
I n der Studi e z anedtrdraclha wthmrds oWeoihd ht ei | i nf ekt i on
Patientinnen und Patienten als auch | ediglich a

Zeichen von | Ramkll Deaear (Vmést anddeurMatadayslke von
Shall etoddr.ge¢tlé)Di e spezifischefEr Felgretoe reak tdieorn
wel che in einem Fall zu einer hocheegmptomatisc e
zu einer asymptomatischen Kolonisation f¢ghren, =
der Fr ager nkalcihnidschen RelxewasnXKodnend RVIEesem Umst an
Bedeut ubige zAnnahme ,abdjed aaudimmei ggegemn-SAVar der

Entwicklung von flor,l de@i Bnébhkevormethasstmdglc.bt

besitgdgddo.he Skevel von Anti k©°r puenrdn LuekgFre ondhtee b uldl 8s
PVLwar emi emi cht mi t einer Resassbenzerdugdk HaukRV

Weichteilinfektioo8h) vergesellschaftet

Die rasche Durchseuchung des Kindergartens i n
Kapazitat -SMAoni nPVEiner Gemei nschaf tfswelimirnarmttem
Ausbruchsgescheghean, wel ches das Eingreifen des
macht . Bi sl angSAi sNacéwei sPVini t keiner Mel depf |
I nsbesonder e unter Beachtung der pot erdzinel | S (
Risi kokol |l ekuigendil ndeddédre sodl|lde eine Meldepflichti

153 Publ i ka&teitamspekti ve Kohortenstudie

I n dieser Studi e wurde ein hohes Vor komseAn v on
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kol onisierten KKilnderem uwrok udmegqan er t . l nsbesonder
von Hordeola imponierte. Dass es nach erfolgter
erneuten Auftreten dieser I nf ekt i onemh &mgn, midte ud e
bekannRWS®A Kol oni sati on hin, aurcm Re hmaswirrer di e
BeobachStundiiseb enliedgretmn Jas er e Daten | assen annehmen
jene Kinder und Jugendliche mit schwer en omareirar
auch solchdi wieér enredzen | eichten Infektionen, i N s

Screeni ngSAudndVeli ner Dek o3 AdnNasahtweins bperio fRPiVILI er e
Di eobachtung-SAoaha3sR¥mBrreger von p e roirdori tiatl aelne n
I nf ek td eocnketrh smi t g pdhegregteundi ewmel c he aus ophtal mo
Blickpunkt das -MRSoA luenm evrfsmuac@®dt ezaeli.gt eruneéihenende

VerbreituiMRSWMopirrdGAat rAugeme mf ekt sochéeerdeagradée hwer
w2 hrend B lu o1 rd gaudili syt ainen @ahnlichen Trend i n al
Populeanfiesn st el hEehB80komhinetee St udi en war der Fokus d
VerbreitunpgRSVAon mCpMhée hal mo IPa guixsircgdh ie@ ednetns pr echende
Zunahme vNanc lPweLi sen war nur ein RBiseondi ertven RNeb!t
etl.faand bei Kindern (n = 85) mit periorbitaler o
SAundn 67% der F2iIMeshrdR®A Fall berichte beschrieb
schwereMenmus gef@2hrdenden AugdMREA#BLADaD neexh dwfr tcd
Auftreten von bHosrldaenog an oncuhr dnei cht beschri eben.

Unsere Studie hatte folgende Li mithdtoisecrean: wkEd cWh
aufgrund von-SAntdgpésch¥lh | nfektionenitneiRalhm®nvor
der Anamnese zu fr¢heren Augeninfektionen befrag

Aussage zur Haufigkeit periSdrakianilseirerlt mfne kKkii nodhe

zus?tzli-ether HWalit cht ei |l i nfekti onperktDue¢chadiaeamneast
Erfassung periorbitaler I nfektionen konnte nur i
gewonnen wer den. Ansonstoar i neumrddmgenkeimme&r orbi ¢
UntersuchungenSA auifm PWalf eerkit a | (Hor demat emi, al Abs
Konjunktivalabstrich) durchgef¢hrt. Diesbez¢glic
ver muteten Kausalzusammenhang nachzuwei sen.

154 Publ i k &taildrs e4:i e

Die vorliegende Studie beschreibt das ekn imMMLsche
SA Infektionen in einer p2diatrischen Pdpwl ati orn
75auf grundmi &irméii on aocgh gsecvhi 3/dSnAekKno | oni sati on behan
Kindern entwickelten zehn Kinder als schwer kIl as
Die unserer Studie beschriebenen klinischen Mani

von anderen epidemiologischen Sud dideans, Kionl sl beekstoil
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Betroffenen: mei st handelt es sich um ehadNlmal s v?©°
einer kurzen Phase eines symptomart wichlkeeal toebseir @
schwere nekrotisi(elreende Pneumoni e

I n unserer Studie entwickeltéanemwtehr Patvesme@bhen sy
ausgepr &gt ennfWekitcihotneeinl des umgebenden . GecBve bes

Auftreten von tiefeniVieZastammembhasngn mivur dnei skul os
SA I nfe&lts omniegini fi kant e Ko(mpdl,iOdabt)lii en elrenschhtrei e/b e ru
PVISA im All gemeinen oder spezifische Wi rkmechani
sinkdl ei bt bi sl ang exnlbkMavdoe | Il nk eeri mtean gezei gt wer d
Pati emrmdenPati mnt i-BM®&xnt e o mydeulricthi svon Neutrophil en
Produkte zur -Altriowmberzyrt@.nibreieirfgm Mausmodel | kK ol
fr¢he Therapie mit Anti bioti ka i eunalytdoikd nislyma
i nfl ammatori sche Reeakkttiioonne nbesii gMRSA k@ha8) Diesxeen k't
Ergebni sse ent sprechen unserer Badhlkra alpti engdesc
I nfektionsgdgfesisrchehemsIkoomrol | e von ht.o h €Orb woAh Ic h t
thromboti sche Komplikationen bei Kindern selten
entsprechend einer k¢retiallas sSt undiRahwmem Swoindsait
SA I nfektionen dipeNoTiwPonohplggkleaxe bspw. mit nied
Hepari newaliwmeden (4801t e

