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Abstrakt

Uvod: Syndromy periodické hore¢ky jsou klinické jednotky patiici do velké skupiny
autoinflamatornich chorob. VétSina téchto syndromd vznika na podkladé genetické
predispozice. Mimo tuto klasifikaci stoji syndrom periodické horecky s aftdozni

stomatitidou, faryngitidou a kréni adenitidou (PFAPA) s nejasnou etiologii.

Vysledky: V nasi praci jsme popsali nejvétsi klinicky soubor pacientl se syndromem
PFAPA z jednoho centra. Z laboratornich vysledkli jsme potvrdili benigni prib¢h
PFAPA syndromu. Zaznamenali jsme signifikantné vy3$i hladiny sérovych cytokint
(IFN-y a IL-1B) v prabéhu epizody horecky u PFAPA pacientl v porovnani s
kontrolni skupinou. Méfeni ukazala zvySené pocty plazmatickych bunék v periferni
krvi PFAPA pacientd. Popsali jsme zvySené¢ hladiny naivnich CD4 a CD8 T
lymfocyth a piiblizn€ 2-krat vyss$i proporci CD8 T lymfocyti u PFAPA tonzil.
Signifikantni rozdily byly i v hladinach IFN-y, IL-1B, IL-6 a TNF-a ve stimulovanych
supernatantech v porovndni s nestimulovanymi supernatanty z periferni krve u
pacienti s PFAPA syndromem. Mé&feni bakteridlniho profilu ukézalo, Ze profily

mikroflory v tonzilach jednotlivych déti jsou individudlni.

Zavér: Odstranénim tonzildrni tkan€ s potencidlnim bakteridlnim/virovym/jinym
spoustéem dochazi u pacientli s PFAPA syndromem k vymizeni symptomi. Pacient
s PFAPA syndromem je pravdépodobné¢ imunologicky nezraly jedinec s vyssi

vnimavosti k vnéj§im faktoram.

Klic¢ova slova: periodicka horecka, vrozend imunita, zanét



Abstract
Introduction: Periodic fever syndromes are clinical entities -classified as

autoinflammatory diseases. The most of the periodic fever syndromes have genetic
predisposition (monogenic periodic fever syndromes). PFAPA (Periodic Fever,
Aphtous stomatitis, Pharyngitis a Adenitis) syndrome is an idiopathic disease with

unknown aetiology.

Results: In our study, we described the largest clinical series of patients with PFAPA
syndrome from a single center. The laboratory results have confirmed uncomplicated
course of PFAPA syndrome. In our measurements we observed significantly higher
levels of serum cytokines (IL-1PB and IFN-y) during episodes of fever in PFAPA
patients compared to the control group. Our measurements showed increased numbers
of plasma cells in the peripheral blood of PFAPA patients. We have found increased
levels of naive CD4 and CD8 T cells and approximately 2-fold higher proportion of
CDS8 T cells in tonsils of PFAPA patients. Significant differences were also present at
levels of IFN-y, IL-1B, IL-6 and TNF-a in stimulated supernatants compared to
supernatants from unstimulated peripheral blood from patients with PFAPA
syndrome. Measurements of bacterial profile showed individual microbial profile in

patients.

Conclusion: Removal of the tonsillar tissue with the potential bacterial/viral/other
trigger leads to disappearance of recurrent episodes of fever. Patient with PFAPA
syndrome is probably immunologically immature individual susceptible to external

factors.

Keywords: periodic fever, innate immunity, inflammation
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1.UVOD
1.1 Syndromy periodickych horecek

Syndromy periodickych horecek se fadi mezi autoinflamatorni onemocnéni, kterad
jsou v pediatrii pomérné noveé definovanou jednotkou. Pojem periodicka nemoc vSak
vznikl mnohem dfive, prvni popsany piipad byl zaznamenén jiz vroce 1806
Heberdenem, ktery pozoroval u pacienta recidivujici bolesti bficha, obcas
doprovazené bolestmi na hrudi a koncetindch (Heberden 1806). V roce 1895 popsali
Janeway a Mosenthal piipad 16-leté divky trpici od narozeni opakovanymi bolestmi
bficha s kratkymi epizodami horecek (Janeway a Mosenthal 1908). Na zéklad¢ téchto
a dalsSich rekurentnich doprovodnych ptiznaka byl v roce 1948 Reimannem definovan
termin ,,periodickd nemoc* a poprvé popsana Familiarni sttedomotskd horecka (FMF;
Familiar Mediterranean Fever) charakterizovana horeckou, akutni bolesti bficha,
pleuritidou a artralgiemi, typicky pfitomnd v rodinich stfedomoiského plvodu
(Reimann 1948). V pribéhu nasledujicich let se podafilo popsat dalsi syndromy
periodickych horecek, u kterych byly diky rozvoji molekularné-genetickych metod

definovany vrozené pficiny.

V poslednim desetileti se zformovala nova kategorie tzv. autoinflamatornich
onemocnéni. Pojem autoinflamatorni vystihuje ptfedpokladané etiologické pozadi
téchto stavi, u nichz je epizodicka aktivace prozanétlivych mechanizml zptsobena
poruchou regulace procesit vrozené obranyschopnosti. Na rozdil od onemocnéni
oznacovanych jako autoimunitni zde nehraji zdsadni roli autoprotilatky ani antigen-

specifické T-lymfocyty (McDermott a Aksentijevich 2002).

Rekurentni febrilie, charakterizované vice nebo méné pravidelnymi afebrilnimi
intervaly, jsou doprovazeny lokalnimi zanétlivymi projevy. U vétSiny syndromu
periodickych horecek se podatilo definovat vrozenou pfi¢inu. Dle typu dédicnosti 1ze
odli$it syndromy dédi¢né autozomalné dominantné, ke kterym se tfadi periodické
syndromy asociované s kryopyrinem (CAPS; Cryopyrin Associated Periodic
Syndromes) a periodicky syndrom asociovany s receptorem pro tumor nekrotizujici
faktor (TNF) (TRAPS; TNFR-Associated Periodic Syndrome), a autosomalné
recesivngé, familiarni stfedomoiska horecka a periodicky syndrom asociovany
s mevalonatkinazou (MAPS,; Mevalonate kinase Associated Periodic fever Syndrome).

Mimo tuto klasifikaci stoji syndrom periodické horecky s aftézni stomatitidou,



faryngitidou a kréni adenitidou (PFAPA; Periodic Fever, Aphtous stomatitis,
Pharyngitis a Adenitis) (Marshall 1989), u které¢ho se doposud nepodatilo definovat

vyvolavajici pfi¢inu.

Pro stanoveni diagnézy periodické horecky je nutna Siroka diferencidlné diagnosticka
rozvaha — je potfeba vyloucit infekce (bakterialni, viroveé, mykotické, parazitarni a

atypicke), systétmova onemocnéni, malignity a piipadné imunodeficitni stavy.

Rekurentni horecky mohou byt souéasti pfiznaki u fady systémovych onemocnéni
(napf. systétmova forma juvenilni idiopatické artritidy, systémovy lupus
erythematosus, morbus Crohn, systémové vaskulitidy atd.). Opakované horecky
mohou byt asociované s vrozenou nebo ziskanou poruchou imunity, protilatkove i
bunécné, napt. syndrom cyklické neutropenie. Protrahovana ¢i opakujici se horecka
muZe byt také ptiznakem generalizovanych malignit (akutni lymfoblasticka leukémie,

lymfomy, neuroblastom, atd.).

Jednotlivé syndromy periodickych hore¢ek pomulze rozlisit pecliva osobni, rodinna a
epidemiologickd anamnéza a piesny popis klinického obrazu. Dalsi diagnostické
schéma je pro podobnost klinickych projevii Casto obtizné a navic specifické
odchylky neni moZné rozlisit ani vySetfenim zakladnich laboratornich ukazatelti (C
reaktivni protein, sedimentace, krevni obraz atd.), které byvaji obvykle pouze

nespecificky zanétlivé zmeénény.

Dominantni je zanétliva aktivace imunitniho systému (zvySené parametry zanétu — C-
reaktivni protein (CRP), sérovy amyloid A (SAA), sedimentace erytrocyti (FW),
leukocytoza), bez mikrobiologického prikazu vyvolavajiciho agens. Analyza
pritomnosti zndmych mutaci deoxyribonukleové kyseliny (DNA) je vyznamnou
pomocnou diagnostickou metodou, negativni nalez vSak nevyluCuje piitomnost

periodického syndromu na podkladé€ zatim nepopsané mutace.



1.2. Monogenni periodické horec¢ky

1.2.1 Periodicky syndrom asociovany s receptorem pro tumor nekrotizujici faktor
(TNF)

1.2.1.1 Charakteristika

Periodicky syndrom asociovany s receptorem pro tumor nekrotizujici faktor (TRAPS;
TNFR-Associated Periodic Syndrome) byl poprvé popsan v roce 1982 v roding irsko—
skotského plvodu. Byl oznacen jako Familial Hibernian Fever, pozdé&ji, pro
opakované pozorovani rodinného vyskytu, Familial Periodic Fever (Williamson et al.

1982; Mulley et al. 1998).

TRAPS se zpravidla manifestuje v détstvi (primérny veék 10 let), vyjimecné i
v pozd¢jsSim veéku (de Jesus a Goldbach-Mansky 2013). Klinicky obraz je
charakterizovan opakovanymi horeCkami s variabilnim trvanim (primérna délka
hore¢naté epizody muze byt 14 dni s maximalnim trvanim az nékolik tydnii). Bolesti
bficha patii k Castym ptiznakim (77%) doprovazejicim horecky. Nahly zacatek a
zavazné bolesti bficha Casto imituji pfiznaky nahlé ptihody bfiSni a pfiblizné jedna
tfetina pacientl s bolesti bficha podstoupi operaci bficha (Hull et al. 2002; Stojanov a
Kastner 2005; Stojanov a McDermott 2005). Myalgie patii k dalSim frekventné se
vyskytujicim ptiznakim u TRAPSu. Bolest je st¢thovava a muze byt provdzena
erytematozni vyrdzkou. Vysev miize byt makuldrni, edematdzni, urtikarialni nebo
retikuldrni (Stojanov a McDermott 2005; de Jesus a Goldbach-Mansky 2013).
Pfiblizn€¢ polovina pacientii se prezentuje rekurentni konjuntivitidou nebo ptedni
uveitidou. Periorbitalni edém je pfiznakem, ktery mize spolu s ostatnimi symptomy
podporovat diagnézu TRAPS (Jesus et al. 2008; de Jesus a Goldbach-Mansky 2013).
Z dalSich pfiznakih mohou byt pifitomné bolesti kloubt, artritida, pleuritida,
neurologické symptomy (bolesti hlavy, poruchy chovani, aseptickd meningitida (de
Jesus a Goldbach-Mansky 2013; Minden et al. 2004). Laboratorné se prokazuji
dlouhodobou komplikaci onemocnéni je systémova amyloidoza, ptitomna asi u 10 %

pacientti (Drewe et al. 2003; de Jesus a Goldbach-Mansky 2013).

K diagn6ze TRAPS miize pomoci stanoveni sérové hladiny TNFR1, ktera je typicky

sniZzend. Diagnéza je pak potvrzena genetickou analyzou.



Celosvétove bylo dosud diagnostikovano nékolik stovek nositelt TNFRSF1A mutaci,
pricemz nejvice pacientil je evropského pivodu. Predpoklada se, ze toto onemocnéni
je nejcastéjsi pricinou hereditarnich syndromi periodickych horecek ve vyspélych
zemich a po familidrni stfedomoiské horeCce druhou nejCastéjsi ptiinou 1

celosvétoveé (Federici et al. 2015).

1.2.1.2 Patogeneze

Jedna se o autosomalné¢ dominantni syndrom zplisobeny mutaci genu pro receptor
tumor-nekrotizujiciho faktoru (TNFRSF1A) leZiciho na kratkém raménku 12.
chromozomu (McDermott et al. 1999; Aksentijevich et al. 2001). Bylo jiz popséano
pfes 40 mutaci asociovanych s klinickym obrazem TRAPS. TNFRSFIA je gen
kodujici protein pS5, ktery ptedstavuje extraceluldrni podjednotku membranového
TNF receptoru, tzv. TNFRI1. TNFRI1 spolu s proteinem p75 vytvaii membranovy
TNF receptor (TNFR). Mutace genu TNFRSF1A vedou ke strukturdlnim zménam
zasahujicim do procesu uvoliovani (tzv. shedding) TNFR1 (Siebert et al. 2005). Za
fyziologickych podminek je TNFR aktivovan navazanim molekuly TNF-a. Nasledné
dojde k odstépeni TNFRI1, ktery jako solubilni receptor vychytava volny TNF-a
z cirkulace. Timto homeostatickym déjem je regulovana koncentrace TNF-a v obéhu

(Siebert et al. 2005).

TNF-a je dilezity prozanétlivy cytokin, ktery prostiednictvim TNFR, exprimovaného
na povrchu mnoha typi bunék, spousti intracelularni signdlni kaskadu, ktera vede k
aktivaci NF-kappa B a aktivacniho proteinu 1 (AP-1). Tyto proteiny reguluji
transkripci fady genll pro dal§i prozanétlivé cytokiny (napf. interleukin 6 a 8).

Vysledkem je pfitomnost protrahovaného zanétu.

Patogenezi TRAPS vSak nelze vysvétlit pouze defektnim sheddingem, protoze jiz
byly popsany mutace, u kterych neni porucha v odstépovani TNFRI, jako napf.

nedostatecna proapoptoticka aktivace (Drewe et al. 2003).

1.2.1.3 Terapie

Nesteroidni antirevmatika (NSAID) pomadhaji potlacit symptomy v pribéhu
zanétlivych atak. Kratkodobé podavani glukokortikoidii s nebo bez NSAID je
efektivni k ukonceni ataky horecek a dalSich symptomi, ale nezadouci UCinky

kortikoid# jsou limitujicim faktorem. V terapii TRAPS se v soucasné dobé¢ nejvice
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uplatiuje pouzivani antagonista interleukinu-1 (IL-1) (ter Haar et al. 2012; ter Haar et
al. 2015). Své misto u nékterych pacientli ma také pouzivani etanerceptu — jedna se o
lidsky rekombinantni fuzni protein, slozeny ze solubilniho receptoru 2 pro TNF
(TNFR2) spojeného s Fc komponentou lidského imunoglobulinu G1 (IgGl), ktery
redukuje klinické a laboratorni znamky zanétu svou vazbou na bunétny receptor,
&imz blokuje biologickou aktivitu TNF-a. Uginky etanerceptu se mohou v prib&hu

Casu snizovat (ter Haar a Frenkel 2014).

1.2.2 Periodicky syndrom asociovany s mevalonatkinazou
1.2.2.1 Charakteristika

Periodicky syndrom asociovany s mevalonatkinazou (MAPS; Mevalonate kinase
Associated Periodic fever Syndrome) byl poprvé popsan vroce 1984 Jos van der
Meerem et. al. jako syndrom periodické horecky doprovazeny lokalizovanymi
formami zanétlivé reakce a byl oznaCen jako syndrom hyperimunoglobulinemie D
(HIDS; Hyperimmunoglobulinemia D syndrome) (van der Meer et al. 1984). MAPS
byl jistou dobu povazovan za variantu Stillovy nemoci (Prieur a Griscelli 1984; Geny

aetal. 1974) , nebo také nazyvan etiocholanolonova horecka (Driesen et al. 1968).

Ptiznaky MAPS se objevuji obvykle v prvnim roce Zivota s typickou horeckou,
trvajici 3 az 7 dni, s faryngitidou, bilateralni kréni lymfadenopatii, bolesti bficha,
prijmem, nauzeou, zvracenim, artralgiemi, artritidou, raSem (makularni, papularni,
urtikarialni, nodularni typ), bolesti hlavy, splenomegalii ¢i hepatomegalii. Mohou byt
pfitomny 1 afty v dutin€ Ustni. Ataky horecek se stfidaji s asymptomatickymi
obdobimi. Interval mezi jednotlivymi atakami je vétSinou 4 — 6 tydna (Drenth et al.
1994; de Jesus a Goldbach-Mansky 2013). Ataky horecek se mohou vyskytovat po
dobu mnoha let a jsou Castéjsi v prubéhu détstvi a dospivani (Bader-Meunier et al.
2011). Horecky jsou vSeobecné spousSténé vakcinaci, poranénim, operaci nebo
stresem a jsou charakterizovany vysokou horeCkou se zimnici (Glaser a Goldbach-

Mansky 2008; Drenth et al. 1994).

Zvysené laboratorni parametry v krvi (CRP, leukocytéza, neutrofilie, FW, SAA)
ukazuji zanétlivou aktivaci v prubéhu horecky. V moci je zvySena exkrece neopterinu
jako markeru aktivované bunééné imunitni odpovédi, ktery je jednim z ukazatell

aktivity onemocnéni (Drenth a et al. 1995; Houten a et al. 2000). Kontinudlné zvySené
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hladiny IgD (> 100 U/mL) u vic nez 90% pacientli a u vic nez 80% pacientl také
zvySené¢ hladiny IgA (> 260 mg/dL) slabé koreluji se zavaznosti onemocnéni,
dokonce jsou popsani pacienti s prokdzanou MVK mutaci a norméalnimi hladinami
IgD (Saulsbury 2003). Zvysené IgD bylo pozorovano i u casti pacientii s FMF a
TRAPS, 1 kdyz u téchto syndroml jsou koncentrace obvykle pod 100 U/mL
(Saulsbury 2003; Ammouri et al. 2007). Specificita tohoto nalezu je tedy nizka. Navic
je znamo, Ze zejména u malych déti (kojenct a batolat) byvaji koncentrace IgD po
dlouhou dobu v normé a zvysi se az v pozdéjsim véku (Ammouri et al. 2007). V moci
je zejména v dob¢ ataky horeCky pfitomna vysoka hladina mevalondtu a jeho

metabolith (Glaser a Goldbach-Mansky 2008).

V diagnostice je dilezitd podrobna anamnéza horecek, pfidruzenych symptomil a
doba nastupu onemocnéni. Laboratorni prikaz vysokého IgD event. spolu s IgA a
prokazanou mevalonaturii jsou indikacemi ke genetické analyze. Definitivni diagnoza
je zaloZena pouze na prukazu mutace v MVK genu. Z dlouhodobého hlediska maji
1é¢eni pacienti dobrou prognoézu, v porovnani s FMF a TRAPS je vyskyt amyloidozy
velmi raritni (Lachmann et al. 2006; Siewert et al. 2006; Obici et al. 2004). Horecky
doprovazeji Clovéka s MAPS po cely zivot, ale v dospélosti byva klinicky obraz

mirnéjsi.
1.2.2.2 Patogeneze

Jednd se o autosomélné recesivni onemocnéni zpisobené mutaci genu pro
mevalonatkinazu (MVK) na dlouhém raménku 12. chromozomu (Drenth et al. 1999;
Cuisset et al. 2001). Nejcastéji se jednd o missense mutace (bodova mutace, pii které
dochazi k zdméné aminokyseliny vedouci k tvorbé abnormalniho proteinu), u 80 %
pacientli byla prokdzana mutace genu V3771 (Frenkel et al. 2001; Cuisset et al. 2001).
Vznikly produkt, enzym mevalonatkinaza, za fyziologickych podminek katalyzuje
fosforylaci kyseliny mevalonové na kyselinu 5-fosfomevalonovou, dileZitou pro
vznik cholesterolu (Goldstein a Brown 1990). Cholesterol je dualezity prekurzor
zlu¢ovych kyselin, vitaminu D, steroidnich hormont a nonsterolovych isoprenoidi.
Mutace genu MVK u pacientii s MAPS vede k produkci mevalonatkinazy s rezidualni
enzymatickou aktivitou (1-7%). Vyznamnou roli v patogenezi hraje ziejm¢e zvySena
akumulace kyseliny mevalonové a sniZeni tvorby isoprenoidovych produktii, vCetné

geranylu a farnesylu (Goldstein a Brown 1990; Houten a et al. 2000; Houten et al.
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2003). Nasledkem nedostatecné koncentrace téchto produkti dochéazi k zvySené
sekreci IL-1B v mevalondtkindza-deficientnich bunkach a tudiz k prozanétlivé

stimulaci (Frenkel et al. 2002).

Onemocnéni byva €asto vyvoldno o€kovanim, infektem nebo jinym stresem. In vitro
studie poukazaly na zvySenou aktivitu HIDS-defektni mevalondtkinazy pti nizsi
teploté (30°C). Se zvySovanim teploty na 37-39°C dochézelo k progresivnimu sniZeni
funkce enzymu. Tento in vitro experiment by mohl potvrzovat hypotézu asociace
doby nastupu MAPS s ockovanim nebo infektem a vysvétlit tak epizodicky zvySeny
odpad kyseliny mevalonové v moc¢i (Houten et al. 2002). Existuje varianta mutace
MVK genu, tzv. mevalonova acidurie, u které¢ je defekt enzymu vyrazny (< 1 %)
s obvykle nedetekovatelnou aktivitou mevalonatkindzy. Toto onemocnéni ma na

rozdil od MAPS zavazny klinicky dopad (Hoffmann et al. 1986; Simon et al. 2004a).

1.2.2.3 Terapie

NSAID poskytuji ulevu od symptomu v pribéhu atak. Kratkodobé podavani
kortikoidl s nebo bez NSAID mitize zmirnit priabéh ataky. Kolchicin nebo statiny se
ukazaly jako neucinné v terapii, proto se dale jiz nedoporucuji (Ostuni et al. 1988;
Simon et al. 2004b). Kratkodoby ucinek blokady interleukinu (IL-)1 je efektivni
v ukonceni zanétlivych atak. U pacient s astymi atakami a/nebo pietrvavajicimi
zvySenymi zanétlivymi parametry v krvi mezi atakami se doporu€uje terapie
blokadou interleukinu (IL-)1 (Anakinra) nebo blokddou TNF (Etanercept) (Bodar a et
al. 2005; Demirkaya a et al. 2007; ter Haar et al. 2015). U pacientli se zavaznym
refrakternim onemocnénim s nizkou kvalitou zivota je moznosti definitivni terapie
pomoci alogenni transplantace kmenovych bun¢k krvetvorby (van der Burgh et al.

2013).
1.2.3 Familiarni stfedomoiska horecka

1.2.3.1 Patogeneze

Familiarni stfedomotskd horecka (FMF; Familiar Mediterranean Fever) je
autosomalné recesivni onemocnéni zplisoben¢ mutaci v MEFV (Mediterranean fever)
genu na kratkém raménku 16. chromozomu, ktery koduje protein pyrin/marenostrin.
Gen byl poprvé popsan v roce 1997, predominantné je exprimovan v neutrofilech,

eozinofilech, a monocytech (Livneh et al. 1997; Centola et al. 1998). Nejcastcjsi
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mutace genu jsou lokalizované v B30.2 (SPRY) doméné, kterd funguje jako ligand
nebo signal-transdukéni doména. Mutace domény mohou zplsobovat opozdéni
apoptozy a prodlouzeni zanétlivé odpovedi buniky (Chae et al. 2003; Chae et al. 2006;
Gumucio et al. 2002). Exprese pyrinu je stimulovand prozanétlivymi cytokiny napf.
interleukinem 4, TNF-a a interferonem gamma (IFN-y). Pro vysvétleni patogeneze

onemocnéni existuji 2 odlisné hypotézy:

a) Sekvestracni teorie — podporuje inhibicni efekt poskozené proteinové domény na
kaspaza-1-mediovanou aktivaci interleukinu 1 jako prozanétlivého cytokinu (Chae et

al. 2003; Chae et al. 2006).

b) Pyrin inflamazomova hypotéza — ukazuje schopnost pyrinu vytvofit vlastni
»prozanétlivou jednotku®, tzv. pyrinovy inflamazom, vysledkem &ehoz je aktivace

interleukinulp (Yu et al. 2006).

1.2.3.2 Charakteristika

U FMF je zacatek onemocnéni do 20 let s trvanim ataky horecky obvykle 12-72
hodin. Horecky obvykle doprovazi akutni bolest bficha a artritida velkych kloubt
trvajici 1 az 3 dny (Fonnesu et al. 2009; Younes et al. 2002). Ataky horecky se
pravidelné¢ opakuji vrozmezi jedenkrat za tyden az jedenkrdt za rok
s asymptomatickym intervalem mezi atakami (Ozen a et al. 2006; Chae et al. 2006;
Glaser a Goldbach-Mansky 2008). Ataky horeCky se objevuji néhle s teplotou 38.5 —
40°C s bolesti bticha pfitomnou az u 95% pacientti (Simon et al. 2005). Po odeznéni
priznakii muze zejména u neléCenych pacientii pretrvavat subklinicky zanét se
zvysSenou tvorbou AA amyloidu a rizikem jeho orgdnové akumulace Ustici do obrazu
amyloidozy. Za hlavni pfi¢inu bolesti bficha je povazovana akutni peritonitida,
mohou se vSak vyskytnout i jiné serozitidy, jako pleuritida a perikarditida (Kees et al.
1997; Barski et al. 2012) a ra§ pfipominajici erysipeloid, ktery je lokalizovany na
dolnich koncetinach. Déle se mohou vyskytovat bolesti svalti a kloubii. Pro hodnoceni
prubéhu onemocnéni je nutné kromé zhodnoceni klinického obrazu sledovat trend
zanétlivych parametrti, zejména sérového amyloidu A (SAA) (Touitou 2003; Livneh
et al. 1997). SAA je jednim z nejsenzitivnéjSich a nejobjektivnéjSich laboratornich
markerli v monitoraci rozvoje komplikaci zanétu u hereditarnich periodickych

horecek.
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SAA patii do skupiny plazmatickych lipoproteinli. V porovnani s CRP byva ¢asto
zvysen 1 u méné zadvaznych infekci, v€etné virovych, a jeho stanoveni tak umoziuje
lepsi rozliSeni minimélni odpovédi akutni zanétlivé faze od normalniho stavu.
Déletrvajici zvySend hladina SAA proteinii vyvolavd vznik malo rozpustnych AA
amyloidovych fibril, které¢ se ukladaji v mezibunééném prostoru predisponovanych
tkani napf. ledvin a podmifuji klinicky obraz sekunddrni amyloid6ézy. Moznosti
ovlivnéni sekundarni amyloidézy jsou omezené, nicméné potlaCenim zanétlivé
odpovédi organizmu dochazi k snizeni produkce cytokint vedoucich k aktivaci tvorby
SAA v jatrech (Grateau 2000; Saatci et al. 1997). Sekundarni amyloidéza je nejvic
zastoupena u FMF, Casté je u neléCenych pacientt (Livneh et al. 1994; Livneh et al.
1992). U CAPS se u jednotlivych syndromti zastoupeni lisi, u TRAPS je > 10%. Jen
raritné se objevuje u MAPS (Pastore et al. 2014; Lachmann et al. 2014; Bilginer et al.
2011).

V pribéhu ataky horecky je u FMF kromé SAA zvySeno i CRP, fibrinogen a dalsi
parametry zanétu. Pokud je pfitomnd proteinurie, jedna se pravdépodobné o
alarmujici signal rendlni amyloidozy (Bilginer et al. 2011). Mutace v genu pro

pyrin/marenostrin u FMF umoziuje rozlisit genetickd analyza.

1.2.3.3 Terapie

V 1écbé se uplatnuje kolchicin jako prevence febrilnich atak u 60% pacienti a
signifikantni redukce poctu atak u dalSich 20-30% déti (Ozkaya a Yal¢inkaya 2003;
Livneh et al. 1994; Livneh et al. 1992; Zemer et al. 1986). Kolchicin je tfeba uzivat
celozivotné vcetné obdobi gravidity a laktace. VétSinou pacientd je velmi dobie
tolerovan. Na velkych souborech pacientii v prevalentnich populacich se ukazalo, ze
Spatny terapeuticky efekt kolchicinu Casto souvisi se Spatnou compliance pacientl
(Ben-Chetrit a Levy 1991). U skutecnych nonresponderti je zkouman terapeuticky
efekt blokady interleukinu 1 (Anakinra) (Roldan et al. 2008; Moser et al. 2009; ter
Haar et al. 2015).

1.2.4 Periodické syndromy asociované s kryopyrinem
1.2.4.1 Patogeneze

Periodické syndromy asociované s kryopyrinem (CAPS; Cryopyrin Associated

Periodic Syndromes) je skupina autoinflamatornich onemocnéni zplisobend mutaci
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v CIAS1 (Cold Induced Autoinflammatory Syndrome 1) genu, jinak zndmého jako
NLRP3/ NALP3 (NACHT, LRR and PYD domains-containing protein 3), nebo-li
PYPAF1 gen (PYRIN-containing Apafl-like protein 1) (Boschan et al. 2006;
Feldmann et al. 2002). Onemocnéni je autozomalné dominantni. Mutace muze
vznikat spontanné v pribéhu embryogeneze nebo je pfitomna u jednoho z rodic¢i. Gen
kodujici kryopyrin patii do rodiny NLRs (NOD (nucleotide-binding oligomerization
domain receptors)-like receptory) (Mathews et al. 2008).

