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1 Co je v této habilitacni praci

Stejné jako dosavadni prace naSich predchidcu, tak i prace mych kolegu a prace moje
smeérfovala zejména k tomu, aby motolska pediatricka skupina byla v mezinarodnim kontextu
povazovana za standardni détské diabetologické centrum. To neznamena jenom, aby byly
déti radné diagnostikovany a léCeny, ale i to, abychom znali parametry vyskytu diabetu i jeho
komplikaci, abychom védéli, jak na tom naSi pacienti jsou, a v neposledni fadé i to, abychom si
vybrali jedno €i dvé témata z détské diabetologie, kterym se budeme dlouhodobéji vénovat a o
nichz budeme publikovat.

V Fadé publikaci, které jsou soucasti této habilitacni prace, je naSe snaha vidét. Pfed rokem
2000 nebylo z nasi zemé publikovano o epidemiologickych parametrech détského diabetu
zhola nic. Nevédélo se, kolik jej je, nevédélo se, jaké jsou genetické predisponuijici faktory, jak
je to s autoimunitnimi komplikacemi; neprobihal Zadny systematicky vyzkum v této oblasti. V
tomto smyslu byl ukol od nadfizenych jasny a jeho pInéni také - prvni fada publikaci mapuje
vyskyt a charakteristiku ¢eského détského diabetu, aniz si - s vyjimkou snad jedné prace -
klade za cil n&jaké obecné védecké blaho. Clanky se neétou tplné snadno, protoZze neobsahuiji
Zadna prevratna moudra a jsou mnohdy obecné docela nudné, jako ostatné epidemiologické
¢lanky byvaji.

Od roku 2006 se k feSenym tématum pfidaly viry u détského prediabetu. Zpocatku to byly
zejmeéna metodické aspekty prace, posledni ¢lanky jsou vSak pomérné velké vnofené studie
pfipadud a kontrol zaméfené na vliv pikornavir(i pfi vzniku a rozvoji prediabetické autoimunity.

Stranou této habilitacni prace zustavaji dalSi skupiny publikaci - jednak publikace kolegy
Dfevinka a jeho skupiny, na nichZ jsem se podilel technickou pomoci (ty jsou zejména o
Burkholderia cepacia u cysticke fibrozy), dale publikace o virech u transplantovanych (kde byla
moje role vymezena zavedenim a udrzenim vétSiny z metod) a nakonec publikace o nékterych
monogennich chorobach, kde jsem spoluautorem proto, Ze jsem techniky laboratorni i techniky
psani ucil postgradualni studenty, ktefi byli autory téchto praci.

Tato habilitacni prace zaéina celkovym pohledem na diabetes 1. typu optikou deskriptivni,
analytické i molekularni epidemiologie - tato ¢ast se pfitom jen malo zabyva moji vlastni praci;

v druhé ¢asti jsem pak vybral z ¢lanku, jejichz jsem spoluautorem, nékolik okruh, které
stru¢né diskutuiji.



2 Epidemiologie détského diabetu 1. typu

Détsky diabetes 1. typu (DM1) je prototypem autoimunitni choroby z mnoha rdznych hledisek.
V nasledujicim textu se budu snazit nastinit, pro¢ tomu tak je a co to mize pfinaset pro
poznani autoimunitnich chorob obecné.

| pfes mnoho desetileti vyzkumu dodnes zeji v nasich znalostech o etiologii a patogenezi DM1
velmi podstatné mezery. V sou€asnosti jsme pfitom svédky rychlého vzestupu incidence DM1,
ktery nejenze nedokazeme zastavit nebo zpomalit, ale ktery nedokazeme ani vysvétlit. To, ze
obecné uznané vysvétleni pfi€in vzestupu incidence DM1 neni k dispozici, ovSem neznamena,
Ze neexistuji alespori jednotlivé dilky skladanky, ktera jednoho dne pravdépodobné poskytne

uceleny obraz, jenz mlize piekvapit svou jednoduchosti.

Epidemiologie pfispiva k nalézani jednotlivych dilka skladanky zcela zasadné. Jako véda o
vyskytu nemoci a jeho pfi€inach neni pouze popisnou, ale i analytickou a experimentalni
disciplinou. Diabetes 1. typu ma pfitom unikatni rysy, které umoznily, Ze se stal prototypem
pro studium multifaktorialnich chorob — diagnéza je jednoznacna a terapie je zpravidla
centralizovana; choroba se v poloviné pfipadt manifestuje v détstvi, kdy mohou byt odebrany
vzorky genetického materialu od rodi€u; pacienti jsou zpravidla vysoce motivovani ke
spolupraci, existuji pacientské organizace a diabetické registry.

Epidemiologie DM1 je v sou€asnosti védou mnoha tvari. Na jedné strané neni stale jasné, kolik
DM1 vlbec v nékterych populacich je, pocitaje v to napfiklad i populaci USA. Na druhé strané
diabetologové s epidemiology vedou velmi ambicidzni intervenc¢ni studie s cilem nalézt
prevenci DM1.

V dal8im textu stru¢né seznamim s vyskytem choroby a z epidemiologického hlediska se
zminim o sou¢asném stavu vyzkumu jeho pfi€in a prevence.

2.1 Diagnodza diabetu 1. typu

Diabetes mellitus 1. typu se v poslednich letech diagnostikuje u 250 az 300 Ceskych déti za
rok. Znamena to pro né pfedevsim zvySeni mortality [1] a nepfijemnou a obtézujici léCbu.
Ackoli z hlediska vySe mortality jsme v té StastnéjSi Casti svéta i Evropy [2], zlstava mortalita
zvysSena zejména u téch, u koho se DM1 manifestoval ¢asné, tedy v détstvi — je tomu tak
patrné pro delSi trvani expozice hyperglykémii. V détstvi se pfitom podle hrubych odhadl
manifestuje asi polovina pfipadi DM1.

Diabetes se nyni diagnostikuje a klasifikuje podle kritérii Svétové zdravotnické organizace [3]
nebo Americké asociace diabetu (American Diabetes Association) [4]. Klasifikace diabetu
vymezuje klinické tfidy onemocnéni a diabetes mellitus 1. typu je jednou z nich'. Je
charakterizovan jako diabetes, ktery vznika nasledkem destrukce beta bunék Langerhansovych
ostrivkl pankreatu budto autoimunitnim zanétem, nebo idiopatickym procesem. Protoze
idiopaticky diabetes 1. typu se v europoidnich populacich skoro nevyskytuje, diabetes 1. typu v
nasi populaci Ize povaZovat za vyhradné autoimunitni.

Diabetes u déti ma pfi diagndze zpravidla silné rozvinuté pfiznaky: ve velké multicentrické
studii u evropskych déti pfi diagnéze diabetu mély v priméru &tyfi z deseti déti diabetickou
ketoacidozu, osm az devét z deseti ketonurii, drtiva vétS§ina ma anamnézu polyurie a okolo
poloviny i anamnézu unavy a ztraty hmotnosti [5]. Podil déti s ketoacidézou se nelisi mezi
vékovymi skupinami, ale liSi se vyznamné mezi populacemi: inverzné koreluje s incidenci
diabetu. Tato inverzni korelace muze souviset s lepsi organizaci zdravotni péce v zemich, kde
je diabetu vice — tyto zemé zpravidla patfi mezi ty bohatsi; stejnym smérem ukazuji i vysledky
srovnani zavaznosti stavu diabetickych déti pfi diagnéze ve Svédsku proti Litvé [6]. Dalsi

' Neméné zajimavym typem je také skupina Maturity onset diabetes of the young (MODY). Jsem spoluautorem
nékolika praci o MODY, ale tato habilitaéni prace se jimi nezabyva mimo stru¢ného shrnuti na konci.



moznosti je, Ze obecné povédomi o diabetu je vy3Si u obyvatel zemi s vy$Sim vyskytem
détského diabetu a déti pfichazeji k 1ékafi asnéji. At uz jsou pfiznaky rozvinuté vice nebo
mené, DM1 je choroba, ktera vede budto k I€Cbé inzulinem nebo — nastésti vyjimecné - k umrti
ditéte na ketoacidozu. Z hlediska epidemiologického je proto DM1 jednou z nejlépe
zachytitelnych chorob, jedinec ji budto ma — pak se o ni vi — nebo nema.

2.2 Incidence a prevalence diabetu 1.typu u déti

Deskriptivni epidemiologie popisuje pozorovani vyskytu DM1: kolik je novych pfipadd détského
diabetu, jak jsou rozlozeny v Case, co je to za déti, jak to vypada s trendy vyskytu diabetu.
Ukazu stru¢né, jak je tomu u nas, a pouZiji k tomu data, které sesbiral a analyzoval Cesky
registr détského diabetu dvacet let své &innosti, které se odrazeji v nékolika publikacich [7-9]. 2

2.2.1 Incidence diabetu

Parametrem, ktery se pouZziva pro popis vyskytu DM1 v détstvi, je hlavné incidence. V dalSim
textu budeme za déti povazovat jedince ve véku 0-14 ukoncenych let véku, Cili ty, kdo jesté
neoslavili patnacté narozeniny. Tabulka 1 obsahuje pro minula léta poéty nové
diagnostikovanych pacientl, pocet déti 0-14 ukoncenych let v populaci a incidenci s
pétadevadesatiprocentnim intervalem spolehlivosti. Obrazek 1 incidenci vykresluje — tentokrat
se jedna o tfi kategorie véku pfi manifestaci, kde je velmi dobfe zachycen nedavny zlom ve
vzestupném trendu incidence. V nejmladsi vékove kategorii nejenze incidence nestoupa, ale
dokonce klesa.

Co o vyskytu DM1 u nas vime?

1. Incidence diabetu se za minulych patnact let vySplhala z 6,8 / 100 000 / rok 1989 aZ na
18,5/ 100 000 / rok 2009. Détska populace se podstatné ztenduje, absolutni poc¢et pfipadu
ale presto stoupa. U nas je priimérny meziro¢ni narust incidence o 0,85 pfipadu / 100 000 /
rok? (tato dvojka je mocnitel, nikoli odkaz), jak uz jsem se zminil hned za prvnim obrazkem:
incidence tedy vzroste o 0,85 za kazdy rok®.

2. Pomérné vysoké absolutni pocty nové diagnostikovanych pacientt dovoluji odhadnout
incidenci se solidni pfesnosti, intervaly spolehlivosti jsou uzkeé.

2 Vyskyt DM1 kvantifikujeme, jako v&tdinu onemocnéni, pomoci dvou ukazateli: incidence a prevalence.

Prevalence ukazuje vyskyt vSech onemocnéni DM1 v populaci, aniz by rozliSovala, zda se jedna o nové
diagnostikovana onemocnéni nebo o onemocnéni jiz trvajici. U diabetu jako choroby celozivotni, ale v détském véku
pacienta neusmrcujici, se stira rozdil mezi okamzikovou a intervalovou prevalenci — prevalenci DM1 ziskame
podélenim poctu détskych pacientli stfednim stavem détské populace. U nas bylo napfiklad k poslednimu prosinci
2003 1576 détskych pacientd s DM1, détska populace méla 1 554 475 ¢len, ¢ili prevalence DM1 byla 1,01 / 1000
déti. Incidence popisuje, kolik novych onemocnéni vzniklo v dané populaci v daném &asovém obdobi. Vypocita se
jako podil novych pfipadt v dané populaci a daném ¢asovém intervalu proti souétu osobocasu v riziku v dané
populaci a daném casovém intervalu. U vzacné&jSich onemocnéni sledovanych ve velké populaci se jmenovatel
zlomku prosté nahradi stfednim stavem populace nasobenym délkou €asu sledovani. Napf. v roce 1994 bylo u nas
nové diagnostikovano 210 déti s DM1, pficemz velikost détské populace byla ten rok 1 948 024 jedinc(, incidence
tedy ¢inila 10,8 / 100 000 / rok.

® Je ve stiedni a vychodni Evropé néco specifického, co ji €ini vyjimecnou z hlediska vyskytu diabetu 1. typu?
Dlouho se tradovalo, Ze pravé extrémné rychly nardst incidence diabetu je specificiky pro Vychod a mélo se za to, ze
to mé souvislost se zmé&nami po padu komunismu. MozZn4 to jsou opravdu chybéjici €ervi v perniku a shnilé maso,
které dnes na rozdil od dob minulych nezatézuji imunitni systém (jak nize uvadi v jednom editorialu z doby, kdy jesté
nebyl mym $éfem, m(j soucasny $éf prof. Lebl) - a tento imunitni systém se pak obraci proti autoantigenim. Spise
ale na vychodnich populacich nic zvlastniho neni.

Pied rokem 1990 maminky fedily kojeneckd mléka vodou z komunalniho vodovodu (méla byt pfevafend) a jen vyjime&né minerdlkou
7 vratné sklenéné lahve. Dnedni nadmémad nabidka balenych sterilnich vod mnoho mikrebidlnich antigenti nepfinasi ... V dalgich mésicich
a letech Zivota pily nade déti vodovodni vodu ze sifonové lahve s nafedénym sirupem, jedly mlééné vyrobky se zdrodky bakterii a plisni,
baleny pernik se mnohdy hybal éervy. O dalsi antigeny jsme je pfipravili dokonalym sortimentem sterilnich dZusi, limonad, mléka, mlég-
nych vyrobki, pe¢iva. V kuchynich matefskych 3kolek i $kol se dnes pouZivaji jednordzové rukavice a jsou nainstalovany bezdotykové bate-
rie; pied inspektory EU neobstoji praktiky, které na osudu nespotiebované vepiové kyty popsal Vladimir Paral v jednom ze svych roména
ze 70. let minulého stoleti: ,, ... a &rndcty den se umele na zavifku do polévky, kterd se sni vZdycky." Nade dneéni déti mnoho mikrobidl-
nich antigenii ani nesnédi, ani nevypiji, a vétdina z nich se s nimi diky drogistické nabidce isticich prostiedki: nesetka ani jinde v doma-
cim prostredi.
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3. Byl vidét signifikatni narast incidence. Tento narust byl v absolutnich Cislech staly, vzestup
byl v priiméru 0,85 pripadu / 100 000 / rok?.

4. V poslednich péti letech ovéem incidence stagnuje, pfiCemz v nejmladsSich vékové kategori
dokonce klesa.

Obrazek 1. Incidence diabetu 1. typu v letech 1989 az 2009 v ¢eské détské populaci
podle kategorie véku pri manifestaci.
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Jak je to s rozlozenim incidence DM1 podle véku pfi manifestaci? Obrazek 2 zachycuje
rozlozeni za prvnich patnact let sledovani. Vidime, Ze incidence stoupa s vékem do starsiho
predskolniho véku. Poté jsou vidét dva vrcholy odpovidajici puberté divek a chlapcu, kde je
zvysena potfeba inzulinu a tedy i zvySena incidence DM1. Pubertalni vrchol incidence pfichazi
u divek asi o jeden az dva roky dfive nez u chlapcu. Radi bychom védéli, co se déje po
patnactém roce véku, ale v Ceské republice neexistuje zadny registr, ktery by nam to fekl —
dluzno dodat, Ze ustaveni a provoz takoveho registru by byl ukol nepomérné obtiznéjsi nez
vedeni registru détského DM1. NejblizSi data jsou k dispozici z Rakouska — zminka o ném je na
jiném misté.

Vlevo na obrazku 2 je vidét predominanci chlapcli ve vékové skupiné 0-4 let pfi manifestaci.
Tato predominance nema zadné vysvétleni; ackoli je vzacna, mize nas uklidinit, Ze nejsme
jedina populace, ve které se vyskytuje. Obvykle byva predominance muzi az u DM1
manifestujiciho se v dospélosti (a uz tim je DM1 vyjimecny mezi autoimunitnimi
onemocnénimi). Ve skupiné 5-9 let je naopak signifikantni - avSak méné napadna - pfevaha
divek; v nejvyssi vékové kategorii i v celém souboru je pomér pohlavi vyrovnany.
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Tabulka 1. Incidence diabetu 1. typu v ¢eské détské populaci, 1989 - 2009

Rok Nové pripady | Détska populace k Vékové 95% CI
DM1 za rok 31.12. (osoboroky | standardizovana
pozorovani) incidence / 100 000
/ rok
1989 157 2252 709 6,8 57-79
1990 189 2 193 682 8,3 7,2-9,6
1991 196 2 120 802 9,0 7,8-10,4
1992 195 2 064 545 9,2 7,9-10,6
1993 196 2 009 752 9,5 8,2-10,9
1994 212 1948 024 10,7 9,3-12,2
1995 186 1893 259 9,6 8,3-11,0
1996 244 1842 679 12,8 11,2-14,5
1997 219 1795032 12,0 10,4 - 13,6
1998 232 1751471 12,9 11,2 - 14,6
1999 265 1707 205 15,2 13,4 - 17,1
2000 263 1664 434 15,6 13,8-17,6
2001 282 1631771 16,8 14,9-18,9
2002 310 1589 766 19,3 17,2-21,5
2003 297 1554 475 18,9 16,8 - 21,1
2004 307 1526 946 19,9 17,8 - 22,2
2005 277 1501 331 18,3 16,2 - 20,5
2006 274 1479 514 18,5 16,4 - 20,8
2007 307 1476 923 20,9 18,7 - 23,3
2008 278 1 480 007 19,2 17,0- 21,5
2009 269 1494 370 18,5 16,4 - 20,7
celkem 5155* 36 978 697* 15,6 15,1 - 16,0

*) celkovy pocet novych diabetickych pacientu a celkovy pocet osoboroku sledovani

Sezonalita vyskytu DM1 je zfejma a signifikantni u pacientd manifestovanych ve véku 10-14
let. Pacienti manifestovani v niz8im véku sezonalitu nevykazuji. Vyznam sezonality
manifestace je velmi omezeny, protoZe o diabetu se rozhoduje fakticky mésice az léta pfed
manifestaci. Mimo to je studium sezonality manifestace nudné, svym charakterem a metodami
patfi spiSe do pfedminulého nez minulého stoleti a nebudu se ji proto dale zabyvat.

2.2.2 Prevalence diabetu 1. typu

V populaci s rychle se ménici incidenci, jako je ta nase, neodrazi prevalence dynamiku zmén
vyskytu DM1. Do roku 2005 jsme navic méli k dispozici jen velmi nepfesné odhady prevalence
détského diabetu — od dovrSeni patnacti let Registru ale jizZ vime pomérné dobre, kolik déti s
DM1 u nas je. ZjednoduSené FeCeno, prevalence se pohybuje okolo 1/ 1000 déti (z vékové
skupiny 0-14 dokoncenych let). Je dobfe znama zanedbatelna prevalence u nejmensSich déti a
postupné vzrustajici prevalence od star§iho predSkolniho véku. Prevalence je ovlivnéna
incidenci, umrtnosti a strukturou populace. Zatimco umrtnost détskych diabetickych pacientl je
u nas nastésti zanedbatelna, dva zbyvajici parametry se rychle méni. Co se déje s prevalenci,
budu diskutovat v odstavci Projekce vyskytu diabetu.
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Obrazek 2. Vékové specificka incidence pro chlapce a pro divky, Ceska republika, 1989-

2003. Vékove specificka incidence v nasi populaci sleduje téméf "uéebnicové" rozloZeni:
stoupd do starsiho predskolniho véku, poté jsou vidét vrcholy odpovidajici puberté u divek a u
chlapcu. Pak incidence klesa.
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2.2.3 Diabetes u mladych dospélych

Zatimco diabetu u déti do patnacti let je vénovana velka pozornost, jsou k dispozici registry s
kompletnosti zachytu zpravidla pfes 95% a kazdy vzestup incidence je obsahle komentovan, o
diabetu po patnactych narozeninach se toho vi podstatné méné. Je pro to nékolik divodu: u
pacientu po patnactych narozeninach muze byt nastup diabetu méné akutni. Mimo DM1 je u
mladych dospélych nalézan i diabetes 2. typu nebo gestacni diabetes. A hlavné — zatimco DM1
u déti je léCen détskymi diabetology, u mladych dospélych jej muze Iécit internista, praktik,
gynekolog i dalSi Iékafi. Ustaveni a provoz diabetického registru pro dospélé je proto podstatné
slozit&jsi kol a jen malo zemi jej Usp&sné zvladlo. Ceska republika registr dospélych

populaci, ze které jsou k dispozici data o DM1 u mladych dospélych, je populace rakouska [10].
V Hornich Rakousich je incidence u dospélych mezi 15 a 30 lety véku srovnatelna s incidenci u
déti do 15 let véku. Autofi potvrdili téz znamou vysSi incidenci u mladych muzi ve srovnani s
mladymi Zzenami. Nejvys3&i incidence okolo 10 / 100 000 / rok byla vidét mezi patym a dvacatym
rokem.

Je pravdépodobné, Ze ze vSech pripadi DM1 se u déti manifestuje asi polovina, zatimco ta
druha polovina se manifestuje u dospélych. Diabetes u mladych dospélych je patrné trochu jiny
nez u déti: dospéli maji nejen pomalejsi prabéh inzulitidy a méné akutni zacatek, ale i mensi
frekvenci genetickych rizikovych faktort a vysSi frekvenci faktord, které jsou u déti protektivni.
Jasny fenotyp détského DM1 se s postupujicim vy3§im vékem manifestace vice a vice
zamlzuje az k diabetu, kterému se z nedostatku lepSiho nazvu fika LADA (latent autoimmune
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diabetes of adults, latentni autoimunitni diabetes dospélych). Tento diabetes - dle mého nazoru
zadna samostatna nosologicka jednotka - pravdépodobné neni nic jiného nez pomalu
progredujici autoimunitni diabetes 1. typu, ktery se da splést na chvili s diabetem 2. typu —
Ize tak alespon usuzovat z nemoznosti definovat néjaky jasny rys, ktery by diabetes LADA
oddeélil jako samostatnou jednotku nejen od diabetu 2. typu, ale téZ od diabetu 1. typu. Spolus s
autorem excelentniho review na toto téma [11] si pfedstavme stejné rychle progredujici
autoimunitni inzulitidu u dvou dospélych: jednoho obézniho lenocha, druhého tihlého
sportovce. Obézni lenoch ma vysSi inzulinovou rezistenci, deficit sekrece inzulinu se u négj
projevi dfive a nikoli dramaticky: pacient patrné po fadném vysetfeni spadne do Skatulky
LADA. Stihly sportovec ma inzulinovou rezistenci nizkou, jeho sekrece inzulinu mu staéi az do
faze opravdu pokrocilé destrukce beta bunék, kdy se ovSem jeho diabetes projevi jako klasicky
diabetes 1. typu. Oba pfitom maji stejné rychle progredujici ztratu beta bunék.

Rozdily v incidenci diabetu mezi rGznymi narody jsou u mladych dospélych mensi nez u déti,
jak ukazala treba mezinarodni studie v deviti zemich Evropy [12]*. Dosud nejméné deset
ruznych studii poukazalo na to, Ze na rozdil od mnoha jinych autoimunitnich chorob, DM1 v
dospélosti vykazuje predominanci muzského pohlavi; velikost této predominance se pohybuje
od 1,3 do 2,15 [13]. Neni jasné, pro¢ tomu tak je: nejsnadnéjsi vysvétleni, které se nabizi, je
chybna klasifikace DM1 do Skatulky gesta¢niho diabetu — tim by se predominance muz{
vytvofila snadno. Neni vSak pravdépodobng, Ze by Spatna klasifikace DM1 dosahla takovych
rozméru. SpiSe se da otekavat, ze vidime dlsledek hormonalnich rozdild u mladych
dospélych, v€etné téch rozdill, které maji za nasledek zmény v rozlozeni télesného tuku a v
inzulinové rezistenci.

2.3 Vzestup incidence diabetu

2.3.1 Soucasna data

V souCasnosti jsme svédky vzestupu incidence diabetu nejen v nasi populaci, ale i
celosvétové. Vime, ze celosvétove incidence détského diabetu meziroéné stoupa o bezmala
tfi procenta [14], s vyjimkou stfedni Ameriky a karibského regionu. O Evropé jsou diky studii
iniciativy EURODIAB za roky 1989-2003 [15] uvadi, Zze prGmérny meziro¢ni vzestup incidence
byl 3,9%, pficemz pokud by sou€asné trendy trvaly, bude v roce 2020 dvakrat vice novych déti
s diabetem do 5 let véku a prevalence do 15 let véku vzroste o 70%.

Tradi¢né zajimavy je také pohled na rychlost vzestupu incidence vynesenou proti primérné
incidenci v dané populaci (obr. 3). Zde je velmi jasné vidét, Ze "vychodni" zemé zacinaly s nizsi
incidenci, ale snazi se zbytek Evropy "dohnat" vy$$im relativnim vzestupem®.

*Toma ptimy prakticky vyznam: je tfeba opatrnosti pfi extrapolaci rozdilG ve vyskytu DM1 do dospélé populace. To,
Ze jedna populace ma pétkrat vyssi incidenci détského DM1, neznamend, Zze sou€asné bude mit i pétkrat vyssi
incidenci DM1 u dospélych.

® Nas Cesky registr détského diabetu se k EURODIABU pfipojil po kratkém &ase &innosti (data z Ceska nebyla do
prvni publikace EURODIABU o incidenci diabetu v Evropé jesté zahrnuta). V sou€asnosti se Cesky registr déli s
registrem Badenska — Wurttemberska o pozici registru s nejvice pacienty, nicméné je zcela jasné, Ze o tuto pozici
pfijde v souvislosti s podcenénou dulezitosti systém( kontroly kvality pé€e v nasi zemi.

€ Je logické, ze pravé tyto populace, které zacinaly na nizSich poc&atecnich Cislech incidence, jsou schopny
vyprodukovat zcela hroziva relativni &isla narGstu. Meziroéni narlst se totiz obvykle nevyjadfuje v absolutnich
jednotkach (pfipady / 100 000 / rokz), ale v procentech proti minulému roku. Cim niz$i je po&ateéni incidence, tim
vy$Si je pak tento procentni narGst — a naopak. Tim je skute¢ny vyvoj zna¢né zkreslen. Ve vychodni Evropé se tedy
nedé&je nic straslivého, jen tam dfive DM1 u déti bylo mélo a nyni jej stale pfibyva. Pro€ bylo v této €asti svéta
diabetu zpocatku malo, mlze spekulativné objasnit tfeba jedna z dostupnych hypotéz spojenych s vyskytem
nékterych HLA genotyp(, o niz bude fe¢ dale.
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Obrazek 3. Priimérny meziro¢ni vzestup incidence versus priimérna incidence détského
diabetu v participujicich evropskych registrech. PovSimnéte si logaritmického méfitka na
vodorovné ose. Uvedeno se souhlasem prvniho autora [15].
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2.3.2 Historicka data

Pokud promitneme souc¢asné tempo rustu incidence diabetu do minulosti, vidime, ze pfed
Ctyficeti padesati lety by DM1 neexistoval vibec nebo by se vyskytoval jen velmi zfidka. To
vSak neni pravda. Incidence diabetu nemohla timto tempem riist dlouho, kfivka se musela
obratit smérem vzhdru relativnhé nedavno. K tomu, abychom mohli fici kdy, nam chybi udaje o
incidenci v minulosti. Nastésti skandinavské verejné zdravotnictvi zanechalo diabetologii
dédictvi v podobé nékolika publikaci o incidenci détského diabetu (tedy diabetu 1. typu) z doby
pred pul stoletim — a vysledky téchto studii se daji bez vétsi Skody povazovat za validni
minimalné pro Evropany a populace evropského puvodu. Znalost trend(l incidence ma zasadni
dilezitost: pokud je zvySovani incidence rychlé a relativné nedavné, musi byt zplsobeno
zménami prostiedi, coz dava jistou nevelkou nadéji na efektivni prevenci, az pfislusné faktory
budou identifikovany a odstranény.

Edwin Gale v jedné ze svych publikaci velmi plsobivé ukazuje, jak staficka data z davno
zapomenutych ¢lankl a padesat let archivovanych dizertaci mohou pomoci objasnit, jak to se
vzestupem incidence diabetu je [16]. V dalSich odstavcich shrnuji kliCové body tohoto nesmirné
zajimaveho a ctivého clanku.

Zda se, ze détsky diabetes vykazoval nizkou a stabilni incidenci v prvni poloviné
dvacatého stoleti, zatimco v jeho druhé poloviné incidence rostla, aby se nyni rist v nékterych
zemich zastavil. Dobfe provedena retrospektivni studie incidence diabetu v Oslo mezi lety 1925
— 1954 ukazuje, ze détsky diabetes tehdy nevykazoval zadny vzrist incidence a praimérna
incidence byla 4,1 / 100 000 / rok. Ze severniho Svédska, Vasterbotten, je k dispozici studie,
ktera pro roky 1938-1942 ukazuje incidenci 10,2 / 100 000 / rok, zdaleka nejvice v té dobé —
neni divu, Ze i pozdéji se oblast fadila k tém s nejvyssi incidenci — ale porad aspon trikrat méné
nez dnes. Z Finska jsou spolehliva data k dispozici az po valce, z roku 1953 z Helsink, 12,5/
100 000 / rok - to je asi Ctvrtina sou€asné incidence.

Zejména norskeé zdroje naznacduji, ze vzestup incidence zacal v padesatych letech ¢i pozdéji.
Studie z let 1925 — 1954 byla prodlouzena do roku 1964 a nahle incidence z puvodnich 4,1/
100 000 / rok vzrostla pro roky 1955 — 1964 na 8,4 / 100 000 / rok. Od té doby az do
devadesatych let incidence porad rostla — a pak se rlst zastavil. Kfivka inicidence v ¢ase tedy
ma tvar jakéhosi S. Oplosténi kfivky incidence a zadny jeji dalSi rst hlasily v jedné fazi
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sledovani i Norsko, Svédsko a Dansko, nikoli v8ak Finsko. Je moZné, Ze incidence odrazi v
takovém pfipadé dosazeni nové do¢asné rovnovahy v téchto populacich.

Je zajimavé se zamyslet, odkud pochazi vzestup incidence détského diabetu — je to
opravdovy vzestup incidence v détstvi, s kterym soucasné neklesa incidence v dospélosti?
Neni to spide pfesunuti manifestace diabetu do ¢asné&jSiho obdobi? Data z nékterych populaci
ukazuji, Ze by blize pravdé mohla byt druha alternativa: predisponovani jedinci, ktefi maji
diabetes dostat, jej dostanou prosté dfive, vék manifestace se snizi a vidime vice novych
détskych pacientl — zakonité se pak incidence u mladych dospélych nezvySuje [17] nebo se
dokonce paralelné sniZuje, jak bylo vidét ve dvou populacich: ve Svédské [18] a v belgicke [19].

2.4 Rozdily ve vyskytu diabetu

2.41 Mezipopulacni rozdily

Rozdily v incidenci diabetu mezi populacemi jsou zcela mimoradné. Priklady incidenci z
populaci Evropy i ostatnich kontinentd tyto propastné rozdily dokumentuji. Zprava projektu
patnacti let Venezuelu, Peru, Pakistan, Cinu, Dominikanskou Republiku a Paraguay. Naopak
nejvyssi vyskyt byl zaznamenan ve Finsku, na Sardinii, ve Svédsku, Kuvajtu, Norsku, Kanadé a
Velké Britanii. Jakkoli Ize zpochybnit nizké incidence z Venezuely a Paraguaye (kde neni
zachyt verifikovan nezavislym druhym zdrojem), z Peru (kde je studie omezena jen na hlavni
mésto), nezpochybnitelné jsou vysledky z Ciny. Data z mnoha provincii ukazuji, Ze incidence
détského diabetu se zde pohybuje i pod 1/ 100 000 / rok. Cina je vSak také mistem velkych —
skoro padesatinasobnych - rozdild v incidenci: zatimco v provincii Zunyi ¢ini 0,1 / 100 000 / rok,
ve Wuhan je to 4,5/ 100 000 / rok. Ustaveni incidenénich registri v Ciné na zagatku
devadesatych let nyni umozfiuje nahlédnout, jak hluboké jsou rozdily v incidenci diabetu mezi
svétovymi populacemi — rozdil mezi finskym a €inskym ditétem v pravdépodobnosti, ze
dostane diabetes, je az Ctyfistanasobny.

2.4.2 Vysvétleni mezipopulaénich rozdili — ekologické studie’

Vysvétleni pro rozdily v incidenci diabetu je nékolik. Mizeme snadno vylougit metodické chyby:
primarni zdroje zachytu jsou v dobfe vedenych registrech kontrolovany nezavislymi zdroji
sekundarnimi a kompletnost kalkulovana pomoci capture-recapture metody. Rozdily v incidenci
pak mohou byt zplsobeny budto genetickymi rozdily mezi populacemi, nebo rozdily v expozici
faktorm vnéjsiho prostfedi, nebo nejpravdépodobnéji obojim. Diabetes 1. typu je polygenni
multifaktorialni choroba, €ili choroba velmi Spatné uchopitelna z hlediska definice podilu
jednotlivych faktord. Je znamo, ze geneticka slozka pfinasi asi polovinu rizika a negeneticka
slozka druhou polovinu. Z genetické sloZky rizika je asi polovina determinovana polymorfismy v
genech hlavniho histokompatibilitniho systému (MHC, téz HLA) [20], kdezto zbytek je rozloZzen

” Ekologicka studie se zaméfuje na porovnavani skupin misto porovnavani jedinct. Divodem pro provedeni
ekologické studie byva zejména chybéni individualnich dat pro jednu nebo vice sledovanych proménnych.

Ekologické proménné jsou vlastnosti skupin lidi (véetné populaci), organizaci, nebo mist. Mohou jimi byt priméry
nebo proporce pozorovani néjakych jedinct (podil kurak( v populaci, podil lidi s hypertenzi mezi zaméstnanci
podniku, pramérny vydélek rodiny v zemi, vyskyt diabetu v okrese), jejich prostfedi (primérna doba slune¢niho svitu
za rok v dané zemi, primérné znecisténi ovzdusi pevnymi ¢asticemi v daném mésté, kyselost pitné vody ve mésté),
nebo globalni proménné, které ani nemaji analogii na individualni urovni (typ zdravotnického systému, hustota
obyvatel).

Interpretace vysledk( ekologickych studii je problematicka. Je pochopitelné, Ze vyvozovat z vysledkl ekologické
studie zavéry o vlivu néjaké expozice na individualni riziko nemoci je velmi oSidné a nespravné. Pro¢ jsou tedy
ekologické studie tak popularni? Protoze jsou levné a snadné, protoze nékteré proménné se Spatné meéfi na Urovni
jedince, ale Ize je zméfit na uUrovni populace a protoze se vysledky snadno analyzuji. Jsou velmi uzite€nym
nastrojem epidemiologie - s védomim, Ze zavéry, které uc¢inime o skupinach jedincu, je dobfe také interpretovat jako
udaje o skupinach a ne o jedincich samotnych. Ekologické studie se dobfe hodi ke generovani hypotéz — naopak se
ale zcela nehodi k jakymkoli zavérim o kauzalité a nelze pomoci nich ani kvantifikovat nalezenou asociaci expozice
a nemoci.
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mezi mnoho non-MHC genl, které z jisté Casti stale zUstavaji nepoznany, i pres recentni velky
pokrok pfineseny celogenomovymi asociaénimi studiemi.

Negenetickeé riziko je prozkoumano podstatné hire: je sice mnoho kandidatnich faktor(, ale
zadny z nich neni silny a ani zdaleka se svym efektem neblizi faktordm genetickym.

V situaci, kdy dobfe nevime, ¢im je diabetes zpusoben, je znané obtizné pokouset se
vysvétlovat, ¢im jsou zpusobeny rozdily v jeho incidenci. Téchto velikych rozdili na
pomérné malé plose Evropy se ovSem da vyuZzit ke studiu etiologie DM1: |ze srovnavat
geografické rozdily v incidenci diabetu proti rozdilim rdznych charakteristik pfislusnych zemi.
Studie, kde populace je jednotkou, se nazyvaji ekologické. Jakkoli jsou ekologické studie
pomérné hrubym nastrojem pro detekci etiologickych faktor(i nemoci, v nékterych situacich
mohou byt velmi dobrym voditkem nebo dokonce jedinym schidnym feSenim. Bylo
publikovano nékolik zajimavych ekologickych studii, které se snazi o pfiblizeni k etiologickym
faktorim diabetu — o dvou z nich se slusi zminit podrobnéii.

Projekt EURODIAB se pokusil o korelaci incidence s negenetickymi charakteristikami populaci:
autofi provedli ekologické korelacni a regresni analyzy mezi incidenci a ukazateli
geografickymi, zdravotnimi a socio-ekonomickymi [21]. Analyzou 34 populaci byla
nalezena pozitivni signifikantni korelace incidence DM1 s hrubym narodnim produktem, se
spotfebou mléka a kavy, s o€ekavanou délkou Zivota a slabé i se zemépisnou Sifkou.
Negativné korelovala incidence s kojeneckou umrtnosti. Pro nékteré z téchto indikatoru je
mozné konstruovat vice ¢ méné pravdépodobna vysvétleni — je ale nutné zduraznit, ze toto
bezesporu nejsou pfimé etiologické Cinitele v patogenezi diabetu. Z ekologické studie navic
nelze zjistit, zda se nejedna o faleSnou asociaci (napfiklad na severu jsou pilnéjsSi ob&ané a
méneé korupce nez na jihu, proto je na severu vyssi HDP; a jen tak mimochodem na severu je
také vice néjakého jiného — s pili &i korupci zcela nesouvisejiciho — Cinitele zplsobujiciho
diabetes). Nalezené korelace tak rozhodné nelze pokladat za prikaz kauzality a zGstavaji jen
zajimavymi smérovkami ukazujicimi do oblasti slibujicich nalez skute¢né asociace. Stejné
zajimave jako pozitivni nalezy je i to, co asociované s incidenci diabetu neni: a¢koli autofi
odhalili slabou korelaci se zemépisnou Sifkou, incidence nekoreluje s klimatologickymi
proménnymi jako prameérné rocni srazky, doba slunecniho svitu, primérné teploty vzduchu. To
ukazuje, Ze za severojizni gradient incidence je zodpovédné néco jiného nez klima — autofi
poukazuji na mozny vliv genetickych rozdilu.

Genetické faktory studovala Ronningen a spolupracovnici [22]. Autofi vzali incidenéni data
studie EURODIAB a data o rozloZzeni genotypt HLA-DQB1 a —-DQA1 v obecné populaci z 11.
HLA workshopu. Pokusili se nalézt korelaci mezi frekvenci vyskytu rdznych genotypl v
nediabetické obecné populaci a mezi incidenci diabetu. Srovnanim 25 populaci dospéli k tomu,
Ze vyskyt DM1 u déti koreluje s vyskytem rizikovych genotypu HLA-DQ2/DQ8 (HLA-DQB1*02-
DQA1*05 / DQB1*0302-DQA1*03) a DQ4/DQ8 (DQB1*0402-DQA1*04 / DQB1*0302-DQA1*03).
Naopak nenalezli zadnou podobnou korelaci pro vyskyt genotypu, které jsou znamy jako
ochranné (genotypu nesoucich alelu DQB1*0602). Z dat, ktera byla bézné dostupna z
verejnych zdroju, tak autofi byli schopni jednoduchym zplsobem poukazat na jednu z moznych
pfiin severojizniho gradientu incidence diabetu v Evropé: je to vysoky vyskyt dvou rizikovych
HLA genotypu v severskych populacich a naopak jejich nizky vyskyt v populacich jiznich,
zvlasté balkanskych (obrazek 4) Co naopak potvrdit nemohli, byly pfedchozi zpravy z menSich
studii o mozném vztahu populaéni frekvence alel s bez aspartatu na pozici 57 fetézce DQB1 k
incidenci diabetu [23, 24] — to je v souladu s pfevazujicimi nazory o pfekonanosti teorii
pfipisujicich jednotlivym aminokyselinam fetézct HLA-DQB1 a DQA1 samostatny vyznam v
definici rizika DM1.
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Obrazek 4 Incidence diabetu v evropskych populacich koreluje s vyskytem dvou
genotypu: HLA-DQ2/DQ8 a DQ4/DQ8 v populaci. Standardizovana incidence je uvedena na
100 000 / rok. Priklady zemi s nejvyssi, stfedni a nejnizsi incidenci odliSeny barevné.
Prekresleno s laskavym svolenim autorky [22].
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2.4.3 Vysvétleni mezipopulaénich rozdili — srovnavani populaci

Mimo ekologickych studii na mnoha rGznych populacich je dal$i moznosti, jak poznavat pfi€iny
rozdil( v incidenci diabetu, srovnavat geneticky pfibuzné populace, které se liSi v incidenci
diabetu 1. typu. U nas ve stfedni Evropé, kde genetické rozdily mezi populacemi jsou Casto
téZko k postiehnuti a kde se incidence diabetu nikde silné neliSi, nejsou takové studie efektivni.
Naopak sever Evropy je ke srovnavani jak stvoreny.

Populace islandska a norska jsou si geneticky blizké, ale na Islandu je incidence détského
diabetu méné nez poloviéni ve srovnani s Norskem. Islandska populace pochazi z Norska:
Island byl nejprve pusty, pak tam v osmém stoleti pobyvalo nékolik irskych mnichd, v poloviné
devatého stoleti probé&hly prizkumné cesty pfipisované Noru Naddoddurovi, Svédu Gardaru
Svavarssonovi a norskému Vikingovi jménem Floki Vilgedarson — a konec¢né roku 870 nevlastni
bratfi Ingélfur Arnarson a Hjoérleifur Hrodmarsson emigrovali z Norska na Island a usadili se tam
i s rodinami, otroky a druzinou. Dlvodem emigrace byl konflikt s norskym kralem, ktery je
potrestal za jejich nasilné Ciny propadnutim statkd.

Islandska a norska populace jsou si dodnes geneticky podobné: i frekvence haplotypu HLA 2.
tfidy a charakteristiky genetické asociace DM1 se podobaji a rozdil v incidenci DM1 mU(ze byt
jen obtizné pfipisovan malym nalezenym genetickym rozdilim [25]. V ¢em si populace az tak
podobné nejsou, jsou expozice vlivam prostfedi — od nepfili§ obvyklého zvyku, kdy se u
prilezitosti obzvlasté vyznamnych svatkl pojidaji celé uzené skopové hlavy (i s o¢ima) ¢i berani
varlata nalozena v syrovatce, pfes odli§né klima, az po fakt, ze vétSina pitné vody vykazuje
podstatné odliSné parametry nez voda v Norsku - prvni a nejzjevnéjsi odliSnosti budiz, ze
islandska voda obecné pekelné pachne sirou. Epidemiologoveé o odliSnostech mezi Islandem a
Norskem v incidenci i expozici riiznym faktorim védi a nékteré studie se zaméfily na vysvétleni
moznych pfi€in. Jedna z hypotéz fika, ze vyskyt DM1 u potomku by mohl mit spojitost s tradici
pojidani velkého mnozZstvi uzeného skopového (obsahujiciho N-nitroso slou€eniny), na coz
bylo poprvé poukazovano pred tficeti lety [26]. Tato teorie je podpofena i experimentalnimi
daty: potomstvo mysi, které byly krmeny islandskym uzenym skopovym, vykazovalo ve
zvysené mife znamky poskozeni beta bunék pankreatu [27].
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kravy; islandské kravy jsou populacnim izolatem. Vypadaji znacné jinak nez kravy
kontinentalni, sami Islandané Zertuji, Ze jejich kravy jsou mensi proto, aby se nepfevracely na
kamenitych pastvinach. Nejenze vypadaji jinak, ale odliSné je i jejich mléko: liSi se v zastoupeni
proteinovych frakci [28]. Povzbuzeni timto nalezem, autofi provedli rozsahlou studii, ktera se
pokusila korelovat incidenci diabetu na Islandu a ¢tyfech severskych zemich proti tomu, kolik
se na obyvatele vypije v mléce bovinniho sérového albuminu (ktery se povazuje za
diabetogenni), imunoglobulind a laktoferinu (které jsou povazovany za protektivni). Spotfeba
téchto tfi mléEnych proteint nekorelovala s incidenci diabetu [29], takze tim nelze vysvétlit
nizkou incidenci DM1 na Islandu. OdliSnost islandské proti norské incidenci zGstava tak dalsi z
dosud nevysvétlenych zahad epidemiologie diabetu.

Populace finska a estonska jsou si téz blizko — nejenze je déli jen Finsky zaliv, jsou si
pfibuzné geneticky a jazykové. Presto v letech 1980 — 1988 byla incidence diabetu v Estonsku
asi tfetinova v porovnani s Finskem [30]. Navic — zatimco ve Finsku incidence stoupala, v
Estonsku nebyl v té dobé Zadny vzestup patrny. V roce 1991 Estonci znovu ziskali svoji
nezavislost na Rusku. Kdyz je porovnana incidence mezi obdobim pfed a po ziskani
nezavislosti, je patrny signifikantni vzestup — nyni incidence stoupa jak ve Finsku, a tak i v
Estonsku [31]. Vysvétleni neni tak jednoduché, jak by se mohlo nabizet: je sice mozné, Ze
vzestup mohl byt zplsoben nastupem prosperity, zapadniho Zivotniho stylu, zlepSovanim
zdravotni péce a prohlubovanim socioekonomickych rozdil(l v estonské populaci. Byla by to
analogie vzestupu incidence v zemich stfedni a vychodni Evropy. Nicméné ekonomické zmény
v Estonsku byly provazeny také zménami ve slozeni populace: neestonské menSiny po roce
1991 zC&asti emigrovaly a populace se nahle zmenSila 0 15%. Tyto neestonské menSiny pfitom
maji nizSi vyskyt diabetu nez rodili Estonci, takze pozorovany vzestup mlze byt Eastecné
artefakt.

nestastné uzemi, které se historicky preléva mezi Ruskem a Finskem za zna¢ného fin¢eni
zbrani a ztratach na zivotech. Nyni je hez€i ¢ast Karelie soucasti Ruska. Diabetology zajimaji
tyto dvé oblasti proto, Ze se enormné lisi ve vyskytu diabetu: v dobé, kdy Finsko mélo incidenci
41,4, byla incidence v ruské Karelii 7,4 / 100000 / rok. Pfitom zemépisné charakteristiky jsou
velmi podobné, populaéni slozeni také, neexistuji velké rozdily ve spektru HLA alel ani v
hladinach vitaminu D, nejsou dokonce ani pfili§ velké rozdily v prevalenci autoprotilatek
incidencich - a patrné to neni téz extrémni rozdil v hrubém narodnim produktu na hlavu (ve
Finsku 32790 a v Rusku 3410 dolar(i za rok).

soucasné Evropé.

Finland

Russian
Karelia
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Zasadnim pozorovanym rozdilem je prevalence vyznamnych infek&nich agens: v ruské &asti
Karelie je u Skolaki mnohem vy$Si prevalence protilatek proti viru Coxsackie B4 (94% versus
77% ve Finsku), Helicobacter pylori (73% proti 5%), Toxoplasma gondii (24% verus 5%) a viru
hepatitidy A (24% versus 2%) [36]. Vysledek této studie neznamena, Ze by zrovna
vyjmenovana agens méla mit nezbytné néco spolecného s diabetem, ale ukazuje na obecné

Pravé obecna uroven hygieny muze byt tim faktorem, ktery rozhoduje: finsti diabetologové jiz v
roce 2000 pfisli s konceptem tzv. polio-hypotézy [37] (o ni je fel jeSté na jednom misté), ktery
vykresluje paralelu mezi zvySenym vyskytem paralytickych forem poliomyelitidy po zlepSeni
hygienickych podminek v druhé tretiné minulého stoleti a mezi nyni se zvySuijici incidenci
diabetu. Pokud existuje diabetogenni virus, pak zlepSeni hygieny vede k tomu, Ze prvni kontakt
s timto virem probiha v pozdéjsim véku, kdyZ uz dité neni chranéno pfenesenymi protilatkami
od matky. Navic se zlepSenou hygienou klesa i séroprevalence u matek. Pak - pokud se jedna
o enterovirus (tedy virus, jehoz prototypem je poliovirus) - ¢elime obdobné situaci jako u
poliomyelitidy. Virus nezlistane omezen na lymfatickou tkar stfeva a faryngu, ale pronikne
dale, zpUsobi velkou virémii a najde si svuj cilové buriky, v kterych se ochotné pomnozi: v
pripadé poliomyelitidy jsou to Sedé buriky pfednich rohG miSnich, v pfipadé diabetu jsou to beta
bunky.

Infekce enteroviry ostatné patfi mezi faktory nejCastéji podezfivané ze spusténi nebo z
akcelerace autoimunitni inzulitidy. Vyskyt enterovirli byl srovnavan uz i v souvislosti s rozdily
incidence DM1 mezi Finskem a ostatnimi zemémi, zejména baltskymi. Projekt EPIVIR
porovnaval na populaéni urovni incidenci diabetu proti vyskytu protilatek proti enterovirdm v
obecné populaci kojencl a Skolaku, a to ve Finsku, Svédsku, ruské Karélii, Estonsku, LotySsku,
Némecku a Madarsku [32]. Ukazalo se, Ze prevalence protilatek proti enteroviru je nizsi u déti v
zemich s vysokou incidenci diabetu (Finsko, Svédsko), neZ je v zemich s niz&i incidenci
diabetu (ostatni zemé ve studii). Vysledek je stejny jako to, co bylo nalezeno v podstatné mensi
o pét let starsi studii srovnavajici finské déti s lotySskymi [38].

Dal3im, potencialné velmi podstatnym rozdilem, je vakcinace proti polioviru: ve Skandinavii a
Finsku je vakcinace provadéna inaktivovanou vakcinou, kdezto v Litvé, LotySsku a Estonsku se
ockovalo &i o¢kuje zejména zivou polio vakcinou. Proliferativni odpovéd lymfocyt( a jejich
produkce IFN-gama jako reakce proti antigendm polio 1 a Coxsackie B4 byla vyznamné vysSi u
estonskych nez u finskych devitimésiénich déti [39]. Po peroralni polio vakciné se tedy
pravdépodobné vyviji vy§Si odpovidavost bunécné imunity, ktera zkfizené reaguje i s ostatnimi
enteroviry. Jak bylo zminéno v pfedchozim odstavci, neznamena to ochranu proti infekci
enterovirem — ve Finsku ma anamnestickych protilatek méné déti. Mlze to v§ak znamenat
ochranu pfed napadenim beta-buriky zatim neznamym diabetogennim kmenem enteroviru.

2.4.4 Rozdily uvnitF populaci

Kdyz bereme pfi sledovani incidence DM1 jako jednotku populaci celého statu, zanedbavame
zameérneé jeji strukturu. V populaci tak zanedbavame genetické rozdily i rozdily v expozici
negenetickym faktordm. Zanedbavame rozdily mezi socioekonomickymi tfidami, méstem a
venkovem, husté ¢i fidce obydlenymi oblastmi, mezi severné&jSimi i jiZzn&jSimi ¢astmi zemé,
mezi horami a nizinami. Cely stat neni ale tvorfen lidmi, ktefi stejné bydli, chodi do podobné
prace, setkavaji se s podobnym poc¢tem lidi, maji stejna domaci zvifata, pobyvaji stejnou dobu
na slunci, piji stejné kyselou pitnou vodu. VSechny tyto namatkou vybrané faktory jsou
potencialni rizikové faktory DM1 nebo spiSe jejich nepfimé indikatory, zastupna méfitka
expozice (proxy measures).

Na to, zda opravdu existuji regionalni rozdily v incidenci diabetu, se zamé&fily &etné studie:
regionalni rozdily byly nalezeny naptiklad v Norsku, Svédsku, severni Anglii, Madarsku,
Némecku a v obou populacich s nejvyssim rizikem diabetu: na Sardinii i ve Finsku [40-47].
Naopak nebyly nalezeny napf. mezi Ctyfmi relativné vzdalenymi oblastmi Francie nebo v
Japonsku [48, 49]. Uvedené prace konstatovaly, zda mezi geografickymi regiony rozdily existuji
nebo neexistuji — liSily se pfitom znacné ve své statistické sile a designu studie. Schopnost
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detekovat pfitomné regionalni rozdily zavisi na nejen na velikosti skute¢ného rozdilu, ale i na
délce sledovani a incidenci DM1 v populaci (tedy na poctu pfipadu, které za sledované obdobi
zachytime), na velikosti regionu a na dalSich faktorech. Naopak faleSného nalezu signifikatniho
rozdilu tam, kde ve skutecnosti neni, se Ize dockat zejména pfi nestejné spolehlivosti zdroju
zachytu diabetu — tedy pokud v nékterém regionu je zachyt méné kompletni nez v jiném.

PokrocilejSi nez pouhé konstatovani pfitomnosti nebo nepfitomnosti regionalnich rozdild, je
zamérit se na testovani moznych pri€in téchto rozdilu. Lze provést ekologickou studii s
krajem, okresem nebo volebnim okrskem jako jednotkou: stadi identifikovat pro kazdého nové
manifestovaného pacienta s DM1, kde pfesné se manifestoval, a sou¢asné pro pfislusné
oblasti ziskat data od statni spravy — jde tfeba o data ze scitani obyvatel: o velikosti sidla, o
hustoté osidleni, o mife geografické izolace, o prosperité regionu, ¢i tfeba o procentu
domacnosti s automatickou prackou. Cim mensi je geograficka jednotka takovéto studie, tim
vice odpovida jeji "primérna" charakteristika tomu, jak lidé opravdu ziji. Na druhou stranu je
pro malé jednotky tfeba dlouhého pozorovani, aby byl ziskan smysluplny pocet pfipada.

VétSina z takovych studii sledovala vliv hustoty obyvatel (mésto versus vesnice) a primérného
poctu lidi v obydli. Vysoka hustota osidleni je ve vétSiné studii spojena s niZsi incidenci DM1
[50-54], v nékterych je tomu ale naopak [55, 56]. Jak navzajem smifit tyto zcela protikladné
vysledky? Mozna vysledkem z dalS$i zemé: od naSich soused(, z Rakouska, odkud vysly
vyborné provedené studie srovnavajici data z malych oblasti odpovidajicich velikosti asi nadim
okresum. Autofi rozdélili 1449 déti s diabetem manifestovanym v letech 1989 — 1999 podle
postovnich smérovacich Cisel bydlisté do 99 okresu [57]. Nalezli zapado-vychodni gradient
incidence uvnitf Rakouska. Zjistili téZ, Ze distribuce rizika DM1 podle hustoty obyvatel ma v
Rakousku zvlastni charakter: okresy se stfedni hustotou obyvatel maji vy$si riziko nez okresy s
vysokou nebo nizkou hustotou obyvatel. Autofi usuzuiji, ze tento fenomén ukazuje na vliv socio-
demografickych faktort a faktor( prostfedi, které dosud nebyly zkoumany v jinych studiich.
Neni to jen fraze na konec ¢lanku: k tématice se dukladné vraceji o tfi roky pozdéji, kdy analyzu
téhoz souboru obohatili o dalsi proménné: zajimali se i o podil déti do patnacti let v populaci, o
koncentraci nitratd v pitné vodé, o kojeneckou umrtnost a podil obyvatel zaméstnanych v
prumyslu. Statisticka signifikance hustoty obyvatel se v tomto novém modelu ztratila — riziko
diabetu bylo zvySeno hlavné s nizSim podilem déti do patnacti let v populaci a slabé téz s vysSi
koncentraci nitrata v pitné vodé [58].

Nalez inverzniho vztahu mezi rizikem DM1 a podilem déti do patnacti let je plné ve shodé s
pozorovanim, Zze ¢asné zaclenéni do détského kolektivu v jeslich nebo Skolce snizuje riziko;
navic, stejné jako v nasi zemi, 30% déti v Rakousku je jedinacky a 40% ma jen jednoho
sourozence. Publikace ze stejného roku navic ukazuje, ze v podobné vedené ekologické
analyze je incidence diabetu asociovana i s body mass indexem novorozencu v daném okrese
[59]. To je v souladu s vysledky velkych populaénich studii, o kterych bude fe€ dale.

2.5 Projekce vyskytu diabetu

V minulém oddile jsme se podivali do minulosti. Nastinil jsem, Ze se nachazime uprostfed
silného vzestupu incidence diabetu. Bylo by dobré védét, kolik u nas bude diabetickych déti,
pokud se vzestup nezastavi. Téz je dllezité védét, co by se stalo s vyskytem diabetu, pokud
bude vyvinuta prevence této choroby, ktera oddali manifestaci nebo zabrani ¢asti pfipadu.

2.5.1 Parametry ovliviujici modely vyskytu

Ponékud mechanisticky model prevalence diabetu u celé populace je na obrazku 6. Je velmi
zjednodu$eny: na pfitoku do prevalencniho kotliku jsou nové manifestované pfipady -
incidence vynasobena velikosti populace. V praxi to znamena, Ze silu pfitoku do kotliku
ovliviuje velikost populace, jeji vékova struktura, a velikost (vékové specifické) incidence. V
détském véku je to konkrétné tak, ze v poslednich letech klesala porodnost, Cili se snizuje
velikost détské populace, a sou€asné stoupa incidence DM1. V nasi zemi patrné nedojde k
ekonomicky vyznamnému zvySeni poctu détskych diabetickych pacientt, spiSe poroste
prevalence - s ohledem na vékovou strukturu sou€asné détské populace.
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Obrazek 6. Mechanisticky model vztahu mezi prevalenci, incidenci a mortalitou u DM1.
Schématicky se da vztah mezi incidenci a prevalenci znazornit jako tzv. prevalence pool,
prekladany jako "prevalencni kotlik". K ureni velikosti prevalence pfispivaji: incidence, vékova
struktura populace, uzdraveni (tedy trvani choroby), umrti. U DM1 odpada mozZnost uzdraveni.
Ve stabilni stavu se "pritok" rovna "odtoku" — existuje vSak dostatek udaju o tom, ze je
soucasna populace stabilnimu stavu znacné vzdalena.

Velikost populace x Mortalita; zavislé na

incidence struktufe populace

- populace se zmensuje nemocnych a na efektivité
terapie.

- incidence se zvySuje

.

~

Z prevalenc¢niho kotliku détské populace se dostane dité tak, Ze dospéje a obrazné feceno je
prelito do prevalenéniho kotliku dospélych. Umrtnost u détskych diabetikG mizeme zanedbat
(vime, ze standardizovany pomér mortality - SMR - u déti s diabetem je 2,0 proti détem z
celozivotni zalezitost, je nevylécitelny. Délka Zivota populace s DM1 je niZ8i neZ populace
nediabetické. PFfitok do kotliku se zvySuje (zvy3uje se incidence), ale 0 méné, nez by se
zvySoval, pokud by populace jako celek nestarla.

Zatimco narust pfitoku do kotliku je relativné pomaly, faktorem, ktery bude nejvice ovliviiovat
prevalenci, bude oCekavana délka zZivota diabetické populace. Pokud se podafi udrzet trend z
minulych desetileti, trend prodluzujici se o¢ekavané délky zivota u pacientd s DM1, bude DM1
v populaci patrné silné pfibyvat. Dat o mortalité diabetickych pacient( zatim vSak neni tolik, aby
predikce byly jednoznaéné a univerzalni [61, 62].

2.5.2 Prevence a jeji mozny vliv na vyskyt diabetu

Prevence DM1 neni v sou€asnosti mozna. Neexistuje zadny bezpecny a efektivni zpusob, o
kteréem by bylo znamo, Ze oddaluje nastup diabetu pfi bézici inzulitidé nebo snizuje proporci
pacientt s inzulitidou mezi jedinci s vysokym genetickym rizikem. Udaje ze zvifecich model
naznacovaly, Ze by bylo mozné predejit nastupu diabetu podavanim Iékad, které pozméni
pribéh destrukce beta bunék pankreatu. Pfed nékolika lety byly ukonéeny dvé velké
intervencni studie, ENDIT a DPT-1, které bohuZzel tyto moznosti u lidi nepotrvrdily.

ENDIT byla multicentricka randomizovana studie sledujici 552 nediabetickych prvostupriovych
pFibuznych pacientd s DM1. Tito pfibuzni byli vybrani pomoci testovani na autoprotilatky proti
beta burikam ostrivk( (ICA), které ukazovaly na probihajici inzulitidu — ta obvykle vede k DM1.
Ugastnici studie byli randomizovani do dvou skupin: jedni dostavali nikotinamid, druzi placebo.
Incidence diabetu byla po péti letech sledovani u obou skupin shodna — nikotinamid v pouzitém
davkovani jako prevence DM1 nefunguje [63].

22



DPT-1 byla studie sledujici efekt inzulinu na prevenci DM1, budto v injekéni formé& nebo formé
peroralni. Podobné jako ve studii ENDIT se jednalo o prvostupriové pfibuzné pacientli s DM1.
Studie méla dvé vétve: uCastnici s pfedpovézenym pétiletym rizikem DM1 vyS§Sim nez 50% byli
zarazeni do vétve testujici parenteralni inzulin, u€astnici s pfedpovézenym pétiletym rizikem
26-50% byli zafazeni do vétve testujici peroralni inzulin. V parenteralni vétvi studie skoncilo
339 ucastnikd. Tato vétev byla otevfena, pacienti byli randomizovani budto do skupiny, ktera
byla pouze dikladné sledovana, nebo do skupiny, ktera jako intervenci dostavala 0,25 jednotky
ultralente inzulinu na kilogram ve dvou dennich davkach, plus kazdoro¢ni ¢tyfdenni kontinualni
infuzi inzulinu. Stfedni doba sledovani byla 3,7 roku. Podil pacientd, ktefi dostali diabetes, se
ve skupiné s intervenci nelisil od skupiny s pouhym sledovanim. Vétev studie sledujici efekt
peroralniho inzulinu 7,5 mg/den proti placebu méla 372 ¢lend, stfedni doba sledovani byla 4,3
roku. Podil pacientd, ktefi dostali diabetes, se neliSil mezi skupinami s inzulinem a s placebem
[64].

Ve velmi stru¢ném komentafi k negativnim vysledkdm téchto intervenénich studii podotyka
Ping Wang [65], Ze napodobeni strategie, ktera vedla k uspé&dné prevenci u zvifeciho modelu,
muze byt spravné jen tehdy, pokud jsou splnény tfi skupiny podminek. V prvni fadé musi
zvifeci model dostatec¢né odpovidat DM1 u ¢lovéka — u NOD mysSi tomu tak mnohdy neni. Pak
musi byt prevence uplatnéna pfedtim, nez inzulitida vstoupi do faze, odkud jiZ neni navratu — a
mozna, Ze inzulitida s rozvinutymi protilatkami je jiz pfilis daleko. Za tfeti — davky pouzitého
Iéku museji byt dostateéné vysoké k dosazeni terapeutického efektu. Pokud srovname davky
inzulinu pfepoctené na kilogram pouzivané k prevenci DM1 u NOD mysi a davky ze studie
dosahnout prevence DM1, podava v komentafi z prosince 2003 Desmond Schatz [66]. Nékolik
Z jeho zavéru zasluhuje zvlastni pozornost: mozna, ze se dosavadni intervenéni studie
zaméfovaly na pacienty, ktefi méli pfili§ vysoké riziko diabetu, inzulitida progredovala pfilis
rychle a imunitni systém neslo odvratit od jeho rozhodnuti znicit beta buriky ostrivka. K tomu,
abychom tento proces zachytili dostatecné brzy, nejsou poznani ani technickeé prostfedky zatim
dostatecné. Autor proto podtrhuje uZite€nost intervencnich studii u Eerstvé manifestovanych
pacient(i s DM1: tyto intervenéni studie se zaméfi na ochranu zbyvajicich beta-bunék. Cerstvé
manifestovani pacienti diabetes uz maji, Cili odpada nutnost screeningu rizikové populace a
neni zde zadna faleSné pozitivita screenigového testu. Rezidualni masa beta bunék je mala a
bude tak jako tak ¢asem zniCena — pacient mlze z jeji prechodné ochrany jen profitovat. Sice
nelze oCekavat zadny dlouhotrvajici klinicky prospéch, natozpak vyléceni diabetu, ale tato
strategie muze poskytnout cenna voditka o tom, jaké preventivni strategie by mohly fungovat u
téch, kdo k diabetu teprve sméfuji. Nékolik takovych studii v sou¢asnosti probiha &i bylo
recentné dokonceno (v€etné jedné, kde jsem byl v kolektivu investigator( - ale intervence
nefungovala [67]).