Bi slang gibt es noch keine spedBiAfilaadle&rn i Dmemapij
zeigen &Sitomemsfuopxpr i mi er e n cbeers t H frimettkatrb ivotni k a i nshe
Clindamycin odewi @x di qléidd.il dbWwier d an m°gl i chen | n
gef orscéat . kalmnmann k¢grzlichlianeKaemndhenmepdieben,
Komponenten | mpfunglHmimbl psienuisemwti emat tueknSui ert e
gegen ei nen l et al en Yarfle&af on( B ezZStABODS t Z L
Beobachtungen e&tonadllacshea a d pfekdtisvt el Pateinentdiassen u
Pati entnerkrmitti si erender Pnewmd&mriagwkewmemi gieeVost bivdr
bereit-santiaWei chteielrint ¢ ltbi3gmaéemnen

I n unserer St skicen 9lho izrethenn Fidn Kems tkd li Ina tsicchree n beoc

wer den, wel che smhoeoeanvechwarfemetafekti o-BAn susftg
Kol oni sati on duenr® aR a teinet netni nbnzewn. i hrer nahen Kont a
Screening mit sukzessivernDkekbtenm$ghktiohedeei Bet
I nfektionen nwmernhi ndiereni kemi BalkelnZWwiglkel te sich ei
I nfektion trotz zuvor erfolgter S foekd i omd uhl
Kol onnsia®i nmalDieke®n o minsantaCnahmen des Patienten wu
war en jniedltc herdowegs en ch

Die empfohlenen DekolonisationsmaCnahmen sind ir
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und oft auch nach mehref £8) Diuag cBé Prud fefne reerd od md o

rzte und rztinnen berichten ¢ber mangel nde Adl
und teuer sind. Hi er gi bt es weiteren Bedarf Z L
Studie der Arhbidegfeppdr &R Therapieerfolg de
Dekol onisati omwsamal@nahmehpr il di edesr JaRbnst epubeéet
wer den, dass Dekol-Pari saftadausmen tleei skigmi fi kant ha

der ersten Pwilgheadicehbhsn gbeRPeMedHieelns hal ten. Jedoch
(maxi mal fentf) Dekol oni sationswiederholungen [
Haushalten (BWMm Erfolg

155 Zusammenfasdé uhws bl i ck

|l nerd vendidebpeit konnte das Kk-5MNmifseckhbee ohpkenknt dreurmrn  Puvr
Jugendl i chen aPnuhbanidk altaimgme nge | Witr wkea ndrethnen sowohl F

schweren invasiven | nfektiaminkinvi &rrdd ce ndolanuficebk tcihd
Falle v on asymptomati sch kol oni g¢mMmleanaeén ddrer scen
beobachtenden klinischen Studien wird verdeutlic

Pat homechani smiexidness uRNMIs odzeéri ert en Erkramkungshb

dringend ben°tigt ist, um angemessene Therapien
k°nneéeher i st di e KI-SAuspge diefri SShrd eRygvthertaskt i on v
groCem I nteresse.

Diesbez¢glichbelats gdi-leipleAl exRI\elr SNt aur eanglier em e
Zusammenar beit -Riadaondsetm t Max f ¢r I nfektionsbi ol ocgc
etabliert, um die GranulwnrdgtPafumkti sndwei erPaPV

I nfektionen ui msWempgloariactchh szch koz wnurstiersweahdr.r sol
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Abstract

Objectives

We report on an outbreak of skin and soft tissue infections (SSTI) among kindergarten fami-
lies. We analyzed the transmission route and aimed to control the outbreak.

Methods

The transmission route was investigated by nasal screening for Panton-Valentine leukocidin
(PVL)-producing Staphylococcus aureus (PVL-SA), subsequent microbiological investiga-
tion including whole genome sequencing and a questionnaire-based analysis of epidemio-
logical information. The control measures included distribution of outbreak information to
allindividuals at risk and implementation of a Staphylococcus aureus decontamination
protocol.

Results

Individuals from 7 of 19 families were either colonized or showed signs of SSTI such as mas-
sive abscesses or eye lid infections. We found 10 PVL-SA isolates in 9 individuals. In the
WGS-analysis all isolates were found identical with a maximum of 17 allele difference. The
clones were methicillin-susceptible but cotrimoxazole resistant. In comparison to PVL-SAs
from an international strain collection, the outbreak clone showed close genetical related-
ness to PVL-SAs from a non-European country. The questionnaire results showed frequent
travels of one family to this area. The results also demonstrated likely transmission via direct
contact between families. After initiation of Staphylococcus aureus decontamination no fur-
ther case was detected.
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Conclusions

Our outbreak investigation showed the introduction of a PVL-SA strain into a kindergarten
likely as a result of international travel and further transmission by direct contact. The imple-
mentation of a Staphylococcus aureus decontamination protocol was able to control the
outbreak.

Introduction

Staphylococcus aureus is the most common cause of community-acquired skin and soft tissue
infections (SSTI) [1]. In particular, the development of massive skin abscesses in otherwise
healthy individuals is associated with certain strains of community-acquired S. aureus (2, 3].
These strains very often carry a gene-encoding Panton-Valentine leukocidin (PVL). PVL is a
porin-like exotoxin that lyses leukocytes and is associated with dermonecrosis in the animal
model [4]. In the USA, most isolates from outbreaks resulting from community-acquired
Methicillin-resistant S. aureus (CA-MRSA) carry the PVL gene. In Europe, similar outbreaks
are often associated with strains of Methicillin-susceptible S. aureus (CA-MSSA) [5]. However,
both types of outbreaks occur within similar settings. They generally include close physical
contact, the sharing of clothes such as sports or work clothes, or sauna visits 2, 3]. Here, we
report an outbreak of pyoderma resulting from PVL-positive MSSA and its control among
children in an urban kindergarten and their families in Berlin, Germany.