U zdravého jedince je kryopyrin soucasti inflamazomu jako makromolekularni
jednotky podilejici se na zanétlivé kaskadé, slozené z nékolika interagujicich molekul.
Inflamazom aktivuje pres kaspazu-1 interleukin 1 a NF-xB (nuclear factor kappa-
light-chain-enhancer of activated B cells). IL-1B je prozanétlivym cytokinem. NF-xB
je proteinovym komplexem, ktery fidi transkripci DNA, produkci dalSich
prozanétlivych cytokinli (napf. interleukinu 6) a bunécné pteziti (O’Connor et al.
2003). Mutace v CIASI1 genu vede ke strukturdlnimu poruseni inflamazomu, a tudiz
ke kontinudlni nadprodukci IL-1P a ostatnich zanétlivych cytokind. Nadprodukce IL-

1B zptisobuje mnohé symptomy typické pro toto onemocnéni.

1.2.4.2 Charakteristika

CAPS je soubor klinickych jednotek s riiznou intenzitou zévaznosti a podle toho se
déli na Familiarni chladovou koptivku (FCAS; Familial Cold Autoinflammatory
Syndrome), Muckle-Wellstiv syndrom (MWS; Muckle-Wells Syndrome) a chronicky
infantilni neurologicky, kozni a kloubni syndrom (CINCA/NOMID, Chronic Infantile
Neurologic Cutaneous Articular Syndrome nebo-li Neonatal Onset Multisystem

Inflammatory Disease) (Prieur et al. 1987; de Jesus a Goldbach-Mansky 2013).

U CAPS se miize vyskytovat prekryvani projevii jednotlivych syndromu.

FCAS je povazovan za nejméné zavazné onemocnéni, u kterého zanétliva aktivace
nezpusobuje permanentni poSkozeni jednotlivych systému. Projevuje se epizodami
horecek 1-2 hodiny po expozici chladem s urtikaridlnim raSem, artralgiemi a
konjunktivitidou. Symptomy trvaji minimalné 12-24 hodin. K dal§im ptiznakim patii

profuzni poceni, zavraté, bolesti hlavy a nauzea (Hoffman et al. 2001).
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MWS je charakterizovany horeckami, urtikaridlnim raSem a artralgiemi (Dodé¢ et al.
2002). Objevuji se také opakované artritidy, konjunktivitidy, nauzea, bolesti bficha.

24

bolesti hlavy. U nékterych pacientli se rozvine aseptickd meningitida.

vV

2004).

CINCA/NOMID je nejzavaznéjsi jednotkou v této skupiné skupiné onemocnéni. Je
charakteristickd kontinudlnim zanétem se zafatkem horecek a urtikaridlnim raSem
¢asto jiZ v novorozeneckém obdobi (Prieur et al. 1987). NejvyznaméjSim piiznakem
je neurologické postizeni s chronickou aseptickou meningitidu, bolestmi hlavy,
zvySenym nitrolebnim tlakem, edémem papily a progresivni senzorineuralni ztratou
sluchu spojenou s mentalnim deficitem, zachvaty, iritabilitou a tranzitorni hemiplegii
(de Jesus a Goldbach-Mansky 2013). Dalsi piiznaky zahrnuji kratkou postavu,
hepatosplenomegalii, kloubni deformity (Goldbach-Mansky et al. 2006).

Dlouhodobou komplikaci onemocnéni mize byt amyloidéza vedouci az k renalnimu
selhani. Diagnostika je zaloZend na podrobné anamnéze, klinickém obraze a genetické
analyze. U vétSiny pacienti se jako prvni piiznak objevi makulopapularni
urtikariformni ra$ jiz pfi narozeni nebo kratce po ném. V krvi jsou nespecificky
zvySené parametry akutni faze zanctu, objevuje se 1 vysoky SAA (de Jesus a

Goldbach-Mansky 2013; Pastore et al. 2014; Bilginer et al. 2011).

1.2.4.3 Terapie

Do roku 2005 pro CAPS neexistovala efektivni 1écba. Pacienti byli 1é€eni NSAID
(ibuprofen, naproxen), kortikoidy nebo metotrexdtem, které potlacovaly ptiznaky

onemocnéni.

Od roku 2005 se v 1é€be téchto syndromi pouziva biologicka terapie, ktera je cilena
proti interleukinu-1 a je velmi U¢innd u pacienti s CAPS. V [éCbé se uplatiiuje
anakinra (antagonista receptoru pro IL-1), rilonacept (dimericky fuzni protein
fungujici jako interleukin-1 inhibitor) a canakinumab (lidskd monoklonalni protilatka
proti interleukinu-1 beta) (Koné-Paut a Piram 2012; Koné-Paut a Galeotti 2014;
Gillespie et al. 2010; Lachmann et al. 2009; ter Haar et al. 2015).
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Lécba je celozivotni. Dulezitd cCasnd diagndéza a zahdjeni terapie predchazi
nenavratnému poskozeni (neurologické, senzorineurdlni, atp). V pfipad¢é pacienti
s neurologickou symptomatologii a zavaznymi bolestmi hlavy se podavaji vyssi
1éCebné davky. Dalsi terapie zahrnuje fyzioterapii, dlahy, ortézy a dalsi podpirné
pomucky k 1é¢bé kloubnich deformit. U déti se sluchovym poskozeni se pouZzivaji

naslouchadla.

1.3 Periodické hore¢ky s neznamou etiologii

1.3.1 Periodicka horecka s aftézni stomatitidou, faryngitidou/tonzilitidou a Kkréni
lymfadenopatii

1.3.1.1 Charakteristika

V roce 1987 Marshall a kolektiv poprvé popsali stav charakterizovany opakovanymi
horeckami u predSkolnich déti (Marshall et al. 1987). Takzvany Marshalliv syndrom
byl pak pfejmenovany na PFAPA syndrom (periodickd horecka s aftozni
stomatitidou, faryngitidou/tonzilitidou a kréni lymfadenopatii) (Padeh et al. 1999;
Feder 2000).

Klinicky obraz je typicky: batole nebo ptedSkolni dité¢ s opakujicimi se, Casto
pravidelnymi, kratkymi (3-6 dni) febrilnimi epizodami doprovdzenymi minimalné
jednim s nasledujicich pfiznakd: tonzilofaryngitida s negativnim kultivaénim
nalezem, kréni lymfadenopatie a afty v ustech. Vedlejsi ptiznaky jsou nespecifickeé,
patii mezi n¢ Unava, bolesti hlavy, nauzea, bolesti bficha, zvraceni, prijem, bolesti
kloubti, atd. (Padeh et al. 1999; Thomas et al. 1999; Feder a Salazar 2010; Hofer et al.
2014; Krol et al. 2013). Postizené dé€ti jsou mezi atakami horeCek zcela bez obtizi,
s normalnim klinickym 1 laboratornim nalezem a dobie prospivaji (Feder a Salazar
2010; Hofer et al. 2014; Krol et al. 2013).

Pribéh epizod a kombinace klinickych projevit doprovazejicich horecku jsou obvykle
zcela uniformni a charakteristické pro kazdého jednotlivého pacienta a v fad¢ ptipada
jsou rodice schopni pouhym pozorovanim ditéte pomérné spolehlivé odlisit typickou
»ataku® periodické horecky od béznych détskych respiracnich infektli. Pomocnym
voditkem muze byt nepfitomnost dalSich projevil typickych pro virové infekce
dychacich cest, jako jsou zejména ryma a kasel (Krol et al. 2013).

V prabéhu horecnatych epizod je pravidlem pfitomnost nespecificky zvySené

zanétlivé aktivity, kterd obvykle stoupa béhem prvnich dna nelécené epizody a po
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jejim odeznéni se spontdnné upravuje. Pritomnost laboratornich zanétlivych
parametrii nepomtize v odliSeni epizody PFAPA syndromu od virové ani bakteridlni
infekce hornich dychacich cest a proto by samotné zvySeni napt. CRP, ktery muze
dosahovat vysokych hodnot az nad 200 mg/l, nemélo vést k rozhodnuti o zahajeni
antibiotické 1écby (Feder a Salazar 2010; Hofer et al. 2014; Krol et al. 2013).
Diferencialni diagnostika PFAPA syndromu zahrnuje Sirokou $kdlu onemocnéni, a to
infekci véetné atypickych, defekty imunity, autoimunitni, autoinflamatorni a nadorova
onemocnéni.

Diagnoza PFAPA syndromu je zaloZena na peclivé anamnéze a zhodnoceni hlavnich
klinickych projevii dle Marshallovych kritérii, ktera byla pozdé¢ji upravena Hoferem et
al. (Tabulka 1) (Thomas et al. 1999; Feder a Salazar 2010; Hofer et al. 2014; Dang et
al. 2011). Pouziti antibiotik nemé vliv na prabeh febrilnich atak, které jsou u vétSiny
pacientli typicky zastaveny podanim jednorazové davky prednisonu (Padeh et al.
1999; Thomas et al. 1999; Berlucchi et al. 2003). Prognoza tohoto syndromu je dobra
a u vetSiny deti dochézi béhem nékolika let k plnému ustupu projevi (Krol et al.
2013).

Incidence PFAPA syndromu bude pravdépodobné vyssi, nez naznacuji pocty pacientl
v odbornych ambulancich, stoupajici trend v poslednich letech ukazuje zvySovani
povédomi o této klinické jednotce u détskych 1ékatti (Cochard et al. 2010). Casto jsou
vSak pacienti nespravné vedeni pod diagnoézou chronické tonzilitidy, opakované
nadmérné€ uZivaji antibiotika a naslednd indikovana tonzilektomie vede k remisi a

nerozpoznani PFAPA syndromu (Krol et al. 2013).

1) Pravideln¢ se opakujici horecky s nastupem pied 5. rokem zivota
2) Symptomy s absenci infekce hornich cest dychacich. Ptitomnost
minimalné¢ jedného z nasledujicich ptiznak:
a) aftozni stomatitida
b) kréni lymfadenopatie
c) faryngitida
3) Vylouceni cyklické neutropenie
4) Kompletné asymptomaticky interval mezi epizodami horec¢ek
5) Normalni rist a vyvoj ditéte
6) Vylouceni monogennich syndromi periodickych hore¢ek hlavné u
pacientil s gastrointestinalnimi ptiznaky a rasem
Tabulka 1. Modifikovana diagnosticka kritéria pro PFAPA syndrom (Thomas et al. 1999; Hofer

et al. 2014; Dang et al. 2011)
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1.3.1.2 Diagnosticky algoritmus
1.3.1.2.1 Anamnéza

Osobni a rodinnd anamnéza je zakladem pro stanoveni diagndézy. Formalni
standardizované udaje je mozné od rodici 1 praktického 1€kare ziskat napt. za pomoci
cileného dotazniku, ktery mohou rodi¢e dostat jeSté pred prvni navstévou
specializované ambulance pro periodické horecky. Dotaznik by mél byt vyplnén
ve spolupraci s praktickym lékafem pro déti a dorost, ktery dlouhodobé pecuje o
daného pacienta a ma kdispozici jeho zdravotni dokumentaci. Krom¢ osobni
anamnézy sledujici zdravotni stav ditéte od narozeni je tieba zjistit informace o reakci
na oc€kovani, pfitomnosti a charakteristice akutnich a chronickych onemocnéni i
rodinnou anamnézu zaméfenou na periodické horecky. Podrobné je rozebirdna
charakteristika jednotlivych atak, vék pifi prvni typické febrilni epizodé, trvani
horecky a afebrilnich mezidobi, pravidelnost vyskytu atak, privodni symptomy,

reakce na antipyretika, pfip. na kortikoidy, atd. (Krol et al. 2013).

1.3.1.2.2 Vstupni klinické a laboratorni vySetieni

Klinické vySetteni v dobé horecky 1 v mezidobi je zaméfeno zejména na vylouceni
pritomnosti projevit jinych onemocnéni, napt. artritidy, koznich projevi,
hepatosplenomegalie ¢i generalizované lymfadenopatie, které by mély vyvolat
podezieni na jind systémova onemocnéni. Dulezity je ptfesny popis krénich uzlin a
tonzil 1 dutiny Ustni. U déti se syndromem PFAPA lymfadenopatie mimo febrilni
ataky nepfetrvava a kréni mandle jsou obvykle drobné a zcela klidné, bez jakychkoli

znamek chronické tonzilitidy (Krol et al. 2013).

Laboratorni vySetieni by mélo byt provedeno alesponi dvakrat, v dob¢ ataky horecky
(do 48 hodin od nastupu horecek) a v afebrilnim mezidobi (minimaln¢ po 14 dnech
normalni teploty), k ovéfeni plné normalizace zanétlivych parametri. Krevni testy
zahrnuji krevni obraz vcetné manualniho rozpoctu (vylouceni cyklické neutropenie
event. jinych patologii), sedimentaci erytrocytii, C-reaktivni protein (CRP, piipadné i
sérovy amyloid A, SAA) a biochemické vySetfeni (jaterni a ledvinné funkce).
V afebrilnim mezidobi je vhodné provést imunologicky skrinink (sérové
imunoglobuliny vcetné¢ IgD, event. autoprotilatky podle klinického nalezu:
antinuklearni protilatky, skrinink celiakie, Crohnovy nemoci), u o¢kovanych déti pti

podezieni na funk¢ni imunodeficit 1 protilatky proti vakcinacnim antigentim. V atace
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horecky je tfeba doplnit mikrobiologické vySetieni, v pfipadé piitomnosti
tonzilofaryngitidy a/nebo kréni lymfadenopatie vytér z krku, eventuelné pii chudém
klinickém nalezu 1 kultivaci moc¢i. Sérové koncentrace IgA a IgD a odpad
mevalondtu v moci sebrané v zacatku horecnaté epizody jsou orientaénimi
vysetienimi, podle kterych je mozno posoudit miru rizika pfitomnosti MAPS, ktery
muze syndrom PFAPA do urcité miry napodobovat (Feder a Salazar 2010; Hofer et
al. 2014; Krol et al. 2013). Pfi trvajicim podezieni na monogenni horecku je pak
indikovano provedeni genetické analyzy (Gattorno et al. 2009), které je dostupné v
Ustavu  dédiénych metabolickych poruch a v Laboratofi pro studium
mitochondrialnich poruch 1. lékatské fakulty UK a VSeobecné fakultni nemocnice

v Praze.

1.3.1.3 Terapeuticky algoritmus

Doporuceni terapie se odviji od zadvaznosti klinického obrazu a miry zatéze pacienta 1
rodiny. Zalezi tedy v prvni fad¢ na frekvenci a trvani febrilnich atak. I kdyz podavani
antipyretik a/nebo nesteroidnich antiflogistik neovlivni vyznamné pribéh ani délku
febrilnich epizod, pfi jejich kratkém trvani nebo nizké frekvenci nékteii rodice
uptfednostni pouze tuto symptomatickou lécbu. Narazové podéani prednisonu v jedné
davce 1-2mg/kg télesné hmotnosti je empirickou lécbou, kterda vede u vétSiny
pacientli k velmi rychlému ustupu vSech projevii PFAPA syndromu (Krol et al. 2013;
ter Haar et al. 2012). Praxe napovida, ze podani prednisonu je nejefektivnéjsi co
nejdiive v zacatku epizody. Pouze vyjimecné dojde k navratu teplot do n¢kolika dnt
od podani. V takovém piipadé¢ je tfeba v prvni fad¢ piehodnotit stav ditéte s ohledem
na projevy infekce. Obvykle se rozvine obraz infekce dychacich cest s rymou a
kaSlem, piipadné dorazi vysledek kultivace z krku s ndlezem beta-hemolytického
streptokoka, ktery je nasledné pfelécen antibiotikem (Krol et al. 2013). Jen vyjimecné
je tieba podani prednisonu zopakovat v jedné epizod¢é podruhé. Vzhledem k tomu, ze
neni pfesné znamo, jakd nejmensi kumulativni davka glukokortikoidi mize vyvolat
dlouhodobé¢ nezadouci ucinky, doporucuje se prednison nepodéavat dlouhodobé¢ Castéji

nez jednou za 3-4 tydny (Krol et al. 2013).

Pii Casté¢ frekvenci epizod horeCky nebo vyznamnéji zatézujicim pribcéhu atak a

nedostatecné odpovédi na podani prednisonu (cca 15 % pacientd) lze doporucit
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alternativni 1é¢ebné postupy, naptiklad podavani kolchicinu nebo cimetidinu (Tasher

et al. 2008; Feder 1992).

Tonzilektomie je nepochybné nejucinnéjSim terapeutickym zasahem (Burton et al.
2010; Vigo et al. 2011). Odstranéni krénich mandli obvykle vede k plné remisi
onemocnéni, 1 kdyZ se objevuji zpravy o moznosti prechodného néavratu febrilnich
atak fadu mésicii 1 let po operaci (Peridis et al. 2010b; Garavello et al. 2011; Renko et

al. 2007; Licameli et al. 2008).

Za hlavni charakteristiku PFAPA syndromu je povazovana jeho pifizniva prognoza ve
smyslu plné uzdravy bez jakychkoli nasledkli v pribéhu mésicti az let od zacatku
projevil. Proto je dlouhodobé pietrvavani periodické horeCky do Skolniho veéku ditéte
nebo navrat potizi po tonzilektomii jasnou indikaci k dal§imu diagnostickému

piehodnoceni (Krol et al. 2013; Lachmann 2015).

1.3.1.4 Patogeneze

Dosud se nepodatilo objasnit etiologii PFAPA syndromu. I kdyz patfi PFAPA
syndrom k nejCastéjSim a klinicky dobfe definovanym syndromim periodické
horecky u piredskolnich déti, neexistuje uniformni patofyziologicky koncept pro

vysvétleni etiologie nemoci (Lachmann 2015).

Jedna z prvnich publikovanych studii zkoumajicich patogenezi tohoto syndromu
prokézala v periferni krvi u pacientl zvySenou koncentraci prozanétlivych cytokini
jak vrozené (IL-6, TNF-a a IL-1B), tak adaptivni imunity (IFN-y) béhem febrilnich
atak, ale 1 v obdobi mimo ataky v porovnani se zdravymi kontrolami a signifikantné
s PFAPA syndromem v porovnani se zdravymi kontrolami. ZjiSténad elevace
prozanétlivych cytokini dle autor podporuje teorii o dysregulaci imunitni odpovédi
u déti s PFAPA syndromem s kontinudlni prozanétlivou aktivaci cytokinti a

redukovanou protizanétlivou odpovédi (Stojanov et al. 2006).

V dal$i praci bylo poukdzdno na zmény v krevnim obraze béhem febrilnich a
afebrilnich period, zatimco hladiny prozanétlivych cytokini nebyly zvySeny proti

kontrolam, s vyjimkou IL-6 (Brown et al. 2010).

V posledni studii zkoumajici patogenezi PFAPA syndromu byly pomoci genové
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exprese a mefeni sérovych hladin urcenych cytokinli zjistény odchylky v nékterych
slozkach vrozené imunity jako napt. komplement, IL-1B a G-CSF, kter¢ by mohly
slouzit jako vhodné biomarkery v atakach horecky u PFAPA syndromu. Poukazuji
také na dulezitou efektorovou funkci aktivovanych CD4+ T lymfocyta (Stojanov et
al. 2011). Vysledky vysSetieni genii kodujicich nékteré molekuly vrozené imunity
vcetné proteinii komplementu v prabehu ataky horecky spole¢né s klinickym obrazem
anginy s kréni lymfadenopatii silné podporuji teorii infekéniho nebo jiného
environmentalniho spoustéce, ktery je mozna zesileny u imunologicky nevyzralého
jedince v urCitém stadiu vyvoje (Stojanov et al. 2006; Stojanov et al. 2011; Long

1999).

I ptes to, ze v klinickém obrazu PFAPA syndromu dominuje zanét krénich mandli
jako hlavni pfiznak opakovanych atak, dosud neexistuji studie zabyvajici se
podrobnou imunologickou analyzou tonzilarni tkdné, kterd pravdépodobné hraje
ustfedni roli v patogeneze PFAPA syndromu. Poruchu imunitniho déje v tonzilarni
tkdni podporuje 1 opakovany negativni kultivaéni nalez ze stéri z povrchu i
mikrobiologickych kultivaci tkdné po tonzilektomii. V histologickém obrazu tonzil
byla popséana chronicka zanétliva aktivace, ale jeji ptivod se zatim nepodaftilo potvrdit
(Peridis et al. 2010a), také se zkouma profil bakterii a vir, které by mohly byt

moznym spoustécem zanétlivych atak (Lantto et al. 2015).

U pacientii s PFAPA syndromem lze pozorovat vyssi rodinny vyskyt opakovanych
horecek s anginami v détstvi, nejcastéji u rodicl. Objevuji se 1 publikace o vyskytu
PFAPA syndromu u sourozenct téchto pacientii (Sampaio et al. 2009; Valenzuela et
al. 2009). Je otazkou, jestli tento vyskyt miize byt podkladem pro genetickou
predispozici, kterd by ptfechodné vedla k vy$§i vnimavosti k ur€itému spoustéci
imunitniho systému u imunologicky nevyzralého jedince (Sampaio et al. 2009;

Valenzuela et al. 2009).

Recentni prace poukazuji na multifaktoridlni Cinitele podilejici se v patogenezi
PFAPA syndromu. Monogenni typ dedi¢nosti podobny jako u ostatnich typa
syndromii periodickych horecek je nepravdépodobny (Gioia et al. 2015).
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2. HYPOTEZA A CILE PRACE

Ptedpoklada se, Ze tonzilarni tkan hraje tstiedni roli v patogenezi PFAPA syndromu,
protoze u vétSiny pacienti dojde po tonzilektomii k remisi onemocnéni (Krol et al.
2013; Peridis et al. 2010b; Garavello et al. 2011; Renko et al. 2007; Licameli et al.
2008). Vyssi vnimavost imunitniho systému tonzildrni tkédné k nespecifickému
antigenu pravdépodobné vede k zanétu v oblasti orofaryngu spojeného se systémovou
odpovédi organizmu, pfiemzZ neni jasny podil sloZzek vrozené a ziskané imunity
vtomto procesu. Pfi¢inou by mohla byt alterace v sekreci cytokini spojena
s neadekvatné zmnoZenou subpopulaci B- nebo T- lymfocyti deregulujici imunitni
mikrosystém tonzilarni tkdné. Pfedpokladdme, ze tento mechanizmus patologické
imunologické odpovédi je Castecné ovlivnény i ,,vyzralosti® imunity, protoze vétSina
pacientd se v pribéhu Skolniho véku dostane do trvalé remise onemocnéni (Stojanov

etal. 2011).

Hlavnim cilem prace je charakterizovat patofyziologické mechanizmy v krvi a

tonzilarni tkdni u pacientll s PFAPA syndromem.
Cilem prace je pribliZit se odpovédi na tyto otazky:

1) Jsou rozdily v zanétlivych parametrech a v cytokinovém profilu u déti s PFAPA

syndromem v horecce a mezidobi a jaky to ma vyznam v klinické praxi?
2) Dokézeme podle téchto parametrti urcit aktivitu onemocnéni?
3) Mohou tyto parametry slouzit k predikci chronického zanétu s dalSimi nasledky?

4) Jaky je profil bilé krevni fady u téchto pacienti v krvi a tonzilarni tkéni a jakou

hraje roli u tohoto onemocnéni?

5) Které cytokiny jsou patologicky zvysSené/snizené v krvi a tonzilarni tkani a jakym

zpusobem pftispivaji k lokdlnimu a celkovému zanétu u déti s PFAPA syndromem?

6) Jsou opakované zanéty tonzil v atakach horecek spojené s pifitomnosti infekéniho

agens?

7) Jaky je efekt tonzilektomie jako potencidlni 1é¢ebné metody u pacientii s PFAPA

syndromem?
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Ocekavanym pifinosem a moznym praktickym dopadem projektu je charakteristika
novych biomarkeri pro diagnostiku PFAPA syndromu a stanoveni cileného

terapeutického postupu zaméteného na 1écbu nemoci.
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3. MATERIAL A METODIKA

Prace byla rozdélena na 3 Casti:
3.1 Klinicka a epidemiologicka cast
3.2 Laboratorni vySetieni pacientti s PFAPA syndromem na konzervativni terapii
3.3 Laboratorni vySetieni pacientii s PFAPA syndromem po tonzilektomii

3.1 Klinicka a epidemiologicka ¢ast
3.1.1 Pacienti

Do studie byli zahrnuti pacienti se suspektnim syndromem periodické horecky, kteti
byli v obdobi let 2004-2011 opakované vySetfeni v ambulanci pro periodické
horecky, kterd je soucasti revmatologické ambulance na Klinice détského a
dorostového I¢karstvi VFN a 1. LF UK. Studie byla rozdélend na retrospektivni ¢ast,
ve které jsme sbirali data u pacienti s PFAPA syndromem sledovanych v letech 2004-
2007. Data jsme ziskali z ambulantnich zprav pacientti, ktefi byli dlouhodobé
sledovani v nas$i ambulanci. V retrospektivni casti byla kritériem anamnéza
opakovanych hore¢natych epizod v prabéhu predchozich 6 meésici s vyloucenim
infek¢ni etiologie, s pfitomnosti dalSich symptomi podle modifikovanych
diagnostickych kritérii (Tabulka 1). Rodi¢e pacientl, respektive pacienti, u kterych
jsme chtéli sledovat data retrospektivné, podepsali informovany souhlas pii jedné
z nasledujicich rutinnich kontrol na nasi ambulanci. Prospektivni data byla ziskana
v letech 2008-2011. V prospektivni ¢asti studie byly jednim z kritérii pro diagnozu
PFAPA syndromu alespoii 3 horecnaté epizody v pribéhu predchozich 6 mésict.
Klinické diagn6za PFAPA syndromu a informovany souhlas byly hlavnimi vstupnimi
kritérii. Studie byla schvalend Etickou komisi VSeobecné Fakultni Nemocnice v

Praze.

3.1.2 Diagnosticky algoritmus

Hlavni slozkou diagn6zy PFAPA syndromu byla osobni a rodinnd anamnéza, kterd
byla soucasti vytvoifeného dotazniku (Ptiloha 1), ktery dostavali rodi¢e pted nebo pfi
prvni navstéveé v ambulanci. Dotaznik byl urcen k vyplnéni rodicim ve spolupraci

s praktickym I¢katem pro déti a dorost (PLDD). Pfi prvni névstévé pacienta s rodici
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byl dotaznik, spolecné s klinickym vySetfenim, a doplnénim dalS§i anamnézy
aplikovan na jiz existujici upravend diagnosticka kritéria pro PFAPA syndrom

(Tabulka 1) (Thomas et al. 1999; Hofer et al. 2014; Dang et al. 2011).

V ramci prvni navstévy byl navrzen dalsi vySetfovaci postup na zéklad¢ piedchozich
vySetieni ditéte. Nedilnou soucasti vySetfovaciho postupu byly zakladni akutni
zanétlivé parametry (FW, CRP, SAA), které byly vySetieny alesponn jednou
v horecnaté epizodé¢ a v mezidobi horecek. Laboratorni skrinink zakladnich
imunodeficienci a systémovych chorob zahrnoval vySetieni krevniho obrazu vcetné
manualniho rozpoctu, sérové imunoglobuliny, protilatky proti vakcina¢nim antigentim
a autoprotilatky (antinukledrni a skrinink celiakie). Anti-streptolyzin O a protilatky
proti herpetickym virim byly soucasti serologického vySetfeni. Koncentrace sérovych
imunoglobulini IgD a IgA a vySetfeni kyseliny mevalonové ve sbéru moci v prvnich

dnech hore¢naté epizody slouZily jako skrinink MAPS.

V pfipadé nutnosti byla pouzita i dal$i laboratorni a paraklinickd vySetieni
k vylouceni dalSich onemocnéni. U déti s podezienim na monogenni periodické
horecky byla indikovdna DNA analyza. V ramci vyzkumné c¢asti bylo u déti, u
kterych rodice pisemné potvrdili souhlas s odbérem krve navic, provedeno i vySetieni
cytokinového profilu z periferni krve v horeCnaté atace a mezidobi horecek pfi
prileZitosti standardnich odbéri (viz Kapitola 3.2). Po analyze klinickych a

laboratornich parametrii byla stanovena diagnéza PFAPA syndromu.