Z publikovanych vysledkd dosud dokonéenych intervenénich studii je zfejmé, ze prevence je
slozita a nelze v zadném kratSim horizontu oéekavat jeji rutinni zavedeni. Jeji zavedeni je
nadeéji pro déti ohrozené diabetem, pro jejich osobni osud. Jednoducha uvaha vSak ukazuje, ze
prevence neni nadéji pro populaci jako celek, neni nadéji na snizeni prevalence DM1 v
populaci. Pfedstavme si zcela nerealisticky — jako pfilidni optimisté - Ze se Ize naprosto zbavit
diabetu napt. u détskych prvostupfiovych pfibuznych pacientd s DM1. O této rizikové skupiné
se vi a je relativné snadné vSechny jeji Cleny sledovat. Prvostupriovi pfibuznych diabetickych
pacientu tvori asi 5-10% nové diagnostikovanych déti.

Co by se stalo s prevalenci DM1, kdyby nahle nastal desetiprocentni vypadek incidence?
Prakticky nic, jak Ize ovéfit simulaci v jakémkoli tabulkovém kalkulatoru. | kdybychom
zanedbali, Ze by se tento deficit doplnil za dva az tfi roky sou¢asného ristu incidence DM1, je
zde jesté obrovska populace dfive détskych diabetiku, ktefi jiz dospéli. Jak jsme se jiz zminili,
diky souCasné terapii je jejich oCekavana délka Zivota patrné vyssSi nez by byla tfeba pfed
deseti lety. Prodlouzeni zivota dospélych pacientd s DM1 bude ¢im dal zasadnégjsi. VSichni
diabetologové i pacienti si jej dlouho prali - takZe bude dobfe se na zvySeni prevalence DM1
svym zpUsobem tésit.
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3 Genetika détského diabetu 1. typu

Diabetes 1. typu je typicky priklad polygenniho multifaktorialniho onemocnéni. Je to
choroba multifaktorialni proto, Ze v patogenezi se setkavaji jak genetické, tak negenetické vlivy,
které spolu slozitym a dosud ne zcela jasnym zpusobem interaguji. Polygenni je proto, ze na
vnimavosti (mife rizika) se podili az &tyficet gend ¢i genovych komplext [68] a bezpochyby i
dalsi geny dosud neodhalené.

Diabetes 1. typu patfi mezi polygenni choroby s prahovym efektem, mezi dichotomické,
diskontinualni znaky: pacient diabetes budto ma, nebo nema, diagnéza je urCena
glykemickymi kritérii. Skala genetického rizika DM1 je vak kontinudlni a rozloZeni miry tohoto
rizika v populaci pravdépodobné sleduje Gaussovu kfivku. K tomu pfistupuje navic variabilita
prostfedi, u néjz Ize prfedpokladat podobné gaussovské rozloZeni miry rizika nebo protektivity.
Vzajemnou kombinaci vlivi genetickych a vlivl prostfedi (navic v ¢ase) je uréeno, zda bude
prekrocen prah, za nimz zapoéne autoimunni inzulitida vedouci dosud neodvratné k DM 1.

typu.

Vznik diabetes mellitus 1. typu je vysledkem interakce genetickych a negenetickych faktor(:
tradiéné se ma za to, Ze geneticke faktory jsou zodpovédné za pfiblizné jednu polovinu rizika a
negenetické za tu zbylou (obrazek 7). Toto pfiblizeni je vSak velmi zjednoduSuijici, ackoli
pochazi ze studii familialnich pfipadd DM1. Pomér mezi genetickou a negenetickou slozkou
etiologie je pfipad od pfipadu odlidny, je zavisly na populaci, na véku a na mnoha dalSich
faktorech.

Obrazek 7. Diabetes jako skladanka.
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Kapitola stru¢né shrnuje poznatky o genetice diabetu 1. typu, provadi ¢tenare dikazy o
dllezitosti negenetickych faktori a nakonec se u hlavnich z téchto faktord kratce zastavuje.
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3.1 Mira dédi¢nosti predispozic k DM1

Sama dédi¢nost predispozic k DM1 je nezpochybnitelna: konkordance mezi jednovajeénymi
dvojCaty se pohybuje v riznych studiich od 23% do 53% [69, 70], zatimco u dizygotnich dvoj¢at
je to od 2,5% do 11%. Mira hromadéni v rodinach (familalni clustering) je pomér mezi rizikem
rekurence choroby u sourozence ditéte s chorobou a kumulativni incidenci choroby v obecné
populaci. Pomér zavisi na incidenci choroby a na jeji heritabilité. Mira familialniho clusteringu je
tedy dobrym indikatorem toho, do jaké miry jde variabilita mezi fenotypem jedincli na vrub jejich
genotypu. Pro sourozence diabetickych pacientl (As) v americké populaci je to 15: pomér mezi
rizikem rekurence sourozencu (6%) a kumulativni incidence DM1 v populaci (0,4%). Hodnota A
je populagéné-specificka, protoze populaéné-specificka je i heritabilita a kumulativni incidence: u
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nas je riziko rekurence u sourozencl néco pres 2,5% [71] a kumulativni incidence do 15 let
véku je 0,1%.

Genetickeé riziko u pfibuznych diabetického probanda souvisi s poétem alel sdilenych s timto
pozorovano u déti probanda (50 % alel) nebo u sourozencu probanda (prdmérné 50% alel). S
rostouci vzdalenosti diabetického probanda v rodokmenu strmé klesa i riziko diabetu. Na
zakladé pozorovani rizik byl uz pred dvaceti lety navrzen model, kde diabetes je vazan na
jeden hlavni lokus s nékolika lokusy mensiho vyznamu, které pusobi epistaticky [72].

3.2 Jak si genetické riziko predstavit

Sila asociace se zpravidla vyjadfuje pomoci pomeéru Sanci, ktery je u vzacnych chorob velmi
dobrym odhadem relativniho rizika. Je to Cislo, které pfiblizné ukazuje, kolikrat je vyssi riziko
onemocnéni u osoby, ktera danou genovou variantu nese, proti osobé, ktera ji nenese. Protoze
uvedené vypocty zpravidla vychazeji ze srovnani pacientd s DM1 proti populaénim kontrolam,
je nutno ziskané hodnoty rizika vztahovat na toto srovnani.

Vychazejme z znamého rizika DM1 v Ceské détské populaci (asi 1/ 1000 do 15 let véku), a
vypocitejme, jaka bude pozitivni prediktivni hodnota nosi¢stvi nejrizikovéjdiho definovaného
genotypu pro DM1. V nasi populaci je nejrizikovéjsi genotyp HLA-DQB1*0302-DQA1*03 /
DQB1*02-DQA1*05, spolu s absenci protektivni alely inzulinového genu. Tento genotyp nese
0,34% zdravé obecné populace a 23% pacientd, ktefi dostali DM1 v détském véku.
Jednoduchym vypocétem dostaneme, Ze i kdyZ vybereme z obecné populace pravé ty déti,
které nesou nejrizikovéjsi definovatelnou kombinaci gend, dostane z nich diabetes do patnacti
let jen asi 6%. Zbylych 94% déti s timto genotypem zlstane bez diabetu. Zjevné neni mozné
pouzit takové genetické vySetfovani pro solidné minénou predikci rizika DM1 mezi détmi v
obecné populaci.

Pokud chceme lepsSi pozitivni prediktivni hodnotu, musime se zabyvat skupinou, ktera ma
vys$Si prevalenci DM1. Jsou to prvostupnovi pfibuzni diabetickych pacientl: zejména jejich
sourozenci, ale i déti a rodi€e. Zde pozitivni prediktivni hodnota tohoto nejvice rizikového
genotypu neni 6%, ale pohybuje se (u sourozencu) az nékde okolo 30-40%. Sourozenci
diabetickych déti maji nezfidka sami diabetes a mizeme se domnivat, Ze tomu tak je proto, ze
sdileji mezi sebou priimérné polovinu genul a také Ze jsou vychovavani v podobném prostredi.
Jenze nejméné polovinu genetického rizika jsme kvantifikovali vySetfenim dvou nejdilezitéjSich
genetickych faktortl a porad je tu tak hluboky rozdil dvéma détmi se stejnym vysledkem
zminovaného genetického vysetfovani - mezi ditétem bez rodinné anamnézy DM1 a s ni.
Neudrzitelné je pficitat tento rozdil na vrub negenetickym faktorim — tedy za rozdil mezi onémi
6% a 40% patrné mohou geny, na které nasim vySetfenim nevidime: mohou to byt dalSi faktory
nesené na haplotypech HLA (mimo DQ a DR oblast, ostatné podobné genetické faktory uz
prokazany byly [73-75]) i faktory mimo HLA — mnoho genu pfispivajicich kazdy malou asti ke
genetickému riziku diabetu.

3.3 K c¢éemu je genetika DM1

Logickou otazkou je, k éemu potfebujeme vySetfovani genetického rizika diabetu. Jeho vyznam
by se dal vidét v nékolika rovinach. Jakékoli studie etiopatogeneze DM1, observace
pfirozeného pribéhu prediabetu nebo dokonce studie mozné intervence oddalujici hrozici
diabetes, by se mély odehravat v geneticky definovaném souboru jedinct. Pokud vime, ze lidé
se navzajem liSi v riziku DM1 vice nez o tfi fady, je logickym poZzadavkem mit skupinu se stejné
velkym (pokud mozno co nejvys$sim) genetickym rizikem DM1.

Dal$im duvodem je nadéje, Zze nam geny feknou néco o patogenezi choroby. Definovanim
genetického rizika v mnoha rlznych populacich se pak dobirame k informaci o tom, co je
primarné asociovano s rizikem DM1 a co je asociovano jen diky vazbové nerovnovaze nebo
nepoznané populacni heterogenité. Primarné (kauzalné) asociované geny nam pak mohou fici
vice, jak diabetes vznika a — jak doufame — i o tom, jak jej zastavit. Polymorfismy asociované s

25



DM1 zpUsobuji jak odliSnosti ve struktufe jimi kddovanych molekul, tak i odliSnosti v jejich
expresi. Oboji mize byt zdrojem cennych poznatk(l o etiopatogenezi.

3.4 Proporce genetického a negenetického rizika se v case méni

Vzestup incidence diabetu je pfilis rychly na to, aby se dal objasnit zménou genetického
podkladu v populaci, néjakym zvySenim proporce rizikovych genotypl. Rychly vzestup
incidence je pravdépodobné zplisoben zménou expozice néjakému negenetickému
faktoru. Pokud takové zvySeni expozice vede ke zvySeni poctu diabetikd v populaci, je ziejmé,
ze by se méla zmeénit i zastoupeni rizikovych genotypud mezi témito pacienty: ¢im vysSsi je tlak
prostfedi smérem k rozvoji diabetu, tim nizSi bude zastoupeni rizikovych genotypl mezi
diabetiky, protoZe diabetes budou dostavat i geneticky méné predisponovani jedinci. Potud
hypotéza. Tuto hypotézu se pokusily ovéfit dvé studie, které srovnaly rozdéleni rizikovych a
protektivnich genetickych faktord mezi pacienty, ktefi dostali diabetes pred delSim ¢asem, proti
rozdéleni téchto genetickych faktorl mezi nedavno manifestovanymi diabetiky.

Ukazalo se, Ze vliv genetickych faktord za léta oslabil: k tomu, aby ¢lovék dostal diabetes, je
nyni ttfeba méné genetickych predisponujicich faktorl nez v minulosti; obdobné, diabetes
dostavaji ve zvy3ené mife i lidé nesouci ochranné genetické faktory. V roce 2003 byla
publikovana studie z relativné uzaviené populace Finska [76], srovnavajici genetické faktory
mezi skupinou 367 pacientt diagnostikovanych mezi roky 1939 a 1965 ("starSi" skupina) a
skupinou 736 pacientl manifestovanych mezi 1999 a 2001 ("soucasna" skupina). "Starsi"
skupina pacientl pochazela ze studie o nefropatii u diabetu, sou¢asna skupina byla
konsekutivné identifikovana pfi diagnoze diabetu. Vék pfi diagndze diabetu byl mezi skupinami
srovnatelny — takto byl eliminovan mozny zavadéjici faktor spojeny s vySSim vyskytem
rizikovych faktort u €asné manifestovanych déti. Autofi nalezli, Ze ve "starSi" skupiné versus
oproti "souCasné" skupiné bylo signifikantné vice rizikového haplotypu DR4-DQB1*0302
(77.1% proti 71.1%) a rizikového haplotypu DR3-DQB1*02-DQA1*05 (48.8% proti 40.9%).
Naopak, "star$i" skupina méla méné protektivniho haplotypu DR15-DQB1*0602 (0.3% proti
2.6%) a protektivniho haplotypu DR*1301-DQB1*0603 (1.9% proti 4.9%). Skupiny se nelidily v
distribuci non-HLA rizikovych faktord, polymorfismd inzulinového genu a CTLAA4.

Obdobna britska studie z roku 2004 [77] srovnavala genetické faktory mezi "starsi" skupinou
194 nositelu zlaté medaile za padesat let s diabetem 1. typu a "souCasnou" skupinou
pochazejici z déti manifestovanych v letech 1985-2002. Pacienti "starSi" skupiny byli vSichni
diagnostikovani prfed patnactym rokem véku v letech 1922-1946. Ke kazdému pacientovi
"star$i" skupiny byli vybrani tfi "sou€asni" pacienti tak, aby se shodovali ve véku pfi manifestaci
a v pohlavi. Autofi nalezli vyrazny rozdil v zastoupeni nejrizikovéjSiho genotypu DR4-DQA1*03-
DQB1*0302 / DR3-DQA1*05-DQB1*02 mezi "starSi" (47%) a "mladsi" (35%) skupinou,

nicméné nenalezli rozdil v zastoupeni protektivniho haplotypu DR15-DQB1*0602.

Rizikové haplotypy tedy patrné ztratily kus své rizikovosti, a mozna i protektivni ztratily kus sve
protektivity — oboje s asovym odstupem sotva néjakych padesati let. Je to pravda, nebo
vidime né&jaky artefakt? Ve studii srovnavajici sou¢asné pacienty s témi, kdo se manifestovali
pfed padesati nebo tficeti lety je misto pro mnoho potencialnich chyb spojenych s vybérem a
testovanim té "starsi" skupiny. Cast pacienttl "star$i" skupiny je nedostupna, protoze pacienti
jiz dfive na sv(j diabetes zemfreli, zejména na renalni selhani a makrovaskularni komplikace.
Asociace komplikaci tohoto druhu s HLA-faktory nikdy nebyly prokazany, coz ovéem
neznamena, ze neexistuji. Dal§i problém, méné zavazny, je recentni narust imigrace, ale
vzhledem k tomu, ze imigranti neevropského plvodu jsou zpravidla v genetickych studiich
identifikovani pfi odbéru anamnézy, neméli by podstatné ovliviovat genetické frekvence v
"soucCasné" skupiné.

3.5 HLA je komplex genu s nejsilnéjsim vlivem na riziko DM1

Mira rizika DM 1. typu je determinovana polygennég, ale je zfejmé, ze jeden z genovych
komplext, HLA (hlavni histokompatibilitni systém ¢lovéka), hraje hlavni roli s podilem pfiblizné
50% [78]. Podil HLA na genetické etiologii diabetu byl odhadnut z podilu na familiarnim
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clusteringu v rodinach s vice nez jednim diabetickym ditétem. Jednim z dikazu pro vedouci roli
HLA je, Ze riziko diabetu u HLA-identického sourozence diabetického ditéte je 12,9%, zatimco
u HLA haploidentického sourozence je to 4,7% a u neidentického pouze 1,8% [79]. V lidském
genomu neexistuje Zzadna jina oblast s tak velkym vlivem na riziko DM 1. typu, jako ma HLA.
Svym podilem se mu vzdalené blizi pouze gen inzulinovy a gen PTPN22.

Obrazek 8. Organizace vybranych gent v oblasti MHC Il. tridy. Fyzicka vzdalenost gend je
pFiblizné proporcionalni, délka kédujicich oblasti gent vSak neodpovida skute¢nosti. Na
obrazku jsou zachyceny geny kodujici jednotlivé klasické molekuly HLA 2. tfidy (pIné),
pseudogeny jim podobné (slabé Srafované) a geny TAP a LMP (Sedé obdélnicky).

DRB2/6/7
DRB3/4/5/nic
DRB8/nic

DPA2

— il —H—H =

3.5.1 Struktura a funkce klasickych HLA molekul

Hlavni histokompatibilitni komplex (MHC, major histocompatibility complex; u lidi HLA, human
leukocyte antigens) byl nejprve popsan jako soubor gend, jejichz produkty jsou kliové pro
histokompatibilitu, tedy schopnost transplantatu pfihojit se v organizmu jiného jedince. Klasické
HLA molekuly (tedy ty, co prezentuji antigen) jsou specializované receptory na bunéénych
membranach, které vazi fragmenty peptidovych antigent a prezentuji je T lymfocytiim.

DPB2
DPB1
DPA1
DMA
DMB
LMP2
TAP1
LMP7
TAP2
DQB1
DQA1
DRB1

pouze vedlejSi disledek jejich primarni funkce - prezentace antigenu. Molekuly HLA 1. tfidy

prezentuji peptidy zejména intracelularniho ptvodu, a to CD8 (cytotoxickym) T lymfocytim.

Asociace HLA I. tfidy s DM1 je prokazana, avSak omezena, a proto se jimi zde dale zabyvat
nebudu.

Molekuly HLA 1I. tfidy prezentuji peptidy CD4-pozitivnim T lymfocytiim. Prezentuji peptidy,
které se dostaly do endocytickych vackud buriky pomoci fagocytézy, receptory zprostiedkované
endocytdzy Ci nespecificky pinocytézou; jedna se tedy o proteiny puvodu extracelularniho a
membranového. HLA Il. tfidy jsou konstitutivné exprimovany pouze na profesionalnich antigen
prezentujicich bunkach, tedy na makrofazich, dendritickych bunkach a B-lymfocytech; jejich
exprese muze vSak byt indukovana i na jinych bunkach, jako jsou napf. aktivované T lymfocyty.
Exprese HLA-DR molekuly je obecné asi o fad vy3si nez HLA-DQ, ktera ma zase o fad vyssi
expresi nez HLA-DP.

3.5.2 Pojmy molekularni genetiky HLA

Oblast kédujici HLA molekuly se nachazi na kratkém raménku 6. chromozému (6p21.3).
Definice jejiho rozsahu neni dodnes ujednocena: "klasicky" udavany rozsah je pfiblizné 3,6
Mbp, coz je néco pies 1% lidského genomu. Asi 40% genu nalezenych v této velmi husté
zaplnéné oblasti ma vztah k imunitnimu systému, zejména k prezentaci antigend. Evoluéné se
toto nahromadéni jevi ucelné a neni pravdépodobné, Ze by bylo nahodné. Komplex HLA je
rozdélen do 3 ¢asti. HLA I. tfidy (zejména geny HLA-A, -B a -C) lezi telomericky, HLA II. tfidy
(HLA-DR, -DQ a -DP) na centromerickém konci komplexu a mezi nimi lezi soubor gent rizné
funkce nepfesné shrnovanych pod pojem HLA lIl. tfidy. Velmi zjednoduSené schéma polohy
vybranych gent v HLA Il. tfidy uvadi obrazek 8.
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HLA |. tfidy obsahuje geny kédujici a-fetézce klasickych HLA-A, -B a -C i neklasickych HLA-E,
-F a -G (B2-mikroglobulin je kddovan mimo HLA, nepolymorfnim genem na 15. chromozému).
Mimo to obsahuje nékolik desitek dalSich gend.

HLA 1l. tfidy obsahuje geny kédujici a- i B-fetézce molekul HLA-DR, -DQ a -DP, z nichZ geny
pro HLA molekuly DQ a DR jsou zasadni pro vysi rizika DM1. Geny pro pfislusné a-fetézce
jsou umistény v bezprostredni blizkosti svych odpovidajicich gend pro p-fetézce. VSechny ffi
molekuly maiji jen jeden gen pro a-fetézec, v pfipadé DP a DQ polymorfni, v pfipadé DR bez
signifikantniho polymorfismu; B-fetézec je vzdy polymorfni. Gen pro p-fetézec je v pfipadé DQ
a DP jeden, v pfipadé DRB je poCet genu pro B-fetézec zavisly na haplotypu: DRB1 je
pFitomen vzdy, u nékterych haplotypu je pfitomen i gen druhy (DRB3, DRB4 nebo DRB5),
kodujici dalsi druh B-fetézce, jenz je na povrchu bunék také pfitomen, ale zpravidla v nizSim
mnozstvi nez genovy produkt DRB1.

V oblasti mezi DMB a DQB1 se nalézaji Ctyfi geny majici Uzkou souvislost s pfipravou antigenu
pro prezentaci: z nich TAP2, LMP2 a LMP7 jsou polymorfni (takze by teoreticky jejich
polymorfismy mohly ovliviiovat repertoar peptid prezentovanych na HLA), avSak asociace
téchto polymorfism s DM1 je pouze sekundarni, diky vazebné nerovnovaze s HLA Il. tfidy [80,
81].

HLA 1ll. tfidy je rozsahla genova oblast lezici mezi HLA I. a ll. tfidy. Obsahuje geny, které maji
imunologickou funkci, ale nepodileji se na prezentaci antigenu, i dalSi geny bez funkce v
imunitnim systému.

Polymorfismus gent HLA

Polymorfismus je takovy druh alelické sekvenéni varianty, kdy se alespon jedna vzacnéjsi alela
vyskytuje s populaéni prevalenci vy$Si nez 1%. HLA systém je nejpolymorfnéj§i znamou oblasti
lidského genomu: v fijnu 2010 bylo znamo v II. tfidé HLA 924 rGznych alel HLA-DRB1, 35 HLA-
DQA1, 127 HLA-DQB1, 28 HLA-DPA1 a 142 HLA-DPB1 alel (http://hla.alleles.org). V jednotlivé
populaci se nevyskytuji vSechny tyto alely, kupf. pro lokus DRB1 byva pfitomno 20-30 rdznych
alel. Pfesto je mira polymorfismu mimofadna a ma dalekosahlé praktické dusledky pro
transplantaéni medicinu, epidemiologii, antropologii a soudni lékafstvi®.

Mimo popisované mnohotné alelie (vysokého poctu alel genu) je polymorfismus HLA
charakteristicky jesté dalSimi jedineCnymi rysy. Jednim z nich je neobvykle vysoka geneticka

® Na tomto mist& je vhodné struéné se zminit o nomenklatuie HLA: je pomé&rné komplikovana, protoze typizaéni
techniky se béhem let s poznanim novych metod ménily, kazda z nich pfinaSela novou informaci a sou¢asné byly
objevovany nové alely Ci celé lokusy.

Geny a jejich alely se dlouha léta oznacovaly jménem svého lokusu nasledovaného hvézdickou a &tyfmi (i vice)
Cislicemi: prvé dvé odpovidaji (vétSinou) serologické specificité pfisluSného genového produktu, zatimco dalSi dvé
urduji podtyp. Kupfikladu DRB1*0402 oznaduje jednu z alel lokusu DRB1 serologicky reagujicich jako DR4. Ciselny
kod mlize byt i pétimistny, pak se jedna o tentyz peptidovy fetézec a posledni &islo oznacuje variantu silentni (tiché)
mutace nemajici vliv na sekvenci aminokyselin. Pokud neni znam pfislusny subtyp, pouzivaji se pouze prvni dvé
Cislice (napf. DQB1*02). Nedavno se pfeSlo na mirné odliSny systém, ktery ovSem lépe vyjadiuje biologicky
charakter polymorfismd: v nazvu alel nyni vidime nékolik skupin &islic oddélenych dvojteCkami. Diabetologové
nevzali tuto zménu zatim ve své vétsSiné na védomi, proto i ja uzivdm staré nomenklatury.

Nazvoslovi molekul, tedy genovych produktll je zaloZzeno na nazvoslovi alel koédujicich pfislusné fetézce. Molekuly
maji byt oznaGovany nazvem a v zavorce uvedenou specifikaci fetézcl oznacéeného feckymi pismeny. Pfikladem
budiz DQ(a.1*05, B1*0201) nebo DR(a, f1*0402) - v pfipadé DR odrazi nomenklatura pfitomnost monomorfniho o
fetézce. V posledni dobé je zejména v medicinské literatufe Casto uzivana geneticka nomenklatura, tedy molekuly
se oznacuji stejné jako alely, jimiz jsou kédovany.

Serologicka nomenklatura vychazi z nazvu pfislusného lokusu nasledovaného ¢Cislem: napf. DR4. Serologicky mlze
byt v8ak rozliSena jen mensi Cast variant molekul, takze kupf. serologicka specificita DR4 zahrnuje okolo 20
sekvenc¢nich variant molekuly DRB1, které mohou byt dale rozliSeny geneticky. Nomenklatura zaloZzena na T-
bunéénych specificitach (Dw pro DQ a DR, DPw pro DP) neni dnes aktualni, protoze typizace pomoci
homozygotnich lymfocytarnich linii byla plné nahrazena genetickymi metodami.
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vzdalenost mezi jednotlivymi alelami HLA genu. Alely se zfidka liSi jen v jednom nukleotidu,
naopak nej¢astéjsi pocet substituci mezi dvéma nahodné vybranymi alelami je 10-20.
Rozdéleni polymorfismu uvnitf HLA genu navic neni rovnomeérné: polymorfismy se z nejvétsi
Casti vyskytuji v oblasti vazici antigen (t.j. kddované 2. a 3. exonem o fetézce u HLA |. tfidy a 2.
exonem a Ci B fetézce HLA II. tfidy), kde jsou tzv. kapsy - v nich interaguji postranni
aminokyselinoveé fetézce antigenu s fetézcem HLA. Vzajemna kompatibilita rozhoduje o sile
vazby. Polymorfismy tedy rozhoduji o repertoaru peptidl prezentovanych na jednotlivych
alelickych formach HLA.

Po alelickych polymorfismech na DNA Urovni je dalSim potencialnim zdrojem rdznosti molekul
HLA 1l. tfidy kombinace o a 3 fetézcu z odliSnych haplotypu na peptidové Urovni - tedy pfi
sestavovani HLA molekuly. Alely HLA nesené spolu na tomtéz chromozému (v haplotypu)
koduji vzdy Fetézce schopné spolu vytvorit stabilni o-p dimer. Mimo této cis kompletace Fetézcu
je v nékterych pfipadech stabilni i frans kompletace o fetézce z jednoho s  fetézcem z
druhého chromozomu. Nékteré z takto vytvofenych heterodimerl a-f jsou vSak nestabilni (tzv.
nepermisivni kombinace) a proto jsou exprimovany vyrazné méné nez molekuly kédované cis
kombinaci. Teoreticky je dalSim moznym zdrojem diverzity HLA molekul Il. tfidy kombinace o a
[ Fetézcu raznych gend (t.j. napf. DQa1-DPB1), avSak ta se nezda byt funkéné vyznamnou.

3.5.3 Asociace DM1 s HLA

Prvni udaje o asociaci nékterych antigend HLA s "juvenilnim" diabetem byly publikovany pred
cca pétatficeti lety. Tehdy nékolik studii ukazalo, ze HLA-B15 a B8 jsou pozitivné asociovany s
DM1, kdezto B7 vykazuje negativni asociaci [82-85]. Tato asociace se pozdéji ukazala jako
sekundarni, pfitomna diky vazebné nerovnovaze s haplotypy HLA II. tfidy DRB1*04-
DQB1*0302 a DRB1*03-DQB1*02. Odhaleni primarniho etiologického faktoru v oblasti DRB1-
DQA1-DQB1 bylo vSak velmi problematické vzhledem k silné vazebné nerovnovaze, ktera v
oblasti panuje.

Dnes je Siroce pfijiman nazor, ze riziko diabetu je primarné uréeno genotypem HLA-DQB1, -
DQAT1 s pfispénim subtypt DRB1*04, pokud je alela DRB1*04 pfitomna. V tomto smyslu
shrnuji dostupné poznatky i dva mezinarodni HLA workshopy [86, 87].

V oblasti DQB1 jsou vyznamnymi rizikovymi faktory pfedevsim alely DQB1*0302 (zejména v
severskych populacich) a DQB1*02 (zejména v jiznich populacich). Prvni hypotéza o moznych
priCinach rizikovosti nebo protektivity se zaméfila na oblast 57. aminokyseliny DQB1 fetézce.
Zatimco protektivni molekuly nesou aspartat, rizikové nesou jinou aminokyselinu [88, 89].
Ackoli aminokyselina na 57. pozici je zasadni pro vazbu peptidu a jeho prezentaci [90], byla
teorie dalSimi poznatky vyvracena: jednak proti ni mluvi vysledky mezirasovych studii (japonsti
pacienti maji zvySenou frekvenci alel, které nesou 57Asp [91]), stejné jako existence ¢etnych
57Asp pozitivnich pacientl v kavkazskych populacich [92]. Do teorie nezapadaji ani nékteré
genotypy, které pfes homozygozitu 57nonAsp/57nonAsp prinaseji velmi nizké riziko diabetu
(DQB1*0302/DQB1*02-DQA1*02, DQB1*02-DQA1*02/DQB1*02-DQA1*02 a dalsi). Dalsi
studie ukazuji jiny mozny mechanismus rizika pfinadeného HLA-DQ: riziko je pfinaSeno
nékterymi cis nebo trans kddovanymi heterodimery HLA-DQ a/B, pfi¢emz jejich efekt nelze
jednoduSe vysvétlit pfitomnosti ¢i absenci jednotlivé aminokyseliny v daném fetézci [93, 94].
Jiz od 11. HLA workshopu konaného pocatkem 90. let je akceptovano, ze rizikovost Ci
protektivita je pfinaSena celym heterodimerem DQ [86]. Zatimco v severni Evropé jsou
nejdulezitéjsi genotypy obsahujici haplotyp HLA-DR4-DQA1*03-DQB1*0302 v rlznych
kombinacich, na jihu Evropy tuto roli zastava haplotyp DR3-DQA1*05-DQB1*02. Obdobné se
chovaji homozygotni kombinace z téchto haplotypl: prvni ze jmenovanych je dilezity v
severni, druhy v jizni Evropé [86, 87].

Silnym protektivnim faktorem v oblasti DQB1 je alela DQB1*0602. Tato alela je nesena v
kavkazské populaci na haplotypu DQB1*0602-DQA1*0103-DRB1*1501 (DR2). Alela
DQB1*0602 je jedina z alel béznych DR2 haplotypu, ktera je pfitomna na silné protektivnich
haplotypech konzistentné v populacich kavkazskych, asijskych, africkych i mexickych [87], coz
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dokazuje jeji primarni roli. Protektivita DQB1*0602 se jevi dominantni nad vlivem ostatnich
molekul a chrani pfed destruktivnim prabéhem inzulitidy: osoby s DQB1*0602 mohou mit
autoprotilatky proti GADG5, ale tyto protilatky u nich mohou pfetrvavat mnoho let, aniz by
znacily destrukci B-bunék.

DQAT1 je stejné jako DQB1 primarni faktor, ackoli to neni z analyz kavkazskych populaci ihned
ziejmé. Jeden z dikaz( mlze byt mezirasové srovnani afro-karibské populace, kde DRB1*07-
DQB1*02 haplotyp pfinasi riziko DM1, zatimco tento haplotyp nepfinasi riziko u kavkazské
rasy. Rozdil mezi témito dvéma haplotypy je pravé v DQA1 alele: v afro-karibské populaci je to
DQA1*0301, kdezto v kavkazské je to DQA1*02.

Riziko asociované s polymorfismy HLA-DQ v nasi populaci je zachyceno v tabuilce 2,
srovnané s rizikem pfinaSenym variantami inzulinového genu. U nas jsou s DM1 asociovany
signifikantné pozitivné alely DQB1*0302, DQB1*02, DQA1*03, kdezto negativné jsou
asociovany alely DQB1*0602, DQB1*0301, DQB1*0603, DQB1*0503, DQA1*01 a DQA1*02
[95].

Efekt molekuly DQ je modifikovan subtypem alely DRB1*04 nesené na DQB1*0302-
DQA1*03-DRB1*04 haplotypu. Ruzné subtypy DRB1*04 jsou asociovany s rizikem, které se
navzajem zasadné liSi. DRB1*0403 a DRB1*0406 jsou znamy jako silné protektivni faktory
(napf. proto DQB1*0302 neni v Japonsku rizikové: vétSina Japoncl nesoucich DQB1*0302
nese téz DRB1*0403 nebo *0406 [96]), DRB1*0404 je neutralni a riziko stoupa v fadé
DRB1*0402 - DRB1*0401 - DRB1* 0405 [75, 97-99]. Neexistuje zadna aminokyselina v fetézci
DRB1, ktera by vySe uvedeny fenomén vysvétlila, efekt je patrné vysledkem vzajemné
kombinace aminokyselin v pozicich 37, 57, 71, 74 a 86. Rizikovost Ci protektivita nékterych z
téchto alel neni univerzalni ani v ramci kavkazskeé rasy: v Evropé existuji velké rozdily jak v
rozlozeni DRB1*04 subtypu jak v obecné, tak v diabetické populaci, a to i mezi sousednimi
narody. U nas je s DM1 asociovany jediné subtyp DRB1*0403: tento subtyp pfinasi pomérné
silnou ochranu proti DM1.

Mira genetického rizika se odrazi nejen v tom, zda jedinec diabetem onemocni, ale i ve véku
manifestace diabetu. DM1 je v tomto ohledu klinicky heterogenni onemocnéni. Je znamo, ze
mezi pacienty manifestujicimi se v raném détstvi je vice nékterych rizikovych alel, haplotypu &i
genotypl nez u pacientd manifestujicich se pozdéji nebo v dospélosti [87]. Ani protektivni efekt
alely DQB1*0602 neni u pacientd manifestujicich se v dospélosti tolik patrny [100].

Na genetickém riziku DM1 se podileji i geny uvnitf HLA, ale mimo oblast DQ a DR. Riziko
modifikuji zejména nékteré alely HLA-B [75], a dale geny vazané s mikrosatelity v oblasti HLA
[ll. tfidy [101, 102] i telomericky od HLA I. tfidy [73]. Vyznam téchto nalezu zatim neni zcela
objasnén.

Velice zajimavé jsou analyzy haplotypu definovanych jednonukleotidovymi polymorfismy napfic¢
oblasti HLA: takovy druh analyz byl umoznén teprve s nastupem vysokokapacitnich metod.
Ukazuje se, Ze extrémné konzervované haplotypy tahnouci se pfes celou oblast HLA jsou
podstatné ¢astéjsi, nez se myslelo, a ze takovéto halotypy mohou byt relevantni pro definici
rizika diabetu [103-106]. To se védélo uz dlouho o ancestralnim haplotypu DR3-B8-A1 (tzv.
haplotyp 8.1), ktery byl v minulosti zmifiovan nejen v souvislosti s diabetem, ale i s celiakii.

Informace o haplotypech je také dulezita pro stanoveni identity mezi diabetickym pacientem a
jeho sourozencem pfi odhadu rizika rekurence diabetu u dosud zdravého sourozence - to, Zze
maji sourozenci shodny genotyp na dvou lokusech, neznamena bez znalosti dalSich genotypu
v rodiné nebo bez analyzy dalSich markeru, ze jsou HLA-identicti. Pfitom pravé HLA-identita v
nejrizikovéjSim genotypu pro DM1 mezi diabetickym ditétem a jeho sourozencem propujcuje
tomuto sourozenci extrémné vysokeé riziko diabetu [107], ve studii DAISY pfesahujici 50% do
15 let véku. Autofi tim pfispéli k objasnéni paradoxu, Ze sourozenci diabetickych déti se
stejnym rizikovym HLA-DQ, -DR genotypem maji vy$Si riziko nez déti diabetického rodice.
Vysvéleni lezi ve faktorech mimo klasické antigeny HLA, které jsou na takovych rizikovych
haplotypech neseny.
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Tabulka 2. Asociace HLA-DQ a inzulinového genu s DM1 v €eské détské populaci. Tu¢né
jsou uvedeny poméry Sanci pro alely, jejichz asociace je signifikantni po korekci na pocet testu.
Data jsou z pfedchozi publikace nasi skupiny [108].

Pacienti % | Kontroly % OR[95% CI]
n=332 n=292
DQB1*
02 61 32 3,4[2,5-4,8]
0301 6,3 41 0,10 [0,06 - 0,16]
0302 67 17 10 [6,9 — 15]
0303 4,2 7,2 0,57 [0,28 - 1,1]
0304 2,4 0,3 7,20,89 - 58]
0401 0,0 0,0 0,88 [0,05 — 14]
0402 51 7,2 0,70 [0,36 - 1,4]
0501 17 17 1,0 [0,68 - 1,6]
0502 6,6 7,5 0,87 [0,47 - 1,6]
0503 24 8,2 0,28 [0,12 - 0,62]
0601 0,0 1,4 0,17 [0,02 - 1,5]
0602 1,8 25 0,06 [0,02 - 0,13]
0603 4,5 17 0,23 0,13 - 0,43]
0604 4,5 6,5 0,68 [0,34 - 1,4]
DQA1*
01 36 68 0,27 [0,19 - 0,37]
02 9,0 23 0,33 [0,21 - 0,53]
03 73 25 8,0[5,6 —12]
04 5,1 6,8 0,73 [0,38 - 1,4]
05 58 49 1,4[1,0-1,9]
06 0,0 0,3 0,44 [0,04 - 4,9]
INS
Hphl -/x 24 48 0,34 [0,24 - 0,48]

3.6 DM1 a non-HLA geny

HLA (neboli gen IDDM1) dokaze vysvétlit cca 50% nahromadéni pfipadl diabetu v rodinach
[109]. Téch zbylych padesat procent je nastésti rozdéleno lépe, nez napfiklad u bézné

polygenni obezity, kde se nezda existence né&jakého "vétsiho" genu pravdépodobna.

U diabetu 1. typu stale plati onen model jednoho velkého genu (HLA) a nékolika "malych".
Nastésti mezi t8mi malymi je dostatek t&ch, jejichZ efekt je jesté detekovatelny. Ugelem
mapovani genetického rizika diabetu neni primarné jeho prevence - protoze uz vysetfeni HLA
dokaze docela spolehlivé poukazat na jedince Celici vysokému riziku vzniku inzulitidy - ale
hlavné ziskani nahledu na patogenezi choroby - tak jako napfiklad nalezena asociace
polymorfismu genu IFIH1 ndm ukazuje smérem k viroveé etiologii prediabetu.
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Konec&nym cilem hledani genetickych faktord DM1 je identifikovat variantu v kédujici nebo
regulacni oblasti urcitého genu, ktera je zodpovédna za modifikaci rizika choroby. U
monogennich chorob ma toto hledani kone¢ny vysledek - nalezeni konkrétniho genu a
konkrétni mnoziny mutaci segregujicich s chorobou. U multifaktorialnich onemocnéni tomu tak
neni, protoZe zde jednoduse neexistuje zadny gen vyhradné za chorobu zodpovédny, pro vznik
choroby nezbytny a postacujici. U polygennich onemocnéni tedy nedava takovato analyza
nikdy konec¢né odpoveédi na otazku, kde je pfislusny etiologicky gen, protoze ani v pfitomnosti
nejrizikovéjsi alely daného genu diabetes vzniknout nemusi a naopak ani ta nejochrannégjsi
varianta proti DM1 nechrani vdechny - neni zde Zadna kompletni penetrance.

Mapovani non-HLA genu |ze rozdélit pomérné ostrou linii na dobu pfed celogenomovymi
asociacnimi studiemi (GWAS - genome-wide association study) a po nich. Pfed GWAS je to
testovani kandidatnich gent nebo mapovani pomoci vazby a nasledné upfesnéni lokalizace
pomoci asociace, po GWAS je to mnozstvi novych asociacnich dat ziskanych z hustého setu
jednonukleotidovych markerud - nicméné o pouziti téchto poznatkl zatim neni Gplné jasno.

Zajimaveé je, Zze z dosud identifikovanych asociovanych non-HLA polymorfismu je funkce a
pfi¢ina asociace zfejma snad jen u genu inzulinového, zatimco pro Zadny z ostatnich non-HLA
genul se nepodafrilo dostatecné presveédCivé prokazat jasnou roli jednoho konkrétniho
polymorfismu je nejlépe asociovan, i teorie, pro€ je asociovan, ale z frekvence publikaci
navrhujicich alternativni vysvétleni je zfejmé, Ze ke kone¢nému zavéru je daleko: to je pfipad
dlouhé diskuse o CTLA4 (kde neni jasny ani ten "nejlepSi" polymorfismus), o PTPN22 (kde sice
znamy je, ale pro jeho asociaci jsou dvé zcela protichidna vysvétleni), o IFIH1 i dalSich.

3.6.1 Mapovani pomoci vazby

V minulosti, pfed pfichodem celogenomovych asocia¢nich studii, bylo jedinou alternativou k
testovani jednotlivych kandidatnich genli provedeni neparametrické vazbové analyzy celého
genomu pomoci soubort pari diabetickych sourozenctl. Mapovani pomoci vazby si klade
otazku, kde v lidském genomu lezi geny pfinasejici riziko DM 1. typu, aniz by se zpo&atku
zajimalo o to, jaké geny to jsou a jaké jejich varianty riziko pfinaseji. Pro DM 1. typu (stejné
jako jiné multifaktorialni polygenni choroby) se pouziva neparametrickych metod vazbové
analyzy, tedy metod, které nepfedpokladaji zadny klasicky zplsob dédi¢nosti, které nevyzaduji
znalost penetrance, alelickych frekvenci ani frekvence choroby v populaci. Proti jinym
multifaktorialnim chorobam je toto mapovani snadné;jsi o to, ze DM 1. typu ma jasnou klinickou
definici (na rozdil od napf. schizofrenie) a Ze obrazem rychlosti pribé&hu autoimunitni inzulitidy
je vék manifestace (na rozdil od nesnadnych kritérii prib&hu napt. u roztrousené sklerézy)®.

o Neparametrické metody vazbové analyzy hledaji takové chromosomalni segmenty, které jsou sdileny
diabetickymi sourozeneckymi péary castéji, nez by odpovidalo nahodé&. Pokud si vybereme jakykoli segment
jakéhokoli chromosomu (mimo gonosom(), obecné budou sourozenci budou v tomto uUseku identiti v obou
parentalnich kopiich s pravdépodobnosti 25 %, identicti v jedné z nich s pravdépodobnosti 50 % a nebudou mit ani
jednu parentalni kopii mezi sebou identickou s pravdépodobnosti 25 % — neboli pomér mezi pary sdilejicimi 2,1 a 0
parentalnich haplotypt bude 1:2:1. Pokud se jedna o sourozence s diabetem a v tomto chromosomalnim Useku se
naléza né&jaky gen pfinasSejici riziko diabetu, budou tento Usek mezi sebou sourozenci sdilet s vySSi
pravdépodobnosti, nez by odpovidalo nahodé, a pomér 1:2:1 se posune vlevo ve prospéch vice sdilenych
haplotypu. Statisticka analyza se provadi softwarem, ktery je schopen adjustovat vysledek na to, zda jsou k dispozici
vzorky rodi¢l (tedy Ize rozhodnout, zda sourozenci sdileji haplotypy identické puvodem) nebo vzorky rodi¢u nejsou k
dispozici a identita haplotyptl mezi sourozenci mize byt i disledek vyskytu haplotypu v populaci (identita stavem).

Prvnim praktickym problémem mapovani pomoci vazby vzdy byla dostupnost sourozeneckych parti s DM 1. typu.
Jen v opravdu velkych statech Ize identifikovat dostate¢ny pocet takovych parl, vétSinou se provadély analyzy na
vzorcich z mnoha populaci. Druhym problémem byl vybér markerll — v celogenomovych vazbovych studiich se
zpocatku testovalo sdileni pfiblizné tfi stovek mikrosatelitovych marker( rozesetych po celém genomu v pfiblizné
shodném odstupu. Tyto markery nemaiji zadny funkéni vyznam, slouZzi jen k identifikaci plvodu chromosomalniho
Useku. Pro kazdy z téchto marker( Ize pak ziskat pomér mezi pravdépodobnosti ziskanych dat za predpokladu
vazby proti pfedpokladu zadné vazby. Dekadicky logaritmus tohoto poméru je tzv. LOD-skére (logarithm of the

jisté miry diskutovana. Pro celogenomovou studii byla pouzivana kritéria, ktera navrhli roce 1995 Lander a Kruglyak:
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V lidském genomu bylo touto cestou nalezeno okolo 16 oblasti s moznou vazbou s DM1
(lokusy jsou oznaCeny IDDM1 - IDDM18, s vynechanim Cisel 14 a 16), ale u vét3iny z nich
nedosahuje statisticka signifikance hodnot odpovidajicich signifikanci v celém genomu [109-
116]. Lokus IDDM1 je HLA, IDDM2 odpovida inzulinovému genu.

Veliké mnozstvi odliSnych nalezenych lokust odrazi hlavni problém studii vazby: nedostate¢na
statisticka sila menSich studii ma za nasledek mnozstvi navzajem zcela diskordantnich
vysledku. Napfiklad dvé rozsahlé studie zalozené na analyze sourozeneckych pard s diabetem
[115, 116] se neshodly na jediném lokusu mimo IDDM1.

Uspéch hledani novych gent se vztahem k riziku DM1 je nejvice zavisly na velikosti souboru.
Kombinace dat z rlznych studii je velmi komplikovana, az nemozna. Efektivnim pfistupem je
ziskat co nejvétsi vzorek z co nejvice riznych populaci a otestovat jej jednou metodikou,
jednim setem markeru.

K naplnéni tohoto cile bylo ustaveno genetické konsorcium (Type 1 diabetes genetic
consortium, www.t1dgc.org). Konsorcium se snazilo shromazdit co nejvice vzorkl od
sourozeneckych part s DM1 (dospélych i détskych), nicméné je zfejmé, ze vedlo soucasnou
valku prostfedky minulych dob - kdyZ uz jsme méli vSechny vzorky za velkého a velmi drahého
usili shromazdény, ukazalo se, ze efektivnéjsi by byla pfiprava na celogenomové asociacni
studie, které zadné vzacné rodiny s dvéma diabetickymi sourozenci viibec nepotiebuiji.
Nicméné i tyto staré prostfedky vedly k docela solidnim publikacim. VSechny pacienty, co za
nami pfijeli, maze uklidnit védomi, ze krev nedali nadarmo. Namatkou ze specialniho Cisla
Genes Immunity napf. tyto publikace [117-119].

3.6.2 Celogenomové asociacni studie

Jak je uvedeno vyse, testovani asociace jednotlivych polymorfismu bylo donedavna omezeno
na geny identifikované mapovanim pomoci vazbové analyzy nebo na geny kandidatni. Dosah
vazboveé nerovnovahy, na niZ mapovani pomoci asociace zavisi, je omezeny, a technické
divody pfitom donedavna zabranovaly testovat tak vysoky poc&et polymorfismu, aby byl pokryt
cely genom.

Nastup velkokapacitnich Cipovych metod v poslednich péti letech vS§ak moznosti testovani
genetickych asociaci multifaktorialnich onemocnéni radikalné zménil: dnes je bézné dostupna

kritéria vazby rozdélili podle vySe dosazené signifikance od naznaené vazby (LOD-skére o¢ekavané jako nahodny
jev jednou v celogenomové studii) az po vysoce pravdépodobnou vazbu (hodnota LOD-skére, ktera se v
celogenomové studii dosahne nahodou s pravdépodobnosti 0,001) a potvrzenou vazbu (coz je signifikantni vazba
potvrzena dal$i studii pfislusné kandidatni oblasti).

Fyzicky dosah vazby je - ve srovnani s dosahem vazbové nerovnovahy - znaény, a proto i chromozomalni segment,
kterou pfislusny mikrosatelit "oznacuje", je rozsahly. DalSim krokem je proto zpfesnovani lokalizace pozorované
vazbové nerovnovahy. U monogennich chorob Ize set marker( zhuStovat na »podezrelych« mistech genomu tak
dlouho, az je nalezen gen za chorobu zodpovédny. U multifaktorialnich chorob, jako je DM 1. typu, tomu tak neni,
zejména proto, ze neexistuje zadny gen postacujici i nezbytny pro rozvoj DM 1. typu.

Zfidkakdy se tak podafi identifikovat chromosomalni region Uzeji nez asi 20 cM (coz je velmi zhruba asi 20 Mbp).
DalSim krokem je mapovani pomoci asociace (vazbové nerovnovahy) — chromosomy obsahuji segmenty, jakési
ostrovy, kde mohou byt alely spolu v pomérné tésné vazbové nerovnovaze. Tyto ostrovy (bloky) jsou zpravidla od
sebe oddéleny ostrym pfedélem misto toho, aby sila vazbové nerovnovahy plynule klesala se vzdalenosti.
Néasledkem je, Ze vazbova nerovnovaha se da vyuZit €asto az do vzdalenosti mezi 50 kbp az 1 Mbp, a to i k
mapovani. Markery v oblasti se testuji na asociaci s chorobou a oblast se postupné zuZuje. Testy asociace jsou tedy
citlivéjsi nez testy vazby, ale nepokryvaji tak dlouhy chromosomalni segment.

Kdyz uz je mnozZina asociovanych polymorfismd Uzka a asociace kazdého z nich je podobné silna, nastupuje
pomérné obtizna identifikace toho primarniho z nich. Znamena to jednak Usili o replikaci asociace s DM 1. typu v
riznych populacich s riznou skladbou haplotypt téchto polymorfism(, jednak hledani pfijatelného vysvétleni funkce,
kterou dany polymorfismus ma. Toto vysvétleni by mélo byt podpofené testy in vitro i praci se zvifecimi modely,
zejména pak s mySmi, u nichz byla modifikovana funkce pfisluSného genu. BIliz§i specifikace postupl neni
pfedmétem této prace.

33



technologie pro simultanni testovani nékolika milién jednonukleotidovych polymorfismd u
kazdého vzorku, polymorfismu rozmisténych viceméné pravidelné v celém genomu. To
znamena, ze neni nutné nyni predpokladat, kde by asociovany gen mohl v genomu nachazet,
protoZe jsou testovany najednou vSechny geny. A jsou testovany pomoci asociace, nikoli
pomoci vazby - coz je z hlediska pfesnosti mapovani propastny rozdil, stejné jako z hlediska
dostupnosti materialu: zatimco pro mapovani pomoci vazby jsou nutné relativné vzacné
sourozenecké pary, kde oba sourozenci maji diabetes, pro celogenomové asociacni studie
postaci dostatecny pocet pacientl a populaénich kontrol.

Na druhou stranu s sebou velké mnozstvi testovanych polymorfismu pfineslo problémy s
designem a interpretaci studii [120]. Neni zejména ziejmé, jakym zplsobem by mély byt
korigovany hodnoty statistické vyznamnosti a kde je jeji hranice pro mnohonasobné testovani —
pfitom tyto uvahy jsou zcela zasadni pro kazdou praci, ktera nechce upadnout v zapomnéni
spolu s ostatnimi nereprodukovatelnymi studiemi.

DalSim problémem je vybér testovanych polymorfismu z jejich celkové mnoziny v lidském
genomu - néktera oblast nebo gen mize trpét nedostate¢nym pokrytim. Jak bude uvedeno
nize, jiz se ukazalo, ze nékteré pomérné silné asociované geny sitem celogenomového
asociacniho testovani propadly a jejich asociace - predtim opakované prokazana - nebyla
replikovana. DalSi — Cisté praktické otazky — souviseji s velikosti soubord nutnych k takovym
studiim: stéle vice se ukazuje nutnost fadné spoluprace nejen na narodni, ale i mezinarodni
urovni, aby mohlo byt shromazdéno dostateéné mnozstvi vzorku od fenotypicky dobfe
charakterizovanych pacienta.

Prvni velké celogenomové asociaéni studie byly publikovany v roce 2007 ([121-123]), s tim, Ze
pfedbézna analyza z jedné z nich byla publikovana jiz v roce 2006 [124]. Tyto studie v prvni
fadé potvrdily asociaci nékolika jiz znamych gen0: oblasti HLA, INS, CTLA4, PTPN22. Nové
byla objevena asociace genu IFIH1, ktery kéduje receptor pro virovou RNA, oblasti genu
KIAA0350, o jehoz funkci se mnoho nevi, a nékolika dalSich oblasti. Sou€asny pohled na
mnozinu genu asociovanych s diabetem ukazuje obrazek 9.

Obrazek 9. Polymorfismy mimo HLA asociované s diabetem 1. typu: sou¢asny pohled.
Graf uvadi relativni riziko mezi homozygoty. Z [125].
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Dosavadni vysledky ukazuji nékolik zasadnich faktl: celogenomové asociaéni studie jsou velmi
efektivnim nastrojem, avSak jsou proveditelné pouze s dostatenymi zdroji nejen finanénimi,
ale zejména zdroji pacientskych vzorku. Kontrolni skupiny pro tyto studie mohou byt populaéni
a mohou byt spole¢né pro nékolik chorob. Zasadni je nasledna replikace nalezu v nezavislé
skupiné pacientl a kontrol, protoze ani velmi striktni kritéria pro statistickou vyznamnost
nechrani tyto studie pred falednou pozitivitou. Celogenomové studie mohou nalézt nové oblasti
asociace, ale nemohou vyloucit asociaci tam, kde ji nevidi (jedné z nich se totiz nepodafilo
nalézt asociaci v oblasti inzulinového genu, druhé v oblasti CTLA4). Popsané problémy jsou
pfekonatelné - dosud publikované celogenomové studie budou bezpochyby nasledovany
dalSimi, které pouziji hustsi set jednonukleotidovych polymorfismu, rozsahlejsi soubory

znamenaji pralom v genetice multifaktorialnich onemocnéni.

3.6.3 Priklady konkrétnich non-HLA gentl asociovanych s DM1

3.6.3.1 Inzulinovy gen

Inzulinovy gen je druhy gen po HLA, pro néjz byla asociace s DM1 identifikovana. Ma nékolik
polymorfisml vné své kddujici sekvence — po sérii studii, které vynalozily velké usili na
mapovani toho kauzalniho z nich [126-129], se ukazalo, Ze kauzalnim je variabilni poCet
tandemovych opakovani v promotoru. Variabilni po¢et tandemovych opakovani v promotoru
ovliviiuje vysi transkripce genu, a to nejen v B-burice, ale i vthymu. Tim méni pravdépodobnost
uspésného ustaveni centralni tolerance vici inzulinu a tak zvySuje nebo snizuje riziko diabetu.
Protektivni varianta inzulinového genu se chova dominantné nad alternativni variantou
rizikovou. Pritomnost protektivni varianty pfinasi v nasi populaci asi tfikrat nizsi riziko DM1 proti
jeji nepfitomnosti (OR=0.34; 95%CI 0,24-0,48) [108] a obdobné se chova i v ¢etnych jinych
populacich. Sila jeho asociace se da srovnat se slabgji asociovanymi HLA alelami (tabulka 2).
Je tedy vhodné vySetfovani polymorfismu inzulinového genu zahrnovat do odhadu genetického
rizika pfi predikci diabetu.

3.6.3.2 CTLA4

Molekula CTLA4 je povrchova molekula T lymfocytli vysoce homologni s CD28. Funguje jako
dilezity negativni regulator imunitni odpovédi. Je exprimovana zejména na aktivovanych T
lymfocytech. Stejné jako CD28 se vaze na molekuly B7.1 (CD80) a B7.2 (CD86) bunky
prezentujici antigen, ale na rozdil od CD28 suprimuje odpovéd T-lymfocytl indukci apoptdzy.
Geneticky upravené mysi, kterym CTLA4 chybi, hynou na polyklonalni aktivaci T-lymfoblastu.

Molekula CTLA4 je kédovana genem na dlouhém raménku druhého chromozému (2g33), pro
jehoz oblast byla prokazana asociace s DM1 (oblast IDDM12). V oblasti se nalézaji dva
kandidatni geny, kédujici molekuly CTLA4 a CD28. V oblasti jsou Ctyfi béZné vySetfované
polymorfismy, které vykazuji asociaci s DM1 v nékterych populacich: +49*A/G polymorfismus v
prvém exonu CTLA4, SNP CT60, mikrosatelitovy (AT), repeat v 3'-netranslatované oblasti
genu a epidemiologicky malo prozkoumany dimorfismus -318 C/T [130]. Polymorfismus
+49*A/G byval v riznych populacich nejCastéji testovan na asociaci s DM1, nasledovan testy
(AT), mikrosatelitu. Oba jsou v§ak velmi pravdépodobné pouhymi markery: zavaznym
prispévkem k diskusi o etiologickém polymorfismu uvnitf CTLA4 oblasti byla velmi ¢asto
citovana prace na obrovském vzorku 3600 rodin, kterou Ueda et al mapovali etiologickou
variantu do 6,1 kbp nekddujici oblasti genu [131]. Recentné se objevily dalSi prace na toto
téma, vyuzivajici moderni vysokokapacitni metodiky - nicméné zavér se nezménil: neni znam
ani kauzalni polymorfismus, ani mozny mechanismus asociace (napf. [132]).

Rozsahla metaanalyza publikovanych studii asociace CTLA4 ukazala (jakkoli tato varianta neni
kauzalni), Ze alela +49*G je signifikantné s DM1 asociovana (OR=1.45, 95%CI 1.28 — 1.65)
[133], ale mezi studiemi je podstatna heterogenita téz nepfimo dokladajici, Ze alela je pouhym
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markerem. V nasi populaci neni s DM1 asociovan ani tento marker [134], ani dalSi, nyni velmi
popularni polymorfismus CT60 (nepublikovana data).

3.6.3.3 PTPN22

Protein tyrozin fosfataza non-receptor typu 22 (PTPN22, také nazyvany Lyp) je dalSi negativni
regulator signalizace T lymfocyty. Lyp je jeden z nejsilngjSich inhibitort aktivace T bunék.
Jeden z polymorfismU v genu je kdédujici a vede k zaméné aminokyseliny na pozici 620, coz
patrné vede k zméné ve funkci proteinu.

Zda se, Zze PTPN22 vykazuje druhou nejsilnéjsi asociaci s autoimunitnimi onemocnénimi
obecné, hned po HLA komplexu [125]. Zpravy o asociaci se zaCaly objevovat v roce 2004, a to
o asociaci s DM1 [135], revmatoidni artritidou [136], systémovym lupus erytematodes [137] a
Gravesovou chorobou [138]. Za nedlouhy €as, ktery od prvni zpravy uplynul, se zda byt
prokazané, ze PTPN22 silné modifikuje riziko nékterych autoimunitnich onemocnéni, zatimco
jind imunopatologicka onemocnéni s nim asociovana nejsou (sclerosis multiplex, Crohnova
choroba, celiakie). Neni stale jasné, jak vysvétlit efekt substituce R620W, ackoli o jeji funkeni
podstaté jsou k dispozici presvédciva data [139]. Navic je zfejmé, Ze v nékterych populacich je
substituce na pozici 620 velmi vzacna, ale s diabetem signifikantné asociuji jiné polymorfismy,
pro néz jsou funkéni vysvétleni také k dispozici [140]. V nasi populaci je substituce v pozici 620
s diabetem asociovana relativné silné [141].

3.7 Dalsi zdroje variability

V poloviné minulého desetileti se ukazalo, ze v lidském genomu je polymorfniho mnohem vice,
nez se oCekavalo: s rozvojem technik byly objeveny variace v poctu kopii genu a jejich ¢asti,
drobné (hluboce submikroskopické) delece, inverze, translokace a duplikace (review napf. v
[142]). Nahle stali genetici zabyvajici se polygennimi chorobami pfed zcela novou oblasti, jez
bezesporu davala variacim v lidském genomu novy rozmér, nicméné davala téZ novy rozmér
pozadavkdm na techniku a finance.

Nez bylo dano mensim laboratofim zacit s vySetfovanim takovéhoto zdroje diverzity mezi
jedinci, ukazala nastésti velka studie Welcome Trust Case Control Consortium [143] pro
nékolik multifaktorialnich onemocnéni, ze copy number variants (CNV) nejsou vyznamné
asociovany s témito onemocnénimi (véetné diabetu 1. typu) a zZe existujici techniky jejich
pripadnou asociaci pokryvaji (u diabetu to plati o HLA). V HLA jsou CNV znamé a jejich
charakter je sou€asti daného haplotypu, proto neni divod pfedpokladat, Ze se jedna o néco
nového, na znamych haplotypech nezavislého.

Dalsim zdrojem variability je methylace lidského genomu; data jsou obecné u diabetu 1. typu
pomérné vzacna a tato prace se methylaci nezabyva.

36



4 Negenetické priciny diabetu 1. typu

Pro zasadni ulohu negenetickych faktor(l v patogenezi diabetu mluvi nékolik faktu, o kterych jiz
byla feC: konkordance monozygotnich dvoj¢at je neuplna, existuji lokalni epidemie DM1,
incidence DM1 u mnoha geneticky stabilnich populaci setrvale stoupa a zda se, ze podil
genetickych faktort na etiologii diabetu s Casem klesa. Mezi dal$i nepfimé dukazy patfi téz
hromadéni pfipadl DM1, u néjz se kratce zastavim. V dalSi ¢asti se pak budu vénovat
jednotlivym negenetickym faktordm, které mohou ovliviiovat riziko DM1.

4.1 Hromadéni (clustering) pripadit DM1 v ¢ase a v misté

Je-diabetes chorobou, na niz se podstatnym zpusobem podileji negenetické vlivy, a liSi-li se
negenetické vlivy mistné a ¢asové, mély by se pfipady diabetu hromadit. Skute¢né se tak déje:
pripady se hromadi v ¢ase diagnézy (sezonalita diagndzy) i misté diagndézy (lokalni epidemie
diabetu), clustering je ovSem vidét i mnoho let pfed nastupem diabetu — v dobé Skolni
dochazky a dokonce v misté a Case narozeni.

4.1.1 Sezonalita manifestace diabetu

To, Ze se diabetes manifestuje vice na podzim a v zimé& nez v pozdnim jaru a v |1été, je znamo a
prvni zpravy o tom byly publikovany jiz ve dvacatych letech minulého stoleti. Je nescetné
mnozstvi praci dokladajici sezonni vykyvy v incidenci diabetu. Tyto vykyvy jdou patrné na vrub
sezénnim infekcim: ty urychli dlouho trvajici proces destrukce beta bunék smérem k
manifestaci diabetu. Nejsou patrné totozné s vlivy, které inzulitidu spoustéji - inzulitida probiha
mésice az roky pred manifestaci diabetu. U malych déti je patrné, Ze inzulitida probiha rychleji
nez u vétSich déti, mensi déti maji vySSi zastoupeni rizikovych genotypu, Castéji maji pfi
manifestaci diabetu ketoacidozu — a sezonnost manifestace diabetu u nich zpravidla chybi. Je
tomu tak proto, ze destrukce beta bunék probiha pfilis rychle na to, aby mohla byt signifikantné
akcelerovana infekci. Naopak u déti manifestovanych mezi desatym a patnactym rokem je
sezonalita zfejma, jak ukazuji i data z nadi populace. Jak jsem jiz uvedl, vyzkum sezonality
manifestace u choroby, ktera fakticky za¢ina mésice az léta pfed svou manifestaci, povazuiji za
ponékud samoucelny a jeho metody navic za nepfilis pfinosné.