Methods

This work evolved from a cooperation during an outbreak investigation. Only secondary data
from the outbreak scenario was used to conduct this analysis. Written informed consent was
obtained from all participants. The provided data was strictly anonymized for analysis and
publication.

Exclusively RL and LH had access to the original data from the questionnaires and access
to identifying information. As this work arose from routine infection control analyses, the
Charité institutional review board waived the necessity of a previous ethics approval (Ethi-
kausschuss 4 Campus Benjamin Franklin, process number EA4/112/17).

In March 2016, we were informed of a cluster of pyoderma cases among children who
attended the same kindergarten. We established a multidisciplinary outbreak team to treat
affected individuals and started a comprehensive investigation to control the outbreak. We
arranged an information meeting with all families in order to discuss transmission routes
and possible control measures. We performed a screening for nasal PVL-positive S. aureus
(PVL-SA) colonization on all the kindergarten children and teachers. PVL-SA was detected by
bacterial culture and subsequent PCR [6].

The genetical relatedness of the PVL-SA strains was investigated by whole genome sequenc-
ing (WGS) at the German National Reference Center (NRC) for Staphylococci and Enterococci
at the Robert Koch Institute. Illumina short read sequencing and subsequent bioinformatics
analyses using the SeqSphere+ software suite (Ridom, Miinster, Germany) were utilized for this
analysis.

DNA was isolated utilizing the DNeasy Blood 48 and Tissue Kit (Qiagen), followed by
library preparation (Nextera XT Library Prep Kit, Illumina) and Illumina short read sequenc-
ing in paired-end on a MiSeq instrument (2x300 bp). Trimmed reads were assembled de novo
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using the a5-miseq algorithm (Coil etal., Bioinformatics, 2015) and contigs were analyzed by
the SeqSphere+ software suite (Ridom, Miinster, Germany). Strain relatedness based on core
genome MLST (cgMLST) data was inferred from 1790 loci. Allelic differences are defined as
novel alleles allocated due to the presence of SNPs, insertions or deletions.

We developed a questionnaire that was distributed among all families of children in the
kindergarten (S1 Questionnaire). We inquired about the following subjects: skin infections
among family members, chronic skin diseases or other underlying diseases, age, sex, contact
with other kindergarten families outside of the kindergarten, pets, and travel abroad.

Results

Initially, we knew of three symptomatic children who had had severe abscesses during the pre-
vious weeks. This included recurrent abscesses on fingers, necks, knees, thighs, or ears. In all
cases, S. aureus expressing resistance to cotrimoxazole was isolated. The production of PVL

in the S. aureus isolates was examined only in one case and found positive. We suspected an
outbreak and notified the local health authorities. Twenty-three children from 19 families
attended the kindergarten. We found two asymptomatic children carrying PVL-positive S.
aureus. All isolates were methicillin-susceptible but cotrimoxazole-resistant. In addition, all
household contacts of symptomatic children or children with PVL-SA carriage were contacted
and screened for nasal or pharyngeal colonization.

The response rate of the questionnaire was 79% (15 of 19 families). The answers showed
that within the previous 12 months, members of two additional families had been diagnosed
with eyelid abscesses. We defined families with either PVL-SA-colonized or symptomatic
members as affected or case families. Based on the questionnaire’s information on play dates
outside the kindergarten, we created a social network visualization (Fig 1) (The figure was cre-
ated using open access software (http://cuttlefish.sourceforge.net/). The illustration shows the
frequency of contacts between affected and unaffected families. It describes a cluster of play
dates among case families and suggests that the predominant transmission route was most
likely direct contact between the children.

We initiated a 5-day course of S. aureus decolonization for the affected families (symptom-
atic regardless colonization status or PVL-SA carrier) that included all of the family members
who shared a single apartment. The core decolonization protocol consisted of nasal mupirocin
or octenidine ointment three times per day; twice-daily mouthwash with octenidine or chlor-
hexidine; and, daily washing of the body with octenidine or chlorhexidine. Moreover, we rec-
ommended changing all personal care products including toothbrushes, combs and skin care
products, and washing all clothes, towels and bed linens at 60°C. However, in the control
screening-one week after the first decolonization-we found one positive child and one positive
kindergarten teacher. We repeated the decolonization protocol for the remaining carriers a
second time, followed by a control screening (2 weeks later) and a third repetition followed
by a screening only for the remaining carriers (S1 Table). During a follow-up period of ten
months, the affected families did not report any further skin or soft tissue infections. No addi-
tional cases occurred in the kindergarten.

Whole genome sequencing (WGS) was performed on 10 screening isolates of 9 individuals
from 5 families. Sequence type (ST) 1633 and spa-type t355 was verified for all outbreak iso-
lates. While MLST is based on 7 housekeeping genes only, further sub-differentiation with
enhanced discriminatory power was achieved by extracting cgMLST types (CT) considering a
total of 1790 loci. Thereby, CT 3142 was determined for the outbreak isolates which strength-
ens the hypothesis of strain transmission between various family members and unrelated indi-
viduals. As an example and as inferred from pairwise comparisons of the outbreak isolates, a
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Fig 1. Visualization of the social network among kindergarten families outside of the kindergarten.

https://doi.org/10.1371/journal.pone.0189961.9001

maximum of 11 allele difference was detected between child A from fam#1 and adult A from
fam#2 (Fig 2). In order to infer evolutionary relatedness, we completed the sample set with iso-
lates from the strain collection of the German NRC for Staphylococci. They were acquired
from pyoderma cases from 5 different countries on 2 continents, exhibiting the following char-
acteristics: MSSA, PVL-positive, spa-type t355. The outbreak cluster was clearly separated
from the closest relative by 68 alleles (Fig 2). This strain (ST152) originated from country A,
outside of Europe. Interestingly, and concordant to the answers given in the above mentioned
questionnaire survey, members of family #1 travel several times per year to this country. The
hypothesis was further examined by comparing PVL-encoding genes and flanking genetic
regions hence verifying a close relationship between country A and the outbreak isolates (not
shown). Unfortunately, due to data protection of the respective family we are obliged to use a
pseudonym for the respective country.