3.1.3 Definice klinického obrazu

PFAPA syndrom byl hodnocen jako aktivni onemocnéni, pokud m¢l pacient typické
rekurentni horecnaté epizody kazdych 2-6 tydnl po dobu minimélé 6 mésicti. Plna
remise byla definovana jako miniméaln€ 12-ti mési¢ni interval bez typickych
hore¢natych epizod. Spontanni remise byla charakterizovdna odeznénim typickych
hore¢natych epizod a dalSich pfiznaki bez lé€by, s vyjimkou antipyretik a
nesteroidnich antirevmatik, a to minimalné 6 po sob¢ nésledujicich hore¢natych atak
pfed dosahnutim remise. Dalsi typy remise zahrnovaly remisi po kortikoterapii a po

tonzilektomii (Krol et al. 2013).
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3.1.4 Terapeutické algoritmy

V okamziku diagnézy byly rodi€lim pacientll navrZeny nasledujici moZnosti terapie

(Krol et al. 2013):

1) ,sledovat a cekat (tzv. ,,watch-and-wait*) piistup: bez specifické terapie,
doporucena byla jen antipyretika (paracetamol) nebo NSAID (obvykle
ibuprofen) v prubéhu hore¢natych epizod. Bylo doporuceno vyhnout se

antibiotické terapii, pokud nebyla indikace

2) prednison v jednordzové davce 1mg/kg nebo jeho ekvivalent do 24 hodin od

nastupu typické horec¢naté epizody
3) dalsi konzervativni terapeutické moZnosti (cimetidin, kolchicin)
4) tonzilektomie

3.1.5 Sledovani pacienti

Pacienti na konzervativni terapii 1 pacienti po tonzilektomii byli prospektivné

sledovani v pravidelnych intervalech kazdych 3-6 mésicu.

3.2 Laboratorni vySetieni pacientii s PFAPA syndromem na konzervativni
terapii

V prospektivni Casti studie byly odbéry krve u pacienti na konzervativni terapii
provadény dvakrat: v prabéhu typické horecnaté epizody a v mezidobi horecek.
Odbér krve v horecnaté epizodé byl proveden do 48 hodin od nastupu horecek (=
38.5°C) a pted podanim kortikoidi. Odbér krve v mezidobi horecek byl proveden
nejméné 14 dni po odeznéni posledni horecky. VySetfeni moci na mevalonat a jeho
metabolity bylo provedeno ze sbéru moci za 12-24 hodin v pribéhu prvniho dne

typické horecnaté epizody.

o 7

3.2.1 Standardni zanétlivé parametry

Odbér zanétlivych parametrti byl provadén v ramci odbérii v hore¢naté epizodé a v
mezidobi. Na vySetieni téchto parametric (FW, krevni obraz vcetné manuélniho

rozpoctu, CRP a SAA) byly pouzity rutinni biochemické metody.
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3.2.2 VySeti‘eni mevalonaturie

Mevalonaturie byla kvantifikovana pouzitim kapilarni plynové
chromatografie/hmotnostni spektrometrie, kterd je bézné¢ pouzivanou metodou pro
stanoveni organickych kyselin v moéi. Byla vysetfena v laboratofi Ustavu dédi¢nych
metabolickych poruch VFN v Praze. Cut-off hodnota pro mevalonolakton je 0.01 a

pro pomér mevalonat/kreatinin 0.001 mg/g.

3.2.3 VySeti‘eni sérovych hladin cytokinu

Pro vySetfeni sérovych hladin vybranych cytokini byl u pacienti odebran vzorek krve
navic v ramci standardnich odbéri v horecnaté episodé¢ a v mezidobi horecek.
Centrifugaci ziskané sérum bylo oznaeno a zamrazeno pii teplote -80°C.
Rozmrazené vzorky byly nasledné€ pouzity k méfeni hladiny cytokinli pomoci metody
Cytometry Bead Array (CBA, FlowCytomix, eBioscience) (Castillo a MacCallum
2012; Grelier et al. 2013).

Tato multiplexova “kulickovd” imunoesej umoziuje méteni az 20 proteini v 25 ul
vzorku séra soucasné. Princip eseje je zalozen na piitomnosti jednotlivych seth
kulicek (specific beads) potazenych specifickou protilatkou proti danému cytokinu.
Pro leps$i rozpoznani jednotlivych cytokini byly vytvoieny skupiny kulicek o dvou
velikostech, a to skupina kuli¢ek A a B (4 a 5 um). V té€chto skupinéch se jednotlivé
sety kuli¢ek mezi sebou rozlisuji riznou délkou intenzity fluorescence. Kombinace
dvou skupin kulicek a rizné intenzity fluorescence umoznuje méteni az 20 proteint
najednou v jednom fluorescencnim kanalu (FL3/FL4 ev. FL8). Po navazani kulicky se
specifickou protilatkou na cilovy protein (inkubace 2 hodiny) se pfiddva biotin s
konjugovanou protiladtkou, kterd se navaze na protein. Po 1-hodinové inkubaci se
pridava streptavidin—PE, ktery se navaze na biotin a je detekovatelny v kanalu FL2,

coz umoznuje kvantifikovat analyt.

Mgéfeni analyti prob&hlo na pritokovém cytometru (Cyan, Revmatologicky Ustav,

Praha).

Bvly vySetireny nasledujici cytokiny:

1) prozanétlive: 1L-6, IL-1p, TNF-a, IFN-y

2) protizanétlivé: 1L-12, 1L-10, IL-4
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3) dalsi: 1L-2 a cytokinovy receptor TNFR1

3.3 Laboratorni vySetieni pacientii s PFAPA syndromem po tonzilektomii

V prospektivni Casti studie byli pacienti, kteti podstoupili tonzilektomii, zatazeni do
samostatné skupiny, u které byla se souhlasem rodicl vySetfena tonzilarni tkan a krev

odebrana pii vykonu.

3.3.1 VySeti‘eni profilu bilé krevni Fady pomoci pritokové cytometrie

Z casti odebrané tkané obou tonzil a zperiferni krve byly izolovany periferni
mononuklearni buiiky pomoci Ficoll-Paque (Pharmacia, Uppsala, Svédsko)
centrifugace. Analyza pritokovou cytometrii byla provedena na cytometru BD Facs
LSR II (BD Bioscience, San Jose, CA, USA). U vSech vzorki byl vySetien profil bilé
krevni fady pomoci néasledujicich panelt (Vlkova et al. 2010; Dytrych a et al. 2015):

a) T-bunécny panel: celkem 9 znakt (CD3, CD4, CD8, CD27, CD28, CD45RA,
CD38, CD57, CD279)

b) U jednotlivych podtypi T Ilymfocyti jsme dale méfili expresi PD-1
(programmed cell death protein 1, CD279), coz je povrchovy receptor
exprimovany na povrchu T lymfocyth a pro-B lymfocyta. Jednd se o imunitni
checkpoint, ktery hraje vyznamnou ulohu v regulaci imunitni odpovédi. PD-1
vede k apoptdze antigen-specifickych T-lymfocyti v lymfatickych uzlinach a
zdroven snizuje apoptézu regulatornich T-lymfocyti (supresorové T-

lymfocyty).

¢) B-bunétny panel: 8 znak (CD19, CD27, IgM, CD24, IgD, CD20, CD21,
CD38).

Pomoci standardni kombinace monoklonalnich protilatek, kterd je vySetfena u vSech
vzorkl ptichazejicich do laboratofe pratokové cytometrie, jsme ziskali 1 orientacni
prehled o stavu monocytarni linie. Cast ztéchto vzork byla dale stimulovana
monoklondlni protilatkou anti-CD3 a lipopolysacharidem. Supernatanty téchto

stimulovanych vzorkl byly zamrazeny k analyze cytokinového spektra.

Data ziskand pomoci priitokové cytometrie byla analyzovana pomoci software FlowJo

(TreeStar, Ashland, OR, USA).
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Levé a pravé tonzily byli analyzovany samostatné.

3.3.2 VySetieni solubilnich cytokinid v tonzilarnich supernatantech a supernatantech
z periferni krve

Po stimulaci anti-CD3 monoklonalni protilatkou byly supernatanty zamrazeny az do
nasledného méfeni cytokinli pomoci metody CBA. Solubilni cytokiny byly méteny
v tonzilarnich supernatantech (nestimulované vs. stimulované) a supernatantech
z periferni krve (nestimulované vs. stimulované). Spektrum cytokini zahrnovalo
12, IL-10, IL-4, dale IL-2 a cytokinovy receptor TNFR1. Tyto proteiny byly méfeny

pomoci stejné metody jako cytokiny v sérech, a to CBA.

3.3.3 Histologické vySetieni tonzil

Po kazdé tonzilektomii byla cast tonzilarni tkdn€¢ odeslana k rutinnimu
histologickému vysetieni (barveni hematoxylinem a eozinem) do Ustavu patologie a

molekularni mediciny 2.LF UK a FN Motol.

3.3.4 Mikrobiologické vySetieni tonzil

Cést tonzilarni tkan€ po dikladném rozmélnéni byla vySetfena rutinnim

mikrobiologickym vySetfenim k prikazu bézné kultivovatelnych bakterii.

3.3.5 VySeti‘eni DNA vybranych bakterii a vira

Cast tonzilarni tkané byla zamraZena k pozdgjsimu vysetieni DNA vybranych bakterii
vcéetné obtizn¢ kultivovatelnych (Streptococcus, Lactobacillus, Enterococcus,
Bacteroides, Prevotella, Porphyromonas, Candida sp., Saccharomyces cerevisiae,
Haemophillus influenzae) pomoci metody PCR-DGGE (Denaturing gradient gel
electrophoresis — sekvenace DNA fragment bakterii, skupiny bakterii testované
specifickym PCR primerem, posléze kvantifikace bakterii pomoci RT-PCR a FISH)
(Fischer a Lerman 1983; Larsen et al. 1993; Muyzer et al. 1993) a vira (EBV, CMV,
HHV-6 a Adenoviry) pomoci PCR (Kimura et al. 1999; Tanaka et al. 2000;
Gautheret-Dejean et al. 2002; Claas et al. 2005). Virové naloZe byly normalizovany
ke kvantifikovanému albuminovému genu (Pongers-Willemse et al. 1998) jak bylo

popsano diive (Hubacek et al. 2009).
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3.4 Kontrolni skupiny

Veskeré vysledky u pacienti s PFAPA syndromem byly pomoci standardnich

statistickych metod korelovany s vysledky kontrolni skupiny.

V projektu byly celkem 3 kontrolni skupiny:

1)

2)

3)

Kontrolni skupina (age- a sex-matched) pacientii s febriliemi s jasné
prokazanou bakteridlni infekci (napf. pneumonie, sinusitida, otitida,
pyelonefritida, streptokokova angina) kporovnani sdétmi sPFAPA

syndromem na konzervativni terapii.

Kontrolni skupina (age- a sex-matched) pacientii s hypertrofii tonzil (syndrom
obstruktivni spankové apnoe, OSAS) pro pacienty s PFAPA syndromem

indikovanych k tonzilektomii.

Kontrolni skupina (age- a sex-matched) pacientl s chronickou streptokokovou

tonzilitidou pro pacienty s PFAPA syndromem indikované k tonzilektomii.

3.5 Statisticka analyza

Deskriptivni  statistika pro charakteristiku populace byla vyjadiena medianem

(rozmezi). Neparametricky Mann-Whitney test byl pouZit k porovnani mezi pacienty

a kontrolami, pro parové méteni byl pouzity Wilcoxon test. P-hodnoty < 0.05 byly

povazovany za statisticky signifikantni.
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4. VYSLEDKY
4.1 Klinicka a epidemiologicka ¢ast
4.1.1 Pacienti se syndromem periodické horecky

Identifikovali jsme celkem 176 déti se syndromem periodické horecky (Obrazek 1).
TticetSest pacientti (21%) mélo piiznaky suspektni z monogenniho typu periodické

horecky.
Typické ptiznaky pro jednotlivé typy monogennich horecek:

a) MAPS — nastup horecek pied 1. rokem Zivota, horecnaté reakce po ockovanich

a/nebo infekcich, zvysSené sérové hladiny IgD a/nebo IgA a mevalonatu v moci
b) TRAPS — protrahovana horecka (> 1 tyden) a ocni symptomy
¢) CAPS — nastup v novorozeneckém véku a vyrazka

d) FMF — kratké horecnaté ataky (1-2 dny) s bolesti na hrudi nebo biicha a/nebo

akutni artritida.

U vSech 36 pacientl byla provedena geneticka analyza, ktera byla pozitivni u 11 déti,
a to v MVK genu u 6 pacientli, v TNFR genu u 3 pacientd, u NLRP3ul a MEFV u 1
pacienta. VSichni pacienti s MKD mutaci méli zvySenou mevalonaturii a vyssi
koncentrace IgD a IgA v séru. Pacienti s diagnézou TRAPS m¢éli periorbitalni edém
spojeny s horeCnatou atakou ve vSech tifech pripadech. U zbylych 25 pacienti nebyly
nalezeny znamé mutace. U 8 pacientl s klinickou charakteristikou PFAPA syndromu
byla zaznamenana sniZené koncentrace sérového IgA, tudiZ moznost infekéni pficiny
nemohla byt vylou€ena. U dalSich 7 pacientl detailni analyza jejich osobni anamnézy

MV

Vsech 36+8+7 pacientli bylo vylouceno z dalsi analyzy.
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Obrazek 1. Distribuce pacienti se syndromem periodické horecky v nasi kohorté: n (%):

1) pacienti s potvrzenou mutaci pro monogenni syndrom periodické horecky (MAPS, TRAPS, FMF a
CINCA) — 11 (6%)

2) pacienti s negativnim vysledkem v DNA analyze pro znamé mutace ve skupiné monogennich
periodickych horecek — 25 (14%)

3) pacienti se snizenou hladinou IgA v séru a moznym podilem infekénich pfi¢in v nékterych
epizodach horecek — 8 (5%)

4) pacienti s rekurentnimi infekcemi — 7 (4%)

5) pacienti s PFAPA syndromem — 125 (71%)

4.1.2 Klinicka charakteristika déti s PFAPA syndromem

Vsechny déti s diagnostikovanym PFAPA syndromem (n=125; 63 chlapci) jsou
kavkazské populace ceského ptivodu. 59/125 pacientl (47%) mélo pozitivni rodinnou
anamnézou recidivujicich hore¢natych atak a/nebo tonzilitidy v predskolnim véku.
Nejveétsi cast této skupiny tvofil hlavné jeden z rodici (49/59), u zbyvajicich 10
pacientti m¢l pozitivni rodinnou anamnézu sourozenec nebo jeden z prarodicu. U 11
rodi¢t byla provedena tonzilektomie v détstvi, ktera vedla ke kompletnimu odeznéni

symptomu, 38 rodict uvedlo spontanni remisi symptomu v priubéhu détstvi.

U 31 pacienti byla diagnéza stanovena na zakladé¢ retrospektivniho sbirani dat, 94
déti bylo zatazeno prospektivné. Z prospektivni €asti kohorty bylo 70% pacientl
nejméné jedenkrat v obdobi horecnaté ataky a v mezidobi na klinické kontrole v nasi
ambulanci. Ostatni pacienti byli na kontrole v mezidobi a pfinesli s sebou vysledky

klinického a laboratorniho vySetfeni v hore¢naté atace od svého praktického 1€kare.
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Klinické nalezy a ptiznaky byly systematicky zaznamenavany do databaze v pribéhu
dalSich navstév a to spolecné s vyvojovymi daty jako dilezita monitorace zdravotniho
stavu pacienta v mezidobi. Frekvence navstév byla vzdy urcena podle délky a
intenzity horec¢natych atak. Bézné kontroly pacientii v prvnim roce sledovani byly v
pruméru po 3 — 6 mésicich a poté v prodluzujicich se intervalech 6 — 12 mésict az do

odeznéni nemoci podle kriterii pro plnou remisi.

Median véku prvni manifestace onemocnéni byl 23 mésicii s medianem intervalu

mezi atakami 4 tydny a trvanim horec¢naté ataky 3.5 dne (Tabulka 2).

Pravidelnost hore¢natych atak jsme zaznamenali u cca 58% pacientd. Median véku
diagnézy byl 27 mésicl (rozmezi 18 — 58), interval mezi nastupem onemocnéni a

diagnézou byl v rozmezi 6 az 64 mésict (median 20).

Median Rozmezi
Vék prvni manifestace (mésice) 23 6—60
Trvani horecek (dny) 3,5 3-6
Mezidobi (tydny) 4 2-6
Maximalni horecka (°C) 39,5 38.5 —41
CRP (mg/l) 73 10 -359
FW (mm/h) 35 7-95
Leukocytéza (x10°/L) 13 3.8-24

Tabulka 2 Klinické a laboratorni charakteristiky u 125 pacientii s PFAPA syndromem

Distribuce hlavnich klinickych ptiznakl a jejich frekvence v kohorté je ukézéna v

Obrazku 2a.

Faryngitida byla téméf uniformné zastoupena a byla prakticky pfitomna ve vSech
typickych epizodach. U vétSiny ptipada byly ndlezy v krku popsany jako “exudativni”
tonzilofaryngitida. Kréni lymfadenopatie popisovana jako zvétSeni hornich pfednich
krénich lymfatickych uzlin > lem v priméru a/nebo signifikantni zvétSeni oproti
pfedchozimu vySetfeni byla druhym castym ptiznakem (Obrdzek 2a). U menSiho

poctu pacientl (9%), u kterych jsme faryngitidu nepozorovali, byla pfitomna kréni
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lymfadenopatie nebo aftozni stomatitida nebo kombinace obou téchto pifiznakl s

dalSimi pfiznaky jako napf. zmény nélady, inava nebo sniZzena chut’ k jidlu.

Ptitomnost dalSich vedlejSich ptiznaki je zndzornénd v Obrazku 2b. V mezidobi méli
vSichni pacienti normalni klinicky nalez véetné fyziologického vzhledu tonzil bez
znamek chronické tonzilitidy. V pribchu sledovani naSich pacientl byl zaznamenan

normalni vyvoj a rtist déti.

Vétsina rodict byla schopna jasné rozliSovat epizody PFAPA syndromu od béZznych
respiracnich infekt. Hlavnimi rozliSovacimi znaky pro ostatni pfi¢iny horecnatych
epizod byla nizsi teplota nez u PFAPA syndromu, pfitomnost rymy a kasle, podobné
respiracni ptiznaky u jinych Clent rodiny (nejcastéji u sourozence), bolest ucha,

odli$na odpoved’ na terapii v porovnani s “typickou” epizodou.

Kolem 78% rodic¢i uvadélo celkové vyborny stav jejich ditéte v priibéhu horecnatych
epizod u PFAPA syndromu, na rozdil od klasickych ptiznaka respiracniho infektu,

kde bylo dité vice alterované.

Nekteti rodice (34%) uvadéli prodromy, které pravidelné predchazely kazdou
hore¢natou ataku PFAPA syndromu. Patfily k nim zmény nalady, unava, zvySena
salivace, sniZzend chut k jidlu nebo bolesti kloubli. PFAPA epizody mély u
jednotlivych pacientii tendenci k udrzeni jedinecnych klinickych charakteristik v

prubéhu ataky.
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Obrazek 2. Zastoupeni (a) hlavnich a (b) vedlejSich klinickych priznaki u 125 pacientii s PFAPA

syndromem.
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4.1.3 Terapie

U 77 ze 125 pacientl (62%) byl podavan epizodicky prednison v jednordzové davce
0.8 — 1.2 mg/kg vzdy v zacatku typické horecnaté epizody. Z téchto pacientli mélo
ptiznivou odpoveéd’ na 1écbu 72 déti (94%). “Plnd” odpovéd’ byla zaznamenana u 60
(83%) déti, 12 pacienti mélo jen “Castecnou” odpovéd. Druhou davku prednisonu
dostalo zbylych 5 pacientid. Pfiblizné u 10% pacienti 1écenych prednisonem
pozorovali rodi¢e zmény nalady nebo Uinavu trvajici 2-3 dny po podani prednisonu, v
té dob¢ jiz bez horecky a slizni¢nich projevi. Zkracovani mezidobi (na méné nez 2
tydny) po podéani prednisonu se vyskytlo u 11 déti (14%) a vedlo k pferuSeni této
terapie u 3 z nich. U 2 pacientl byla zahajena terapie kolchicinem (0.5 mg/den), ktera
redukovala zavaznost a frekvenci horeCnatych epizod, ale nebyla dosazena remise
onemocnéni. Z 5 déti, které neodpovidaly na prednison, 2 nedosahly plné¢ho ustupu
priznaki a u dalSich 3 déti po pocateCnim tustupu pfiznakl typickych pro PFAPA
syndrom se piiznaky znovu objevily do 1 tydne od podédni prednisonu. V téchto
pfipadech bylo vzdy provedeno dalsi klinické ptehodnoceni stavu k vyloueni mozné

infek¢ni pficiny, které bylo negativni (Tabulka 3).
Zadny z pacientii nedostaval cimetidin.

Rodice 48/125 pacientli (38%) zadali jiny typ léCby. U vétSiny byl zvolen pfistup
“watch — and — wait” s epizodickym podavanim antipyretické terapie, a to na zaklad¢
domluvy rodi¢e s lékafem zaloZzené na mirném pribéhu onemocnéni (kratké
horecnaté epizody trvajici do 3 dnd, mezidobi > 6 tydni). Odpovéd na antipyretika
byla kratkodobd a vyzadujici opakované¢ podavani v prubéhu horeCnatych atak.
Pfirozeny prubéh epizod zlstal nezménény. Rodice 3 pacientii odmitli terapii

prednisonem.

U celkem 18 déti (14%) byla provedena tonzilektomie (median 34 mésict od
diagndzy; rozmezi 5 — 48). U 8 z déti byl celkovy prabéh, trvani a/nebo frekvence
epizod natolik obtizn¢ zvladatelny, Ze vedl k rozhodnuti rodi¢t podstoupit vykon. U 4
pacientil byl operacni zakrok zvoleny z divodu zkracovani mezidobi po podavani
prednisonu. Pét pacientl patfilo k tém, ktefi neodpovidali na terapii prednisonem.

Jedna rodina si vybrala tonzilektomii jako terapii prvni volby.
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U vSech 18 pacientli vedla tonzilektomie k vymizeni ptiznaki ihned po operaci.
Vsech 18 pacientti dosdhlo plné remise podle kriterii. Patnact pacientti (83%) dosahlo
plné remise podle kritérii, 3 pacienti bez ptiznaki byli sledovani méné nez 1 rok po
zakroku. U 2 ptipadl se objevily rekurentni horecky podobné PFAPA syndromu po
12 a 14 mé&sicich od tonzilektomie. Prvni pacient mél celkem 8 horecnatych epizod po
tonzilektomii, které se odliSovaly od epizod pifed tonzilektomii piitomnosti
gastrointestinalnich pfiznakl. Pivodné pacient, ktery neodpovidal pted tonzilektomii
na prednison, mél v obdobi po tonzilektomii uplnou odpovéd’ na prednison. U
druhého pacienta se objevily epizody podobné PFAPA syndromu s nizsi frekvenci
nez pied tonzilektomii, které byly UspéSné zvladnuty antipyretiky a obcasnym
podanim prednisonu. U téchto pacientli bylo pii kontrole v 21. a 10. mésici po zacatku

relapsu zaznamenano prodluzovani afebrilniho mezidobi (5 a 6 mesicit).
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Tabulka 3. Piehled distribuce pacientti podle terapeutického efektu a pribéhu onemocnéni.

Pred (Prednison), Ko (Kolchicin), Jina (Jina terapie), + odpoveéd’ (plna odpoveéd’ na terapii), - odpoveéd
(nekompletni odpovéd —/ zkraceni intervalu mezi horeckami), Pred odm (odmitnuti Prednisonu),
Mirny (Mirnny fenotyp), Caste¢na (Caste¢na odpovéd’), Nekomp (nekompletni odpovéd’- nedosahli
plny ustup pfiznakl), Rekur (zkraceni interval mezi horeckami), PP (remise po Prednisonu), TE
(remise po tonzilektomii), S (Spontanni remise), Sled>1r (Sledovéani vice nez 1 rok), Sled<Ir

(Sledovani mén¢ nez jeden rok).

4.1.4 Dlouhodoby priibéh

Median sledovéani pacienti byl 25 mésict (2 — 60). Median trvani nemoci v Case
posledni nédvstévy byl 8 meésicti (6 — 57). Devadesatctyti déti (75%) bylo u nas

sledovano déle nez 12 mésicu.

Z téchto pacienti 46 déti (49%) dosdhlo plné remise. Remise byla spontdnni u 13
(28%), po prednisonu u 18 (39%) a po tonzilektomii u 15 (33%) pacientl. Median
trvani nemoci do odeznéni pfiznakii PFAPA syndromu byl 17 mésicii (8 — 58) u celé
skupiny déti, kterda dosdhla remisi a signifikantné¢ se neliSila mezi jednotlivymi
skupinami pacientd s remisi. Klinické charakteristiky pacientii se spontanni remisi se

J 4

neliSily od zbylé ¢asti kohorty.
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Zbylych 48 pacient mélo nadale vice nez rok trvajici rekurentni epizody PFAPA
syndromu. Jejich medidn trvani nemoci byl 45 mésici (18 — 72) od zacatku
onemocnéni do posledni kontroly. V pribéhu sledovani se u zddné¢ho z pacientt

neobjevilo jiné onemocnéni, které by vysvétlovalo jejich ptiznaky.

4.2 Laboratorni vySetieni pacientii s PFAPA syndromem na konzervativni
terapii

rrrrr

Vsech 125 pacientil s PFAPA syndromem mélo v pribéhu typické horecnaté epizody
zvysené nespecifické zanétlivé parametry (FW, CRP, leukocytoza), u kterych doslo v
¢ase k normalizaci. Obrazky 3A,B,C,D ukazuji jejich pokles k norméalnim hodnotadm v
mezidobi horecek u vSech pacientti. Tyto zanétlivé parametry byly porovnany s
kontrolni skupinou déti s febrilnim infektem a nebyl nalezen signifikantni rozdil mezi
pacienty s PFAPA syndromem v hore¢naté epizod¢ a kontrolnimi pacienty s febrilnim
infektem v zadném z vybranych zanétlivych parametrii. Obrazek 3D ukazuje pokles
SAA u 35 pacient, u nichz jsme prospektivné vysetfili parové vzorky krve v

horec¢naté atace a v mezidobi horecek.
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Obrazek 3: Zanétlivé parametry u 125 pacienti s PFAPA syndromem v hore¢naté epizodé a v
mezidobi porovnané s febrilnimi kontrolami. A) FW u pacienti s PFAPA v atace horecky a v
mezidobi a kontrolni skupiny. B) CRP u pacientli s PFAPA v atace horecky a v mezidobi a kontrolni
skupiny. C) absolutni pocet leukocytli u pacienti s PFAPA v atace horecky a v mezidobi a kontrolni
skupiny. D) SAA u pacientd s PFAPA v atace horecky a v mezidobi a kontrolni skupiny.

4.2.2 VySetieni mevalonaturie

Profil organickych kyselin v€etné mevalondtu a mevalonolaktonu byl u vSech

pacientid s PFAPA syndromem ve fyziologickém rozmezi.

4.2.3 VySetieni sérovych hladin cytokina

Sérové hladiny vybranych cytokinti byly zméfeny u 67 pacientil, z toho u 23 pacientii
parové v horecnaté epizod¢ a v mezidobi horeCek. Tyto parametry byly také
sledovany u 27 febrilnich kontrol. Ve vySetfovanych cytokinech jsme nasli
signifikantni rozdily mezi koncentraci IFN-y u pacientdl s PFAPA syndromem v
horecce a u febrilnich kontrol (p=0.0243), se signifikantnim poklesem hladiny IFN-y
v mezidobi (p=0.0002) (Obrazek 4A). Hladina cytokinu IL-1p byla vyznamné vyssi u
pacienti v horecnaté epizodé¢ v porovnani s febrilnimi kontrolami (p=0.0007)
(Obrazek 4B). V mezidobi horecek u pacienti s PFAPA vSak nedoslo k

signifikantnimu poklesu hladin IL-1p, a to 1 pfes to, Ze doSlo k normalizaci zakladnich
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zanétlivych parametri. Hladiny IL-6 se neliSily v hore¢naté epizodé u pacientii s
PFAPA a febrilnich kontrol, ale zaznamenali jsme signifikantni pokles IL-6 k
nulovym nebo témét nulovym hodnotdm v mezidobi horecek u PFAPA pacientl
(p<0.0001) (Obrazek 4C). U ostatnich méfenych cytokinli nebyly zjistény vyznamné

rozdily v porovnavanych sérech.
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Obrazek 4 Sérové hladiny cytokini u celkového poctu 67 pacienti s PFAPA v atace horecky,
mezidobi a febrilnich kontrol. A) IFN-y, B) IL-1p a C) IL-6.