4.1.2 Mistni epidemie diabetu

Mistni rozdily v incidenci diabetu byly dobfe popsany a zminuji se o nich v odstavci "Rozdily
uvnitf populaci" v tomto textu. Tyto rozdily v incidenci mezi regiony pravdépodobné odrazeji
riziko vzniku inzulitidy a proto jsou cennym voditkem pfi studiu etiopatogeneze diabetu. Mimo
téchto regionalnich rozdilt dlouhodobéjsiho charakteru vSak byly popsany i lokalni epidemie
diabetu, nahla nahromadéni pfipadu v Case a misté [144-146]. Tyto lokalni epidemie mohou
odrazet kratkodobéjsi plsobeni néjakého faktoru, a to jak pfi spusténi inzulitidy, tak pfi
manifestaci diabetu. Pro vyzkum etiopatogeneze diabetu maji vSak tyto epidemie pouze
omezeny vyznam.

4.1.3 Clustering pripadii DM1 v obdobi dlouho pred diagnézou

Zatimco lokalni epidemie diabetu mohou odrazet vliv prostfedi na manifestaci diabetu i vliv
prostifedi na vznik inzulitidy, clustering pfipadl diabetu dlouho pfed manifestaci ukazuje na vliv
negenetickych faktord pfi spusténi nebo akceleraci inzulitidy. Dalhquist se spolupracovniky
ukazali, ze pfipady diabetu mohou tvofit signifikantni mistné-asové skupiny jiz pfi narozeni,
coz ukazuje na mozny vliv faktort plsobicich budto in utero nebo ¢asné postnatainé [147].
Podobné bylo prokazano hromadéni pfipadl v Case a v misté zakladni Skolni dochazky — to
ukazuje, ze i v tomto obdobi plisobi néjaké environmentalni vlivy vedouci k nastartovani nebo
akceleraci inzulitidy [148]. Které to jsou faktory, mohou ale odhalit jen studie jednotlivych
kandidatnich expozic.
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4.1.4 Sezonalita narozeni

Predstavme si néjaky faktor spoluplsobici v patogenezi DM1, jehoz vyskyt se b&hem roku
meéni a ktery pasobi perinatalné nebo ¢asné postnatalné. Pak by se mélo spolupusobeni
takoveho faktoru né&jak odrazit v rozdilech v riziku DM1 mezi détmi narozenymi v obdobi, kdy je
expozice tomuto faktoru vysoka, proti obdobi, kdy je nizka. Jinymi slovy, déti s diabetem by
mély mit jiny vzorec sezonnosti narozeni nez déti bez diabetu.

Roc¢ni obdobi, kdy se dité narodi, je asociované s mnoha riiznymi chorobami — nejsou to jen
ucebnicové pfiklady jako astma, atopie a schizofrenie. | u diabetu jsou odchylky v sezonalité
narozeni proti obecné populaci, jak ukazaly mensi studie z Velké Britanie [149], Nizozemi
[150], Badenska-Wirttemberska [151], Berlina [152], ze Slovinska [153] a z Irska [154].
Inspirovana témito zpravami z jednotlivych populaci, mezinarodni pracovni skupina zkoumala
odchylky sezonality narozeni ve velkém souboru 15 246 déti ze 14 evropskych diabetickych
registra [149, 155]. Studie potvrdila pfedtim nalezené odchylky sezonality v britskych
populacich [156], ale ukazala také, Zze v dalSich zatim nestudovanych zemich mimo Velkou
Britanii nejsou zadné podobné odchylky detekovatelné. To plati i o nasi populaci, z niz pochazi
druhy nejvétsi studovany soubor této studie.

Interpretace rozdilu v sezonalité mize byt velmi rozdilna. Zatimco néktefi budou preferovat
teorii o vitaminu D ze slunec¢niho svitu, jini mohou hovofit o sezonalité enterovirovych nebo
jakychkoli jinych infekci. Zvlasté teorie o pusobeni infekci mlze byt atraktivni — at’ uz budeme
pfedpokladat, Ze enterovirova infekce modifikuje riziko diabetu uz in utero nebo Ze se jedna o
expozici enteroviru v jakémsi Casovém okné nékdy v prvych mésicich postnatalné. To, Ze se
celkové pravdépodobnost expozici enteroviru v prvnim roce zivota signifikantné lisi podle
ro¢niho obdobi narozeni, bylo jiZ opakované diskutovano, pocitaje v to i nas nedavny prispévek
k tomuto tématu [157].

4.2 Jednotlivé negenetické faktory asociované s DM1

Existuji Cetné negenetické faktory s prokazanym nebo alespon diskutovanym vlivem na riziko
DM1 — pfehled uvadime v tabulce 3. VétSina z téchto faktor( je asociovana sekundarné, tedy
nejsou to pfimé etiologicke Cinitele, ale indikatory (proxy measures), méfitka néjaké dalsi
expozice, ktera je v kauzalnim vztahu k DM1.

4.21 Infekéni vlivy

4.2.1.1 Prvni zpravy

Prvé zpravy o vlivu infekénich agens na riziko DM1 pfichazeji z vyzkumu déti s kongenitalni
rubeolou: studie publikovana v roce 1967 detailné vySetfila 50 pacientd, ktefi se narodili s
kongenitalni rubeolou po epidemii v Novém Jiznim Walesu v letech 1939-1943. Ke vSem
raznym problémuim mél jeden z téchto pacientd mél i diabetes mellitus [158]. Dnes je znamo,
Ze u pacientd s kongenitalni rubeolou se DM1 vyskytuje ve vysokém procentu a Ze se jedna o
diabetes s typickymi autoimunitnimi rysy, v&etné pfitomnosti autoprotilatek a genetické
asociace [159, 160]. Vzhledem k o¢kovani neni spojeni rubeoly a diabetu nastésti
epidemiologicky relevantni, ale slouzi jako dobry dukaz toho, Ze viry obecné mohou diabetes
zpusobovat.
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Tabulka 3. Vybrané negenetické faktory asociované s rizikem DM1.

Infekce

enteroviry (napf. Coxsackievirus typ B)

virus zardének

Nutriéni faktory

délka kojeni

kravské mléko ve stravé

nitraty a nitrity

deficit vitaminu D

Faktory perinatalniho obdobi a ¢asného détstvi

vysSi vék matky

niz§i poradi narozeni

porod cisafskym fezem

inkompatibilita krevnich skupin

omezeny kontakt s jinymi détmi

4.2.1.2 Enterovirus

Podstatné dllezitéjsi jsou zpravy z let 1969 a 1973 o souvislosti enteroviru s DM1 [161, 162].
Autofi nalezli v séru recentné diagnostikovanych pacientll s DM1 neutralizacni protilatky proti
viru Coxsackie B4 Castéji, nez odpovidalo ostatni détské populaci. Coxsackie B viry byly také
nalezeny v pankreatu osob, které zemfely tésné po manifestaci DM1 [163, 164]. Tak zacala
dlouha a dosud neskon&ena honba za enterovirem, ktery by mohl zplsobovat diabetes.

Enteroviry jsou malé neobalené RNA viry. Jejich jednofetézcova pozitivni RNA je pomérné
kratka, okolo 7,5 kb, kapsida je dvacetistén o velikosti okolo 20 nm. Enteroviry patfi mezi
pikornaviry, kam jsou zafazeny spolu s rhinoviry, virem hepatitidy A a parechoviry. Enteroviry
se déli na polioviry, Coxsackie A, Coxsackie B viry, ECHO viry a Cislované enteroviry od 68
nahoru. Enteroviry s nami velmi Uspé&sné Ziji; pfenaseji se fekalné-oralni cestou, prezivaji v
odpadnich vodach, pfirozenych vodnich rezervoarech, mohou dokonce i téct s vodou z
kohoutku. Promofenost populace je vysoka, napfiklad ve Skolkach je — podle sezény - vzdy
okolo pétiny az dvacetiny déti, které néjaky enterovirus vylu€uji do své stolice. Na to, kolik
enterovird mezi lidmi cirkuluje a jak mnoho lidi je v kazdou chvili infikovano, zpUsobuiji
pozoruhodné malo onemocnéni. Meningitidy, myokarditidy, chabé paralyzy a dalSi choroby
asociované s enteroviry jsou ve skute¢nosti velmi neobvyklymi projevy enterovirové infekce.

Mnoho z pikornavird ma pomeérné vyhranény tropismus k néjaké tkani: rhinoviry k nosni sliznici,
hepatovirus k jatriim, poliovirus k Sedym burikam pfednich roht misnich. Dalo by se
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pfedpokladat, Ze existuje i n&jaky enterovirus, ktery vykazuje tropismus k beta burice
pankreatu. Ten by mohl byt za nékterych okolnosti diabetogenni [165-167].

Potencialnich vysvétleni je nékolik:

1. Teorie molekularnich mimikr pfedpoklada zkfizenou reaktivitu mezi antigenem enteroviru a
proteinem beta-bunky ostravk(. U geneticky predisponovaného jedince by se pak imunitni
odpovéd proti enteroviru obratila smérem k beta-burice a rozvinul by se autoimunitni proces.
Pfikladem je podobnost proteinu GAD65 beta-buriky a proteinu 2C enteroviru [168]. Dnes se
nicméné nepovazuje tato teorie za pfili§ pravdépodobnou.

2. Onen hypoteticky pankreatotropni kmen zautoci na beta-buriku a obnazi jeji struktury, do té
doby skryté imunitnimu systému (kryptické antigeny). Stane se tak bud pfimou lyzou beta-
bunky virem nebo tak, Ze infikovanou beta-buriku pohlti makrofag. Kryptické antigeny imunitni
systém nezna, nema proti nim centralni toleranci a proto rozvine autoimunitni reakci.

3. Pokud virus zpUsobi chronicky zanét periinzularni tkané, mohou beta-burky hynout vliivem
volnych radikald tvofenych pfi tomto zanétu — tzv. innocent bystander theory.

4. Konecné jakakoli infekce maze urychlovat jiz vzniklou inzulitidu tim, Ze navozuje stav
inzulinové rezistence a zatézuje tak zbytkovou masu beta-bunék.

Pokud jsou enteroviry opravdu spoustéci ¢i akceleratory inzulitidy, meély by byt prokazatelné pfi
jejim zacatku Castéji nez by odpovidalo nahodé. Studie, které se timto prikazem zabyvaly, jsou
vynikajicim zplsobem shrnuty ve star§im prehledném ¢lanku patrné nejlepsiho sou¢asného
odbornika na enterovirus a diabetes [169]; od té doby pfibylo nékolik relevantnich studii, jejichz
vysledky shrnuje naSe skupina v pfislusnych vlastnim pracech, které jsou pfilozeny. Z dosud
provedenych studii vyplyva, Ze spojeni mezi enterovirem a DM1 je velice pravdépodobné,
avSak jeho charakter je vice nez nejasny. Sérologické studie jsou ¢etné a Cetné jsou i jejich
pozitivni vysledky — nicméné jejich design a zvlasté vybér kontrolnich skupin je vesmés
epidemiologicky nespravny a ziskané zavéry zpochybriuje. Néktefi respektovani autofi jsou
toho nazoru, Ze vétsina starsich sérologickych studii mlhu okolo vztahu mezi diabetem a
enterovirem nijak nerozptylila [170, 171].

Novéjsi prace uzivaji pfimou detekci enteroviru pomoci RT-PCR. Ukazaly, Ze enterovirus je
pfitomen u €erstvé diagnostikovanych diabetickych déti Castéji nez u kontrol. Jako material
byly pouzity plna krev nebo sérum [172, 173], plazma a stolice [174] nebo periferni
mononukleary [175]. Zajimava je velmi recentni prace ze studie DAISY, kde vyskyt
enterovirové RNA v séru (na rozdil od vyskytu ve stolici) signifikantné zvysuje riziko progrese
od pozitivity autoprotilatek ke vzniku klinického diabetu [176]. Podobé tomu bylo ve finské studii
[177].

O krok dfive je detekce enteroviru pfi vzniku autoimunitni inzulitidy nebo v tésné ¢asové
souvislosti s nim. Autoimunitni inzulitida je detekovatelna pomoci kombinace protilatek proti
komponentam beta-burky. Finska studie DIPP (Type 1 Diabetes Prediction and Prevention
Project) poukazala na vy3Si po€et enterovirovych infekci u prediabetickych déti (Cili u déti s
autoprotilatkami proti beta-burikam) ve srovnani s kontrolami bez autoprotilatek: enterovirus byl
detekovan budto pomoci RT-PCR ze séra [178, 179] nebo pomoci kombinace vysledku
serologie a RT-PCR ze stolice [180]. Podobné i dalsi finska studie nalezla vy3si frekvenci
enterovirové RNA v séru prediabetickych déti ve srovnani s kontrolami [181]. Jiné studie mimo
Finsko vS8ak takové jednoznacné vysledky neposkytly. Ve studii DAISY (Diabetes Autolmmunity
Study in the Young) z USA byla enterovirova infekce stejné ¢asta u prediabetickych déti jako u
kontrol [182].

Navic — mala studie, které se zaméfila na déti po infekci virem Coxsackie B, ukazala, ze
znamky prediabetické autoimunity, které se rozvinuly u nékterych déti po této infekci, byly
pouze pfechodné, k diabetu nevedly a zmizely do roka [183]. Zjevné je k objasnéni role
enterovirl pfi vzniku DM1 tfeba dalSich dobfe navrzenych studii z rozdilnych svétovych
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populaci. Takovéto studie by mély pozorovat kohorty zdravych déti s co nejvy$Sim genetickym
rizikem DM1, a to nejlépe od narozeni nebo ¢asného détstvi.

4.2.1.3 Hygienicka hypotéza a neprimé indikatory expozice infekcim

Koncept hygienické hypotézy predpoklada, ze Casné setkani imunitniho systému ditéte s
b&znymi infek&nimi agens chrani dité proti rozvoji atopii a autoimunit. Casnost a velikost
expozice béznym infekcim muize byt méfena pomoci nékolika nepfimych indikatord (proxy
measures). Jeden z téchto indikator(i mize byt navstéva predskolnich zarizeni, ktera je
obecné negativné asociovana s DM1 (metaanalyza dostupnych studii v [184]). V Ceské
populaci jsme negativni asociaci DM1 s navstévou predskolnich zafizeni nasli, ale velmi slabou
[188]. Dalsim indikatorem je velikost sidla, ve kterém dité Zije: tato velikost jednak souvisi s
hustotou obyvatel, jednak do jisté miry i se socio-ekonomickymi rozdily mezi méstskym a
venkovskym obyvatelstvem. O velikosti sidla i hustoté obyvatel je Fe€ Casnéji v této kapitole, v
oddile o rozdilech incidence diabetu uvniti populaci. Velikost sidla mize souviset jesté s
jednim dulezitym zdrojem infekénich agens: se zviraty. Expozice béznym infekénim agens
nemusi pochazet jen od déti, muze byt i od domacich zvifat — a to zcela nezavisle na mire
socialnich kontaktu ditéte. Negativni asociace DM1 s kontaktem se zvifaty byla nalezena v
nedavné studii z Velké Britanie [185], ale ne v jinych studiich [186, 187] — mezi negativni
poditaje i nasi studii v ¢eské populaci [188]. Oddéleni pfipadného efektu socialnich kontaktt od
efektu kontaktu se zvifaty je komplikovano tim, ze proporce domacnosti chovajicich néjaké
domaci zvife je v nepfimé uméfe k poctu obyvatel sidla, kde rodina Zije.

4.2.2 Nutriéni faktory

Publikace ze studii o nutriCnich expozicich pfinasejicich riziko DM1 se pocitaji jiz na stovky. Je
pfekvapive, Ze pres toto tézko zvladnutelné mnozstvi dat je dispozici tak malo odpovédi na
zakladni otazky: pfinasi néco z toho, co jako kojenci nebo batolata pozivame, riziko diabetu?
Jak vysoké toto riziko je? Je modifikovano dalSimi expozicemi? Nedostatek odpovédi na tyto
otazky je patrné zplsoben tim, Ze teprve nedavno se rozbéhlo nékolik adekvatné navrzenych
silnych studii sledujici déti s dostate¢nym (a pfitom relativné homogennim) genetickym rizikem
DM1, od velmi utlého véku a dostate¢né dlouho. Lze oCekavat, Ze studie jako DAISY, TEDDY
nebo TRIGR (Trial to Reduce IDDM in the Genetically at Risk) poskytnou na nase otazky lepSi
odpovédi, ale nez budou tyto ambiciozni projekty opravdu dokon€eny, musime spoléhat na
dostupna data.

Kojeni versus pfipravky z kravského mléka ve vyzivé kojencl jsou velmi popularnim
tématem diskusi — a jejich vliv na riziko diabetu je Casto vytrzen z kontextu a znacné precenén.
Kravské mléko se od matefského mléka lisi celkovou vySSi koncentraci proteind, pfitomnosti
beta-laktoglobulinu, bovinniho sérového albuminu a bovinniho inzulinu, jehoz primarni struktura
se liSi od lidského ve tfech aminokyselinovych zbytcich. Jiz od osmdesatych let jsou znamy
vysledky studii na krysim modelu diabetu 1. typu, které ukazaly, Ze krysy krmené proteiny
kravského mléka mély asi trojnasobnou incidenci diabetu proti krysdm krmenym semi-
syntetickou dietou bez mlé&nych proteint [189]. Lze tedy predpokladat, Zze riziko DM1 u
kojenych se mlze lisit od rizika DM1 u déti, které dostavaiji pfipravky umélé mlééné vyzivy - v
drtivé vétSiné zalozené na kravském mléku.

Epidemiologické studie zabyvajici se asociaci diabetu a kojeni u lidi nejprve poukazaly na
pozitivni korelaci mezi mnozstvim pfijatych produktl kravského mléka v détstvi a incidenci
diabetu [190, 191]. Zavéry téchto a podobnych studii ukazuji, Ze zdravi sourozenci diabetickych
déti, ktefi béhem détstvi pozivaji vice nez pul litru kravského mléka denné&, maji v porovnani

s détmi, jez denné takové mnozstvi kravského miéka denné nepfijimaji, riziko diabetu pfiblizné
trojnasobné. Kdyz byla tato asociace sledovana u pfipadd a kontrol nesoucich nejrizikovéjsi
HLA genotyp (DQB1*02/0302), relativni riziko vystoupilo az na 5,4 [192].

S pfijmem kravského mléka uzce souvisi otazka, kdy je vhodna prvni expozice ditéte
proteinim kravského mléka a jaka je tedy doporuc¢ena doba vyluéného krmeni matefskym
mlékem. Opakované byla popsana inverzni korelace mezi délkou kojeni a rizikem diabetu [193,
194]. Diabetické déti jsou kravskému mléku exponovany dfive nez déti nediabetické (sledovani
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expozice béhem prvnich tfi mésicl zivota) [195]. Gerstein [194], ktery kvantifikuje tato rizika,
vSak uzavira, Ze kojeni hraje jen malou protektivni tlohu - jeho nedostatek a brzka expozice
kravskému mléku nenese riziko pro diabetes vyssi nez 1,5. Domnénka, Ze by pfi Casném
setkani s proteiny kravského mléka (do ukon&eného druhého mésice zivota) rozhodoval o
mozné pozdéjdi manifestaci diabetu rizikovy HLA genotyp, nebyla potvrzena. Pfi porovnani
skupin, do nichz byly tyto déti s Casnou expozici bilkovinam kravského miéka rozdéleny podle
rizikovosti jejich HLA genotypU, nebyl nalezen zadny signifikantni rozdil [192].

Dal3i znamkou moZzného vlivu expozice kravského mléka jsou nalezy signifikantné zvySenych
titr( protilatek proti bovinnimu laktoglobulinu ve tfidé IgA [196] a protilatek proti bovinnimu
sérovému albuminu ve tfidé IgG u diabetickych déti v porovnani s détmi nediabetickymi [197].
Udaje o pFitomnosti protilatek u diabetickych pacientt mohou byt véak stejné zavadsjici jako

v pfipadé sérologickych metod u enterovirQ, proto Saukkonen [197] své vysledky vztahoval

k rizikovym HLA genotypum. Dle této prace jsou hladiny IgG protilatek proti bovinnimu
sérovému albuminu signifikantné zvySeny u diabetickych déti v porovnani s nediabetickymi
sourozenci shodného genotypu. Vyznamna humoralni odpovéd na proteiny kravského miléka je
tedy asociovana s rozvojem diabetu nezavisle na genetickém pozadi uréeném HLA
genotypem. Z vysledk citovanych studii vyplyva, ze riziko vzniku diabetu se vyrazné zvySuje s
vysokym pfijmem produktu kravského mléka v détstvi; Casna expozice proteinim kravského
mléka v kojeneckém véku ani doba kojeni riziko pravdépodobné zasadné& nemeéni.

Pfesny mechanismus pulsobeni bilkovin kravského mléka v diabetogennim procesu nebyl
dosud pfesné objasnén - bylo v8ak formulovano nékolik hypotéz [166]:

1. BSA hypotéza vychazi z mechanismu molekularnich mimikrd. Sedmnact aminokyselin
dlouhy peptidovy fragment ABBOS bovinniho sérového albuminu (BSA) ma podobnou
antigenni strukturu s ostrivkovym antigenem ICA69 [198], proti némuz by se mohla imunitni
odpovéd obratit. Tato udajna zkfiZzena reaktivita je vdak nékterymi autory zpochybrovana [199].

2. Enzymatické Stépeni 3 kaseinu v travicim traktu vede k produkci B kasomorfinu-7, u néhoz
byl v laboratornich podminkach prokazan imunosupresivni u¢inek [200]. Ten muZze inhibovat
navozeni aktivni imunologické tolerance vuci peroralné pfijimanym zevnim antigendm.

3. Pfijem bovinniho inzulinu, ktery je pfitomen v kravském mléku, mize za urcitych okolnosti
vhimavého jedince imunizovat a posléze indukovat autoimunitni odpovéd proti inzulinu
vlastnimu (tedy znovu princip molekularnich mimikrd) [201] .

4. Sliznice traviciho traktu pro své zrani v asném postnatalnim obdobi muze vyzadovat
dostatek urcitych latek obsazenych pravé v matefském mléce (napf. rlistové faktory Ci
cytokiny). Nepfijima-li organismus tyto plsobky v zadaném mnozstvi, funkéni vyzrani sliznice je
naruSeno a namisto fyziologické vlastnosti slizni¢ni imunity - tolerance exogennich antigenut -
nastupuje spiSe imunizace. Tato nezadouci imunologicka odpovéd organismu se mUize obratit
jak proti vlastnim antigendm, napfiklad humannimu inzulinu vyskytujicimu se v matefském
mléce, tak proti antigeniim cizim, jejichz epitopy mohou vyvolat zkfizenou reaktivitu a rozvinout
autoimunitni proces. Podle této teorie [202] je zminény prabéh imunizace vlastni geneticky
vnimavym jedincum, ktefi navic byli kratce kojeni.

Kojeni je povazovano za ochranny faktor proti DM1. Moznych mechanismU je mnoho: kojeni
chrani proti infekcim, protoze matka ditéti pfedava IgA protilatky, matefské mléko obsahuje
cytokiny a rastové faktory, které moduluji zrani lymfoidni tkané stfeva, matefské mléko
obsahuje lidsky inzulin, takze se m(ize snaze navodit periferni tolerance.

Dfivéjsi zavedeni pfipravkl z kravského mléka je zpravidla paralelné doprovazeno kratsi
dobou kojeni. Dodnes v3ak nejsou k dispozici jasna data o tom, ktera z téchto dvou
proménnych je asociovana s DM1 primarné a ktera sekundarné [203]. Definitivni odpovédi
alespon z nékterych populaci se snad do¢kame s vysledky studie TRIGR [204], ktera testuje
efekt kravského miléka u geneticky selektované kohorty novorozencu a kojenct s rizikem DM1.

Pfi studiu etiopatogeneze diabetu 1. typu je ovéfovan vliv nejen kravského mléka proti kojeni,
ale i jinych dietetickych faktor(i, mezi néz patfi napfiklad nitraty. Tyto latky obsazené
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v zelening, v masnych vyrobcich €i ve vodé mohou ve formé N-nitroso-slou€enin pfimo
poSkozovat B buriky, jak bylo dokdzano na nitroso-slouceniné streptozotocinu [191]. O
islandském uzeném jehnécim se ostatné zmifiujeme na jiném misté.

Deficit vitaminu D je dalSim z moznych nutri¢nich faktord. U mysiho modelu diabetu bylo
prokazano, ze 1,25-dihydroxy-vitamin D snizuje vyskyt DM1 [205]. U téchto NOD mysi je ale
znamo, Ze vyskyt diabetu sniZuje lecjaka expozice [206], takZze az epidemiologické studie u lidi
poukazaly na skute€nou negativni asociaci diabetu s podavanim vitaminu D kojencim: nejprve
se tak stalo v menSi studii pfipad( a kontrol [207], pozdéji to bylo potvrzeno ve velké kohorté
ro¢niku 1966 v jednom z krajli Finska, pro niz byla k dispozici data o podavani vitaminu D
[208]. Pomérné silny je tento efekt v metaanalyze dostupnych studii z roku 2008 [209], kde je
podavani vitaminu D asociovano s poklesem rizika 0 29% - do této metaanalyzy se ovSem
nase pomérné velka studie pfipadl a kontrol nedostala, protoze vitamin D nezmifiovala ani v
abstraktu ani nazvu, ackoli nesignifikantni tendenci k sniZeni rizika diabetu jsme pozorovali
také [188].

Vitamin D neovlivriuje jen metabolismus vapniku; ma také prokazany imunomodulacni ucinek
[205, 210] a pravé tento ucinek by mohl byt logickym vysvétlenim protektivniho efektu. Zdanlivé
pfehledna situace se nedavno zkomplikovala se zjisténim rozsahlé norské populacni
retrospektivni studie, Ze podavani oleje z trescich jater v prvnim roce Zivota ma protektivni
efekt proti DM1, kdezto podobny efekt pro jiné zdroje D vitaminu v norské populaci chybi [211];
obdobné je pro dité protektivni podavani oleje z trescich jater (ale nikoli multivitaminovych
pfipravkl) v prabéhu téhotenstvi [212]. Neni proto vylouéeno, ze skutecny efekt je zde pfinasen
omega-3 mastnymi kyselinami s dlouhym fetézcem, které jsou v tomto rybim tuku obsazeny.

4.2.3 Faktory perinatalniho obdobi a ¢asného détstvi

Faktory perinatalniho obdobi v etiopatogenezi DM1 se dobfe studuji. Nékteré z nich jsou
zachyceny v zaznamech o porodu, které jsou pak pfeneseny do riznych vice ¢i méné
dostupnych databazi populacéni evidence (vék matky a otce, vzdélani matky a otce, porodni
hmotnost, porodni délka, pofadi porodu, zplisob porodu, velikost sidla bydlisté a dal$i) nebo
nejsou pfedmétem zadného zkresleni (vék rodicl, pofadi narozeni); jiné faktory jsou pro rodice
dalezité natolik, ze si je pamatuji — alespon tedy matky - bez vétSiho zkresleni desitky let
(zplUsob porodu, porodni hmotnost a délka, celkova doba kojeni). Ackoli se daji udaje o
expozici daji docela dobfe sbirat, problematické je, co vlastné ukazuji. Vétsina jich totiz jsou
sekundarni indikatory jinych expozic (proxy measures). Je téZko si predstavit, Ze samo
vzdélani matky muze ovlivnit riziko diabetu, ze by se dnem obdrzeni vysokoSkolského diplomu
zvysila pravdépodobnost diabetu u ditéte. Naopak dobre predstavitelné je, ze zde pusobi
né&jaky vzorec chovani, ktery maji vysokoSkolacky nebo obecné lidé z vy$Si socioekonomické
tfidy: ten se projevuje v zméné néjaké expozice primarné asociovaneé s DM1.

Vék rodi¢u a zejména vék matky pri porodu je proménnou, ktera se da snadno sbirat a
shadno studovat. VétSina studii se shoduje na tom, Ze zvy3ujici se vék matky je asociovany s
vyS8Sim rizikem DM1 [213-219], v jinych studiich bylo zvySené riziko omezeno jen na matky
pokrocilého véku nad 35 let [220-223]. Riziko asociované s matefskym vékem muze navic
zaviset na poradi narozeni ditéte: v norské kohorté nebyla Zadna asociace s vékem matky pro
prvorozené — ta se objevila az pro vys8i pofadi narozeni [219]. Vys8i vék matky nefunguje jako
rizikovy faktor univerzalné ve vSech populacich: studie z Pittsburghu v USA ukazala vysSi
prevalenci diabetu nejen u déti starSich matek, ale i u déti velmi mladych matek [222]. Existuje i
jedna studie, kde riziko DM1 je spojeno jen s nizkym vékem matky: tato studie pochazi z Indie,
kde byl asociovan s rizikem DM1 u potomka matefsky vék pod 25 let [224]. Efekt véku matky
pfehledné shrnuje metaanalyza dostupnych kvalitnich studii, jejiZ jsem spoluautorem [225],
obrazek 10.

Vys8i vék matky se tedy zda byt faktorem skute¢né asociovanym s DM1, alespori tedy v
europoidnich populacich. Mensi shoda panuje o poradi narozeni ditéte. Vice studii ukazalo
nizsi poradi narozeni jako faktor asociovany s DM1 [215, 220, 222, 224, 226], méné studii pak
ukazalo opak [213, 214, 227]. V obecné populaci je obvykle vy3Si pofadi narozeni ditéte
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spojeno s vy8Sim vékem matky, takze si Ize pfedstavit, Ze by riziko spojené s pofadim narozeni
bylo sekundarnim jevem pfi asociaci DM1 a véku matky. Skute¢nost je — zda se — jina.
Vysledky studii, kde prvorozenost i vy$si vék matky byly asociovany s DM1, ukazuji zcela jinym
smérem [220, 222, 228]. ackoli se déti, které dostanou DM1, rodi o néco starSim matkam, maji
nizsi pofadi narozeni nez obecna populace. V Eeské populaci je popisovany efekt pfitomen
[228]. Mozna vysvétleni se daji konstruovat viceméné libovolné z teorii, které jsou pro
etiopatogenezi diabetu k dispozici. MUzeme si predstavit napfiklad starSi matky jedinacku,

chranici své déti pfed expozici béznym infekénim agens.

Obrazek 10. Shrnuti efektu véku matky na riziko diabetu potomka: kazdych pét let véku
matky zvysSuje riziko DM1 u potomka o 5%. Z nasi publikace [225].

Study Nos. of Odds ratio per 5 year increase Weight
cases (95% Cl) (%)
Dahlquist 2,757 B 1.09(1.05,1.14) 5
Bock 837 : 0.99(0.89,1.09) 4
Patterson 271 i e — 1.30 (1.15, 1.48) 4
Wadsworth 213 - 0.84(0.70,1.01) 2
Gimeno 344 —_— 0.89(0.77,1.04) 3
McKinney 220 ——— 1.17(0.99,1.38) 3
Rami 103 —_— 124(1.02,153) 2
ED Bulgaria 125 O 1.15(0.90,1.46) 2
ED Latvia 140 —— 1.21(1.01,1.44) 2
ED Lithuania 17 . 1.26 (1.01,1.57) 2
ED Luxembourg 59 + 0.82 (0.60, 1.12) 1
ED Romania 81 " 1.05(0.80,1.38) 1
Stene 1,810 -- 1.08(1.04,1.13) 5
Visalli 139 —_—— 1.05(0.88,1.27) 2
Stene 346 —_— 0.95(0.85,1.07) 4
SK Sweden 442 —- 0.86 (0.76,0.96) 4
SK Lithuania 281 — - 1.09 (0.96,1.24) 3
Sumnik 640 | —-— 1.18(1.09, 1.27) 5
Marshall 196 —a 0.87 (0.77,1.00) 3
Cardwell 990 - 112(1.06,1.19) 5
Sipetic 105 _ 1.00(0.80,1.25) 2
Svensson 477 -—i-— 1.08 (0.98, 1.20) 3
Polanska 394 —a— 117 (1.07,1.29) 4
Wei 260 T————  125(1.04,150) 2
Tenconi 99 —_— 1.11(0.87,1.41) 2
Haynes 926 -+l 110 (1.03,1.17) 5
levins 410 —- 0.96 (0.87,1.05) 4
Borras Perez 626 ——li— 1.04 (0.94, 1.14) 4
Rosenbauer 748 —— i 0.92 (0.83, 1.01) 4
Waldhoer 444 —a— 0.99(0.90,1.08) 4
I?:tiﬁl;eneity (x2=97.69, P<0.001, 12 (95%Cl) =70 (57,79)) | . 1.05(1.02, 1.09)

0.66 080 090 1.001.10 125 15
ED, Eurdoiab; SK, Sadauskaite-Kuehne.

Dal$im snadno zjistitelnym parametrem jsou porodni délka a hmotnost. Velka populaéni
studie z Norska nedavno ukazala vyssi riziko DM1 u déti s vy$Si porodni hmotnosti [229] a jina
velka studie pfipadd a kontrol z nékolika evropskych populaci ukazala nizsi riziko DM1 u déti s
niz§i porodni hmotnosti a délkou [230]. Jakkoli nejsou tyto nalezy platné univerzalné (napf.
[217, 227]), mohou poukazovat na vliv intrauterinniho prostfedi na riziko multifaktorialni nemoci
jako DM1. Ve velmi elegantné provedené studii pfitom bylo prokazano, ze efekt porodni
hmotnosti neni vysvétlitelny rozdily mezi porodni hmotnosti déti s rizné rizikovymi HLA-DQ
genotypy — tyto rozdily byly opacné [231]. Pro tyto parametry je k dispozici metaanalyza
dostupnych studii, jejimz jsem spoluautorem [232]: déti s vySSi porodni hmotnosti maji mirné,
avsak signifikantné vysSi riziko DM1.
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Zpusob porodu je dal$i ze snadno méfitelnych proménnych, jejichz efekt se velmi Spatné
vysvétluje. Porod cisafskym fezem je asociovan s DM1 v nékterych [220, 233], ale ne vSech
studiich [216, 230, 234]. | v nasi populaci je vidét (byt statisticky nesignifikantni [188]) tendence
k asociaci s diabetem: ta byla dobfe pozorovatelna v nasi spoleéné metaanalyze [235]: s
cisafskym Ffezem se zvySuje riziko diabetu v priméru o 23%. Pfi€inou muze byt kupfikladu
setkani s nemocni¢nimi bakteriemi jako prvnimi misto s bakteriemi materskych porodnich cest.
Interpretovat nalezy takovychto studii opravdu neni snadné, zvlast proto, Ze indikace pro
cisafsky fez se vyznamné liSi mezi jednotlivymi porodnickymi Skolami, tedy jak mezinarodné,
tak uvnitf populace. Navic v nékterych populacich se podil cisafskych fez( zvySuje — v nasi se
za patnact let pfiblizné zdvojnasobil (obrazek 11). Zda v nasi populaci indikace pro cisarsky fez
zahrnuiji faktory primarné asociované s rizikem DM1 u ditéte, Ize pfitom pouze spekulovat.

Obrazek 11. Proporce cisaiskych fez( u porodd v nasi zemi. Zdroj dat: UZIS
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4.3 Srovnani sily genetickych a negenetickych faktoru

V predchozim textu je nékolikrat zminéno, ze genetické a negenetické faktory se na riziku
diabetu podileji pfiblizné shodné&, asi tak polovinou. Polovinu genetického rizika pak pfinaseji
polymorfismy uvnitf komplexu HLA. Individualni genetické riziko spojené s HLA l|ze docela
snadno vySetfit — tak se obecna populace da roz€lenit od lidi, ktefi détsky DM1 témér dostat
nemohou (ti, co nesou HLA-DQB1*0602, asi ¢tvrtina obecné populace), az po ty, kdo maji
riziko v fadu blizicim se deseti procentim (ti, co nesou genotyp HLA-DQB1*0302-
DQA1*03/DQB1*02-DQA1*05, asi necelé pulprocento populace). Riziko DM1 se tak v nasi
populaci lisi mezi lidmi nesoucimi nejrizikovéjSi a nejochrannéjsi genetické faktory asi
desettisickrat [95, 108].

Nic podobné silného mezi negenetickymi faktory neexistuje. Negeneticke rizikové faktory jsou
jednotlivé slabé — je jich nicméné velké mnozstvi. Riziko je rozdrobeno mezi Spatné definované
faktory, jejichz jednotlivy pfispévek je nizky — riziko asociované s pfitomnosti nebo
nepritomnosti faktoru se zfidka lisi vice nez dvakrat az pétkrat, u vétdiny expozic je to vSak
jesté mnohem méné. Koncept poméru genetickych a negenetickych faktord pomérné dobie
ilustruje skladanka na obrazku 7.

Ze srovnani efektu genetickych faktort, kde jeden jediny genovy komplex rozhoduje o
desettisickrat vy$Sim nebo nizSim riziku, a faktord negenetickych, kde jednotlivy faktor
rozhodne maximalné jen o nékolikanasobném vzestupu rizika, dojdeme k nékolika zavaznym
zavéram: 1. Negenetické faktory je tfeba studovat s pfihlédnutim k faktordm genetickym.
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Souc€asné moderni projekty sleduji zpravidla déti od samého narozeni — a jsou to déti s
vysokym rizikem DM1 vyplyvajicim budto z rodinné anamnézy nebo z genetického screeningu.
2. Pri konzultacich s rodic¢i pacientll informovanymi o negenetickych rizikovych faktorech
(kojeni, navstéva Skolky) je tfeba zdUraznit, ze za diabetes svého ditéte nemohou a ze
pfipadna expozice ditéte znamym rizikovym faktorim zvysila pravdépodobnost diabetu jen
nepatrné. 3. Je tfeba se zdrzet jakychkoli rad k prevenci DM1, protoZe v sou€asnosti neexistuje
zadna bezpecna efektivni prevence — zadné preventivni strategie nemohou byt navrzeny na
zakladé nalezu slabych asociaci negenetickych faktoru, ale jen na vysledcich dostate¢né
silnych prospektivnich intervencnich studii. Dvé nejautoritativnéjsi takové studie pfitom efekt
kandidatnich preventivnich opatfeni nepotvrdily, jak se zmifujeme dFfive v této kapitole. Zda se
na tom néco zméni s dokon&enim dalSich intervenénich studii, se dozvime béhem dalSich let.

4.4 Vzestup incidence DM1 a negenetické faktory

ProtoZe incidence DM1 stoupa a tento vzestup nelze pfi€ist na vrub zménam v genetickych
vlastnostech populace, pfi€iny vzestupu incidence je nutno vidét v negenetickych faktorech.
Existuje nékolik hypotéz, pro€ incidence DM1 stoupa. Tfi z nich je dobré zminit, uz proto, ze se
jejich znalost pfedpoklada pfi Cetbé soucasné literatury o etiopatogenezi DM1.

Hygienicka hypotéza se objevila jiz v souvislosti s vysvétlenim pfi€in vzestupu alergii a atopie.
U diabetu — jakkoli je jeho imunopatologicka podstata jina nez je podstata astmatu nebo atopie
— se ujala také. Vychazi z pozorovani, ze DM1 se vyskytuje vice ve spoleCnostech se
zapadnim zivotnim stylem a Ze diabetes muze byt CastéjsSi u déti, které byly v Easném détstvi
vystaveny nizSi expozici infekcim. Je pravdépodobné, ze k vyvoji zralého a vyvazené
reagujiciho imunitniho systému je tfeba, aby byl imunitni systém v raném détstvi adekvatné
stimulovan — zejména béznymi infek&nimi agens. Pokud tomu tak neni, mize vzniknout
dysbalance vedouci napfiklad k autoimunitni inzulitidé a DM1.

Hypotéza predpoklada, Ze se z naseho prostfedi s postupujicimi roky a zvySujicim se Zivotnim
standardem vytratila néjaka dfive bézna infekéni expozice. Mlze to bezesporu byt i obyCejny
roup, jak se domniva Edwin Gale ve svém dobfe vypointovaném ¢&lanku [236]. Jini se viak
domnivaji, Ze se nejedna o parazita, ale o virus.

Na takovy virus, jehoz obéh v populaci se mohl podstatné snizit, poukazuje polio hypotéza
(nebo hypotéza polioviru — ale tento pfeklad neni Uplné spravny, protoZe o poliovirus jako
takovy nejde) - hypotézy si mohli pozorni ¢tenafi vSimnout uz dfive v tomto textu (v odstavci
2.4.3). Autory hypotézy jsou Clenové finské skupiny zkoumajici enteroviry a DM1 [37].
Hypotéza byla touto skupinou opakované publikovana. Je zaloZzena na pfedchozich dobfe
znamych zkuSenostech s epidemiologii poliomyelitidy: pfed érou o¢kovani se frekvence
poskozeni motorickych neuron( virem zvySovala paralelné s tim, jak se snizovala frekvence
infekce poliovirem v populaci. Do konce 19. stoleti byla infekce poliovirem endemicka a
paralytické formy vzacné. Pak frekvence infekci znacné poklesla se zlepSenim hygienickych
podminek, ale frekvence paralytickych forem neoCekavané vzrostla. Stejné tak bylo riziko
paralytickych forem vy8Si v zemich s nizkym vyskytem infekce, nez v zemich s vysokym
vyskytem infekce.

Vysvétlenim je opozdovani prvniho kontaktu s poliovirem: pokud je frekvence infekci v populaci
nizka, poprvé se jedinec s poliovirem potka pozdé ve svém Zivoté — u starSich déti €i dospélych
obecné enterovirové infekce probihaji hGfe, nemluvé o tom, Ze nejsou chranéni pfenesenymi
matefskymi protilatkami. Poliovirus je enterovirus s afinitou k motoneuroniim prednich roht
misnich — pokud by existoval néjaky enterovirus s afinitou k beta bufkam Langerhansovych
ostravkl, schopny spustit prediabetickou autoimunitu, Ize si dobfe pfedstavit analogii: pokud
ma dité Stésti a potka se s nim ¢asné, kdyz je jesté chranéno matefskymi protilatkami, nejenze
se jej snadnéji zbavi, ale vytvofi si i vlastni imunitu proti tomuto viru. Pokud se nakazi pozdéji,
je vy8si pravdépodobnost velké virémie a dosazeni a poskozeni cilové tkané — beta-bunék.
Pfedstavme si, Ze je lepSi hygienou omezena cirkulace viru v populaci. Pak se jednak za¢nou
déti s virem potkavat pozdéji a jednak se nékteré divky a Zeny nepotkaji s timto virem vibec.
To znamena, ze si protilatky nevytvofi a nemohou je v dalSi generaci pfedat svym détem.
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Treti z dnes velmi popularnich hypotéz o diivodu zvysujici se incidence diabetu je hypotéza
akceleratoru. V roce 2001 Terrence Wilkin publikoval praci [237], kde uvadi tfi faktory
spolupulsobici na patogenezi diabetu obou typl — rychlost apoptézy beta-bunék, inzulinova
rezistence a autoimunita proti beta-burikam. Ve své sjednocujici teorii postuluje, ze konec¢ny
efekt — zavislost na inzulinu — je tentyZ u obou typl diabetu a Ze zvySujici se inzulinova
rezistence ma za nasledek zvysujici se vyskyt obou typl diabetu v populaci. Diabetes 1. typu a
2. typu jsou shodné mimo autoimunity, kterou ma DM1 jako zasadni rys navic. Inzulinova
rezistence je asociovana s visceralni adipozitou. A¢koli genotypy vedouci k této adipozité
mohly v hladové minulosti poskytovat selekéni vyhodu, nyni nam Skodi, protoze jsme zavaleni
pfebytkem stravy a nedostava se nam pohybu. U DM1 inzulinova rezistence urychluje prabéh
inzulitidy smérem k diabetu — a pacienti se manifestuji dfive nez by se manifestovali s nizsi
inzulinovou rezistenci. Hypotéza akceleratoru je relativné snadno testovatelna a dostalo se ji
podpory z nékolika, ale ne vSech studii; nyni se zda, Ze souhlas nebo nesouhlas s touto
hypotézou nabira spiSe religidoznich nez védeckych rozméra. Protoze nastésti nedisponujeme
Zadnymi daty, ktera by umozriovala se k n&jakému taboru pfidat, v této praci se hypotézou
akceleratoru nezabyvam.

5 Zaver

Pro molekularniho epidemiologa, ktery byl zvykly provadét asocia¢ni studie kandidatnich genu,
predstavoval samozfejmé prichod vysokokapacitnich metod problém: jeho prace se tim zcela
zasadné meéni, protoze celogenomové metody vyzaduji velmi rozsahlé soubory a jedinec stojici
mimo silné konsorcium nezvladne nic. Asociacni studie, jak jsme je znali z minulého desetileti,
definitivné skoncily. To je tfeba si velmi rychle uvédomit, nez dobré Casopisy prestanou nase
asociacni studie zcela akceptovat.

Kde je pak prostor pro epidemiologa, ktery ovlada molekularni metody, ale nechce provadét
prace jen na infek€nich agens? Podle mého nazoru je tfeba tématicky pfejit na rozhrani mezi
mikrobiologii a neinfek¢ni epidemiologii, kde Ize sledovat, jak pravé tato infekéni agens
spoustéji nebo potencuji rozvoj autoimunitnich chorob. O to jsem se pokusil v praci s
pikornaviry. Jedna se o velmi dynamickou oblast, kam muze ne-mikrobiolog pfinést novy
pohled: agens je prosté jako jakakoli jina expozice, kterou hodnotim kvalitativhé nebo
kvantitativné. Tam, kde se snazi mikrobiolog zpravidla agens izolovat a komplexné popsat, Ize
mnohdy uspésné pouzit pouhou jednoduchou detekci pfimo z dodaného materialu - coz ovéem
plati za pfedpokladu fadného navrzeni studie, v jejimz ramci tato detekce probiha. Pravé
design studie kompenzuje nedokonalost detekénich metod.

DalSi oblast, kterou nelze ignorovat, je informatika. Soucasné s tim, jak stroje pfebiraji dfive
kvalifikovanou praci v laboratofi, se musi tézisté znalosti biologa pfesouvat k tomu, co stroje
nedokazi a ani sectéli studenti neumi: jednak k algoritmizaci béznych procesu v laboratofi,
jednak k systematickému vyuziti databazovych systému. Spektrum volné dostupnych nastroju
je nepreberné, pokud nebudeme ignorovat jednoduché programovani. Z jiz pfipravenych
softwarovych modull mizeme pfi zakladni znalosti algoritmizace poslepovat prekvapivé silné
nastroje, které nam davaji zna¢nou prevahu nad témi kolegy, ktefi pro analyzu svych vysledku
jesté stale pouze klikaji v tabulkovych procesorech, ignorujice hrozivé narlstajici objemy dat
generovanych jejich laboratofemi.

Diabetes 1. typu je fascinujici choroba, kterou |ze velmi efektivné studovat - uz proto, ze
poskytuje dostatek negativnich emoci, které motivuji k jejimu poznavani. Smifil-li jsem se s tim,
Ze existuje jen mziva pravdépodobnost, Ze udélam jakykoli "velky objev" €i vytvofim néjakou
skvélou prevenci této choroby, mohu snad drobnou a systematickou praci pomoci pokroku
védy a kone¢né mozna i pfispét ke zlepSeni individualnich osudud pacientu.
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6 Diskuse vybranych vilastnich vysledku

Z pfiblizné 70 ¢lankud indexovanych v listopadu 2010 na MEDLINE, jejichz jsem autorem nebo
spoluautorem, vybiram ilustraci k nékolika okruhtm probléma. Dulezitéjsi ¢lanky pfikladam v

plném znéni k této praci'®.

6.1 Pikornaviry a prediabetes

Jedno z nosnych témat, jimz jsem se v
minulych cca osmi letech zabyval, byla detekce
enterovirll a nékterych dalSich vir( v norské
kohorté déti s nejvysSim genetickym rizikem
diabetu 1. typu. Prace ma za konecny cil pfispét
k objasnéni podilu této skupiny vir( na
prediabetu.

6.1.1 Pilotni studie detekce enteroviru

Prvni z €lanku popisoval pilotni studii, ktera
prokazovala schidnost detekce enteroviru ze
vzorku stolice sériové odebiranych od déti s
nejvySSim genetickym rizikem, identifikovanych
pfi narozeni z norské obecné populace.

= Cinek O, Witsg E, Jeansson S, Rasmussen T,
Drevinek P, Wetlesen T, Vavrinec J, Grinde B,
Renningen KS. Longitudinal observation of
enterovirus and adenovirus in stool samples from
Norwegian infants with the highest genetic risk of
type 1 diabetes. J Clin Virol. 2006 Jan;35(1):33-
40. (prilozeno in extenso, priloha I)

Vénovali jsme se popisu logistiky, techniky
extrakce a detekce a kvantitativnim aspektum
detekce. Extrakce RNA, detekce i typizace
enteroviru probihala v naSi laboratofi v Praze.
NaSe detekEni metoda ma exogenni vnitfni
kontrolu - pfidany fragment RNA viru
zapadonilské horecky ve fagoveé partikuli. Tyto
pseudovirové partikule prochazeji celym
procesem zamichany do prvniho pufru
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Fig. 1. Distribution of quantity of enterovirus (A) and adenovirus (B) in
males and females. The amount of viruses in stool samples was measured
by quantitative PCR. The horizontal axis shows the decadic logarithm of the
viral concentration in sample (logy g of TCIDsg/ml for enterovirus or logy of
copies/pl for adenovirus); the vertical axis shows the proportion of samples
exceeding this quantity. Individual samples are plotted as triangles (samples
from males) or squares (samples from females).

pfidavaného ke vzorku stolice, ¢imz poskytuji idealni informaci o efektivité extrakce, reverzni
transkripce a PCR, v€etné informace o mife inhibice. Tento aspekt naseho technického feseni
byl novy a efektivné kontroluje pfedpokladany vysoky vyskyt inhibitord ve stolici.

Na 1257 vzorcich od 113 déti ukazujeme
rozlozeni kvantity enteroviru a adenoviru (ten
byl vybran jako pfiklad viru, ktery nikdy nebyl
podeziran z podilu na vzniku DM1). Na
pretisténém obrazku vpravo nahofe je dobfe
vidét kvantitativni rozlozeni.

Studovali jsme vékovou zavislost vyskytu
enterovirové infekce (vpravo dole): zde se
prolinaji dva fenomény - jednak obecné
znama silna sezonalita enteroviru v mirném
pasmu, jednak ro¢ni obdobi, kdy se déti
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10 Obrazky a tabulky kopirované do této kapitoly necisluji ani nepopisuiji, protoze jsou vétSinou pfimo kopirovany z
publikovanych praci a &islo uz maji. Odkazuji se na né v textu pomoci jejich umisténi.
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narodi (Ctyfi rizné kFivky).

Divali jsme se i na symptomy spojené s infekcemi: zatimco adenovirus néjaké symptomy mél,
rozlozeni symptomu bylo zcela nezavislé na vyskytu enteroviru. Protoze se jeho okamzikova
prevalence ve stolici pohybovala nékde od 5% do 20%, Ize s jistou davkou nepfesnosti Fici, ze
je to vétSinou neskodny virus, ktery nékdy zplsobi komplikace u jedince, ktery ma smulu.
Podniknout kroky k definici této "smaly" z hlediska viru i z hlediska hostitele se dale snazi
nékteré nase prace.

Neomezili jsme se jen na detekci viru, chtéli jsme znat i jeho sérotyp. ProtoZe efektivita
kultivace je rizna sérotyp od sérotypu, je draha a navic ze stolice jde pomérné Spatné, rozhodli
jsme se jit rychlejSi a modernéjsi cestou: testovani genu pro virovy VP1 protein pfimo z RNA
ze stolice. Znalost sérotypu (nebo skupiny moznych sérotypll) nam byla uzite¢na zejména v
rozliSovani novych proti pokracujicim infekcim - tak bylo mozné urcit skute¢nou incidenci
infek&nich epizod.

6.1.2 Sérotypové rozlozeni enteroviru z pilotni studie
Dalsi dva ¢lanky byly napsany béhem PhD studia mladsi kolegyné Elisabet Witso z Norska.

. Witsg E, Palacios G, Cinek O, Stene LC, Grinde B, Janowitz D, Lipkin WI, Rgnningen KS. High prevalence of
human enterovirus A infections in natural circulation of human enteroviruses. J Clin Microbiol. 2006
Nov;44(11):4095-100. Epub 2006 Aug 30. (pfilozeno in extenso, pf. Il)

. Witsg E, Palacios G, Regnningen KS, Cinek O, Janowitz D, Rewers M, Grinde B, Lipkin WI. Asymptomatic circulation
of HEV71 in Norway. Virus Res. 2007 Jan;123(1):19-29. (pfilozeno in extenso, p¥. lll)

Oba dva vznikly v uzké spolupraci s kolegy z New Yorku. Divody mého spoluautorstvi (ackoli
jsem v inkriminované dobé nebyl ani v Oslo ani v New Yorku) jsou jednoduché: jednak podil na
psani ¢lanku, ale jednak a hlavné - ur€ovani sérotypu kazdého ze vzorkl jsem na pocatku
provedl s kolegy v Praze, autorka s ostatnimi spolupracovniky provedla hlub$i typizaci pomoci
mnohodlenného setu primerd. Jejim cilem byly co nejpfesnéjsi fylogenetické analyzy, které
ostatné prvni ¢lanek docela pékné prezentuje.

Drua z praci ukazuje enterovirus 71 (HEV71) v
jiném svétle nez u€ebnice. Norskem prosla
epidemie HEV71 (obrazek vpravo), ktera
celkem mohla zasahnout skoro 50 tisic déti
pod tfi roky véku. Pfesto se nezvysila incidence

Prevalence (%)
w
1

encefalitid a dalSich sledovanych chorob, které Y , -
se obecné HEV71 pfipisuji. MozZna, Ze to jde @@ @0& & & o w“& L & @& &
na vrub rozdilim v sekvenci naSeho kmene LT L ST T F
. , e v oz . Q Y
proti ostatnim - zvlasté zmenam v oblasti Time period
virove pOlymeraZy Fig. 1. Prevalence of HEV71 in stool samples from 113 asymptomatic children

over the period September 2001 through December 2003.
6.1.3 Prediktory vyskytu enteroviru
Vysledky ziskané béhem dalSiho testovani enterovirl u déti s nejvysSim genetickym rizikem, i
dalSich déti, které nenesly rizikovy genotyp, ale byly sledovany shodné, jsme pouZili k testovani
faktort asociovanych s rizikem enterovirové infekce.
=  Witsg E, Cinek O, Aldrin M, Grinde B, Rasmussen T, Wetlesen T, Rgnningen KS. Predictors of sub-clinical

enterovirus infections in infants: a prospective cohort study. Int J Epidemiol. 2010 Apr;39(2):459-68. (pfilozeno in
extenso, pf. IV)

Na strané zavislé proménné byl vyskyt enteroviru - celkové se jednalo o 639 déti a jejich skoro
4300 vzork stolice, testovanych opét v nasi laboratofi v Praze-Motole.
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Testovanymi prediktory byly proménné jako pocet sourozencu, navstéva skolky, kojeni, ale v
neposledni fadé i HLA genotyp. Vcelku o¢ekavané se vy3Si riziko enterovirové infekce pojilo s
podtem sourozenu, s kontaktem s ostatnimi détmi; stejné cenné je zjiSténi, ze asociace chybéla
se zdrojem vody pro rodinu, nebo s drzenim domaciho zvifete. Kojeni bylo marginalné
protektivnim faktorem, ale jen v prvnim trimestru Zivota - v jednom roce véku se efekt jiz ztratil
zcela.

Table 2 ORs from univariable and multivariable logistic regression analysis for predictors of enterovirus infection in
monthly longitudinal stool samples from 639 children aged 3-12 months, Norway, 2001-2006 (n=4279)

Univariable Multivariable

Covariates Unadjusted OR* Adjusted OR" (95% CI) P-value

Number of breastfeeds per day (continuous)
Effect at age 3 months 0.91 (0.87-0.94) 0.85 (0.79-0.92) <0.001
Effect at age 12 months (as above) 1.01 (0.92-1.11) 0.79

Number of 3il.)]in;;:>c"l

0 1.0 1.0

=1 1.55 (1.24-1.94) 1.89 (1.18-3.01) 0.01
Had sibling(s) in daycare at age 3 months®

No® 1.0 1.0

Yes, effect at age 3 months 2.45 (1.89-3.18) 2.46 (1.42-4.25) 0.001

Yes, effect at age 12 months (as above) 1.74 (1.02-2.96) 0.04
Daytime company of other children 1.08 (1.05-1.12) 1.04 (1.00-1.07) 0.05
(number of children, continuous)
Household water 511])1)])-‘"" 0.16'

Public waterworks 1.0 1.0

Well or borehole 1.42 (0.83-2.43) 1.58 (0.89-2.80)

Private waterworks 0.77 (0.38-1.57) 0.53 (0.24-1.19)

Small lake or brook 0.81 (0.20-3.38) 0.72 (0.15-3.45)
Ownership of pets 1dug;cal)“‘

No 1.0 1.0

Yes 0.85 (0.60-1.20) 0.72 (0.50-1.03) 0.07

*OR adjusted for random effects. Constant over age of sampling.

bOR mutually adjusted for all predictors listed in the table and the confounders HLA risk for type 1 diabetes, gender, age, season,
year, county of residence, maternal age and education, and random effects. The interaction effects are equivalently reported as the
OR of the main effect at two time points (age 3 and 12 months). P values are two sided.

“Reported at delivery or at 3-month questionnaire of index child

The missing data category (‘NA’) for respective covariate was retained in the multivariable analysis but is for simplicity excluded
from the table, because results for these categories are not easily interpreted anyway.

“Sibling(s) is not attending daycare or child has no siblings.

fOverall P-value (for categorical variables with more than two categories)

Studie vlivu HLA genotypu na vyskyt enterovirovych infekci nakonec ukazala cosi pomérné
neoCekavaného: sice mezi vysokorizikovym a vSemi ostatnimi genotypy je rozdil jen na hranici
statistické signifikance, ale pokud genotypy stratifikujeme, dobereme se dobfe vyjadfeného
trendu. llustraci podava nas recentni poster (Immunology of Diabetes Society Meeting, 2010,
Korea - ¢lanek je v pfipravé): zde z néj uvadim jednu samovysvétlujici tabulku.

Table 1. ORs from logistic regression analysis for the effect of HLA on enterovirus infection in monthly longitudinal stool
samples from 819 children (403 children without the highest genetic risk) aged 3—12 months (n = 6373).

Frequency of

enterovirus
infection (%) Unadjusted OR Adjusted OR? (95% CI) P-value
HLA genetisk risiko for T1D 0.014%
Protective (at least one DOBI*06:02 allele) 140/1048 (13.4%) 1.0 (Ref) 1.0 (Ref)
Neutral® 125/984 (12.7%) 0.95(0.73-1.23) 1.04 (0.71-1.54)
High/moderate risk” 127/1115 (11.4%) 0.83 (0.64-1.08) 0.87 (0.59-1.27)
Very high risk’ 342/3258 (10.5%) 0.76 (0.62-0.94) 0.73 (0.53-1.00)

"HLA-DRBI*04:01-DOAI*03-DOBI1*03:02 (DOS)/DRB1*03:01-DOAI*05-DOBI*02 (DO2).

£D02/DO2, DO2/X, DOS/DOS, DOS/X

%A]l other genotypes. including weakly protective groups (DQA41*-DOBI*): 01:02-06:03, 01:03-06:03, 02:01-03:01, 02:01-03:03.
20R mutually adjusted for age (months). season-month and no of other children in the family. P values are 2 sided.

®Overall P-value (test for trend).

6.1.4 Logistika studie
DalSi prace popisuje design studie, sbér vzorku a vyskyt autoprotilatek v této studii.
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. Stene LC, Witsg E, Torjesen PA, Rasmussen T, Magnus P, Cinek O, Wetlesen T, Rgnningen KS. Islet autoantibody
development during follow-up of high-risk children from the general Norwegian population from three months of age:
design and early results from the MIDIA study. J Autoimmun. 2007 Aug;29(1):44-51.

Dlvod mého spoluautorstvi se datuje pomérné dlouho do minulosti, kdy jsem se podilel na
zavedeni genotypizanich metod pro identifikaci déti s nejvy8Sim genetickym rizikem z norské
obecné novorozenecké populace - to je popsano v tomto ¢lanku z roku 2000.

=  Cinek O, Wilkinson E, Paltiel L, Saugstad OD, Magnus P, Rgnningen KS. Screening for the IDDM high-risk
genotype. A rapid microtitre plate method using serum as source of DNA. Tissue Antigens. 2000;56(4):344-9.

Obdobny davod mélo autorstvi na dalSi publikaci, tentokrat o matefskych parametrech jako
prediktorech objeveni se prediabetickych autoprotilatek.
= Rasmussen T, Stene LC, Samuelsen SO, Cinek O, Wetlesen T, Torjesen PA, Rgnningen KS. Maternal BMI before
pregnancy, maternal weight gain during pregnancy, and risk of persistent positivity for multiple diabetes-associated

autoantibodies in children with the high-risk HLA genotype: the MIDIA study. Diabetes Care. 2009 Oct;32(10):1904-
6.

6.1.5 Vyskyt parechoviru

Parechovirus ("par-ECHO-virus") je rod z rodiny Picornaviridae, tedy na urovni rodu
Enterovirus. Obsahuje nékolik lidskych parechovir(i a virus Ljungan. Lidskych parechovirt rok
od roku pfibyva, nicméné jejich patogenetické schopnosti nejsou zcela jasné a ani vyskyt nebyl
az do nasi studie systematicky studovan pomoci molekularni detekce.

=  Tapia G, Cinek O, Witsg E, Kulich M, Rasmussen T, Grinde B, Rgnningen KS. Longitudinal observation of

parechovirus in stool samples from Norwegian infants. J Med Virol. 2008 Oct;80(10):1835-42. (pfilozeno in
extenso, pf. V)

V této studii jsme pouzili vzorky 51 déti nesoucich
vysokorizikovy genotyp pro diabetes, které byly 1
parovany s 51 détmi nesoucimi jiny genotyp (t.j. s *2 B
nizsim rizikem diabetu). Celkem bylo analyzovano
1941 vzorkd stolice; vysledky byly vztazeny k
systematicky sbiranym informacim z pravidelné
vyplfiovanych dotaznikd.

& samples above threshold
w

Parechovirus jsme pozorovali v néco pres desetiné

vzorkl. Kvantity vykazovaly plynulé rozlozeni od 0 : . : : : .
néco pfes jednu kopii na mikrolitr, az po 100 000

.y M . , , . Fig. 1. Distribution of the concentration of human parechovirus
kOpII na mlkl’Olltr eXtI’ahovane nukleove kysellny found in the stool samples. The quantity is expressed as the number

of viral genomes per pl of extracted RNA. Only samples exceeding
. ’ . . , P 10 copies/pl extracted RNA (log = 1, marked with a vertical line) were
Pozorovali jsme vyraznou sezonalitu infekci a také included as positive in further analyses.
vékovou zavislost. Nenalezli jsme asociaci se
symptomy: stejné jako u enterovirl se nezda, ze by jednotlivé infekce bylo mozno spojit s

teplotou, kaslem, rymou, prdjmem nebo zvracenim.