Discussion

This outbreak of PVL-SA-associated skin infection was most likely following introduction of
the pathogen via international travel and subsequent transmission via direct contact. WGS of
the screening isolates showed a genetically close relationship between the outbreak strain and
an often-visited country of one family (family #1). International travel has been described as
risk factor of PVL-SA acquisition and introduction into communities [7, 8].

PLOS ONE | https://doi.org/10.1371/journal.pone.0189961 December 19,2017 4/7
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Fig 2. Allele-based neighbor-joining (NJ) tree, using cgMLST profiles of S. aureus from the suspected outbreak (10 isolates from 9 individuals)
and from the NRCs strain collection (countries A-D).

https://doi.org/10.1371/journal.pone.0189961.g002

Whereas skin infections on trunk and extremities are the most common sites, some patients
showed signs of periorbital skin infection. This is rare, but has been previously described as
PVL-SA-associated infections [2]. Direct contact is the most likely route of PVL-SA transmis-
sion [2]. As our data showed a clustering pattern of PVL-SA cases among children that often
met for play dates, our data underlines this assumption.

Our results also show that some colonized individuals can develop serious cases of pyo-
derma while others merely remain colonized without signs of skin infection (e.g. family #1).
This goes along with the meta-analysis by Shallgross et al. [2]. Moreover, our survey did not
reveal any association with preexisting skin conditions in this family. This indicates a distinct
pathogen-host interaction that allows for infection in some individuals. However, a study by
Hermos et al. showed that simply high levels of antibodies to PVL components LukF and
LukS are not associated with resistance to SSTI [9]. Future studies on PVL-SA colonized
individuals without history of skin infection are necessary to provide explanations for this
phenomenon.

S. aureus decolonization treatments interrupted further transmission and enabled control
of the outbreak. This is reported to be highly effective in clinical patients while having a
reduced effect in outpatients (2, 3].

Conclusion

We investigated an outbreak of skin infections among families of kindergarten children. WGS
analysis together with the results of a questionnaire showed the introduction of a PVL-SA
strain into a kindergarten. This occurred likely as a result of international travel and further
transmission by direct contact. The implementation of a S. aureus decolonization protocol for
affected families led to the control of the outbreak.
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Abstract

Background: Colonisation with Panton-Valentine Leukocidin expressing strains of Staphylococcus aureus (PVL + SA)
is characterised by recurrent skin and soft tissue infections. While periorbital and orbital infections are common in
children and frequently caused by S. aureus the role of PVL + SA in recurrent eye infections has not been studied.

symptoms of PVL + SA colonisation in children.

of decolonisation procedures.

occurred after successful decolonisation.

decolonisation procedures.

This study aimed to detect and report frequency and recurrence of periorbital or orbital infections as additional

Methods: We conducted a retrospective cohort study of pediatric patients who were treated for PVL + SA skin
and soft tissue infection in our in- and outpatient clinics in Berlin, Germany from January 2012 to January 2017.
We identified cases with periorbital or orbital infections in the year prior to the first PVL + SA evidence. In these
cases, we conducted follow-up interviews by phone to determine recurrence of symptoms after the completion

Results: Fifty pediatric patients (age range: one week to 17 years) were evaluated and treated for PVL + SA
infections in the reported time period. 19 patients (38%) reported periorbital infection or conjunctivitis, with recurrent
hordeola as the most frequent finding (n =9; 18%). Reappearance of hordeola (n = 5) was associated with recurrence
of skin and soft tissue infections and/or de novo detection of PVL + SA. No further hordeola or other eye infections

Conclusion: Our findings suggest a frequent involvement of periorbital skin in children with PVL + SA infections.
Pediatric patients with recurrent periorbital infections might benefit from PVL + SA screening and consecutive

Keywords: Panton-Valentine Leucocidin, PVL, Staphylococcus aureus, Hordeolum, Pediatrics, Eye infection, Lid abscess

Background

Periorbital and orbital infections such as hordeola, con-
junctivitis, preseptal and orbital cellulitis are common
infections of the eye frequently caused by Staphylococcus
aureus (S. aureus) [1]. These infections are often the
result of ascending infections from the nasopharynx,
lacrimal sac or sinuses, common sites of S. aureus colon-
isation [2—4]. A hordeolum is an acute infection of the
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glands of the eyelid. Hordeola are common, however,
there is no exact data on the incidence in children or
adults. Due to cosmetic reasons, pain, itching and swell-
ing recurrent hordeola can have a negative impact on a
childs well-being. A recent Cochrane analysis demon-
strated a lack of standardised therapeutic guidelines for
single or recurrent hordeola [5].

S. aureus is the predominant cause for skin and soft tis-
sue infections (SSTI) in the world [6]. About 30% of the
general population carry the facultative pathogenic com-
mensal on their skin, mucosa and conjunctiva [7-9]. It is
primarily associated with non-invasive infections such as
skin abscesses, furunculosis and wound infections, less

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commeons Attribution 40
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frequently with more severe infections such as sepsis,
osteomyelitis and pneumonia [10]. Nasal colonisation with
S. aureus has been described as an important risk factor in
developing SSTI and eye infections [2, 11-13].

Since the 1990s there has been an increase of infec-
tions with S. aureus strains expressing the exotoxin
Panton-Valentine Leukocidin (PVL + SA), which are
mainly characterised by recurrent SSTI [14].

Both methicillin-sensitive (MSSA) as well as methicillin-
resistant (MRSA) strains of S. aureus express the leukoci-
din encoded by bacteriophage genes lukS and lukF [15]. In
the US, most cases reported are caused by community
acquired methicillin resistant strains (CA-MRSA). Al-
though a rise of PVL + CA-MRSA has been reported, PVL
expression is still mainly associated with MSSA in Europe
[16-19].