Pii korelaci standardnich zanétlivych parametri (FW, CRP a absolutni pocet
leukocytil) se sérovymi hladinami cytokini nebyla nalezena signifikantni korelace u
pacientd s PFAPA (Obrazek 5A a 5B). U febrilnich kontrol jsme nalezli signifikantni
korelaci mezi IL-6 a leukocytozou (Obrazek 5C), respektive CRP (Obrazek 5D).
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Obrazek 5 Korelace mezi standartnimi zanétlivymi parametry (CRP a WBC) a IL-6 u pacientii s
PFAPA a febrilnich kontrol. Grafy A a B ukazuji nesignifikantni korelace mezi IL-6 a CRP/WBC u
PFAPA pacientll (n=23). Grafy C a D ukazuji signifikantni korelaci mezi IL-6 a CRP/WBC febrilnich

kontrol.

4.3 Laboratorni vySetieni pacientii s PFAPA syndromem po tonzilektomii
4.3.1 Imunofenotypizace lymfocytu z periferni krve a tonzil

M¢éieni pomoci pritokové cytometrie bylo provedeno u 10 pacientd s PFAPA
syndromem a u 10 kontrol (déti se syndromem obstruktivni spankové apnoe, OSAS).
U vsSech pacientit byl k dispozici parovy vzorek periferni krve a tonzilarni tkané.
Vysledky z levych a pravych tonzil v ramci jednoho pacienta/kontroly se vzajemné

nelisily.
4.3.1.1 T lymfocytarni subpopulace

Méfeni ukazalo signifikantni rozdil v zastoupeni CD3"* T lymfocytl v periferni krvi
PFAPA pacientli (median 66% u PFAPA vs 56% u kontrol, p=0.01, Obrazek 6A).
Tento trend byl pfitomny 1 u bunék z tonzil, ale nedosahl statistického vyznamu

(median 36% u PFAPA vs 31% u kontrol, p=0.08, Obrazek 6A).

Tonzily PFAPA pacientt se liSily od kontrol v proporci hlavnich T lymfocytarnich
subpopulaci (Obrazek 6B). PFAPA tonzily obsahovaly vice CD8" cytotoxickych T
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lymfocyti (medidn 6% vSech lymfocytli u PFAPA; 3% u kontrol; p=0.007). Pomér
CD4/CD8 byl signifikantné nizsi u PFAPA pacienti (median 4.7 u PFAPA; median
7.2 u kontrol; p=0.02).

Proporce CD4/CD8-dvojité negativnich CD3"¢" bunsk, které odpovidaji zejména
gamma/delta T lymfocytlim, byla mirn¢ zvySena u PFAPA tonzil (rozmezi 0.6-2.1%,
median 1.2% CD3"* bunék u PFAPA vs 0.3-1.5%, median 0.56% u kontrol, p=0.01).

Naivni CD45RAP*CD277* CD4* T lymfocyty byly signifikané zvyseny u PFAPA
tonzil (median 6% vSech lymfocytii u PFAPA; medidn 4% u kontrol; p=0.01, Obrazek
6B). U pamétovych CD45RA™® CD4** T lymfocytid jsme nenalezli signifikantni

rozdil u pacienti s PEFAPA proti kontrolam.

Procento naivnich CD8"° CD45RAP*CD27"* buné&k bylo signifikantné zvy$ené u
PFAPA tonzil (median 4% vSech lymfocyti u PFAPA; median 2% u kontrol;
p=0.005, Obrazek 6C).
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Obrazek 6. Subpopulace lymfocyti u PFAPA pacienti a kontrol v tonzilaich a periferni krvi.
Procentualni zastoupeni jednotlivych podtypt ze vSech lymfocytl je ukazano ve vSech grafech. Grafy

ukazuji CD19pos B lymfocyty a CD3pos T lymfocyty (A), CD4” hepery a CD8P* cytotoxické T
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lymfocyty (B), naivni helper CD4**CD45RAP®CD27"® T lymfocyty a naivni cytotoxické
CD8"CD45RAP*CD27°* T lymfocyty (C).

M¢fteni ukéazalo heterogenni expresi PD-1 (programmed death 1 protein) molekuly na
CD4™ T lymfocytech (Obrazek 7A). Exprese PD-1 byla nejvyssi (PD-1"¢") u
pamé&tovych CD45RA™E CD4™™ T lymfocytil. Procento CD4P* PD-1"" CD45RA™®
bunck bylo signifikantné niz§i u PFAPA tonzil nez u kontrol (medidn 6% vSech

lymfocyth u PFAPA vs median 10% u kontrol; p=0.002, Obrazek 7B).

A kontrolni tonzila PFAPA tonzila
CD4+ CD4+ |

5
10° 4 Ra: PD-1 neg RA+ PD-1pos 10" 4pA+ PD-1 neg RA+ PD-1pos
17.1 7 1
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3

3,

0 4501 ne m¥EPD-1 high
0 102 10° 10* 10°
PD-1 APC PD-1 APC
B CD4r*PD-1M8" (tonzily) C  cD197**switched memory (tonzily)
K T ‘
p=0.001 2 | p=0.01
w
—_— 3 1
1 — 84 ~
. N —
o .
kontroly  PFAPA kontroly  PFAPA

Obrazek 7. Exprese PD1 u PFAPA pacient vs kontrol v tonzilach. (A) Vyhodnoceni vysledkd
pritokové cytometrie u CD4"* bun&k v tonzildch pacientli s PFAPA a kontrol. (B) Procentudlni
zastoupeni CD4P*PD1™" T lymfocytii z celkového poétu lymfocyti. (C) Procentudlni zastoupeni
switched pamétovych B lymfocytd z celkového poc¢tu lymfocytd.

Vsechny pozorované rozdily v T-lymfocytarnich subpopulacich mezi PFAPA a
kontrolami byly detekovatelné pouze v tonzilach. Vzorky periferni krve odebrané v

den tonzilektomie neukdzaly z4dné signifikantni rozdiy v T-lymfocytarnich
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subpopulacich. Absolutni pocty T lymfocytl v periferni krvi byly u kontrol podobné
jako u PFAPA pacient.

Protoze jsme chtéli zjistit, zda existuji T-lymfocytarni subpopulace, které definuji
“PFAPA fenotyp”, vytvorili jsme nesupervidovany klasifikaéni strom, ktery byl
zaloZzen na informacich o vSech zmétenych T-lymfocytarnich subpopulaci v krvi a
tonzilach. NejlepsSim prediktorem “PFAPA fenotypu” bylo procentudlni zastoupeni
CD4posPD-1high bun¢k ze vSech lymfocyth v kombinaci s procentualnim
zastoupenim CD8pos bunck ze vSech lymfocytli v tonzilach. Tento prediktor byl
otestovdn nasledujicim algoritmem: CD4posPD-lhigh T bunky z tonzilarnich
lymfocyti<9.25% a CD8pos T buiiky z tonzilarnich lymfocyti >3.46% (Obrazek 8),
ktery spravné zatradil vSechny pacienty s PFAPA/kontroly s vyjimkou jednoho

pacienta v nasi limitované kohort¢.
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Obrazek 8. Klasifikaéni strom zaloZeny na informaci ze vSech zmérenych T-lymfocytirnich

subpopulaci.

4.3.1.2 B lymfocytarni subpopulace

Procentudlni zastoupeni CD19° B lymfocyti bylo niz8i v tonzildch pacientld s
PFAPA nez u kontrol (median 54.4% u PFAPA vs. 69.9% u kontrol, p=0.02, Obrazek
6A). Procentualni zastoupeni CDI197*CD27"¢CD24""CD38"¢" transitional B

- 46 -



lymfocytl bylo signifikantné vy$si v PFAPA tonzilach, ackoliv jejich pocty u obou
skupin (PFAPA a kontroly) byly extrémné nizké (median 0.5% z CD19*° bunék u
PFAPA vs. 0.1% u kontrol, p=0.035). Nenalezli jsme rozdil v zastoupeni naivnich
CD27"® B lymfocytl u pacientii s PFAPA a kontrol.

Procentualni zastoupeni plazmatickych bunék (CD19P*CD21™¢CD38"¢"), v tonzilach
u PFAPA pacientli a kontrol se vyznamné neli$ilo (median 1% CDI19** bunék u
PFAPA vs 1.5% u kontrol). Zastoupeni plazmatickych bun¢k v krvi pacienti s
PFAPA bylo signifikané vyssi nez u kontrol (rozmezi 1.4-4.5%, medidn 2.1% u
PFAPA; rozmezi 0.4-1.5%, median 1.2% u kontrol; p=0.002).

Procento switched pamétovych B lymfocytd (CD19**IgM"*®IgD"®) (Obrazek 7C)
mezi CD19 B buiikami bylo signifikantné nizsi u PFAPA tonzil (rozmezi 28-46%,
median 38% mezi CD19°* u PFAPA vs 31-62%, median 55% u kontrol; p=0.03, a
median 22% ze vSech lymfocyti u PFAPA vs 36% u kontrol; p=0.01).

Vsechny sledované rozdily byly limitovany na tonzildrni tkai a nebyly pfitomné v
krvi (s vyjimkou poctu plazmatickych bungk (CD19P*CD21™¢CD38"¢").

4.3.2 VySetieni solubilnich cytokind v tonzilirnich supernatantech a supernatantech
z periferni krve

Me¢feni cytokinli pomoci CBA v nestimulovanych a stimulovanych tonzilarnich
supernatantech a v supernatantech z periferni krve probéhlo u 11 pacientti s PFAPA
syndromem a 10 kontrol (7 déti s chronickou tonzilitidou/3 déti s OSAS). Ve
vySetfovanych cytokinech jsme nasli signifikantni rozdily v hladinach IFN-y v
stimulovanych supernatantech v porovnani s nestimulovanymi supernatanty z
periferni krve u pacient s PFAPA syndromem (p=0.0156) (Obrazek 9). Porovnani
nestimulovanych a stimulovanych supernatanti z tonzilarni tkané neukazalo
signifikantni rozdily u PFAPA pacientl. Nebyly pozorovany rozdily mezi PFAPA a
kontrolnimi tonzilami. Hladiny IL-1p byly signifikantn€ vy$si u stimulovanych
supernatantli z periferni krve v porovnani s nestimulovanymi u PFAPA pacientt
(p=0.0312) a u stimulovanych supernatantii z periferni krve vs nestimulovanych u
kontrolni skupiny (p=0.0311). Hodnoty IL-1B u nestimulovanych a stimulovanych
supernatantll z tonzilarni tkan€ neukézaly signifikantni rozdily. Nestimulované vs
stimulované supernatanty z periferni krve u PFAPA pacientii ukazaly signifikantni

rozdily 1 u hladin IL-6 (p=0.039) a TNF-a (p=0.0156), u kontrolnich skupin u IL-6
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(p=0.078) a TNF-a (p=0.0160). Hodnoty IL-1B a TNF-o u nestimulovanych a

stimulovanych supernatantli z tonzilarni tkdné neukazaly signifikantni rozdily.
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Obrazek 9. Zobrazeni cytokinového profilu u nestimulovanych a anti-CD3 stimulovanych
supernatanti z periferni krve a tonzil. KN — krev nestimulovand, KCD — krev stimulovana anti-
CD3, PTN/LTN — prava tonzila/leva tonzila nestimulovana, PTCD/LTCD — prava tonzila/leva tonzila
stimulovana anti-CD3.

4.3.3 Histologické vyseti‘eni tonzil

U vSech 18 pacientt s PFAPA po tonzilektomii bylo provedeno histologické
vySetfeni, které prokdzalo chronickou tonzilitidu nebo chronickou hypertrofickou
tonzilitidu. Tento nalez se neliSil od kontrolni skupiny. V histologickém nélezu byly

popisovany tonzily s pravidelnym dlazdicovym epitelem na povrchu, které v lakunach

- 48 -



obsahovaly bunécny dedritus. Dale byla tonzilarni tkan tvofena aktivovanou
lymforetikularni tkéni. Luzko/spodina bylo tvofeno fibrotizaci s vldkny pficné
pruhované svaloviny.

4.3.4 Mikrobiologické vySetieni tonzil

Mikrobiologické vySetieni bylo provedeno u vSech 18 pacientii s diagnozou PFAPA
po tonzilektomii. Ve vySetfované ¢asti tonzilarni tkdné rutinnim mikrobiologickym
vySetitenim byl u 2/18 pacientii potvrzen Streptococcus pyogenes, u 3 pacientl
Haemophilus influenzae a u zbylych pacienti (n=13) byl nalez viridujicich
streptokokll. U kontrolni skupiny (n=10) byl bakterialni profil rGznorody (negativni
vytér, Staphylococcus aureus, Neisseria pharyngitis, Streptococcus pyogenes,
viridujici streptokoky, Citrobacter, Pseudomonas aeruginosa).

4.3.5 VySetieni DNA vybranych bakterii a vira

U 9 pacienti s PFAPA syndromem a 8 kontrol (7 pacientl s chronickou tonzilitidou/1
pacient s OSAS syndromem) bylo méfeno DNA vybranych bakterii pomoci metody
DGGE-PCR (Obrazek 10 a 11). U vSech pacienti s PFAPA syndromem a kontrol se
porovnaval profil bakterii ziskany klasickou kultivaci v mikrobiologické laboratoii
s profilem ziskanym pomoci DGGE-PCR. Kultivace tonzil déti s PFAPA syndromem
ukédzala pfitomnost viridujicich streptokokd. DGGE-PCR metoda prokazala
pritomnost Haemophillus influenzae (n=7), viridujicich streptokoki (n=8), Prevotella
sp. (n=2), Fusobacterium nucleatum (n=6), Prevotella melaninogenica/Bacteroidetes/

Bacteroidales (n=5), Prevotella nanceiensis (n=3) (Tabulka 4).
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Obriazek 10. Vysledek vysetieni tonzil pomoci DGGE-PCR. Cervené oznaena skupina pacientd
s PFAPA syndromem, ¢erné¢ kontrolni skupina. Pouzita metoda UPGMA, Nei-Li/Dice koeficient,
bootstrap 1000.
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band identifikace shoda % detekovano u vzorki
A uncultured Staphylococcus, St. Aureus 90 17
13471215181156
B=J=K=L Haemophilus influenzae 91-98 91316
E=F=G Haemophilus influenzae 98 34712
12347121415
c=M itis/ir i ini: 94 568910111316 17
D Prevotella sp. oral taxon 94 23
H Fusobacterium nucleatum 929 12341214

Prevotella melamnogemca / uncultured
Bacteroidetes / uncultured

I Bacteroidales 84 12347
N=U Prevotella nanceiensis 100 17125610
Haemophillus haemolyticus 98 8
Haemaphllus paraphrophilus,
regatibacter aphrophilus
P=Q (Pasteurel!aceae) 100 - 98 8
Haemophllus paraphrophilus,
Aggregatibacter aphrophl/us
R (Pasteurellaceae) 98 - 96 8
Uncultured Pasteurellales bacterium clone
T Haemophilus sp. oral taxon 95 81013

Obrazek 11. Identifikace jednotlivych fragmenti pomoci DGGE.

Kultivace tonzil déti z kontrolni skupiny ukazala ptitomnost Staphylococcus aureus,
Neisseria pharyngitis, Streptococcus pyogenes, viridujici streptokoky, Citrobacter,
Pseudomonas aeruginosa, anaerobni kultivace — Eubacterium sp., Streptoccocus

phneumoniae.

Profil bakterii ziskany pomoci DGGE-PCR u kontrolni skupiny byl nésledujici:
Staphylococcus aureus (n=1), Haemophillus influenzae (n=6), viridujici streptokoky

(n=8), Prevotella nanceiensis (n=3), Haemophillus haemolyticus (n=1), Haemophillus
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paraphrophilus/Aggregatibacter aphrophilus (n=1), Haemophillus
paraphrophilus/Aggregatibacter aphrophilus (n=1), Pasteurellaceae/Haemophillus sp.
(n=3) (Tabulka 4).

Kvantitativni vySetfeni pomoci PCR prokazalo nizké virové ndloZe alespon jednoho
vysetfovaného viru u 7 z 10 PFAPA tonzil a u 7 z 9 kontrolnich tonzil. VySetfeni virta
v tonzilaich PFAPA pacienti a kontrol neukdzalo zadné signifikantni rozdily.

Cytomegalovirus nebyl detekovan v Zzadném vzorku.

P Diagnéza Mikrobiologicka kultivace z tonzil po vykonu
1 PFAPA syndrom
2 PFAPA syndrom
3 PFAPA syndrom
4 PFAPA syndrom
5 PFAPA syndrom viridujici streptokoky
6 PFAPA syndrom
7 PFAPA syndrom
8 PFAPA syndrom
9 PFAPA syndrom
Chronicka
1 tonzilitida Staph.aureus, viridujici streptokoky, Neisseria pharyngitis
Chronicka
2 tonzilitida Strept.pyogenes masivné
Chronicka
3 tonzilitida viridujici streptokoky, citrobacter, pseudomonas aeruginosa, neisserie
Chronicka
4 tonzilitida Strept. Beta hemolyticky skupiny C
Chronicka
5 tonzilitida viridujici streptokoky, neisserie, Pseudomonas aeruginosa
Chronicka Strept.pyogenes, Staph.aureus, anaerobni kultivace - Eubacterium
6 tonzilitida species
Chronicka
7 tonzilitida Strept. Pyogenes
OSAS syndrom
(hypertrofie tonsil,
8 tzv.“chrapaci®) Strept.pneumoniae

Tabulka 4. Soubor vySetif‘enych tonzil u déti s PFAPA syndromem (n=9) a kontrolni skupiny déti
(n=8) pomoci metody DGGE.
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5. DISKUZE
5.1 Klinicka a epidemiologicka data

Zajem o syndromy periodickych horecek stoupnul s rozvojem molekuldrné-genetické
diagnostiky vétSiny z nich. PFAPA syndrom je jedinym syndromem, u kterého je jeho
diagnoza stanovena klinicky, mé& nejasnou etiopatogenezi a nizkou prikaznost
syndromu patii osobni a rodinnd anamnéza a splnéni modifikovanych klinickych
kritérii (Thomas et al. 1999; Feder a Salazar 2010; Hofer et al. 2014; Dang et al.
2011).

Ambulance pro periodické horecky plisobi v rdmci détské revmatologické ambulance
na Klinice détského a dorostového 1€katstvi ve VFN v Praze od roku 2004 jako
susperkonzilidrni pracovisté. Za dobu jeji existence, kterd je spojena s aktivni
osvétovou a vzdélavaci Cinnosti, stoupnul pocet déti odeslanych s podezienim na
rekurentni horeCku vice nez 10-krat. V soucasné dob¢ jsou v ambulanci cca 2 novi

pacienti kazdy tyden a vétSina z nich ma klinické charakteristiky PFAPA syndromu.

V porovnani s publikovanymi daty je nase kohorta pacienti se syndromem PFAPA
nejvetsim souborem pochazejicicm z jednoho centra (Krol et al. 2013). V ramci
diferencidlni diagnostiky monogennich horecek bylo v indikovanych ptipadech
provedeno genetické testovani v zahrani¢i vramci mezinarodniho projektu
EUROFEVER (http://www.printo.it/eurofever/). U néas je geneticka analyzy k
dispozici od roku 2012 (Mitolab 1.LFUK a Ustav d&di¢nych metabolickych poruch
VFN)

Diagnoza PFAPA syndromu byla zaloZena na dikladné analyze osobni a rodinné
anamnézy, klinickych a laboratornich datech, kterd byla systematicky sbirana v ramci
prospektivni casti nasi prace. Ze 125 pacienti s PFAPA syndromem bylo sledovano
94 déti prospektivné a u 31 pacientdl jsme ziskali informace retrospektivné
z lékatfskych zdznami vedenych na na$i klinice. Pacienti byli u nas sledovani
dlouhodobé az do nastupu remise onemocnéni. V rdmci homogenizace skupiny
pacienti s PFAPA syndromem jsme cilené¢ vyfadili pacienty sjinym typem

onemocnéni, které by mohlo zkreslit vysledky, napf. pacienty sabnormalnimi
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hodnotami IgA a/nebo IgD. U vSech pacientli byla vySetiena mevalonaturie k snizeni

rizika misdiagn6zy MAPS.

Néstup onemocnéni a distribuce zakladnich klinickych ptfiznaki byla u naSich
pacientli podobna jako u pfedchozich publikovanych skupin (Padeh et al. 1999;
Thomas et al. 1999; Feder a Salazar 2010; Wurster et al. 2011; Tasher et al. 2006).
Bolesti bficha se vyskytovaly v relativné nizkém zastoupeni (23%) v porovnani
s ostatnimi skupinami (Thomas et al. 1999). I ostatni pfiznaky napft. bolesti hlavy
nebo bolesti kloubli mély rizné zastoupeni. Tato heterogenita piiznakid miize byt
vysvétlena problematickou spolehlivosti v hlaSeni obtiZi a interpretaci bolesti a jeji

lokalizace u déti predskolniho veéku.

Z terapeutickych moznosti u PFAPA syndromu se podle literatury a naSich zkuSenosti
nejvic uplatituje jednordzové podani prednisonu. V nasi skupiné pacientii byl tento
piistup pouzity u vice nez 60% ptipadii s obecné vysokou Uspé&Snosti. Na zakladé
odpovédi na prednison jsme definovali tzv. ,,plnou* a ,,¢asteCnou* odpovéd na 1écbu.
Hodnoceni plné odpovédi na prednison zahrnovalo vymizeni horecky do 12 hodin od
podani Iéku a dalsi interval bez horec¢natych epizod po dobu minimalné 2 tydnt od
posledni horecky. PIné odpovédi dosdhlo 83% pacientli 1éCenych prednisonem.
Nekteré studie doporucuji dalsi davku prednison v ptipadé nedostatecné odpovédi
(Thomas et al. 1999; Feder a Salazar 2010; Tasher et al. 2006). VétSina naSich
pacientli vyzadovala jen jednu davku prednisonu k dosazeni plné odpovédi. Obecné
jsme nedoporucovali podavani dalsi davky prednisonu diive nez po klinické kontrole,

ktera by vyloucila ptipadné probihajici infekci.

V soucasné dobé neexistuji studie hodnotici riziko nezddoucich G€inki prednisonu u
pacienttin s PFAPA syndromem. Na zdklad¢ naSich zkuSenosti a benigniho charakteru
PFAPA syndromu s vybornou prognézou piedpokladdme, Ze jednordzova davka
Img/kg prednisonu na zacatku typické hore¢naté epizody v intervalu ne €astéjSim nez
3-4 tydny nezvySuje riziko vzniku nezddoucich U¢inkt. U 14% pacienti 1éCenych

prednisonem jsme pozorovali zkracovani mezidobi horecek.

Pouzivani kolchicinu a cimetidinu bylo popsano u malého poctu déti s riznym, tézko

interpretovatelnym uc¢inkem (Tasher et al. 2008; Feder 1992). Jen u 2 pacientt, kteti
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neodpovidali na terapii prednisonem, jsme pozorovali pozitivni vysledky v terapii

kolchicinem.

Terapeutickd odpovéd’ na tonzilektomii byla v nasi skupiné vysokd podobné jako
v jinych publikovanych studiich (Peridis et al. 2010b; Garavello et al. 2011; Renko et
al. 2007; Licameli et al. 2008). V dlouhodobém sledovéni se ukazuje tonzilektomie

jako nejeefektivnéjsi terapeutickd moznost (Renko et al. 2007).

Témét polovina naSich pacientli sledovanych vice nez 1 rok dosahla plné remise,
ztoho 28% dosdhlo spontanni remise. 51% déti s PFAPA syndromem mélo

pretrvavajici obtize po celou dobu sledovani v rozmezi 2 — 6 let.

Zaznamenali jsme vyS$$i vyskyt pozitivni rodinné anamnézy (47%), pfevazné u
jednoho z rodic¢i, v porovnani s ostatnimi studiemi. Pozitivni rodinna anamnéza byla
u pacienti s PFAPA syndromem pozorovana i v dal$ich studiich (Thomas et al. 1999;
Waurster et al. 2011) a byla davodem k provedeni genetické analyzy u 68 jedinct ze
14 rodin, u kterych byl u jednotlivel diagnostikovan PFAPA syndrom (Gioia et al.
2015). Vtéto studii bylo zjisténo, ze u PFAPA syndromu se s nejvetsi

pravdépodobnosti nejedna o monogenni typ dédi¢nosti.

5.2 Laboratorni vySetieni pacientii s PFAPA syndromem na konzervativni
terapii

rrrrr

Me¢teni zakladnich zanétlivych parametri u naSich pacientd ukazalo podobné
vysledky jako u ostatnich studii (Thomas et al. 1999; Feder a Salazar 2010).
V porovnani s febrilnimi kontrolami, které byly zastoupeny nejcastéji bakteridlnim
zanétem ledvin nebo plic, byly hodnoty CRP, FW nebo leukocytdza srovnatelné.
Dulezitym ukazatelem toho, Ze u PFAPA syndromu nedochazi k trvalé¢ aktivaci
imunitniho systému ve smyslu chronického zanétu, je normalizace hladin zdkladnich
zanétlivych parametrt (CRP, FW a pocet leukocytil) a SAA v mezidobi horecek.
Normalizace SAA v mezidobi horecek svéd¢i o benigni povaze PFAPA syndromu ve
smyslu rizika pozdéjSiho rozvoje amyloidozy, kterda patii k nejzadvaznéjSim
komplikacim u monogennich periodickych horecek (Krol et al. 2013; Livneh et al.

1994; Livneh et al. 1992; Pastore et al. 2014; Lachmann et al. 2006; Bilginer et al.
2011).
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5.2.2 VySetieni sérovych hladin cytokinu

V na$ich méfenich jsme zaznamenali signifikantn€ vyssi hladiny sérovych cytokini, a
to IFN-y a IL-1B v prabéhu epizody horecky u PFAPA pacienti v porovnani s
kontrolni skupinou. Podobné zjisténi publikovala i skupina Stojanov a kol., ktera
porovnavala pacienty s PFAPA syndromem v hore¢ce a v mezidobi se zdravymi
kontrolami (Stojanov et al. 2006). Zjistili, ze hodnoty prozanétlivych cytokina (IL-1p,
IL-6, TNF-a a IL-12) ziistavaji zvySen¢ v hore¢naté epizodé¢, ale i v mezidobi horecky

v porovnani se zdravou kontrolou.

V dal$i svoji praci Stojanov a kol. méfili hladiny IL-1B a IL-18 na mRNA a
proteinové urovni s podobnym zjisténim, a to aktivaci IL-1 a IL-18 v prib¢hu

hore¢naté epizody (Stojanov et al. 2011).

5.2.2.1 IL-1p a IFN-y

IL-1PB hraje hlavni roli v hore¢naté f4zi zanétlivé odpovédi. Jeho zvySena tvorba vede
k horecce, neutrofilii a zvySeni hladin reaktantii akutni fdze vcetné IL-6 (Dinarello

2004).

Tvorba IL-1p a IL-18 je zprosttedkovana inflamazomem. Inflamazomy jsou
cytoplazmatické makromolekuldrni proteinové komplexy, které kontroluji aktivaci
kaspazy 1, ktera rozstépi pro-IL-1P a pro-IL-18 na biologicky aktivni formu, kterd je
secernovana bunikou (Martinon et al. 2002). Tento proces by mohl hrat roli ve

zvysené produkei IL-1 u pacientti se syndromem PFAPA.

IL-1B funguje jako kostimulator T-bunéénych funkci, obvykle spolu s antigenem
nebo mitogenem (Dinarello 2009). Aktivované T lymfocyty produkuji IFN-y, ¢imz
zesiluji stimulaci monocytii a makrofagii ptes zpétnou vazbu — jsou detekovatelné
vysoce elevované sérové hladiny interferonem indukovatelnych chemokinii jako
IP10/CXCL10 a MIG/CXCL9, stejné jako G-CSF, ktery je cytokinem indukujicim
tvorbu neutrofild. IP10/CXCL10 a MIG/CXCL9 jsou secernované monocyty a
neutrofily a patfi do stejné chemokinové rodiny, kterd rekrutuje aktivované T
lymfocyty ptes receptor CXCR3 (Farber 1997). Silnd inverzni korelace
IP10/CXCL10 a CD4'CD25" T lymfocyti v pribéhu horeénatych epizod PFAPA

pacientti, spolecné s relativni lymfopenii, dokazuje nabor aktivovanych T lymfocyti
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do zanicenych perifernich tkdni jako napt. lymfatické uzliny nebo adenoidni tkané

(Stojanov et al. 2011).