Vyskyt parechoviru nezavisel na genetickém riziku 10
diabetu, nicméné stejné jako u enteroviru o Lo PP
existovala tendence k tomu, ze déti s 08 e

i

vysokorizikovym genotypem meély o poznani nizsi
vyskyt viru. U parechoviru byl efekt nesignifikantni,
p=0.07 - navic po fadné adjustaci na vsechny
zavadéjici faktory efekt zcela vymizel (p=0.16). Nez

. 7

Cumulative incidence

bude mozny efekt genotypu odmitnut, je tfeba si ° J}-'__..f
uvédomit, Ze v téchto dvou studiich jsme srovnavali 00 ; , , .
jedince s nejvysSim definovatelnym HLA rizikem 0 5 10 15 20 s @
prO dlabetes prOtI Skuplné Véech OStatniCh Fig. 4. Cumulative incidence of parechovirus by the genetic risk for
0. | zde, podobné jako | ginili (1) e oowed antil 56 mmiheof e, while the children carpig
genOtypu z e’ ,po obne Ja 9jsme ucEIvnI I u ., other HLA genotypes [r;un—HR] WLI‘L %‘;ly followed between 3“;,1:1?
enteroviru, by stalo za to podivat se blize jednotlivé 12 masthe, the e of the perods are vt neudod due t0 2 lse
urovné genetického rizika. significant (P 0.07).
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6.1.6 Absence Ljungan viru ve stolici norskych déti

=  Tapia G, Cinek O, Rasmussen T, Grinde B, Rgnningen KS. No Ljungan virus RNA in stool samples from the
Norwegian environmental triggers of type 1 diabetes (MIDIA) cohort study. Diabetes Care. 2010 May;33(5):1069-
71. (pfilozeno in extenso, pr. VI)

Ljungan virus je parechovirus nalézany u hlodavcu, kde zplsobuje diabetes, myokarditidy a
intrauterinni umrti. U lidi byla infekce asociovana s intrauterinnim umrtim, SIDS, anencefalii a
ponékud spekulativné i s diabetem 1. typu. NaSe studie se snazila Ljungan virus najit ve stolici
u déti, které mély nejvyssi geneticke riziko diabetu a projevy prediabetické autoimunity, i u
dalSich déti, at jiz s nejvy38im genetickym rizikem nebo jinymi genotypy. ProtozZe Ljungan virus
je parechovirus, ve stolici by se pravdépodobné mél vyskytovat.

VysSetfili jsme jednak 2054 vzorku ze studie
pfipadud a kontrol (déti s prediabetickymi Figure 1: Age distribution of samples
autoprotilatkami versus déti bez téchto
autoprotilatek, 2:1, vyrovnané podle doby mista
narozeni, vSichni stejného vysokorizikového
genotypu), plus predtim vySetfenych 1941 vzorku
od 102 déti ze studie parechoviru. Rozlozeni
vzorkU je zachyceno na obrazku vpravo.

Al M | | samples from Controls

Number of samples
10 20 30 40 50 60 70 80

I sanples fom Cases
Ljungan virus jsme ve stolici nenasli, ani v
jednom vzorku; pfitom efektivita assaye byla
dolozena konzistentné detekovanou exogenni o e
vnitfni kontrolou i pozitivnimi kontrolami v R s 2l R
kazdém béhu PCR. A

Nelze sice vyloucit, Ze praveé virus Ljungan se mnozi jinde nez ostatni parechoviry, takze by
nebylo mozné jej nalézt ve stolici, nicméné neni to pfilis pravdépodobné. Aby mohl virus byt
odpovédny alespori za ¢ast pfipadl diabetu, musel by se u téchto déti vyskytovat. Infekce
mohou byt také geograficky specificke; spiSe se viak zda, Ze infekce virem Ljungan je
vyjimecny jev pozorovany u ¢lovéka pouze v materialech z potratd.

6.1.7 Studie pripadd a kontrol o vlivu enteroviru a parechoviru na riziko prediabetické
autoimunity

Dva na3e recentni ¢lanky publikované v Diabetes Care a Pediatric Diabetes ukazuji prvni
vysledky ze studie MIDIA: analyzu pfipadl s prediabetickymi autoprotilatkami proti kontrolam
shodného genotypu, data a mista narozeni, ale bez prediabetu.

Byly sledovany pozitivita a kvantita enterovir a parechovir( ve stolici: vzorky stolice, jak jiz
bylo zminéno vySe, byly odebirany v pravidelnych mési¢nich intervalech. Testovani probihalo v
nasi laboratofi v Praze.

=  Tapia G, Cinek O, Rasmussen T, Witsg E, Grinde B, Stene LC, Rgnningen KS. Human Enterovirus RNA in monthly

fecal samples and islet autoimmunity in Norwegian children with high genetic risk for type 1 diabetes: the MIDIA
study. Diabetes Care. elektronicky 2010 Oct 7, v tisku. (pFilozeno in extenso, pf. VII)

= Tapia G, Cinek O, Rasmussen T, Grinde B, Stene LC, Renningen KS. Longitudinal study of parechovirus infection
in infancy and risk of repeated positivity for multiple islet autoantibodies: the MIDIA study, Pediatric Diabetes, v
tisku (pfilozeno in extenso, pr. VIIl)

Subjekty ve studii MIDIA jsou déti identifikované novorozeneckym screeningem podle
pfitomnosti genotypu HLA-DRB1*0401-DQA1*03-DQB1*0302/DRB1*03-DQA1*05-DQB1*02.
Poté byla tato kohorta (911 déti) sledovana pomoci odbéru krve na autoprotilatky (Ctvrtletné v
prvnim roce, pak ro¢né; vice Casto pfi pozitivit€) a mési¢né odebiranymi vzorky stolice od 3. do
35. mésice.

Z 911 déti mélo 27 pozitivni autoprotilatky proti komponentam ostrivka: kritériem byly dvé
pozitivni autoprotilatky ze tfi testovanych (anti-GAD65, anti-lIA2, antiinzulinové) v alespon dvou
nezavislych naslednych nabérech. Ke kazdému takto definovanému pfipadu byly pfifazeny dvé
kontroly, které byly vybrany podle doby sledovani (tim i doby narozeni, protoZe sledovani
probiha od narozeni) a okresu pobytu. Tim byla snizena pravdépodobnost zavadéjicich faktoru
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Casu a mista, které souvisi s mistnimi epidemiemi pikornavir(. Kontrol bylo 53 (rodi¢e jednoho
z déti vystoupili b&hem analyzy ze studie).

Autoprotilatky jako marker ostriivkové autoimunity jsme stanovovali, jak bylo popsano v nasi
vySe uvedené publikaci [238] a enterovirus byl testovan stejné jako v nasich vSech predchozich
pracech.

Frekvence enteroviru se nelisila u pfipadl (43/339 vzorkd, 12,7%) proti kontrolam (94/692,
13,6%); ani frekvence parechoviru nebyla odliSna mezi pfipady (13,0%) a kontrolami
(11,1%).

Analyzy podskupin neukazala Zadné potencialni asociace mimo nejkratSiho ¢asového okna 3
meésicl pfed objevenim se autoprotilatek a vyskytu parechoviru ve stolici (20,8% u pfipadd
versus 8,8% u kontrol, odds ratio = 3.2, P=0,022).

Nize pretiskuiji tabulku z &lanku o enteroviru, kde ukazujeme (nezvy$ené) riziko prediabetu
spojené s pozitivnim vzorkem stolice a s novou infekéni epizodou (definovanou jako série
pozitivnich vzorku stolice).

Table 2. Frequency of human enterovirus RNA in fecal samples collected prior to islet autoimmunity.

(ases Controls Odds ratio (35% CI)*
(n=27 subjects)  (n=53 subjects) Unadjusted Adjustedt

Enterovirus RNA negative samples 296 598 1.00 {reference) 1.00 (reference )

Enterovirus RNA positive samples 43 (12.7%) 94 (13.6%) 1.01 (0.59- 1.72) 1.09 (0.61 - 1.96)
Total 339 692

New enterovirus infection episode: No 296 598 1.00 {reference) 1.00 (reference)

New enterovirus infection episode: Yes 30 (9.2%) 65 (9.8%) 0.94 (0.59- 1.52) 0.92 (0.54- 1.57)
Total % 326 663

* Odds ratio with 93% confidence interval (CI) estimated from logistic mixed effects logistic regression models with random intercept for each subject
to control for intra-individual correlation (no significant random intercept in model for enterovirus episodes, but highly significant in model for
cnterovirus positivity). The unadjusted odds ratio in ordinary logistic regression ignoring intra-individual corvelation in infections was 0.92.

T Adjusted for sex, calendar month of sample collection, year of sample collection (2001-3, 2004-6 or 2007-8), age (continuous), number of siblings (0
vs. >=1), breast-feeding, first degree family history of type 1 diabetes (yes/no).

# Excluding consecutively positive samples that may have been part of the same infectious episode as in the previous positive sample.

Absence asociace s enterovirem ve stolici je obzvlasté zajimava s ohledem na diskrepanci s
vysledky serologickych studii. Nase data ze stolice - ve shodé s jinymi studiemi [180, 182] -
poukazuji na to, Ze objasnéni mozné asociace mezi enteroviry a ostrivkovou autoimunitou
musi spocivat jinde nezZ v misté primarni replikace viru, jinde nez ve stfevé. Patrné existuji
nékteré viastnosti ur€itych kmenu viru nebo vlastnosti hostitele, které jsou nutné k tomu, aby
byly prolomeny linie imunitni obrany, aby vznikla signifikantni virémie a virus nasledné pronikl
do cilovych organt - v tomto pfipadé pankreatu a jeho ostravkui. Pokud to neni sérotyp viru a
doba jeho pfFitomnosti ve stolici, co pravdépodobné zplsobuje vysSi vyskyt protilatek proti
enteroviru u déti s autoimunitni inzulitidou proti kontrolam? Nejpravdépodobnéiji je to virova
naloz v krvi a trvani virémie, ¢imz se zabyva nas recentné zahajeny projekt.
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Déti ve studii a jejich vzorky stolice (pfetiSténo z vySe uvedeného ¢lanku o studii enteroviru)

Na obrazku je zachyceno 27 trojic pfipadt a kontrol - trojice jsou srovnany sestupné podle véku pfi diagndze prediabetické
autoimunity a Gasova osa je vyrovnana k datu diagnézy prediabetické autoimunity. Sledovani kazdého ditéte je znazornéno pomoci
obdélniku okolo série krouzk(i odpovidajicich jednotlivym vzorkim stolice. Levy okraj obdélniku odpovida narozeni, pravy okraj
odpovida poslednimu ziskanému vzorku stolice (budto 35. mésici Zivota, kdy se prestaly vzorky stolic odebirat, ebo 17.8.2008, kdy
byl odebran posledni vzorek analyzovany v této studii).

Prazdné krouzky odpovidaji negativnim vzorkim stolice, $edé nizké az stfedni kvantité enterovirové RNA, ¢erné pak vysoké
kvantité enterovirové RNA ve stolici. Trojuhleniky ukazuji datum diagnézy autoimunity, t.j. prvni ze vzork( s GAD, IA2 ¢i IAA, ktery
byl nasledovan opakovanou pozitivitou na dvé nebo vice z téchto autoprotilatek. Cerné &tverce odpovidaji datu diagnézy diabetu;
diabetes jsme pozorovali do 1.9.2009 u 10 z téchto déti. Kontrola 2 ze skupiny 27 zruSila svou uc€ast ve studii, proto v analyze jeji
data chybi.
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6.2 Genetické asociacni studie

Od roku 2000 az do lofiského roku jsme provadéli asociacni studie riznych multifaktorialnich
pediatrickych onemocnéni, hlavné diabetu 1. typu a s nim asociovanych autoimunitnich
komplikaci.

6.2.1 Diabetes 1. typu

Ceska détska populace byla stran asociace s diabetem charakterizovana pomérné dakladné.
Provedli jsme asociacni studii s HLA 2. tfidy ...
. Cinek O, Kolouskova S, Snajderova M, Sumnik Z, Sedlakova P, Drevinek P, Vavrinec J, Ronningen KS. HLA class
Il genetic association of type 1 diabetes mellitus in Czech children. Pediatr Diabetes. 2001 Sep;2(3):98-102.
(pfilozeno in extenso, pf. IX)
... 18 CTLA 4, NEUROD1, inzulinovym genem a PTPN22; posledné jmenovany pfikladam in
extenso - jedna se o odpovéd na tezi, Ze jiné polymorfismy nez R620W uréuji riziko diabetu

=  Cinek O, Drevinek P, Sumnik Z, Bendlova B, Kolouskova S, Snajderova M, Vavrinec J. The CTLA4 +49 A/G
dimorphism is not associated with type 1 diabetes in Czech children. Eur J Immunogenet. 2002 Jun;29(3):219-22.

=  Cinek O, Drevinek P, Sumnik Z, Bendlova B, Sedlakova P, Kolouskova S, Snajderova M, Vavrinec J. NEUROD
polymorphism Ala45Thr is associated with Type 1 diabetes mellitus in Czech children. Diabetes Res Clin Pract.
2003 Apr;60(1):49-56.

=  Cinek O, Hradsky O, Ahmedov G, Slavcev A, Kolouskova S, Kulich M, Sumnik Z. No independent role of the -1123
G>C and+2740 A>G variants in the association of PTPN22 with type 1 diabetes and juvenile idiopathic arthritis in
two Caucasian populations. Diabetes Res Clin Pract. 2007 May;76(2):297-303. (pfilozeno in extenso, pf. X)
Clanek o inzulinovém genu vyhral vyroéni cenu Casopisu lékafu &eskych pro nejlepsi praci:
= Cinek O, Drevinek P, Sumnik Z, Bendlova B, Vavrinec J. Asociace variant inzulinového genu s diabetes mellitus 1.
typu v Ceské détské populaci. Cas Lek Cesk. 2004;143(5):318-22.
Inzulinového genu se tykala jesté jedna prace, jejimiz hlavnimi autory byli kolegové z
Endokrinologického ustavu, ja jsem praci poskytl technickou podporu.

= Vankova M, Vrbikova J, Hill M, Cinek O, Bendlova B. Association of insulin gene VNTR polymorphism with
polycystic ovary syndrome. Ann N'Y Acad Sci. 2002 Jun;967:558-65.

V nasi laboratofi jsme méli hosta z AzerbajdZanu, ktery zde pod nasim vedenim proved|
asociacni studii u jejich populace.

=  Ahmedov G, Ahmedova L, Sedlakova P, Cinek O. Genetic association of type 1 diabetes in an Azerbaijanian
population: the HLA-DQ, -DRB1*04, the insulin gene, and CTLA4. Pediatr Diabetes. 2006 Apr;7(2):88-93.

6.2.2 Juvenilni idiopaticka artritida

Provedli jsme technicky pomérné obtiZznou asociacni studii JIA s polymorfismy cytokinovych
genu - typizace byla provadéna pomoci PCR-SSP. Ziskané technické dovednosti jsme pak
pouzili ve studii o genetickém riziku celiakie u diabetickych déti. Studie o JIA patfi k nasim Iépe
citovanym, ¢emuZz se dodnes ponékud divim.

. Cinek O, Vavrincova P, Striz |, Drevinek P, Sedlakova P, Vavrinec J, Slavcev A. Association of single nucleotide

polymorphisms within cytokine genes with juvenile idiopathic arthritis in the Czech population. J Rheumatol. 2004
Jun;31(6):1206-10.

6.2.3 Crohnova nemoc

V ramci supervize PhD studia Dr. Ondfeje Hradského a magisterské diplomové prace Mgr.
Petry Dusatkové vznikly tfi prace o Crohnové nemoci, které se vyznacuji velmi dobfe
zvladnutou statistikou. Prace byly publikovany jako nase posledni asociacni studie - poté jiz
bylo zfejmé, Ze s nastupem vysokokapacitnich metod se stava publikace klasickych prostych
studii kandidatnich genl obtizng&jsi.

. Hradsky O, Lenicek M, Dusatkova P, Bronsky J, Nevoral J, Valtrova V, Kotalova R, Szitanyi P, Petro R, Starzykova

V, Bortlik M, Vitek L, Lukas M, Cinek O. Variants of CARD15, TNFA and PTPN22 and susceptibility to Crohn's
disease in the Czech population: high frequency of the CARD15 1007fs. Tissue Antigens. 2008 Jun;71(6):538-47.
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. Dusatkova P, Hradsky O, Lenicek M, Bronsky J, Nevoral J, Kotalova R, Bajerova K, Vitek L, Lukas M, Cinek O.
Association of IL23R p.381GIn and ATG16L1 p.197Ala with Crohn disease in the Czech population. J Pediatr
Gastroenterol Nutr. 2009 Oct;49(4):405-10.

. Hradsky O, Dusatkova P, Lenicek M, Bronsky J, Nevoral J, Vitek L, Lukas M, Zeniskova |, Cinek O. The CTLA4
variants may interact with the IL23R- and NOD2-conferred risk in development of Crohn's disease. BMC Med
Genet. 2010 Jun 10;11:91.

6.3 Autoimunitni komplikace détského DM1: vyskyt a genetika

Na konci posledni dekady minulého stoleti jsme provedli prifezovou studii s cilem zjistit
prevalenci celiakie u nasich diabetickych déti a testovat, zda se li8i rozloZzeni HLA u
diabetickych déti s a bez celiakie. Zjistili jsme, Ze déti s diabetem a celiakii maji Castéji HLA-
DQB1*02-DQA1*05 nez déti s diabetem, ale bez celiakie.
= Sumnik Z, Kolouskova S, Cinek O, Kotalova R, Vavrinec J, Snajderova M. HLA-DQA1*05-DQB1*0201 positivity
predisposes to coeliac disease in Czech diabetic children. Acta Paediatr. 2000 Dec;89(12):1426-30.
K tématu jsme se vratili za nékolik let, kdy jsme podstatné vylepsili design studie, dosahli
podstatného zvétseni souboru pomoci mezinarodni spoluprace a testovali vice genetickych
faktoru, zejména cytokinovych polymorfismu.
= Sumnik Z, Cinek O, Bratanic N, Kordonouri O, Kulich M, Roszai B, Arato A, Lebl J, Soltesz G, Danne T, Battelino T,
Schober E. Risk of celiac disease in children with type 1 diabetes is modified by positivity for HLA-DQB1*02-
DQA1*05 and TNF -308A. Diabetes Care. 2006 Apr;29(4):858-63. (pfilozeno in extenso, pr. XI)
DalSi prace se zabyvala vyskytem celiakie u sourozenctl déti s diabetem - tentokrat jsme si
stacili s domacimi pacienty, genetické vySetfovani bylo omezeno - ale také jsme skoncili v o
néco horsim €asopise.
. Sumnik Z, Kolouskova S, Malcova H, Vavrinec J, Venhacova J, Lebl J, Cinek O. High prevalence of coeliac disease
in siblings of children with type 1 diabetes. Eur J Pediatr. 2005 Jan;164(1):9-12.
Zatim posledni ze série ¢lankl o celiakii pojednava o komorbidité autoimunitni tyroiditis, DM1 a
celiakie a jejich vlivu na kompenzaci diabetu.
. Sumnik Z, Cinek O, Bratanic N, Lebl J, Rozsai B, Limbert C, Paskova M, Schober E. Thyroid autoimmunity in

children with coexisting type 1 diabetes mellitus and celiac disease: a multicenter study. J Pediatr Endocrinol
Metab. 2006 Apr;19(4):517-22.

Okrajové jsme se zabyvali také tyroiditidou a jejim genetickym rizikem u diabetickych déti.

=  Sumnik Z, Drevinek P, Snajderova M, Kolouskova S, Sedlakova P, Pechova M, Vavrinec J, Cinek O. HLA-DQ
polymorphisms madify the risk of thyroid autoimmunity in children with type 1 diabetes mellitus. J Pediatr
Endocrinol Metab. 2003 Jul-Aug;16(6):851-8.

6.4 Monogenni diabetes a jiné monogenni choroby

V nasi laboratofi jsme zavedli kompletni vySetfovani vSech genu, jejichz defekty se realné u
monogennich diabetd vyskytuji. O tuto tématiku jsem se staral spiSe jako technicka podpora,
jak pfi laboratornich pracech, tak pfi psani nékterych publikaci.

Ve dvou rodinach jsme nalezli mutaci v genu NEUROD1, ktera patrné vyznamné modifikuje
pravdépodobnost diabetu.
. Gonsorcikova L, Priihova S, Cinek O, Ek J, Pelikanova T, Jergensen T, Eiberg H, Pedersen O, Hansen T, Lebl J.

Autosomal inheritance of diabetes in two families characterized by obesity and a novel H241Q mutation in
NEUROD1. Pediatr Diabetes. 2008 Aug;9(4 Pt 2):367-72.

Nalezli jsme také mutace v inzulinovém genu u pacienttl s MODY:

= Boesgaard TW, Pruhova S, Andersson EA, Cinek O, Obermannova B, Lauenborg J, Damm P, Bergholdt R, Pociot
F, Pisinger C, Barbetti F, Lebl J, Pedersen O, Hansen T. Further evidence that mutations in INS can be a rare cause
of Maturity-Onset Diabetes of the Young (MODY). BMC Med Genet. 2010 Mar 12;11:42.
A charakterizovali jsme vyskyt mutaci v rozsahlé sbirce MODY2 (glukokindzového) diabetu,
vCetné nalezu pravdépodobnych ancestralnich mutaci.

=  Pruhova S, Dusatkova P, Sumnik Z, Kolouskova S, Pedersen O, Hansen T, Cinek O, Lebl J. Glucokinase diabetes
in 103 families from a country-based study in the Czech Republic: geographically restricted distribution of two
prevalent GCK mutations. Pediatr Diabetes. 2010 Mar 10. (v tisku, vy$lo zatim elektronicky)
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Podali jsme zpravu o absenci mutaci v genu PAX4 v pomérné rozsahlém souboru MODY-X
rodin.

- Dusatkova P, Vesela K, Pruhova S, Lebl J, Cinek O.Lack of PAX4 mutations in 53 Czech MODYX families. Diabet
Med. 2010 Dec;27(12):1459-60

Publikovali jsme charakteristiku atypického klinického obrazu mutace v genu ABCC8

. Gonsorcikova L, Vaxillaire M, Pruhova S, Dechaume A, Dusatkova P, Cinek O, Pedersen O, Froguel P, Hansen T,
Lebl J. Familial mild hyperglycemia associated with a novel ABCC8-V84| mutation within three generations.
Pediatric Diabetes, (v tisku)

forem DEND syndromu.

. Sumnik Z, Kolouskova S, Wales JK, Komarek V, Cinek O. Sulphonylurea treatment does not improve psychomotor
development in children with KCNJ11 mutations causing permanent neonatal diabetes mellitus accompanied by
developmental delay and epilepsy (DEND syndrome). Diabet Med. 2007 Oct;24(10):1176-8.

Ostatni endokrinni choroby byly spiSe na okraji mého zajmu - dvé publikace se tykaly
Pendredova syndromu:

. Banghova K, Al Taji E, Cinek O, Novotna D, Pourova R, Zapletalova J, Hnikova O, Lebl J. Pendred syndrome
among patients with congenital hypothyroidism detected by neonatal screening: identification of two novel
PDS/SLC26A4 mutations. Eur J Pediatr. 2008 Jul;167(7):777-83.

. Banghova K, Cinek O, Al Taji E, Zapletalova J, Vidura R, Lebl J. Thyroidectomy in a patient with multinodular
dyshormonogenetic goitre--a case of Pendred syndrome confirmed by mutations in the PDS/SLC26A4 gene. J
Pediatr Endocrinol Metab. 2008 Dec;21(12):1179-84.

Jedna se tykala defektu genu pro kalcium sensing receptor

=  Obermannova B, Banghova K, Sumnik Z, Dvorakova HM, Betka J, Fencl F, Kolouskova S, Cinek O, Lebl J.
Unusually severe phenotype of neonatal primary hyperparathyroidism due to a heterozygous inactivating mutation in
the CASR gene. Eur J Pediatr. 2009 May;168(5):569-73.

A dalSi publikace o monogenni chorobé se tykala steroid-rezistentniho nefrotického syndromu,
respektive efektu cyklosporinu u pacienta s touto diagnézou:

. Malina M, Cinek O, Janda J, Seeman T. Partial remission with cyclosporine A in a patient with nephrotic syndrome
due to NPHS2 mutation. Pediatr Nephrol. 2009 Oct;24(10):2051-3.

6.5 Vyskyt détského diabetu u nas
Jako prvni jsme publikovali incidenéni data z nasi zemé. Tématiky incidence a jejich trendd se
tykaly zatim tfi ¢lanky:

= Cinek O, Lanska V, Kolouskova S, Sumnik Z, Snajderova M, Rgnningen KS, Vavrinec J. Type 1 diabetes mellitus in
Czech children diagnosed in 1990-1997: a significant increase in incidence and male predominance in the age
group 0-4 years. Collaborators of the Czech Childhood Diabetes Registry. Diabet Med. 2000 Jan;17(1):64-9.

= Cinek O, Sumnik Z, Vavrinec J. Continuing increase in incidence of childhood-onset type 1 diabetes in the Czech
Republic 1990-2001. Eur J Pediatr. 2003 Jun;162(6):428-9. (pfilozeno in extenso, pr. Xll)

= Cinek O, Sumnik Z, Vavrinec J. Détsky diabetes mellitus v Ceské republice: stale vice a &im dal dfive. Cas Lek
Cesk. 2005;144(4):266-71; discussion 271-2. Czech.

6.6 Rizikové faktory détského diabetu nahlizené studiemi pripadu a kontrol
Provedli jsme pomérné velkou studii pfipadl a kontrol, ktera méla za cil testovat asociaci
kandidatnich negenetickych faktort s diabetem:

=  Malcova H, Sumnik Z, Drevinek P, Venhacova J, Lebl J, Cinek O. Absence of breast-feeding is associated with the
risk of type 1 diabetes: a case-control study in a population with rapidly increasing incidence. Eur J Pediatr. 2006
Feb;165(2):114-9. (prilozeno in extenso, pr. XIll)
S vyuzitim populacénich dat jsme provedli také studii o véku matek a poradi narozeni jako
rizikovych faktorech diabetu:

. Sumnik Z, Drevinek P, Lanska V, Malcova H, Vavrinec J, Cinek O. Higher maternal age at delivery, and lower birth
orders are associated with increased risk of childhood type 1 diabetes mellitus. Exp Clin Endocrinol Diabetes.
2004 Jun;112(6):294-7.

Dale se naSe data stala soucasti nékolika metaanalyz téchto rizikovych faktor(; tfi z nich zatim
byly publikovany:
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Cardwell CR, Stene LC, Joner G, Cinek O, Svensson J, Goldacre MJ, Parslow RC, Pozzilli P, Brigis G, Stoyanov D,
Urbonaite B, Sipeti¢ S, Schober E, lonescu-Tirgoviste C, Devoti G, de Beaufort CE, Buschard K, Patterson CC.
Caesarean section is associated with an increased risk of childhood-onset type 1 diabetes mellitus: a meta-analysis
of observational studies. Diabetologia. 2008 May;51(5):726-35. (pfilozeno in extenso, pr. XIV)

Cardwell CR, Stene LC, Joner G, Bulsara MK, Cinek O, Rosenbauer J, Ludvigsson J, Jané M, Svensson J,
Goldacre MJ, Waldhoer T, Jarosz-Chobot P, Gimeno SG, Chuang LM, Parslow RC, Wadsworth EJ, Chetwynd A,
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Abstract

Background: Enterovirus and adenovirus are common in infancy, causing mostly asymptomatic infections. However, even an asymptomatic
infection may be associated with increased risk of development of certain chronic non-infectious diseases, as has been suggested for enteroviru:
and type 1 diabetes. Data on occurrence and course of the infections in infancy are therefore important for designing effective approaches
towards study of the association.

Objectives: To estimate the frequency of enterovirus and adenovirus infections in Norwegian infants, to evaluate the duration of the infections,

to investigate their association with symptoms, and to establish a robust procedure that will be used to study the association between these
viruses and the development of auto-immunity leading to type 1 diabetes.

Study design: Parents of infants, recruited for a study on environmental triggers of type 1 diabetes, submitted monthly samples of infant faeces,
as well as information on symptoms of infection. The samples were analysed for enterovirus and adenovirus using quantitative real-time PCR,
and enterovirus-positive samples were sequenced.

Results: Enteroviruses were found in 142/1255 (11.3%), and adenoviruses in 138/1255 (11.0%) of stool samples. Approximately half of the
infants were exposed to these viruses at least once during the first year of observation (period 3—14 months of age). The presence of adenoviru
was associated with fever and with symptoms of cold but not with diarrhoea and vomiting. The enterovirus positivity was not associated with
any symptoms.

Conclusions: The prevalence of enterovirus and adenovirus in longitudinally obtained faecal samples from infants is sufficiently high to
enable studies of their association with chronic diseases. The present protocol for evaluating exposure to these viruses is well suited for
large-scale efforts aimed at assessing possible long-term consequences, particularly in relation to type 1 diabetes.

© 2005 Elsevier B.V. All rights reserved.

Keywords: Enterovirus; Adenovirus; PCR; Quantitative PCR; Infants; Faeces

1. Introduction in Hyoty and Taylor, 200g but the nature and strength of such
an association is still largely unknown.

Enteroviruses are associated with a variety of paediatric  Type 1 diabetes has along preclinical stage lasting months
diseases, yet the majority of infections are completely asymp-to years, when the pancreatic beta cells are destroyed by
tomatic or cause only mild uncharacteristic symptoms. How- auto-immune insulitis, a T cell mediated autoreactive pro-
ever, even an asymptomatic infection may be ofimportance in cess. Previous studies using serological evidence of infec-
the aetiology of certain chronic non-infectious diseases. For tion at diabetes onset have not yielded consistent evidence
type 1 diabetes, a link to enteroviruses seems likely (reviewedfor or against an aetiological role of enteroviruses, but many

of these studies suffered from serious methodological prob-

* Corresponding author. Tel.: +420 2 2443 2026; fax: +420 2 2443 2027. 18ms Green et al., 2004 More recent works using RT-PCR
E-mail address: ondrej.cinek@Ifmotol.cuni.cz (O. Cinek). detection of enterovirus in whole blood or seru@igments

1386-6532/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jcv.2005.03.007
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etal., 1995; Andreoletti et al., 198%lasma and stoo(raig Medical Ethics Committee and the Norwegian Data Inspec-
et al., 2003, or peripheral blood mononuclear cell¥ir§ torate. The MIDIA study recruits newborns from the general
et al., 2002 have demonstrated an increased frequency of population who screen positive for the genotype conferring
enteroviruses in newly diagnosed diabetic patients comparedthe highest genetic risk for type 1 diabetes, the HLA-
to controls. The Finnish DIPP study has shown indications DQB1*02-DQA1*05-DRB1*03/DQB1*0302-DQA1*03-

of increased number of enterovirus infections in children DRB1*0401. This genotype is carried by 2.7% of the
subsequently developing beta-cell auto-antibodies (i.e. pre-population Cinek et al., 2000 The infants included in the
diabetic children) compared to matched control subjects by present study were recruited from either the South-Eastern
either detecting enterovirus RNA in seraofinrot et al., part of Norway, or the county of Hordaland in Western
2000; Salminen et al., 20D3or using a combination of data Norway. The genetic screening identified 116 infants of
from serology and RT-PCR detection in serum and stool whom 113 participated (60 males, 53 females) after the
(Salminen et al., 2004Similarly, an excess of frequency of parents consented to follow-up. The parents submitted
enterovirus RNA in serum of pre-diabetic individuals com- monthly stool samples (from month 3 to 36, the majority
pared to controls was detected in another Finnish prospectiveof the present samples being from 3 to 15 months old
study Sadeharju et al., 2003However, in the DAISY study  infants). From the 113 infants, we received 1257 out of the
from USA, enterovirus infection was equally frequent in in- 1306 scheduled stool samples (96%). Two samples were
dividuals who became pre-diabetic as in contr@saves accidentally destroyed during handling. The samples were
et al., 2003. Moreover, a small study that focused on chil- obtained between September 2001 and October 2003.

dren after coxsackie B infection showed that the signs of di-  The parents also kept a detailed weekly diary that —among
abetic auto-immunity found in some subjects were transient other —included information on types and dates of symptoms
and disappeared within 1 ye&tdinelli et al., 200R Clearly, suggesting an infection: cough and sneezing, diarrhoea or
to elucidate the role of enterovirus in diabetes pathogenesis,vomiting and fever above 3&. These diaries were regularly
further adequately designed and powered studies must becollected and converted into electronic records.

performed.

Such studies should observe cohorts of individuals at high 2.2. Collection and processing of stool samples
genetic risk of type 1 diabetes, starting from birth or early in-
fancy. While there is agreement on testing for pre-diabetic ~ Parents were instructed to obtain a stool sample from the
auto-immunity using auto-antibody markers, we currently diaper using containers with a spoon attached under the lid.
lack a standard for evaluating the exposure to enterovirus.The containers were mailed using the national post service
More knowledge on natural course of enterovirus infection in pre-paid envelopes to the central laboratory, which meant
is important when deciding on the source of material, detec- 1-3 days in transit. If a stool sample did not arrive in time,
tion methods and sample schedules. the parents were reminded by a phone call.

To exclude the possibility that a putative association ofen-  The stool samples were suspended (one part stool to four
terovirus with pre-diabetes just reflects an increased generalparts buffer, w/v) in phosphate buffered saline with 0.5%
propensity towards viral infection in pre-diabetic individuals, bovine serum albumin, 50 IU/ml penicilin, p&/ml strepto-
other virus of similar routes of spread should be studied from mycin and 2.5.g/ml fungizone, and subjected to vortexing
the same samples. If an association is seen for enterovirus buand centrifugation at 4000 g for 30 min. The faecal super-
not for the other virus, a specific involvement of enterovirusis natant was divided into aliquots and frozen-80°C un-
probable. For this purpose, adenovirus seems to be a suitableil further processing. The DNA and RNA were co-purified
target. from 140u.l of the supernatant using the QlAamp Viral RNA

The aim of the present study was to prepare a robust Mini Kit (Qiagen) according to the manufacturer’s instruc-
methodology for PCR-based detection and to collect datations. A low amount of West Nile Virus (WNV) Armored
on frequency of enterovirus and adenovirus infection in the RNA (Ambion Diagnostics, Austin, TX, USA) was added
Norwegian infants at the highest genetic risk of type 1 dia- into each lysis buffer vial of the kit to serve as an exogenous
betes. This effort is required in order to set up a large-scaleinternal control for the extraction, reverse transcription and
cohort study on enterovirus in diabetes pathogenesis. amplification. The nucleic acid was eluted into 30Gterile

nuclease-free water. Positive and negative controls were ex-
tracted with each batch of samples: as a positive control, we

2. Subjects and methods used Zul of Enterovirus Armored RNA (Ambion Diagnos-
tics, Austin, TX, USA) diluted in 138l normal saline; the
2.1. Subjects negative control was normal saline.

The subjects were participants in “Environmental Trig- 2.3. Enterovirus testing
gers of Type 1 Diabetes Study—the MIDIA Study”, which
is a sub-study of the population-wide Norwegian mother Enterovirus was detected using a one-step real-time RT-
and child cohort. Both projects have been approved by the PCR reaction with an exogenous internal control. Two mi-
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Table 1 human embryonic fibroblasts (HE) cell lines. The RNA was
Sequences of primers and probes used to detect enterovirus and adenovirugytracted from the cell culture supernatants using the same
Designation 5-3 Sequence method as for the stool samples. A quantity calibrator was
Enterovirus detection calculated as an average of the five strains, and related to
Ent-forward ccctgaatgcggctaatce each batch of the positive control enterovirus armored RNA.
Ent-reverse atigtcaccataageagcca The sensitivity of detection was at the order of an equivalent
\IIE\;}:I-\p/)rfobé 5 FAM-aaccgactactttgggtgtccgtgtttc-TAMRA of 0.1 TCIDso/ml of the calibrator.
~forwar gctcegcetgteectgtga . . .
WN\Voreverse cctctatccaaacacggttcea The primer-probe system for enterovirus detection has
WNV-probe VIC-tggtccatccatgcagga-dark quencher been extensively verified by its authorge(strepen et al.,
(MGB probe) 200)). In addition to this verification, we also tested the
Enterovirus confirmation specificity with rhinovirus serotypes 43 and 45 (courtesy of
Pol-forward cgtaacgcgcaagtctgtgg the National Institute of Public Health, Prague). These rhi-
NonPol-forward gtegtaatgggyaactcygeageg novirus serotypes completely match the forward enterovirus
Adenovirus detection primer and therefore would theoretically have the highest
ADVs* catgacttttgaggtggatc potential risk of cross-reactivity with this enterovirus assay.
ADV31¢! tatgacattigaagtigacc We detected no signals from rhinoviruses 43 and 45 even at
ADVas® ccggccgagaagggtgtgcgcaggta . : e s
AdV-probé FAM-agcccaccetKetttat-dark quencher high template concentrations. To further ensure specificity,
(MGB probe) all enterovirus-positive samples in this study were confirmed
a Sequences fronderstrepen et al. (2001) by an independent amplification using identical chemistry,
b Sequence frorriese et al. (2000) probe and amplification profile, but another primer set: the
¢ Sequence froriVatkins-Riedel et al. (2002) Pol-forward, NonPol-forward and Ent-reverse primers, se-

d Sequences from a joint project on adenovirus infection in children after quences given iable 1
bone marrow transplantation, publisheddlaas et al. (2005)

€ Sequence froriechavarria et al. (1998) 24 E . .
.4. Enterovirus sequencing

croliters of the template were pipetted in duplicate to a  To distinguish between a prolonged infection by the same
10l reaction containing & QuantiTect Probe RT-PCR  serotype and multiple consecutive infections, the sequences
master mix, Xk QuantiTect RT mix (both components of ofthe VP1 region were determined from products of a nested
the QuantiTect Probe RT-PCR Kit, Qiagen), 900nM en- RT-PCR amplification according tGasas et al. (20019r
terovirus reverse (Ent-reverse) primer, 300 nM enterovirus Welch et al. (2003)The RNA extracted from the stool sam-
forward (Ent-forward) primer, 200nM FAM-labelled en- plesserved as the template, no viral cultures were performed.
terovirus probe (Ent-probe), 50 nM WNV-forward, 50nM Obtained sequences were analysed using the on-line BLAST
WNV-reverse primer and 300 nM VIC-labelled WNV probe. 2.2.9 search tool of GenBank, NCBI to assign serotypes. If
The sequences of primers and probes are showalie 1 VP1 amplification was not successful, decision on identity
The reverse transcription and amplification were performed of the strains seen in consecutive samples was taken based
on an ABI 7700 machine with the Sequence Detector Soft- on RT-PCR amplification and sequencing of the RNA poly-
ware version 1.9. The amplification profile consisted of merase region according @asas et al. (200Bnd pair-wise
30 min reverse transcription at 3G, 15 min denaturation at  comparison using the algorithm implemented in the BioEdit
95°C, and 45 cycles of 15 s denaturation af@4and 1 min alignment editor.
combined annealing—extension at@Q The tubes were dis-
carded unopened. 2.5. Adenovirus testing

Fluorescence data were collected during the annealing—
extension phase, and evaluated using the Spectral Com- Adenovirus (subtypes A to C) was detected using quan-
pensation option of the software, which improves the titative real-time PCR in a 1l volume with 1x Qiagen
discrimination between the two reporters. First, the FAM- HotStar PCR buffer, 2.5mM MggJ] 500 nM each ADVs,
dye layer with the enterovirus probe was evaluated; then ADV31s and ADVas primers, 200 nM AdV-probe (sequences
the VIC-dye layer was inspected for WNV amplification in given in Table 1), 100uM each dNTP, 1.;.M 6-carboxy
enterovirus-negative samples. The control WNV RNA gave rhodamine (Molecular Probes) as a passive colour reference,
a threshold cycle value of 29-31. If the WNV threshold 0.3 U HotStarTag DNA polymerase (Qiagen) andl ?f the
cycle was more than 3.5 cycles above the average of thetemplate. The amplification was performed on an ABI 7700
other enterovirus-negative samples in the run, the extractionmachine with the Sequence Detector Software version 1.9;
and RT-PCR were repeated. the amplification profile consisted of 15 min denaturation at

The enterovirus quantification was calibrated using five 95°C, followed by 45 cycles of 15s denaturation at°@4
different enterovirus strains (echovirus 25, 30, Coxsackie B1, and 1 min combined annealing—extension &t®0The tubes
Coxsackie B6, enterovirus 71) grown and quantified as to were discarded unopened. The adenovirus quantity was de-
TCIDso/ml in green monkey kidney cells (GMK-AH1) or  termined using a spectrophotometrically quantified plasmid
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with a 475 bp fragment of thé-&nd of the hexon gene (cour-  as the outcome variable. The interaction terms between the
tesy of Eric Claas, Leiden University Medical Centre, the infections did not improve the model (likelihood ratio statis-
Netherlands). The detection sensitivity was at the order of 1 tics) and interactions were therefore not included in the final
plasmid copyil nucleic acid. model.

2.6. Statistical analysis and analysis of symptoms
3. Results

The enterovirus and adenovirus frequencies were calcu-
lated in the whole dataset, and the distribution of viral quan-  Enterovirus RNA was detected in 142/1255 stool sam-
tity was plotted in a modified cumulative frequency plot ples (11.3%; 95%CI 9.6-13.1%), while adenovirus DNA
showing the proportion of positive samples at a given quan- was detected in 138/1255 stool samples (11.0%; 95%ClI
tity threshold. The quantity of viruses was compared between 9.3—-12.7%). There was no statistically significant difference
boys and girls using the Mann—Whitney test. between males and females in prevalence of enterovirus,

To reflect the prolonged nature of enterovirus and while adenovirus was significantly less frequent in males
adenovirus shedding into stool, we counted the infection (9.4%, 95%CI 7.3-11.6%) than in females (13.2%, 95%ClI
episodes rather than months with the virus when analyzing 10.3—16.1%)Pgitterence= 0-037. The quantity of enterovirus
the seasonal distribution, the age-specific prevalence andranged from an equivalent of less than 1 TEdnl to over
the association with symptoms. A new enterovirus infection 10° TCIDsg/ml stool supernatant. The quantity of adenovirus
episode was defined as the first finding of enterovirus after ranged from several copies to over®b@piespu nucleic
a negative monthly sample, or the finding of a serotype acid extract. The distributions of quantities of enterovirus
different from the previous monthly sample. Where the VP1 and adenovirus are shown Kig. 1, where the positivity
sequence was not available, we used data from the pair-wiserate is plotted against the quantity of virus in a modified
comparison of RNA polymerase region sequences. A new cumulative frequency chart. The quantity distributions did
adenovirus infection episode was defined as the first finding not differ significantly between males and females.
of adenovirus after a negative monthly sample. A contin-  The serotype was identified using VP1 sequencing in
uing infection was defined as a positive sample following 104/142 (73%) enterovirus-positive stool samples. The poly-
another positive one (in enterovirus, both having the same merase region sequence was obtained in further 23/142 (16%)
type). samples where VP1 amplification was not successful, while

The seasonal distributions of the infections were eval- no sequence data were obtainable in the remaining 15/142
uated by calculating calendar-month-specific frequency of (11%) enterovirus-positive samples. The viral load of the lat-
enterovirus or adenovirus infection episodes. The age-ter samples was significantly lower (average logarithm of
specific frequencies of infection episodes were first cal- quantity in TCID;g/ml was 0.38, S.E. 0.24) than in the sam-
culated for the whole dataset and then separately for plestypable by either polymerase region sequencing (average
four strata of month of birth (January—March, April-June, log quantity 1.68, S.E. 0.24), or VP1 sequencing (average log
July—September, October—December) to adjust for the knownquantity 2.50, S.E. 0.11).
seasonality. Based on the results of sequencing, the 142 enterovirus-

The association of infection with symptoms was inves- positive samples were assignedto 113 infection episodes. The
tigated using a nested case—control approach. Data from138 adenovirus-positive samples were assigned to 90 infec-
weekly diaries kept by parents were inspected for the oc- tion episodes. There were no significant correlations between
currence of cough and sneezing, vomiting or diarrhoea andthe peak virus quantity during the episode of infection, and
fever above 38C in the period spanning 2 weeks before to the duration of the episode in either of the viruses. There was
2 weeks after each stool sample was taken. Each stool samalso no correlation between the presence of enterovirus and
ple then represented one person-month of observation withadenovirus in the samples.
data on virus quantity in the middle of the period, and occur-  The seasonality of enterovirus and adenovirus infection
rence of the three symptoms during the 4 weeks surroundingepisodes is shown iRig. 2 Enteroviruses were most preva-
the date of sample. The association was tested separately folent between July and November, and less common during
each particular symptom. Each person-month with the symp-winter and spring. Adenovirus displayed no clear seasonality
tom was matched to two randomly chosen other children’s pattern.
person-months without the respective symptom. The match- The age-specific frequency rates of enterovirus and ade-
ing was done for calendar date of sampie30 days) and novirus infection episodes for children aged 3-16 months
for age of the child giving the sample and providing data are shown irFig. 3. On panel A, the 3-months’ moving aver-
(=1 month of age). The odds ratios were then calculated ages of age-specific prevalence of infection episodes are plot-
in a conditional logistic regression model, which included ted against the age of the infants in months. The enterovirus
dichotomous independent variables of new enterovirus in- prevalence had an apparent trough between the age of 9 and
fection, continuing enterovirus infection, new adenovirus in- 12 months, and an increase after the 12th month of age. The
fection and continuing adenovirus infection, with symptom distribution was similar for boys and girls (data not shown).
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Fig. 1. Distribution of quantity of enterovirus (A) and adenovirus (B) in

males and females. The amount of viruses in stool samples was measured . . . . .
by quantitative PCR. The horizontal axis shows the decadic logarithm of the Of €nterovirus infections when analysed by trimester of birth

viral concentration in sample (lggof TCIDso/ml for enterovirus or logp of (P=0.007).
copies{.l for adenovirus); the vertical axis shows the proportion of samples The adenovirus prevalence increased significantly with
exceeding this quantity. Individual samples are plotted as triangles (samplesage () =0.006in chi-square linear trend test). As in the case
from males) or squares (samples from females). . g . .
of enterovirus, the age-specific prevalence curves did not dif-
fer significantly between males and females. There were no
appreciable differences in adenovirus prevalence among in-
ants born in different calendar trimestes<0.28).

The numbers of enterovirus or adenovirus infection
episodes were counted for the 57 infants (22 males and 35
females) who completed the first year of observation (i.e.
provided samples from month 3 to month 14). As to both en-
terovirus and adenovirus, approximately half of the infants
had at least one infection episode, while about one-fourth of
the infants had two or more infection episodewgy( 4). There

The first peak in enterovirus prevalence was most obvious
in infants born during the first quarter of the year, while the
increase after the age of 12 months was most pronounced in]c
infants born in the second or fourth quarter of the y&&g.(3,
panel B). There was a significant heterogeneity in the number

15% -

(0]

O 10%1

% was no apparent relation between the number or duration of
s + Enterovirus enterovirus and adenovirus infection episodes.
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of an adenovirus infection was significantly associated with
fever (OR=3.1, 95%CI 1.8-5.5) and with symptoms of cold
(OR =2.3,95%CIl 1.4-3.8). Neither enterovirus infection, nor
subsequent months of adenovirus infection were significantly
associated with any studied symptoms.
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Fig. 2. Seasonality of enterovirus and adenovirus infection episodes.



38

Enterovirus Adenovirus

9% 12%

45%
56%

(A) (B)
Ono episode
1 episode

M 2 episodes

HE 3+ episodes
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adenovirus (panel B) infection episodes during the first year of observation
(a total of 684 person-months from infants aged 3—14 months).

Table 2
Association of fever, vomiting or diarrhoea and symptoms of cold with the
presence of enterovirus and adenovirus in the stool sample

OR (95%Cl) P
Fever (18.6% person-months)
Enterovirus
New infection 1.5(0.8-2.7) 0.18
Continuing infection 0.4 (0.1-1.7) 0.20
Adenovirus
New infection 3.1(1.8-5.5) 10~
Continuing infection 1.9 (0.9-4.3) 0.10
Vomiting or diarrhoea (7.8% person-months)
Enterovirus
New infection 1.0 (0.4-2.4) 1.00
Continuing infection 0.7 (0.1-3.3) 0.62
Adenovirus
New infection 1.0 (0.5-2.3) 0.95
Continuing infection 2.2(0.6-7.2) 0.21
Cough or sneezing (22.4% person-months)
Enterovirus
New infection 1.0 (0.6-1.7) 0.99
Continuing infection 1.8 (0.6-5.6) 0.28
Adenovirus
New infection 2.3(1.4-3.8) 21073
Continuing infection 0.6 (0.3-1.4) 0.22

Symptoms were recorded for the period starting 2 weeks prior to and ending
2 weeks after the monthly stool sample. Odds ratios against no infection

are given for a new infection (the first finding of virus in stool following a
negative sample or following another virus serotype) and for a continuing
infection (a positive sample following another positive one; in enterovirus,
both having the same serotype).

4. Discussion

Enterovirus was detected in 11.3% of stool samples from
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ficult, since for those with similar longitudinal sampling,
molecular assays were not available. Indeed, the present esti-
mate is considerably higher than frequencies obtained using
cell culture techniques3elfand et al., 1963; Froeschle et al.,
1966; Cooney et al., 1972

As shown inTable 2 a clear association was found be-
tween adenovirus infection and fever or symptoms of cold
(cough and sneezing). However, no association with symp-
toms (fever, cough/sneezing, vomiting/diarrhoea) was found
for enterovirus infection. This is somewhat surprising con-
sidering that enteroviruses have been commonly implicated
in these types of conditions. The observation suggests that
the attribution of such symptoms to enterovirus may often be
misleading. In fact, these viruses are so common in the fae-
ces of healthy infants that one should be careful about their
role in the aetiology of more serious diseases, particularly
if relying solely on faecal material rather than on serum or
cerebrospinal fluid.

Using quantitative real-time PCR, we detected entero-
and adenovirus loads spanning over six orders of magnitude
(Fig. D). Quantification may add another aspect to the eval-
uation of enterovirus exposure, because the viral load may
have a significant impact on the risk of eliciting beta-cell
auto-immunity. Thus, in order to evaluate the true exposure
of viral infections, one should preferably obtain both con-
secutive samples for a sufficient period of time, and quantify
the virus. In this context, it is interesting to note that we did
not detect any correlation between the peak quantity of en-
terovirus during an infection episode, and the duration of the
episode (data not shown).

While the analysis of seasonality confirmed the known
pattern for enterovirus and the limited seasonality in enteric
adenovirusesHox et al., 197y, the analysis of age-specific
frequency of enterovirus showed a somehow surprising pat-
tern with a significant trough around the age of 10 months.
This period of low enterovirus frequency was observed for
both sexes, and in all strata of calendar trimester of birth. The
latter point indicates that the seasonality of enterovirus in-
fections cannot explain the trough. The cause of the increase
following this trough may be related to the introduction of
the child to the day care centre, which typically takes place at
this age in Norway. An explanation for the higher prevalence
between months 6 and 9 is not obvious, but may be related
to the loss of passively transferred maternal antibodies. A
similar increase has also been seen in a Finnish study using
detection of viral RNA in serum3adeharju et al., 2003

Enterovirus and enteric adenoviruses are known to persist
in stool for a considerable period of time. Consequently, the
positive samples clustered in time not only due to seasonality,
but also due to the numerous infections lasting for more than
one month. Interestingly, the multiple consecutive positive
samples were not only prolonged episodes of infection with
the same serotypd-ig. 5A), but frequently also successive

young infants. The prevalence is slightly higher than what infections with various enterovirus serotypes (as exemplified
was found in a comparable Finnish study (72/878, 8.2%) in Fig. 5B). Sequencing of a sufficiently informative region
(Salminen et al., 2004 Comparison to older studies is dif- of viral RNA is crucial in deciding on whether the infection
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10 000 000 - . tion method was therefore designed for simplicity, for safety
1000 000 - towards contamination and for specificity. The latter point is
100 000 4 2x particularly relevant as the closely related rhinoviruses are
2 10000 ECv1s frequently found in stool samples from infantSaiminen
§ 1000 | 3x . et al., 2004. Consequently, we used a one-tube, closed
c 100 . o ECV3 T o RT-PCR system, and added a relatively low volume of RNA
101 *e . extract. Moreover, the inclusion of an exogenous internal
. ] control may decrease the sensitivity, even though the target
ol . and primer concentrations were chosen for minimal inter-
0 5 10 15 20 ference with the enteroviral PCR. The present method was
(A) Age (months) approximately two orders of magnitude less sensitive than
an optimal, nested real-time RT-PCWR/gtkins-Riedel et al.,
10 000 000 2002, data not shown. The reported enterovirus prevalence
1000 000 - may therefore be an underestimate. However, the biological
100 000 - 2x ECV18 relevance of minute viral quantities is likely to be low. More-
2 10000 - ECYSO + CBV3 over, most of the samples had enteroviral quantities more than
§ 1000 4 ¢ o ’ two logs above the threshold of the present asBay. (1A),
© 100 - Ecve * o suggesting that even if the threshold had been lower, the esti-
10 - d %knowm mated prevalence would not have been dramatically different.
;] ‘. In conclusion, the study demonstrates that the present
strategy for obtaining monthly samples of stool is well ac-
0 — 4 e .
o 5 10 15 20 cepted by the parents, as reflected by the high response rate,
(B) Age (months) and thatthe diagnostic methodology can be used to effectively

and reliably screen large number of samples for virus. Al-
Fig. 5. Genotype and quantity of virus in two infants with multiple pos- though the quantitative, one-step, closed RT-PCR with an ex-
itive samples. The quantity of enterovirus (TGHml) and adenovirus  pgenous internal control has lower sensitivity for enterovirus
(copiesf]) are plotted using the same scale. (A) An infant having to  getection compared to an optimally designed nested PCR, the
episodes of enterovirus mfgcthn separated by a period of adenow.rus posmvelower sensitivity is outweighed by the safety from contamina-
samples. The two enterovirus infections were found to be echovirus (ECV)
3and 18. (B) An infant infected with four different enterovirus serotypes — tion and from PCR inhibition. Quantification offers another
ECV9, ECV30, ECV18, coxsackie B (CB\8 — aswell as two low-quantity aspect of evaluating the exposure, as the viral load may be
samples of unknown serotype. relevant to eliciting pre-diabetic auto-immunity, or other sec-

ondary consequences of being exposed to these viruses.
is new or prolonged. This effort was successful in samples
with high viral load, but not in all low-quantity samples, as
indicated by our 11% failure rate.

Because stool contains many potential inhibitors of re-
verse transcription and PCR, the quality of data benefits from
the use of aninternal control. This isin accordance with recent
calls for mandatory inclusion of internal controls in diagnos-
tic PCR assay$Hoorfar et al., 2008 We therefore modified
the method by/erstrepen et al. (2003)y adding an exoge-
nous internal control in the first step of RNA extraction. The
West Nile Virus Armored RNA was chosen because of its
commercial availability, and because this target does not nat-
urally occur in Norway. The quantity of the internal control
was set to achieve threshold cycle of approximately 30. To
maintain preferential enterovirus amplification, the concen-
tration of WNV-specific primers was one order of magnitude
lower than the enterovirus-specific primers. Inhibition was
defined as an increase in threshold cycle value of more thanReferences
3.5 cycles compared to the average of the run. The frequency
of inhibition was reasonably low (3.6%), and in all instances Andreoletti L, Hober D, Hober-Vandenberghe C, Fajardy I, Belaich S,
it could be resolved by repeated extraction and RT-PCR. L_amt')ert _V, et al. C_oxsackie B virus infectior_1 and be_ta c_eII autoan-

. . . . L tibodies in newly diagnosed IDDM adult patients. Clin Diagn Virol
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ongoing infection. Rather than sensitivity, the present detec- in cerebrospinal fluid. Lancet 2000;355:1614-5.

Acknowledgements

The enterovirus and adenovirus detection and typing
were financed by the Grant Agency of the Czech Republic
(Grant No. 301/02/d080). The MIDIA study is supported by
the Norwegian Research Council (Grants No. 135893/330,
156477/730, 04/61), the Norwegian Diabetes Association,
Roche Norway and Sweden, the Children with Diabetes
Foundation, USA, and the Czech Ministry of Education
(Grant No. 21620814). We thank Pavlina Sedlakova, Alena
Vajikova, Lukas Janecek and Katerina Rakova for expert
technical assistance.



40 O. Cinek et al. / Journal of Clinical Virology 35 (2006) 33—-40

Cainelli F, Manzaroli D, Renzini C, Casali F, Concia E, Vento S. Cox- beta-cell autoimmunity. Diabetes autoimmunity study in the young
sackie B virus-induced autoimmunity to GAD does not lead to type (DAISY). Diab Res Clin Pract 2003;59:51-61.
1 diabetes. Diab Care 2000;23:1021-2. Green J, Casabonne D, Newton R. Coxsackie B virus serology and type
Casas |, Palacios GF, Trallero G, Cisterna D, Freire MC, Tenorio A. 1 diabetes mellitus: a systematic review of published case—control
Molecular characterization of human enteroviruses in clinical samples: studies. Diab Med 2004;21:507-14.

comparison between VP2, VP1, and RNA polymerase regions using Hoorfar J, Cook N, Malorny B, Wagner M, De Medici D, Abdulmawjood
RT nested PCR assays and direct sequencing of products. J Med Virol A, et al. Making internal amplification control mandatory for diag-

2001;65:138-48. nostic PCR. J Clin Microbiol 2003;41:5835.
Cinek O, Wilkinson E, Paltiel L, Saugstad OD, Magnus P, Ronnin- Hyoty H, Taylor KW. The role of viruses in human diabetes. Diabetologia
gen KS. Screening for the IDDM high-risk genotype. A rapid mi- 2002;45:1353-61.
crotitre plate method using serum as source of DNA. Tissue Antigens Lonnrot M, Korpela K, Knip M, llonen J, Simell O, Korhonen S, et al.
2000;56:344-9. Enterovirus infection as a risk factor for beta-cell autoimmunity in a
Claas EC, Schilham MW, de Brouwer CS, Hubacek P, Echavarria M, prospectively observed birth cohort: the Finnish Diabetes Prediction
Lankester AC, et al. Internally controlled real-time PCR monitoring and Prevention Study. Diabetes 2000;49:1314-8.
of adenovirus DNA load in serum or plasma of transplant recipients. Sadeharju K, Hamalainen AM, Knip M, Lonnrot M, Koskela P, Virta-
J Clin Microbiol 2005;43:1738-44. nen SM, et al. Enterovirus infections as a risk factor for type | dia-
Clements GB, Galbraith DN, Taylor KW. Coxsackie B virus infection betes: virus analyses in a dietary intervention trial. Clin Exp Immunol
and onset of childhood diabetes. Lancet 1995;346:221-3. 2003;132:271-7.
Cooney MK, Hall CE, Fox JP. The Seattle virus watch. 3. Evaluation Salminen K, Sadeharju K, Lonnrot M, Vahasalo P, Kupila A, Korhonen
of isolation methods and summary of infections detected by virus S, et al. Enterovirus infections are associated with the induction of
isolations. Am J Epidemiol 1972;96:286-305. beta-cell autoimmunity in a prospective birth cohort study. J Med

Craig ME, Howard NJ, Silink M, Rawlinson WD. Reduced Frequency of Virol 2003;69:91-8.
HLA DRB1*03-DQB1*02 in children with type 1 diabetes associated Salminen KK, Vuorinen T, Oikarinen S, Helminen M, Simell S, Knip M,
with enterovirus RNA. J Infect Dis 2003;187:1562-70. et al. Isolation of enterovirus strains from children with preclinical
Echavarria M, Forman M, Ticehurst J, Dumler JS, Charache P. PCR type 1 diabetes. Diab Med 2004;21:156-64.
method for detection of adenovirus in urine of healthy and hu- Verstrepen WA, Bruynseels P, Mertens AH. Evaluation of a rapid real-

man immunodeficiency virus-infected individuals. J Clin Microbiol time RT-PCR assay for detection of enterovirus RNA in cerebrospinal
1998;36:3323-6. fluid specimens. J Clin Virol 2002;25(Suppl. 1):39-43.

Fox JP, Hall CE, Cooney MK. The Seattle virus watch. VII. Obser- Verstrepen WA, Kuhn S, Kockx MM, Van De Vyvere ME, Mertens AH.
vations of adenovirus infections. Am J Epidemiol 1977;105:362— Rapid detection of enterovirus RNA in cerebrospinal fluid specimens
86. with a novel single-tube real-time reverse transcription-PCR assay. J

Froeschle JE, Feorino PM, Gelfand HM. A continuing surveillance of en- Clin Microbiol 2001;39:4093-6.
terovirus infection in healthy children in six United States cities. Il. Watkins-Riedel T, Woegerbauer M, Hollemann D, Hufnagl P. Rapid di-

Surveillance enterovirus isolates 1960-1963 and comparison with en- agnosis of enterovirus infections by real-time PCR on the Light-
terovirus isolates from cases of acute central nervous system disease. Cycler using the TagMan format. Diagn Microbiol Infect Dis

Am J Epidemiol 1966;83:455—69. 2002;42:99-105.

Gelfand HM, Holguin AH, Marchetti GE, Feorino PM. A continuing  Welch J, Maclaran K, Jordan T, Simmonds P. Frequency, viral loads,
surveillance of enterovirus infections in healthy children in six United and serotype identification of enterovirus infections in Scottish blood
States cities I. Viruses isolated during 1960 and 1961. Am J Hyg donors. Transfusion 2003;43:1060-6.
1963;78:358-75. Yin H, Berg AK, Tuvemo T, Frisk G. Enterovirus RNA is found in

Graves PM, Rotbart HA, Nix WA, Pallansch MA, Erlich HA, Norris JM, peripheral blood mononuclear cells in a majority of type 1 diabetic

et al. Prospective study of enteroviral infections and development of children at onset. Diabetes 2002;51:1964-71.



Priloha Il.

Witsg E, Palacios G, Cinek O, Stene LC,
Grinde B, Janowitz D, Lipkin WI, Rgnningen
KS.

High prevalence of human enterovirus A
infections in natural circulation of human
enteroviruses.

J Clin Microbiol. 2006 Nov;44(11):4095-100.







JOURNAL OF CLINICAL MICROBIOLOGY, Nov. 2006, p. 4095-4100
0095-1137/06/$08.00+0  doi:10.1128/JCM.00653-06

Vol. 44, No. 11

Copyright © 2006, American Society for Microbiology. All Rights Reserved.