In our routine clinical care a remarkable number of
children treated for PVL + SA SSTI reported multiple,
recurrent and bothersome hordeola. To our knowledge,
no studies on pediatric patients with PVL + SA skin in-
fection explored the involvement of the periorbital skin
or orbita. To date, there are several case reports on se-
vere eye infections with PVL+ CA-MRSA, but none
with PVL+ MSSA [20-22]. Reports on PVL+SA in
non-threatening periorbital infections are scarce.

This study aimed to detect and report frequency and
recurrence of periorbital or orbital infections as add-
itional symptoms of PVL + SA colonisation in children.

Methods

We conducted a retrospective cohort study of pediatric
patients who were treated for PVL+ SA SSTI in our
pediatric in- and outpatient clinics from January 2012
to January 2017. At first presentation in our outpatient
clinic, parents of affected children underwent standard-
ized interviews comprising questions on localization
and frequency of SSTI and the occurrence and fre-
quency of hordeola up to one year prior to first evi-
dence of PVL +SA infections in the affected child.
Screening swabs from anterior nares and oropharynx
were taken in each patient. Patients who had been
tested positive for PVL +SA in at least one sample
(naso-pharyngeal screening swabs and/or swabs from
other location, e.g. material from SSTI) were included
in this study. In patients with periorbital infection at
presentation conjunctival swabs were taken. S. aureus
was detected by standard bacterial culture. Antimicro-
bial susceptibilities were determined using a Vitek® 2
automated system and the standard criteria of the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST). The presence of the genes encod-
ing PVL (lukS and lukF) was assessed by polymerase
chain reaction (PCR) as described previously [23]. We
excluded patients who had been treated for PVL + SA
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based on clinical data (typical symptoms plus PVL + SA
evidence in household members) but had been tested
negative for PVL + SA in the screening swabs.

Data were collected from electronic medical records
and archived files. Our main research parameter was the
occurrence of an eye infection within 12 months prior to
the first PVL + SA detection. We defined eye infection as
self-report or diagnosis of at least one periorbital or or-
bital infection. We defined recurrent infection as more
than two episodes during the reported time period. All
patients received decolonisation measures (consisting of:
topical application of mupirocin nasal ointment and
antiseptic treatment of mouth, hair, skin and housing
space for at least five days). Successful decolonisation
was defined as two negative screening swabs plus no re-
currence of SSTL. In patients with a history of eye infec-
tion we conducted follow up interviews by phone at
least two months after completion of decolonisation
measures to detect any recurrence of symptoms after
two months. Data were processed using Microsoft”
Excel® 2013.

Results

From January 2012 to January 2017 72 children had re-
ceived treatment for PVL + SA associated SSTI in our
clinic. 22 of these children were treated based on clinical
data alone and thus excluded from our study. The
remaining 50 patients were included. Median age was
6 years (Range: one week - 17 years). 54% of patients
were male (n =27) and 46% female (1 =23). Seven chil-
dren (14%) were infected with PVL + MRSA, all others
(86%) with PVL + MSSA. In one patient (age: 17) with
multiple hordeola at presentation, PVL + SA was cul-
tured from conjunctival swabs. 19 patients (38%) re-
ported periorbital infections. The characteristics of these
patients are summarised in Table 1. Patients suffered
from eyelid abscesses (n =5), preseptal cellulitis (n = 1),
conjunctivitis (# =3) and hordeola (n =12). Nine of
these patients (18%) reported recurrent hordeola, with
the onset of hordeola with a temporal connection to the
onset of SSTI (Fig. 1). Four patients were lost to
follow-up. In five patients eye infection reappeared, how-
ever, this was associated with recurrence of SSTI in all
five cases, with de novo detection of PVL + SA in two
cases. In the remaining ten patients no further hordeola
or periorbital infections occurred after successful decol-
onisation (follow-up: 10 weeks to 36 months).

Discussion

Our study demonstrates a high frequency of periorbital
infections in pediatric patients with PVL + SA associated
SSTIL. Recurrent hordeola were observed in 18% of chil-
dren with PVL + SA colonisation. Other manifestations
comprised conjunctivitis, preseptal cellulitis and eyelid



41

Hoppe et al. BMC Infectious Diseases (2018) 18:371 Page 3 of 5
Table 1 Characteristics of PVL positive children with eye infections
Patient  Age at MRSA  Hordeola  Conjunctivitis  Preseptal  Eyelid abscess ~ Recumence Recurrence of De novo
diagnosis cellulitis of SSTI eye infection detection
No. months (years)  yes/no  n n n n yes/no yes/no yes/no/not
tested
1 114 (9) no >2 1] 0 0 no no not tested
2 1(0) no 0 2 1 0 no no not tested
3 155 (12) no >2 0 0 0 no no not tested
4 117 (9) no >2 0 0 0 yes yes not tested
5 16 (1) no 1 0 0 0 yes yes yes
6 14 (1) no 0 1 1 0 no no not tested
7 205 (17) no >2 0 0 0 yes yes yes
8 195 (16) no 1 0 0 1 Lost to follow-up  Lost to follow-up  not tested
9 80 (6) no 1 0 0 0 yes yes not tested
10 0(0) yes 0 2 0 0 Lost to follow-up  Lost to follow-up  not tested
n 30(2) no 0 0 0 1 no no not tested
12 199 (16) no 552 0 0 0 no no not tested
13 54 (4) no >2 0 1] 0 no no not tested
14 9(0) no 0 1 0 0 no no not tested
15 96 (8) no >2 0 0 0 no no not tested
16 54 (4) no >2 0 0 0 no no not tested
17 122 (10) no 37 0 0 1 yes yes not tested
18 73 (6) yes 0 0 0 1 Lost to follow-up  Lost to follow-up  not tested
19 122 (10) yes 0 0 0 1 Lost to follow-up  Lost to follow-up  not tested

abscesses. In cases with successful and sustained decol-
onisation of PVL + SA no further episode of an eye in-
fection occurred.