Tyto nalezy vyssich hladin prozanétlivych cytokina se shoduji s vysledky nasi prace,
kde méfeni ukazala vyssi hladiny IL-1f3, IFN-y a IL-6 v horecce, u IL-1p a IFN-y i v

mezidobi.

Otazkou je, do jaké miry hraje vyssi hladina prozanétlivych cytokinli v mezidobi
horecek diilezitou roli v zanétlivém procesu. Mohlo by se pravdépodobné jednat o
vetsi stimulaci imunitniho systému, kterou nelze pti méfeni standardnich zanétlivych
parametrll rozeznat (nesignifikantni rozdily mezi PFAPA a kontrolami), ale pfi

sledovani prozanétlivych cytokintl je ziejmy.

Pokud by se jednalo o subklinicky zanét, otazkou je, jestli je potfeba ho dale
monitorovat 1 pfes to, Ze ostatni bézné méfitelné parametry zanétu (CRP, leukocyty,
FW, SAA) se v mezidobi normalizuji. Toto zjiSt€éni by mohlo byt dulezité pro

prognozu a dalsi péci.
5.2.2.21L-6

Hladiny prozanétlivého cytokinu IL-6, ktery se vyuzivd zejména v diagnostice
bakteridlniho zanétu, se neliSily v hore¢naté epizodé u nasich pacient a febrilnich
kontrol stejn¢ jako zakladni zanétlivé parametry, ale jeho pokles k nulovym nebo
témef nulovym hodnotdm je nesporné dilezity (Belopolskaya et al. 2015). IL-6 se
ukéazal jako nespecificky parametr pro PFAPA syndrom — poukazuje spiSe na

probihajici nespecificky zanét.

Zaznamenali jsme signifikantni korelaci CRP/leukocytozy s IL-6 u kontrol.

Ptimy vztah CRP a IL-6 je mnohokrat popsany u Siroké §kéaly akutnich a chronickych
zanétlivych onémocnéni (napt. bakteridlni, virové, nebo mykotické infekce;
revmatickd a jina zanétivd onemocnéni; maligni onemocnéni; poSkozeni tkané a
nekroza). U téchto onémocnéni dochazi v ramcei akutni odpovédi na zanét/poSkozeni
k uvolnéni IL-6 a dalSich cytokinii z makrofagi nebo T lymfocyti, které potencuji
tvorbu CRP a fibrinogenu v jatrech (Pepys a Hirschfield 2003; Lau et al. 2005).

Fyziologickou roli CRP je vazba na povrch mrtvych/umirajicich bunck/nékterych
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typt bakterii a aktivace komplementového systému pres C1Q komplex (Thompson et

al. 1999).

Zajimavé je, ze v na$i praci jsme nezaznamenali korelaci mezi CRP a IL-6 u pacientl
s PFAPA syndromem. Vysvétlenim by mohlo byt to, ze produkce CRP muze byt
stimulovana 1 jinymi cytokiny/faktory v jatrech a nebo i v né¢kolika studiich popsana

mimojaterni produkce CRP (Yeh ET. 2005; Gould a Weiser 2001; Jabs et al. 2003)

5.3 Laboratorni vySetfeni pacientii s PFAPA syndromem po tonzilektomii
5.3.1 VySetieni profilu bilé krevni Fady pomoci pritokové cytometrie

V nedévno publikované studii na tonzilach pacientii s PFAPA syndromem vySetfovali
mRNA expresi rtiznych cytokinii a zméfili podobné hodnoty pro IL-1B, TNF-a,
TGFB, IL-17 a IFN-y u PFAPA a hypertrofickych tonzil, s vyjimkou IL-4, ktery byl
snizeny u PFAPA tonzil (Valenzuela et al. 2013). Chen a kol. vySetfovali tonzilarni
tkdn¢ pacientli s autoinflamatornimi syndromy, vcéetné jedné tonzily pacienta s
PFAPA syndromem, a zjistili, Ze PFAPA tonzily obsahovaly vice bazofilii s vazanym
nebo internalizovanym IgD (Chen et al. 2009). Slizniéni bazofily u
autoinflamatornich syndromiit mohly zvysit zanétlivou odpovéd” pomoci uvolnéni IL-
Ip a LL-37 v odpovédi na mikrobidlni antigeny s IgD vazebnou aktivitou.
Plazmatické IgDP*IgM"® class switched buiiky byly zvySené v krvi a tonzilach u

pacientil s autoinflamatornimi syndromy.

Studie také podporuji roli monocyti v potencovani autoinflamatorni kaskady pomoci

uvoliiovani IL-1p (Kolly et al. 2013).

NaSe méfeni ukézala zvySené pocCty plazmatickych bunck v periferni krvi PFAPA

pacientti.

V méftenich jsme nasli zvySené hladiny naivnich CD4 a CD8 T lymfocytl a pfiblizné

2-krat vyssi zastoupeni CD8 T lymfocytl u PFAPA tonzil.

Vsechny vySetfované parametry byly stejné mezi pary tonzil u naSich pacientd;
patogeneticky mechanizmus ziejme postihuje tonzily jako celek, a ne jako izolovany

fokalni proces.
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Prace Browna a kol. diskutuje snizené koncentrace IL-7, IL-17 a IFN-y v afebrilnim
intervalu, které mohou poukazovat na defektni T bunéCnou regulaci u PFAPA
syndromu. V naSich méfenich jsme nasli pfiblizné 2-krat niz§i zastoupeni CD4"* T
lymfocytl s vysokou expresi inhibicni molekuly PD1 u PFAPA tonzil. Tyto T
lymfocyty byly popsané jako lokalizované v okrajovych €astech germinalnich center,
majici hlavni funkci v pomahéni B lymfocytim, hlavné ptes produkci riiznych faktort

véetné LFA3, CD40L, ICOS, 0X40, a CD10 (Wang et al. 2011).

V nas$i praci jsme naSli snizené pocty switched memory B lymfocyti v PFAPA
tonzilach, coz je nalez konzistentni s ptedeslou studii (Wang et al. 2011), ktery navic
podporuje fakt, ze odliSnosti v T bunééném kompartmentu zplisobuji zmény v B

bunécnych funkcich v tonzilach.

Stojanov a kol. popsala hladiny chemokini, které jsou zndmymi T bunéénymi
chemoatraktanty, které byly zvySené v pribéhu PFAPA epizody v porovnani s

asymptomatickymi intervaly.

Pocty CD4 a CD8 T lymfocytid v periferni krvy byly snizené v pribéhu PFAPA
epizod (Stojanov et al. 2011). Toto by mohlo podporovat teorii zvySeného poctu CD8
T lymfocytl v tonzilach v mezidobi, pochazejiciho ptivodné z krve v pribéhu PFAPA

epizod.

Stejna studie nasla mirn¢ zvySené hladiny gammadelta T lymfocyti v pribéhu

mezidobi (Stojanov et al. 2011).

V tonzilach pacienti s PFAPA byly zvySené poCty gammadelta T-lymfocyti a CDS8
T-lymfocyti, coz vyvolava otazku, zda je horecnata taze syndromu PFAPA spousténa
viry. Doposud nebyla publikovana studie zabyvajici se studiem viri v tonzildch
pacientd s PFAPA. Nase data ziskand z malého poctu tonzil tuto teorii nepodporuji.
Recentni studie popsala variantu gent inflamazomu u 15 z 57 pacientdi, coZ podporuje
hypotézu, ze pfi¢inou hore¢natych epizod u syndromu PFAPA je imunitni

dysregulace s neznamym spoustécem (Kolly et al. 2013).
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5.3.2 VySetireni solubilnich cytokini v tonzilarnich supernatantech a supernatantech
z periferni krve

V nasi praci jsme nasli signifikantni rozdily v hladinach IFN-y, IL-1B, IL-6 a TNF-a v
stimulovanych supernatantech v porovnani s nestimulovanymi supernatanty z
periferni krve u pacientli s PFAPA syndromem. Kolly a kol. méfili hladiny cytokint v
nestimulovanych/stimulovanych supernatantech z periferni krve, v kterych popsali
signifikantn¢ zvySenou hladinu IL-1B v pribéhu hore¢naté epizody v porovnani s

mezidobim a zdravymi kontrolami (Kolly et al. 2013).

Zamg¢fili jsme se na porovnani nestimulovanych a stimulovanych supernatantii z
tonzilarni tkané, které neukazalo signifikantni rozdily u zaddného z vySetfovanych
cytokinl. Tento nalez je ale podobny tomu, ktery popsala skupina Valenzuela a kol.,
ktefi vySettili cytokinovy profil pomoci genové exprese (Valenzuela et al. 2013).
Analyzovali hladiny IL-1B, TNF-a, TGFb, IL-17 a IFN-y v odstranéné tonzilarni tkani
pomoci rtPCR. Hladiny téchto métfenych cytokini byly podobné v porovnani s
kontrolnimi tonzilami. Zjistili, Ze exprese IL-4 genu v tonzilach byla niz8§i u PFAPA
pacientdl v porovnani s kontrolami. Nizsi hladina exprimovaného genu pro cytokin IL-
4 v tonzilach a nizsi hladiny eozinofilt v periferni krvi u PFAPA pacientii by mohly

hrat roli v inhibici Th2 bunécné odpovedi.

K dneSnimu dni nebyla publikovana data o meéfeni cytokinového profilu v
nestimulovanych/stimulovanych supernatantech z tonzilarni tkdné u pacientl s
PFAPA syndromem a kontrol jako funk¢ni test k prikazu tvorby cytokinii. NaSe prace
jako jedind ukazuje vysledky tohoto méteni. Je v souladu s nélezy ziskanymi métenim

na urovni genové exprese (Valenzuela et al. 2013).

Toto zjisténi podporuje teorii, kde IL-1p funguje jako kostimulator T-bunécné funkce,
vétSinou spolu s antigenem/mitogenem. Aktivované/stimulované T lymfocyty
secernuji IFN-y, ¢imz zesiluji stimulaci monocyto-makrofagového systému. Jejich
zvysSené hodnoty v periferni krvi jsme potvrdili jak v méfenych sérovych hladinach,

tak po stimulaci antiCD3.

5.3.3 Histologické vySeti‘eni tonzil

Histologické vySetfeni u 18 pacientll s PFAPA 1 kontrolni skupiny ukazalo v obou

pfipadech chronickou tonzilitidu, respektive chronickou hypertrofickou tonzilitidu.
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Nas nalez je v souladu s publikovanymi vysledky, které nenasly specifické zmény u
tonzil PFAPA pacientll (Lantto U et al. 2015; Valenzuela et al. 2013). Obé& skupiny
navic pomoci imunohistochemického barveni pro B/T lymfocyty (CD20 a CD3)
ukézaly pfitomnost reaktivni lymfocytarni tkang. Aktivni zan&t neukézal asociaci s
PFAPA syndromem, ale faktem je, ze tonzilektomie nebyla provedena v pribéhu

hore¢naté epizody, tedy pii aktivnim onemocnéni.

5.3.4 Mikrobiologické vySetfeni tonzil a vySetfeni DNA vybranych bakterii pomoci
PCR-DGGE a viri pomoci PCR

Mikrobiologické vySetfeni ukdzalo rGznorody profil bakterii hlavné u kontrolni
skupiny, ale i1 vysledky vySetifeni u vSech 18 tonzil PFAPA pacienti nebyly
konzistentni (Streptococcus pyogenes, Haemophilus influenzae, u vétSiny tonzil

viridujici streptokoky).

Bakterialni profil pomoci DGGE-PCR metody jsme zméfili u 9 tonzil PFAPA
pacientli, kter¢ mély v mikrobiologické kultivaci nalez viridujicich streptokokti. U

zbylych 9 tonzil od ostatnich pacientl jsme neméli dostatek materidlu na méiéni

bakteridlniho profilu pomoci DGGE-PCR.

Me¢éfteni bakteridlniho profilu ukézalo, ze profily mikroflory na tonzilach jednotlivych
déti jsou individudlni. Nenasli jsme Zadnou souvislost mezi diagndézou a nalezy na
tonzilach. Popsali jsme Casty vyskyt Haemophilus influenzae, Prevotella sp.,

Streptococcus sp.

V podobné studii Lantto et al. zabyvajici se mikrobiologickym prikazem bakterii
v tonzilach prokézali vyssi vyskyt Candida albicans, Streptococcus pneumoniae a
vetsi tvorbu biofilmu u tonzil PFAPA pacienta. Potvrdili Castéjsi vyskyt Haemophilus

influenzae u obou skupin.

Metoda qPCR neodhalila rozdil mezi zkoumanymi skupinami pacientd. Pomoci
statistické analyzy UPGMA, Nei-Li/Dice koeficient, jsme chteli odpoveédét na otazku,
jestli se daji profily rozdélit na dvé skupiny (PFAPA tonzily/kontrolni tonzily).
Ukazalo se, Ze tato metoda je nedostacujici z divodu velké variability mezi vzorky 1

uvniti skupin.

- 60 -



Limitem DGGE metody je nizka citlivost a problém s identifikaci bandu. Ideélni je

pii srovnani, kdy je jedinec sam sobé kontrolou, napi pied/po 1éEbé.

Na druhou stranu, v porovnani s klasickou mikrobiologickou kultivaci nam nabizi
mnohem konkrétngjsi spektrum bakteridlni flory, které béznou kultivaci neziskdme

mozna i pro maly pocet danych bakterii ve vzorku.

V soucasné dobé se k analyze mikrobiomu pouziva vysokokapacitni sekvenovani
(next generation sequencing, NGS), které ukdze relativni zastoupeni piitomnych

bakterii. Nevyhodou je cena analyzy a narocnost zpracovani dat.

Pomoci metody PCR byla zjisténa ptitomnost EBV, HHV-6 a adenoviru u vétSiny
PFAPA pacienti, ale také u vétSiny kontrol. Pfitomnost CMV nebyla prokazana u

zadného z vySetienych vzorki.

Pfitomnost viru jako potencialniho spoustéce se tedy vyloucit neda, ale predpoklada

se, ze hraje roli jen u vnimavého jedince.

V nasi praci jsme neprokdzali signifikantni pfitomnost specifické bakterie/bakterii
nebo jednoho/vice vird, které by mohly byt pfi¢inou systémové zanétlivé odpovédi.
Tento fakt ale nevylucuje moznost nespecifické antigenni stimulace infekénim agens

u predisponovaného jedince s nevyzralou imunitni odpovédi na vnéjsi stimulus.
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6. ZAVER

V Ceské populaci déti jsou syndromy periodickych horeek postupné vice
rozpoznavany, ale pfesnéjsi incidence a prevalence téchto syndromii neni znama. Lze
vSak predpokladat analogickou frekvenci jako u kavkazské populace jinych
evropskych zemi. PFAPA syndrom je v CR nejéast&jsi periodickou horeckou. Jeji
diagnostika neni lehkd 1 vzhledem k nizké specificité¢ klinickych kritérii, ale jeji
znalost mlZe vyrazné€ obohatit Sirokou diferencidlni diagnostiku recidivujicich teplot

nejasné etiologie.

U déti s autoinflamatornimi syndromy, zejména PFAPA syndromem, pochopeni
patofyziologického déje a moznost jeho ovlivnéni umozni Casné€j$i diagnostiku a
vhodny terapeuticky management, které mohou zamezit zbyteCnym vySetfenim a
chrénit pacienty pfed nadmérnym uZivanim antibiotik, stejné jako zlepsit kvalitu

Zivota postizenych rodin.

Vysledky naSi prace podporuji vSeobecnou znalost o PFAPA syndromu jako o
onemocnéni benigni povahy. V piipad¢ typické prezentace piiznakti a citlivém
vylouceni ostatnich moZznych pti¢in rekurentnich horecek (napt. cyklicka neutropenie
nebo dal$i imunodeficience, autoinflamatorni ¢i autoimunitni onemocnéni, maligni

onemocnéni) mize byt diagnéza PFAPA syndromu pfimocara.

Diagnosticky algoritmus u PFAPA syndromu zahrnuje peclivou anamnézu, detailni
analyzu prezentace piiznakid a laboratornich vySetfeni k vylouceni jinych pficin

horecek a potvrzeni plné normalizace zanétlivych parametrti v mezidobi horecek.

Prospektivni sledovéani pacientti pomiize vyhodnotit 1é¢ebnou odpovéd’ a dlouhodoby
pribéh onemocnéni. Pfitomnost normadlnich laboratornich parametri v mezidobi
hore¢ek, normdlni rist a vyvoj ditéte spolecné stendenci ke spontannimu
prodluZovani afebrilnich intervald patfi mezi zakladni rozpoznavaci znaky pro
diagn6zu PFAPA syndromu. Jednorazové podavani prednisonu by mélo byt navrzeno
jako 1écba prvni volby s tonzilektomii jako druhou volbou u pacienti, ktefi

neodpovidaji na prednison.
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6.1 Patofyziologické déje.

Jeden znejastéjSich mechanizmii diskutovany u PFAPA syndromu je moZna
infek¢ni pticina. Podobnost nalezi u PFAPA syndromu v geograficky a geneticky
odlisnych kohortach nabizi silny dikaz o tom, Ze patofyziologicky mechanizmus u
téchto skupin je stejny (Brown et al. 2010; Stojanov et al. 2011; Thompson et al.
1999). Pfi hleddni infekéni ptficiny by se mohlo jednat o jedno konkrétni infekéni
agens s celosvétovou prevalenci nebo o vEétsi pocet riznych infekénich agens, které
jsou schopné nastartovat ptiznaky PFAPA syndromu. Vrozena slozka imunitniho

systému odpovida na rizné infekéni Cinitéle podobnou cestou.

Odstranénim tonzilarni tkdn¢ s potencialnim bakteridlnim/virovym/jinym spoustécem
u téchto pacientd dochazi k vymizeni rekurentnich epizod horecek a ptidruZzenych

piiznakd.

Do soucasné doby bylo publikovano nékolik studii, které¢ podporuji teorii o zasadni
roli IL-1P v etiopatogenezi PFAPA syndromu (Stojanov et al. 2011; Kolly et al.
2013), ktery posiluje tvorbu Thl chemokinii. NavrZzeny model poukazuje na moZznou
existenci mikrobidlniho spoustéce, ktery aktivuje kaskadu vrozené slozky imunitniho

systému s naslednou migraci aktivovanych T lymfocyta do periferie.

Pacient s PFAPA syndromem ptedstavuje pravdépodobné imunologicky nezralého
jedince, ktery je vnimavy k vnéjSim faktoriim. Po setkéni s nespecifickym faktorem
dojde k =zesileni imunitni odpovédi s naslednou kaskddou déji vedoucich

k systémovému zanétu.
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7. SEZNAM POUZITYCH ZKRATEK

AP-1
CAPS

CBA

CD

CIASI1
CINCA/NOMID

CMV
CRP
CXCR3
DNA
EBV
FCAS
FL
FMF

FW
G-CSF
HHV-6
HIDS

ICOS

IFN-y

Ig

IgG1

IL

IL-1B
IP10/CXCL10

LFA3

aktivaéni protein 1

Periodické syndromy asociované s kryopyrinem (Cryopyrin
Associated Periodic Syndromes)

Cytometry Bead Array

diferenciacni skupina (cluster of differentiation)

Cold Induced Autoinflammatory Syndrome 1

Chronicky infantilni neurologicky, kozZni a kloubni syndrom
(Chronic Infantile Neurologic Cutaneous Articular Syndrome
nebo-li Neonatal Onset Multisystem Inflammatory Disease
Cytomegalovirus

C-reaktivni protein

chemokine receptor CXCR3

deoxyribonukleova kyselina

Epstein-Barrové virus

Familial Cold Autoinflammatory Syndrome

fluorescen¢ni kanal

Familiarni sttedomoiska horecka (Familiar Mediterranean
Fever)

sedimentace erytrocytii

granulocyte-colony stimulating factor

Human herpesvirus 6

Syndrom hyperimunoglobulinemie D
(Hyperimmunoglobulinemia D syndrome)

inducible co-stimulator

interferon gamma

imunoglobulin

imunoglobulin G1

interleukin

interleukin 1 beta

interferon gamma-induced protein 10/C-X-C motif chemokine
10

lymfocyte function-associated antigen 3
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MAPS

MEFV
MIG/CXCL9

MVK
MWS
NF-xB
NGS
NLRs

NLRP3/NALP3

NSAID
OSAS

PCR
PCR-DGGE
PD-1
PFAPA

PYPAF1
SAA
TGFpB
TNF
TNF-a
TNFR1

TNFR2
TNFRSF1A
TRAPS

Periodicky syndrom asociovany s mevalonatkinazou
(Mevalonate kinase Associated Periodic fever Syndrome)
mediterranean fever gen

monokine induced by gamma interferon/chemokine (C-X-C
motif) ligand 9

gen pro mevalonatkinazu

Muckle-Wellstiv syndrom (Muckle-Wells Syndrome)
nuclear factor kappa-light-chain-enhancer of activated B cells
next generation sequencing

NOD (nucleotide-binding oligomerization domain receptors)-
like receptory

NACHT, LRR and PYD domains-containing protein 3)
nesteroidni antirevmatika

Syndrom obstruktivni spankové apnoe

polymerase chain reaction

denaturing gradient gel

programmed cell death protein 1

Syndrom periodické horecky s aftdozni stomatitidou,
faryngitidou a kréni adenitidou (PFAPA; Periodic Fever,
Aphtous stomatitis, Pharyngitis a Adenitis)
PYRIN-containing Apafl-like protein 1

sérovy amyloid A

transforming growth factor beta

tumor nekrotizujici faktor

tumor nekrotizujici faktor alpha

receptor 1 pro tumor nekrotizujici faktor (extracelularni
podjednotka membranového TNF receptoru)

receptor 2 pro tumor nekrotizujici faktor

gen pro receptor tumor-nekrotizujiciho faktoru

Periodicky syndrom asociovany s receptorem pro tumor

nekrotizujici faktor (TNFR-Associated Periodic Syndrome)
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Klinika détského a dorostového l1ékarstvi UK 1. LF a VFN

Ke Karlovu 2
121 08 Praha 2

Ambulance periodickych horecek

tel.: 224 967 798

PFAPA dotaznik

Mili rodice,
prosime Vas o peclivé vyplnéni tohoto dotazniku, ktery je soucasti studie zabyvajici se
optimalizaci diagnosticko-terapeutickych kritérii periodické horecky PFAPA.

1. zadatek onemocnéni

a) zacatek priznaki v

mésicich véku

b) jaké byly ptiznaky na zac¢atku onemocnéni
[ ] horecka [] angina

[ ] bolesti hlavy [ ] bolesti bficha

[ ] kozni vyrazka [ ] zanst spojivek

[ ] anava [] nechutenstvi

[ afty
|:| prijem
[ ] bolesti kloubti

[] zvétsené uzliny
[ ] zvraceni

[ ] bolesti svali
[] dalsi

¢) jaké priznaky jsou nyni

[ ] horecka [] angina

[ ] bolesti hlavy [] bolesti biicha
[ ] kozni vyrazka [ ] zanst spojivek

[ ] anava [] nechutenstvi

[ afty
[] prijem
[ ] bolesti kloubti

[] zvétsené uzliny
[ ] zvraceni

[ ] bolesti svali
[] dalsi

d) oc¢kovani a pfipadné reakce po o¢kovani

[ ] TBC reakce:
JaKaA. oo
[ ] hexavakcina reakce:
JaKaA. .o
[] spalni¢ky, zardénky, piiusnice reakce:
JaKaA. .o
[ ] zaskrt, tetanus, davivy kasel reakce:
JaKaA. oo
[ ] d&tska obrna reakce:
JaKaA. oo
[] hepatitida B reakce:
JaKaA. .
[] JING. . i reakce
JaKaA. oo

[Jano [One
[Jano [One
[Jano [One
[Jano [One
[Jano [One
[Jano [One

: [Jano []ne
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e) prodélana infekéni onemocnéni (kdy a jaka)
[ streptokokovd angina kdy? c.ooiiiii, prokazana vytérem [ ] ano

[ne

1é&ena antibiotiky [ ] ano [ ] ne jakymi? Lo
(] zdpal plic (pneumonie) kdy? ..ooiiiii, prokazana RTG [ ]ano
[ Ine

1é&en antibiotiky [ ]ano [ ]ne jakymi?. .,

Zagkrtavaci policko [ je spravné vyplnéno, vypada-li takto: [X]

(] zdnét stiedniho ucha kdy? coooiiiii, prokazany ORL  vys.

[ lano [Ine

1éGen antibiotiky [ Jano [[Ine  jakymi?..............cccoovviiiiiiiiinni..

] zdnét dutin kdy? coooiiiii, prokazany RTG

[ lano [Ine

1éGen antibiotiky [Jano [[Ine  jakymi? .........ccocoiiiriiiiiiiiiiiiiiiieei,

[ infekce mocovych cest kdy? ...oo.oooill prokazana kultivaci [ Jano [ ]ne
léGena antibiotiky [ ]ano [[Ine  jakymi? ...........cooviiiiiiiiiiniiiiiiii.

[] zdnét ledvin kdy? ...l prokazany kultivaci [ ]ano []ne
1éGen antibiotiky [ Jano [[Ine jakymi? ..........ccooviiiiiiiiiiniiiiineii...

U] infekéni prijjem kdy? ...l prokazany kultivaci [ ]ano [ ]ne
1é&en antibiotiky [ ]ano [ ]ne jakymi?

f) dalsi onemocnéni

[ ] artritida [] lupénka [] []
[] [] [] []

2. pribéh horecky

a) interval mezi horeckami ...................... [Jdny []tydny [ ]mésice
b) trvani horeCky ..............cocoiiiiiii [ ldny []tydny

¢) maximalni horecka ........................... °C,nameéfena v .............coouveennnn.n hodin
d) hlavni pfiznaky

[] angina pti kazdé horecce? [ Jano [ ]ne kdyz ne, jak

CaStO?. e, [] afty pfi kazdé horecce? [ Jano [ ]ne

[ ] zvétsené uzliny  pfi kazdé horecce? [ Jano [ ]ne
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e) vedlejsi priznaky
[] bolest hlavy pii kazdé horedce? [ ]ano [ ]ne

[ ] zvraceni pfi kazdé horecce? [ Jano [ ]ne

Zaskrtavaci politko [ je spravné vyplnéno, vypada-li takto: X

3. pribéh v obdobi mezi hore¢kami

a) ma dité nektery z téchto ptiznakt

[ ] angina [ ] zvétsené uzliny [ afty [ ] bolesti
hlavy

[ ] bolesti bficha [ ] zvraceni [] prijem [ ] kozni
vyrazka

[ ] zan&t spojivek [ ] bolesti svalt[_] bolesti kloubti [ ] tnava

[ ] dalsi

b) ma dité chut k jidlu? [ Jano [ ]ne
¢) pribyva dit¢ na vaze? [ Jano [ ]ne
d) maximalni teplota ............... °C, namétend v mezidobi

4. sledovani

a) je dit¢ v horecce kontrolovano obvodnim pediatrem? [ lano [ne

b) je dit¢ v kazdé atace horecky kontrolovano obvodnim pediatrem? [Jano []ne

¢) jsou pti kazdé atace provedeny vytéry z krku? [Jano []
ne
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d) kolikrat v zivoté bylo dit¢ 1é¢eno antibiotiky? ... krat

e) jsou antibiotika podavana pti kazdé atace horecky? [Jano []ne

5. zarazeni do kolektivu

a) je dit¢ zatazeno do kolektivu? [ Jano [ ]ne kdyz ano, jak
Casto?...ooiiiiii
b) kolik dni v mésici je dité nepfitomno ve Skolce/Skole? ...l dni

6. rodinna anamnéza

a) hofecnaté onemocnéni v détstvi u nékterého z rodinnych ptislusnikti? [ Jano [ ]ne

pokud ano, jaké a u koho?

¢) opakované infekce? [ Jano [ ]ne

pokud ano, jaké a u koho?

d) kozni onemocnéni? [ Jano [ ]ne

pokud ano, jaké a u koho?

¢e) kloubni onemocnéni? [ Jano [ ]ne

pokud ano, jaké a u koho?

f) dalsi onemocnéni? [ Jano [ ]ne

pokud ano, jaké a u koho?
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PFAPA syndrome: clinical characteristics and treatment
outcomes in a large single-centre cohort

P. Kr6l', M. Bshm!, V. Sula2, P. Dytrych?, R. Katra®, D. Némcova', P. Dolezalova'

'Department of Paediatrics and Adolescent Medicine, 1° Faculty of Medicine, Charles University in
Prague, Czech Republic, *Department of Paediatrics, Hospital Ceské Budéjovice, Czech Republic;
‘Department of ENT, 2" Faculty of Medicine, Charles University in Prague, Czech Republic.