High Prevalence of Human Enterovirus A Infections in Natural
Circulation of Human Enteroviruses"{

Elisabet Witsg,'* Gustavo Palacios,” Ondrej Cinek,” Lars C. Stene,' Bjgrn Grinde,' Diana Janowitz,”
W. Ian Lipkin,” and Kjersti S. Rgnningen’

Norwegian Institute of Public Health, Oslo, Norway'; Jerome L. and Dawn Greene Infectious Disease Laboratory,
Mailman School of Public Health, Columbia University, New York, New York® and Motol University Hospital,
Second Medical School, Charles University in Prague, Prague, Czech Republic®

Received 27 March 2006/Returned for modification 22 June 2006/Accepted 21 August 2006

Human enterovirus (HEV) infections can be asymptomatic or cause only mild illness; recent evidence may
implicate HEV infection in type 1 diabetes mellitus and myocarditis. Here, we report the molecular charac-
terization of HEV obtained in serial monthly collections from healthy Norwegian infants. A total of 1,255 fecal
samples were collected from 113 healthy infants beginning at age 3 months and continuing to 28 months. The
samples were analyzed for HEV nucleic acid by real-time PCR. Fifty-eight children (51.3%) had HEV infec-
tions. One hundred forty-five positive samples were typed directly by nucleotide sequencing of the VP1 region.
HEV-A was detected most frequently, with an overall prevalence of 6.8%. HEV-B was present in 4.8% of the
samples and HEV-C in only 0.2% of the samples. No poliovirus or HEV-D group viruses were detected.
Twenty-two different serotypes were detected in the study period: the most common were EV71 (14.5%), CAV6
(10.5%), CAV4 (8.9%), E18 (8.9%), and CBV3 (7.3%). These findings suggest that the prevalence of HEV
infections in general, and HEV-A infections in particular, has been underestimated in epidemiological studies

based on virus culture.

The genus Enterovirus belongs to the family Picornaviridae.
Although the majority of Human enterovirus (HEV) infections
are asymptomatic, enterovirus infections can cause upper re-
spiratory illness, febrile rash, aseptic meningitis, pleurodynia,
encephalitis, acute flaccid paralysis, and neonatal sepsis-like
disease (35). HEV may also be implicated in the pathogeneses
of severe chronic diseases, including type 1 diabetes mellitus
(33), myocarditis and congestive cardiomyopathy (20), and
neuromuscular diseases (8).

HEVs contain a linear (7.4-kb) single-stranded RNA ge-
nome comprising a 5" and a 3’ noncoding region and a single,
long open reading frame coding for a polyprotein of about
2,200 amino acids. HEVs are classified, based on molecular
and biological properties, into five species (19, 36): (i) Polio-
virus (types 1 to 3), (ii) Human enterovirus A (HEV-A) (CAV2
to CAVS, CAV10, CAV12, CAV14, CAV16, and EV71), (iii)
Human enterovirus B (HEV-B) (CAVY, CBV1 to CBV6, E17,
E9, E11 to E21, E24 to E27, E29 to E33, and EV69), (iv)
Human enterovirus C (HEV-C) (CAV1, CAV1l, CAV13,
CAV1S, CAV17 to CAV22, and CAV24), and (v) Human
enterovirus D (HEV-D) (EV68 and EV70). Several new sero-
types (EV73 to EV78 and EV89 to EV91) were recently de-
scribed (28, 29, 31, 32).

Neutralization tests of cultured virus may not be sufficient to
identify some serotypes (26). Many coxsackievirus A strains
can be isolated and propagated only in suckling mice (24). To
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address the need for a robust and universal typing system,
many investigators have turned to the use of molecular meth-
ods (4, 30, 41). The introduction of molecular sequencing has
extended the potential of virus surveillance and epidemiolog-
ical studies by facilitating the identification of genotypes (14).

Most previous data on HEV circulation have been ob-
tained from analysis of specimens from individuals with
disease. Studies of enterovirus circulation in healthy popu-
lations antedate the advent of molecular technologies (12,
13, 16-18, 21, 23, 38, 39).

We have reported that 11.3% of fecal samples obtained
prospectively from 113 healthy Norwegian infants were posi-
tive for enterovirus RNA (11). Here, we present the results of
a comprehensive molecular characterization of these samples.

MATERIALS AND METHODS

Study design and subjects. Participating children were enrolled in a prospec-
tive study (MIDIA) to investigate potential environmental triggers of type 1
diabetes mellitus. The MIDIA study recruits newborn infants at their first visit to
health care centers. Candidates are screened for the HLA genotype conferring
the highest risk of type 1 diabetes (HLA-DQBI1*02-DQA1*05-DRB1*03/
DQB1*0302-DQA1*03-DRB1%0401), which is carried by 2.7% of newborns
(10). Over the period from September 2001 to October 2003, 113 of 116 infants
identified as genetically susceptible were enrolled (60 males; 53 females). No
more than one child in any nuclear family was enrolled. Beginning at 3 months
of age and followed up to 28 months (for the first children recruited), monthly
stool samples were obtained. Specimens were collected from September 2001
through November 2003; 96% (1,257/1,306) of the scheduled stool samples were
received. Two samples were accidentally destroyed during handling. Eighty-nine
percent of the stool samples were collected from children residing in the counties
of Akershus (southeast Norway) and Hordaland (west coast), two counties sep-
arated by more than 400 km.

Processing of stool samples. Total nucleic acids were extracted from 140 .l of
1,255 stool suspensions using the QIAamp Viral RNA Mini Kit (QIAGEN).
HEV nucleic acid was detected and quantitated using a one-step real-time
reverse transcription (RT)-PCR targeting the 5’ untranscribed region (11).
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TABLE 1. Oligonucleotide primers used for VP1 characterization of enteroviruses

J. CLIN. MICROBIOL.

Primer 5'-3" sequence” Enterovirus specificity Positions” Use®
ENV71SP-F1 GCACAGGTYTCNGTNCCRTTYATGTC HEV-A 2987-3012 PCR/seq.
ENV71SP-R1 CATGCCCTGACRTGYTTCATYCTCAT HEV-A 3207-3182 PCR/seq.
VP1-2S-CAV16 GCAGTACATGTATGTCCCSCCMGGSG HEV-A 2878-2903 PCR
VP1-2A-CAV16 TCGCACCCCTGGGCRGTGGTGGA HEV-A 3507-3485 PCR
VP1-2S-CAV2 CAGTACATGTAYGTCCCNCCYGGRG HEV-A 2879-2903 PCR/seq.
VP1-2A-CAV2 CCGGTCTGACAATTACATCGAGC HEV-A 3537-3515 PCR/seq.
VP1-2S-CAV3 CAGTACATGTAIGTTCCACCTGGTG HEV-A 2879-2903 PCR/seq.
VP1-2A-CAV3 CCCGTCTGGCAGTTGCATCGAGC HEV-A 3537-3515 PCR/seq.
VP1-2S-CAV4 CARTACATGTATGTGCCACCYGGRG HEV-A 2879-2903 PCR
VP1-2A-CAV4 CCTGTTTGGCAATTACAGCGGGC HEV-A 3537-3515 PCR
VP1-2S-CAV6 CAGTACATGTAYGTRCCRCCRGGTG HEV-A 2879-2903 PCR
VP1-2A-CAV6 CCAGTCTGGCAGTTACATCGAGC HEV-A 3537-3515 PCR
VP1-2S-CAV10 CAGTATATGTATGTNCCTCCNGGYG HEV-A 2879-2903 PCR
VP1-2A-CAV10 CCTGTCTGACAGTTGCACCGAGC HEV-A 3537-3515 PCR
VP1-2S-CAV12 CAGTACATGTTIGTGCCICCTGGTG HEV-A 2879-2903 PCR
VP1-2A-CAV12 CCAGTCTGACAATTGCATCGAGC HEV-A 3537-3515 PCR/seq.
VP1-2S-ENV71 CARTAYATGTTTGTNCCSCCYGG EVT71 2879-2903 PCR
VP1-2A-ENV71 TCACAACCYTGRGCRGTGGTAGA EV71 3507-3485 PCR
VP1-CAV6-F CGGTGTTCGCAAAATTGAGT CAV6 2958-2977 PCR
VP1-CAV6-R TCACATCCTTGAGCAGTAGTGG CAV6 3507-3486 PCR/seq.
VP1-CAV10-F GCCCCTAAACCGACTGGTAG CAV10 2903-2922 PCR
VP1-CAV10-R ACCCCTGTGCAGTGGTAGAG CAV10 3503-3484 PCR
VP1-HEV71-F CCAAGCCAGACTCCAGAGAA EV71 2907-2926 PCR/seq.
VP1-HEV71-R ATTACAGCGGGCAATTGTGT EV71 3526-3507 PCR/seq.
VP1-CBV3-F CGGTGCCAGATAAGGTTGAC CBV3 2907-2926 PCR/seq.
VP1-CBV3-R TCTGGCTATTGTATCGCATCC CBV3 3520-3500 PCR
VP1-EV18-F GGCCAAGGTGGATAGTTACG EV18 2914-2933 PCR
VP1-EV18-R ACACCTGGCGATGGTATCAC EV18 3523-3504 PCR

“1, inosine; Y, Cor T; W, Aor T; R, Aor G; K, Gor T.

b Relative to the genome of coxsackievirus A6 strain Gdula (GenBank accession number AY421764).

¢ seq., sequencing.

Molecular typing. HEV serotypes of samples positive in real-time PCR were
determined by VP1 sequencing of RNA (4, 44). In instances where samples could
not be serotyped by this approach (39 of 145 samples), the RNA polymerase
region was amplified and sequenced (4). Based on the RNA polymerase se-
quence, serotype- or species-specific VP1 primers were designed (Table 1) (4,
44). In total, 14 additional nesting primer sets (localized inside the sequence
product of the first amplification) were designed, facilitating serotype assignment
of 91.7% of the enterovirus-positive samples.

First-round VP1 amplification products obtained by the method of Casas et al.
(4) or separate random-hexamer-primed RT uncoupled from the first round of
PCR were used as templates with the new sense and antisense primers. PCR was
carried out in a total volume of 20 wl with 10 pmol of each primer (Table 1), 1
to 2 pl of the RT-PCR products or cDNA, 2 ul 10X PCR buffer II (Applied
Biosystems), 2.5 mmol MgCl,, 0.5 mmol deoxynucleoside triphosphates, and 2.5
U of Tag polymerase (Perkin-Elmer). The thermal-cycling program consisted of
5 min of denaturation at 94°C, followed by 40 cycles of 30 s of denaturation at
94°C, 30 s of annealing at 50 to 55°C, and 1 min of extension at 72°C.

Nucleotide sequence determination and analysis. Direct product sequencing
was performed using the amplification primers. Both strands were sequenced by
automatic methods (BigDye version 3.1 and ABI PRISM 310 Genetic Analyzer;
Applied Biosystems, Foster City, CA). In instances where sequences could not be
obtained directly, the products were cloned into a pGEM-T-Easy vector (Pro-
mega) and five clones from each sample were sequenced on both strands.

Raw sequence data were analyzed with Sequencher (version 4.2; Gene Codes
Corporation, Ann Arbor, MI) to obtain the final consensus sequence. Ambigu-
ous nucleotides were resolved by resequencing them.

Phylogenetic analysis. The VP1 capsid coding sequences determined in this
study were included in a phylogenetic analysis with reference strains of all entero-
virus serotypes. Multiple sequence alignments were performed with ClustalX ver-
sion 1.82 (42). Phylogenetic analysis was performed using the Kimura two-
parameter model as a model of nucleotide substitution and the neighbor-joining
method to reconstruct the phylogenetic tree (MEGA program version 3.0 [22]).
The statistical significance of the phylogenies constructed was estimated by
bootstrap analysis with 1,000 pseudoreplicate data sets.

Infection episodes and coinfections. A new infection episode was defined as
detection of a new genotype after a monthly sample was negative for that
genotype. Coinfection was defined as the simultaneous presence of two or more
different genotypes in the same stool sample.

Statistical analysis. The software packages used were Stata version 9.0 (Stata
Corporation, College Station, TX) and SPSS version 12.0.1 (SPSS, Chicago, IL).
The overall prevalence for each species over the whole study period was com-
puted with 95% confidence intervals (CI). The confidence intervals for preva-
lence were computed based on standard errors estimated by bootstrapping, using
each child as a unit to provide a simple adjustment for dependence between
repeated infections (15). Relationships of sex, year, season, and geographic
location with prevalence for the main HEV species were assessed.

Associations of viral load and duration of infection, sex, age, and enterovirus
species were assessed in linear-regression models, using the viral load of the first
positive sample in an infection period. The potential dependence in data from
repeated measurements for each child was handled in the regression models by
generalized estimating equations using the xtgee procedure in STATA (Stata
cross-sectional time-series reference manual, release 8, StataCorp, Stata Press,
College Station, TX).

The cumulative incidence of first infection during follow-up for individual
children at different ages was estimated using Kaplan-Meier survival analysis.
Differences between groups were tested using the log rank test. A P value of 0.05
or less was considered to be statistically significant.

Nucleotide sequence accession numbers. The 3'-end VP1 sequences reported
here were deposited in the GenBank sequence database under accession no.
DQ317159 to DQ317293. The RNA polymerase sequences were reported under
accession no. DQ315510 to DQ315562.

RESULTS

Molecular typing and phylogenetic analysis. The HEV type
was identified in 92% of the samples (133/145) by VP1 se-
quencing and in 6.2% (9 cases) by RNA polymerase sequenc-
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TABLE 2. Enterovirus serotypes and species detected in feces
specimens taken from healthy children aged 3 to 28 months

in Norway“

Species Serotype C;(S)égis % (n = 124)
HEV-A CAV2 3 2.4
HEV-A CAV4 11 8.9
HEV-A CAV5S 7 5.6
HEV-A CAV6 13 10.5
HEV-A CAV10 7 5.6
HEV-A CAV14 6 4.8
HEV-A CAV16 1 0.8
HEV-A HEV71 18 14.5
HEV-A HEV-A® 4 32
HEV-B CAV9 4 32
HEV-B CBV1 5 4.0
HEV-B CBV3 9 7.3
HEV-B CBV4 3 2.4
HEV-B CBVS5 4 32
HEV-B EV3 2 1.6
HEV-B EV5 1 0.8
HEV-B EV9 3 2.4
HEV-B EV11 1 0.8
HEV-B EV13 2 1.6
HEV-B EV18 11 8.9
HEV-B EV25 1 0.8
HEV-B EV30 1 0.8
HEV-B HEV-B? 2 1.6
HEV-C CAVI19 2 1.6
Untyped HEV 3 2.4

¢ In the period from September 2001 to November 2003. The frequencies of
different serotypes are reported as numbers of infection episodes.

" Species were identified by pairwise comparison of RNA polymerase
sequences.

ing. In total, 97.9% (142/145) of the real-time PCR-positive
samples could be assigned to the species level. The VP1 se-
quencing and phylogenetic analysis allowed further subtyping.
The three samples that were not identified had low viral loads.
The positive samples represented 124 discrete infection epi-
sodes. A total of 22 different serotypes were detected (Table
2). The most prevalent serotypes were EV71 (14.5%), CAV6
(10.5%), CAV4 (8.9%), E18 (8.9%), and CBV3 (7.3%).
Whereas CBV3 and E18 were detected throughout the study
period, CAV4, CAVS, CAV6, CAV10, and CBV1 were de-
tected only during short intervals. CAV16, ES, E11, E25, E30,
E3, E13, and a CAV19-like strain were represented in only one
or two infection episodes. The circulation of specific serotypes
was not restricted to a single county or municipality.
Individual serotypes of the VP1 sequences were compared
phylogenetically with all corresponding sequences of the re-
spective serotypes in GenBank. Three serotypes (of the 22
analyzed) segregated in different clusters (CAV4, CAV9Y, and
E18 [Fig. 1A to C, respectively]), indicating that there have
been at least two introductions of genotypes into the popula-
tion for each of these serotypes. Two distinct clusters were
observed for the CAV4-positive samples (Fig. 1A). Seven
CAV4 sequences clustered together with sequences from
Spain (1999) or Japan (2000 to 2004); six sequences segregated
with a strain that circulated in Spain in 1998 (Fig. 1A). Some
CAV?9 sequences (Fig. 1B) were clustered with isolates from
Cyprus (2002) and Spain (1999); one clustered with an unre-
lated cluster closer to an isolate from the United Kingdom
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(1962 to 1989). E18 sequences clustered with sequences iso-
lated in Japan (2001 to 2004) or Spain (1995 to 1997), the
United States (1996), and Sweden (1999) (Fig. 1C). Although
more than one strain was found to be cocirculating in certain
periods, as seen for CAV4 (Fig. 1A), the two clusters of CAV9
and E18 seem to have been introduced to the cohort at differ-
ent times (with one exception) (Fig. 1B and C). The circulation
of subgroups for each of the serotypes did not appear to be
geographically restricted (Fig. 1A to C).

Prevalence and epidemiology of HEV-A and HEV-B infec-
tions. HEV was detected in 145 of 1,255 samples (11.6% of
samples; 95% CI, 9.8% to 13.5%). HEV-A was detected most
frequently, with an overall prevalence of 6.8% (95% CI, 5.0%
to 8.6%); HEV-B was present in 4.8% of the samples (95% CI,
32% to 6.4%). HEV-C was present in only three samples
(0.2%). No poliovirus or HEV-D group viruses were detected.
Of 124 infection episodes, 70 (57%) were classified as HEV-A;
49 (40%) were classified as HEV-B (Table 2). HEV-B infec-
tions were more prevalent than HEV-A infections during the
interval from March through August 2002 (2.9% to 4.4% ver-
sus 1.4% to 2.6%); however, during the interval from Decem-
ber 2002 through November 2003, HEV-A infections were
more prevalent than HEV-B infections (3.9% to 10.4% versus
1.6% to 6.4%). From September through November 2002,
HEV-A and HEV-B prevalence rates were similar (7.8%). The
highest prevalence of HEV-A was observed from June through
August 2003 (10.4%); the highest prevalence of HEV-B was
observed from September through November 2002 (7.8%).
The characteristic seasonal variation of HEV infections, with
peak incidence in late summer and autumn, was seen for both
HEV-A and HEV-B (data not shown).

Figure 2 shows the age-specific prevalences of HEV-A and
HEV-B infections for children aged 3 to 23 months. The
3-month moving averages of the age-specific prevalences of
positive samples are plotted against the ages of the children in
months. In both species, the highest prevalence was in the
second year of life.

The probability of having at least one HEV infection by the
age of 12 months was approximately 40%; 90% of the children
had been infected by the age of 2 years (see Fig. S1 in the
supplemental material). There were no significant differences
in prevalence of HEV-A or HEV-B between boys and girls or
between the two main counties included in the study (data not
shown).

Prolonged excretion, viral load, and coinfections. In 28 of
the 124 infection episodes, the same viral serotype was ob-
served in two or more consecutive samples: 23 cases of two
consecutive months, 4 cases of three consecutive months, and
1 case of four consecutive months. Prolonged duration of in-
fection was associated with a higher viral load in the first
sample, but not with sex, viral species, or season. The initial
viral load was on average eightfold higher in infections that
persisted for at least 2 months than in single-month episodes
(P =0.001). A trend toward shorter duration of infection with
increasing age was not statistically significant (P = 0.078).

Stool samples from 10 children showed evidence of coinfec-
tion with more than one HEV. Eight samples contained two
serotypes; two samples had three serotypes. In six samples, the
coinfections were limited to HEV-A; in three cases, there was
coinfection with HEV-A and HEV-B; in one case, there was
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coinfection with HEV-A and HEV-C. The viral loads in the
coinfected samples were not significantly different than in sam-
ples containing only a single serotype.

DISCUSSION

HEV infections were prospectively assessed in stools of
healthy children by using a molecular typing strategy. HEVs
were detected in 11.6% of the stool samples; 98% of the
HEV-positive samples were identified to the species level.
HEV-A species were detected in 6.8% of the samples; HEV-B
was detected in 4.8% of the samples. Although these findings
contrast with recent studies of HEV epidemiology based on
culture and serology that reported only infrequent HEV-A
infections in symptomatic (2, 5-7, 9, 25, 27, 37, 43) or healthy
(13, 16, 21, 23, 38) children, they are consistent with earlier

Japan {Fukuoka City)-01-AB167997
Japan (Fukuoka City)-03-AB167999
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FIG. 1. Rooted phylogenetic trees of CAV4 (A), CAV9 (B), and
E18 (C) 3'-end VP1 sequences and available reference sequences and
prototypes from GenBank for each of the serotypes. The evolutionary
distances were calculated using the Kimura two-parameter model as a
model of nucleotide substitution and the neighbor-joining method to
reconstruct the phylogenetic tree (MEGA version 3.0 software pack-
age). The bootstrap values (the percentage of 1,000 pseudoreplicate
data sets) supporting each cluster are shown at the nodes; for clarity,
only values of >60% are shown. The outgroup taxa are the prototype
strains of the closest serotypes. Sequence names for field strains (in
boldface) are constructed as follows: municipality number (starting
with 1, in Hordaland county; starting with 0, in Akershus county),
month and year of sampling, child identifier, sample number, and
serotype. The reference sequences have GenBank accession numbers.
The scale bar represents the genetic distance (the number of nucleo-
tide substitutions per site).

studies in which suckling mice were employed for in vivo assays
and HEV-A infections were observed to be relatively frequent
in healthy children (12, 17, 39). In a 1958 and 1959 study of
stool samples obtained from 2,084 healthy children less than 5
years of age in London, the prevalence rates for HEV-A
(CAV2, -4, -5, -6, -8, -10, and -12) and HEV-B (CBV3 and -4)
isolates were 5.4% and 1.2%, respectively (17). In a study of
clinical samples (primarily stools) obtained in 1966 and 1967
from 625 healthy children in Australia, the prevalence rates for
HEV-A (CAV2, -3, -4, -8, and -10) and HEV-B (CBV2, -4, and
-5 and CAVY) isolates were 12.1% and 4.3%, respectively (12).
The Australian samples were collected in a single nursery;
thus, the extent to which they represent the prevalence in the
general population is uncertain. Finally, a Malaysian study of
stool samples collected in 1971 and 1972 from healthy children
less than 7 years of age found prevalences for HEV-A of 5.3%
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FIG. 2. Three-month moving average of the age-specific prevalences
of HEV-A- and HEV-B-positive samples for ages 3 to 23 months (n =
1,237 person-months). The curve was truncated at 24 months, due to few
observations (18 stool samples) from 24 to 28 months of age. A logistic
regression model was applied to adjust for the potential mutual confound-
ing of age and season or year. Adjusting for season or year indicated that
confounding by these factors was minimal or did not change the effect of
age in the logistic-regression model.

and for HEV-B of 3.4% (39). No species identification was
reported.

We speculate that differences in the prevalences of individ-
ual HEV serotypes between our study and others reflect meth-
odological differences. Whereas in vitro culture methods ap-
pear to be more sensitive for HEV-B, in vivo culture methods
are more sensitive for HEV-A. To our knowledge, there are no
previous studies reporting the prevalence of HEV-A in clinical
samples using molecular methods. Our data indicate similar or
equal sensitivities for both HEV-A and HEV-B. Thus, the
findings reported here may represent accurate levels of circu-
lating HEV serotypes.

Our analysis of seasonality confirmed the established pattern
for HEV infections, where the highest prevalence in the North-
ern Hemisphere occurs between July and November (11). This
observation held for both HEV-A and HEV-B (data not
shown).

Analysis of age-specific frequencies of HEV-A and HEV-B
showed an apparent trough between the ages of 9 and 12
months, with a distinct increase after 12 months of age (Fig. 2).
These findings are consistent with those of Gamble et al. (17),
in which the frequencies of both HEV-A and HEV-B infec-
tions were lower in the first year of life.

Phylogenetic analysis of the C-terminal domain of the VP1
gene has facilitated the differentiation of circulating serotypes
and the association of specific HEV genotypes with disease (1,
3, 34, 40). Some serotypes are associated with global epidemics
(1). During the period from 2001 to 2003, E13 and E18 were
reported as the more common serotypes causing outbreaks of
aseptic meningitis in the United States and elsewhere (6, 37).
Most of the infections were E18 (8.9% versus 1.6%). Our VP1
sequence analysis revealed the circulation of several strains of
the same serotype (Fig. 1).

HEV coinfections were commonly observed in the Norwe-
gian infants followed in the present study. Although coinfec-
tions have been described in the developing world (23), they
are only infrequently reported in children in industrialized or
temperate areas (13).

NATURAL CIRCULATION OF HUMAN ENTEROVIRUSES 4099

We found no association between sex and either the fre-
quency or duration of infection. These findings are in contrast
with those reported for HEV-associated diseases, where infec-
tions were more frequent in males than in females, particularly
for severe diseases, such as meningitis and carditis (35).

Our results suggest that the prevalence of HEV-A infections
has been underestimated in recent studies that have relied on
cell culture for detection. The diagnosis of HEV-A infections
could be considerably improved by the use of molecular meth-
ods that facilitate detection and genotypic analysis.
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Abstract

Widespread circulation of human enterovirus 71 was discovered in a prospective study of fecal samples obtained from healthy Norwegian children.
Molecular characterization of the virus determined that it belonged to genotype C1. Complete sequencing of this strain, HEV71 804/NO/03, revealed
differences in the 5’'UTR and polymerase with respect to more pathogenic genotypes that may explain its reduced neurovirulence.

Published by Elsevier B.V.
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Human enterovirus 71 (HEV71) is associated with outbreaks
of hand-foot-and-mouth disease (HFMD), aseptic meningitis
and encephalitis. Like poliovirus, HEV71 has affinity for ante-
rior horn cells (Chumakov et al., 1979) and is the most common
non-polio enterovirus associated with poliomyelitis-like paral-
ysis (Melnick, 1984). Since its initial isolation in California
in 1969, HEV71 has caused epidemics in Australia, Europe,
Asia, and the United States (Palacios and Oberste, 2005). More
recently, HEV71 caused brain-stem encephalitis during HFMD
outbreaks in Malaysia, in 1997 (Cardosa et al., 2003; Chan et
al., 2000) and in Taiwan in 1998 (Ho et al., 1999; Lin et al.,
2003). The molecular epidemiology of HEV71 has been widely
studied (Brown et al., 1999; Cardosa et al., 2003; Chu et al.,
2001; Herrero et al., 2003; McMinn et al., 2001; Shimizu et
al., 2004). There are two major HEV71 genogroups (B and C)
co-circulating worldwide (the HEV71 prototype strain BrCr, iso-
lated in 1969, is the only known example of genogroup A).
Genogroups B and C have been subdivided into genotypes:
B1-B5 and C1-C4, respectively (Brown et al., 1999; Cardosa
et al., 2003; McMinn et al., 2001; Mizuta et al., 2005). Here we
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report asymptomatic circulation of HEV71 in Norway. Phylo-
genetic analysis of VP1 sequences revealed a single circulating
strain of genotype Cl1.

Stool samples were obtained on a monthly basis from 113
healthy infants (60 males, 53 females) in a prospective cohort
study focused on environmental triggers of type 1 diabetes. New-
borns (6 weeks old) were recruited at their first visit to health care
centres. Stool samples and clinical data were obtained monthly
from September 2001 to November 2003 (Cinek et al., 20006),
beginning at age 3 months and continuing up to 28 months. Total
nucleic acids were extracted and analyzed for human enterovirus
(HEV) RNA using real-time PCR; 11.3% were positive (Cinek
et al., 2006).

The serotype of the HEV positive samples (145/1255) were
determined by VP1 nucleotide sequencing. HEV71 was detected
in 16.8% (19/113) of the children in the cohort (10 boys and 9
girls, median age 14.0 months, 75% <18 months old). Posi-
tive samples were detected from children residing in the fol-
lowing counties: Akershus (south-east), Nord-Trgndelag (cen-
tral) and Hordaland (west coast). This finding suggests a wide
geographical distribution. VP1-2A sequences of HEV71 Nor-
wegian strains (200-630nt in length) were deposited in the
GenBank under accession numbers DQ317216, DQ317217,
DQ317218, DQ317219, DQ317220, DQ317221, DQ317222,
DQ317223, DQ317224, DQ317225, DQ317226, DQ317227,
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DQ317228, DQ317229, DQ317230, DQ317231, DQ317232,
DQ317233, DQ317234, DQ317235, DQ317236, DQ317237,
and DQ317238.

HEV71 was found to be circulating widely in a restricted
period of time, from October 2002 until October 2003, with peak
prevalence in July 2003 (seven cases) (Fig. 1). HEV71 infection
was not associated with fever, symptoms of upper respiratory or
gastrointestinal complaints as reported by parents (Cinek et al.,
2006).

A representative isolate of the Norwegian strain (HEV71
804/NO/03) was recovered from a suspension stool sam-
ple, identified with HEV71-specific antibody and titrated in
green monkey kidney cells (GMK-AHI1) and in a human
cervical adenocarcinoma cell line (HeLa). Viral RNA was
extracted; reverse transcribed and amplified using primers
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Fig. 1. Prevalence of HEV71 in stool samples from 113 asymptomatic children
over the period September 2001 through December 2003.
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Fig. 2. Phylogenetic relationships of the sequence of the complete VP1 gene of HEV71 804/NO/03. The evolutionary distances were calculated using the Kimura
two-parameter model as a model of nucleotide substitution and the Neighbour-Joining method to reconstruct the phylogenetic tree (MEGA version 3.1 software
package). Numbers above the branches are bootstrap values (percentage of 1000 pseudo-replicate datasets) supporting each cluster. Genogroups A, B and C and
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Table 1

Number of hospitalizations or outpatient visits in the age group 0-3 years old associated with a diagnosis of encephalitis, HFMD and herpangina in the period
1999-2004

Diagnosis ICD-10 code? 1999 2000 2001 2002 2003 2004 Total
Enteroviral encephalitis A85.0+ 0 0 2 0 0 0 2
Other viral encephalitis, not elsewhere classified A85 3 6 1 [§ 5 10 31
Unspecified viral encephalitis A86 8 7 7 8 10 5 45
Hand, foot and mouth disease (HFMD) B08.4 5 4 25 14 9 8 65
Herpangina B08.5 0 1 2 4 8 5 19
Total 18 24 46 35 34 28P 239

4 ICD, international classification of diseases.

b One case is counted twice because it was associated with two diagnoses (A85.0 +B08.5).

designed on the basis of previously published HEV71 strains
(Appendix A). High Fidelity PCR Master Mix (Roche) reagents
were utilized to minimize introduction of mutations during
amplification. Products were cloned into pGEM-T-Easy vec-
tor (Promega). Sequencing was performed on both strands,
using Big Dye terminator cycle sequencing reagents and the
ABI 3730 XL Sequencer (Applied Biosystems, Foster City,
CA). Raw sequence data was analyzed with Sequencher (ver-
sion 4.2, Gene Codes Corporation, Ann Arbor, MI). Ambigu-
ous nucleotides were resolved by re-sequencing. To avoid
introduction of mutations by cell culture adaptation, new
primers were designed based on the sequence obtained, and
direct amplification and sequencing was performed to obtain
the HEV71 sequence directly from the stool sample. The
complete genome sequence of the Norwegian HEV71 strain
was deposited in the GenBank under the accession number
DQ452074.

Table 2

The complete VP1 sequence of the isolate and 64 reference
sequences collected from GenBank (Appendix B) were used
to reconstruct the phylogenetic tree (Fig. 2) employing neigh-
bor joining and the Kimura model of nucleotide substitution
in the program MEGA (version 3.1) (Kumar et al., 2004). The
statistical significance was evaluated by bootstrap re-sampling
of the sequences 1000 times. The Norwegian strain was clas-
sified into genotype C1. Phylogenetic analysis of partial VP1
nucleotide sequences from HEV positive samples revealed that
a single strain of HEV71 was circulating in Norway (data not
shown).

We sought to investigate if the circulation of this strain was
associated with an increase in the frequency of hospitalizations
related to HEV71 infection. Clinical records of HFMD, her-
pangina and encephalitis were obtained from the Norwegian
Surveillance System for Communicable Diseases and the Nor-
wegian Patient Register. First, we focused in the analysis of cases

Comparative nucleotide sequence analysis of the HEV71 804/NO/03 and representative HEV71 strains of different lineages

Gene/region Percentage of nucleotide identity between HEV71 804/NO/03 and
C2 Tainan/5746/98 C4 SHZHO3 B2 MS/7423/87 B4 5865/SIN/00 A BrCr CAV16-G10
5'UTR 91.2 85.8 83.5 83.5 81.8 79.9
P1 region
VP4 85.0 86.5 82.6 83.6 83.1 65.7
VP2 89.2 87.0 84.4 82.5 8L.5 68.2
VP3 88.7 88.8 81.3 81.8 82.4 71.6
VP1 90.2 89.9 83.8 83.2 82.8 64.2
P2 region
2A 85.3 82.4 81.6 79.3 713 79.6
2B 86.9 75.1 74.7 74.7 76.1 79.8
2C 91.0 79.4 78.5 78.7 81.2 80.0
P3 region
3A 89.9 74.0 75.2 75.6 79.1 75.6
3B 89.4 75.8 713 74.2 74.2 75.8
3C 90.2 76.5 75.8 75.0 74.7 77.4
3D 89.6 77.0 79.1 79.4 78.1 79.0
3'UTR 92.9 774 91.7 90.5 95.2 78.6
Overall 89.0 82.0 81.0 80.0 80.0 75.0

Nucleotide sequences of HEV71 reference strains were retrieved from GenBank (accession numbers AF304457, AY465356, U22522, AF316321, U22521 and

U05876).
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with EV71 diagnosis. Only one case of encephalitis was reported
in children below the age of 3 years in 2003; no cases of her-
pangina or HFMD were reported. In other age groups, the virus
was also barely detected: 1 case of HFMD in 2002, 3 in 2003.
In previous years, there was one case with HFMD in 2001, none
in 2000, and 3 or 4 cases with encephalitis along with 6 cases of
HFMD in 1999. Since only a small proportion of HEV detected
in clinical samples were serotyped, it is possible that some cases
of symptomatic HEV71 infection were not detected. However,
there was no increase in the numbers of hospitalizations of
patients with encephalitis, HFMD or herpangina recorded dur-
ing the period of this study in the same age range (Table 1).
Thus, we conclude that the majority of HEV71 infections were
either asymptomatic or associated with only mild disease.

The comparison of genomic sequences of HEV71 strains
derived from fatal and non-fatal cases have been used to inves-
tigate the presence of neurovirulent determinants (AbuBakar et
al., 1999; McMinn et al., 2001; Shih et al., 2000; Siafakas et
al., 2005; Yan et al., 2001). Whereas genotype C1 epidemics
in Malaysia, Singapore and Western Australia have been asso-
ciated primarily with HFMD (McMinn et al., 2001), genotype
C2 outbreaks in Malaysia and Taiwan have been associated with
severe and fatal neurologic disease (Cardosa et al., 2003; Herrero
et al., 2003; McMinn et al., 2001). The differences in neurovir-
ulence between the C1 and C2 genotypes observed in these
outbreaks may provide clues to EV71 pathogenicity determi-
nants (McMinn, 2002). However, there is reason for caution in
rendering this interpretation given a recent report wherein geno-
type C2 outbreaks in Japan were associated only with HFMD
(Mizuta et al., 2005).

We compared the entire genome of HEV71 804/NO/03 with
the HEV71 prototype BrCr (genotype A), HEV71 MS/73 (geno-
type B2), HEV71 5865/SIN/00 (genotype B4), HEV71 SHZ03
(genotype C4), Tainan/5746/98 (genotype C2) and CAV 16 pro-
totype G10. Overall, HEV71 804/NO/03 shared 89% nucleotide
identity with the highly virulent C2 strain Tainan/5746/98 and
~81% identity with other HEV71 genotypes, while the identity
to CAV16 was 75% (Table 2). Non-structural genes are typically
better conserved than structural genes. Indeed, enteroviruses
are typed using the structural gene VP1. Interestingly, analysis
of HEV71 804/NO/03 and other EV71 strains revealed higher
homology in P1 region than in the non-structural genes P2 and P3
regions. The exception was C2-Tainan/5746/98 where close to
90% homology to HEV71 804/NO/03 was observed throughout
the genome. Table 3 indicates amino acid differences between
HEV71 804/NO/03 and the C2-consensus sequence. Interest-
ingly, most of the changes are located at non-structural sites (30
out of 37, 81.1%; rate of amino acid substitution of structural
genes: 0.011 4 0.002; non-structural genes: 0.028 £ 0.015) and
the higher number in the polymerase gene (11 out of 37,29.8%).
With the exception of the mutations in the polymerase described
below, we could not find any relation between these changes
and changes affecting pathogenesis or viral replication. How-
ever, only a reverse genetics based model of these changes will
allow prediction of their function, provided that the hypothesis
of differences in neurovirulence between C2 and C1 genotypes
is correct.

Table 3
Amino acid differences between the genomes of HEV71 804/NO/03 and the
C2-consensus sequence

Position Coding region C1-Norway-804-2003 C2-consensus?®
195 VP2 I \%
293 VP2 F Y
354 VP3 H T
416 VP3 N S
587 VP1 Q R
596 VP1 N D
854 VP1 T A
928 2A S N
930 2A R M
944 2A A% I
945 2A Y F
946 2A I \%

1042 2B H S

1053 2B R K

1095 2B I \%

1187 2C L M

1282 2C Vv I

1368 2C D E

1406 2C S R

1427 2C S N

1430 2C A \%

1479 3A E D/VP

1487 3A T S

1496 3A S N

1581 3C H R

1603 3C R K

1806 3D R K

1828 3D I M

1859 3D R K

1928 3D T A

1936 3D A% I

1992 3D E D

2077 3D K R

2127 3D K R

2141 3D N S

2167 3D T A

2182 3D F Y

 Variations observed between HEV71 804/NO/03 and majority (>66%) of
C2 full genome sequences (AF304457, AF304458, AF304459, AF136379,
AF176044, AF119796 and AF119795).

b Five strains had a E — D change. Two (AF119796 and AF119795) had a
E — V mutation.

The potential secondary structure of the 5" untranslated region
(5’UTR) was modeled in an attempt to elucidate the existence of
structural elements and motifs associated with neurovirulence
within the EV71 genome. Neurovirulent phenotype determi-
nants have been localized to the enterovirus 5UTR (De Jesus
et al., 2005; Evans et al., 1985; Gromeier et al., 1996, 1999;
Rinehart et al., 1997; Romero and Rotbart, 1995; Szendroi
et al.,, 2000). The highly structured internal ribosome entry
site (IRES) of the 5'UTR contains seven stem-loop structural
domains (I-VII) which are essential for cap-independent initia-
tion of translation and replication. Mutational studies of the loop
sequence and the putative stem structure immediately 5’ to the
loop in domain V have indicated the importance of this region
to virus transcription and initiation of translation (Borman et
al., 1994; Nicholson et al., 1991). Mutations within domain V
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Fig. 3. Predicted RNA secondary structures of IRES domains V, VI and VII of B1-258-Bulgaria-1975 (AB059821), B2-MS/7423/87 (U22522), B3-SK-EV006-

Malaysia-1997 (AB059826), B4-C7-Osaka-Japan-1997 (AB059825), C2-Taiwan 2276/98 (AF117634) and HEV71 804/NO/03. RNA structures were predicted
based on the lowest free energy, using the Zuker algorithm as implemented in RNA structure (version 3.71). The three protrusions depicted for each viral RNA
structure corresponds from the left to right to domains V, VI and VII. Conserved motifs are highlighted in color. Nucleotide positions found to be non-conserved in

an alignment of all available sequences of the region are highlighted in red. Conserved tertiary “K” motifs are also denoted in the figure. K and k motifs paired by
their numbers align together in the tertiary folding structure of the IRES.
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of the genome of poliovirus (PV) Sabin attenuated strains (at
nt 480, 481 and 472 for Sabin 1, 2 and 3, respectively), act as
a temperature sensitive (ts) determinants and as major determi-
nants of attenuation. The corresponding area containing those

mutations is the central loop (shaded in grey for genotype C1 in
Fig. 3). In addition, a temperature sensitive mutant of HEV71-
BrCer, including a U to C mutation at position 491, resulted in a
marked reduction in virus growth (Arita et al., 2005). Interest-
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ingly, a series of conserved covariant mutations in this domain
in the Norwegian C1 strain resulted in a slight shortening of
the central loop that clearly differentiated this genotype from all
other known genotypes (Fig. 3) (multiple 5’UTR sequences were
obtained to confirm this finding). Other genotype C1 sequences
also had this modification in the structure of the central loop
(data not shown).

A 5"UTR secondary structure feature known to be highly con-
served amongst the HEV is the C(NANCCA)G motif (loop in
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parenthesis) in the secondary structure domain V (Siafakas et
al., 2005). The first A in this motif is mutated to U in HEV71
804/NO/03. The changes observed in domain V might have
direct impact on the tertiary folding structure of the IRES and
its interaction with the 18S ribosomal RNA. Tertiary structure
elements occur in the 3’ end of a segment termed a “ribosome
landing pad”. Those structures, identified as K1, K2 and K3
(Fig. 3), involve highly conserved sites in enteroviruses and rhi-
noviruses (Nicholson et al., 1991). K2 is suggested as a potential
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Fig. 5. Structural alignment of available HEV71 RNA-dependent RNA polymerase (3Dpol) sequences of genogroup C. Conserved residues are indicated as (-).
The thumb subdomain is highlighted in grey and pink. The grey area appears beneath the fingers subdomain in the crystal structure of the polymerase. The finger
subdomains are highlighted in yellow. The palm subdomains are highlighted in light blue. Black bars above the alignment represent alpha or beta helix structures.
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binding site for the interaction between 40S ribosomes and/or
transacting factor(s) and viral mRNAs. The tertiary folding
structure K2 is theoretically destroyed by the A — U mutation
in the C(NANCCA)G motif (Fig. 3) of HEV71 804/NO/03. The
proposed K3 tertiary folding structure would also be theoreti-
cally destroyed by mutations of these conserved sites in HEV71
804/NO/03.

Interestingly, although the 5’UTRs of EV normally do not
carry sufficient phylogenetic information to allow discrimina-
tion among serotypes (Casas et al., 2001), the analysis of all
available HEV71 sequences for the domains V, VI and VII
of the 5’UTR (Fig. 4) correlates with the genotype clustering
of the VP1 gene (Fig. 2). Furthermore, the consensus pre-
dicted RNA secondary structure of the 5’'UTR represented in
Fig. 3 for each of the genotypes is conserved in all avail-
able sequences for each genotype (variable sites highlighted
in red in the figure). The functional importance of this is
that the RNA secondary structure of the 5UTR, and espe-
cially the central loop modification in C1 (that clearly dif-
ferentiates the C1 genotype from all other known genotypes)
appears to correlate with clinical outcome. All 16 cases with
C1 structure had a benign course; 26 of 57 cases with C2
structure presented with neurological disease; 17 of the 26
died. Three of 12 cases with B1-B2 structure had neurologic
disease; 2 of 3 died. One of 4 cases with B3 structure had
fatal neurologic disease. Seventeen of 41 cases with B4 struc-
ture had neurologic disease; 4 of the 17 had a fatal outcome
(Fig. 4).

The crystal structure of the poliovirus RNA-dependent RNA
polymerase (3Dpol) displays the characteristic “palm”, “fin-
ger”, and “thumb” subdomains, analogous to a right hand
(Hansen et al., 1997). Within the palm subdomain of the
polymerase is the RNA recognition motif (RRM) character-
istic of RNA-dependent RNA polymerases. The palm sub-
domain contains motifs A-E present in many polymerases
(for review see O’Reilly and Kao, 1998). Eleven amino acid
changes were observed when comparing the 3Dpol gene
between HEV71 804/NO/03 and other C2 strains (see Table 3).
While the palm-motifs A, B, C and E were conserved, a K
to R substitution in C2 strains was observed in the alpha
I region of palm-motif D (Fig. 5). Two substitutions were
also observed in the palm domain outside the palm-motifs.
Four substitutions were observed in the thumb domain in
positions involved in the alpha helix regions that are the
core of the domain and three substitutions were observed
in the finger domain. However, although structure predic-
tion algorithms do not suggest that these changes modify
the folding of the protein, we cannot exclude functional
effects.

The finger and thumb subdomains of the polymerase play a
role in modulating substrate recognition and proteolytic pro-
cessing by the 3CD peptide. These subdomains have been
implicated in oligomerization of the enzyme, a process that
is critical to substrate binding and elongation of polypep-
tide chain. The crystal structure has revealed that 3Dpol
molecules oligomerize along two interfaces: I and II. Interface-
I-mediated dimerization (or oligomerization) has been pro-

posed to promote RNA binding. Interface II is formed largely
by N-terminal peptide regions of the polymerase, of which
only residues 13-37 (thumb) and 67-97 (beneath the finger
domain) structural foldings are known. Given the unusual posi-
tion of the 67-97 fragment in that interface of the crystal
structure, it has been proposed that this N-terminal strand
of the active polymerase is donated in trans after dimeriza-
tion and is necessary for polymerase activity. A Y73H sub-
stitution of the Sabin strain of poliovirus 1 has been postu-
lated as a neurovirulence determinant in poliovirus by impair-
ing this dimerization (Paul et al., 2000). Indeed, substitu-
tions in the amino acid position 73 (together with a change
in position 363) of the HEV71-BrCr polymerase resulted in
an attenuated neurological phenotype in a monkey model
of infection (Arita et al., 2005). The HEV71 804/NO/03
polymerase presents an R to K substitution at position 75.
Interestingly, the cynomolgous macaque model of HEV71
neurological infection demonstrates that the dual presence
of 3Dpol substitutions and changes in the domain V of
the 5UTR increase the level of attenuation (Arita et al.,
2005).

Our prospective study of HEV infection in Norwegian chil-
dren over the period of September 2001 to November 2003
revealed the appearance of HEV71 in October 2002 and an
incidence rate of HEV71 infection of 0.27 persons-years there-
after. Given a population at risk of approximately 180,000 (the
number of infants below 3 years of age during the period of
assessment), there may have been as many as 48,600 infants
infected. The lack of any increase in neurological disease
strongly suggests that the virus had low pathogenicity. It is
striking therefore, that whereas all reports of C1 genotype
infection in Asia are associated with HFMD with or with-
out neurologic involvement, infection in Norway appears to
be asymptomatic. The absence of disease in Norwegian chil-
dren may reflect host factors such as genetic resistance, cross-
reactive immunity, hygiene and nutritional status. However, viral
factors are also plausible. There are no published sequences
for the 5UTR of Cl1 strains circulating in the US, Malaysia
and Australia; nonetheless, direct comparison of sequences of
C1 strains in Japan and Norway defines two clades (Fig. 4).
Whether the absence of disease in Norwegian children reflects
intrinsic viral properties or host factors remains to be deter-
mined.
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Appendix A. Oligonucleotide primers used for amplification of HEV71
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Primer (orientation) 5'-3’ sequence Region Position®
ENV71-sp-1 (F) TTAAAACAGCTGTGGGTTGCACCCAC 5'UTR 1-26
EVI167A (F) CAAGCACTTCTGTATCCCCG 5'UTR 168-187
EV580B (R) ATTGTCACCATAAGCAGCCA 5'UTR 584-603
ENV71-1510 (R) TTGTTGGTCCYCARATTAATCCACTGRTGTGGGCA VP2 1485-1519
ENV71-sp-1345 (F) GAGTATGTCATTGGGACATGGCAGG VP2 1338-1363
ENV71-sp-1809 (R) GGTATRTGRATACACGGGTGGGGTG VP3 1800-1825
ENV71-sp-1809 (F) CACCCCACCCGTGTATYCAYATACC VP3 1800-1825
ENV71-sp-2250 (R) TGCGCTCTGTAGTGAGTGTTGCTGATCCATGG VP3 2223-2254
ENV71-sp-2231 (F) CCATGGATCAGYAACACTCAYTACAG VP3 2223-2248
ENV71-sp-2250 (F) CCATGGATCAGCAACACTCACTACAGAGCGCA VP3 2223-2254
VP1-2S-ENV71 (F) CARTAYATGTTTGTICCSCCYGG VP1 2895-2917
HEV71-sp-2921 (F) CCAAGCCAGACTCCAGAGAA VPI 2923-2942
ENV7ISP (F) GCACAGGTYTCIGTICCRTTYATGTC VP1 3003-3028
VP1-2A-ENV71 (R) TCACAACCYTGRGCRGTGGTAGA 2A 3462-3484
ENV71-3497 (F) TGTAATTGTCAGACAGGGGTGTAT 2A 3498-3521
ENV71-4430 (R) CATACAGGTTCAATACGGTGTTTGCTCTTGAACTGC 2C 4415-4450
ENV71-4405 (F) TAATTACATGCAGTTCAAGAGCAAA 2C 4407-4430
ENV71-4958 (R) TGTATCTCACCTTGGACTTSCTATC 2C 4959-4983
ENV71-4958 (F) GATAGSAAGTCCAAGGTGAGATACA 2C 4959-4983
ENV71-4405 (R) TTTGCTCTTGAACTGCATGTAATTA 2C 4407-4430
ENV71-4409 (R) TGCTCTTGAACTGCATGTAATTATTCAT 2C 4401-4428
ENV71-5604 (R) TTAGTATCAAGCGTTACCAGTGTGA 3C 5605-5629
ENV71-5604 (F) TCACACTGGTAACTCTTGATACTAA 3C 5605-5629
ENV71-5790 (R) GTTGGGAAATTGTACATCATAGTCC 3C 5791-5812
ENV71-5664 (F) AAACAATTAGTCCTGCTAGTGATGC 3C 5665-5689
ENV71-6513 (R) CCAAATGTCATTCTCAAGTACACTG 3D 6490-6514
ENV71-6655 (F) TATGAYGCTAGYCTYAGYCCIGTGTGGTTCAG 3D 6648-6679
RPOL-1S (F) YGARGCIWSIAGYYTIAAYGA 3D 6467-6487
RPOL-1A (R) AWRTTRTTRATCATWGARTTRAAIAT 3D 6825-6850
EV7408B (R) GCTATTCTGGTTATAACAAA 3'UTR 7392-7411

2 Relative to the genome of HEV71/enterovirus 5865/sin/000009 (GenBank accession number AF316321).

Appendix B. Clinical isolates used in phylogenetic analysis of the complete VP1 gene of HEV71

Reference Strain name Year Origin Outcome® Group Nucleotide database accession no.
Brown and Pallansch (1995) BrCr-CA-70 1970 USA Encephalitis A U22521
Shimizu et al. (1999) Nagoya/Japan 73 1973 Japan NA Bl AB059813
Brown et al. (1999) 2604-AUS-74 1974 Australia Meningitis Bl AF135883
Chumakov et al. (1979) 258/Bulgaria 75 1975 Bulgaria Polio-like B1 AB059814
Brown et al. (1999) 2238-NY-77 1977 USA NA B1 AF135876
Brown et al. (1999) 2231-NY-77 1977 USA NA Bl AF135870
Nagy et al. (1982) Hungary 78 1978 Hungary Polio-like Bl ABO059815
Brown et al. (1999) 4644-AR-83 1983 USA NA B2 AF135896
Brown et al. (1999) 4826-CT-83 1983 USA NA B2 AF135897
Brown et al. (1999) 6762-OK-86 1986 USA NA Bl AF135900
Brown et al. (1999) 2623-AUS-86 1986 Australia HFMD Cl AF135945
Brown et al. (1999) 7631-PA-87 1987 USA Gastroenteritis B2 AF009533
Brown et al. (1999) 8279-PA-87 1987 USA NA B2 AF009537
Brown et al. (1999) 7238-AK-87 1987 USA Rash Cl AF135952
Brown et al. (1999) 2222-1A-88 1988 USA Fever B2 AF009540
Brown et al. (1999) 0926-OR-91 1991 USA NA Cl AF009548
McMinn et al. (2001) MY755/3/SAR/97 1997 Sarawak HFMD B3 AF376076
McMinn et al. (2001) MYG6/2/SAR/97 1997 Sarawak ACS B3 AF376075
Herrero et al. (2003) 0899-MAA-97 1997 Malaysia Meningitis B3 AY207642
Singh et al. (2000) 18-SIN-97 1997 Singapore AFP B4 AF251359
Brown et al. (1999) 0756-MAA-97 1997 Malaysia NA Cl AF135935
McMinn et al. (2001) 3799/SIN/98 1998 Singapore HFMD B3 AF376117
McMinn et al. (2001) 4350/SIN/98 1998 Singapore HFMD B3 AF376119
Li et al. (2005) 2896-TAI-98 1998 Taiwan NA B4 AF286516
McMinn et al. (2001) 4575/SIN/98 1998 Singapore HFMD Cl AF376120
Yan et al. (2000) NCKU9822 1998 Taiwan Fatal Cc2 AF136379
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Reference Strain name Year Origin Outcome? Group Nucleotide database accession no.
Shih et al. (2000) TW/2086/98 1998 Taiwan Benign Cc2 AF119796
Li et al. (2005) 3254-TAI-98 1998 Taiwan NA C4 AF286531
Cardosa et al. (2003) SHZH98 1998 China NA C4 AF302996
McMinn et al. (2001) 11F/AUS/6/99 1999 Australia Meningitis B3 AF376089
McMinn et al. (2001) 18F/AUS/6/99 1999 Australia HFMD B3 AF376095
McMinn et al. (2001) 19M/AUS/6/99 1999 Australia HFMD B3 AF376096
McMinn et al. (2001) 4F/AUS/4/99 1999 Australia GBS B3 AF376105
McMinn et al. (2001) 7TF/AUS/6/99 1999 Australia Meningitis Cc2 AF376108
McMinn et al. (2001) 15M/AUS/8/99 1999 Australia HFMD C2 AF376092
McMinn et al. (2001) 27M/AUS/2/99 1999 Australia HFMD Cc2 AF376102
McMinn et al. (2001) 2M/AUS/3/99 1999 Australia Myelitis C2 AF376103
McMinn et al. (2001) 6F/AUS/6/99 1999 Australia Encephalitis Cc2 AF376107
McMinn et al. (2001) 8M/AUS/6/99 1999 Australia Myelitis Cc2 AF376109
McMinn et al. (2001) SM/AUS/5/99 1999 Australia Meningitis Cc2 AF376106
McMinn et al. (2001) 9F/AUS/6/99 1999 Australia Ataxia Cc2 AF376110
McMinn et al. (2001) S21082/SAR/00 2000 Sarawak HFMD B4 AF376084
Singh et al. (2002) 5865/5in/000009 2000 Singapore Fatal B4 AF316321
Singh et al. (2002) 5666/sin/002209 2000 Singapore Fatal B4 AF352027
Mizuta et al. (2005) 934-Yamagata-00 2000 Japan HFMD B4 AB177809
Mizuta et al. (2005) 980-Yamagata-00 2000 Japan HFMD B4 AB213624
McMinn et al. (2001) S40221/SAR/00 2000 Sarawak HFMD Cl AF376087
McMinn et al. (2001) 1M/AUS/12/00 2000 Australia HFMD Cl1 AF376098
Shimizu et al. (2004) F2-CHN-00 2000 China NA C4 AB115491
Shimizu et al. (2004) H25-CHN-00 2000 China NA C4 AB115492
Shimizu et al. (2004) H26-CHN-00 2000 China NA C4 AB115493
Cardosa et al. (2003) KOR-EV71-01 2001 Korea NA C3 AY 125966
Cardosa et al. (2003) KOR-EV71-02 2002 Korea NA C3 AY 125967
Mizuta et al. (2005) 2542-Yamagata-03 2003 Japan HFMD BS AB177815
Mizuta et al. (2005) 2716-Yamagata-03 2003 Japan HFMD B5 AB177816
Mizuta et al. (2005) 2419-Yamagata-03 2003 Japan HFMD BS AB213647
Mizuta et al. (2005) 2933-Yamagata-03 2003 Japan HFMD B5 AB213648
Mizuta et al. (2005) 2934-Yamagata-03 2003 Japan HFMD BS AB213649
Mizuta et al. (2005) 2972-Yamagata-03 2003 Japan HFMD B5 AB213650
Mizuta et al. (2005) S110031-SAR-03 2003 Sarawak NA BS AY258307
Mizuta et al. (2005) S19741-SAR-03 2003 Sarawak NA BS AY258313
Mizuta et al. (2005) 1530-Yamagata-03 2003 Japan HFMD C4 AB213638
Mizuta et al. (2005) 1799-Yamagata-03 2003 Japan HFMD C4 AB213641
Mizuta et al. (2005) 2316-Yamagata-03 2003 Japan HFMD C4 AB213644

2 NA, not available; CNS, central nervous system; AFP, acute flaccid paralysis; ACS, acute cardiogenic shock; GBS, Guillain—Barré syndrome.
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INFECTIOUS DISEASE

Predictors of sub-clinical enterovirus infections
in infants: a prospective cohort study
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Background Enterovirus infections are common, although most often sub-
clinical. The present purpose was to assess the impact of breastfeed-
ing and other factors on enterovirus infections in infancy.

Methods A prospective observational study was carried out on a population-
based cohort of 639 Norwegian infants aged 3-12 months. The
outcome was enterovirus RNA measured in monthly stool samples.
Data on underlying determinants, such as dietary feeding and
household factors, were reported in parental questionnaires.
Multivariable logistic regression was performed to allow for
common confounders. Statistical analyses were performed by
GLLAMM using Stata 9.2, which corrects for subject-specific
random effects.

Results The prevalence of enterovirus in stools was 11.1% (475/4279). Risk
of enterovirus infection decreased with increasing number of daily
breastfeeds; the effect was most pronounced at the age of 3 months
[odds ratio (OR), 0.85; 95% confidence interval (CI) 0.8-0.9,
P <0.001], gradually declining thereafter, reaching no effect at
11 months. Increased risk was associated with having one or
more sibling(s) (OR 1.89; 95% CI 1.2-3.0), particularly if they
attended daycare (OR 2.46; 95% CI 1.4-4.2), and with increasing
exposure to other children (OR 1.04; 95% CI 1.0-1.1). There was a
tendency towards higher prevalence of infection when a house-
hold’s drinking water came from a well, and a protective effect of
owning a dog or cat.

Conclusions Several factors may modify the risk for enterovirus infections in the
first year of life. This study supports the protective effect of breast-
feeding. The protection decreased with age and increased with dose
of ingested milk.

Keywords Enterovirus, breastfeeding, infant, multivariable logistic regression,
prospective cohort study, predictors
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Introduction

Enterovirus infections are common in infancy, being
usually asymptomatic and self-limiting.! They may,
however, cause haemorrhagic conjunctivitis, aseptic
meningitis, neonatal sepsis-like disease and acute
flaccid paralysis.? Moreover, even asymptomatic infec-
tions may impact on health; enteroviruses have been
postulated to trigger or accelerate type 1 diabetes.’

Breastfeeding may be an important protective factor
for a variety of infectious diseases. It has been asso-
ciated with reduced incidence of overall infections,
gastrointestinal or respiratory tract infections in
industrialized countries.* Increased duration, as well
as exclusiveness of breastfeeding, have been asso-
ciated with greater protective effects.>™” Moreover,
the protection provided by breastfeeding on infant
mortality to infectious diseases, declined steadily
with age during infancy.'® There is also evidence for
protection from clinical infections extending vyears
after termination of breastfeeding.'''?

Despite the clinical importance of enterovirus
infections, only two studies have examined the
effect of breastfeeding on these infections.?*?!
It remains unclear whether there are dose-response
effects of breastfeeding, or whether the protection
provided from breastfeeding depends on the age of
the infant. In order to address these issues, infant
feeding and health outcome data should be collected
prospectively at frequent intervals. Breastfeeding is
typically assessed as dichotomous (e.g. ever/never),
trichotomous (exclusive vs partial vs none) or by
duration. Prospective, population-based studies using
a longer ordinal scale find significant dose-response
effects as to the diagnosis of infections.’'®!”
Moreover, a sensitive and specific method for asses-
sing the infection is a prerequisite for investigating
the predictors of infection. The cell culture techniques
used for the detection of enteroviruses by most previ-
ous epidemiological studies suffer from a substantial
bias, as the detection of various types of enteroviruses
has varying sensitivities.?* Finally, observational
studies should control for confounding factors and
effect modifiers associated with both putative predic-
tors of infections (exposures) and infant infection
(outcome). Although the available data on predictors
of enterovirus infections are limited, enterovirus
prevalence and transmissibility may depend on factors
such as age, climate, geographic region, season,
crowding, housing conditions, siblings and socio-
economic status.?'?>7%®

In the present report, the above issues have been
taken into consideration. The aim was to carry out
an analysis of the independent impact of putative
predictors, in particular breastfeeding, on sub-clinical
enterovirus infections in the first year of life. In
contrast to prior studies, the effect of breastfeeding
was assessed prospectively via monthly recordings
of a quantitative measure of daily breastfeeding
on a continuous scale to assess dose-response

relationships, age and long-term effects of breastfeed-
ing. A reverse transcriptase polymerase chain reaction
(PCR), targeted into a region well conserved across
enteroviruses, was used to increase the sensitivity of
detection. Other putative predictors were assessed
simultaneously, with a proper adjustment for putative
confounders.

Methods

Study design and sample size

Data from the present study were derived from the
Environmental Triggers of Type 1 Diabetes Study
(with the Norwegian acronym MIDIA), a prospective
cohort study in Norway described in more detail
elsewhere.'?’ Briefly, newborns were recruited from
the general population at their first visit at public
healthcare centres. Genetic testing identified children
carrying the type 1 diabetes high-risk genotype
DRBI1%0401-DQAI"03-DQB1*0302/DRB1*0301-DQAI*05-

DQBI*02 (often referred to as DR4-DQ8/DR3-DQ2) for
further follow-up. The high-risk genotype is carried
by 2.1% of the Norwegian newborns, with 6% risk
of developing type 1 diabetes before the age of
15 years.’*? Beginning at 3 months of age and fol-
lowed up to 12 months of age, monthly stool samples
were taken by the parents, and data on putative
predictors of infection were obtained from mailed
questionnaires at ages 3, 6, 9 and 12 months. The
mothers were requested to keep daily breastfeeding
and supplementary feeding records, which could be
used to help fill out the questionnaires. In addition,
from 2004, children without the high-risk genotype
were enrolled to the study and followed in the
same manner. The Regional Committee for Medical
Research  Ethics and the Norwegian Data
Inspectorate approved the study, and written
informed consents were obtained from the parents.

The analysis reported here focuses on data from 639
children (50.1% males) enrolled during the period
from September 2001 to April 2006. The majority
[62% (394/639)] of the children did not carry the
high-risk genotype, and >70% of the children were
residing in the counties of Akershus (southeast
Norway) and Hordaland (west coast), two counties
separated by >400 km.

Of the scheduled monthly stool samples, 95% were
received. Prior to 2004, 113 children were recruited,
and for these children enterovirus was analysed for
(see ‘Measures’ section) in all stool samples. For
the children recruited later, 69% of the samples were
analysed at random due to reduced analysing capacity.
Figure 1 shows the frequency of the number of longi-
tudinal stool samples tested for enterovirus per child.
Each child had at least one sample analysed. Fifty
percent of children were followed until >8 months
of age with corresponding data on enterovirus and
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Figure 1 Frequency (%) of the number of longitudinal
monthly stool samples tested per child among the 639
children in the study (7 =4270). Total 10 children had two
samples tested instead of one, for one of the sample-
months. One sample tested for a child, correspond to one
month of follow-up; two samples correspond to 2 months
of follow-up, and so on

questionnaire data, and 30% completed follow-up in
the first year of life with 10 or 11 stool samples.

For ~5% of the analysed stool samples, there was no
corresponding information on breastfeeding (see
‘Measures’ section) either because the whole ques-
tionnaire was missing, or because the mother did
not answer the breastfeeding questions. The corre-
sponding stool samples were not included in the
present report, leaving a data set of 4279 observa-
tional person-months for statistical analysis.