A recent study of periorbital and orbital cellulitis from
the USA (n = 85, children) by Foster et al. [24] found PVL
+SA evidence in 85% (n =72) cases. In another study

(n =49, patients of all ages) by Blomquist et al. [25] the
most common eye manifestations of CA-MRSA infection
were preseptal cellulitis/lid abscesses and conjunctivitis.
Hordeola were not evaluated in this study. A case series
(n =9, adult patients) from the USA by Rutar et al. [26]
showed the capacity of PVL + MRSA to cause severe eye

L

62% no
POI

d
¥
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Bar: Proportion of types of POl reported by the POI cohort

Fig. 1 Presentation of eye infection in PVL positive children. Circle: Proportion of PVL+ children (n = 50) with or without periorbital infection (POI).
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infections. Nadig et al. [27] detected a high number
(n =22 of 33) of PVL + MRSA in a study on eye infec-
tions in patients of all ages in India. Two case reports
from the UK by Alaghband et al. [22] and from the
USA by Rutar et al. [26] presented patients with severe
orbital infections resulting in blindness or bacteraemia
in otherwise healthy adults. Tsironi et al. [21] reported
the case of a previously healthy neonate who developed
orbital cellulitis with PVL + MRSA. Sueke et al. [28] re-
ported 9.5% PVL+SA in S. aureus isolates from bacter-
ial keratitis in the United Kingdom.

Our data suggests that not only pediatric patients with
severe but also those with recurrent but non-threatening
periorbital infections (especially hordeola) should be
tested for nasopharyngeal PVL + SA colonisation. In case
of PVL + SA detection decolonisation measures should
be recommended as described by Gillet et al. [29].

PVL detection depends on accurate sampling, culture
and PCR conditions [30]. This should be taken into
consideration in patients with typical symptoms but no
evidence of PVL + SA.

Also, routine testing for nasopharyngeal or conjunctival
colonisation with PVL + SA in patients with a history of
SSTI or eye infections may be limited by significant costs
of lukS/IukF PCR, especially for primary care physicians
with limited budgets.

Therefore, decolonization measures can occasionally
be considered in patients with a classic history of recur-
rent SSTI when testing for PVL + SA is not feasible or
negative.

For our study, we evaluated children who presented
with SSTI and were than assessed for a history of prior
eye infections. Because of this selection bias we do not
know the extent of PVL + SA colonisation in children
with eye infections but no history of SSTI. Further study
of children with recurrent eye infections could deter-
mine the frequency of PVL + SA. As a further limitation
of our study, we did not include routine screening of
conjunctival swabs, lid abscess material or hordeolum
tissue for PVL + SA. Further studies with microbiologic
testing of conjunctival swabs from symptomatic patients
or tissue obtained from hordeola are required to prove
the causal relationship between PVL + SA and recurrent
eye infections, especially hordeola.

Conclusion

Our findings suggest a frequent involvement of periorbital
skin in children with PVL + SA infections. Pediatric pa-
tients with recurrent periorbital infections might benefit
from PVL + SA screening and staphylococcal decolonisa-
tion procedures.
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Abstract

Infections caused by Panton-Valentine leukocidin-positive Staphylococcus aureus (PVL-SA) mostly present as recurrent SQ‘
abscesses and furunculosis. However, life-threatening infections (eg, necrotizing pneumonia, necrotizing fasciitis, and osteomyelitis)
caused by PVL-SA have also been reported.

We assessed the clinical phenotype, frequency, clinical implications (surgery, length of treatment in hospitals/intensive care units,
and antibiotic treatments), and potential preventability of severe PVL-SA infections in children.

Total, 75 children treated for PVL-SA infections in our in- and outpatient units from 2012 to 2017 were included in this retrospective
study.

Ten out of 75 children contracted severe infections (PVL-methicillin resistant S aureus n=4) including necrotizing pneumonia (n =
4), necrotizing fasciitis (n=2), pyomyositis (n=2; including 1 patient who also had pneumonia), mastoiditis with cerebellitis (n=1),
preorbital cellulitis (n= 1), and recurrent deep furunculosis in an immunosuppressed patient (n = 1). Specific complications of PVL-SA
infections were venous thrombosis (n=2), sepsis (n=5), respiratory failure (=>5), and acute respiratory distress syndrome (n=3).
The median duration of hospital stay was 14 days (range 5-52 days). In 6 out of 10 patients a history suggestive for PVL-SA
colonization in the patient or close family members before hospital admission was identified.

PVL-SA causes severe to life-threatening infections requiring lengthy treatments in hospital in a substantial percentage of
symptomatic PVL-SA colonized children. More than 50% of severe infections might be prevented by prompt testing for PVL-SA in
individuals with a history of abscesses or furunculosis, followed by decolonization measures.

Abbreviations: ARDS = acute respiratory distress syndrome, CA-MRSA = community acquired MRSA, DVT = deep venous
thrombosis, ICU = intensive care unit, IMC = intermediate care unit, MBRSA = methicillin-resistant Staphylococcus aureus, MSSA =
methicilin sensitive Staphylococcus aureus, PVL = Panton-Valentine leukocidin, PVL-SA = Panton-Valentine leukocidin positive
Staphylococcus aureus, SA = Staphylococcus aureus, SSTI = skin and soft tissue infections, URTI = upper respiratory tract
infection.
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1. Introduction

In recent years, the staphylococcal exotoxin Panton-Valentine
leukocidin (PVL) has been recognized for its involvement in
recurrent skin and soft tissue infections (SSTI).!"*! While PVL-
negative Staphylococcus aureus strains are still the predominant
cause for SSTI, PVL-positive S aureus strains (PVL-SA) are
responsible for a growing number of local epidemic outbreaks
and serious illnesses.>*! PVL-SA infections are characterized by
multiple or recurrent furuncles, abscesses, or periorbital
infections.™! Options to prevent recurrent SSTI include a
decolonization protocol comprising mupirocin nasal ointment,
antiseptic throat rinses, antiseptic washings, change of towels, bed
linen, and clothes; and disinfection of potentially contaminated
items over a period of 5 days!®!; see also: www.pvl-abszess.de.