Abstract
Objectives
This paper aims to describe clinical and laboratory features and disease outcome in a single-centre cohort of patients
with PFAPA syndrome (Periodic Fever, Aphtous stomatitis, Pharyngitis, and Adenitis) and to test performance of diagnostic
and therapeutic algorithms.

Methods
Patients fulfilling criteria were selected from the fever clinic population. Prospective follow-up together with recruitment of
newly diagnosed patients followed pre-defined guidelines. Diagnostic and therapeutic algorithms and definitions of
outcome and therapy response were formulated. Paired blood samples during febrile and afebrile periods were compared.

Results
Out of 176 patients referred for suspected periodic fever 125 children fulfilled criteria. Their age at onset was 23 months,
median episode duration 3.5 days at 4-week intervals. Fever was associated with pharyngitis (91%), cervical adenitis
(78%) and aphtae (41%). Among therapeutic options, episodic prednisone proved to be the most common first-line
treatment. Administered to 77 patients, it reduced symptoms in 94%. Tonsillectomy led to the full symptom resolution in
all 18 patients. Forty-six patients reached disease remission.

Conclusion
Distribution of typical symptoms, response to therapies and disease outcome in a large patient cohort were documented.
We offer diagnostic and therapeutic algorithms that have proven effective during this prospective trial. Our findings
support the general belief of benign nature of this aetiologically unclear condition, despite proportion of patients
having persistent disease for years. Maintenance of normal findings in afebrile intervals, striking response to a single dose
of prednisone and normal growth and development together with spontaneous tendency towards prolongation of afebrile
intervals are important confirmatory features of PFAPA syndrome.

Key words
periodic fever, aphtous stomatitis, pharyngitis and cervical adenitis syndrome, diagnostic algorithm, outcome

Clinical and Experimental Rheumatology 2013; 31: 000-000.



Periodic fever, PFAPA syndrome / P. Krdl et al.

Petra Krol, MD

Marek Bohm, MD, PhD

Viktor Sula, MD

Petra Dytrych, MD

Rami Katra, MD

Dana Némcovd, MD

Pavla DoleZalovd, MD, PhD, Prof.

Please address correspondence

and reprint requests to:

Dr Pavla DoleZalovd, PhD,

Prof. of Paediatrics,

Department of Paediatrics and Adolescent
Medicine, I*" Faculty of Medicine,

Charles University,

Ke Karlovu 2,

12100 Prague 2, Czech Republic.

E-mail: dolezalova.pavla@vfn.cz

Received on November 4, 2012; accepted
in revised form on April 11, 2013.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2013.

Funding: this work was supported by
the Charles University Grant no. GAUK
52608/2008.

Competing interests: none declared.

Introduction

Recurrent fever in childhood often pre-
sents a differential diagnostic puzzle.
Besides well-recognised entities such
as infections, immune deficiencies,
idiopathic inflammatory and neoplas-
tic disorders, autoinflammatory dis-
eases have become an important player.
While monogenic periodic fevers can
be confirmed by molecular-genetic
analysis, syndrome of Periodic Fever,
Aphtous stomatitis, Pharyngitis and
cervical Adenitis (PFAPA) is a clinical
entity diagnosis which requires exclu-
sion of other potential causes of recur-
rent fever (1-3). In a preschool child,
regular short (3—-6 days) febrile epi-
sodes are accompanied by at least one
of: culture-negative tonsillopharyngitis,
oral aphthae and cervical lymphadeni-
tis. Additional features such as fatigue,
headache, nausea, vomiting, abdominal
pain or arthralgia may occur (4-6). Af-
fected children are healthy between at-
tacks (5). Elevation of non-specific in-
flammatory parameters during attacks
can barely differentiate PFAPA syn-
drome from infections as well as other
inflammatory and neoplastic disorders.
Its diagnosis is based on clinical symp-
toms according to the Marshall’s crite-
ria, later modified by Hofer et al. (Table
D (2, 5, 7). Antibiotics do not change
the course of the febrile attack which
is typically aborted by a single dose of
prednisone (4, 5, 8). Other treatment
options include cimetidine, colchicine
and tonsillectomy (9-13).

In this study, we aimed to analyse clini-
cal and laboratory features as well as
disease outcome of patients attend-
ing our fever clinic with a diagnosis of
PFAPA syndrome. Testing the perform-
ance of pre-defined diagnostic and ther-
apeutic algorithms was our secondary
objective.

Patients and methods

Patients

Consecutive patients referred to the
fever clinic of Paediatric Rheumatol-
ogy Unit, General University Hospital
in Prague for suspected periodic fever
were considered for recruitment. In the
retrospective part of the study charts
of patients referred during 2004-2007
were reviewed. Prospective data col-

lection was conducted from January
2008 to July 2011. In order to become
eligible to enter the prospective part,
patients must have had at least 3 fever
episodes over the previous 6 months.
Clinical diagnosis of PFAPA syndrome
was the main inclusion criterion. The
study was approved by the institutional
Ethics Committee and informed consent
was obtained from parents/guardians of
all participants.

Diagnostic algorithm

— Medical history

Patient and family history was a major
diagnostic component. Data were col-
lected by 2 means. A questionnaire was
administered to parents at the first clinic
visit or via email prior to the appoint-
ment. Parents were advised to consult
their child’s primary care physician for
data they were not able to supply. Fam-
ily history of recurrent fevers, reaction
to vaccinations, overall infectious mor-
bidity, age at onset of periodic fevers,
detailed description of typical presenta-
tions and duration of afebrile interval
were of particular importance.

— Initial clinical evaluation

Existing modified diagnostic criteria (7)
were applied in order to establish the
working diagnosis of PFAPA syndrome
(Table I). Where neutrophil count (to
exclude cyclic neutropenia) and throat
culture results (at least 2 negative) were
not available they became part of the
investigations list. Acute inflammatory
parameters included ESR, CRP and se-
rum amyloid A (SAA), screening for
immune deficiencies consisted of the
full blood count with differential, se-
rum immune globulins and antibodies
against vaccination antigens. Serum
IgD and A concentrations and mevalon-
ic acid in urine collected on the first
day of the febrile episode were used as
a screening for Hyper-IgD Syndrome
(HIDS). Where appropriate, further
laboratory tests and imaging were ap-
plied to exclude other diseases. When
the child displayed features suggestive
of a monogenic fever, DNA analysis
was requested. An experienced physi-
cian (PD, PK) confirmed the final diag-
nosis of PFAPA syndrome upon review
of all above information.
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Table I. Modified diagnostic criteria for PEAPA syndrome (7).

1) Regularly recurring fevers with an early age of onset (<5 years of age).

2) Constitutional symptoms in the absence of upper respiratory tract infection with at least 1 of the

following clinical signs:
a) aphthous stomatitis;
b) cervical lymphadenitis;
¢) pharyngitis;

3) Exclusion of cyclic neutropenia.

4) Completely asymptomatic interval between episodes.

5) Normal growth and development.

6) Exclusion of monogenic periodic fevers mainly in patients with gastrointestinal symptoms and rash.

125 (71%)

11 (6%)

12 (7%)

13 (7%) mA

B

8 (5%) EC
7(4%) ®D
NE

F

Fig. 1. Distribution of patients with periodic fever syndromes in our cohort: n (%):

A: Genetically confirmed monogenic periodic fevers

B: Suspected monogenic fevers with negative DNA analysis
C: Suspected monogenic fevers with pending genetic results

D: Low serum IgA
E: Recurrent infections
F: PFAPA syndrome

— Laboratory tests

In the prospective part of the study, blood
sampling was performed twice: during
the typical fever episode and at afebrile
interval. Timing of the “febrile” blood
test was within 48 hours from fever
(=38.5°C) onset, prior to the corticos-
teroid administration. “Afebrile” tests
were performed at least 14 days after the
most recent fever detected. For detection
of mevalonate and its metabolites urine
was collected over 12-24 hours of the
first day of the episode. CRP, ESR, full
blood count (FBC) and SAA were meas-
ured using routine methodologies. Me-
valonaturia was quantified using capil-
lary gas chromatography/mass spec-
trometry, the commonly used method
for profiling urinary organic acids, with
cut-off values for mevalonolacton and
mevalonate/creatinine ratio of 0.01 and
0.001 mg/g, respectively.

Therapeutic algorithms and disease
assessment

At the time of diagnosis patients were
offered the following options: a) watch-
and-wait with antipyretics as required;
avoidance of antibiotics was recom-
mended; b) prednisone in a single dose
of 1 mg/kg or its equivalent adminis-
tered within up to 24 hours from fever
onset; ¢) other conservative treatment
options (cimetidine, colchicine); and
d) tonsillectomy. Parents received the
printed form (“fever diary”) and were
instructed to record fevers, associated
symptoms and treatments administered.
Assessment of the drug treatment effi-
cacy was based on the interval from ad-
ministration to symptom resolution and
on duration of the upcoming afebrile
interval. Full response was defined
as a complete resolution of all symp-
toms within up to 12 hours. In partial

responders the full effect was reached
within 24—48 hours with or without the
need for an additional prednisone dose.
Responders (both full and partial) must
have remained symptom-free for at
least 2 weeks following treatment and
a similar response must have been no-
ticed in the majority of typical attacks.
Patients in whom full resolution was
not achieved or who had an early fever
recurrence in a minimum of 2 treated
PFAPA episodes or who had differing
responses in more than 50% of typi-
cal episodes were considered non-re-
sponders.

For the purpose of clinical status and
outcome evaluation the following defi-
nitions were applied: active disease,
characterised by typical recurrent fever
attacks at least every 2—-6 weeks over
the 3 months prior to the assessment;
and full remission, with a minimum of
12-month fever-episode free interval
(10). Infections with features different
from prior PFAPA episodes were not
considered.

Statistical analysis

Descriptive statistics for the characteri-
sation of the population was expressed
in median (range). The nonparamet-
ric Mann-Whitney U-test was used
for comparisons between febrile epi-
sodes and afebrile intervals. p-values
of <0.05 were considered statistically
significant.

Results

Patients with periodic fever syndromes
Total of 176 patients were referred for
suspected periodic fever. The distribu-
tion of their diagnoses is shown in Fig-
ure 1. Only 125 patients with the final
diagnosis of PFAPA syndrome under-
went further analysis.

Clinical characteristics of children
with PFAPA syndrome

All children with PFAPA syndrome
(n=125; 63 boys) were Caucasians of
the Czech origin. Of 59 patients (47%)
with positive family history, recurrent
fevers and/or tonsillitis in pre-school
age were reported mainly in one of
the parents (49/59), in remaining 10
patients their siblings or grandparents
were affected. In 11 parents, tonsillec-
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tomy in early childhood lead to com-
plete resolution of symptoms, while 38
parents reported spontaneous remis-
sion during childhood. None of family
members displayed features suggestive
of ongoing periodic syndrome.

In 31 patients, diagnosis was made
prior to the onset of prospective data
collection, 94 were enrolled prospec-
tively. From the prospective cohort,
70% of patients were seen at least once
during both febrile episode and afe-
brile interval at our clinic. Remaining
patients were seen at afebrile interval
and brought results of their physical
examination and laboratory tests in
febrile episode from their local physi-
cian. Clinical findings as reported by
parents were systematically recorded
during the follow-up visits together
with growth and developmental data.
Patients were usually seen in 3-6-
month intervals during the first year
and then in prolonged intervals until
their disease fully subsided.

Median age at the first manifestation
was 23 months (range 6-60), with me-
dian interval between attacks of 4 weeks
(range 2-6) and fever duration 3.5
days (range 3-6), with maximal fever
39.5°C. Regularity of episodes (predict-
ability within +1 week) was reported in
approximately 58% of patients. Median
age at diagnosis was 27 months (range
18-58), interval between onset and di-
agnosis ranged between 6 to 64 months
(median 20). Distribution of individual
clinical features is shown in Figure 2a.
In the majority of cases, throat findings
were described as “exudative” tonsillo-
pharyngitis. Cervical lymphadenopathy
was defined as the size of upper ante-
rior cervical lymph nodes =1 cm in di-
ameter and/or significant enlargement
from the previous examination. A mi-
nority of patients in whom pharyngitis
was not observed (9%) had either cer-
vical lymphadenopathy or oral aphtae
or combination of both usually with
non-specific symptoms such as mood
change, fatigue or decreased appetite.
The presence of other than the main di-
agnostic features noticed in the majori-
ty of episodes is shown in Figure 2b. At
afebrile intervals, all patients had nor-
mal physical findings, including physi-
ological appearance of tonsils with no

Fig. 2.
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signs suggestive of chronic tonsillitis.
Normal linear growth and development
were noticed during the follow-up in all
children.

All 125 PFAPA patients had elevated
non-specific inflammatory parameters
—median CRP 73 mg/l (range 10-359),
ESR 35 mm/hour (range 7-95) and
WBC 13.10°/L (range 3.8-24) — at fe-
brile episodes and reported their subse-
quent normalisation. Figure 3 illustrates
a drop in these parameters as well as
SAA in 35 patients, where paired blood
samples in fever episode and in afebrile
interval were prospectively collected.

Therapy

Episodic prednisone administration in
a single dose of 0.8-1.2 mg/kg at fe-
ver onset was the most frequently used
therapeutic option. Out of 77/125 pa-
tients (62%) treated, 72 (94%) were
responders. Full response was noticed

in 60 (83%), while 12 patients had
partial response. A second prednisone
dose was needed in 5 of these patients.
About 10% of patients receiving pred-
nisone observed mood change or fa-
tigue lasting 2-3 days after prednisone
administration, despite resolution of
fever and mucosal symptoms. Short-
ening of afebrile intervals (to no less
than 2 weeks) following prednisone
administration occurred in 11 children
(14%) and led to discontinuation of
this treatment in 3 of them. Two sub-
sequently received colchicine (0.5 mg/
day), which reduced severity and fre-
quency of febrile attacks but was not
able to induce remission. Of 5 pred-
nisone non-responders, 2 children did
not attain full symptom resolution and
in 3 cases after initial resolution typi-
cal PFAPA symptoms returned within
1 week from the administration. In
these cases, clinical re-assessment of
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Fig. 3. Inflammatory parameters in patients with PFAPA syndrome (P) in febrile vs. afebrile condition.

Pred (77)

PFAPA ( 125i

Other(48)

TE Remission PFAPA
F/U<ly (22)
F/U>ly (16)
PP (18)
4
Full (60)
Resp (72) Pred (2)
Part (12) | Co(2)
8
TE (15) TE (3)*
Incom?2) | [ 2]
Non-resp (5)
Recurd) | | 3|
Pred ref (3) 1
Other (2)
S (13
Mild (45)

F/U>1y (17)

F/U<ly (15)

Fig. 4. Overview of distribution of patients according to the therapy effect and disease outcome.

Pred: prednison; Co: colchicine; Other: other therapy; Resp: responders; Non-resp: non-responders);
Pred ref: prednison refusal; Mild: mild fenotype; Part: partial; Incom: incomplete; Recur: early recur-
rence; PP: post-prednisone remission; TE: post-tonsillectomy remission; S: spontaneous remission;

F/Uzly: follow-up more than one year; F/U<ly: follow-up less than one year.

possible infectious cause was always
performed and it was negative (Fig. 4).
None of the patients received cime-

tidine. In addition, from two fever
episodes in two different patients, pyo-
genic streptococcus was cultured from

the throat swab performed just before
prednisone administration in one case
and at the recurrence of low-grade fe-
ver the day after prednisone adminis-
tration in the other. In both cases, peni-
cillin treatment was then given with
full resolution of symptoms. In other
8 patients, single episodes of insuffi-
cient prednisone response were subse-
quently re-assessed as a consequence
to the parents’ incorrect evaluation
of that particular fever episode which
subsequently evolved features of upper
respiratory tract infection (URTT). The
majority of parents who opted for epi-
sodic prednisone administration used it
on the basis of their own decision. In
the majority of cases, prednisone was
not administered in all typical episodes,
mainly when parents had doubts about
the possible presence of URTI. Chil-
dren with a higher frequency of typical
episodes often received prednisone in
every other episode in order to avoid
any potential risk of corticosteroid side
effects. Our general recommendation
was to avoid regular long-term dosing
in intervals shorter than 3—4 weeks.
Parents of 48/125 patients (38%) opted
for other treatment modalities. In the
majority of them, the “watch-and-wait”
approach with episodic antipyretic
treatment was an agreement between
the family and the treating physician
based on the mild disease course (short-
lasting attacks up to 3 days, afebrile
intervals >6 weeks). The parents of 3
patients refused prednisone treatment
in principle. The response to antipyret-
ics was short-lived requiring repeated
dosing. The natural course of episodes
remained unchanged.

In a total of 18 children (14%) tonsil-
lectomy was performed after median
of 34 months (range 5-48) from the
diagnosis. In 8 of them, overall disease
duration and/or episode frequency were
considered a significant burden hardly
acceptable for the family. In 4 patients,
the surgical option was chosen be-
cause afebrile intervals shortened after
prednisone administration. All 5 pred-
nisone non-responders opted for ton-
sillectomy while one family preferred
tonsillectomy, as a first line treatment.
In all 18 patients, tonsillectomy led to
the full resolution of symptoms imme-
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diately after the procedure. Fifteen pa-
tients (83%) reached the full remission,
while 3 were followed for less than one
year after tonsillectomy at the time of
the data analysis. In 2 cases, recurrent
fevers similar to the previous PFAPA
episodes re-appeared after 12 and 14
months post tonsillectomy. The first
patient had 8 febrile attacks over 16
months that differed from the pre-ton-
sillectomy episodes by the presence of
abdominal symptoms. Originally, pred-
nisone non-responder, in post-tonsillec-
tomy relapse he responded fully to epi-
sodic prednisone administration. In the
second patient, PFAPA-like episodes
of lower frequency than before were
managed successfully with antipyretics
and occasional prednisone administra-
tion. At the most recent clinic visit 21
and 10 months from the relapse onset,
respectively, both children had a pro-
longed afebrile period (5 and 6 months,
respectively), suggesting upcoming re-
mission.

Overview of the outcome

The median follow-up time was 25
months (2—-60). The median disease du-
ration at the time of the last follow-up
was 8 months (6-57). Ninety-four pa-
tients (75%) were followed for longer
than 12 months. Out of these, 46 pa-
tients (49%) reached the full remission,
in 15 cases after tonsillectomy. There
was no difference in the remission rate
between patients who were untreated
(n=13) and those who were taking
episodic prednisone (n=18). Median
disease duration prior to the PFAPA
resolution was 17 months (8-58) in the
whole remission group. Clinical char-
acteristics of patients who reached re-
mission did not differ from the rest of
the cohort.

The remaining 48 patients followed
for over 1 year continued to have re-
current PFAPA episodes. Their median
disease duration was 45 months (range
18-72) from the onset to the last visit.
Their clinical characteristics, namely
the presence of other than oropharyn-
geal symptoms, did not differ from
the remission group (data not shown).
During the follow-up, none of them de-
veloped other diseases explaining their
symptoms.

Discussion

The number of publications have raised
awareness of PFAPA syndrome among
paediatricians of various subspecialties
and led to its better recognition. Al-
though its aetiopathogenesis remains
unclear and laboratory confirmation is
not available, existing modification of
clinical criteria and careful history have
become the most important diagnostic
factors. Since the establishment of the
“fever clinic” as a part of the paediatric
rheumatology service at our Depart-
ment in 2004, the number of patients
referred for recurrent fevers increased
more than 10 times.

Unlike other studies, we report the so far
largest single-centre experience with this
generally most common periodic fever
on the background of the wider spectrum
of diseases. Since genetic testing had not
been available in the Czech Republic, it
was performed only in highly suspicious
clinically cases at European laboratories
mostly as a part of the EUROFEVER
project (http://www.printo.it/eurofever/).
Although we did not apply the recently
suggested Gaslini diagnostic score (14),
the genetic analysis in patients clinically
suspected of hereditary disease yielded
48% positive results.

The diagnosis of PFAPA syndrome was
based on the meticulous analysis of the
medical history, clinical and laboratory
data. Data were collected systemati-
cally as a part of a prospective study in
patients attending our clinics. Patients
were followed long-term, until achieve-
ment of disease remission. Therefore,
the clinical data represent first-hand in-
formation. Majority of published series
either combine retrospective chart re-
view, physician or parent questionnaires
and prospective clinic and/or telephone
follow-up or do not fully describe data
collection methodologies (15-18). Our
report shows laboratory data in the
paired fashion (febrile versus afebrile).
In order to create as homogeneous as
possible cohort, we excluded patients
with PFAPA phenotype who exhibited
features that might have suggested pres-
ence of other diseases. Therefore, chil-
dren with, for example, abnormal con-
centration of IgA and/or IgD were ex-
cluded. Additionally, in all our patients,
urine mevalonic acid was assessed in

order to further reduce the risk of misdi-
agnosing HIDS. Immunoglobulin con-
centration is not systematically reported
in the published series (14, 18) or has
been performed in part of the patients
only (5, 16, 17), while mevalonaturia is
not mentioned in any of them.

Our patients exhibited similar age
at onset as well as distribution of the
main clinical features as in published
series (Table II) (5, 6, 15-18). Abdomi-
nal pain was present in a relatively
lower proportion of our patients (23%)
than in others (5, 14). Also reports on
headaches and arthralgia varied. This
heterogeneity may be explained by the
problematic reliability of reporting and
interpreting pain and its localisation in
toddlers. Normalisation of SAA levels
in afebrile interval supported the idea of
the benign nature of PFAPA syndrome
in terms of the risk of amyloidosis (19).
Our patients had similar extent of el-
evation of inflammatory parameters as
in other studies. (5, 20-22).

Among therapeutic options reported in
the literature, single-dose prednisone
appears the most popular. In our cohort,
it was used in over 60% of cases with
generally high success rate. Its use in
the published reports is summarised in
Table II. We applied objective measures
of efficacy assessment that were based
on the interval to fever resolution and
its subsequent maintenance. Based on
these evaluations, the extent of response
was defined as “full” or “partial”’. Meth-
odology of efficacy evaluation varies
among the published series. Our cut-off
point for considering prednisone “fully
effective” was fever decline within 12
hours from ingestion and maintenance
of symptom-free period for at least 2
weeks and this was achieved by 83% of
patients treated. This result cannot be
directly compared to the published data
where means and/or range of the time
to fever resolution are presented. Nev-
ertheless, prednisone led to fever defer-
vescence within the mean of 10 (range
0.5-96) (16) or 224 hours (17).

Some authors report the use of ad-
ditional prednisone doses in case of
insufficient response (5, 16, 17). The
majority of our patients required only
one prednisone dose to achieve the full
response. We generally did not recom-
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Table II. Characteristics of febrile episodes in children with PFAPA syndrome in different studies.

Publication ~ Study n Onset  Time from F/u Therapy FH
year (m) OtoR (n)
Pred TE CI/CO
n/% Effect+ 1n/%  Effect+ n/% Effect+

Waurster et al. 2011 R 60 32 6.3 years 12-21 years  44/73 42 2/3 NA CI25/42 CO2/3 12/1 6
Feder et al. 2010 R 105  39.6 33.2 months NA 72/69 70 11/10 11 CI 26/25 7 NA
Tasher etal. 2006 R 54 23 NA 2.2 years 48/89 48 6/11 6 NA NA NA

Thomas eral. 1999  R/P 83 34 4.5 years 3.3 years 49/59 44 11/39 7 CI 8/29 CO 1/4 8/0 5
Padeh et al. 1999 R 28 504 *8 years 5.0 years 23/82 23 3/11 3 CI 10/36 *10 NA
Krél et al. 2013 PR 125 23 17 months  25m (2.1 years) 77/62 72 18/14 18 CO2/2 2 59

n: number of patients; Onset (m): age at disease onset in months; Time from O to R: time from onset to remission; F/U: follow-up; Pred: prednisone; TE:
tonsillectomy; CI/CO: cimetidine/colchicine; n/%: number of patients/percentage of patients; Effect+: positive effect; FH (n): number of patients with posi-

tive family history.
*in 9 patients; *heterozygote for FMF.

mend repeated dosing without prior
medical re-assessment in order to ex-
clude infection. The well-known het-
erogeneity of the type and rate of cor-
ticosteroid side-effect occurrence does
not allow to predict the highest safe
long-term prednisone dosing in an indi-
vidual patient. As PFAPA syndrome is
a benign condition, the side-effect risk
should be close to zero. Therefore, we
believe that one single dose of pred-
nisone around Img/kg at the typical
PFAPA episode onset should be recom-
mended in the frequency not exceeding
3—4 weeks. Using this regimen, none
of our patients exhibited corticosteroid
side-effects. Proportion of patients with
shortening of afebrile intervals after
prednisone (14%) was similar in some
studies (16, 17), while others reported
even a higher rate of increased febrile
attack frequency (4).

The use of both colchicine and cimeti-
dine has been reported in small num-
bers of children with variable efficacy
difficult to interpret (5,9, 17, 18). Only
two of our prednisone non-responders
received colchicine with promising re-
sults. The rate of disease resolution af-
ter tonsillectomy was very high, similar
to published reports (5, 10, 15-17). The
recently published meta-analysis has
showed comparable effectiveness of
both corticosteroids and tonsillectomy,
but in long-term only tonsillectomy was
effective (23).

Nearly half of the patients followed
for over 1 year reached the full remis-
sion, suggesting favourable outcome,

similarly to the reported series (18,
23). Proportion of spontaneous remis-
sion (28%) also did not differ from the
published reports, where it ranged be-
tween 20-30%. Nevertheless, after the
mean follow-up ranging between 2 and
6 years, there remained 57-63% of pa-
tients whose disease had not resolved
(4, 5, 17), while our relevant number
was 51%. The longest follow-up in-
formation published by Wurster et al.
reported complete disease resolution
in 50/59 patients whose disease last-
ed for the mean of 6.3 years (18). In
9 patients, symptoms persisted for up
to 18.8 years, although these patients
experienced remissions longer than 1
year and the overall frequency of epi-
sodes decreased. A few recent reports
suggest possibility of PFAPA syndrome
onset in adult patients (24, 25).

In comparison to other series (Table II)
we observed a higher proportion of pa-
tients with positive family history. This
result might support the possibility of
yet unknown genetic background of
PFAPA syndrome (26-28).

The results of this as well as other recent
studies further support the common be-
lief that PFAPA syndrome is a condi-
tion of benign nature. In case of typical
presentation and sensible exclusion of
other possible causes, the diagnosis of
this relatively common syndrome ap-
pears straightforward. Nevertheless,
conditions like immune deficiencies
as well as inflammatory disorders and
malignancies presenting with recurrent
fever have to be carefully evaluated. A

high degree of suspicion is needed in
order to identify rare monogenic peri-
odic syndromes, mainly in association
with mevalonatekinase mutations and
R92Q mutation of TNFRSF1A gene
that can both present with PFAPA-like
phenotype (14, 29).