Measures

Main outcome measure

Infection with enterovirus was the main outcome for
this analysis. Total nucleic acids were purified from
stool suspension and enterovirus nucleic acid was
detected and quantified using a one-tube real-time
reverse transcriptase PCR targeting to highly con-
served sequences in the 5 untranscribed region of
the enterovirus genome designed for detection of all
enteroviruses as previously described.! The analytical
sensitivity and specificity of the assay’s primer-probe
system has been extensively verified by its authors.”?
An enterovirus infection was defined as the presence
of enterovirus RNA in a stool sample above a given
detection threshold (equivalent to a virus quantity
>0.1 median tissue culture infective dose (TCID50)
of a selected strain).

Predictors of infection

The following variables were regarded to be of special
interest as putative predictors of infection: infant
breastfeeding, number of siblings, had sibling(s)

in daycare at age 3 months, daytime company of
other children, household water supply and owner-
ship of pets (cat or dog). The following variables
were regarded as confounders: human leucocyte anti-
gen (HLA) high-risk for type 1 diabetes, gender, age of
child, season and year when stool sample was taken,
county of residence and maternal age and education.

Demographic variables (sex, maternal age and edu-
cation), data on siblings and siblings attending
daycare, household water supply and pets were
assessed from the parental questionnaires submitted
at study entry, and treated as constant variables.
Information on county of residence, breastfeeding,
supplementary feeding (breast milk substitution,
other non-human milk products, solid foods) and
the daytime company of other children, was collected
regularly (every or every third month). These were
treated as time-dependent variables. The family’s
drinking-water source was categorized into public
and private waterworks, or as other sources. Missing
values in continuous predictors were imputed
(Supplementary data available at IJE online).
Categorical predictors with missing observations were
extended by one extra category indicating missing.

Our main measure of breastfeeding was continuous
or the average number of breastfeeds per day. Since
this covariate was found to be inversely correlated to
the frequency of supplementary feeding at all ages
(Supplementary Table 1 available at IJE online), sup-
plementary feeding was not included as a predictor
in our model of infections. Other alternative
models of breastfeeding were breastfeeding or predo-
minantly breastfeeding as dichotomous variables.
Categorization of breastfeeding into predominant
breastfeeding was in accordance with the WHO clas-
sification ~ system,”* which defines predominant
breastfeeding as when the infant’s predominant
source of nutrition is mother’s milk. We also sought
to investigate whether previous breastfeeding may pro-
tect against infection, when breastfeeding the same
month was already accounted for. Thus, the predictor
‘number of breastfeeds per day the previous month’
was added to the first model. In another model, the
accumulated value of the average number of breast-
feeds per day from birth until the previous month was
added. In this model, we assumed that the number of
daily breastfeeds for the first 2 months in life was
equal to the average number at age 3 months.

Statistical analysis

Univariable analysis was conducted to examine the
association between enterovirus prevalence and
the predictors defined previously. Multivariable
logistic regression analyses were computed using a
full model with all the covariates (predictors and con-
founders). All these covariates were kept in the main
model, including those covariates not associated with
infection. Further, as the effect of several covariates
was expected to change as the child became older, the
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model was extended by interaction terms (cross
products) involving the children’s age. Only the inter-
action terms associated with infection (P < 0.05) were
retained in the final model as assessed by the likeli-
hood ratio test.

To be more specific, let y;,; be the measurement of
enterovirus infection at age-month a for child i,
taking the values 1 (infection) or 0 (no infection).
Furthermore, let p;,, be the probability of child i
having an enterovirus infection at age a (i.e. y;=1),
conditioned on P corresponding covariates X,; j=1,
..., p. To model the dependence among the repeated
measurements of infection given the covariates, a
subject-specific random intercept, Bo;, was included
giving the model logit  (pi) =10g(pia/(1-pia))
= Boi+ BiXai1 + - - - + BXaip, Where By is normal distrib-
uted with mean B, and variance 8%, and the other Bs
are (fixed) regression coefficients. The inclusion of B;
allows the probability of infection to vary between
children, even after controlling for the covariates.
Generalized Linear Latent and Mixed Models
(GLLAMMs) were used to perform the analysis
using Stata 9.2.*° The covariates were entered simul-
taneously in the model. The correlation matrix of all
the multivariable parameter estimates was assessed
(by the ‘correlate, coef” postestimation command in
Stata 9.2) to determine if there were any problems
with multicollinearity of the independent variables
in the model.

Results

The overall prevalence of enterovirus infection in
stools was 11.1% (475/4279). Most children (54%)
had at least one infection by the age of 12 months.
The unadjusted prevalence of infection was lower in
stool samples from breastfed infants compared with
stool samples from non-breastfed infants, particularly

20 X
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144,
12X

Prevalence (%)
=
1

0 T T T T T T T T 1
3 4 5 6 7 8 9 10 11 12
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- - -X- - - Not breastfed —e— Breastfed at least once per day

Figure 2 Prevalence of enterovirus in stool samples by
age for 639 children categorized into either not breastfed
or breastfed at least once per day (n=4279)

before the age of 6 months (Figure 2). Of the mothers
completing the questionnaires on breastfeeding, 3%
(19/609) did not breastfeed at all, whereas 54%
were still breastfeeding at 12 months postpartum.
The frequency of predominant breastfeeding
could be assessed at 3, 6, 9 and 12 months in 588
of the infants: 54% were predominantly breastfed for
>3 months and 11% were predominantly breastfed
for >6 months. The number of breastfeeds per
day among breastfeeding infants ranged from 1 to
16 (mean=5.5). The frequency of breastfeeding was
lower in older infants (Table 1).

The frequency of daily breastfeeding was associated
with the frequency of enterovirus infection, e.g. in
stools from infants breastfed six or less times, the
unadjusted prevalence of infection was 11.0%, com-
pared with 8.5% in stools from those breastfed more
than six times per day independent of age (Table 1).
In stools from infants having one or more sibling(s)
the prevalence of infection was 14.0%, compared with
5.8% for those not having any sibling(s) (Table 1).

Modelling the number of breastfeeds per day as a
continuous variable in the multivariate logistic regres-
sion analysis showed a similar relation: at the age of
3 months the odds ratio (OR) per additional breast-
feed was 0.85; 95% confidence interval (CI) 0.8-0.9,
P <0.001 (Table 2). The OR of having an infection
decreased to 0.38 (0.85°) if the number of breastfeeds
per day at age 3 months was six, i.e. the risk was 2.6
times as high for an infant not breastfed compared with
an infant breastfed six times per day. The protective
effect of breastfeeding declined with age, being most
pronounced at the age of 3 months and then gradually
fading until about 11 months. Previous breastfeeding
was not associated with protection from current enter-
ovirus infection when current breastfeeding was
accounted for (alternative models, not shown in
Table 2). This was observable in two different models:
one included the number of breastfeeds per day in the
preceding month (P =0.44); the other included the sum
of daily breastfeeding from birth until the previous
month (P=0.13).

Other predictors of enterovirus infection included
having at least one sibling (OR 1.89; 95% CI 1.2-3.0
compared with having no sibling), and in particular,
if sibling(s) were attending daycare reported when
the child was 3 months old. The effect of the latter
covarieate decreased by increasing age of the infant.
At the age of 3 months the OR was 2.46 (95% CI 1.4—
4.2), and then the OR dropped to 1.74 at the age of 12
months. There was a tendency towards increased
prevalence of infection with increasing daytime com-
pany of other children (P=0.053) (Table 2). This
effect became significant if the two related variables
were deleted from the model, number of siblings and
had sibling(s) attending daycare at age 3 months,
although the OR was almost unchanged (P=0.009).
There were not any problems with multicollinearity of
the independent variables in the model we applied.
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Table 1 Proportion (%) and corresponding enterovirus
prevalence (%) for categories of putative predictors and
confounders (n=4279 stool samples)

Proportion of Enterovirus
stool samples prevalence

Covariates (% of 4279) (%)

Putative predictors
Number of breastfeeds per day

0 27.3 13.9
0-6 45.0 11.0
>6 27.7 8.5
Number of breastfeeds per day at age <6 months
0 14.1 13.9
0-6 35.8 8.3
>6 50.1 7.7
Number of breastfeeds per day at age >6 months
0 37.8 14.0
0-6 52.2 12.4
>6 10.0 11.7
Number of siblings®
0 28.8 5.8
>1 57.2 14.0
NA 14.0 10.2
Had sibling(s) in daycare at age 3 months®
No® 60.9 8.1
Yes 39.1 15.8
Daytime company of other children (number of children)
0 373 7.7
0-3 56.3 12.6
>3.0 6.4 17.8
Household water supply®
Public waterworks 87.4 11.2
Well or borehole 5.9 13.1
Private waterworks 3.9 7.9
Small lake or brook 1.0 9.8
NA 1.9 6.0
Pets (dog/cat)®
No 59.0 12.0
Yes 20.0 9.9
NA 21.0 9.8
HLA high-risk for type 1 diabetes
No 60.5 12.0
Yes 39.5 9.8
Gender
Female 499 11.0
Male 50.1 11.2
(continued)

Table 1 Continued

Proportion of Enterovirus
stool samples prevalence

Covariates (% of 4279) (%)
Age (months)
<6 44.1 8.8
>6 55.9 12.4
Season
January 5.9 5.9
February 8.1 4.9
March 9.1 5.1
April 7.6 4.6
May 7.5 4.0
June 6.2 7.2
July 7.9 13.4
August 10.1 13.6
September 8.8 17.3
October 9.5 21.9
November 10.8 16.2
December 8.4 12.0
Year
2005/2006 63.0 11.6
2004 17.0 11.8
2003 11.1 7.8
2002/2001 8.9 10.3
County of residence
Akershus 53.4 11.5
Hordaland 18.1 11.0
Other counties 28.5 10.5
Maternal age (years)?
<31 54.7 11.1
>31 453 11.1
Maternal education®
High-school graduate  28.9 11.5
or less (<12 years)
1-4 years in college 29.8 11.3
>4 years in college 16.1 11.3
NA 25.1 10.3

“Reported at delivery or at 3-month questionnaire of index
child.

®Sibling(s) is not attending daycare or child has no siblings.
NA = Missing data for respective covariate.

The highest (in absolute value) correlation among all
pairs of coefficients was —0.79 between the regression
coefficients for stool sampling in year 2003 and the
interaction term stool sampling in year 2003 with age.
Also, changing the detection threshold for enterovirus
positivity (to e.g. 10 and not 0.1) did not change the
estimate of this predictor, e.g. towards a stronger
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Table 2 ORs from univariable and multivariable logistic regression analysis for predictors of enterovirus infection in
monthly longitudinal stool samples from 639 children aged 3-12 months, Norway, 2001-2006 (17 =4279)

Multivariable
Adjusted OR® (95% CI) P-value

Univariable
Unadjusted OR?

Covariates
Number of breastfeeds per day (continuous)

Effect at age 3 months 0.91 (0.87-0.94) 0.85 (0.79-0.92) <0.001

Effect at age 12 months (as above) 1.01 (0.92-1.11) 0.79
Number of siblings®¢

0 1.0 1.0

>1 1.55 (1.24-1.94) 1.89 (1.18-3.01) 0.01
Had sibling(s) in daycare at age 3 months®¢

No¢ 1.0 1.0

Yes, effect at age 3 months 2.45 (1.89-3.18) 2.46 (1.42-4.25) 0.001

Yes, effect at age 12 months (as above) 1.74 (1.02-2.96) 0.04
Daytime company of other children 1.08 (1.05-1.12) 1.04 (1.00-1.07) 0.05
(number of children, continuous)
Household water supply“® 0.16f

Public waterworks 1.0 1.0

Well or borehole 1.42 (0.83-2.43) 1.58 (0.89-2.80)

Private waterworks 0.77 (0.38-1.57) 0.53 (0.24-1.19)

Small lake or brook 0.81 (0.20-3.38) 0.72 (0.15-3.45)
Ownership of pets (dog/cat)“?

No 1.0 1.0

Yes 0.85 (0.60-1.20) 0.72 (0.50-1.03) 0.07

?OR adjusted for random effects. Constant over age of sampling.

POR mutually adjusted for all predictors listed in the table and the confounders HLA risk for type 1 diabetes, gender, age, season,
year, county of residence, maternal age and education, and random effects. The interaction effects are equivalently reported as the
OR of the main effect at two time points (age 3 and 12 months). P values are two sided.

“Reported at delivery or at 3-month questionnaire of index child.

9The missing data category (‘NA’) for respective covariate was retained in the multivariable analysis but is for simplicity excluded

from the table, because results for these categories are not easily interpreted anyway.

“Sibling(s) is not attending daycare or child has no siblings.

foverall P-value (for categorical variables with more than two categories).

effect (data not shown). In general, the results of the
statistical analysis were insensitive to the exact choice
of this threshold value.

Furthermore, there was a tendency towards a higher
risk of infection for children whose household drink-
ing-water source came from a private well or borehole
compared with those whose source was public water-
works (overall P=0.16). For children having a cat or
a dog in the household compared with those not
having these pets there was a tendency towards a
lower risk of infection (P=0.07) (Table 2).

There were some additional covariates, regarded as
confounders, among them season and year of sam-
pling, as shown in a complete table of all covariates
included in the regression model (Supplementary
Table 2 available at IJE online). Indeed, the preva-
lence of enterovirus in the population varied among
calendar years, and risk of infection also varied by
season October was the month with the highest risk

(OR 5.63; 95% CI 2.9-11.1). HLA-conferred suscepti-
bility for type 1 diabetes, gender, socio-economic
status and county of residence were not significantly
associated with risk, although carrying the HLA high-
risk genotype might warrant consideration in further
studies (OR 0.67; 95% CI 0.5-1.0; P=0.050).

There was a substantial heterogeneity of infection
between children, visible also after adjusting for
inequalities in covariates. The estimate of the
mean B, of the subject-specific intercepts was —3.53
(P <0.0001; 95% CI 4.8 to —2.2) and its correspond-
ing standard deviation & was 0.90, with standard
error 0.19.

Discussion

The present data suggest that breastfeeding has a
strong protective effect on enterovirus infection,
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especially during early infancy. In children aged 3
months the risk decreased by 15% with each breast-
feeding per day. The results support the protective
effect of breastfeeding found in previous studies.?*?!
A study on neonatal (<1 months of age) enterovirus
infections found that breastfeeding was associated
with protection,? and a more recent study found
that infants exclusively breastfed for >2 weeks had
fewer enterovirus infections by the age of 1 year
compared with those breastfed less.” An advantage
of the present study compared with previous publica-
tions is the detection of virus directly from stool sam-
ples. This eliminates the bias of serological surveys in
which maternal antibodies can disturb the measure-
ment of enterovirus specific immunoglobulin (Ig) G
in young children.

With a substantially larger number of subjects and
samples than in previous studies®**' we were able to
demonstrate that the protective effect of breastfeeding
lasted until ~11 months of age, being most pro-
nounced at 3 months and gradually vanishing there-
after. In this regard, it is interesting to note that in
less developed countries, the protection provided by
breastfeeding on infant mortality due to infectious
disease decline steadily with age.'® The weakening
protection over age can be explained by a decline in
the concentration of immune components in human
milk,”® or by the immaturity of the infant’s own
immune system at an early age.

A mechanism for the observed dose-dependent pro-
tective effect of breastfeeding is unknown, but some
data indicate that the replication of the prototype
enterovirus, poliovirus, in the intestine depends on
the level of pre-existing secretory IgA antibodies
from breast milk.’® Dose-response effects have pre-
viously been reported for other infections,®>*4!¢!7
but not for enterovirus. However, a recent study
could not find any associations between breastfeeding
intensity and infant visits for otitis media, respiratory
and gastrointestinal illness or total illness visits, in a
low-income, multi-ethnic population.® Low exclusive
breastfeeding rates might be a reason for this finding.

The benefits of exclusive breastfeeding for health in
infants have been widely described*® and, moreover,
the optimal duration of exclusive breastfeeding have
been continuously debated.’'®'*'> The data pre-
sented here suggest that even a single dose of breast-
milk per day, and continued breastfeeding past the
recommended 6 months reduce enterovirus infections
in infants. Long-term effects of breastfeeding could
not be observed in the present study, indicating that
the most important benefit of breastfeeding is the
infant’s immediate protection.

Having at least one sibling, especially one that
attends daycare, was an important risk factor
for enterovirus infection (Table 2). These findings
are, in general, in accordance with previous
reports.”'*>2#2837 The risk associated with having
siblings in daycare decreased slightly with age, in

line with the protective effect of breastfeeding
decreasing over age. This may indicate a common
explanation such as the immaturity of the child’s
immune system leading to increased susceptibility in
early age; or it might be an artefact, because this
predictor was reported at 3 months of age, and there-
fore may have changed when the infant became older.

Interestingly, infants whose drinking-water supply
were private boreholes or wells had an increased fre-
quency of enterovirus infections compared with those
using public waterworks (P>0.05). This finding is
supported by other studies which have detected enter-
ovirus contamination in drinking water wells around
the world.**™* Enteroviruses have been found in sur-
face and ground water throughout the world*®27%732,
even after chlorination and in the absence of fecal coli-
forms. However, little is known as to whether sources of
drinking-water really constitute a common route of
infections in the developed world.

When we excluded the covariates not related to
infection in the multivariable analysis, except for
HLA genetic risk group and ‘the daytime company
of other children” (had borderline significant
P values) (Supplementary Table 2 available at IJE
online), we confirmed that the results was approxi-
mately the same as the full model retaining all the
predefined covariates.

Not all stools were analysed for enterovirus in chil-
dren recruited to the study after 2004 due to reduced
analysing capacity. Moreover, the proportion of
unanalyzed samples is higher for the older children
than for the younger ones, because children recruited
late did not reach the age of 12 months by the end of the
study period. Therefore, since breastfeeding decreases
systematically with increasing age it is important
to correct for age and sampling year in addition to
other predictors of enterovirus infection, as we did in
the statistical analysis, to generate unbiased results.

There were missing data for the number of siblings
(14%) and pet ownership (21%) (Table 1). Simply
deleting these observations could have introduced
bias, if the (unknown) proportions of having siblings
or having pets in the ‘missing data’ categories differ
from the rest of the samples (Supplementary Table 2
available at IJE online). These observations were
retained in the multivariable analysis with an extra
‘missing data’ category for each of the two variables.
Using this strategy, no observations are lost and bias
introduced by deleting data is avoided.

Additionally, substantial heterogeneity among chil-
dren in the study was observed, which we controlled
for when including a random intercept in our model.
The inherent heterogeneity of the population may
reflect yet undisclosed host genetic factors determin-
ing and modifying the susceptibility for infection.

This study has some limitations: the quantities of
enterovirus in the stool samples varied over more
than five orders of magnitude, whereas the outcome
was dichotomized. Indeed, different quantities of
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enterovirus may elicit different levels of response
at the immunological and clinical level. We also did
not assess if exposures were related to duration of
an infection, only the frequency of positive stool sam-
ples, since we did not differentiate between new
vs continuing infections. It is conceivable that the
predictors may differ in their ability to start or main-
tain an enterovirus infection in an infant. In fact,
breastfeeding may lower the duration of respiratory
infection and diarrhoea.®"?

Monthly testing for enterovirus using nucleic acid
extracted from stool is a wvalid strategy towards
increasing sensitivity, as the gastrointestinal tract is
the primary site of enterovirus replication. Monthly
intervals are a compromise between sensitivity and
the compliance of the parents. Only infection episodes
with a very low viral load or short duration would
escape the present detection scheme.

In conclusion, we have confirmed the previously
observed protective effect of breastfeeding against
sub-clinical enterovirus infection in otherwise
normal infants during the first year of life. In addi-
tion, we observed a reduced protective effect in older
children and the presence of a dose-response relation-
ship, such as the higher the proportion of an infant’s
feeding that comes from human milk, the lower the
prevalence of enterovirus infection. Long-term effects
of breastfeeding could not be observed. A higher prev-
alence of infection was positively associated with
having sibling(s), in particular if they attended
daycare, and with the exposure to an increasing
number of other children.

Supplementary data

Supplementary data are available at IJE online.
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KEY MESSAGES

tion in the first year of life.

more protection.

infancy.

o The study revealed that daily breastfeeding has a pronounced protective effect on enterovirus infec-
e The protective effect of breastfeeding is strongest at an early age, and gradually declines with
increasing age, reaching no effect at 11 months.

e The protection afforded by breastfeeding is dose dependent. The higher dose of ingested milk, the

e Having at least one sibling, in particular if they attend daycare, increases the risk of infection in early
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Parechoviruses are assumed to be common
infectious agents, but their epidemiologic and
pathogenic properties are not well known. The
aim of the present study was to assess the
prevalence and molecular epidemiology of Par-
echovirus in Norwegian infants, as well as to
investigate whether the presence of virus corre-
lated with symptoms of infection. A group of 102
infants was longitudinally followed: 51 infants
with a high genetic risk for type 1 diabetes (aged
3-35 months), and 51 children without this
genotype (aged 3-12). Stool samples were
obtained each month, and symptoms of infection
were recorded regularly on questionnaires.
Human parechovirus was detected in 11.3% of
1,941 samples examined by real-time RT-PCR.
There was a distinct seasonality, peaking from
September to December. By 12 months of age,
43% of the infants had had at least one infection,
while 86% of the infants had encountered the
virus by the end of the second year. Based on
the VP1sequence, human parechovirus 1wasthe
most prevalent type (76%), followed by human
parechovirus 3 (13%), human parechovirus 6
(9%), an unclassified human parechovirus (1%),
and human parechovirus 2 (1%). Ljungan virus, a
murine parechovirus, was examined with a
separate real-time RT-PCR, but no virus was
detected. There was no significant association
between infections and the following symptoms:
coughing, sneezing, fever, diarrhea or vomiting.
In conclusion, human parechovirus infects fre-
quently infants at an early age without causing
disease. J. Med. Virol. 80:1835-1842, 2008.
© 2008 Wiley-Liss, Inc.

KEY WORDS: human parechovirus; Ljungan
virus; molecular epidemiology;
quantitative PCR

INTRODUCTION

Parechovirus, a genus of the family Picornaviridae,
consists of human parechovirus (HPeV) and Ljungan

© 2008 WILEY-LISS, INC.

virus (LjV). Human parechovirus includes three well-
known types that are considered common infectious
agents: HPeV1 [Hyypia et al., 1992], HPeV2 [Ghazi
et al., 1998; Oberste et al., 1998] and HPeV3 [Ito et al.,
2004]; as well as three characterized more recently:
HPeV4 [Benschop et al., 2006a], HPeV5 [Al Sunaidi
et al., 2007], and HPeV6 [Watanabe et al., 2007]. Several
studies have investigated the occurrence of parechovi-
rus in ill persons [Stanway et al., 2000; Takao et al.,
2001; Abed and Boivin, 2005; Boivin et al., 2005; Abed
and Boivin, 2006; Benschop et al., 2006a; Blixt et al.,
2007; Watanabe et al., 2007; Baumgarte et al., 2008; de
Vries et al., 2008; Verboon-Maciolek et al., 2008], but
beyond a few serological studies, the dissemination of
virus in the healthy population has not been studied [Ito
et al., 2004; Tauriainen et al., 2007].

LjV was first isolated from bank voles (Clethrionomys
glareolus) [Niklasson et al., 1999], and is believed to be
distributed globally in rodents [Johansson et al., 2003].
The virus is associated with several conditions in these
animals, particularly type 1 diabetes [Niklasson et al.,
2003a,b, 2006; Samsioe et al., 2006; Blixt et al., 2007].
LjV has not been isolated from humans, nor has its RNA
been detected, although one study using immunochem-
istry showed the presence of LjV in formalin-fixed tissue
from cases of intrauterine fetal deaths [Niklasson et al.,
2007Db].

The present investigation was part of a long-term
project investigating environmental risk factors for
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type 1 diabetes [Stene et al., 2007]. Parechoviruses are
interesting candidates as they are related closely to
enteroviruses, which accompany frequently diabetes
onset and may participate in its early pathogenesis
[Lonnrot et al., 2000; Kawashima et al., 2004; Roivai-
nen, 2006; Elfaitouri et al., 2007]. The role of LjV in
rodent diabetes suggests that parechoviruses should
be studied in relation to human diabetes.

Type 1 diabetes is strongly associated with certain
genotypes of the human leukocyte antigen (HLA)
system [Ronningen et al., 1993; Caillat-Zucman et al.,
1997]. An association between enterovirus infections
and HLA genotype has also been suggested [Sadeharju
et al.,, 2003], but no similar association has been
indicated for parechovirus [Tauriainen et al., 2007].
If such an association exists, it will have consequences
for the design and/or interpretation of studies inves-
tigating parechovirus as an environmental exposure
leading to type 1 diabetes.

The objective of the present study was to investigate
the molecular epidemiology of parechoviruses in a
prospective cohort of Norwegian infants, aiming at the
prevalence, viral load, symptoms of infection, distribu-
tion of genotypes, and the influence of the HLA genotype
on the likelihood of infection.

MATERIALS AND METHODS
Subjects and Study Design

The children followed in this study participate in the
“Environmental Triggers of Type 1 Diabetes study”
[Stene et al., 2007]. The study was approved by The
Regional Committee for Medical Research Ethics and
the Norwegian Data Inspectorate. The parents were
asked to submit monthly stool samples from their
infants from the 3rd to the 35th month, and to record
information on the type and dates of symptoms of
infection (coughing and sneezing, diarrhea, vomiting or
fever).

The study involved two matched groups differing in
their genetic risk of type 1 diabetes: the “high-risk
group” included 51 children (24 males and 27 females)
born in 2004 who were identified at birth to carry the
HLA genotype conferring the highest risk of type 1
diabetes: DQB1*02-DQA1*05-DRB1*03/DQB1*0302-
DQA1*03-DRB1*0401. Children carrying other HLA
genotypes (27 males and 24 females) were recruited
into a “non high-risk group.” These non-high risk
children originated from the same newborn screen-
ing scheme as the high risk group, and were matched
1:1 for date of birth (up to 30 days difference) and
community of residence. They were followed up in the
same manner with stool samples and questionnaires
but only until 12 months of age. Of the expected 1980
samples and 482 questionnaires, 1941 (98%) samples
and 476 (98%) questionnaires were received. The
median endpoint of the follow-up was 31 months for
the high risk children and 12 months for the children not
at high risk.

J. Med. Virol. DOI 10.1002/jmv
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Parechovirus Detection

Methods for the collection and processing of
the monthly stool samples and RNA extraction are
described elsewhere [Cinek et al., 2006]. To avoid false
negative results, West Nile Virus (WNV) Armoured
RNA (Ambion Diagnostics, Austin, TX) was used as an
exogenous internal control of RNA extraction, RT and
PCR. Parechoviruses were detected from extracted RNA
using a two-step real-time RT-PCR reaction. The
samples were reverse-transcribed with specific primers
(TableI), luM LjV RT4, 1uM Par-1F and 0.5 uM WNV-R,
using the Improm IT RT kit (Promega, Madison, WI).
One tube real-time PCR, using the HotStar Taq
Polymerase chemistry (Qiagen, Hilden, Germany),
was used to detect the 5'-UTR region of HPeV as well
as the exogenous control. The following primers and
probes were used: 500 nM Par-1F and Par-1R, 100 nM
WNV-F and WNV-R, 200 nM HPeV probe, 200 nM WNW
probe. The amplification was carried out on an ABI 7300
(Applied Biosystems, Foster City, CA) with the following
thermal profile: 15 min at 95°C, followed by 45 cycles of
15 sec at 94°C and 1 min at 60°C (where fluorescence
data were collected). If the WNV threshold cycle was too
high, or the curve was not exponential, the sample was
retested and re-extracted if necessary. For the detection
of LjV, the method of Donoso et al. [2007] was used with
200 nM LV-F and LV-R primers, and 200 nM LjV probe.
Dilutions of a sample with known quantity of HPeV1
from the QCMD (Quality Control in Molecular Diag-

TABLE I. Oligonucleotide Primers and Probes Used in the

Study
Sequence 5 -3’

Reverse transcription
LVRT 4 TYARATTGGGMATRT
Parecho RT1A ATACTTTACTGTGTCACA
Parecho RT1B ATATTTCACTGTGTCACA

LV detection
LV-F? GCGGTCCCACTCTTCACAG
LV-R* GCCCAGAGGCTAGTGTTACCA
LV-Probe® FAM-TGTCSAGAGGTGAAAGC-dark

quencher

HPeV detection
Par-1F" CACTAGTTGTAAGGCCCACGAA
Par-1RP GGCCCCAGATCAGATCCA
Parecho Probe” FAM-CAGTGTCTCTTGTTACCTGC-

GGGTACCTTCT-TAMRA

HPeV genotyping
VP1-parEchoF1°¢ CCAAAATTCRTGGGGTTC
VP1-parEchoR1°¢ AAACCYCTRTCTAAATAWGC
VP1-parEchoF1b CCAAAYTCNTGGGGYTC
VP1-parEchoF0 TCMACTTGGATGAGGAARAC
VP1l-parEchoROA AYAATWCCATAGTGCTTRTA
VP1l-parEchoROB  ATAATGCCATARTGTTTRTA

WNV detection
WNV-F¢ GCTCCGCTGTCVCCTGTGA
WNV-R? CCTCTATCCAAACACGGTTCCA
WNV-Probe? VIC-TGGTCCATCCATGCAGGA-dark

quencher

#Donoso et al. [2007].
PCorless et al. [2002].
“Benschop et al. [2006b].
9Briese et al. [2000].
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nostics, www.qcmd.org) were used as a standard for
HPeV. For 1V, the standard was based on a transcript
of a plasmid containing a cDNA clone of LjV prototype
strain 87-012, kindly provided by Professor Lindberg
(University of Kalmar, Sweden). The positive controls
were detected consistently down to 10 copies/ul, and this
level was therefore set as a positive threshold. Negative
controls (water) were included in the extraction proce-
dure, and additional negative controls were included in
the individual RT-PCR reactions.

Parechovirus Genotyping and
Phylogenetic Analysis

The VP1 region was sequenced in samples with more
than 1,000 copies/ul. Nested PCR was used for amplifi-
cation. After treatment with DNAse (Promega), the
Access RT kit (Promega) was used for the first round (an
RT-PCR with 0.8 pM external primers VP1-parEchoFO0,
VP1-parEchoROA and -B (Table I), 1U AMV reverse
transcriptase and 1 U T/l DNA polymerase). The product
wasdiluted 1:100 with water and subjected to the second
round of the nested PCR (primers VP1l-parEchoF1/
F1B and VP1l-parEchoR1), and 1 U aTaq polymerase
(Promega). The thermal profile for the second round
used the touch-down principle: denaturation 2 min at
96°C, then 10 cycles of 15 sec at 96°C, 30 sec at 60°C
(decreasing by 0.5 degrees per cycle), and 60 sec at 72°C,
followed by 30 cycles with the annealing temperature
at 50°C, and a final extension for 2 min at 72°C. The
products were bi-directionally sequenced on an ABI310
machine using BigDye Terminator 3.1 chemistry
(Applied Biosystems, Foster City, CA) with the VP1-
parEchoF1 and VP1-parEchoR1 primers. The sequen-
ces were analyzed using the on-line BLAST 2.2.17
search tool of GenBank, NCBI, to assign genotypes,
and assembled and corrected manually using
Sequencher v4.5 (Gene Codes Corporation, Ann Arbor,
MI). Sequences in this study were deposited in the
GeneBank, under the accession numbers: EU360509 to
EU360577. Phylogenetic and molecular evolutionary
analyses were conducted using MEGA version 3.1
[Kumar et al., 2004]. The evolutionary distances were
calculated using the Kimura two-parameter model as a
model of nucleotide substitution and the Minimum
evolution method, with a bootstrap value of 1,000.

Statistical Methods

To reflect the longitudinal character of the infections,
infection episodes rather than single occasions of
positive stool samples were counted when analyzing
the seasonal distribution and the age-specific cumula-
tiveincidence. A new parechovirus infection episode was
defined either as the first positive sample following a
negative sample (both with a threshold of 10 copies/pul),
or by the observation of a different parechovirus type
compared to the previous month’s sample. Cumulative
distributions were estimated by the empirical distribu-
tion function (uncensored data) and Kaplan—Meier
estimator (censored data). Distributions of infection
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duration and intervals between episodes were estimated
using the iterative convex minorant algorithm for
interval-censored data. The effect of covariates on age-
specific incidence was modeled by the Cox proportional
model for recurrent event data incorporating left
truncation and time-varying covariates. The covariates
were gender, HLA genotype group (HR or non-HR),
number of siblings (all fixed), calendar month, and
occurrence of previous infection (time-varying). Age was
chosen as the underlying time scale. The age-specific
incidences were estimated from the estimated cumu-
lative baseline hazard of the Cox model for recurrent
data with previous infection status as a time-varying
stratum. The cumulative hazard was differentiated
numerically by fitting a smoothing spline with a large
smoothing parameter. The effects of covariates on
incidence were tested by Wald tests in the Cox model.
The association of infection with symptoms was tested
by exact Mantel-Haenszel test stratified on subject. All
analyses were done in “R: A Language and Environment
for Statistical Computing” [R Development Core Team,
2007].

RESULTS
Occurrence of Virus

The distribution of quantities of human parechovirus
detected in the stool samples are shown in Figure 1.
The quantity ranged from a single copy to more than
10° copies /ul RNA. Parechovirus, at a quantity exceed-
ing the positivity threshold (10 copies/ul of extracted
RNA), was detected in 220 of 1,941 samples (11.3%,
CI 95%: 9.9-12.7). LjV was not detected in any of the
samples.

Based on the quantity and sequencing data, the
human parechovirus positive samples were assigned
to 119 discrete infection episodes. Between 3 and
12 months of age, 44 of the 102 (43%) children had at
least one human parechovirus infection episode, five
(4.9%) had two infection episodes. About 10% of
the episodes lasted more than 3 months, with one
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Fig. 1. Distribution of the concentration of human parechovirus
found in the stool samples. The quantity is expressed as the number
of viral genomes per pl of extracted RNA. Only samples exceeding
10 copies/pl extracted RNA (log =1, marked with a vertical line) were
included as positive in further analyses.
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episode lasting 5 months. The estimated median
duration of an infection episode was 51 days. The first
sample contained typically more virus than subsequent
samples from the same episode. The duration of the
episodes correlated with the peak virus quantity; that is,
of the episodes with peak quantity below 10 copies/pl,
75% were cleared within 50 days, while among those
with peak quantity above 10°, only 40% were cleared
within 50 days.

Reinfections (repeated episodes, regardless of the type
identified by sequencing) were rare during the first year,
but occurred in 55% of the high risk group that was
followed for 3 years. The median interval between the
clearance of a previous episode and the start of a new
one was 208 days. Approximately 10% of the subjects
with repeated episodes were reinfected within 4 weeks,
and 36% were reinfected within 2 months. Examples of
subjects with repeated infections by different human
parechoviruses are shown in Figure 2. There was no
obvious case of reinfection with the same serotype.
However, a reinfection would be expected to have a
lower virus titer, so there was a bias against these
samples being chosen for sequencing.

The cumulative incidence of human parechovirus
infections increased steeply between 6 and 18 months of
age (Fig. 4). By the third year, nearly all children (94%)
had at least one infection.The incidence rates of the first
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infection increased with age: from about 11.6 infections
per 100 person-months at the age of 4 months, to about
20—23 infections per 100 person-months at the age
of >15 months. The reinfections had much lower rates
(5—8 infections per 100 person-months) and were
less age-dependent. A distinct seasonality (Fig. 3) was
observed in both incidence (number of new infections per
unit of time) and prevalence (total number of infected
individuals divided by the total population at the given
time). Most human parechovirus infections occurred
from September to December, while a trough was noted
between April and June.

Multivariant Analysis of Infection Risk

As shown in Figure 4, the children carrying the high
risk genotype for type 1 diabetes had a tendency towards
fewer initial infections during the first year compared to
children carrying other genotypes (not high risk), but
the difference was not statistically significant (P = 0.07).
In amultivariate model for repeated infections, adjusted
for age, calendar month, and previous infections, the
relative risk of high risk children versus non-high risk
children was 0.69 (95% CI: 0.42—1.15, P=0.16). The
multivariate model also showed that a previous infec-
tions decreased the future risk of reinfections by 75%
(RR=0.25,95% CI 0.16—0.39, P < 0.0001). Neither the
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Fig. 2. Selected examples of parechovirus infections. Four infants with what could be considered typical
HPeV infection histories; Viral peaks followed by clearance (A—D), several infections with different
genotypes (A,C,D) and viral presence in stool over long periods (B,D). Note that mainly samples with more

than 1,000 copies of virus (10%) were sequenced.
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Fig. 3. Seasonality of parechovirus infections. Month 1 corresponds
to January. The samples were collected over 2% years (2004—2006).
Similar seasonality was observed each year. Incidence is defined as the
number of new infections per unit of time, prevalence is defined by total
number of infected individuals divided by the total population at the
given time.

gender of the subject, nor the number of their siblings
affected the risk of infection. As shown in Figure 3, the
effect of calendar month was prominent. Multivariant
analysis demonstrated that the seasonal variation was
highly significant (P < 0.0001).

Symptoms

The average prevalence of symptoms in months with
respectively virus positive and negative fecal samples
were: cold (coughing and sneezing) 13.2% versus 11.2%;
fever above 38°C: 10.5% versus 9.4%; diarrhea: 5.9%
versus 4.0%. Although the various symptoms were
reported slightly more often during the months with
virus present in the feces, in a Mantel-Haenszel
analysis stratified on subject, none of the symptoms
were associated significantly with parechovirus infec-
tion. There was no appreciable association between
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Fig. 4. Cumulative incidence of parechovirus by the genetic risk for
type 1 diabetes. The children carrying the high-risk diabetes genotype
(HR) were followed until 36 months of age, while the children carrying
other HLA genotypes (non-HR) were only followed between 3 and
12 months. The end of the periods are not included due to a less
complete dataset. The difference between the two groups was not
significant (P =0.07).
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virus and symptoms even when the analysis was
restricted to samples with higher levels of virus.

Viral Subtypes

Samples with quantities exceeding 1,000 copies/pl
HPeV in the PCR reaction were subjected to VP1
sequencing. Sequence information of sufficient quality
for use in phylogenetic analyses were obtained from
67 samples, which were aligned with reference strains
from the databases and used to construct a phylogenetic
tree (Fig. 5). No simultaneous infection by two strains
were observed. HPeV1 was the most prevalent type
(76%), followed by HPeV3 (13%), HPeV6 (9%), a yet
uncharacterized type (1%), and HPeV2 (1%). Further
analyses revealed no recognizable clustering of sequen-
ces from samples taken at the same location or time,
indicating that the different strains were widely
disseminated in Norway during the study. The only
complete match of sequences from different samples
came from consecutive samples from the same child.

DISCUSSION

Distribution and Characteristics of Human
Parechovirus Infections

The present study demonstrates that HPeV is a
common, almost ubiquitous virus, infecting infants from
an early age. The high prevalence of HPeV is consistent
with previous serological studies of children and adults
[Joki-Korpela and Hyypia, 1998; Ito et al., 2004;
Tauriainen et al., 2007]. The cumulative incidence of
HPeV in the first year of life (43%) was higher in the
present study compared to a recent Finnish study (20%)
detecting virus specific antibodies [Tauriainen et al.,
2007]. By the third year, however, the cumulative
incidence reached similar levels in both studies (94%
in the present study vs. 98%). The discrepancy for the
first year may be related to a focus on antibodies directed
at HPeV1 in the Finnish study or differences between
Real Time RT-PCR and serology, but it may also reflect
that infants produce less antibodies during their first
year of life [Siegrist, 2007]. There could also be real
differences between countries.

The cumulative incidence of HPeV increased steeply
from 6 to 18 months of age (Fig. 4). This might be
explained by the fact that children start to lose trans-
placental maternal antibodies around the age of
6 months, or that Norwegian children are introduced
often to kindergartens at this age. HPeV had a distinct
seasonality from September to December (Fig. 3), but
the small number of non-HPeV1 infections makes it
impossible to say whether this is true for all different
types. A related study on enteroviruses using the same
cohort, found that these viruses also peaked late in
the year, but the seasonality was less distinct [Cinek
et al., 2006]. In the present study, both the prevalence
and seasonality were similar over the 3 years when the
samples were obtained.

Most infections started with a high viral load, which
decreased subsequently to lower values. The decrease in

J. Med. Virol. DOI 10.1002/jmv



1840

NO-EU360568
H DE-EU024632
f—————————— NL-DQ172449
NO-EU360560
% NL-DQ172421
NO-EU360557
‘{ NL-DQ172429
1 | NO-EU360550
-{ NL-DQ172427
NL-DQ172425
NO-EU360536
DE-EU024635 ]
NO-EU360534
} .

HPeV1

NO-EU360565
NO-EU360570
CA-AJ889918

NO-EU360545 ]
NL-DQ172417
NO-EU360571
JP-AB300971
NO-EU360559  |HPeV1
NO-EU360533
NO-EU360555
JP-AB300943
JP-AB300958

NO-EU360522
NO-EU360525

HPeV1
NO-EU360537

DE-EU024633

NO-EU360516
—* Pevt
— NO-EU360523
NO-EU360513
_* HPev1
NL-EU077515

NO-EU360535
NO-EU360549 HPeV3
NO-EU360511

NO-EU360543
NO-EU360546

NO-EU360542

NO-EU360510
NO-EU360548
DE-EU024636
NO-EU360562
NL-EU077503

NO-EU360509

NO-EU360577

NO-EU360569

NL-DQ172446
NO-EU360539
4’ NO-EU360547
] NL-DQ172445

NO-EU360517
NO-EU360566
NO-EU360540
NO-EU360567

HPeV1

HPeV1

NO-EU360553
NO-EU360518
NO-EU360529

NO-EU360528

NO-EU360558 |

NO-EU360572

NO-EU360526
NL-EU077518
JP-AB252582

NO-EU360575

NO-EU360532

NO-EU360519

NO-EU360521 HPeV6

NO-EU360556

DE-EU024629
NO-EU360514

f V2

GB-AJ005695

0.1

Fig. 5. Phylogenetic tree of representative Norwegian human
parechovirus VP1 amino acid sequences compared with reprentative
sequences from the rest of the world. The PCR product sequenced was
770 bp long. The sequences are denoted with their country of origin and
GenBank accession number. HPeVs from Norway (NO) are reasonably
dispersed with strains from other countries (The Netherlands, NL;
Great Britain, GB; Canada, CA; Japan, JP). The Norwegian samples
did not cluster according to the geographical location or the time the
sample was obtained. The tree was constructed using the minimum
evolution method, with a bootstrap value of 1,000.
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viral activity suggests an active immunological
response. In this respect it was interesting to note that
previous HPeV infections seemed to protect against
reinfection, that is, the incidence of first infections was
much higher than that of reinfections. There was,
however, insufficient data to specify to what extent this
protection depended on the viral subtype. Neither
gender nor the number of siblings affected the risk of
infection. Previous reports suggest that HPeV is less
common in older children [Benschop et al., 2006b;
Baumgarte et al., 2008]. Thus, if the age difference
between the siblings is more than 2 years, the more
likely source of infection will be same age peers, such as
those encountered in kindergarten.

A slight trend towards fewer HPeV infections was
observed in children with the highest genetic risk for
T1D (Fig. 4). More data are required to investigate
such an association, and to find out which component
of the genotype may be responsible for the putative
association.

Symptoms of Infection

Unlike most studies on parechoviruses, the present
data are from healthy children. Significant associations
of HPeV infection with symptoms recorded by the
parents (fever, diarrhea, vomiting or coughing/sneez-
ing) were not observed. Almost all children had a history
of infection by the third year of life, proving that HPeV is
both common and normally harmless. Interestingly,
a recent German study did not find any association
between HPeV and enteritis in children [Baumgarte
et al.,, 2008]. However, since the larger part of the
infections found in this study are HPeV1 it is difficult to
ascertain the pathogenic properties of any other HPeV.
As such, these observations do not exclude the possi-
bility that HPeVs may cause symptoms [Verboon-
Maciolek et al., 2008], or serious complications [Ito
et al., 2004; Abed and Boivin, 2005; Watanabe et al.,
2007] in individual cases, but the very high prevalence
in healthy children should be borne in mind when
evaluating causality based on findings from stool
samples.

Sequence Analysis

As seen in Figure 5, the HPeVs found in the present
study, with samples taken from a few communities in
Norway, displayed diversity close to what is observed
worldwide. The different strains observed did not
cluster in time or locality. These observations suggest
that HPeV is disseminated efficiently worldwide, a
conclusion that is also supported by the high prevalence.

The discovery of new HPeVs, and their subsequent
detection in other parts of the world, demonstrates the
advantages of molecular methods as compared with
serological analyses [Ito et al., 2004; Boivin et al., 2005;
Benschop et al., 2006a; Al Sunaidi et al., 2007;
Baumgarte et al., 2008]. The present study confirmed
the presence of four of the six known genotypes, as well
as what may be classified as a novel genotype. The
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absence of HPeV5 may be related to problems of VP1
amplification with the presently used primers [de Vries
et al., 2008]. HPeV1, HPeV3, and HPeV6 seem to be the
more common viruses worldwide, while subtype 2 and 4
may be rare. The HPeV1 and 3 seem to be the most
similar types, and clustered closely to each other. As
noted by Baumgarte et al. [2008], the contemporary
variants of HPeV1 seem to be in evolutionary transition
away from the prototype Harris strain. Further
sequencing is required to determine whether the
unclassified parechovirus reported in the present study
should be grouped with type 1 or be classified as a novel
genotype.

Ljungan Virus

So far no studies have been able to prove clearly that
LjV can infect humans. The virus may be limited to
rodents [Niklasson et al., 1999, 2007a; Johansson et al.,
2003]. LjV might also not be found in human stool, and
little is known about the eventual transmission route.
The present data at least indicate that the virus is not
common in the stool of Norwegian infants.
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OBJECTIVE — Ljungan virus (LjV) has been proposed as a potential environmental factor for
type 1 diabetes. The objective was to test for any association of LjV with type 1 diabetes.

RESEARCH DESIGN AND METHODS — A nested case-control design was used to test
for any association between the development of pre-diabetic autoimmunity and presence of LjV
in stool samples (n = 3,803) in the Norwegian Environmental Triggers of Type 1 Diabetes
(MIDIA) study. The children followed were 27 infants who developed pre-diabetic autoimmu-
nity during or shortly after the sampling period, 54 matched control subjects, and 94 other

children.

RESULTS — No LjV RNA was detected.

CONCLUSIONS — The results indicate that LjV is rare in young children. LjV does not seem
to be involved in the development of human type 1 diabetes.

jungan virus (LjV), a rodent virus

described by Niklasson et al. (1),

has been associated with a variety
of conditions in rodents, including type
1 diabetes (2), myocarditis (3), and in-
trauterine death (4). In humans, LjV has
been associated with intrauterine fetal
death (5), anencephaly (6), and sudden
infant death syndrome (7) and has been
suggested as a factor in type 1 diabetes
(2). LjV belongs to the viral family Pi-
cornaviridae, genus Parechovirus. The
genus also includes human parechovi-
rus (HPeV), which is common in in-
fancy and replicates mainly in the gut. A
possible role of LjV in type 1 diabetes is
of particular interest because of the
strong association found in captive
bank voles (2,3,8).

The aim of the study was to investi-
gate the presence of LjV RNA in stool sam-

Diabetes Care 33:1069-1071, 2010

ples to find a possible association with
type 1 diabetes.

RESEARCH DESIGN AND

METHODS — A nested case-control
study was conducted, using 2,054 stool
samples from 81 children (27 case sub-
jects, 54 control subjects) all carrying the
DRB1*0401-DQA1*03-DQB1*0302/
DRB1%03-DQA1*05-DQB1*02 HLA ge-
notype, which gives the highest risk for
type 1 diabetes. Case subjects (10 boys,
17 girls) were defined on development of
type 1 diabetes or of diabetes-associated
autoimmunity (being positive for two or
three autoantibodies: GAD, IA2, or IAA).
Control children (31 boys, 23 girls) were
matched for birth date and geographical
residence. This dataset was merged with a
previously published dataset investigat-
ing parechovirus infections (9) in 1,941
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stool samples from 102 children (51 with
the high-risk genotype and 51 without).
In total, there were 3,803 unique samples
from 175 children (86 boys, 89 girls),
since some children participated in both
studies. The children represented 16 of
19 municipalities in Norway.

Monthly stool samples, from 3 to 35
months of age, were collected by parents
as previously described (10); the age dis-
tribution is shown in Fig. 1. The samples
were collected between 2001 and 2008;
because most children were followed for
at least 1 year, there was an equal seasonal
distribution of samples. The median fol-
low-up was 30 months for the stool sam-
ples (range 9-37 months), with median
end point (autoimmunity) of the cases at
20.5 months (range 6—43). The presence
of LjV was examined by extraction of
RNA/DNA, reverse transcription (RT),
and real-time PCR as described by Tapia
et al. (9), with minor modifications of the
protocol due to introduction of a 96-well
format and the use of the antisense primer
described by Donoso Mantke et al. (11) as
the RT primer. Two positive control sub-
jects were included from extraction to
PCR run (140 and 70 copies of a tran-
script from a plasmid containing a cDNA
clone of LjV prototype strain 87-012, pro-
vided by Professor Lindberg, University
of Kalmar, Sweden). A fragment of West
Nile Virus RNA was spiked into the sam-
ples as an exogenous internal control
(10). The study was approved by the Re-
gional Committee for Medical Research
Ethics and the Norwegian Data
Inspectorate.

RESULTS — No LjV RNA was de-
tected in any of the stool samples investi-
gated, neither from the 27 children who
had developed autoimmunity, nor from
the 54 matched control subjects and the
94 healthy children previously tested.
The positive LjV control was consistently
detected, and the West Nile Virus Ar-
mored RNA used as an exogenous in-
ternal control in each sample was
consistently positive.
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No Ljungan virus found in stool samples
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Figure 1—Age distribution of the samples. The number of samples from case children () and the
total number of samples (L) distributed by month of age are shown.

CONCLUSIONS — Considering the
follow-up time, the number of tested sam-
ples, and that both pre-diabetic and healthy
children were tested, these results indicate
that LjV is very rare in the stool of Norwe-
gian infants. The typical stool quantities of
human enterovirus and HPeV in samples
from the Norwegian Environmental Trig-
gers of Type 1 Diabetes (MIDIA) cohort
study were two to five orders of magnitude
higher than the detection limit for LjV
(9,12); presumably any appreciable replica-
tion of LjV in the gut would be detected.
The detection of the exogenously added
West Nile virus RNA safeguards against the
presence of inhibitors and RNA degrada-
tion. The primers used consistently de-
tected the positive LjV RNA controls
included in each run and are expected to
detect all strains of LjV. No change in sen-
sitivity was detected with the introduction
of a 96-well extraction method. The use of
the antisense primer in the RT reaction
could be presumed to increase the sensitiv-
ity at the cost of the formation of more spu-
rious products, but was chosen to ensure
that any possible positive sample would be
detected. The lack of evidence for the pres-
ence of LjV suggests that this virus rarely
infects the gut of Norwegian infants, and it
seems unlikely that the virus is the cause of
the autoimmunity observed in the present
study.

Picornaviruses may also replicate out-
side the intestinal tract and may cause
viremia or respiratory infections. Al-
though one would expect a gastrointesti-
nal route of infection in the case of LjV,
the virus might reach the pancreas even

after limited replication in the gut. Al-
though data supporting LjV infections in
humans have been published, there is so
far no conclusive evidence. The arguably
strongest evidence stems from prenatal
studies (5,6). In these studies, the pres-
ence of virus has been suggested partly by
serology and partly by PCR; but, as
pointed out by Bergstrom et al. (13), dif-
ferent methods do not seem to give con-
gruent results. Moreover, the PCR
positivity observed in the earlier studies is
not reported to have been confirmed by
sequencing. Although the evidence sug-
gests possible human LjV infections, the
data also indicate that it is a rare event and
primarily during the prenatal period.

The likelihood of infection may also
be geographically specific and dependent
on the cycles of its natural reservoir,
which presumably are bank voles in Scan-
dinavia. Although common in Norway,
their prevalence in the communities from
which infants in the present study was
recruited is not known. Thus, the possi-
bility that the infants investigated were
never exposed cannot be ruled out.

In conclusion, although the present
data do not rule out the possibility that
LjV can cause type 1 diabetes, they do
suggest that this virus is not a common
risk factor in the etiology of the disease in
Norway.
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Objective: To test whether the frequency of human enterovirus RNA in fecal samples collected
monthly from early infancy was associated with development of multiple islet autoantibodies in
children with the highest risk HLA genotype.

Research Design and Methods: Individuals carrying the HLA-DRB1*0401-DQA1*03-
DQB1*0302/DRB1*03-DQA1*05-DQB1*02 genotype were identified at birth and followed
with monthly stool samples from age 3 to 35 months. Blood samples taken at age 3, 6, 9, 12
months, and then annually, were tested for autoantibodies to insulin, glutamic acid decarboxylase
65 and IA-2. Among 911 children, 27 developed positivity for >2 islet autoantibodies in >2
consecutive samples (cases). Two controls per case were matched by follow-up time, date of
birth and county of residence. Stool samples were analyzed for enterovirus with a semi
quantitative real-time reverse transcriptase PCR.

Results: The frequency of human enterovirus RNA in stool samples from cases prior to
seroconversion (43/339, 12.7%) did not differ from the frequency in controls (94/692, 13.6%),
P=0.97. Results remained essentially unchanged after adjustment for potential confounders,
restriction to various time windows before seroconversion, infections in the first year of life, or
after including samples collected after seroconversion. There was no difference in the average
quantity of enterovirus RNA, or the frequency of repeatedly positive samples. The estimated
relative risk for islet autoimmunity per enterovirus RNA positive sample during follow-up
(nested case-control analysis) was 1.12, 95% CI: 0.66-1.91.

Conclusions: There was no support for the hypothesis that fecal shedding of enteroviral RNA is a
major predictor of advanced islet autoimmunity.

before and during the development of islet

uman enteroviruses have been
Hconsidered as possible environmental

triggers or accelerators of islet
autoimmunity leading to type 1 diabetes (1;
2). They have been observed more frequently
in patients recently diagnosed with type 1
diabetes as compared to controls, and there is
also evidence of the virus in the pancreata of
subjects who died shortly after the disease
onset (3). However, an interpretation of virus
occurrence at or shortly after diagnosis is
difficult with respect to type 1 diabetes
pathogenesis, because the autoimmune
process starts months to years before its
clinical manifestation.
Potential causal relations between infections
and development of islet autoimmunity are
best assessed in longitudinal birth cohorts
testing viral infections at frequent intervals

autoimmunity. Five such studies, including
between 11 and 41 cases of islet
autoimmunity, have so far published results
on enterovirus using various methods and
testing strategies (more details in discussion).
The evidence for involvement of enterovirus
in type 1 diabetes pathogenesis comes
predominantly from the Finnish population
(4-6), while a study from Colorado (7) and
one from Germany (8) did not find any
significant association.

In view of these conflicting results, we aimed
to test whether the presence of human
enterovirus in  monthly fecal samples
predicted development of repeated positivity
for two or more diabetes associated islet
autoantibodies in children with the HLA
genotype conferring the highest risk for type 1



diabetes.



RESEARCH DESIGN AND METHODS
Subjects and study design. The children
prospectively  observed in  this  study
participate in the Norwegian cohort entitled
“Environmental Triggers of Type 1 Diabetes:
The MIDIA study”. The cohort was identified
at birth from the general population based on
genetic testing for the HLA genotype
conferring the highest genetic risk of type 1
diabetes, DRB1%0401-DQA1*03-
DQBI1*0302/DRB1*03-DQA1*05-DQB1*02.
Between 2001 and 2006, 911 children were
included into the cohort. All subjects were
followed up with stool samples, blood
samples for autoantibody screening and
structured questionnaires. The study was
approved by The Regional Committee for
Medical Research Ethics and the Norwegian
Data Inspectorate.

Blood samples taken at ages 3, 6, 9, and 12
months and every 12 months thereafter were
processed and the plasma tested for
autoantibodies  against  glutamic  acid
decarboxylase 65 (GADA), protein tyrosine
phosphatase IA2 (IA2A) and insulin (IAA),
using radiobinding assays as described in
detail earlier (9). Mailed questionnaires were
administered at the same intervals. If a plasma
sample was found positive for one
autoantibody, the child was retested every six
months; if two or three antibodies were
positive, the child was retested every three
months. The endpoint for this study, islet
autoimmunity, was defined as positivity for
two or more islet autoantibodies in two or
more consecutive samples. Type 1 diabetes
was diagnosed according to the WHO criteria.
By December 2008, 27 of the 911 children in
the cohort had reached the endpoint, and were
assigned as cases. The median age at onset of
islet autoimmunity was 12.0 months (range
5.4-37.4). Of the 27 case children, ten
subjects were diagnosed with diabetes by
September 1, 2009, at a median age of 23.1
months (range 8.7-54.2). The timing of
autoantibody seroconversion and age at

diagnosis for each of the cases is shown in
Supplementary Table 1.

Two control subjects were randomly assigned
per case, matched for the length of follow-up
(at least as long as the time when the
corresponding case developed multiple islet
autoantibodies), date of birth within +/- 1
month (tolerating up to +/- 3 months if
necessary) and county of residence (tolerating
closest neighboring county if necessary).
Children were ineligible as controls if they
were repeatedly positive for one or more islet
autoantibodies during follow-up. One control
subject was transiently positive for a single
autoantibody prior to the endpoint in the
respective case, otherwise no controls
developed positive autoantibodies (even after
their case reached the endpoint). Data from
one control child (matching group 27) are
missing as the parents later withdrew from the
study and refused any use of the collected
data.

To test for enterovirus infections, we utilized
stool samples obtained by the parents; they
collected stool samples from their children
every month from 3 to 35 months of age.
These were sent by mail to our central
laboratory, with a median transit time of 3
days. Parents also kept records of symptoms
of infection in structured questionnaires. Of
704 planned blood samples, 637 were taken
(91%); 2173 of 2482 scheduled stool samples
(88%) and 492 of 547 questionnaires were
received (90%). The median duration of
follow-up with stool samples was 28 months
(range 7-35 months). The characteristics of
the study participants are described in Table 1.
Processing and molecular testing of stool
samples The processing and testing of stool
samples in this study has been described
earlier (10). Briefly, the samples were
received by postal service, diluted and
centrifuged. The supernatants were frozen at -
80°C until co-purification of RNA and DNA.
The extraction protocol utilized the vacuum-
processed 96-well QIAamp plates processed



under the QIAamp Viral RNA Mini protocol
(Qiagen, Hilden, Germany). West Nile Virus
(WNV) Armored RNA (Asuragen, USA) was
added in a constant quantity to the lysis buffer
which was used in the first step of the
protocol. This exogenous internal control
monitored the success of RNA extraction and
detection. Testing for human enterovirus RNA
was performed in duplicates in 20 pul volume
one-step real-time reverse transcriptase PCR
with primer-probe combination specific for
the conserved 5'-untranslated region of human
enteroviruses. This combination does not
react with the rhinovirus species. Serial
dilutions of Enterovirus Armored RNA
(Asuragen, USA) were used to construct a
seven-point standard curve from 24 to 10’
copies/ul. The threshold of positivity used in
this study was set to 100 copies/ul RNA, a
quantity that could be consistently and
reliably detected.

Statistical analysis. To optimize the use of
information in repeated samples collected
from each individual, we compared the
percentage of enterovirus RNA positive
samples collected from cases to those
collected from controls, and tested this using
a mixed effect logistic regression model with
random intercept for each individual to
account for  potential  intra-individual
correlation (clustering) in risk of enterovirus
positivity (xtmelogit in Statall). The primary
analysis involved only samples collected up
to seroconversion for the cases and the
corresponding age in the matched controls. In
cases who first tested positive for a single
autoantibody, this first occurrence of
autoantibody positivity was regarded as the
onset of autoimmunity. The estimated odds
ratio (with 95% confidence interval) from this
model is interpreted as the odds that a fecal
sample is positive for enteroviral RNA given
that it came from a child who later developed
islet autoimmunity, relative to the odds that a
sample is enterovirus positive given that it
came from a control child. Planned

(secondary) sub-group analyses involved time
windows of 6 and 12 months prior to
seroconversion in cases (and corresponding
ages in matched controls), samples collected
prior to one year of age, and samples
collected after seroconversion. We also
adjusted for other variables by including them
in the regression model, as reported in the
results section. In separate analyses only the
first enterovirus RNA positive samples among
series of two or more consecutively positive
samples was counted, assuming they were
part of the same infectious episode.

We also analyzed the data according to a
formal nested case-control study design using
conditional logistic regression (accounting for
the matched design with a fixed intercept for
each matching group), modeling the
cumulative number of enterovirus RNA
positive fecal samples before seroconversion
(grouped as 0, 1, 2, or 23) as the exposure
variable. With the given study design, the
measure of association from this analysis is
interpreted as the relative risk of islet
autoimmunity per increase in cumulative
number of enterovirus RNA positive samples,
with a corresponding 95% confidence
interval.

RESULTS

The frequency of human enterovirus before
development of autoimmunity. The frequency
of human enterovirus RNA in stool samples
prior to the development of islet
autoimmunity did not differ between cases
(12.7%) and controls (13.6%). Results were
similar even after adjusting for age, sex,
month of sampling, year of sample, number of
siblings, breastfeeding, and first degree
relatives with type 1 diabetes (Table 2).
Similarly, no association was seen when
analyzing only infections before 12 months of
age (OR=1.02, 95% CI: 0.51-2.04), or various
time window before seroconversion in cases:
with a six months' window, the frequency was
20 / 142 (14.1%) in cases versus 42 / 308



(13.6%) in controls, (OR = 1.05, 95% CI 0.54
- 2.04), and with a twelve months' window the
frequency was 31 / 214 (14.5%) in cases
versus 62 / 454 (13.7%) in controls (OR =
1.09, 95% CI 0.62 - 1.92). The use of
infectious episodes rather than number of
positive stool samples (i.e. consecutive
positive samples were deemed as a single
episode) did not appreciably alter the above
figures.

The results were similar when using a
conditional  logistic  regression  model
estimating the odds ration per increase in
infections prior to development of islet
autoimmunity (OR = 1.12, 95%CI 0.66 -
1.91).

The quantity of human enterovirus RNA.
The effect of viral load was assessed by
dividing the positivity into two categories:
low to moderate (quantity of 100 - 9 999
enterovirus copies / ul RNA) and high (10
000 or more enterovirus copies / ul RNA). No
association with islet autoimmunity was
found in this type of analysis (Table 3). In the
43 enterovirus-positive samples from the pre-
autoimmunity period among cases, the
median estimated human enterovirus quantity
was 18000 copies / ul RNA compared to a
median of 12000 copies / ul RNA among 94
enterovirus positive samples from matched
controls from the corresponding periods
(Mann-Whitney non-parametric test: P=0.37).
Similar results were seen in the samples
collected after the onset of autoimmunity.
Among the 30 new enterovirus episodes
during the pre-autoimmune period of cases,
13 (43.3%) were followed by at least one
additional consecutive enterovirus positive
sample, compared to 29 of 65 (44.6%) among
the controls (chi-square test: P=0.73).