Although PVL-SA is primarily known for causing furunculosis,
it is also associated with life-threatening infections such as
necrotizing pneumonia, necrotizing fasciitis, and osteomyelitis,
especially in young, previously healthy patients.!”**!

The 2-component pore-forming leucocidin is coded by
bacteriophage genes [ukS and lukF and can be expressed by
both methicillin-sensitive (MSSA) and methicillin-resistant
(MRSA) strains of § aureus.” The human-pathogen interaction
of PVL-SA remains poorly understood and in vitro studies and
murine models often show conflicting results.'®"'3] Regional
differences in MRSA and MSSA distribution have been reported.
Most of the PVL-SA strains in Europe have been identified to be
MSSA,"* while in the US, the main causes of PVL-SA infections
are a variety of community-acquired MRSA (CA-MRSA) strains,
especially strain USA-300."%

In Germany, when S aureus is identified in culture, assessment
of PVL expression by lukS/lukF using polymerase chain reaction
(PCR) is not performed routinely. Moreover, knowledge of PVL-
SA and its clinical consequences remains insufficient in clinicians
treating the patients with PVL-SA infections, leading to a
significant diagnostic delay. Many PVL-SA colonized patients
suffer from recurrent SSTI and may receive multiple antibiotic
treatments and surgeries before diagnosis and decolonization.
Some patients even undergo testing for immunodeficiency, before
PVL-SA colonization is considered.!'®'”)

The aims of this study were to

(1) determine the clinical spectrum and the frequency of severe
infections due to PVL-SA, in children treated at an university
hospital from 2012 to 2017,

(2) reportthe length of treatment in affected children at hospitals/
intensive care units (ICU), and

(3) identify the cases in which severe disease and prolonged
hospital stay may have been preventable.

2. Methods

We conducted a retrospective case study of children who were
treated in our in- and outpatient units (Charité Universititsme-
dizin Berlin — Childrens’ Hospital) for PVL-SA infections from
January 2012 to December 2017. Only patients who had been
tested positive for PVL + SA in at least 1 sample (naso-pharyngeal
swabs and/or swabs from other location, eg, tracheobronchial
secretion or material from SSTI) were included in this study.
Swabs were cultivated on Columbia agar with 5% sheep
blood. Species identification and antimicrobial susceptibility
testing were performed using a Vitek 2 system, applying EUCAST
breakpoints. The detection of PVL LukS/LukF was performed
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using commercially available PCR (eazyplex MRSAplus
REF7611; Amplex Biosystems GmbH, Giessen, Germany).

Molecular genetic testing for PVL was not routinely performed
by our microbiology division after isolation of S aureus but was
requested when the clinical course was suggestive for an infection
with PVL-SA.

Patient records were retrieved from electronic medical records
and archived files. We defined “severe infection™ as “intravenous
antibiotic treatment” and “admission to an ICU” or “admission
to an intermediate care unit (IMC)” or “major emergency
surgery” associated with active PVL-SA infection in contrast to
mere asymptomatic colonization or minor skin infections. In the
identified cases, we collected data on duration of hospital stay
in days, antibiotic treatment, surgery, as well as ventilation
assistance. Potential prevention options were retrospectively
assessed via telephone interviews. We obtained written informed
consent to publish diagnostic images from the patient’s
custodians.

Data processing and statistical analyses: data were processed
using Microsoft Excel 2013.

3. Results

A total of 75 children treated for PVL-SA infection were included
in the analysis. Sixty-five children suffered from SSTI and/or
hordeola with PVL-SA detection in SSTI material or nasopha-
ryngeal swabs.”®! Ten children presented with infections that
fulfilled the criteria of a severe infection. Data about these
patients are presented in Table 1.

Age of the patients ranged from 1 week to 15 years (mean age
5.5 years). Six patients were boys and 4 were girls. Two patients
presented with serious pre-existing conditions: patient 5 with
neonatal drug withdrawal and asymptomatic congenital cyto-
megalovirus infection and patient 9 with status post heart
transplantation and subsequent immunosuppressive treatment.
MRSA was detected in 4 cases. Clinical manifestations included
necrotizing pneumonia (n=4), necrotizing fasciitis (n=2),
pyomyositis (n=2), mastoiditis (n=1), preorbital cellulitis (n=
1), and recurrent deep furunculosis in an immunosuppressed
patient (n=1). Specific complications of severe PVL-SA infections
were venous thrombosis (n=2), sepsis (n=35), cerebellitis (n=1),
respiratory failure (n=35), and acute respiratory distress
syndrome (ARDS; n=3). The median hospital stay was 14 days
(range 5-52 days) and the median ICU/ IMC stay was 10 days
(range 0-52 days). All patients survived; 1 patient had residual
disability after discharge (patient 6, see below). Primary
immunodeficiency (in particular, chronic granulomatous disease)
was excluded in all patients with severe infections.

3.1. Necrotizing pneumonia

Four children who had previously been in good general health
were diagnosed with necrotizing pneumonia. Four days before
his admission, patient 1 had an axillary abscess surgically incised
and drained. Patients 3 and 4 had close relatives who had
recurrent SSTL. In 3 patients, pneumonia was preceded by 3 to 10
days of symptoms of upper respiratory tract infections (URTI).
One patient was diagnosed with influenza A-HSN1 and 1 with
human respiratory-syncytial-virus-B. PVL-SA was cultured from
blood, pleural exudate, sputum, and bronchial lavage samples.
CA-MRSA was detected in 2 patients. Figures 1 and 2 show
initial imaging of patient 4 and 6, respectively. Intensive care
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Pediatric patients with severe PVL-SA infections.