Clinically sensible diagnostic algorithm
of PFAPA syndrome includes careful
medical history, detailed analysis of
the disease presentations and labora-
tory tests to exclude other conditions
and to confirm the full normalisation of
inflammatory parameters. Prospective
follow-up supplied with data from the
parent-reported diary helps to evaluate
treatment response as well as the over-
all disease outcome. Single-dose epi-
sodic prednisone should be offered as
a first-line treatment with tonsillectomy
as a second-line option in prednisone
non-responders. Maintenance of normal
findings in afebrile intervals, normal
growth and development together with
spontaneous tendency towards lower-
ing episode frequency belong to the
most important confirmatory features of
PFAPA syndrome.
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ABSTRACT

Purpose: PFAPA syndrome is a benign, recurrent inflammatory disease of childhood. Tonsillectomy is one
of the therapeutic options with a yet unexplained biological mechanism. We tested whether specific
lymphocyte subsets recruited from blood to human tonsils participate in PFAPA pathogenesis.
Methods: Paired tonsils/peripheral blood (PB) samples were investigated (a) from children with PFAPA
that successfully resolved after tonsillectomy (n=10) (b) from children with obstructive sleep apnoea
syndrome as controls (n=10). The lymphocyte profiles were analysed using 8-colour flow cytometry,
immunoglobulin (IGH) and T-cell receptor (TCR) gene rearrangements via PCR and next generation
sequencing; a TREC/KREC analysis was performed using qPCR.
Results: The PFAPA tonsils in the asymptomatic phase had a lower percentage of B-lymphocytes than
controls; T-lymphocyte counts were significantly higher in PB. The percentages of cytotoxic CD8pos T-
lymphocytes were approximately 2-fold higher in PFAPA tonsils; the transitional B cells and naive stages
of both the CD4pos and CD8pos T-lymphocytes with a low expression of PD-1 molecule and high numbers
of TREC were also increased. With the exception of elevated plasmablasts, no other differences were
significant in PB. The expression levels of CXCL10, CXCL9 and CCL19 genes were significantly higher in
PFAPA tonsils. The IGH/TCR pattern showed no clonal/oligoclonal expansion. DNA from the Epstein-Barr
virus, Human Herpervirus-6 or adenovirus was detected in 7 of 10 PFAPA tonsils but also in 7 of 9 controls.
Conclusions: Our findings suggest that the uninhibited, polyclonal response of newly derived lympho-
cytes participate in the pathogenesis of PFAPA. Because most of the observed changes were restricted to
tonsils and were not present in PB, they partly explain the therapeutic success of tonsillectomy in PFAPA
syndrome.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

first described by Marshall according to its most characteristic
symptoms: periodic fever, pharyngitis, aphthous stomatitis and

PFAPA syndrome in children ranks among the most com- cervical lymphadenitis. The diagnosis is made partly by exclusion;
mon periodic autoinflammatory diseases. In 1987, PFAPA was the diagnostic criteria for PFAPA syndrome modified by Thomas

et al. (Thomas et al., 1999) include the following: (1) onset of dis-
ease prior to 5 years of age, (2) the absence of upper respiratory tract
infection with at least one of the following symptoms: aphthous
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E-mail address: eva.fronkova@lfmotol.cuni.cz (F. Eva).
T Contributed equally.
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0161-5890/© 2015 Elsevier Ltd. All rights reserved.

stomatitis, cervical lymphadenitis, pharyngitis, (3) asymptomatic
interval between episodes, (4) exclusion of cyclic neutropenia and
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(5) normal growth and development. Additional features such as
vomiting, nausea, fatigue, abdominal pain and arthralgia may occur
(Hofer et al., 2014). The aetiology and pathogenesis of the syn-
drome remains unknown; a dysregulation of the immune system
or abnormal response to an unknown infection trigger is sus-
pected. Laboratory findings in peripheral blood (PB) during fever
flares revealed elevated white blood cell counts (WBC) that was
caused mostly by the increased neutrophil and monocyte counts
accompanied by decrease in lymphocytes and eosinophils. Eleva-
tion of erythrocyte sedimentation rate, of C-reactive protein and
of serum amyloid A was recorded during PFAPA flares (Thomas
et al,, 1999; Brown et al., 2010; Feder and Salazar, 2010; Kolly
et al., 2013; Stojanov et al., 2006; Stojanov et al., 2011). Investiga-
tion of classic proinflammatory cytokines in sera revealed elevated
serum concentration of IL- 6, but unchanged levels of TNF-alpha
and IL1P approximately 15h after the onset of the fever (Brown
et al., 2010). The levels of lymphocyte activator IL-7 and Th17-
associated cytokine IL17 were decreased both in febrile and in
afebrile sera compared to controls in the same study (Brown
et al., 2010). Another study exploring cytokine production came
to slightly different results, showing increased plasma concen-
tration of IL-1f3, IL-6, TNF-alpha and IL-12p70 after fever onset,
but also in asymptomatic periods compared to controls (Stojanov
et al., 2006). Increased percentages of CD4* and CD8PS T cells pro-
duced IFN-y after stimulation compared to controls (Stojanov et al.,
2006). Both studies concluded that the cytokine pattern is typi-
cal for an IFNy-dependent (Th1) inflammatory response. A study
by Stojanov et al. (Stojanov et al,, 2011) was able to distinguish
PFAPA flares from asymptomatic period samples, control samples
and also from hereditary periodic fever (HPF) flares based solely on
the gene expression profile. During PFAPA flares, complement, IL-
1-related and IFN-induced genes were significantly overexpressed.
The gene expression profile during asymptomatic periods was
indistinguishable from that of healthy children. PFAPA flares were
accompanied by increased protein levels of chemokines known as
the T cell chemoattractants IP-10/CXCL10, MIG/CXCL9 and MIP-
1B/CCLA4. The most recent study suggested that dysregulated IL-13
monocyte production is linked to PFAPA syndrome (Kolly et al.,
2013).

The optimal treatment method for PFAPA syndrome remains
a matter of debate. The administration of antibiotics and non-
steroidal anti-inflammatory agents has been considered ineffective
(Thomas et al., 1999). A single dose of prednisone aborts PFAPA
flares but does not prevent their recurrence (Feder and Salazar,
2010; Berlucchi et al., 2003; Wurster et al., 2011). The administra-
tion of the recombinant IL-1R antagonist anakinra was successful
in all five patients (based on the findings of above mentioned
study) (Stojanov et al., 2011). A positive effect of tonsillectomy
has been documented in several studies (Feder and Salazar, 2010;
Stojanov et al., 2011; Garavello et al.,, 2009; Krol et al., 2013;
Peridis et al., 2010a), although the pathogenetic background for
this therapeutic intervention is unknown. Because tonsils are pri-
marily a lymphoid tissue and because the gene expression profiles
revealed the involvement of adaptive immunity, we decided to
evaluate the perturbation of lymphocyte composition and func-
tion within tonsils removed as a treatment for PFAPA treatment.
As anticipated in a previous study describing elevated levels of T
cell chemoattractants in peripheral blood (Stojanov et al., 2011),
we show that T cells, especially early developmental stages of
CD8P% cytotoxic and CD4P° helper T cells with low expres-
sions of inhibitory molecule PD-1, are more abundant in the
tonsils of patients with PFAPA. The activation of the immune
system by a virus could be a tempting explanation of tonsil-
lar pathology; we found the DNA of common viruses in most
PFAPA tonsils. However, the same viruses were also present in
control tonsils. Interestingly, most of the observed differences in

our study were limited to tonsils and were not present in the
blood.

2. Patients and methods
2.1. Ethics statement

This study was approved by the Institutional Review Board of
2nd Faculty of Medicine and Motol University Hospital in Prague,
Czech Republic. The parents of the patients were informed about
the aim of the study and gave their written consent. All clinical
investigation was conducted according to the principles expressed
in the Declaration of Helsinki.

2.2. PFAPA and control samples

Ten children with PFAPA syndrome (5 boys, 5 girls) and 10
children with obstructive sleep apnoea syndrome (control group)
underwent elective tonsillectomy with or without adenoidectomy
at the ENT Department of the 2nd Faculty of Medicine, Charles
University in Prague, between October 2010 and May 2013. The
identification of PFAPA patients, diagnosis and follow up of the chil-
dren with PFAPA syndrome were performed in cooperation with
the Periodic Fever Clinic of the Pediatric Rheumatology Unit, Gen-
eral University Hospital in Prague. The children with tonsillectomy
due to PFAPA syndrome consisted of three groups: (1) the patients
whose parents opted for tonsillectomy as a first line treatment (3
patients); (2) the patients treated with episodic prednisone whose
disease duration and episode frequency were an unacceptable bur-
den for the family (4 patients) and (3) the patients treated with
prednisone with increasingly frequent episodes (3 patients). Ton-
sillectomy was performed during symptom-free intervals. The cold
knife method for tonsillectomy was employed, and adenoidectomy
was performed if needed. The patients were followed for a min-
imum of 6 months after tonsillectomy: initially during common
postoperative ENT follow up then via telephone contact. A sam-
ple of the peripheral blood was obtained during the tonsillectomy
procedure.

2.3. Diagnostic algorithm

In order to exclude other causes of recurrent fevers all patients
underwent general pediatric and ENT assessments.
The case history inquired was:

age at the first manifestation of the symptoms

age at diagnosis

duration of fever episodes

interval between fever episodes

clinical findings during fever episodes: pharyngitis, cervical lym-
phadenopathy, aphthous stomatitis, arthralgia, abdominal pain
and vomiting.

clinical status during afebrile intervals

Laboratory evaluation:

¢ erythrocyte sedimentation rate, full blood count with differential,
liver and kidney function tests, anti streptolysin O.

* nose and throat culture

e serum immunoglobulin (Ig) levels (namely IgG, IgA, IgD), herpetic
virus serology and mevalonic acid in urine collected during the
febrile episode (Krol et al., 2013).

Finally, clinical diagnosis of PFAPA syndrome was confirmed by
a pediatric rheumatologist in the Periodic Fever Clinic.
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2.4. Flow cytometry

Peripheral blood was collected into EDTA. Mononuclear cells
were isolated via Ficoll-Paque (Pharmacia, Uppsala, Sweden) den-
sity centrifugation or isolated via gentle shaking from manually
dissociated tonsillar tissue. Dry pellets of the mononuclear cells
were stored at —80 °C for subsequent DNA analysis. Flow cytometry
(FC) analysis was performed on a modified BD LSRII (BD Bioscience,
San Jose, CA, USA) instrument equipped with a standard blue laser
(488 nm, 20 mW), a red laser (633 nm, 25 mW) and an upgraded
diode violet laser (405 nm, 120 mW, Omicron Laserage Laserpro-
dukte GmbH, Rodgau, Germany). The lymphocyte subsets were
evaluated using the following antibody combinations: T-cell panel:
CD27 Pacific Blue, CD8 Horizon-V500, CD28 Alexa488, CD38 PE,
CD3 ECD, CD45RA PE-Cy7, CD279 APC and CD4 Alexa700). B-cell
panel: (CD27 Pacific Blue, IgM FITC, CD24 PE, IgD Qdot605, CD20
PerCP, CD19 PE-Cy7, CD21 APC and CD38 Alexa700) as described
previously (Vlkova et al.,, 2010). The data were analysed using
FlowJo software (TreeStar, Ashland, OR, USA). The left and right
tonsils were analysed separately, and average values were used
for further statistical evaluation because we observed no lateral
skewing of the lymphocyte proportions.

2.5. Immunoglobulin and T-cell receptor gene rearrangements

DNA from the whole blood and from tonsils was extracted using
the QIAamp DNA Mini Kit (Qiagen GmbH, Hilden, Germany). The
clonality of theimmunoglobulin heavy chain (IGH), TCR beta (TCRB)
and TCR gamma (TCRG) rearrangements were assessed using mul-
tiplex PCR as described previously (Pongers-Willemse et al., 1999;
van Dongen et al., 2003). The PCR products were analysed using
the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara,
CA, USA). TCRG rearrangement profiling was performed on the
DNA level via Immunoseq (Adaptive Biotechnologies, Seattle, USA)
using next generation sequencing and the cloud-based analysis of
multiplex PCR products as described previously (Sherwood et al.,
2011).

2.6. TREC and KREC detection

The albumin gene level was quantitatively detected in isolated
samples using qPCR (Pongers-Willemse et al., 1998) and standard
dilution series derived from Human Genomic DNA with a known
starting concentration of 200 ng/pl (Roche, Basel, Switzerland). The
T-cell receptor excision circles (TREC) and kappa-deleting element
recombination circles (KREC) were used to detect proliferation his-
tory of T and B lymphocytes, respectively. TREC and KREC levels
were assessed separately using cloned plasmid standards as previ-
ously described (van Zelm et al., 2007; Weinberg et al., 2001). The
results were expressed as the number of TREC (KREC) copies per 1
microgram of DNA (Fronkova et al., 2014).

2.7. Detection of viral DNA

The viral loads of EBV, CMV, HHV-6 and adenoviruses were
detected after DNA extraction using previously published qPCR
assays based on a dilution series of cloned plasmid standards (Claas
et al., 2005; Gautheret-Dejean et al., 2002; Kimura et al., 1999;
Tanaka et al., 2000), and viral loads were normalised to quanti-
fied albumin genes (Pongers-Willemse et al., 1998) as described
previously (Hubacek et al., 2009).

2.8. Gene expression analysis

Total RNA from frozen tonsils (8x PFAPA, 7x controls) was
isolated using MELT™ Total Nucleic Acid Isolation System (Life

Technologies,. Waltham, MA, USA). Real-time PCR was performed
in duplicates using a dilution series of mixed PB cDNA'’s from five
healthy donors. TagMan® gene expression assays for CXCL1, CXCL9,
CXCL10, CXCL12, CXCL13 and CCL19 with an ABI PRISM® 7500 Fast
Real-Time PCR System (Applied Biosystems, Waltham, MA, USA)
were used and the results were related to the level of abl control
gene expression.

2.9. Statistical analysis

All statistical analyses and graphs were generated using the
R statistical environment. The distribution of variables between
groups was assessed using Fisher’s exact test. The Wilcoxon-
Mann-Whitney test was used to estimate the significance of the
differences concerning continuous values. A classification tree
based on information from all measured T-lymphocyte popula-
tions was created; the classification attributes and their thresholds
were chosen using a C4.5 algorithm implemented in the R package
RWeka (lan et al., 2005; Hornik et al., 2009). This algorithm chooses
the decision node so that the resulting splitting maximises the nor-
malised information gain.

3. Results
3.1. Clinical course pre-and post-tonsillectomy

The median age at the first manifestation of the PFAPA symp-
toms was 27 months (range 18-60), and the median age at
diagnosis was 39 months (range 14-78). The median duration of
fever flare was 4.5 days (range 2-7) with a median interval between
attacks of 4 weeks (range 2-7). Tonsillectomy was performed at a
median age of 66 months (range 36-96). Pharyngitis was observed
in all 10 patients, aphthous stomatitis in 4 patients (40%) and cervi-
cal adenitis in 5 patients (50%) during PFAPA flares. Arthralgia was
observed in 3 patients (30%), abdominal pain in 1 patient (10%) and
vomiting in none of the patients. 100% of the PFAPA patients had
complete remission of the symptoms for at least 8 months after
surgery. The median length of post-tonsillectomy follow up was
18.5 months (range 8-29). None of the patients had postopera-
tive complications. The PFAPA tonsils were macroscopically similar
to controls and the histology results of both PFAPA tonsils and
controls were reported as chronic tonsillitis or chronic lacunar ton-
sillitis. The PFAPA tonsil cultivations were negative for bacteria in
all patients.

3.2. Tlymphocyte subsets

All measured values were highly concordant for tonsil pairs;
therefore, we used the average values for further analyses. Com-
pared with the controls, there was a slightly higher percentage of
CD3P% T lymphocytes in the peripheral blood of PFAPA patients
(median 66% in PFAPA vs. 59% in controls, p=0.01, Fig. 1A). This
trend was also present in tonsils but did not reach statistical signif-
icance (median 36% in PFAPA vs. 31% in controls, p =0.08, Fig. 1A).

The tonsils of PFAPA patients differed from those of controls
in the proportion of the main T lymphocyte subsets (Fig. 1B).
The PFAPA tonsils contained more CD8P% cytotoxic T lympho-
cytes (PFAPA: median 6% of all lymphocytes; controls: median
3%; p=0.007). The CD4/CD8 ratio was significantly lower in PFAPA
(PFAPA: median 4.2; controls: median 6.1, p=0.02). The proportion
of CD4/CD8 double negative CD3"gh cells corresponding mainly to
gamma delta T lymphocytes was slightly increased in the PFAPA
tonsils (median 1.2% of the CD3P°S cells in PFAPA vs. median 0.57%
in controls, p=0.02, Table 1).

Supplementary Fig. 1 shows the gating strategy for defining four
developmental stages of CD4P° and CD8P% T lymphocytes based
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Table 1
TONSIL - CTRL TONSIL - PFAPA Wilcoxon test BLOOD - CTRL BLOOD - PFAPA Wilcoxon test
Median (10-90 percentile) Median(10-90 percentile) p-value Median (10-90 percentile) Median  (10-90 percentile) p-value
Abs Lymphocytes (x ~ NA NA NA NA NA Abs Lymphocytes  2.70 (2.36-3.86) n=7 3.30 (2.66-4.08) n=7 n.s.
10e6/ml) (x 10e6/ml)
CD19+ of Lymph 65.9 (58.2-72.53) n=6 544 (47.53-61.34) n=7 0.022 CD19+ of Lymph 189  (11.02-31.55) n=8 12.2 (11.4-17.18) n=9 n.s.
CD3+ of Lymph 30.9 (25.38-36.01) n=10 36.3 (27.57-44.5) n=10 ns. CD3+ of Lymph 594  (44.09-66.32) n=10 66.2 (61.01-67.16) n=10 0.019
CD4+ of Lymph 25.1 (20.84-30.65) n=10 264 (20.53-32.03) n=10 n.s. CD4+ of Lymph 279  (17.96-35.69) n=10 30.7 (23.72-40.18) n=10 n.s.
CD8+ of Lymph 3.14  (2.31-5.53) n=10 5.78 (4.02-8.65) n=10 0.007 CD8+ of Lymph 19.8  (12.54-27.54) n=10 20.6 (17.03-30.71) n=10 n.s.
CD4/CD8 6.1 (4.77-9.28) n=10 4.2 (2.38-6.26) n=10 0.019 CD4/CD8 14 (0.92-2.16) n=10 14 (0.88-2.14) n=10 n.s.
CD3 + DN of T-cells 0.57 (0.37-1.22) n=8 1.22 (0.91-1.74) n=9 0.021 CD3+DN of T-cells 7.75 (3.72-9.85) n=10 7.85 (6.15-13.5) n=10 n.s.
CD4+ Naive of Lymph 3.6 (2.76-6.94) n=10 6.3 (4.31-9.39) n=10 0.015 CD4+ Naive of 19.2 (11.8-25.68) n=10 21.1 (15.75-29.26) n=10 n.s.
Lymph
CD4+ Central Memory 21.9 (16.06-29.02) n=10 20.0 (17.65-22.09) n=10 n.s. CD4+ Central 7.62 (4.64-10.3) n=10 8.34 (6.5-10.32) n=10 n.s.
of Lymph Memory of
Lymph
CD4+ Effector Memory 1.1 (0.55-1.71) n=10 09 (0.55-2.52) n=10 n.s CD4+ Effector 1.0 (0.59-1.72) n=10 1.1 (0.34-2.34) n=10 n.s.
of Lymph Memory of
Lymph
CD4+ TEMRA of Lymph 0.08  (0.05-0.29) n=10 0.06 (0.04-0.19) n=10 n.s. CD4+ TEMRA of 0.04 (0.02-0.08) n=10 0.07 (0.03-0.3) n=10 n.s
Lymph
CD4 +PD1hi of Lymph 10.1 (7.53-11.59) n=10 5.9 (4.42-8.91) n=10 0.001 CD4 +PD1hi of 0.0 (0-0.07) n=10 0.0 (0-0.06) n=10 n.s
Lymph
CD8+ Naive of Lymph  2.085 (1.43-3.1) n=10 3.84 (2.4-6.8) n=10 0.005 CD8+ Naive of 12.2 (7.97-17.38) n=10 13.1 (9.51-15.49) n=10 n.s.
Lymph
CD8+ Central Memory 1.2 (0.73-2.36) n=10 1.5 (1.05-4.43) n=10 n.s. CD8+ Central 3.8 (2.09-8.25) n=10 4.8 (3.39-8.17) n=10 n.s
of Lymph Memory of
Lymph
CD8+ Effector Memory 0.12 (0.03-0.21) n=10 0.08 (0.06-0.35) n=10 n.s. CD8+ Effector 0.48 (0.12-1.02) n=10 0.78 (0.32-1.5) n=10 n.s
of Lymph Memory of
Lymph
CD8+ TEMRA of Lymph 0.0 (0.02-0.07) n=10 0.0 (0.02-0.13) n=10 n.s. CD8+ TEMRA of 1.2 (0.48-3.17) n=10 1.9 (0.26-7.53) n=10 n.s
Lymph
Transitional of B-cells 0.12  (0.04-0.2) n=6 0.54 (0.07-1.04) n=7 0.035 Transitional of 5.19 (2.32-7.9) n=8 7.07 (2.92-13.96) n=9 n.s
B-cells
Naive/Immature of 63.0 (59.2-65.83) n=6 69.7 (57.89-76.79) n=7 ns. Naive/Immature of 57.0  (52.57-59.62) n=8 61.1 (53.04-69.2) n=9 n.s
B-cells B-cells
Ig switched of B-cells 53.5 (40.9-60.6) n=6 382 (31.22-45.02) n=7 0.035 Ig switched of 193  (11.81-36.44) n=7 16.2 (11.24-29.07) n=8 n.s
B-cells
Plasmablasts of B-cells 2.0 (1.5-2.73) n=6 1.1 (1.02-1.53) n=7 0.012 Plasmablasts of 1.2 (0.49-2.08) n=8 3.0 (1.22-4.98) n=9 0.018
B-cells
IgM negative CD27 29 (20-38.525) n=6 18.8 (17.45-25.27) n=7 0.035
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Fig. 1. Lymphocyte subsets in PFAPA vs. controls. Percentages from all lymphocytes are shown in all graphs. CD19 P°s B lymphocytes and CD3P° T lymphocytes (A), CD4P°s
helper and CD8P°s cytotoxic T lymphocytes (B), naive helper CD4P° CD45RAP°SCD27P° T cells and naive cytotoxic CD8P°*CD45RAPSCD27P% T cells (C) are shown.

on the expression of CD45RA and CD27 markers in both tonsils and
blood (Mahnke et al., 2013). The helper T cell lymphocyte pool was
primarily composed of memory CD45RAMe8 cells in both the PFAPA
and controls, but the proportion of naive CD45RAP%SCD27P% cells
was significantly higher in the PFAPA tonsils (PFAPA: median 6% of
all lymphocytes; controls: median 4%, p=0.015, Fig. 1C). The per-
centage of naive CD8P° CD45RAP2SCD27P% cells was significantly
elevated in PFAPA tonsils (PFAPA: median 4% of all lymphocytes;
controls: median 2%, p=0.005, Fig. 1C). The proportion of activated
HLA-DRPS cells in the PFAPA tonsils was comparable with that of
controls for both the CD4P° and CD8P° T lymphocytes (data not
shown).

In agreement with the study of Wang et al. (Wang et al., 2011),
we found a heterogeneous expression of PD-1 molecule on CD4P%
T lymphocytes (Fig. 2A) in tonsils, being the highest (PD-1high)
in memory CD45RA"¢ cells. The percentage of CD4P°s pD-1high
CD45RA"€¢2 cells was significantly lower in the PFAPA tonsils than
in the controls (median 6% of all lymphocytes in PFAPA vs. 10% in
controls, p=0.001, Fig. 2B). Importantly, all observed differences in
the T lymphoid subpopulations between PFAPA and controls were
limited to tonsils. The blood samples taken during tonsillectomy
did not show any significant differences regarding T lymphocyte
subsets. Absolute lymphocyte counts in PB were similar to controls
in PFAPA (Table 1). Analysis of total cell numbers in each T cell pop-
ulation confirmed higher numbers of PB T lymphocytes in PFAPA
(p=0.04, Wilcoxon test, data not shown). Similarly to relative num-
bers, absolute counts of all analysed T lymphocyte subsets did
not differ from controls (data not shown). In order to understand
which parameters were different in PFAPA vs. controls an unsuper-
vised classification tree based on information from all measured
T-lymphocyte populations both in blood and tonsils was created.

The algorithm chose the CD4P°sPD-1high percentage of all lympho-
cytes in tonsils combined with the percentage of CD8P%cells of all
lymphocytes in tonsils as the best predictor of PFAPA phenotype.
The following classification was suggested: CD4P°SPD-1high T cells
from tonsillar lymphocytes <9.25% and CD8P°ST cells from tonsillar
lymphocytes > 3.46% (Fig. 3). This classification correctly assigned
all but one patient to the respective categories (PFAPA vs. controls)
in our limited cohort.

We asked whether the elevated numbers of respective T cell
subsets were caused by their proliferation. The numbers of TREC
per microgram of DNA did not differ between PFAPA and controls
(Supplementary Fig. 3), which indicates that are no large changes in
the relative contribution of thymic generation versus proliferation
to the T-cell compartment of tonsillar cells in PFAPA patients.

3.3. Blymphocyte subsets

The proportion of CD19P° B lymphocytes was lower in
the PFAPA tonsils than in the controls (median 54.4% in
PFAPA vs. 65.9% in controls, p=0.02, Fig. 1A and Supplemen-
tary Fig. 2A). There was a significantly higher proportion of
CD19P0sCD27Me8CD24MighCD38Migh transitional B cells in the PFAPA
tonsils, yet the numbers of those cells in both the PFAPA and con-
trol groups were extremely low (median 0.5% of CD19P°S cells in
PFAPA vs. 0.1% in controls, p =0.035, Table 1). There was no differ-
ence in the proportion of naive CD27"¢¢ B lymphocytes in the PFAPA
tonsils compared with that of the controls (Table 1). The percent-
age of switched B lymphocytes defined as CD19P%SIgMPMe8]gDne8
(Supplementary Fig. 2C) among CD19P% B cells was significantly
lower in the PFAPA tonsils (median 38% among CD19P% in PFAPA
vs. median 54% in controls, p=0.035, Table 1 and median 22% from
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Fig. 3. Classification tree based on information from all measured T-lymphocyte
populations.

all lymphocytes in PFAPA vs. 36% in controls, p=0.01, Fig. 2C). The
lower numbers of switched B cells in PFAPA tonsils were attributed
to a reduction in the CD27"¢¢ switched compartment (p=0.035,
Table 1).

Again, the observed differences were limited to tonsils and were
not present in the blood (Table 1). The only exceptions were the
numbers of plasma B cells (defined as CD19P°s CD27high/CcD3ghigh,
Supplementary Fig. 2D), the numbers of which were lower in the
PFAPA tonsils (median 1.1% of CD19P°S cells in PFAPA vs. 2% in
controls) but which were slightly higher in the blood of patients
with PFAPA (median 3%) compared with the blood of the control
patients (median 1.2%, p=0.02). Absolute counts of all analysed B
cell subpopulations did not differ between PFAPA and controls. The
numbers of KREC were not significantly different in PFAPA tonsils
(Supplementary Fig. 3).

3.4. Both PFAPA and control tonsils contain DNA of common
viruses

Based on the higher levels of cytotoxic T lymphocytes in the
PFAPA tonsils, we speculated that a common viral infection may
be the trigger for T lymphocyte recruitment. Quantitative PCR
for adenovirus, cytomegalovirus (CMV), Epstein-Barr virus (EBV)
and Human herpes virus 6 (HHV6) were performed. CMV was not
detected in any of the samples. A low viral load of at least one of
the investigated species was present in 7 of 10 of the PFAPA tonsils
but also in 7 of 9 of the investigated control tonsils (Table 2). The
positive detection of viruses did not differ between the PFAPA cases
and controls.
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Table 2
Normalised copies of viral DNA (per 10,000 copies of human albumin gene) assessed
via qPCR in PFAPA and control tonsils.

Patient EBV CMV HHV6 adeno
PFAPA 0 0 0 0
PFAPA 1.4 0 0 0
PFAPA 0 0 6.4 110
PFAPA 0 0 0 18
PFAPA 0 0 1.7 0
PFAPA 6.4 0 0 0
PFAPA 0 0 3.8 0
PFAPA 0 0 6 440
PFAPA 0 0 0 0
CTRL 33 0 0 78.1
CTRL 0 0 0 0
CTRL 83 0 0 0
CTRL 30 0 0 0
CTRL 1.6 0 24 0
CTRL 0 0 6.7 9
CTRL 0 0 0 0
CTRL 0.71 0 0 0
CTRL 0 0 1.5 0

3.5. Immunoglobulin and T-cell receptor gene rearrangement
analysis reveals a polyclonal pattern in PFAPA tonsils

The patterns of the rearrangements of IGH, TCRB and TCRG were
evaluated using DNA from blood and tonsils in search for a puta-
tive clonal/oligoclonal proliferation. Patients with PFAPA showed
a normal Gaussian distribution of PCR fragment sizes with no
traces of clonality/oligoclonality (data not shown). The PFAPA ton-
sils had slightly elevated numbers of gamma delta T lymphocytes.
We explored the sequence motifs of multiple TCRG rearrangements
generated via multiplex PCR and next generation sequencing in four
PFAPA tonsils and three control tonsils aiming at finding a possi-
ble subset of gamma delta T lymphocytes shared in PFAPA and not
present in controls. Interestingly, the clone CALWEVYYKKL, which
was highly represented in PFAPA patient no. 3, has been previously
detected in the peripheral blood of a patient with periodic fever
syndrome (Jouen-Beades et al., 1999). Nevertheless, the highly sen-
sitive NGS method detected the same clone (weakly represented,
0.001%-0.1%) in all of the PFAPA and control tonsils. Also the other
public TCRG rearrangements were present in both PFAPA and con-
trols (Supplementary Material and Supplementary Table 1).