The occurrence of human enterovirus
during the whole observation period. In total,
we tested 2 044 stool samples from the cases
(627) and controls (1417) in the study. Human
enterovirus was detected in 80 / 627 (12.8%)
samples from cases, and 210 / 1417 (14.8%)

samples from controls; the overall occurrence
did not differ between cases and controls (OR
=0.84, 95% CI: 0.58 - 1.22). Looking only at
samples taken after the start of islet
autoimmunity gave similar results (OR =
0.74, 95% CI: 0.45 - 1.22). Only 11 subjects
did not shed enterovirus in their stool during
their entire observation period (4 cases and 7
controls). The remaining children had varying
number of monthly samples positive, from
only one (n=7) up to 8-9 (n=7). Infections and
their distribution over the observational
period in case and control subjects of the 27
matching groups are shown in Supplementary
Figure 1 in the online appendix available at
http://care.diabetesjournals.org.

Seasonal variation of infections. There was a
pronounced seasonality of infections with a
peak in autumn (October with 27% positive
samples) and a smaller peak in July (with
24% positive samples), and a dip in March
with 3%  positive  samples.  Online
Supplementary Figure 1 shows several
episodes of increased density of infections
that can be observed across the case-control
matching group. The occurrence of infections
was also age-dependent: a rise was noted
from the fifth to ninth month of age, and
during the first half of the second year of life.
Molecular typing of enterovirus strains
using partial VPI sequencing. Selected
positive samples (97) had their VPI1
genotypes determined in order to distinguish
prolonged infections with one strain against
multiple  consecutive  infections.  The
distribution of the 17 different serotypes
found is shown in Online Supplementary
Table 2. As the sequenced samples were not
representative for the whole case-control
dataset, direct comparison of serotype
repertoire between cases and controls was not
possible. A phylogenetic tree constructed
from the dataset is shown in Online
Supplementary Figure 2.

CONCLUSIONS



We tested enterovirus RNA in over 2,000
monthly fecal samples from children who
developed repeated positivity for multiple
islet autoantibodies and their matched
controls, all with a single HLA-DQ, -DR
genotype conferring the highest risk of type 1
diabetes. We found no evidence to support a
higher frequency of enterovirus in cases than
in controls either before or after
seroconversion for islet autoantibodies. It
must be kept in mind that the study
population consists only of very young
children; thus the conclusions might not apply
to older individuals.

This study is the first to use a quantitative
assay for testing the viral load, enabling us to
distinguish between low- and high-quantity
infections and follow the dynamics of the
viral load. Our cohort includes only the
highest risk HLA-DQ, -DR genotype, and is
thus more genetically restricted than
previously reported studies. The
generalizability of our results might be
questioned if the HLA genotype influenced
the risk of enterovirus infection and/or
immune response. However, preliminary
results from our pilot study which also
included a group without the high-risk HLA
genotype indicated only a moderate difference
in frequency of fecal enterovirus shedding
(11). To our knowledge, none of the previous
cohort studies of enterovirus and islet
autoimmunity has found any significant
difference in association depending on HLA
genotype.

We have also used a strict definition of islet
autoimmunity, requiring repeated positivity
for two or three islet autoantibodies. This is
known to be strongly predictive of type 1
diabetes in genetically susceptible children.
The number of cases and sample size could
indeed be increased with a less strict
definition of autoimmunity. However, the
power of the study might actually decrease by
including subjects with milder autoimmunity
who are less likely to eventually develop type

1 diabetes.
Regular monthly sampling from all
participants, and high completeness are

important strengths, as shedding duration is
thought to be around 3-4 weeks (12); the
necessity of frequent stool sampling is further
supported by our earlier study showing that
excretion usually lasted less than three
months (13). Detection of viral RNA in serum
would likely underestimate the true infection
frequency, as enterovirus RNA is present in
serum for much shorter period (12) than is
the usual time span between blood samples.
On the other hand, it is probable that viremia
reflects more closely the spreading of the
virus to the target organ, so frequent sampling
of both stool and blood samples would be
ideal.

Although the serotypes detected were not
representative for all samples, we observed no
preponderance of a strain, serotype or group
in either cases or controls. Several serotypes
previously reported as possibly diabetogenic
(e.g. Coxsackie B), were observed both in
cases and in controls. Although some types
may seem more prevalent, this is caused
mostly due to repeatedly positive stool
samples from a small geographical area
during a short period, reflecting local
epidemics.

Two previous studies assessed fecal shedding
of enterovirus RNA. The Finnish DIPP study
utilized equally frequent sampling of stool as
we did, reporting data from 12 cases of islet
autoimmunity and 53 controls (14). The other
study was DAISY in Colorado, where rectal
swabs were collected in longer intervals (at
ages 9, 12, 15 and 24 months, and then
annually) from 26 cases and 39 controls (7).
In both studies, there was no significant
difference in the frequency of fecal
enterovirus RNA shedding between cases
with islet autoimmunity and controls, which is
consistent with our findings. However, in
contrast to us, the DIPP study reported that
cases were more frequently positive in



consecutive samples than controls.

A publication from the DAISY study (7) and a
separate publication from DIPP including 41
cases and 196 controls with 3-6 month sample
intervals (4) also analyzed enterovirus RNA
in serum. In both these studies there was no
significant difference in the frequency of
serum enterovirus RNA, but when combining
serum RNA and a series of enterovirus
antibodies as indicators of infection, there was
a significant difference in the DIPP study,
particularly in the six month interval before
seroconversion in cases. Although we did not
assess enterovirus RNA or antibodies in
serum, no indication of a clustering of
infections prior to seroconversion was found.
Two other Finnish studies reported a
significant difference between cases of islet
autoimmunity and controls in frequency of
indicators of enterovirus infection in serum,
namely the DiMe-study assessing 11
prediabetic siblings of patients with type 1
diabetes and 34 autoantibody negative
controls (6), and the TRIGR-study assessing
19 cases and 84 controls from birth to 2 years
of age (5). Note however, that enterovirus
RNA in serum accounted for 23% of the
identified infections (increases in enterovirus
antibodies accounted for the remaining), and
that the difference in enterovirus RNA was
borderline (not) significant (14% vs. 8.4%,
P=0.07). Finally, no significant association
was found the German BABYDIAB study
tested antibodies against Coxsackie viruses in
blood samples collected at age of 9 months,
and at 2, 5 and 8 years in 28 cases with
persistent islet antibodies and 51 matched
controls (8).

None of the previous studies contradicts our
finding that fecal shedding of enterovirus
RNA in general does not strongly predict islet
autoimmunity. While moderate effects (OR of
1.5-2.0) cannot be ruled out from our data, the
95% confidence interval around the odds ratio
estimated from our actual data suggest that

strong associations (OR >2) are unlikely.
However, we cannot exclude a possible role
of a subgroup of enterovirus infections
(particular  strains), perhaps influencing
viremia and ability to spread from the gut (the
primary site of replication) to the target organ.
This ability was seemingly unlinked to the
viral load or duration of gut infections, as
judged from our results. Other relevant factors
may potentially influence the level and
duration of viremia, and the ability to invade
the islets and their beta cells.

In conclusion, there was no evidence to
support a major role of frequency, timing or
quantity of fecal enterovirus shedding in
prediction of advanced islet autoimmunity,
and no evidence that islet autoimmunity
predicted increased susceptibility to fecal
enterovirus shedding. Further research should
be focused on the character of viremia, and
the ability of enterovirus to invade the target
pancreatic tissue, in much larger sample sets.
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Table 1. Characteristics of the cases and control subjects in this study

Cases (n = 27) Controls (n = 53)
Age at onset of islet autoimmunity*, 12.1 (5-37) 12.3 (5-37)
Median months (range)
Female sex 17 (63%) 23 (43%)
Number of other children in the
family (siblings, half-siblings, step
siblings)
None 5 (18.5%) 16 (30.2%)
One or more 22 (81.5%) 37 (69.8%)
First degree relative with diabetes
None 17 (63%) 50 (94.3%)
Yes, of that: 10 (37%) 3(5.7%)
- sibling only 3 0
- father only 3 2
- mother only 2 1
- multiple family members 2 0
Progression from islet autoimmunity
to type 1 diabetes
Yes 10 None
Stool Samples
Total 627 1417
Prior to development of islet 339 692
autoimmunity*

* For matched controls: before the age at which the corresponding case seroconverted for islet
autoantibodies.



Table 2. Frequency of human enterovirus RNA in fecal samples collected prior to islet autoimmunity.

Cases Controls Odds ratio (95% CI)*
(n=27 subjects) (n=53 subjects) Unadjusted Adjustedf

Enterovirus RNA negative samples 296 598 1.00 (reference) 1.00 (reference)

Enterovirus RNA positive samples 43 (12.7%) 94 (13.6%) 1.01 (0.59-1.72) 1.09 (0.61 - 1.96)
Total 339 692

New enterovirus infection episode: No 296 598 1.00 (reference) 1.00 (reference)

New enterovirus infection episode: Yes 30 (9.2%) 65 (9.8%) 0.94 (0.59 - 1.52) 0.92 (0.54 - 1.57)
Total & 326 663

* Odds ratio with 95% confidence interval (CI) estimated from logistic mixed effects logistic regression models with random intercept for each subject
to control for intra-individual correlation (no significant random intercept in model for enterovirus episodes, but highly significant in model for
enterovirus positivity). The unadjusted odds ratio in ordinary logistic regression ignoring intra-individual correlation in infections was 0.92.

1 Adjusted for sex, calendar month of sample collection, year of sample collection (2001-3, 2004-6 or 2007-8), age (continuous), number of siblings (0

vs. >=1), breast-feeding, first degree family history of type 1 diabetes (yes/no).
1 Excluding consecutively positive samples that may have been part of the same infectious episode as in the previous positive sample.



Table 3. Semi quantitative testing of the stool samples.

Frequency of enterovirus infections with high and low viral load in the children who subsequently
developed repeated positivity of multiple autoantibodies versus matched controls who did not
develop autoimmunity.

Cases (n=27 Controls (n=53

subjects) subjects)
Enterovirus RNA negative 296 598
Enterovirus RNA positive, low-moderate quantity™ 18 (5.3%) 46 (6.6%)
Enterovirus RNA positive, high quantity* 25 (7.4%) 48 (6.9%)
Total 339 692
Enterovirus RNA negative 296 598
New infection episode, low-moderate quantity* 11 (3.4%) 31 (4.7%)
New infection episode, high quantity* 19 (5.9%) 34 (5.1%)
Totalt 326 663

* Negative: <100 copies per microliter EV RNA quantity, low-moderate: 100-9999, high: >10000 .
1 Excluding consecutively positive samples that may have been part of the same infectious episode
as in the previous positive sample.
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The objective of this study was to investigate a possible association between
human parechovirus infections in early infancy, diagnosed in fecal samples,
and the development of islet autoimmunity. In the ‘Environmental Triggers of
Type 1 Diabetes: The MIDIA study’, newborns with the highest genetic risk
for type 1 diabetes were identified and followed with regular fecal sampling and
questionnaires. A nested case—control study, including 27 children who devel-
oped islet autoimmunity (repeatedly positive for two or three autoantibodies)
and 53 children matched for age and community of residence was used. Monthly
stool samples from these children were analyzed for human parechovirus
using a semi-quantitative real-time polymerase chain reaction. There was no
significant difference in the prevalence of human parechovirus in stool samples
when cases and controls were compared: 13.0 and 11.1%, respectively. There
was also not any difference as to the number of infection episodes. In analyses
restricted to samples collected 3, 6 or 12 months prior to seroconversion for islet
autoantibodies, there was a suggestive association in the shortest time window
of 3months (20.8 vs. 8.8%, odds ratio = 3.2,95%, uncorrected p = 0.022). No
symptoms were associated with human parechovirus infection. A subset of the
positive samples (n = 31) were sequenced, suggesting that human parechovirus
1 was the dominant genotype. The present study does not support

strong associations between human parechovirus infections and the signs of
islet autoimmunity. The weak association of parechovirus present in the last

3 months before development of autoimmunity warrants further investigation.
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Environmental factors presumably contribute to the
development of islet autoimmunity and ultimately type
1 diabetes. Viral infections are considered to be likely
candidates for causing islet autoimmunity [reviewed
in ref. (1)]. The Picornaviridae are among the most
frequently studied viruses in relation to type 1 diabetes
in humans and animal models. They are single-stranded
RNA viruses that replicate mainly in the gut and are
transmitted by the fecal—oral route. Other viruses in
the gut, e.g., rotaviruses (2), have also been investigated
and associated with islet autoimmunity. Human

parechoviruses belong to the relatively new genus
Parechovirus within the family of Picornaviridae and
are closely related to the enteroviruses, which have been
implicated in type 1 diabetes (3). The Parechovirus
genus includes eight genotypes of human parechovirus
as well as the rodent parechovirus Ljungan virus, which
has been proposed as having an association with type
1 diabetes in bank voles (4). Human parechovirus 1
and 2 were described in the 1950s, while genotypes
3-8 have been described quite recently (5—10). There
are also VP1 sequences of five undescribed human
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parechoviruses assigned as human parechovirus
9-14 (11). The most common human parechovirus
is genotype 1, followed by human parechovirus 3 and
6, with the remaining genotypes being rare.

Human parechoviruses are common in infancy, and
while the presence of virus in stool samples seems
mostly asymptomatic, viral infections are also asso-
ciated with various diseases (11). A previous report
(12) did not find any association between human pare-
chovirus 1 and type 1 diabetes by measuring specific
antibodies against human parechovirus 1 in a nested
case—control study in a cohort similar to the one used
in the present study.

There are two reasons for investigating an asso-
ciation between parechovirus infections and the
development of type 1 diabetes: First, the infections
might be directly involved in triggering autoimmunity.
Second, infection with common viruses can be used
as a proxy for hygiene because the presence of virus
is expected to correlate with exposure to a large vari-
ety of microorganisms, which, according to the hygiene
hypothesis, is the preferred situation in order to develop
a well-functioning immune system. Thus, the aim of
the present study was to establish if there is any associ-
ation between the development of islet autoimmunity
and human parechovirus infections in infancy, as well
as the viral load and associated symptoms of infection
as indicators of infection severity.

Methods
Subjects and study design

The children followed in this study participate in
‘Environmental Triggers of Type 1 Diabetes: The
MIDIA study’. They were identified at birth to
carry the human leukocyte antigen (HLA) genotype
conferring the highest genetic risk of type 1 dia-
betes: DRB1*0401-DQA1*03-DQB1#0302/DRB1*03-
DQAT1*05-DQB1*02 (13). The parents were asked to
submit monthly stool samples from their infants from
the 3rd to the 35th month and to record information
on the type and dates of symptoms of infection (cough-
ing and sneezing, diarrhea, vomiting, or fever), and
some indicators of diet, in questionnaires. In order to
monitor the development of islet autoimmunity, the
children were tested for autoantibodies against glu-
tamic acid decarboxylasegs (GAD), protein tyrosine
phosphatase IA2 (IA2), and insulin (IAA) with blood
samples taken every 3 months until the age of 1 yr and
every 12 months thereafter. The testing is described in
detail by Stene et al. (13). If a blood sample is found
positive for one autoantibody, the child is retested
every 6 months; if two or three antibodies are positive,
the child is retested every 3 months. The end-point for
this study was set as the development of autoimmunity
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defined as at least two autoantibodies positive in at least
two consecutive samples. The study was approved by
The Regional Committee for Medical Research Ethics
and the Norwegian Data Inspectorate.

By 27 December 2008, children (10 boys and 17
girls) were confirmed positive for two or three autoan-
tibodies and were assigned as cases. In cases who at
first tested positive for a single autoantibody, the first
occurrence of autoantibody positivity was regarded as
the onset of autoimmunity and was used as the end-
point. Two children per case were randomly selected
from the cohort, matched for duration of follow-up,
date of birth (+1month, tolerating up to 3 months
in a few cases where necessary), and county of resi-
dence. The family of one control child later withdrew
and asked us to delete their data. In total, 80 chil-
dren were included in the analysis (40 boys and 40
girls, born between 2001 and 2006). Of the sched-
uled samples and questionnaires, 637 of 704 blood
samples (91%), 2173 of 2482 stool samples (88%),
and 492 of 547 questionnaires (90%) were received.
Of these, 2027 stool samples were tested for human
parechovirus. The median age at onset of islet autoim-
munity was 12.0 months (range 5.4—37.4 months) and
the median duration of follow-up with stool samples
was 28 months (range 7—36 months).

Statistical analysis and power calculations

The odds ratio (OR) for association between pare-
chovirus infections and autoimmunity that could be
detected with a two-sided test with alpha-level of 5 and
80-95% power under various scenarios was calculated.
Assuming a total human parechovirus prevalence of
12% based on earlier data (14), 1800 samples, a true
OR of 1.6, and comparing all samples, a power of 88%
would be expected. Assuming a true OR of 2.0, and
comparing samples prior to development of autoimmu-
nity, gives an expected power of 93%. The association
of parechovirus frequency with islet autoimmunity was
tested and estimated using logistic regression with ran-
dom intercept to take into account repeated measures
within individuals. This was done using the xtmelogit
procedure in STATA 11.

Virus detection

Methods for the collection, processing, and RNA
extraction of the monthly stool samples are described
elsewhere (15). The extraction protocol described
therein was modified for the use of 96-well vacuum-
processed QIAAmp plates (Qiagen) instead of single
columns. To avoid false-negative results, West Nile
Virus Armored RNA (Asuragen, USA) was added to
the sample in the first step of extraction and used as an
exogenous internal control for RNA extraction, reverse
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transcription (RT), and real-time polymerase chain
reaction (PCR). Briefly, the samples were reverse tran-
scribed with specific primers for human parechovirus,
using the Improm IT RT kit (Promega), and a real-time
RT-PCR was used to detect human parechovirus
RNA from the extracted samples, described in detail
previously (14). The amplification was carried out on
an ABI 7300 (Applied Biosystems) with the following
thermal profile: 15 min at 95°C, followed by 45 cycles
of 15s at 95°C and 1 min at 60°C (where fluorescence
data were collected). If the threshold cycle of the inter-
nal control was too high, or the amplification curve
was not exponential, the sample was re-extracted and
retested. Positive and negative controls were included
in the extraction procedure. Dilutions of a mix of
positive samples with known quantities were used to
quantify the human parechovirus present in the reac-
tions. All samples were subjected to blind testing. The
positive controls were consistently detected down to
10" copies/uL, and this level was therefore set as a
positivity threshold. The real-time PCR method used
is theoretically able to detect all the eight genotypes of
human parechoviruses.

Genotyping of positive samples

A subset of the positive samples (n = 31) were geno-
typed by sequencing and comparison of the VPI
polymerase region, using primers designed by Ben-
schop et al. (16). The products were obtained by a
RT-step using the Improm II RT system, followed by
a PCR with the VP1 region as the target, using GoTaq
chemistry (Promega). Detailed protocols are available
from the authors. Products were cleaned using AMPure
chemistry run on an Biomek 3000 robot (both Beck-
man Coulter, Beverly, MA, USA), sequenced using
BigDye Terminator v3.1 (Applied Biosystems) with
the same primers as used in the PCR, purified using
the CleanSEQ chemistry on the Biomek 3000 robot,
and analyzed on an ABI3130XL (Applied Biosystems)
capillary sequencer.

Results

A total of 2027 samples from 27 cases and 53 matched
controls were analyzed, of which 11.6% were posi-
tive. The frequency of human parechovirus infections
did not differ significantly between cases (13.0%)
and controls (11.1%) when all samples were included
[OR = 1.2, 95% confidence interval (CI) 0.90-1.6].
Restricting the analysis to samples taken prior to the
development of islet autoimmunity (and the corre-
sponding time point in the matched controls), the
frequencies were 13.6% for cases and 11.4% for controls
(OR =1.2, 95% CI 0.7-1.9), summarized in Table 1.
Interestingly, if a time window is used 3 months before
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the development of islet autoimmunity, 16/77 samples
(20.8%) from cases had an infection as opposed to
16/182 (8.8%) samples from controls (OR = 3.2, 95%
CI 1.2-8.5, p = 0.022).

Counting only the first in a series of two or more
consecutive positive samples from an infant (assuming
they were part of the same infectious episode) gave
no significant differences in the occurrence of human
parechovirus episodes between cases and controls, and
neither were there any significant difference in num-
ber of infections, number of infections in the first
year of life or infections with symptoms (Table 1). The
median age of first human parechovirus infection was
12.1 months in both the cases and interestingly, it seems
like the children who developed islet autoimmunity had
more infections lasting 2 or more months than those
who did not after development of islet autoimmunity
(OR =24, 95% CI 1.1-5.3, p = 0.034). The median
number of viral genomes was 608.5 RNA copies per
microliter in the positive samples obtained from cases
prior to the development of islet autoimmunity, com-
pared to 469 RNA copies per microliter in controls; the
difference was not statistically significant. There was
no difference when including all the positive samples
from both groups, either.

A-subset of the viral samples (n = 31, 26 infectious
episodes) were sequenced in order to identify the geno-
types present. The following genotypes were found
(number of infectious episodes in parenthesis): human
parechovirus 1 (15/26), human parechovirus 2 (1/26),
human parechovirus 3 (7/26) and human parechovirus
6 (3/26). The sequencing of samples taken in consec-
utive months supported the notion that these samples
reflected a single infectious episode.

Discussion

Human parechovirus infection during infancy does not
seem to predict islet autoimmunity, and there was no
difference in frequency of infection in the first year
of life or after seroconversion for islet autoantibod-
ies. Neither was there any difference in the median
ages of first infection. The present study supports and
supplements the previously published data by Tauri-
ainen et al. (12), which found no association of human
parechovirus 1 and type 1 diabetes. However, we did
find a higher frequency of infection in case children
in the interval 3 months before seroconversion for islet
autoantibodies (OR = 3.17, p = 0.022), which could
warrant subsequent replication.

Although the data indicate that human pare-
choviruses are not alone a major cause of type 1
diabetes, it is still conceivable that these viruses may
be involved in type 1 diabetes because of individ-
ual vulnerability or qualities of particular strains of
virus. A possible correlation between one of the rarer
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Table 1. Comparison of human parechovirus infections in stool samples from cases and controls

Positive for human

Infection episodes

Infection episodes

lasting >2months  Positive samples  Positive samples,

parechovirus RNA (per child) (per child) with symptoms no symptoms
Cases before 44 (13.1%) 27 (1.0) 14 (0.52) 20/39 (561.3%) 19/39 (48.7%)
end-point
Controls before 78 (11.4%) 43 (0.81) 25 (0.47) 27/73 (37.0%) 46/73 (63.0%)
end-point
OR (95% Cl) 1.17 (0.79-1.74) 1.30 (0.79-2.15) 0.98 (0.55-1.79) 1.79 (0.81-3.74)
Cases in total 82 (13.0%) 45 (1.66) 25 (0.93) 25/57 (43.9%) 32/57 (66.1%)
Controls in total 154 (11.1%) 96 (1.81) 43 (0.81) 46/133 (34.6%) 87/133 (65.4%)

OR(95% Cl) 1.19 (0.90-1.60)
Al 236 (11.6%)

1.0 3(0.72-1.49)

1.76 (141 episodes) 0.85 (68 episodes) 71/190 (37.4%)

1.42 (0.94-2.18) 1.47 (0.78-2.78)

119/190 (62.6%)

OR, odds ratio; Cl, confidence interval.

The end-point reflects the time when the cases developed autoimmunity. None of the comparisons made between cases and
controls had significance, irrespective of whether the samples taken prior to the end-point or all the samples were considered.

parechovirus genotypes (other than the types seen in
this study) and type 1 diabetes cannot be ruled out but
seems unlikely. In addition, qualities that might make
a human parechovirus diabetogenic do not necessarily
correlate with genotype, viral load, symptoms, or other
parameters presently investigated.

Although in some cases mild symptoms were
reported for the same month that the infant shed
human parechovirus RNA in the feces (fever, cold, or
diarrhea), there was no significant correlations between
symptoms and the presence of virus neither in cases nor
in controls (data not shown). There was no correlation
between symptomatic infections and the development
of islet autoimmunity. Furthermore, the viral load
observed was similar in both cases and controls, and
there was no difference between cases and controls
in the length of infections before development of
islet autoimmunity. These observations further point
against direct involvement of human parechoviruses.
Interestingly, the cases seemed to have longer human
parechovirus infections than control children after the
development of islet autoimmunity. This could reflect
an altered immune state where autoimmunity leads to
susceptibility for human parechovirus. The stool sam-
ples were taken monthly, and the possibility of having
an infection between two samples cannot be dismissed;
however, in 50 of the 128 infectious episodes, viral
RNA was detected in two or more consecutive months,
suggesting that infections are likely to be detected by
monthly sampling.

In conclusion, the role of human parechoviruses as
environmental factors of type 1 diabetes seems to be
very small, if any, but the interesting higher prevalence
in cases in a 3-month period before development of
islet autoimmunity warrants further research.
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Abstract: To examine human leukocyte antigen (HLA) class 1T association
of type 1 diabetes mellitus (DM) in Czech children, we performed a case—
control study of 261 patients diagnosed before the age of 15 and 289 non-
diabetic control children. Complete HLA-DQA1, DQBI1 genotyping and
DRBI1*04 subtyping were carried out by polymerase chain reactions with
sequence-specific primers. The effect of the DRB1*04 subtypes was studied
in DRBI1*04 alleles carried on DQB1*0302-DQA1*03 haplotypes. The risk
was statistically evaluated by testing 2 X 2 tables, considering corrected
p-values <0.05 significant. The DQB1*0302 (odds ratio, OR =9.0),
DQBI1*0201 (OR = 3.4) and DQA1*03 (OR =7.5) alleles were

significantly associated with diabetes risk, while the DQB1*0602 (OR =
0.02), DQB1*0301 (OR =0.08), DQB1*0503 (OR = 0.13), DQB1*0603
(OR =0.20), DQA1*01 (OR =0.28) and DQA1*02 (OR =0.26) alleles
were significantly protective. Of the DQA1-DQB1 genotypes, we point out
the extremely high risk of OR =116 conferred by HLA-DQA1*05-
DQB1*0201/DQA1*03-DQB1*0302. Among DRB1*04 subtypes,
DRB1*0403 was significantly protective (OR = 0.05, CI 95% 0.01-0.45).
Since none of the remaining DRB1*04 subtypes was associated with type

1 DM, our study may present another piece of evidence that the
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generally in European populations.

Type 1 diabetes mellitus (DM) is an autoimmune dis-
ease with a well defined genetic association to the hu-
man leukocyte antigen (HLA) complex. A major part
of the HLA-related risk or protection is conferred by
the whole HLA-DQ molecule (1), with a contribution
of certain DRB1*04 subtypes (2, 3), and at least two
genes within HLA but outside class I and II (4, 5).
The level of risk conferred by particular HLA alleles,
haplotypes and genotypes varies among nations and
ethnic groups (1). Knowledge about HLA-encoded
diabetes susceptibility in a particular population is
thus useful for disease pathogenesis studies at a
population level, and is essential for the prediction of
type 1 DM. Central and Eastern Europe is a region
with considerable differences both in the incidence of
type 1 diabetes (6) and in the HLA genetic character-
istics of the populations (7). So far no international
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report has been published on HLA associations of
type 1 DM in Czechs. The aim was therefore to char-
acterize type 1 diabetes genetic susceptibility con-
ferred by the HLA — DQBI1, DQAI1 genes and the
DRB1#04 subtypes in the Czech population.

The Czech Republic is a Central European country.
Its population of 10.3 million inhabitants is ethnically
homogenous with more than 98% Caucasians. The
incidence of type 1 DM incidence in children under
the age of 15 is at an intermediate level among Euro-
pean countries with 10.1 new cases per 100000 peryr
(1990-97) (8).

Subjects, materials and methods

The study design was case—control. The case group
consisted of 261 Czech diabetic patients (131 boys



and 130 girls) diagnosed with type 1 DM before the
age of 15. The diagnosis was established based on
glycemic criteria according to the World Health Or-
ganization (WHO), absolute insulin dependency and
proneness to ketosis. The age at diagnosis was 7.6 =
3.8 (mean * SD); the numbers of patients diagnosed
within the age intervals of 0—4, 5-9, and 10-14 yr were
82, 98, and 81, respectively. The patients were re-
cruited over the period between November 1996 and
May 2000. Their selection was either random at our
outpatient unit or at our in-patient pediatric endo-
crinology department at the onset of disease.

The control group consisted of 289 non-diabetic
Caucasian children aged 8.5+ 3.9 yr. These children
were consecutively recruited among patients under-
going minor surgical interventions in the period be-
tween January and October 1999 at the Department
of Pediatric Surgery (the University Hospital Motol,
Prague). Informed consent to genetic investigation
and to storage of DNA was obtained. Children with
any history of autoimmune disorders, connective
tissue disorders, glucose intolerance, endocrine dis-
eases, or with increased erythrocyte sedimentation
rate were excluded. The study was approved by the
local ethics committee.

DNA was extracted using the salting-out method
(9). The HLA class II genotype was determined by
polymerase chain reactions with a set of sequence-
specific primer pairs (10, 11). Complete genotyping
for 13 DQBI alleles and six DQAI1 alleles was per-
formed in all subjects. The effect of DRB1*04 sub-
types was studied by subtyping DRB1*04 alleles car-
ried on the DQB1*0302-DQA1*03-DRB1*04 haplo-
types.

The risk levels for particular alleles or genotypes
were expressed as odds ratios (OR) and their confi-
dence intervals calculated according to Woolf’s for-
mula. Haldane’s correction was applied when no pa-
tient or control had the particular allele or genotype.
Comparisons were made by testing the 2 X2 table
using the y>-test with Yate’s correction or two-sided
Fisher’s exact test where appropriate. Age-at-diag-
nosis trends in frequency of genotypes were tested by
the y>-test for trend. Correction for multiple testing
was made for the number of alleles or genotypes
found at each locus (for 13 DQBI alleles, six DQA1
alleles, six DRBI1*04 subtypes, and 68 different
DQBI genotypes), according to Bonferroni’s method
(12). Corrected p-values lower than 0.05 were con-
sidered significant.

Results

HLA-DQBI, -DQAT1 alleles found to be significantly
associated with type 1 DM are presented in Table 1:
the DQB1*0302, DQB1*0201, and DQA1*03 alleles
conferred an increased risk for diabetes, while the
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DQB1*0602, DQB1*0301, DQB1*0503, DQB1*0603
and DQA1*01, DQAT1*02 alleles were protective. Of
the 68 different DQBI1 genotypes found in either pa-
tients or controls, four were significantly associated
with type 1 DM (Table2): the DQB1*0201/0302 and
DQB1*0302/0302 genotypes conferred an increased
risk, whereas the DQB1*0201/0301 and DQB1*0201/
0602 were protective. Examining the DQA1-DQBI
genotypes, the highest risk of type 1 diabetes (OR =
116; 95% CI=16-842, p <10~ ') was found for the
DQA1*05-DQB1*0201/DQA1*03-DQB1*0302 geno-
type, which was carried by 29% of the cases, but only
0.35% of the controls (one out of 289).

The allelic frequencies of the DRB1*04 subtypes,
carried on the DQA1*03-DQB1*0302 haplotypes,
are shown in Table 3. Six out of eight DRB1*04 sub-
types which could be distinguished (0401-0408) were
found either in diabetic patients or in controls. The
DRB1*0403 allele was significantly protective (OR =
0.05; 95% CI=0.01-0.45), while none of the remain-
ing alleles was significantly associated after a correc-
tion for multiple testing.

We investigated a trend towards a decrease in
DQB1*0201/0302 prevalence with an increasing age
at type 1 DM diagnosis (13). Prevalences of
DQB1*0201/0302 heterozygotes among children di-
agnosed at the age of 04, 5-9, and 10-14yr were 37/
82 (45%), 35/98 (36%), and 22/81 (27%), respectively.
This trend was statistically significant (p =0.017).

Discussion

The highest type 1 DM risk found in our study was
conferred by the DQA1*05-DQB1*0201/DQA1*03-
DQB1*0302 genotype: OR =116 (95% CI = 16-842).
Such an exceedingly high risk may have arisen partly
due to a random error, since it is caused by the low
prevalence of the genotype in our controls (1/289,
0.35%) rather than by the 29% prevalence in the pa-
tients. In a combined Caucasian dataset at the 11th
HLA workshop, this genotype was shown to be car-
ried by 26% of patients compared with 2.0% of
healthy subjects (1). The upper limit of the 95% con-
fidence interval for the prevalence in our controls is
1.6%, a level that would correspond better with the
geographic origin of our population and would con-
form to a previous study of the Czech general popu-
lation (14). Moreover, the HLA-DQA1 and DQBI1
allelic frequencies of our controls did not significantly
differ from the previous study (14).

Knowledge of type 1 diabetes HLA associations in a
particular population is necessary for an effective pre-
diction, since the type 1 diabetes genetic characteristics
vary substantially among populations: in northern
Europe, the risk is conferred primarily by the
DQB1*0302 haplotypes while in southern Europe this
role is played by the DQB1*0201-DQA1*05 haplotype
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Table 1. Phenotypic frequencies and odds ratios (ORs) for the HLA-DQB1 and -DQA1 alleles significantly associated with type 1

diabetes mellitus (DM) in Czech children

Allele Patients (n = 261) Controls (n = 289) OR (95% ClI) Pcorrected
DQB1*
0302 169 (65%) 9 (17%) 9.0 (6.0-13) <107 '®
0201 160 (61%) 2 (32%) 3.4 (2.4-4.8) 1x 10710
0603 0 (4%) 9 (17%) 0.20 (0.10-0.39) 2x10°°
0503 3 (1%) 3 (8%) 0.13 (0.04-0.45) 5x 1073
0301 14 (5%) 117 (40%) 0.08 (0.05-0.15) <1071
0602 2 (1%) 2 (25%) 0.02 (0.01-0.10) 4x 1071
DQA1*
03 186 (71%) 72 (25%) 7.5 (5.1-11) <1071
02 26 (10%) 65 (22%) 0.38 (0.23-0.62) 8 X 1074
01 97 (37%) 196 (68%) 0.28 (0.20-0.40) 7 x 10712

n, number of individuals carrying the particular allele (% are phenotypic frequencies); 95% ClI, 95% confidence interval.

p-values have been corrected for 13 DQB1 and 6 DQAT alleles.

Table 2. DQB1 genotypes significantly associated with type 1 diabetes mellitus (DM)

Patients DM Controls
DQB1* genotype (n = 261) (n =289) OR (95% CI) Peorrected
0201/0302 4 (36%) 7 (2.4%) 22 (10-50) <1071
0302/0302 3 (9%) 2 (0.7%) 14 (3.2-59) 8x 1074
0201/0301 2 (1%) 3 (8.0%) 0.09 (0.02-0.38) 8x107°
0301/0602 0 (0%) 17 (5.9%) 0.06 (0.01-0.44) 1x 1078
n, number of individuals carrying the genotype (% of n); OR, odds ratio; 95% CI, 95% confidence interval.
The p-values have been corrected for 68 different DQB1 genotypes found either in the cases or in the controls.
Table 3. DRB1*0403 confers protection from type 1 diabetes mellitus (DM) in Czech children

Patients Controls
DRB1*04 (187 alleles) (51 alleles) OR (95% ClI) Peorrected
0401 127 (68%) 29 (57%) 1.6 (0.85-3.0) 0.72
0402 4 (13%) 3 (6%) 2.4 (0.68-8.2) 0.83
0403 O (0%) 4 (8%) 0.05 (0.01-0.45) 0.011
0404 24 (13%) 13 (25%) 0.48 (0.20-0.92) 0.25
0405 11 (5.9%) 2 (4%) 1.6 (0.33-7.1) 1.0
0406 0 0
0407 0 0
0408 1(0.5%) 0 0.59 (0.05-6.3) 1.0

Allelic frequencies of particular DRB1*04 subtypes were compared between 187 DQB1*0302-DQA1*03-DRB1*04 haplotypes carried
by the patients, and 51 DQB1*0302-DQA1*03-DRB1*04 haplotypes carried by the controls.

Data are numbers of alleles (% are allelic frequencies).
OR, odds ratio; 95% ClI, 95% confidence interval.
The p-values have been corrected for six alleles.

(15). Our findings are currently being utilized in a dia-
betes prediction study in first-degree relatives (16). Al-
though no screening of our general population is cur-
rently feasible, due to rather low incidence of type 1
diabetes as well as lack of effective preventive strat-
egies, the present data suggest that the set of alleles
screened for risk assessment could be similar to the
strategies of DIPP (17) or DAISY (18) studies.

We sought to characterize the contribution of the
DRB1*04 subtypes to HLA-encoded type 1 DM sus-
ceptibility (2, 3, 19-22). While it is generally agreed
that DRB1*0403 acts as a dominantly protective fac-
tor (3, 19, 23, 24), the effect of other DRB1*04 sub-
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types varies substantially among populations, includ-
ing Central and Eastern Europe (19, 25, 26). We de-
cided to analyze the DRB1*04 alleles carried on the
DQA1*03-DQB1*0302 haplotypes; this approach
has been used in several major studies (2, 26). Our
finding of a relatively strong protection conferred by
the DRB1*0403 allele is confirmative of other studies
(3, 19, 23, 24). The absence of a significant risk or
protection for the remaining DRB1*04 subtypes may
be another piece of evidence that the DRB1*0401
and DRB1#0404 subtypes, in particular, do not
modify the risk of type 1 DM generally in European
populations.

Pediatric Diabetes 2001: 2: 98-102



Of our four neighboring countries, data on
DRB1*04-encoded type 1 DM susceptibility were
available only for Germany and Poland. In Germans,
whose HLA-DRBI1*04 subtype distribution in the
general population is not significantly different from
that of Czechs (24), none of the DRB1*04 subtypes
was significantly associated with either diabetes risk
or protection (24). The Poles substantially differ from
most of the European nations (including Czechs) in
their DRB1*04 subtype distribution, having a rather
high frequency of DRB1*0401 (conferring diabetes
risk) and DRB1*0403 (conferring diabetes protec-
tion), while the DRB1*0404, 0405, 0406, and 0408
alleles are rare or absent (23, 27). No data from Slo-
vakia [genetically our closest neighbor (28)] or Aus-
tria on type 1 DM genetic susceptibility have been
published.

Both the cases and the controls can be considered
representative of the Czech population. All of our
cases diagnosed after 1989 have been ascertained by
the population-based Czech Childhood Diabetes
Registry (CCDR) established thatyear. A slight over-
representation of children with a lower age at onset
in the study (age at diagnosis 7.6 = 3.8 yr) against the
records of the CCDR (age at diagnosis 8.7 3.7 yr,
significant at p <0.01) is probably due to specializa-
tion of our pediatric endocrinology department in
critical care of young children and infants.

In conclusion, we present the first report on
genetic susceptibility to type 1 DM in Czech
children, showing an unusually high risk conferred by
the DQA1*05-DQB1*0201/DQA1*03-DQB1*0302
genotype, and a considerable protective effect of the
HLA-DRBI1*0403 allele.
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Abstract

Introduction: The PTPN22 is a negative regulator of the T cell response. Its +1858C > T (R620W) polymorphism has been shown
to associate with a risk for multiple autoimmune diseases, including type 1 diabetes (T1D) and juvenile idiopathic arthritis (JIA).
The minor (susceptibility) allele is absent in Asian populations, but a recent study suggested an independent involvement of another
polymorphism located within the promoter —1123 nucleotides relative to the translational start site.

Aims: We aimed to analyse the association of three PTPN22 polymorphisms in two distinct Caucasian populations, the Czechs
(with T1D and with JIA) and Azeri (with T1D).

Methods: The single nucleotide polymorphisms (SNP) at positions —1123 (rs2488457), +1858 (rs2476601, the R620W
substitution), and +2740 (rs1217412) were genotyped using TagMan assays in 372 subjects with childhood-onset T1D, 130
subjects with JIA, and 400 control subjects of Czech origin, and in 160 subjects with T1D and 271 healthy controls of Azeri origin.
Results: In the Czechs, all three SNPs were in a tight linkage disequlibrium, while in the Azeri, the linkage disequlibrium was
limited to between the promoter and 3'-UTR polymorphism, D'(—1123, +2740) = 0.99, r* = 0.72. Haplotype reconstruction via the
expectation—-maximization algorithm showed in both populations that only the haplotype containing the minor (W) allele at codon
620 was associated with T1D (OR = 2.26, 95% CI 1.68-3.02 in Czechs, OR = 14.8, 95% CI 2.0-651 in Azeri) or JIA (OR =2.43,
95% CI1.66-3.56 in Czechs). The haplotypes having the wild-type (R) allele at codon 620 and minor alleles at —1123 and/or +2740
were neutral as to the risk of autoimmune conditions in both populations.

Conclusions: In two different Caucasian populations, the Czechs and the Azeri, no independent contribution can be detected either
of the —1123 promoter SNP or the +2740 3’-UTR SNP, and only the minor allele at PTPN22 codon 620 contributes to the risk of
autoimmunity.

© 2006 Elsevier Ireland Ltd. All rights reserved.
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phosphatase (Lyp), one of the regulatory protein tyrosine
phosphatases expressed in the T cell. It is a powerful
down-regulator of the T cell response. There is very
strong evidence that a missense substitution C1858T
encoding for amino acid substitution R620W is
associated with a risk of multiple autoimmune diseases
(meta-analysis in Ref. [1]). The polymorphism is the
second only to HLA as to the width of associated
conditions: they include type 1 diabetes (T1D),
rheumatoid arthritis, systemic lupus erythematosus,
juvenile idiopathic arthritis (JIA) and Graves disease [1].

Nevertheless, even in type 1 diabetes, the association
of the minor W allele at codon 620 is not universal. In
the Asian populations, PTPN22 is probably non-
polymorphic at this site — earlier studies found no
W620 allele in Chinese and Japanese subjects [2,3]. The
lack of the minor (620W) allele reported from multiple
Asian populations is intriguing: it might still be possible
that other polymorphisms within the PTPN22 are
associated. Moreover, although there is ample evidence
of a functional role of R620W, the mechanism is still
incompletely understood. It is clear that the PTPN22
function is very important for down-regulation of
lymphocyte activation, however two fundamentally
different functional explanations have been proposed.
The W620 variant of LYP was demonstrated ineffective
in Csk binding and therefore disrupting the formation of
LYP-Csk complex important in T cell inactivation [4].
On the other hand, it was also shown that this disease-
predisposing variant inhibits stimulated interleukin-2
production by T cells and also that the W620 — encoded
phosphatase has a higher catalytic activity, although it
does not bind to Csk [5].

Recently, Kawasaki et al. [6] confirmed a complete
lack of the minor allele at codon 620 in a large set of
1520 Japanese and 178 Koreans, but found two
polymorphisms within the region that had the minor
allele frequency over 1%: the —1123 promoter
polymorphism, and the +2740 polymorphism within
the 3’-UTR. They further studied the association of the
—1123 SNP and reported an association with acute-
onset diabetes in the Japanese and Korean patients.
Furthermore, they deemed a significant association of
this polymorphism in a dataset of families from the
British Diabetes Warren Repository.

If the —1123 SNP was really a causal variant within
the PTPN22, the association should be consistent
among populations where PTPN22 modifies the risk of
autoimmune diseases. It should also modify the risk of
autoimmunity regardless of the R620W genotype. To
test this, we set out to determine three-SNP genotypes in
sample sets of diabetic patients from two Caucasian

populations, the Czechs and the Azeri, as well as in
Czech patients with JIA, and compare them to unrelated
controls from the same population. We hypothesized
that if the —1123 SNP is primarily associated,
haplotypes can be found in which the minor allele at
position —1123 modifies the risk independently of
R620W. The secondary aim of this study was to
quantify the association and test it for potential
interaction to other genetic susceptibility factors.

2. Subjects and methods
2.1. Subjects

In a case-control design, we studied 372 Czech patients
with childhood-onset T1D, and 130 Czech patients with
JIA, comparing them to 400 unrelated healthy Czech con-
trols. Further, 160 Azerbaijanian patients with childhood-
onset TID were compared to 271 unrelated Azerbaijanian
controls.

The Czech diabetic subjects were 372 children (188 males,
184 females) who developed T1D under the age of 15 years
(median 7.4, interquartile range 4.1-10.9), and were treated at
the Department of Paediatrics of the University Hospital
Motol in Prague. Diagnosis was based on the WHO criteria,
abrupt onset, and proneness to ketosis.

The 130 Czech patients with JIA (63 males, 67 females)
were recruited at the outpatient Rheumatology Clinic of the
University Hospital Motol in Prague. Patients were classified
according to the criteria of the International League of Associa-
tions for Rheumatology (ILAR); 43 presented with oligoarti-
cular, 72 with polyarticular, and 15 with systemic form of JIA.
The median of age at disease onset was 7 years (interquartile
range 7-11), and the follow up lasted 1-46 years, median 6.0
years.

The Czech control group consisted of 400 healthy unre-
lated subjects, either healthy children consecutively recruited
from patients who underwent minor surgical interventions at
the Department of Paediatric Surgery of the University
Hospital Motol, Prague, or healthy blood donors. Control
subjects with any history of autoimmune disorders, connec-
tive tissue disorders, glucose intolerance, endocrine diseases,
or with increased erythrocyte sedimentation rate were
excluded.

The Azerbaijanian patients were 160 subjects (81 males
and 79 females) with childhood-onset T1D manifested under
19 years of age, fulfilling the WHO glycaemic criteria, having
an abrupt onset of disease, proneness to ketosis, and an
absolute insulin dependency. The median age at T1D onset
was 9 years (interquartile range 6—12). Patients of other than
Azeri descent were not included into the study. Non-diabetic
Azeri control subjects (271, of them 79 males and 192
females, median age 21 years, interquartile range 19-21)
were randomly selected among the students and staff of the
Medical College in Baku. As in patients with T1D, other
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self-reported descent than Azeri was an exclusion criterion.
The criteria for recruiting patients and controls are described
in detail elsewhere [7].

2.2. Determination of genotypes

Genotypes of three single nucleotide polymorphisms within
the PTPN22 region were determined. These SNP were
1s2476601, an G > A substitution (on the forward strand of
the genome assembly, C > T on the reverse, coding strand) at
position +1858 relative to translational start nucleotide, result-
ing in amino acid substitution R620W; rs2488457, a C > G
substitution (on the forward strand of the genome assembly) in
PTPN22 promoter, —1123 relative to translational start nucleo-
tide; and rs1217412, an A > G substitution (on the forward
strand of the genome assembly) in the PTPN22 5’-untranslated
region, +2740 relative to translational start nucleotide.

The genotypes of the SNPs were determined using the
TagMan SNP genotyping assays. The PCR reaction contained
in a volume of 10 ul 1 x PCR buffer, 4 mM MgCl,, 10%
glycerol, 150 uM each dNTP (Sigma—Aldrich), 1 wM 6-car-
boxy-X-rhodamin (Molecular Probes/Invitrogen), 0.5 x to 1x
mix of primers and the probe (TagMan SNP Genotyping
Assay by Applied Biosystems, Foster City, CA, USA), and
0.2 unit HotStar Taqg DNA Polymerase (Qiagen, Hilden,
Germany). The thermal profile consisted of 15 min at
95 °C, followed by 45 cycles consisting of 15s at 92 °C
and 1 min at 60 °C where the fluorescence was collected.
The PCR reactions were performed on an ABI 7300 machine
(Applied Biosystems, Foster City, CA, USA), and evaluated
according to manufacturer’s instructions. To ensure consis-

Table 1

tency between runs, samples of known genotypes were
repeated in every analysis.

2.3. Statistical analysis

Allele frequencies were determined by gene counting. The
Hardy-Weinberg equilibrium was checked by comparing
observed to expected genotype frequencies, and tested using
exact tests. Association of particular SNPs with the autoim-
mune conditions was expressed using odds ratios with 95%
confidence intervals, and tested by either Xz-tests, or exact
tests. Haplotype analysis was performed by estimating the
haplotype frequencies using an expectation—maximization
(EM) algorithm implemented in the Stata program package
version 9.2 (Stata Corp., College Station, Texas, USA). Asso-
ciation of haplotypes with the conditions was tested using log-
linear modelling. The potential interaction between the
PTPN22 genotypes and other genetic factors associated with
the autoimmune conditions were tested using multiple logistic
regression. To adjust for other genetic factors associated with
the conditions, we used previously obtained data on the
genotypes of HLA, insulin gene and CTLA4 in diabetic
patients [7,8], or cytokine genotypes in JIA [9].

3. Results
3.1. TID association in the Czechs

The genotype frequencies of the PTPN22 —1123 C/
G, R620W and +2740 A/G polymorphisms are listed in

Association of PTPN22 polymorphisms with T1D and with JIA in the Czechs

PTPN22 genotype

Czech subjects with

Czech subjects Czech control

TID (n=372) with JIA (n=130) subjects (n = 400)
Position —1123
G/G 179 (48%) 58 (45%) 244 (61%)
G/C 165 (44%) 59 (45%) 143 (36%)
C/C 28 (7.5%) 13 (10%) 13 (3.3%)
OR for the phenotypic positivity of the minor (C) allele OR=1.7, OR =19,
95% CI 1.3-2.2 95% CI 1.3-2.9
Amino acid 620
R/R 231 (62%) 79 (61%) 323 (81%)
R/W 127 (34%) 47 (36%) 72 (18%)
WIW 14 (3.8%) 4 (3.0%) 5 (1.3%)
OR for the phenotypic positivity of the minor (W) allele OR =2.6, OR =27,
95% CI 1.8-3.5 95% CI 1.8-4.2
Position +2740
A/A 166 (45%) 53 (41%) 231 (58%)
A/G 175 (47%) 63 (48%) 145 (37%)
G/G 31 (8.3%) 14 (11%) 21 (5.3%)
OR for the phenotypic positivity of the minor (G) allele OR=1.7, OR =2.0,

95% CI 1.3-2.3

95% CI 1.4-3.0

Odds ratio (OR) is calculated as a comparison of the phenotypic frequency of the minor allele in subjects with the condition to the phenotypic

frequency in the controls.
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Table 1 for Czech patients with T1D, Czech patients
with JIA, and healthy controls. The controls were first
examined for the Hardy-Weinberg equilibrium and
neither of the polymorphisms significantly deviated
(Peorrectea > 0.30 in exact tests). Then we assessed the
linkage disequilibrium between the polymorphisms.
There was a strong disequilibrium among the SNPs, the
Lewontine’s D’ = 1.0 for all, and r* values being 0.89
for —1123 C/G to +2740 A/G, 0.42 for —1123 C/G to
R620W, and 0.38 for +2740 A/G to R620W.

Minor alleles of all three polymorphisms were
significantly associated with T1D in the Czechs, the
association being strongest for the allele W at the codon
620 polymorphism, OR =2.6, 95% CI 1.8-3.5. The
analysis of estimated haplotype frequencies (Table 3)
showed that TID was associated only with the
haplotype containing the W620 allele (OR =2.26,
95% CI 1.68-3.02 relative to the haplotype consisting of
three wild-type alleles). The haplotypes containing
minor alleles at the promoter and/or 3’-UTR SNP
together with the wild-type R620 allele were neutral as
to the T1D risk. The association did not differ among
genders.

The adjusted analysis in the Czech dataset was
performed with all 372 cases, and a subset of 297
control subjects for whom the genotypes were
previously determined for HLA-DQB1, -DQAI1 and
—DRBI, for insulin gene, NEURODI1 and CTLA4. The
adjusted odds ratio was not significantly different from
the unadjusted one, OR =3.3, 95% CI 2.1-5.3. There
was no statistically significant interaction between
PTPN22 W620 and either of the other genetic factors.

Table 2
Association of PTPN22 polymorphisms with T1D in the Azeri

3.2. JIA association in the Czechs

Minor alleles of all three polymorphisms were
significantly associated also with JIA (Table 1), the OR
for the W620 was 2.6,95% CI11.8-3.5. Asin T1D, only
the haplotype containing the W620 allele was
associated (OR =2.43, 95% CI 1.66-3.56), Table 3.
The three subgroups of JIA (oligoarticular, polyarti-
cular and systemic) did not significantly differ in the
magnitude of association to the W620 allele, the odds
ratio being 2.7, 2.7 and 2.8, respectively. An analysis of
the PTPN22 association with JIA adjusted for the
previously studied IL-4 —1098 T/G did not reveal a
significant interaction.

3.3. TID association in Azeri

The genotype frequencies of the three polymorph-
isms are listed in Table 2. All three polymorphisms in
controls followed the Hardy-Weinberg equilibrium
(Peorrected > 0.10 in exact tests). The —1123 C/G and
+2740 A/G were in a linkage disequlibrium (Lewontine
D' =099, = 0.72, p< 1073), while the linkage
disequilibria of the two polymorphisms to the
R620W were absent, D'=0.14 and 0.16, r*=0.0,
p > 0.9 for both.

Association with T1D was observed only in the
R620W polymorphism, where the minor (W) allele was
carried by 8 (5%) cases but only 2 (0.74%) controls,
OR =7.1, 95% CI 1.5-34 for phenotypic positivity of
the W allele. Neither allele of the two remaining
polymorphisms was associated with diabetes.

PTPN22 genotype

Azeri subjects with TID (n = 160)

Azeri control subjects (n =271)

Position —1123

G/G 106 (66%) 164 (61%)
G/C 47 (29%) 101 (37%)
Cc/C 7 (4.4%) 6 (2.2%)
OR for the phenotypic positivity of the minor (C) allele OR =0.78, 95% CI 0.52-1.2

Amino acid 620
R/R 152 (95%) 269 (99%)
R/W 7 (4.4%) 2 (0.74%)
WIwW 1 (0.63%) 0
OR for the phenotypic positivity of the minor (W) allele OR=7.1, 95% CI 1.5-34

Position +2740
A/A 93 (54%) 140 (52%)
A/G 55 (35%) 119 (44%)
G/G 12 (7.5%) 12 (4.4%)

OR for the phenotypic positivity of the minor (G) allele

OR =0.77, 95% CI 0.52-1.1

Odds ratio (OR) is calculated as a comparison of the phenotypic frequency of the minor allele in subjects with the condition to the phenotypic

frequency in the controls.
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Table 3

PTPN22 haplotypes and their association with the autoimmune condition in the three datasets

PTPN22 haplotypes T1D in Czechs

JIA in Czechs

T1D in Azeri

% cases % controls® OR % cases % controls® OR % cases % controls OR
(2n="744) (2n=2800) [95% CI] (2n=260) (2n=2800) [95% CI] (2n=320) (2n=542) [95% CI]
—1123G R620 68.0 76.5 1.0, 65.0 76.5 1.0, 75.3 73.2 1.0,
+2740A° reference reference reference
—1123G R620 2.0 2.4 0.95 2.3 2.4 1.14 5.6 5.7 0.96
+2740G [0.48-1.90] [0.45-2.91] [0.52-1.75]
—1123G W620 0.1 0 0 0 0 0.2
+ 2740A
—1123G W620 0.1 0 0 0 0 0
+2740G
—1123C R620 0 0 0 0 0 0.2
+2740A
—1123C R620 9.1 10.9 0.95 11.5 10.9 1.25 16.3 20.5 0.77
+2740G [0.67—-1.33] [0.80-1.96] [0.54-1.11]
—1123C W620 0 0 0 0 0 0
+ 2740A
—1123C W620 20.6 10.3 2.26 21.2 10.3 2.43 2.8 0.2 14.8
+2740G [1.68-3.02] [1.66-3.56] [2.0-651]

% The same control dataset is used for both analyses in the Czech population.
® The most frequent haplotype was used as a reference (baseline) for OR calculations.

The best fitted model of the haplotype frequency
estimation is shown in Table 3, last three columns. As in
the Czech population, the haplotype consisting of three
wild-type (major) alleles is taken as reference. The risk
of T1D is associated only with the haplotype carrying
the W620 allele, while the haplotypes consisting of the
wild-type R620 allele plus the minor alleles at positions
—1123 and/or +2740 are neutral with respect to T1D
risk. As there were only 10/431 individuals with the
W620 allele in the Azeri dataset, neither the analysis
adjusted for other genetic factors, nor gender-specific
analyses were performed.

4. Discussion

The present study indicates a rather strong positive
association of the W620 variant of PTPN22 with T1D in
a Czech and an Azeri populations, and with JIA in a
Czech population, but no independent association of the
—1123 G/C or +2740 A/G polymorphisms with the
conditions. This is in contrast to findings on T1D
reported by Kawasaki et al. [6] where the —1123
polymorphism was shown to associate with acute-onset
T1D in a Japanese population, and with T1D in a
Caucasian dataset from the BDA Warren repository.
What the authors detected was an excess of hetero-
zygotes among Japanese cases with acute-onset T1D
and an insignificant increase of heterozygotes among
Korean subjects with T1D, while there was actually no

difference in the overall phenotypic or allelic frequency
between cases and controls. The authors interpret this as
a case of molecular heterosis that is increasingly
recognized in promoter polymorphisms. In the present
report, no similar effect was observed, which however
does not exclude the possibility of its presence in the
Asian populations where it is not masked by the strong
association of the W620 allele. Nevertheless, the
analysis by Kawasaki et al. of a sample set from the
British Diabetes Association Warren Repository (472
Caucasian individuals from 95 families) is not easy to
follow. The authors concluded that the transmission
distortion was stronger for the —1123 polymorphism,
but the AFBAC point estimates for —1123G and
+1858T are identical (both OR =1.46), and for the
classical TDT, only x* and P values are presented. It is
conceivable that a relatively frequent variant (—1123G)
can give a lower P-value than a more rare variant
(W620) solely because the TDT uses only heterozygous
parents. The transmission distortion P-value may reflect
rather the size of the sample set, than a true difference in
an effect magnitude. In our view, the authors should
have presented more details to support their notion of
causality based on TDT performed in a population
where a strong linkage disequilibrium between the
tested variants may be assumed.

Here we present the PTPN22 genetic association in
two distinct populations of Caucasian origin, the Czechs
living in Central Europe, and the Azeri, one of the
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eastern-most Caucasian populations, living at the
Caspian sea. The two populations differ significantly
in the repertoire of the PTPN22 haplotypes (Table 3).
Although in both general populations about one-fifth of
the haplotypes carry the minor allele at position —1123
together with the minor allele at position +2740, the
proportion of R620W variants on these haplotypes
varies. The R620 and W620 variants are equally
frequent on the haplotype in healthy Czechs, but R620
prevails in healthy Azeri. Despite of this difference, in
both populations only the haplotype carrying the W620
allele is associated with T1D. The haplotypes carrying
R620 are neutral as to the TI1D risk, regardless of
whether they carry the minor allele at position +2740, or
both at —1123 and at +2740. This clearly shows that
neither the promoter, nor the 3’-UTR variant are causal
in these sample sets. In Azeri — where W620 is so rare —
this is mirrored also by neutrality of the —1123 and
+2740 polymorphisms if analysed alone, independent
of their haplotype. In the Czechs, however, the
association of both —1123C and +2740G alleles is
apparent, being secondary due to a linkage disequili-
brium with W620.

The detected associations of the W620 variant with
T1D and JIA are rather strong. The magnitude of the
association with TID in the Czechs is similar or
insignificantly higher than what has been found
elsewhere [1]. In the Czech dataset, no significant
interactions with other genetic factors known to
associate with T1D, nor any gender-specific effects
were detected. This is in contrast to the report from the
neighboring German population, where a strong
association in females accounted for the whole effect
of PTPN22 R620W on T1D risk owing to a difference in
the genotype distribution among male and female
diabetic subjects [10]. As we cannot detect any
tendency towards a similar phenomenon in our
genetically related population, the relatively small
sample becomes one of the plausible explanations
among those that the German authors propose.

Although the results of the JIA association studies
may be influenced by the enormous heterogeneity of
the condition, it seems that there is a genuine
difference among populations in the magnitude of
this association. In a large Finnish sample set, no
association was found [11], while in a Norwegian and
a UK populations PTPN22 W620 was associated with
an OR of 1.41 and 1.53, respectively. In our sample
set, the overall association was somehow stronger
(OR =2.35, 95% CI 1.61-3.42 for the W620 allele),
but our limited sample size does not allow us to draw
any conclusion from this difference. Interestingly, the

systemic form of JIA showed no association in the UK
sample set, while in the Czechs the condition was
associated across the subtypes. The results of analysis
stratified by the rheumatoid factor status are not
available due to an insufficient number of positive
individuals.

In conclusion, we report a haplotype analysis
indicating that neither the —1123 G/C, nor the
+2740 A/G polymorphisms are independently asso-
ciated with the risk of T1D or JIA. The study also
confers further evidence on the role of the PTPN22
R620W polymorphism in determining the risk of T1D
and of JIA.
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OBJECTIVE — The overlap between genetic susceptibility to celiac disease (CD) and to type
1 diabetes is incomplete; therefore, some genetic polymorphisms may significantly modify the
risk of CD in subjects with type 1 diabetes. This study aimed to investigate whether the suscep-
tibility to CD in diabetic children is modified by positivity for HLA-DQBI*02-DQA1*05 and
DQBI1*0302-DQA1*03 and by alleles of single nucleotide polymorphisms within the genes
encoding CTLA4, transforming growth factor (TGF)-f, tumor necrosis factor (INF)-a, inter-
feron (IFN)-, interleukin (IL)-1, IL-2, IL-6, and IL-10.

RESEARCH DESIGN AND METHODS — Genotypic data were compared between 130
case subjects (children with type 1 diabetes and CD diagnosed using endomysium antibodies)
and 245 control subjects (children with type 1 diabetes only, optimally two per case, matched for
center, age at type 1 diabetes onset, and type 1 diabetes duration). The subjects were recruited
from 10 major European pediatric diabetes centers performing regular screening for CD. The
polymorphisms were determined using PCR with sequence-specific primers, and the risk was
assessed by building a step-up conditional logistic regression model using variables that were
significantly associated with CD in the univariate analysis.

RESULTS — The best-fitted model showed that risk of CD is increased by presence of HLA-
DQBI1*02-DQA1*05 (odds ratio 4.5 [95% CI 1.8-11], for homozygosity, and 2.0 [1.1-3.7], for
a single dose) and also independently by TNF —308A (1.9 [1.1-3.2], for phenotypic positivity),
whereas IL1-a0 —889T showed a weak negative association (0.6 [0.4—0.9]).

CONCLUSIONS — The results indicate that the risk of CD in children with type 1 diabetes
is significantly modified both by the presence of HLA-DQBI*02-DQA1*05 and by a variant of
another gene within the major histocompatibility complex, the TNF —308A.
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eliac disease (CD) is the second

most prevalent autoimmune condi-

tion accompanying type 1 diabetes,
after autoimmune thyroid disease. In Eu-
rope, CD is ~10 times more frequent in
patients with type 1 diabetes than in the
respective general populations (1). The
reason for the association has not yet been
fully elucidated. The environment of the
ongoing diabetic autoimmunity may be a
stimulant to the development of CD, a
disease that possesses autoimmune fea-
tures. Also, the genetic susceptibility to
both conditions substantially overlaps: a
certain degree of susceptibility to both
diseases is associated with the HLA mol-
ecules DQBI1*0302-DQAI1*03 and
DOBI1#02-DQA1*05, encoded either in cis
or trans. The CTLA4 polymorphisms have
also been implicated, as well as several
polymorphisms within the genes encod-
ing for cytokines.