Patient Age, Pre-existing SSTl in SSTlin Prodromal URTI Deep venous  Hospital ICU/IMC
no.: Gender mo  Clinical phenotype conditions patient i or co-i i MRSA i stay, d stay, d
1 Male 172 Necrotizing pneumonia None Avillary abscess None None No Left femoral vein 14 13
Pyomyositis thrombosis
2 Male 9 Necrotizing fascitis Purulent conjunctivitis None None Yes; unspecified  No None 14 10
3 Male 12 Necrotizing pneumonia None None Yes Yes; unspecified  Yes None 51 29
4 Female Necrotizing pneumonia  None None Yes Yes; RSV-B* No None 18 14
5 Male 0 Necrotizing fascitis NOW* Furunculosis None None Yes None 37 37
Congenital CMV® Panaritium
Purulent conjunctivitis
Male 182  Necrotizing pneumonia None None None Yes; Influenza A Yes None 58 58
7 Male 138  Mastoiditis None Furunculosis Yes None Yes Cerebral sinus 14 14
Cerebellitis vein thrombosis
8 Female 61 Pyomyositis None None None None No None 8 0
9 Female 100 Furunculosis s/p Heart-transplantation ~ Furunculosis None None None 7 7
Immunosuppression
10 Female 0 Preorbital cellulitis None None None None None 5 5
Furunculosis
CW= d=days, ICU=ints care unit, IMC = intermediate care unit, MRSA =methicilli istant ! aureus, NOW= tal-drug-wi RSV syncytial-

virus, SSTI=skin and soft tissue infections (before admission), URTI = upper respiratory tract infections (before admission).

treatment included varying regimens of intravenous antibiotics,
ventilation assistance (including veno-venous extracorporeal
membrane oxygenation, controlled ventilation, noninvasive
ventilation, and heated humidified high flow therapy), and
therapeutic anticoagulation (see below). Complications observed
included sepsis, ARDS, pyomyositis, and deep vein thrombosis
(DVT). Patients 1, 3, and 4 were discharged in satisfying general
health. After a lengthy rehabilitation due to complications and re-
admission, patient 6 had persisting postintensive care syndrome,
including reduced lung capacity (Fig. 3) and critical illness
polyneuropathy.

3.2. Invasive soft tissue infections

Two patients were diagnosed with necrotizing fasciitis of the
thorax. Patient 2, a previously healthy infant, initially presented
with symptoms of URTI and purulent conjunctivitis. Within
hours after admission, he rapidly developed swelling and redness
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Figure 1. Patient 4 at admission. Coronal CT of the chest. Lobar pneumonia of
the left lung. Small arrows: border of pleural empyema with gas inclusions
(small black arrows). CT = computed tomography.

of the right thorax. Patient 5 was an in-patient in the neonatal
ICU receiving treatment for neonatal drug withdrawal from
opioids. Six days after birth, he developed multiple panaritia,
purulent conjunctivitis, and purulent pustules of the left axilla. At
4 weeks, he developed rapid swelling and redness of the left
thorax (Fig. 4). In both patients, early surgical intervention with
necrosectomy and drainage, in combination with broad
antibiotic treatment, led to satisfying improvement of the clinical
situation. Negative pressure wound therapy was used in patient
2. Both patients were discharged in satisfying general health.
Two patients were diagnosed with pyomyositis. Three days
after admission, while still in intensive care, patient 1 (see above)

Figure 2. Patient 6 at admission. Anteriomposterior radiograph of the chest at
the time of admission. Left lung: Primarily basal lobar pneumonia. Right lung:
perihilar infitration. Intubation tube, central line, and gastric tube in loco typico.
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Figure 3. Patient 6 at 4 months after admission. Coronal CT of the torso. Small
arrows: epiphrenic residual lesions. Small black arrows: hilar lymph nodes. CT
= computed tomography.

developed new swelling and pain on his left leg and a resurgence
of fever. Diagnostic imaging showed signs of pyomyositis and
fasciitis (Fig. 5). Purulent infections in the left anterior femoral
and anterior tibial compartments were surgically drained. The
previously healthy patient 8 presented with recurrent fever and
painful swelling of the upper arm, which had developed in 2
weeks. Prompt surgical intervention showed a purulent infection
of the flexor compartment of the arm. Both patients were
discharged in satisfying general health.

Figure 4. Patient 5 at 4 weeks after admission. Coronal MRI with TIRM
sequence of the torso. Large arrow: axillary abscess formation. Small arrows:
cellulitis. MRI = magnetic resonance imaging; TIRM =turbo-inversion recovery-
magnitude.

Figure 5. Patient 1 at 3 days after admission. Coronal contrast-enhanced MRI
with TIRM sequence of the lower extremities. Indicative of myositis and fascitis.
Large arrow: feathered intramuscular enhancement. Small arrows: subcuta-
neous enhancement. Small black arrows: fascial enhancement. MRI =
magnetic resonance imaging; TIRM =turbo-inversion recovery-magnitude.

3.3. Others

Patient 7 and all family members initially presented with recurring
SSTI in our pediatric immunological clinic. PVL-MRSA was
detected in nasopharyngeal swabs and decolonization measures
were initiated. Four months later, he was re-admitted with
mastoiditis and cerebellitis (Fig. 6). Mastoidectomy was performed
promptly and intravenous antibiotic treatment was initiated.
Patient 9 underwent heart transplantation at the age of one and a
half years. At the age of 8, she developed multiple and recurrent
abscesses over a period of 1 month while under immunosuppres-
sive therapy. After admission to the pediatric IMC, PVL-SA
detection, and 6 days of intravenous antibiotic treatment plus
hygienic measures to decolonize the patient and her home, the
patient was discharged in satisfying general health. One week after
her birth, patient 10 developed massive swelling of the eyelid and
purulent secretion with detection of S aureus. PVL testing was
performed when the patient developed SSTI after discharge from
hospital.!'”!
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