Most of TCRG rearrangements in unsorted T lymphocytes are
non-functional, accompany productive TCRB rearrangements in
TCRa3 lymphocytes and are present in virtually all T lympho-
cytes (Sherwood et al,, 2011; Fronkova et al., 2005). Consistent
with this, most of the TCRG rearrangements in tonsils were
non-functional (unproductive or using pseudogene), apparently
corresponding to TCRa3 lymphocytes, and did not show any larger
(>1%) clonal/oligoclonal expansion.

3.6. PFAPA tonsils have a higher expression of T cell
chemoattractant genes

The expression levels of CXCL1, CXCL9, CXCL10,CXCL12,CXCL13
and CCL19 genes in PFAPA tonsils are shown in Fig. 4. The levels
of CXCL9, CXCL10 and CCL19 were significantly higher in PFAPA
tonsils (p=0.0006, p=0.001 and p=0.01, respectively). There was
a similar yet not significant trend for CXCL12 (p=0.08). There was
no difference in CXCL1 and CXCL13 gene expression.

4. Discussion
To our knowledge, our study is the first to explore in detail

the lymphocyte subsets in PFAPA tonsils. A recently published
study exploring the tonsils of patients with PFAPA examined mRNA
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Fig. 4. The gene expression levels of CXCL1, CXCL9, CXCL10, CXCL12, CXCL13 and
CCL19 genes in PFAPA tonsils are shown relatively to the expression levels in mixed
peripheral blood of five healthy donors.

expression of various cytokines and found IL-1[3, TNF-«, TGF-3,
IL-17 and IFN-y mRNA levels that were similar to control hyper-
trophic tonsils, with the only exception of IL-4 being lower in the
PFAPA tonsils (Valenzuelaetal.,2013). Chenetal. (Chenetal.,2009)
investigated the tissue sections of patients with autoinflammatory
syndromes including one tonsil from a patient with PFAPA and
found that the tonsil of the PFAPA patient contained more basophils
with bound or internalised IgD. Mucosal basophils in autoinflam-
matory syndromes could enhance inflammation by releasing IL-1(3
and LL-37 in response to microbial antigens with IgD-binding activ-
ity. The plasma IgDP°SIgM"€8 class switched cells were elevated in
both the blood and tonsils of patients with autoinflammatory syn-
dromes. In our study, we found increased numbers of plasma cells
in the peripheral blood of PFAPA patients. However, we could not
assess their IgD production, as we only measured the surface (not
intracellular) IgD in our study. IgD isolated from human serum has
been demonstrated to enhance the release of IL-1(3, TNF-alpha and
interleukin-1 receptor antagonist from human mononuclear cells
(Drenthetal., 1996). Arecent study suggests that monocytes trigger
the autoinflammatory cascade through the release of IL-1f3 (Kolly
etal., 2013).In the experimental setting of our study, we could only
indirectly assess the numbers of monocytes, which did not differ
between the PFAPA and control tonsils (data not shown).

In our study, we observed elevated levels of the naive stages of
both CD4 and CDS8T cells and an approximately 2-fold increase in
the CD8T cell proportion in the PFAPA tonsils. Because the TREC
levels were the same or even higher in the PFAPA tonsils, the
increased numbers of T lymphocytes were not due to homeostatic
proliferation but instead corresponded to newly arrived cells. All
investigated parameters were concordant among the tonsil pairs in
our patients; the pathogenetic mechanism apparently affects the
tonsils as a whole instead of through an isolated focal process. A
study by Brown et al. (Brown et al., 2010) speculated that reduced
concentrations of IL-7, IL-17 and IFNv in the afebrile interval may
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indicate defective T cell regulation in PFAPA syndrome. We found
an approximately 2-fold lower percentage of CD4P% T cells with a
high expression of the inhibitory molecule PD-1 in the PFAPA ton-
sils. CD4P%S T cells have been described to be localised in the rim of
germinal centres and to have the main primary function of helping
B cells, mostly via producing various factors including LFA3, CD40L,
ICOS, 0X40, and CD10. Neutralising antibodies against CD40L or
ICOS abolished the increased antibody production by B cells cocul-
tivated with CD4P°SPD-1high T cells (Wang et al., 2011). Consistent
with this finding, we found a decreased number of switched mem-
ory B cells in the PFAPA tonsils, suggesting that variations in the
T cell compartment cause perturbations in the B cell functions in
tonsils. Three studies (Brown et al., 2010; Stojanov et al., 2011;
Forsvoll et al., 2013) found increased levels of chemokines that are
known T-cell chemoattractants during PFAPA flares compared with
asymptomatic intervals. The levels of CXCL10 protein remained
increased in afebrile period in the plasma in one study (Forsvoll
et al., 2013), while CXCL9 protein was found increased, yet lower
than during PFAPA flares, in another study (Stojanov et al., 2011).
The numbers of both the CD4 and CD8T cells in PB were reduced
during PFAPA flares (Stojanov et al., 2011). This could indicate that
the elevated numbers of CDS8T cells in tonsils taken in asymp-
tomatic periods in our study originate from their recruitment to
tonsils from blood during PFAPA flares. We found significantly
higher levels of CXCL9, CXCL10 and CCL19 gene expression in PFAPA
tonsils even in afebrile period. All three proteins participate in T cell
chemoattraction. CXCL1, a chemokine with neutrophil chemoat-
tractant activity, was found increased in PB during PFAPA flares,
but the gene expression was normal in afebrile period (Stojanov
etal., 2011). Consistent with this, we found no difference in tonsil-
lar CXCL1 expression between attacks. The gene expression levels
of CXCL13, a known chemoattractant for B lymphocytes, did not
differ in PFAPA tonsils. This further supports our findings than B
cells are not as important as T cells in PFAPA pathogenesis.

A study by Stojanov et al. (Stojanov et al., 2011) found slightly
elevated levels of gamma delta T lymphocytes during the asymp-
tomatic period. Using the numbers of CD3M8ghDN cells, we set the
approximate value of gamma delta T cells to be slightly elevated
in the PFAPA tonsils. However, the compartment of CD3highDN
cells does not contain solely gamma delta T cells. A T cell recep-
tor gamma with a CALWEVYYKKL CDR3 amino acid sequence was
previously described in a patient with recurrent fever and was
abundant in tonsil of one PFAPA patient (Jouen-Beades et al., 1999),
but it was also present in all remaining PFAPA and control tonsils.
Additionally, the spectrum of other TCRG rearrangements over-
lapped among the PFAPA and controls. Thus, the gamma delta T cells
respond to some unspecific stimuli rather than a specific antigen in
PFAPA patients. The composition of the lymphocyte subsets with an
elevation of CD8 cells in our study raised the question of whether a
viral antigen could be a trigger of PFAPA flares. There have been no
studies examining viral loads in PFAPA patients thus far. We found
DNA from EBV, HHV-6 and adenovirus but not cytomegalovirus
in most PFAPA and also in most control tonsils. Very recently, a
study exploring transcriptome of 6 PFAPA tonsils and 8 controls
in search of infectious triggers of PFAPA has found human cox-
sackievirus, parechovirus and adenovirus C RNA at low abundance
in a subset of samples but again without enrichment of any of
these viruses in PFAPA cases (Freeman et al., In press). Therefore,
a virus as a potential trigger of PFAPA flare is not excluded; how-
ever, other cooperating factors are probably necessary. Two recent
studies found variants in inflammasome-related genes in a part of
PFAPA patients (Kolly et al., 2013 Jun; Kubota et al., 2014), which
supports the hypothesis of a dysregulated immune response to a
yet unidentified trigger.

The tonsillectomies have been curative in all of the patients
in our PFAPA group, a result that is similar to other published

reports (Feder and Salazar, 2010; Garavello et al., 2009; Peridis
et al., 2010a). There were no further episodes of PFAPA after ton-
sillectomy in these patients over an 8-month follow up period.
Our case series is similar to others in the literature regarding
most frequent clinical symptoms (Feder and Salazar, 2010 Feb;
Marshall et al., 1987; Tasher et al., 2006). A recurrence of apht-
hous stomatitis in PFAPA patients after surgery has been previously
described in some studies (Valenzuela et al., 2013; Pignataro et al.,
2009; Vigo et al., 2014), but this was not a finding of our study.
The median age at surgery in PFAPA patients was also similar to
that reported in other series (Feder and Salazar, 2010; Valenzuela
et al.,, 2013). In line with previously published findings, the his-
tology results of all of the PFAPA tonsils corresponded with the
signs of chronic tonsillar inflammation, and the PFAPA tonsils cul-
tivation examinations were negative for bacteria in all patients
(Peridis et al., 2010b; Pignataro et al., 2009). The optimal treatment
of PFAPA syndrome remains a matter of a debate. The adminis-
tration of antibiotics and non-steroidal anti-inflammatory agents
has been judged to be ineffective (Thomas et al., 1999). The most
effective non-surgical treatment is episodic administration of a cor-
ticosteroid with positive clinical effects in 80-90% of the patients
(Feder and Salazar, 2010; Berlucchi et al., 2003; Wurster et al.,
2011; Krol et al., 2013). Nevertheless, a single dose of prednisone
administered at the febrile episode onset does not prevent the
recurrence of fevers. The shortening of afebrile intervals in up to
50% of prednisone-treated patients was also described in some
studies (Feder and Salazar, 2010). The use of additional prednisone
doses in cases of insufficient response has been reported by some
authors (Thomas et al., 1999; Tasher et al., 2006); however, other
authors did not recommend this method without prior medical re-
assessment to exclude infection (Krol et al., 2013). The recently
published meta-analysis reported equal effects of corticotherapy
and tonsillectomy, but tonsillectomy (+/— adenoidectomy) was the
most effective intervention for the long-term resolution of PFAPA
syndrome (Peridis et al., 2010a). There is no apparent difference
in patient outcome regarding whether an adenoidectomy is per-
formed alongside the tonsillectomy (Wong et al., 2008). In a recent
study (Stojanov et al.,, 2011), five PFAPA patients were treated
with the recombinant IL-1 receptor antagonist anakinra with a
prompt clinical response. According to the literature, PFAPA syn-
drome resolves spontaneously after several years; the study with
the longest follow up described disease remission in 50/59 patients
whose disease lasted for a mean of 6.3 years (Wurster et al., 2011).

5. Conclusion

A positive effect of tonsillectomy was proven in 100% of the
PFAPA patients in our study. Most of the observed differences com-
prised T lymphocyte compartments and were limited to tonsils.
This can partially explain the mechanism for therapeutic success
in tonsillectomy. The increased numbers of polyclonal and early
developmental stages of T lymphocytes accompanied by an eleva-
tion in gene expression of T cell chemoattractants in PFAPA tonsils
suggest their recruitment from the PB to the tonsils via impaired
chemokine expression in PFAPA.
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Concise report

International periodic fever, aphthous stomatitis,
pharyngitis, cervical adenitis syndrome cohort:
description of distinct phenotypes in 301 patients

Michaél Hofer"?, Pascal Pillet?, Marie-Madeleine Cochard’, Stefan Berg?,
Petra Krol®, Isabelle Kone-Paut®, Donato Rigante’, Véronique Hentgen?,
Jordi Anton®, Riva Brik'?, Bénédicte Neven'', Isabelle Touitou'?,

Daniela Kaiser'®, Agnés Duquesne'4, Carine Wouters'® and Marco Gattorno'®

Abstract

Objectives. The aims of this study were to describe the clinical features of periodic fever, aphthous
stomatitis, pharyngitis and cervical adenitis (PFAPA) and identify distinct phenotypes in a large cohort
of patients from different countries.

Methods. We established a web-based multicentre cohort through an international collaboration within
the periodic fevers working party of the Pediatric Rheumatology European Society (PReS). The inclusion
criterion was a diagnosis of PFAPA given by an experienced paediatric rheumatologist participating in an
international working group on periodic fever syndromes.

Results. Of the 301 patients included from the 15 centres, 271 had pharyngitis, 236 cervical adenitis, 171
oral aphthosis and 132 with all three clinical features. A total of 228 patients presented with additional
symptoms (131 gastrointestinal symptoms, 86 arthralgias and/or myalgias, 36 skin rashes, 8 neurological
symptoms). Thirty-one patients had disease onset after 5 years and they reported more additional symp-
toms. A positive family history for recurrent fever or recurrent tonsillitis was found in 81 patients (26.9%).
Genetic testing for monogenic periodic fever syndromes was performed on 111 patients, who reported
fewer occurrences of oral aphthosis or additional symptoms. Twenty-four patients reported symptoms
(oral aphthosis and malaise) outside the flares. The CRP was >50mg/l in the majority (131/190) of the
patients tested during the fever.

Conclusion. We describe the largest cohort of PFAPA patients presented so far. We confirm that PFAPA
may present with varied clinical manifestations and we show the limitations of the commonly used
diagnostic criteria. Based on detailed analysis of this cohort, a consensus definition of PFAPA with
better-defined criteria should be proposed.

Key words: PFAPA, child, autoinflammatory disease, recurrent fever, cohort.
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Introduction

Periodic fever, aphthous stomatitis, pharyngitis and
cervical adenitis (PFAPA) is a recurrent fever syndrome
diagnosed according to previously published criteria (sup-
plementary Table S1, available at Rheumatology Online)
[1-5] and clinician usually rely on these criteria. However,
because PFAPA is not a well-defined disease and there
are no specific confirmatory tests, the power of these
criteria remains limited.

Since the first description by Marshall in 1987 [6], 10
cohorts with >25 PFAPA patients per cohort (supplemen-
tary Table S2, available at Rheumatology Online) have
been published [1, 2, 5, 7-13] with different sets of
diagnostic criteria. The clinical manifestations differed in
frequency between the studies [14], suggesting that
these cohorts may not represent exactly the same popu-
lation of patients. In 2007 we created an international
cohort to describe the complete clinical and laboratory
spectrum of PFAPA syndrome and identify distinct
phenotypes.

Methods

We established a cohort (http://www.pfapa.net) with the
participation of 15 centres from eight countries (supple-
mentary Table S3, available at Rheumatology Online).
Only physicians with expertise in the field of recurrent
fever syndromes and PFAPA (publication or participation
in an international working group) were allowed to
participate.

The PFAPA patients were divided in complete cluster
(all three cardinal symptoms) and incomplete cluster (one
or two cardinal symptoms) groups. Exclusion of mono-
genic autoinflammatory (MAI) diseases was performed
according to the centres’ policy on clinical evaluation or
molecular analysis. The previously published diagnostic
criteria [1] were applied to our cohort and three distinct
phenotypes were described: complete vs incomplete
cluster, disease onset before vs after 5 years of age and
patients who underwent genetic testing or not.
Consecutive PFAPA patients were included using a
web-based form (Access, Microsoft Corporation,
Redmond, WA, USA) asking for demographic and clinical
information, laboratory investigations, treatment and out-
come. Only anonymous (de-identified) retrospective clin-
ical data were entered. The Commission cantonale (VD)
d’éthique de la recherche sur I'étre humain, CHUV,
Lausanne, Switzerland approved the study and the par-
ents/caregivers gave their informed consent according to
the local ethical regulations.

Statistical methods

Ninety-five per cent Cls were calculated based on the
Poisson distribution for the relative risk (RR) of reported
symptoms comparing subgroups of patients (three dis-
tinct phenotypes).
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Results

From January 2007 to October 2009, 301 PFAPA patients
were included: 161 boys and 140 girls (1.15 male/1 fe-
male); median age at inclusion, 6.8 years (range 0.5-34);
median age at disease onset, 1.7 years (range 0.1-12);
median age at diagnosis, 4.0 years (range 0.8-32).
The median interval between fever attacks was 4 weeks
(range 1-12) and the median duration was 4 days (range
1-10). By definition, all patients presented with at least
one cardinal symptom (Table 1): pharyngitis (271, exuda-
tive 113), cervical adenitis (236, bilateral 205) and oral
aphthosis (171). Additional symptoms were reported by
228 patients (Table 2): abdominal pain, arthralgias, myal-
gias and headache were present during all or most flares
in the majority of the patients who reported them; the
other symptoms occurred only in some flares.

A positive family history was reported in 81/301 patients
[recurrent fever, 47; recurrent tonsillitis, 15; PFAPA, 11;
FMF, 8]. In the eight patients with a family history of
FMF, the clinical picture and genetic testing were non-
contributory for FMF. Parents originated mainly from
countries participating in the study (88% of the mothers
and 86% of the fathers; supplementary Table S4, avail-
able at Rheumatology Online), which corresponds to the
rate of foreigners living in European countries, suggesting
the absence of a specific ethnic background for PFAPA.
We are aware that the rates of foreign origin are only an
estimate of the rates of children with different ethnic
backgrounds.

According to the first of the current criteria [1], onset of
fever flares should occur before age 5 years (supplemen-
tary Fig. S1, available at Rheumatology Online), which was
not the case in 31 patients. Most of them (21/31) experi-
enced their first symptoms before age 6 years. In the 31
patients with later disease onset, pharyngitis, aphthae,
abdominal pain, diarrhoea, arthralgias and headache
were more frequent, and vomiting, nausea and cervical
adenitis less frequent (Tables 1 and 2).

Fifty-four patients (17.9%) reported only one cardinal
symptom, 115 (38.2%) two symptoms and 132 (43.9%)
all three symptoms; the latter, considered as a complete
PFAPA cluster, was more often found in patients with
disease onset after 5 years (Table 1). Patients with the
complete cluster were more often girls [73/132 (52%)]
than boys [59/132 (45%), RR=1.88, 95% CIl 1.6,
2.2, P<0.001] (supplementary Fig. S2, available at
Rheumatology Online) and presented more frequently
with myalgias (24.4% vs 16.6%, RR=1.63, 95% CI 1.25,
2.0, P<0.01), arthralgias (34.6% vs 26.9%, RR=1.44,
95% Cl 1.1, 1.77, P <0.05), osteoarticular symptoms
(46.2% vs 32.5%, RR=1.78, 95% Cl 1.45, 2.11,
P <0.001), diarrhoea (22.5% vs 11.5%, RR=2.23, 95%
Cl 1.84, 2.62, P <0.001), abdominal symptoms (66.4%
vs 53.6%, RR=1.71, 95% CIl 1.39, 2.04, P <0.001) and
skin rash (19.4% vs 7.7%, RR=2.87, 95% CIl 2.45, 3.28,
P <0.001).

In 145/301 patients, exclusion of MAI diseases was
done only on a clinical basis. Genetic testing was done
on 111 patients (36.9%) and was negative in 97 patients
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TasLe 1 Frequency of the cardinal symptoms
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<0.001

30 (97)
3.73, 95% Cl 3.27, 4.2

RR =

178 (94) P <0.001 241 (90)

93 (85)

271 (90)

Pharyngitis

<0.05

23 (74)
0.55, 95% Cl 0.14, 0.97

RR=

213 (79)

87 (80) 149 (78) ns (P > 0.50)

236 (78)

Cervical adenitis

<0.01

20 (65)
1.43,95% Cl 1.11,1.75

RR=

151 (56)

101 (53) P <0.01

70 (64)

171 (57)

Oral aphthosis

17 (55) <0.001

P <0.001 115 (43)

56 (51) 76 (40)

132 (44)

All three symptoms (complete cluster)

Values are the number of patients (%). The frequency of the cardinal symptoms is shown in all 301 patients, in genetically tested vs non-genetically tested patients and in patients with

disease-onset <5 years vs >5 years. ns: not significant.

(supplementary Table S5, available at Rheumatology
Online). In some centres, mevalonic aciduria was mea-
sured during fever flares and mevalonate kinase (MVK)
deficiency (MKD) gene mutation analyses were performed
in patients with positive results. Genetic testing was more
frequently performed in patients with disease onset after
5 years [15/31 (48.4%), RR=1.70, 95% CI 1.37, 2.03,
P <0.001] than in patients with earlier disease onset
[96/270 (35.6%)]. We compared the clinical presentation
in patients who had genetic testing and patients without
genetic testing (supplementary Fig. S2, available at
Rheumatology Online).

In our cohort, 24 patients (8%) presented at least one
symptom between flares: malaise (4) and aphthous sto-
matitis (20). These patients did not present any other
symptoms, suggesting an alternative diagnosis such as
Behget’s disease. All patients but one (height at —3 s.p.)
had normal growth.

CRP and neutrophil count showed a marked increase
during fever flares. CRP was >30mg/l in 155 patients,
>50mg/l in 131 and >100mg/l in 77; outside the flare
the median value was 5mg/l, and only 12 patients had a
level >10mg/l. After a single dose of steroids (average
dose 1mg/kg) at fever flare onset, resolution of the fever
occurred in 93/147 patients (63%), 46 (32%) were partially
improved and only 8 (5%) were non-responders.

Discussion

We report the largest cohort of PFAPA patients so far
described, aiming to describe particular PFAPA pheno-
types and to evaluate how expert paediatricians applied
the current diagnostic criteria on a large number of pa-
tients. The modified Marshall’s criteria remain highly un-
specific [15], and the lack of consensus on the PFAPA
definition is illustrated by differences in the criteria used
in previously published cohorts [16]. The diagnosis of
PFAPA is generally based on a number of variables (dra-
matic onset of attacks, lack of response to antibiotics,
repetitive presence of cardinal symptoms and prompt
response to steroids) that are much more complex than
the mere satisfaction of the current diagnostic criteria. For
these reasons, in order to avoid possible bias of selection,
we considered expert opinion as the gold standard.

Since the complete cluster (all three cardinal symptoms)
could represent the true typical PFAPA, we were surprised
to see more additional symptoms reported. We can
explain it by a better awareness of additional symptoms,
such as pain, presented by these children, or by the in-
crease in systemic symptoms in patients with more sys-
temic inflammation. Based on our findings, we cannot
challenge the current criteria, and conclude that
more than one cardinal symptom is needed for the diag-
nosis [15].

In our cohort we reported disease onset before 5 years
of age in 90% of patients [15]. There is no reason not to
believe that the 31 patients with later-onset disease have
PFAPA. A recently published observation of a series of
PFAPA patients with adult-age onset [17] challenges the
rationale for an age cut-off as a criterion. To record the
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TasLE 2 Frequency of different symptoms during flares among the 301 patients

Present  Always Often
Abdominal symptoms 176 (59) 52 56
(at least one of below)
Pain 136 (45) 47 (15.8) 40 (13.5)
Vomiting 53 (18) 3 (1.0 16 (5.4)
Nausea 32 (11) 2 11
Diarrhoea 48 (16) 3(1.0) 10 (3.4)
Osteoarticular symptoms 118 (39) 23 48
(at least one of below)
Arthralgias 90 (30) 13 (4.4) 37 (12.5)
Myalgias 56 (20) 12 23
Arthritis 8 (3) 0 2
Headache 8529 19 35
Skin rash 38 (13) 6 (2.0 10 (3.4)
Conjunctivitis 16 (5) 0 2
Neurological symptoms 11 (4) 1 1

Sometimes  >5 years P-value

RR (95% Cl)

68 23 (74)
49 (16.5) 19 (61) <0.001 2.45 (2.13, 2.78)
34 (11.5) 2 (6) <0.001 0.31 (0, 0.71)
19 13) <0.01  0.28(0, 0.75)
35 (11.9) 6 (19) <0.001 1.74 (1.32, 2.15)
47 16 (52)
40 (13.4) 14 (45) <0.001 2.20 (1.85, 2.55)
21 8 (26) <0.01  1.59(1.19, 1.99)
6 1(3) ns (>0.50)  1.30 (0.51, 2.08)
31 12 (39) <0.05  1.72 (1.36, 2.07)
22 (7.4) 4(13)  ns(>0.50) 1.59 (1.19, 1.99)
14 2 (6) ns (<0.30)  1.35(0.75, 1.95)
9 0 (0) ns (>0.50)  0.00 (~0.69, 0.69)

Values are number of patients (%). ns: not significant.

exact date of disease onset may be difficult in young
children with recurrent infections, and because of the
long diagnostic delay (median 2.3 years). In our study,
late-onset PFAPA patients showed a higher frequency of
some symptoms, such as abdominal and osteoarticular
pain. A higher pain reporting capability in older children
can explain this difference, but also a selection bias, as
patients not meeting the age criterion would need to be
more convincing to the doctor. Since FMF and TNF re-
ceptor-associated periodic syndrome (TRAPS) may have
a later onset, genetic testing was more frequently per-
formed in this subgroup of patients. Our observation
shows similar clinical features in PFAPA patients with
later disease onset compared with other PFAPA patients,
suggesting that age is not a reason to exclude the diag-
nosis. In any case, in patients with disease onset after
5 years of age, we recommend intensifying the search
for other diagnoses, such as MAI, autoimmune disorders
and malignancies.

Because of the strict periodicity of fever attacks
described by Thomas et al. [1], only cyclic neutropenia
was considered as an exclusion in the criteria [15]. Since
a significant percentage of patients with MAI show regu-
larly recurrent attacks [7], they represent a relevant differ-
ential diagnosis [3, 8]. MKD has the highest degree of
clinical overlap with PFAPA [8], however, a PFAPA-like
phenotype can also be observed in children with FMF
and TRAPS [8, 18]. The patients who underwent genetic
testing presented more additional symptoms, which could
be a good reason for more frequent genetic testing. One
of our patients was affected by MKD and 14 patients
showed heterozygosis or polymorphisms in the MEFV or
MVK gene. In a recent study on 94 MEFV heterozygous
patients (mainly of Jewish or Arabic origin) with recurrent
fevers, only 4 patients presented a clear PFAPA pheno-
type [18]. We believe that the exclusion of MAI should be
included in a new version of the criteria. Recently a
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diagnostic score based on the high frequency of specific
clinical manifestations was shown to be able to distinguish
those PFAPA-like patients at higher risk of carrying muta-
tion of genes associated with inherited periodic manifest-
ations [8].

In our cohort, the frequency of the different symptoms
was similar to previously published studies [3, 8]. In the
current diagnostic criteria, the description of the fever
episodes is rather vague and the characteristics of the
cardinal symptoms are not defined. The frequency and
duration of fever and a minimal number of episodes
were described but were not included in the original cri-
teria [1]. In our opinion, a more detailed description of
these variables in the criteria would help to better identify
PFAPA patients.

The presence of high CRP is uncommon in viral infec-
tions of the respiratory tract, another important differential
diagnosis of PFAPA. As reported previously [19], our
results showed high CRP values during PFAPA flares,
with normalisation between fever episodes in the vast ma-
jority of the patients, which strongly suggests PFAPA and
should be included in the criteria.

Symptoms (mainly aphthae) were reported outside
flares in 24 patients. In these patients a careful differential
diagnosis should be carried out, in particular Behget’s
disease. A good response to steroids, as confirmed in
our cohort, may be used as an additional criterion for
diagnosis. However, other MAI such as MVK may also
respond well to this treatment.

Due to lack of consensus on precise classification cri-
teria and the absence of a definite diagnostic marker, our
study presents some limitations. We had to rely on the
expert interpretation of current PFAPA criteria as a gold
standard for the diagnosis. Every centre had its own
policy for exclusion of MAI, leading to great variability,
but there is currently no evidence on this and at the
time of collection no low-risk score was present.

www.rheumatology.oxfordjournals.org

910 ‘7T UdoIeN U0 1son3 Aq /310 spewmolpioyxo A3oorewunayly/:dyy woij papeofumo


-
:
like
to
s
like
s
,
;
,
-
te
four
,
,
,
F
,
in-
may
,
The
like
s'
http://rheumatology.oxfordjournals.org/

PFAPA syndrome cohort

The periodicity of fever attacks was not recorded, and it
was not clearly required in the diagnostic criteria. Finally,
our cohort was recruited retrospectively to collect a rele-
vant number of patients.

With this study we report the largest cohort of PFAPA
patients published so far and we describe three distinct
phenotypes. Previous studies have suggested the low
specificity of the present PFAPA diagnostic criteria [8],
and we attempted to verify their possible pitfalls, identify
possible sources of misunderstanding and propose modi-
fications. Even if paediatricians are able to recognize
PFAPA patients, the absence of a validated classification
is problematic for further evaluation of treatment efficacy
and outcome. A classification system for PFAPA syndrome
based on a consensus among experts followed by a val-
idation process should be undertaken until we have a
better knowledge of the aetiology of PFAPA syndrome.

Rheumatology key messages

e The large cohort of patients describes different peri-
odic fever, aphthous stomatitis, pharyngitis and
cervical adenitis syndrome phenotypes.

e This study emphasizes the need for validated
classification criteria for periodic fever, aphthous
stomatitis, pharyngitis, cervical adenitis syndrome.

Disclosure statement: The authors have declared no
conflicts of interest.

Supplementary data

Supplementary data are available at Rheumatology Online.
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