However, the overlap of the genetic
susceptibility is incomplete. This is well
demonstrated in the HLA-DQ region: the
main determinant of CD risk is HLA-
DQBI1#02-DQA1*05, whereas for type 1
diabetes in populations of central and
northern Europe, it is HLA-DQBI*0302-
DQA1*03. There are also strong indica-
tions that certain variants of the tumor
necrosis factor (TNF)-a gene, another
gene residing within the major histocom-
patibility complex, are associated with
CD independently of HLA-DQ (2-5),
whereas in type 1 diabetes, the TNF asso-
ciation is secondary to that of HLA (6,7),
although this opinion is not universally
accepted (8,9). CTLA4 +49A/G is a
marker associated with both diseases:
type 1 diabetes (as well as several other
autoimmune diseases) is associated with
the G allele (rev. in 10), whereas for CD,
the studies on the association have
yielded conflicting results.

Thus, CD and type 1 diabetes differ in
the strength or direction of genetic asso-
ciation with particular alleles of the same
genes. Such a difference might be useful
for determining the level of CD risk
among patients with type 1 diabetes. This
idea is appealing because genetic testing

858

DiaBETES CARE, VOLUME 29, NUMBER 4, ApPriL 2006



Table 1—Characteristics of case subjects (diabetic children with CD diagnosed using endomy-
sial antibodies) and matched control subjects (diabetic children without CD)

Case subjects Control subjects

The Czech Republic (Prague)
Austria (Vienna)
Slovenia (Ljubljana)
Hungary (Pecs and Budapest)
Germany (Berlin and Hannover)
Portugal (Lisbon)
Slovakia (Kosice)
M:F ratio (n)
Ethnicity (n)
European Caucasian
Other (Asian)
Age at type 1 diabetes onset [median
(interquartile range)]
Type 1 diabetes duration at study
[median (interquartile range)]
Results of small bowel biopsy in case
subjects
Results available
Total or subtotal atrophy
Increased intraepithelial
lymphocytes
Normal
Results not available
Biopsy not performed-typical
symptoms present
Biopsy refused by parents
Unsuccessful biopsy
Biopsy not indicated by
physician

130 245

34 69

23 46

21 29

25 48

18 35

5 9

4 9

72:58 134:111

128 243

2 2
4.6 (2.8-8.2) 4.62.2-7.7)
7.3 (43-11) 6.9 (3.9-11)

114 (88%)
97
13

4
16 (12%)
3

N

might introduce ways to better target the
CD antibody screening, ultimately lead-
ing to more efficient early detection of the
condition.

The hypothesis of an HLA-DQBI*02-
DQATI *05-associated susceptibility to CD
in children with type 1 diabetes has been
tested in several previous single-center
studies. Most of these studies suffer from a
low statistical power to detect a possible
effect. To overcome this difficulty, we set
out to undertake a sufficiently powered
international multicenter case-control
study aimed to answer the question
whether HLA-DQBI1#02-DQA1*05, HLA-
DQBI1*0302-DQA1*03, CTLA4 +49A/G
polymorphisms, and polymorphisms
within selected cytokine genes modify the
risk of CD among children with type 1
diabetes. The aim was to test DNA from
all available children with both type 1 di-
abetes and CD (case subjects) and to com-
pare their genotypes with closely matched
children with type 1 diabetes but without
CD (control subjects). We decided to

match for the following: center because
genetic background differs among popu-
lations, age at diabetes onset because it is
influenced by the HLA-DQ genotype, and
diabetes duration because the cumulative
risk of CD rises within years after the di-
agnosis of type 1 diabetes.

RESEARCH DESIGN AND

METHODS — We performed a case-
control study where the case subjects
were children with both CD and type 1
diabetes and the control subjects were
children with type 1 diabetes only,
matched to the case subjects by center,
age at type 1 diabetes onset, and duration
of diabetes. Optimally, two control sub-
jects should have been identified for each
case. Ten centers from seven countries
participated in the study. All participating
children should have manifested with
type 1 diabetes by their 15th birthday,
and case subjects should have manifested
with CD by their 18th birthday. All avail-
able diabetic children with CD cared for

Sumnik and Associates

by the center were approached and asked
to participate. The nature of the study was
described to the child, parents, or guard-
ian before a written consent was obtained,
in accordance with the procedures ap-
proved by the ethics committee at the par-
ticular center. Basic clinical and laboratory
data were collected retrospectively from
the patient’s records. Two matched con-
trol subjects were identified for each case.
First, the case was assigned to a 5-year
band of age at type 1 diabetes onset. Then,
two control children were selected at the
same center from the same age-at-onset
band, one being the child manifesting
with type 1 diabetes just before and the
other just next to the case. If the selected
control subjects were not available or did
not agree to participate, the selection
went further to the next eligible control
subject.

The characteristics of subjects are
givenin Table 1. The participating centers
recruited 130 eligible case subjects with
both type 1 diabetes and CD. The case
subjects had been identified by endomy-
sium antibody screening that was positive
on two separate occasions and confirmed
by small bowel biopsy in most instances.
The case subjects were matched to 245
control subjects (for single case subjects,
two matched counterparts could not be
found). The control subjects were
deemed free of CD based on the annual
endomysium antibody testing. The case
and control subjects were European Cau-
casians except for four subjects of Asian
origin (one control subject from Vienna,
one case subject from Berlin, and one case
and one control subject from Hannover).
Several exceptions were allowed from the
matching criteria because the center had
no better control subjects available: 25
(10%) control subjects were selected from
the neighboring lower or higher band of
age at type 1 diabetes onset, and seven
control subjects were selected although
they had manifested with type 1 diabetes
after their 15th birthday, with the maxi-
mum age at onset being 17 years and 1
month.

Either genetic material was obtained
from the center’s DNA archives or EDTA-
anticoagulated blood was drawn from the
child, sent by mail to the central labora-
tory, and processed using the QiaAmp
Blood DNA extraction kits (Qiagen, Ger-
many). All DNA samples were quantified
using a real-time assay for the human al-
bumin gene, and 83 of 375 (22%) sam-
ples, which had an insufficient total DNA
amount, were pre-amplified using the
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Genomi-Phi whole-genome amplification
kit (Amersham) according to the manu-
facturer’s instructions. Because all down-
stream assays were based on PCR with
sequence-specific primers (PCR-SSP), the
quantity of the DNA was equalized among
all samples by diluting, using data from
real-time quantification of the human al-
bumin gene.

The genotypes of HLA-DQB1, -DQA1
were determined using an in-house assay
based on PCR-SSP. The performance of
the assays is controlled by an exchange of
samples with the Tissue Typing Labora-
tory IKEM in Prague, a laboratory accred-
ited by the European Federation of
Immunogenetics. The assay for DQAI
and DQBI typing includes 24 reactions
distinguishing the DQA1*01-06 alleles
and the DQBI1*02, 0301, 0302, 0303,
0304, 0401, 0402, 0501, 0502, 0503,
0601, 0602, 0603, and 0604-9 alleles.
Full-typing data were necessary to deter-
mine the dose of DQBI1*02-DQA1*05 and
DQBI1*0302 in the individual. The CTLA4
+49A/G was determined using a previ-
ously reported PCR-SSP technique (11).
The cytokine single nucleotide polymor-
phism (SNP) PCR-SSP typing was per-
formed using a protocol with the
sequence-specific primers developed for
the cytokine component of the 13th In-
ternational Histocompatibility Workshop
and Conference IHWC) (12). The labo-
ratory was controlled within the 13th
IHWC proficiency testing and achieved
the accuracy of 98%. Seventeen SNPs
were tested within 10 different genes for
cytokines (interleukin [IL]-1ac —889 T/C;
IL-1B —511 C/T and +3962 C/T; IL-2
—330 T/G and +160 G/T; IL-6 —174 G/C
and +565 G/A; IL-10 haplotypes of three
SNPs at —1082, —819, and —590, ACC/
GCC/ATA; INF —308 A/G and —238 G/A,
TGFPBI codon 10 C/T and 25 G/C; IFN-y
UTR 5644 A/T) and for IL-1-related mol-
ecules (IL-1R 1970 C/T, IL-1RA 11100
T/C). The design of the sequence-specific
primers also allowed us to directly deter-
mine the phase of SNPs in haplotypes of
TGF-B1, INF, IL-2, IL-6, and IL-10.

The association of the variants with
CD was first tested by conditional logistic
regression for matched data. The out-
come variable identified whether the in-
dividual was a case subject (patient with
type 1 diabetes and CD, encoded as 1) or
a control subject (patient with type 1 di-
abetes only, encoded as 0). The identifier
of the matching group was used as the
conditioning variable. The independent
variables were the phenotype positivity

for the examined alleles or haplotypes in a
univariate model. Then, the variables
achieving a P value of the Wald statistics
at <0.05 in the univariate analysis were
used for step-up building of a conditional
logistic regression model. The best-fitted
model was determined using the likeli-
hood ratio test statistics. All models
were—apart from conditioning for the
matching identifier—adjusted for the
matching variables. Analyses were per-
formed using the Stata 9.0 program
(StataCorp, College Station, TX). The
sample size provided an 80% power at
a = 0.05 to detect an effect size with an
odds ratio (OR) of =1.83 for a genetic
factor present in 50% of the control sub-
jects (e.g., the HLA-DQBI1*02-DQA1*05):
this OR corresponds to a =65% preva-
lence in case subjects. Similarly, the study
had an 80% power to detect an OR >1.86
for a genetic factor with a 30% prevalence
among control subjects or OR >2.07 fora
genetic factor with a 70% prevalence.

RESULTS — The results of the univar-
iate analysis of the case-control status ver-
sus phenotypic positivity of the studied
factors are shown in Table 2. HLA-
DQBI1*02-DQA1*05 was found in 77% of
the case subjects and 53% of the control
subjects, being strongly associated with
CD among type 1 diabetic subjects (P <
107%). The effect of DQBI*02-DQA1*05
is adequately described by a codominant
model taking the gene dose into account;
there is a proportional rise in risk with
gene dose. HLA-DQBI1*0302-DQA1*03
shows a weak negative association with
CD. Among the cytokine genes, TNF
—308A is strongly associated with CD
(P < 1077), whereas the weak negative
association of IL1 o« —889 disappears after
correction for multiple testing.

The best-fitted regression model is
shown in Table 3. Although HLA-
DQBI1*0302-DQA1*03 completely lost its
effect after being adjusted for HLA-
DQBI1*02-DQA1*05, both cytokine SNP
alleles retained the association observed
in the univariate analysis. Homozygozity
for HLA-DQBI1#02-DQA1*05 increased
the risk of CD roughly fourfold, whereas
the presence of a single dose of DQBI *02-
DQAI*05 doubled the risk relative to in-
dividuals carrying no HLA-DQBI1*02-
DQAT*05. In the final model, both HLA-
DQBI1#02-DQA1*05 and TNF —308A
retained the statistical significance, indi-
cating an independent effect: the risk was
roughly doubled also by the presence of
the —308A variant of the TNF. While the

association of HLA-DQBI1*02-DQAI1*05
was dose dependent, such an effect could
neither be confirmed nor refuted for the
TNF —308A dose. [L-1oc —889T was asso-
ciated with a marginal decrease in CD
risk. No interaction terms between the
variables could further improve the fit.

The results did not change after ex-
clusion of four subjects having other than
European Caucasian descent (e.g., the OR
for a double dose of DQBI*02-DQA1*05
was 4.45 [95% CI 1.75-11.3], in the
whole dataset vs. 4.27 [1.67-10.9], after
exclusion of the subjects of non-
European descent). Including sex into the
analysis as one of the predictors neither
improved the fit nor changed the results
at the first two decimal positions of the
risk estimate.

CONCLUSIONS — The present study
clearly demonstrates that factors inside
HLA significantly modify the risk of CD in
children with type 1 diabetes. The HLA-
DYBI1#02-DQA1*05 increases the risk in
a dose-dependent manner, with a signifi-
cant contribution of TNF —308A.

The observed effect of HLA-
DQBI1#02-DQA1*05 may have been ex-
pected in populations where DQBI*02-
DQA1*05 confers a lower risk of type 1
diabetes than CD but has seldom been
documented. The first study to indicate
that DQBI*02 is overrepresented among
diabetic children with CD was published
10 years ago by Saukkonen et al. (13),
based on a longitudinal observation of
775 diabetic children that identified 18
case subjects of CD diagnosed after type 1
diabetes onset. A later Czech study sug-
gested that HLA-DQBI1*0201-DQA1*05 is
associated with a fourfold increased risk
of CD in children with type 1 diabetes
(14), based on data from 15 children with
CD identified from a cohort of 345 dia-
betic children, of whom 186 were geno-
typed. However, the CI of the risk
estimate was wide. The association was
not replicated in an Italian study of 25
children with CD and type 1 diabetes
compared with 79 children with type 1
diabetes only (15): the DQBI1#0201-
DQA1*05 frequency was 68% in the
former group and 62% in the latter group.
The authors concluded that the previ-
ously seen association may have been
population specific, which is likely partic-
ularly for the Italian population where
DQBI*0201-DQA1*05 is frequent among
diabetic subjects. Another study comes
from Australia (16): an increased fre-
quency of HLA-DQBI*0201-DQAI1*05
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Table 2—Univariate analysis of genetic factors tested for association with CD in children with diabetes

Case subjects (%) Control subjects (%) OR (95%CI) P
n 130 245
HLA-DQBI*02-DQA1#05
Dominant model* 77 53 2.97 (1.78-4.97) <0.001
Codominant modelt
Two doses of DQB1#02-DQA1*05 17 7 5.94 (2.54-14) <0.001
Single dose of DQB1*02-DQAI1*05 60 46 2.53 (1.48-4.34) 0.001
No D9QBI*02-DQA1*05 23 47 1.0: reference
HILA-DQBI1*0302-DQA1*03 52 65 0.58 (0.36-0.93) 0.024
Cytokines and related molecules
IL-1a —889 T/C
T 38 49 0.64 (0.42-0.98) 0.041
C 94 90 1.69 (0.72-3.93) 0.23
18
—-511C 88 91 0.84 (0.42-1.69) 0.64
—=511T 59 56 1.12 (0.72-1.74) 0.61
+3962 C 98 97 1.84 (0.47-7.2) 0.38
+3962 T 41 45 0.82 (0.54-1.26) 0.37
IL-1R 1970 C/T
C 88 87 1.15 (0.58-2.30) 0.69
T 59 55 1.18 (0.76-1.87) 0.46
IL-1RA 11100 T/C
T 89 93 0.59 (0.27-1.31) 0.20
C 53 59 0.81 (0.52-1.26) 0.36
IFN-y UTR 5644 A/T
A 84 82 1.19 (0.68-2.10) 0.54
T 72 72 1.00 (0.61-1.63) 1.0
TGF-BI
Codon 10 C 68 60 1.35(0.87-2.11) 0.12
Codon 10 T 81 84 0.77 (0.43-1.37) 0.37
Codon 25 G 100 99 0.99
Codon 25 C 12 15 0.75 (0.38-1.46) 0.40
TNF-a
—-308 G 90 93 0.59 (0.26-1.36) 0.22
—308 A 68 45 2.7 (1.7-4.31) <0.001
—238G 100 100 0.99
—238A 5 10 0.44 (0.18-1.1) 0.080
IL-2
—-330T 95 95 1.01 (0.34-2.7) 0.98
—-330G 52 47 1.22 (0.78-1.91) 0.38
+160 G 85 83 1.36 (0.74-2.48) 0.32
+160 T 54 63 0.67 (0.43-1.03) 0.068
IL-6
—174 G 79 82 0.84 (0.5-1.44) 0.54
—-174 C 71 70 1.2 (0.73-1.99) 0.46
nt565 G 82 86 0.76 (0.44-1.33) 0.34
nt565 A 67 68 1.05 (0.65-1.71) 0.83
IL-10 haplotype
ACC 59 50 1.52 (0.98-2.34) 0.064
ATA 47 51 0.77 (0.49-1.19) 0.24
GCC 61 64 0.98 (0.68-1.52) 0.94
CTLA4
+49A 86 80 1.44 (0.81-2.57) 0.21
+49G 59 64 0.9 (0.59-1.38) 0.64

The ORs come from conditional logistic regression models where the outcome variable was the presence of CD in the diabetic child (i.e., whether the individual is
a case = 1 versus a control = 0). The conditioning variable was the identifier of the matched set (matching stratum). The model was adjusted for the matching
variables of age at diabetes onset and duration of diabetes. The presented P values are not corrected for multiple testing. *In the dominant model, the predictor
variable was 1 when any DQB1*02-DQAI*05 was present (irrespective of dose) and 0 when no DQBI*02-DQAI*05 was present. TIn the codominant model, two
indicator variables compare the levels of risk associated with the double dose and the single dose of HLA-DQBI*02-DQA1*05, relative to its absence.
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Table 3—The best-fit multiple regression model for risk of CD in children with type 1 diabetes

Genetic factor OR (95%CI) Wald P
HLA-DQBI *02-DQAI*05
Double dose* 4.45(1.75-11.3) 0.002
Single dose* 2.04 (1.11-3.76) 0.022
TNF-a —308A 1.87 (1.10-3.20) 0.021
IL-Tae —889T 0.58 (0.37-0.93) 0.023

The variables associated with CD in the univariate model were used to build a step-up multiple model. The
predictor variables included two indicator variables showing a double and single dose of HLA-DQBI1*02-
DQAT1#05 and dichotomous variables showing the phenotypic positivity for a given allele of a cytokine SNP.
The adequacy of inclusion of predictor variables into the model was tested using the log-likelihood ratio test.
No interaction terms improved the model. The effect of HLA-DQBI1*0302-DQA1*03 observed in the uni-
variate analysis was lost after adjusting for HLA-DQB1*02-DQA1*05. *Two indicator variables compare the
levels of risk relative to an absence of HLA-DQBI1*02-DQA1*05.

was seen in diabetic subjects with CD (10/
13, 77%) compared with subjects with
type 1 diabetes but not CD (70/118,
59%), but this difference was not statisti-
cally significant. A clear limitation to
these studies is the low number of identi-
fied case subjects (diabetic children also
having CD): a single-center study there-
fore has a very substantial risk of type II
error, i.e., not refuting the false null hy-
pothesis due to low statistical power.
Negative results reported by some of the
studies should therefore be interpreted
with caution. Two articles were published
by a group from Denver, Colorado, who
used positivity for the transglutaminase
antibody as an end point, thus increasing
the number of case subjects: the studies
indicate a significant contribution of ge-
netic factors to CD risk in diabetic indi-
viduals, since an increased prevalence of
transglutaminase antibodies was reported
in diabetic children carrying DQBI*02-
DQAI1*05 or being DQBI*02-DQA1*05
homozygous (17,18). Possible weak
points of these two reports are that the
antibodies were measured only one time
and that analysis on ethnicity is not re-
ported in a population that is likely to
contain ethnic minorities.

In the present report, we show a sig-
nificant effect of HLA-DQB1*02-
DQA1*05 positivity that is probably a
compound of the effects of DQBI*02-
DQAI*05 itself and other genetic factors
carried on the DQBI*02-DQA1*05 haplo-
types, namely the TNF —308A. Whereas
the pathogenic effect of DQB1*02-
DQAI1*05 in CD is well established and
the association is primary, the association
of the TNF —308A may be due either to its
functional significance as a primary risk
modifier or to a linkage disequilibrium to
another variant on the haplotype. The
former alternative is plausible for TNF-c,

a potent proinflammatory cytokine in-
volved in T-cell immunity. However, the
data on the functional significance of its
polymorphisms are conflicting (rev. in
19), and the TNF —308A may be just a
passive marker traveling on a proinflam-
matory haplotype. The TNF-a gene lies
between HLA class Il and class I in what is
termed the class Il region. TNF —308A is
known to be associated with the proin-
flammatory 8.1 ancestral haplotype, so
other components of the haplotype may
significantly contribute as well. There are
many genes with known inflammatory
roles in the close vicinity of TNF-a: lym-
photoxin «, the heat-shock protein-70
complex, the complement components
4A and 4B, and others.

Although the TNF —308A remains as-
sociated when adjusted for DQBI*02-
DQA1*05 positivity, this fact does not
allow us to deem the genetic association
truly independent. Adjusting or matching
only for DQBI1*02-DQA1*05 phenotypic
positivity is not enough, because we do
not control the other chromosome in het-
erozygotes carrying one dose of DQBI *02-
DQAT1*05 (20). An alternative approach to
dissecting the association may be to analyze
only subjects positive for a fixed HLA-DQ
genotype, e.g., the frequent HLA-DQBI1 *02-
DQAI*05/DQB1*0302-DQA1*03. How-
ever, the power of this type of analysis of
our dataset is low, because there are only
23 matching groups where a case and at
least one control are positive for this ge-
notype. In this small subset, we observed
indications that the TNF —308A is associ-
ated with an increased risk of CD (OR 2.4
[95% CI0.63-9.1], P = 0.20).

An optimal design for a future study
verifying the independence of the TNF
—308A effect in determining the CD risk
among diabetic individuals would in-
volve matching for the primarily associ-

ated DQB1#*02-DQA1*05 on both
chromosomes. As seen in Table 2, there
are not many DQBI*02-DQA1*05 homozy-
gotes, only 17% among the case subjects
and 7% among the control subjects. Thus,
for such a relatively rare combination of
diseases, it would be especially difficult to
recruit a sufficient number of HLA-
DQB1*02-DQA1*05 homozygous dia-
betic individuals with CD and to match
them adequately with control subjects
with type 1 diabetes but without CD.

The present study was the first to use
matching for age at diabetes onset and du-
ration of diabetes. This is because the age
at onset is known to be influenced by the
child’s HLA genotype and because the cu-
mulative incidence of CD rises with dura-
tion of exposure to type 1 diabetes. This
careful matching, together with matching
for study center, should eliminate possi-
ble bias due to the recent shift toward a
younger age at type 1 diabetes onset ob-
served in some populations. Another im-
portant reason for matching is the
heterogeneity in the CD prevalence in di-
abetic children: the prevalences previ-
ously reported from populations in this
study range from 3 to 12%, moreover
with significant variations over time
(14,21-25). Consequently, reliable esti-
mations of absolute risks attributable to
particular genotypes are impossible, al-
though knowledge of them might be of
interest for the clinician.

An important source of technical er-
ror was eliminated by equalizing the DNA
content across the samples using real-
time quantification. All the genotyping re-
actions we used were based on PCR with
sequence-specific primers, a technique
known to be sensitive to uneven DNA
content. The adequacy of this approach is
well documented by the high success rate
in IHWC proficiency testing.

In conclusion, at least in some Euro-
pean populations, the risk of CD in chil-
dren with type 1 diabetes is substantially
modified by the child’s genotype, with a
contribution from both HLA-DQBI*02-
DQAI1*05 and the TNF —308A variant.
Although there had been previous indica-
tions that children with diabetes differ in
their risk of CD based on their HLA geno-
type, our study has conferred the stron-
gest evidence so far, having collected the
largest adequately matched case-control
dataset. Although an immediate transi-
tion of the knowledge into clinical use is
unlikely, in the future, genetic testing may
be useful for stratifying the frequency of
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testing diabetic children for antibodies in-
dicative of CD.
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Using a prospective (1990-2001) population-based reg-
istration of new cases of type 1 diabetes among children
under the age of 15 years, we demonstrate a continuing
increase in incidence, markedly shown in the lowest age-
at-onset category.

Incidence rates of type 1 diabetes are known to rise
significantly in most European populations. While this
trend is modest or absent in populations of Scandinavia
(Denmark, Norway, Sweden), it is markedly expressed
in the countries of Eastern and Central Europe [3, 4, 5].
Here we report the type 1 diabetes incidence rates and
their trends for the Czech Republic, 1990-2001.

Cases of childhood-onset type 1 diabetes (0-14 years
of age) were registered over the period 1990-2001 by the
population-based Czech Childhood Diabetes Register
according to EURODIAB criteria [3]. Ascertainment
rates were calculated by a capture-recapture method
using the Association of Parents and Friends of Diabetic
Children as the secondary data source. The ascertain-
ment rate was calculated to be 97% for the primary data
source, 76% for the secondary, and 99% for both data
sources combined. Population data were taken from
annual reports of the Czech Statistics Bureau. Apart
from calculating crude incidence rates, the rates were
also standardised on a virtual population with equal
numbers of individuals in the age groups 04, 5-9 and
10-14 years. Trends in incidence were estimated using
Poisson regression, sex differences were tested using
heterogeneity tests, and cyclic trends of seasonality of
onset were investigated according to Edwards [2].

A total of 2,644 cases were registered by the Czech
Childhood Diabetes Register throughout the period
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1990-2001. The average standardised incidence rate was
11.4/100,000/year. The rates did not significantly differ
between sexes. The crude and adjusted incidence rates
are shown in Table 1. The incidence rates in the age-at-
onset groups were 7.6/100,000/year in 0—4 completed
years at diagnosis, 12.0/100,000/year in 5-9, and 14.6/
100,000/year in 10-14. Seasonality of onset was most
apparent in children with diabetes onset at 10-14 years
of age, with high numbers of new cases in September to
November, and a trough in July and August (P<107%).

A significant increase in incidence was seen in all
categories of age at onset. The yearly increase in stan-
dardised incidence was 6.3% (P <1072); the yearly age-
specific increases were 10.3% (P<107°), 6.0%
(P<107?), and 4.4% (P=0.009) for the categories 04,
5-9, and 10-14, respectively. The absolute average
yearly increase in incidence was, however, very similar in
all age-at-onset categories (+0.73, +0.70, +0.79/
100,000/year for the three categories). Consequently, the
relative difference in incidence between the three age-at-
onset bands has weakened over time: this is demon-
strated in Fig. 1 where age-specific incidence rates are
compared between the first and the second half of the
observation period, i.e. between 1990-1995 and 1996—
2001.

A significant increase in type 1 diabetes incidence in
Czech children has been already demonstrated for the
time period 1990-1997 [1]. The present data show that
the incidence rate continued to rise for further 4 years,
with a similar absolute increase in all three age-at-onset
categories. The variations in diabetes incidence between
populations are partly attributable to differences in ge-
netic background of the population [8], and are linked to
several indicators of national prosperity [7] as proxy
measures of yet unknown factors. The explanations for
the observed increase in incidence still remain rather
speculative. The increase may be, for instance, partly
attributed to the rise in the body mass index of Czech
children [6], according to the ‘accelerator hypothesis’
which deems insulin resistance resulting from weight
gain to be one of the leading causes of rising incidence of
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Table 1 Incidence of type 1 diabetes in Czech children 0-14 years of age, 1990-2001

Year Number of cases Population size Crude incidence rate CI 95% Standardised incidence rate CI 95%
1990 189 2,193,682 8.6 7.499 8.3 7.2-9.6
1991 195 2,120,802 9.2 7.9-10.5 9.0 7.7-10.3
1992 197 2,064,545 9.5 8.3-10.9 9.3 8.0-10.7
1993 195 2,009,752 9.7 8.4-11.1 9.5 8.2-10.9
1994 210 1,948,024 10.8 9.4-12.3 10.6 9.2-12.0
1995 187 1,893,259 9.9 8.5-11.3 9.7 8.3-11.1
1996 234 1,842,679 12.7 11.1-14.4 12.3 10.7-13.9
1997 211 1,795,032 11.8 10.2-13.4 11.6 10.1-13.3
1998 228 1,751,471 13.0 11.4-14.8 12.6 11.0-14.4
1999 265 1,707,205 15.5 13.7-17.4 15.2 13.4-17.1
2000 257 1,664,434 15.4 13.6-17.4 15.3 13.5-17.2
2001 276 1,631,771 16.9 15.0-19.0 16.5 14.5-18.5
1990-2001 2,644 22,622,656 11.7 11.2-12.1 114 11.0-11.9
20 collaboration and continuing support. The Register was financed
—O—1990-1995 by the Lvice Foundation, Prague, and by grants 64203 (the
18 - — - Ministry of Health) and 111300003 (the Ministry of Education, the
~0—1998-2001 Czech Republic).
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Fig. 1 Comparison of the age-specific incidence rates in 1990-1995
and in 1996-2001

both types of diabetes [9]. However, this hypothesis
alone cannot explain why type 1 diabetes incidence in-
creases so rapidly, especially in populations of Central
and Eastern Europe. Continuous registering of new
cases of childhood diabetes, and international compar-
ison of the incidence rates and their trends may therefore
yield some further clues towards understanding diabetes
aetiology.
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Abstract There are indications that the effect of environ-
mental factors on the risk of type 1 diabetes mellitus
(T1DM) is increasing over time. This can be documented
by the rapid increase of T1DM incidence in genetically
stable populations. Our aim was to study an association of
T1DM with the variable factors of the perinatal period and
of early infancy, using data from children born over a pe-
riod of changing exposure to some of the studied factors. A
case—control dataset was analysed, consisting of 868 dia-
betic children and 1,466 anonymous controls, mostly school-
mates of the children with TIDM. The data were collected
using structured questionnaires completed by parents. After
performing univariate analyses, the associations were ana-
lysed using multiple logistic regression adjusted for potential
confounders, including the year of birth. The risk of TIDM
decreased with increasing duration of breast-feeding, while
no breast-feeding was associated with an increased T1DM
risk, OR=1.93 [95% CI: 1.33-2.80], breast-feeding for
more than 12 months was protective, OR=0.42 [95% CI:
0.22-0.81], both being relative to the reference category of
breast-feeding for 1-3 months. A short duration of day-care
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attendance (none or less than 1 year) was weakly associated
with the risk of TIDM, OR=1.65 [95% CI: 1.05-2.62]. No
association was detected between T1DM and signs of
prenatal infections, perinatal stress factors, birth size and
weight, indicators of crowding or the presence of a
domestic pet in the household. Short breast-feeding, and
short attendance to day-care is associated with risk of
T1DM in Czech children.

Keywords Diabetes mellitus - Type 1 - Epidemiology -
Risk factors - Infant nutrition

Abbreviations 95% CI: 95% confidence interval -
OR: Odds ratio - TIDM: Type 1 diabetes mellitus

Introduction

Type 1 diabetes mellitus (T1DM) is a consequence of im-
mune-mediated destruction of pancreatic -cells in a
genetically predisposed individual. Controversy still exists
on which environmental factors—and to what extent—are
responsible for the disease’s susceptibility. The effect of
environmental factors is probably increasing; most Eu-
ropean populations have experienced a continuous increase
in TIDM incidence despite their genetic stability [1, 4].
This increase has been most pronounced in the populations
of Central and Eastern Europe. In these populations, the
putative environmental factors started to act later or with
different strengths compared to the Western societies. The
delay makes these populations interesting for investigating
environmental factors in TIDM pathogenesis. In a pre-
vious paper, we addressed the T1DM risk associated with
maternal age at delivery and birth order under the con-
ditions of a rapid fall in natality and a swift increase of
average maternal age [19].

In the present work, we aimed to investigate the
associations of TIDM with several parameters of preg-
nancy, of the perinatal period and of early infancy, namely
with signs of infection in pregnancy, with term and mode
of delivery, birth weight and length, with infant feeding,



attendance to day-care, size of the community and the pres-
ence of domestic pet animals in the household.

Subjects and methods

The study design was case—control. Retrospectively ob-
tained questionnaire data on the putative T1DM risk factors
were compared between children with T1DM (cases) and
their non-diabetic peers (control subjects). The study was
approved by the Ethics Committee at the Motol University
Hospital, Charles University, Prague, Czech Republic.

Logistics of the study

The study was conducted by the network of the popula-
tion-based Czech Childhood Diabetes Register. Overall,
51 local pediatric diabetology centres took part in the
study, with no geographical predominance compared with
those who did not take part. The last 1,000 diabetic pa-
tients recorded by the Diabetes Register, aged less than 15
years at the onset of the disease, and under the age of 18
years at the time of the start of the study (March 2000),
were invited to participate by their pediatric diabetologists.
In addition, the diabetologists were encouraged to include
children who manifested with TIDM since the last annual
report to the Diabetes Register. The control subjects
(schoolmates of diabetic children, unrelated to the case,
non-diabetic and of approximately the same age) were
chosen and their parents were approached directly by the
parents of the patients. According to the criteria explained
in letters to the parents, optimally, three control subjects
should have been contacted.

The questionnaire
The data were obtained using structured questionnaires

identical for the children with TIDM and for the non-
diabetic control subjects. The questionnaire was designed
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to evaluate the following variables: signs of infections
during pregnancy (fever above 38°C, diarrhoea and rash,
reported separately for each trimester), perinatal parameters
(term of delivery, mode of delivery, birth weight and
length, neonatal jaundice), infant feeding (duration of
breast-feeding and time of introduction of formula or other
supplementary feeding) and vitamin D supplementation. In
children who already completed their fifth year of life, we
also evaluated other putative factors of the pre-school
period related to diabetes risk: day-care attendance, size of
the community and the presence of pet animals in the
household. Most questions had the option of “I do not
remember/I do not want to tell,” which was recorded as
“unknown” in the analysis.

Statistical analysis

The distribution of the investigated factors was first
evaluated by univariate analyses and expressed as odds
ratios (OR) with their 95% confidence intervals, and the
continuous variables were analysed using the analysis of
variance. Logistic regression models were built for
mutually related exposures or for exposures that change
over time, with adjustment to the calendar year. Dis-
criminant functional analysis was used for the identifica-
tion of the more important regressor among the correlated
nutrition variables of breast-feeding and the introduction of
supplementary feeding.

Results

A total of 1,143 questionnaires were distributed to the
parents of the children with T1DM, who, in turn, ap-
proached the parents of 2,012 control subjects. We received
868 completed questionnaires from the children with
TIDM and 1,466 from the control subjects; the details
are shown in Table 1.

The results of the analysis of signs attributable to
infections during pregnancy, of perinatal parameters and of

Table 1 Characteristics of the
study group

Children with T1IDM Control subjects

Response

Number of distributed questionnaires

Number of returned questionnaires
Response rate

Case:control ratio

Sex

Male

Female

Age at study

Median (25th; 75th percentile)
Distribution of age at TIDM onset
04 years

5-9 years

10-14 years

1,143 2,012
868 1,466
76% 3%

1 1.69

434 670

434 796

13 (10; 16) 12 (9; 15)

201 (23%)
346 (40%)
321 (37%)
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infant feeding are presented in Table 2. The signs at-
tributable to infections during pregnancy were not as-
sociated with T1DM, and this held true also after separate
analysis of trimesters (data not shown).

None of the term of delivery, mode of delivery, birth
weight and length, or neonatal jaundice was associated

with a subsequent risk of TIDM. The proportion of
caesarean sections substantially increased over the period
when the studied children were born, from 5.9% deliveries
in the first quartile to 11.4% in the last quartile of the
period. The association was, therefore, investigated also
with an adjustment for the calendar year of birth, birth

Table 2 Distribution of studied parameters in children with TIDM and control patients

T1DM % Controls % OR [95% CI]
Signs attributable to infections during pregnancy
Fever >38°C 78/693 11 149/1244 12 0.93 [0.70-1.25]
Diarrhoea 20/689 3 34/1201 3 1.03 [0.59-1.80]
Skin rash 12/749 2 38/1308 3 0.54[0.28-1.05]
Perinatal parameters
Term of delivery
Preterm (<week 38) 83 10 126 9 1.11 [0.83-1.48]
Full term (week 38-42) 741 87 1,245 86 1.00, reference
Postdate (>week 42) 29 3 73 5 0.67 [0.43-1.04]
Unknown 15 22
Mode of delivery
Spontaneous 737 87 1,278 89 1.00, reference
Forceps 18 2 29 2 1.08 [0.59-1.95]
Caesarean section 78 9 107 7 1.26 [0.93-1.72]
Unknown 35 52
Neonatal jaundice
Present 345 43 627 46 0.91 [0.77-1.09]
Absent 451 57 748 54 1.00, reference
Unknown 72 91
Birth length and weight, median (25th; 75th percentile)
Length 50 (49; 52) 50 (49; 52) N.S.
Weight 3,350 (3,028; 3,700) 3,350 (3,045; 3,650) N.S.
Infant feeding T1DM % Controls % Unadjusted OR [95% CI]* Adjusted OR [95% cIpP
Total duration of breast-feeding in completed months
No breast feeding 79 11 113 8 1.23[0.89-1.70] 1.93 [1.33-2.80]
1-3 months 268 36 471 35 1.00, reference 1.00, reference
4-6 months 197 27 343 25  1.01 [0.80-1.27] 1.11 [0.82-1.50]
7-9 months 110 15 211 16 0.92 [0.70-1.21] 0.96 [0.65-1.41]
10—12 months 54 7 120 9 0.79 [0.55-1.13] 0.94 [0.57-1.56]
>12 months 30 4 88 7 0.60 [0.39-0.93] 0.42 [0.22-0.81]
Unknown 130 120
Time at introduction of formula or other supplementary feeding Unadjusted OR [95% CI]° Adjusted OR [95% CI]°
Month 1-3 317 42 496 35 1.26 [1.03-1.53] 1.11 [0.83-1.50]
Month 4-6 298 40 587 42 1.00, reference 1.00, reference
Month 7-9 114 15 251 18 0.89 [0.69-1.16] 0.96 [0.69-1.34]
Month 10+ 25 3 69 5 0.71 [0.44-1.15] 0.90 [0.49-1.67]
Unknown 114 63
Vitamin D supplementation during the first year of life" OR [95% CI]
Yes 672 93 1,181 95 1.00, reference
No 47 6.5 66 5.3 0.80 [0.54-1.18]
Unknown 149 219

3Chi-square test for trend P=3.9x10"°

*Duration of breast-feeding and time at introduction of formula feeding adjusted for each other, for the maternal age and birth order,

and for the year of birth
°Chi-square test for trend P=8.5x10*

Data for duration of supplementation not presented: 62% of cases and 60% of controls report that they do not remember



Table 3 Analysis of putative risk factors operating in the pre-school age. Only children five years of age or older were analysed

T1DM % Controls % Unadjusted OR [95% CI] Adjusted OR [95% CI]*
Domestic pet in the household

395/789 50 676/1,291 52 0.91 [0.76-1.09] 0.88 [0.72-1.08]
Size of the community (number of inhabitants)
Less than 1,000 164 21 263 20 0.98 [0.76-1.25] 0.98 [0.75-1.28]
1,000-9,999 183 23 313 24 0.92 [0.72-1.25] 0.93 [0.72-1.20]
10,000-99,999 261 33 409 32 1.00, reference 1.00, reference
100,000+ 173 22 299 23 0.91 [0.71-1.16] 0.88 [0.68-1.14]
Unknown 37 48
Total duration of day-care attendance in completed years® Unadjusted OR [95% CI] Adjusted OR [95% CI]°
None or <1 year 39 6 53 4 1.58 [1.03-2.44] 1.65 [1.05-2.62]
1-2 years 154 25 357 28 0.93 [0.74-1.16] 1.04 [0.82-1.33]
3—4 years 345 57 741 58 1.00, reference 1.00, reference
5+ years 70 12 129 10 1.17 [0.85-1.60] 0.94 [0.67-1.32]
Unknown 59 52

The size of the community and the presence of domestic pets in the household are adjusted for each other, for the birth order, maternal age

and year of birth of the child

The total duration of day-care attendance was analysed only in diabetic children who manifested with diabetes after their fifth birthday, as

the diabetes status affects the ability to attend day-care centres

°Adjusted for the size of the community in which the child lived, for maternal age, birth order and the calendar year of birth

weight and length; none of the variables was significantly
associated with T1DM (data not shown).

Univariate analysis of infant feeding showed that the risk
of T1DM proportionally decreases both with increasing
duration of breast-feeding and with the age when formula
or other supplementary feeding was introduced. In a logis-
tic regression model with the two variables and adjustment
for the calendar year of birth, the duration of breast-feeding
turned out as the more important regressor, while the
association of T1DM with the time of introduction of sup-
plementary feeding was found secondary to that of breast-
feeding. Further discriminant functional analysis confirmed
these results.

In children older than five years, we analysed proxy
measures of social contacts, as well as contacts with do-
mestic animals (Table 3). Of the studied parameters, only a
short or negative history of day-care attendance (less than 1
year) is associated with T1DM, being more frequent in
diabetic children (6%) than in the controls (4%), and
remaining borderline-significant also in the model adjusted
for calendar year of birth, birth order, maternal age and size
of the community in which the child lived. The adjustment
for the calendar year of birth was necessary because the
duration of day-care significantly shortened over time: the
proportion of children attending day-care for four or more
years was 41% in children born before 1989, compared to
22% in those born later.

We analysed whether the variables associated with
T1DM influences also the age at which it is diagnosed. The
association was investigated using a model with dichot-
omised age at diabetes onset (below and over median) as
the outcome, and the factors previously associated in the
univariate analyses as the predictors. Neither of the vari-
ables influenced significantly the age at diabetes onset
(data not shown).

Discussion

We performed a large case—control study on type 1 diabetes
mellitus (TIDM) environmental risk factors, finding sig-
nificant association with parameters of infant nutrition and
with attendance to day-care.

Infant nutrition

The present study shows an association between the lack of
breast-feeding and TIDM risk, while breast-feeding over
12 months is associated with protection. The parallel effect
of the early introduction of supplementary feeding is
secondary to the effect of breast-feeding. Such associations
have been known for a long time; nevertheless, the ques-
tion on which of the exposures is primary has not yet been
fully answered (reviewed in [20]). The situation is further
complicated by the putative effect of exposure to cereals, as
indicated by results from the DAISY birth cohort [10].
However, such a variable cannot be tested in a retrospective
case—control study without the risk of a substantial recall
bias. Although case—control data like ours may confer
important pieces of the whole picture of nutritional risk
factors, the final answer has to be provided by the ongoing
prospective interventional studies as in the international
TRIGR project [6].

Prenatal and perinatal variables

Delivery by caesarean section has been reported to sig-
nificantly increase the risk of TIDM in some [8, 12], but
not other, studies [3, 9, 18]. In the present study, the pro-
portion of caesarean sections doubled over the study pe-
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riod. This change was parallel in children with TIDM and
in controls, indicating that even the newly introduced
indications for caesarean section probably do not include
factors primarily associated with TIDM.

The present study, as did other case—control studies (e.g.
[2, 13]), failed to show a difference in the birth size of
diabetic children compared to the non-diabetic population.
However, the lack of association is not universal; in a large
multicentre EURODIAB study [3], low birth weight and
short birth length were protective, and a Norwegian-popu-
lation-based record linkage study showed an increase in
T1DM risk with higher birth weight [17].

Limitations of the retrospective approach are seen in the
analysis of neonatal jaundice. Although we had collected
data on the occurrence of neonatal jaundice, most parents
cannot recollect whether phototherapy was instituted or
not. The same is true about vitamin D supplementation:
most parents remember having given this supplementation
but only 40% can recollect for how long it was given.

Day-care attendance and other proxy measures
of exposure to infectious agents

The concept of the hygiene hypothesis suggests that an
early encounter of a young immune system with common
infectious agents may protect against the development of
autoimmunity and atopy. The early exposure to infections
may be indicated by several proxy measures. One is day-
care attendance, which has been reported to be negatively
associated with T1DM (reviewed in [5]). In our study, the
effect of none or very short day-care attendance held bor-
derline significance—its epidemiological relevance seems
low, given that only few children attend day-care for less
than a year and that there is no decreasing trend in T1DM
risk with longer day-care attendance.

The size of the community in which the family lived is
another proxy measure of exposure to infectious agents.
This parameter reflects the population density, and also, to
a certain extent, the differences in socioeconomic status
betweenurbanandrural areas. In previous studies, ahigher
population density was associated with lower diabetes risk
[11,15]. Further, we investigated whether the families kept
a domestic pet animal, since we hypothesized that the
exposure to infections and allergens may also come from
pets in the household, independently of the child’s social
mixing. Conceivably, the size of the community is strongly
negatively correlated with the proportion of households
owning adomestic pet—in control patients, a domestic pet
was present in 84% of households in villages under 1,000
inhabitants, but only 42% households in cities with
100,000 or more inhabitants. Negative association be-
tween contact with pets and childhood diabetes has been
recently found in a study from UK [7], but not in other
studies[14,16]. Inthe present work, neitherthe presence of
a domestic pet, nor the size of the community was
associated with the risk of TIDM. This may, amongst
other factors, be attributed to the shallow socioeconomic

stratification in Czechoslovakia within the period when
the children were born.

Study design

The present study is among one of the largest European
case—control studies on the TI1DM-related environmental
factors, and it is the first report on this topic from our
population. Although a prospective observation on geneti-
cally preselected individuals (as is currently being used by
several studies) is obviously superior to our approach, ret-
rospective case—control design is the only way to inves-
tigate the T1DM associations within certain time periods of
interest. In our case, it was a rapid rise in TIDM incidence
in a genetically stable population. Swift changes in ex-
posure to some of the candidate factors are rather easy to
see; over the period in which the studied children were
born, the proportion of caesarean sections doubled, the
length of day-care attendance shortened and the duration of
breast-feeding lengthened. However, as also seen from our
data, these changes cannot explain the rise of TIDM in-
cidence in our population—there are undoubtedly other
reasons, as yet unrecognised.

Conclusions

The present study shows a negative association of TIDM
with breast-feeding, a weak positive association with none
or short attendance to day-care and a lack of association
with other factors, namely, the introduction of supplemen-
tary feeding and selected perinatal parameters.
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Abstract

Aims/hypothesis The aim of this study was to investigate the
evidence of an increased risk of childhood-onset type 1
diabetes in children born by Caesarean section by system-
atically reviewing the published literature and performing a
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meta-analysis with adjustment for recognised confounders.

Methods After MEDLINE, Web of Science and EMBASE
searches, crude ORs and 95% CIs for type 1 diabetes in
children born by Caesarean section were calculated from
the data reported in each study. Authors were contacted to
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facilitate adjustments for potential confounders, either by
supplying raw data or calculating adjusted estimates. Meta-
analysis techniques were then used to derive combined ORs
and to investigate heterogeneity between studies.

Results Twenty studies were identified. Overall, there was a
significant increase in the risk of type 1 diabetes in children
born by Caesarean section (OR 1.23, 95% CI 1.15-1.32,
p<0.001). There was little evidence of heterogeneity between
studies (p=0.54). Seventeen authors provided raw data or
adjusted estimates to facilitate adjustments for potential con-
founders. In these studies, there was evidence of an increase
in diabetes risk with greater birthweight, shorter gestation
and greater maternal age. The increased risk of type 1 dia-
betes after Caesarean section was little altered after adjust-
ment for gestational age, birth weight, maternal age, birth
order, breast-feeding and maternal diabetes (adjusted OR
1.19, 95% CI 1.04-1.36, p=0.01).
Conclusions/interpretation This analysis demonstrates a
20% increase in the risk of childhood-onset type 1 diabetes
after Caesarean section delivery that cannot be explained by
known confounders.

Keywords Caesarean section - Cesarean section -
Diabetes mellitus - Epidemiology - Type 1

Introduction

Although type 1 diabetes has an important genetic compo-
nent [1], the marked increases in incidence rate observed
among the under 15 age group in recent decades [2, 3]
strongly suggest the role of environmental influences.
Various observations have lead to speculation that Caesar-
ean section delivery could be involved. Rapid increases in
Caesarean section rates [4] have occurred in parallel with
increasing diabetes rates. For example, rates of Caesarean
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section in England, Sweden and the USA have risen from
6%, 8% and 10% in 1975 [5] to 19%, 12% and 22% in
1999 [4], respectively. Animal models suggest a higher risk
of diabetes after Caesarean section [6, 7]. Also, children
delivered by Caesarean section have been shown to have
altered gut microbiotic composition and immune function
[8—11], which could increase their risk of type 1 diabetes.
Numerous studies have investigated Caesarean section and
type 1 diabetes, but findings have been inconsistent, pos-
sibly as a result of inadequate size and limited power in
some studies. In such a situation, meta-analysis is valuable
in synthesising the available evidence [12].

The first aim of this study was to assess the evidence of an
association between type 1 diabetes and Caesarean section
by performing a meta-analysis. Previous studies have shown
that various perinatal and early life factors are associated
with type 1 diabetes, such as maternal age, birthweight and
breastfeeding [13—15]. As such factors may differ in child-
ren born by Caesarean section, the second aim was to adjust
the pooled estimate of the association between Caesarean
section and type 1 diabetes for the influence of these
potential confounders.

Methods

Literature search The main literature search was conducted
using MEDLINE, through OVID ONLINE, with the
following strategy: (‘Cesarean Section’ or ‘Delivery, Obstet-
ric’ or cesarean or caesarean or mode of delivery) and
(‘Diabetes Mellitus, Type 1’ or (diabetes and Type 1) or
IDDM), using the terms in inverted commas as MEDLINE
subject heading key words. Similar searches were conducted
on Web of Science and EMBASE. To identify studies that
investigated Caesarean section along with other risk factors,
a more general search was conducted on MEDLINE using:
(‘Diabetes Mellitus, Type 1’ and (‘Case—Control Studies’ or
‘Cohort Studies’)). The searches were limited to studies on
humans, published before September 2007. Abstracts were
screened independently by two investigators (C. R. Cardwell
and C. C. Patterson) to establish if the studies were likely to
provide relevant data based on the following inclusion
criteria: (1) they identified a group with type 1 diabetes
(containing more than 15 cases) and a group without type 1
diabetes, and (2) they determined the prevalence of delivery
by Caesarean section in these groups. Citations generated
from the more general MEDLINE search were initially
screened to remove obviously irrelevant articles. Finally, the
reference lists of all pertinent articles were examined.
Eligible studies were assessed independently by two
reviewers (C. R. Cardwell and C. C. Patterson) to abstract
information about the study (country, design and year of
publication), participants with type 1 diabetes (source, age at

@ Springer
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onset), control participants (source) and mode of delivery
(methods of ascertainment).

Attempts were made to contact the corresponding author
of all eligible studies to facilitate adjustment for maternal
age, birthweight, gestational age, birth order, breast-feeding
and maternal diabetes. Authors were requested to provide
raw data or to provide adjusted estimates of the association
between Caesarean section and type 1 diabetes after con-
ducting specified additional analyses.

Statistical analysis ORs and SEs were calculated for the
association between diabetes and Caesarean section for each
study. Conditional logistic regression was used to calculate
the ORs and SEs for the matched case—control studies. In
cohort studies with varying duration of participant follow-
up, rate ratios and their SEs were used instead of ORs, which
were not directly calculable. As type 1 diabetes is a rare
disease, these measures should be approximately equal [16].
Poisson regression was used to adjust these rate ratios for
differences in the year of birth between cases and controls, a
consequence of this study design [17, 18], by adding a year
of birth and age term to the regression model in addition to
Caesarean section. Tests for heterogeneity between studies
were conducted, and random effects models used to calculate
pooled ORs [19]. Random effects models were deemed more
appropriate than fixed effects models because it was
anticipated that there would be between study heterogeneity
due to their observational nature. The I* statistic was
calculated to quantify the degree of heterogeneity between
studies [20]. This statistic measures the percentage of the
total variation across studies that is due to heterogeneity.
Study-specific weights in the random effects model were
calculated and scaled to percentages. Publication/selection
bias was investigated by checking for asymmetry in funnel
plots of the study ORs against the SE of the logarithm of the
ORs [21]. In the absence of publication/selection bias this
graph should conform to a funnel shape, as the OR estimates
from smaller studies (with larger SEs) show greater variation
around the overall estimate than the OR estimates from
larger studies (with smaller SEs). An identical approach was
adopted to combine ORs for the association between type 1
diabetes and available confounders. To investigate the trend
across categories for maternal age and birthweight, an OR
(and SE) was calculated per increase in category using
regression models appropriate to the design of the study, and
then meta-analysis techniques were applied.

A two-stage technique was used to calculate pooled es-
timates of the association between Caesarean section and
diabetes after adjustment for potential confounders [22]. First,
adjusted estimates and SEs were calculated within each study
using regression models appropriate to the study design
(logistic regression for case—control studies, conditional lo-
gistic regression for matched case—control studies and Poisson

@ Springer

regression for cohort studies) including diabetes as the out-
come variable and Caesarean section and the potential con-
founder(s) of interest as explanatory variables. As explained
previously, Poisson regression models additionally included
terms to adjust for differences in year of birth between cases
and controls in the cohort studies with varying participant
follow-up. Meta-analysis techniques were then applied to
these adjusted estimates.

Sensitivity analyses were conducted by subdividing studies
by quality (whether population-based randomly selected
controls were used) and using the Trim and Fill method to
calculate pooled estimates after adjustment for any potential
publication bias [23]. This method identifies funnel plot
asymmetry and imputes study results, which are considered to
have been conducted but not published, to create funnel plot
symmetry. The overall combined estimate of the association
is then based on the observed and imputed study results.

All statistical analyses were performed using STATA 9.0
software (STATA, College Station, TX, USA).

Results

The searches identified nine eligible articles using MEDLINE
[15, 17, 24-30]; a further article was identified from Web of
Science [31] and another from EMBASE [32]. The more
general MEDLINE search identified a further eight articles
[33-40], and review of reference lists revealed another two
articles [41, 42].

Seven of the identified articles were excluded from further
consideration. An earlier study [41] was excluded in favour
of a larger study [42] that included all the participants
enrolled in the former. Three articles [25, 26, 28] reported
the same data. A study [33] was excluded because no raw
data were presented in the paper or available from the
authors. Another study was excluded as it contained fewer
than 15 cases [29]. A meeting abstract [31] was replaced
with the subsequently published article [43] and, after
contact with authors, an earlier report from a cohort [35]
was replaced with a later report [18].

The 16 remaining articles corresponded to 20 independent
studies, because one study [15] provided data from eight
centres, three of which were reported elsewhere [25, 27,
32], and another provided data from two centres [24], one
of which was subsequently reported in a larger study [32].
Finally, to ensure two studies [17, 30] provided indepen-
dent information, authors removed cases from one study
[30] that were included in the other [17]. Study character-
istics are summarised in Table 1.

The unadjusted association between Caesarean section
and childhood-onset type 1 diabetes for all 20 studies,
including 9,938 cases, is shown in Fig. 1. Overall, there was
a significant increase (p<0.001) in the risk of type 1
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First author Type 1 DM Controls Relative
[reference] % Caesarean o Cacsarean (n/N) OR (95%C1) OR (95% CD) weight (%)

(/N)
1
Dahlquist [42] 11 Q9327100 8 (687/8.148) -l 132 (1.14-1.52) 2
Patterson [24] 13 (42700 8 (112/1355) : = 1.60 (1.06-2.42) 3
McKinney [25] 15 (332200 10  (43/433) : 1.59 (0.98-2.59) 2
Tai [34] 14 (67 14 @193 . 0.97 (0.50-1.90) 1
Rami [27] 15 (386) 11 (345323) : 1.51 (0.76-3.01) 1
Bache [36] 11 (92839) 9 (159/1687) —_— 1.18 (0.90-1.55) 7
ED - Bulgaria [15] 13 (16125 13 (56/435) ! 0.99 (0.55-1.80) 2
ED - Latvia [15] 5 ) 6 (730 : 0.93 (0.38-2.29) 1
ED - Lithuania [15] 7 @14 6 (17264) : 1.10 (0.46-2.62) 1
ED - Luxembourg [15] 18 (0557 17 (9171 ; 1.04 (0.47-2.30) 1
ED - Romania [15] 10 @80 8 (277 : 1.29 (0.55-3.02) 1
Visalli [43] 27 (38/142) 21 (148/710) L 1.37 (0.91-2.07) 3
Stene® [17] 11 (201/1824) 11 (151,735/1,384,191)° —- 1.05 (0.91-1.22) 24
Stene [30] 14 (50346) 11  (182/1628) - 1.34 (0.96-1.88) 5
Cardwell [32] 10 (101987) 7 (32.744/439,072) — 141 (1.15-1.74) 12
Sipetic [38] 9 105 5 (11210 ' 1.70 (0.68-4.23) 1
Svensson [37] 15 (1477 12 (19/679) —. 133 (0.94-1.88) 4
Malcova [39] 9 (78/833) 8  (107/1414) N A 1.26 (0.93-1.71) 6
Tenconi [40] 20 (677 19 (32/166) I 1.25 (0.61-2.56) 1
levins® [18] 6 (23396) 7 (18:583/281,641) —_— 0.77 (0.51-1.17) 3
Overall’ < 1.23 (1.15-1.32)
0.5 066 1 1.5 2

Reduced risk of diabetes after Caesarean section

Increased risk of diabetes after Caesarean section

Fig. 1 Meta-analysis of studies of Caesarean section and type 1
diabetes (including 9,938 cases) using the random effects model,
studies ordered by publication date. Reference numbers are provided
in Table 1. *Test for heterogeneity x>=17.70, df 19, p=0.54; P=0%

diabetes after Caesarean section delivery, with an OR of
1.23 (95% CI 1.15-1.32). There was little evidence of
heterogeneity between the study estimates (I°=0%, 95% CI
0-48%; x>=17.70, df 19, p=0.54). A funnel plot, shown in
Fig. 2, roughly conformed to the expected funnel shape,
providing little evidence of asymmetry and therefore little
evidence of publication bias. Similarly, the Trim and Fill
method, which attempts to adjust for any publication bias
by imputing possible unpublished studies, produced esti-
mates that were unaltered (OR 1.23), suggesting that any
effect of publication bias was negligible. Further analysis in
the subgroup of 16 studies judged to have used randomly

04
17 042
0.14 32
®36
.35:?30
= 37
nO: 0.2 .18 43 e24
_g’ 25
Li 0.3 e15
»
o34 .36
040
0.4 ®15
015 *15
e15 38
0.5
0.5 0.75 1 1.5 2

OR
Fig. 2 Funnel plot of studies of Caesarean section and type 1
diabetes, labelled by reference number

(95% CI 0-48%); test for overall effect Z=5.70, p<0.001; Padjusted
for year of birth and age group, as explained in Statistical analysis;
“approximated from person years. DM, diabetes mellitus; ED,
EURODIAB

selected population-based controls produced a similar
pooled estimate (OR 1.24, 95% CI 1.13-1.35).
Adjustment for potential confounders was possible in 17
studies. Fifteen authors provided raw data, and two calculated
adjusted estimates. Raw data from two studies were not
available [36, 42] and one author could not be contacted [34].
Table 2 summarises the crude association between
childhood-onset type 1 diabetes and potential confounders.
Overall, there was an increase in the risk of diabetes with
increasing birthweight (combined OR per category increase
1.05, p=0.006) and little heterogeneity between studies (/=
25, p=0.17). There was evidence (p=0.02) of a reduction in
risk of diabetes with longer gestation. The pooled risk of
diabetes in children born later than 42 weeks was 0.84 times
that of children born 38-41 weeks, and was similar across
studies (=10, p=0.34). There was evidence of an increase
in diabetes risk with maternal age (combined OR per
category increase 1.08, p=0.001) but there was considerable
heterogeneity between studies (=50, p=0.01). Overall,
there was some evidence that children second born (OR
1.12, p=0.03) or third or later born (OR 1.08, p=0.17) had a
slightly higher risk of type 1 diabetes than first born child-
ren, but these associations were also subject to considerable
heterogeneity (=45, p=0.03 and =25, p=0.17, respec-
tively). Children whose mother had diabetes (OR 4.92,
p<0.001) or, specifically, type 1 diabetes (OR 4.03, p=0.001)
had a higher risk of type 1 diabetes, and these associations
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were fairly consistent across studies (=0, p=0.49 and
=0, p=0.88, respectively). Finally, there was some indica-
tion that children who were breastfed, or breastfed for a
longer duration, had a slightly lower risk of diabetes than
children who were not breastfed, or breastfed for a shorter
duration, (OR 0.84, p=0.02). This association was subject to
marked heterogeneity (=61, p=0.001)—perhaps due in
part to the different categorisations used in each study—and
should therefore be carefully interpreted.

Table 3 shows the association between Caesarean section
and type 1 diabetes after adjustment for confounders. The
crude association between Caesarean section delivery and
type 1 diabetes was little altered after adjustment for
birthweight (OR 1.24, p<0.001), gestational age (OR 1.19,

p<0.001), maternal age (OR 1.19, p<0.001), birth order
(OR 1.21, p<0.001), maternal diabetes (OR 1.17, p=0.003),
breast-feeding (OR 1.26, p<0.001) or all of these con-
founders (OR 1.19, p=0.01).

Discussion

This meta-analysis demonstrates a consistent increase, of
around 20%, in the risk of type 1 diabetes in children delivered
by Caesarean section. This observed increase in diabetes risk
after Caesarean section delivery could not be explained by
the confounding influence of birthweight, gestational age,
maternal age, birth order, maternal diabetes or breastfeeding.

Table 2 Pooled analysis of the association between potential confounders and type 1 diabetes

Potential confounder Number of studies Heterogeneity Combined OR (95% CI) p value
X p value P (95%CI)
Birthweight (g) 16
<2,500 21.05 0.14 29 (0-61) 0.87 (0.71-1.07) 0.18
2,500-2,999 11.15 0.74 0 (0-52) 0.93 (0.86-1.02) 0.14
3,000-3,499 1.00 (Ref. cat.) -
3,500-3,999 10.77 0.77 0 (0-52) 1.03 (0.97-1.10) 0.33
>4,000 11.24 0.74 0 (0-52) 1.12 (1.02-1.21) 0.01
Trend across categories 20.10 0.17 25 (0-59) 1.05 (1.02-1.09) 0.006
Gestational age (weeks) 16
<37 8.56 0.86 0 (0-54) 1.01 (0.91-1.11) 0.87
38-41 1.00 (Ref. cat.) -
>42 16.67 0.34 10 (0-47) 0.84 (0.73-0.97) 0.02
Maternal age (years) 17
<20 29.54 0.02 46 (4-69) 0.84 (0.68-1.04) 0.10
20-24 19.11 0.26 16 (0-52) 0.90 (0.83-0.98) 0.01
25-29 1.00 (Ref. cat.) -
30-34 17.94 0.32 11 (0-48) 1.03 (0.95-1.13) 0.47
>35 14.01 0.59 0 (0-51) 1.11 (1.01-1.23) 0.04
Trend across categories 3222 0.01 50 (13-72) 1.08 (1.03-1.13) 0.001
Birth order 16
First born 1.00 (Ref. cat.) -
Second born 27.29 0.03 45 (1-69) 1.12 (1.02-1.24) 0.03
Third or later born 20.05 0.17 25 (0-59) 1.08 (0.97-1.19) 0.17
Maternal diabetes®
No 8 1.00 (Ref. cat.) -
Yes 6.42 0.49 0 (0-68) 4.92 (3.93-6.16) <0.001
Maternal type 1 diabetes®
No 8 1.00 (Ref. cat.) -
Yes 3.05 0.88 0 (0-68) 4.03 (1.76-9.20) 0.001
Breast-feeding®
No or short period 15 1.00 (Ref. cat.) -
Yes or long period 36.25 0.001 61 (32-78) 0.84 (0.72-0.98) 0.02

*Studies recording maternal diabetes and maternal type 1 diabetes are shown in Table 1
® Breast-feeding was categorised as breast-feeding at discharge from hospital [18, 32], any breast-feeding [15, 25, 27], breast-feeding for
approximately 3 months or more [30, 40, 43] and breast-feeding for approximately 4 months or more [37-39]

Ref. cat., reference category
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The main finding was observed consistently across studies,
conferring a level of robustness to this result. Importantly,
using individual patient data, or adjusted estimates, we were
able to demonstrate that the increased risk of diabetes after
Caesarean section delivery could not be explained by known
confounding factors. However, as this meta-analysis was
based upon observational studies, it is impossible to rule out
the influence of unrecorded confounders, although any such
confounder would have to operate similarly across all studies.
Social class is a possibility, as it may be associated with the
likelihood of delivery by Caesarean section, but as the
association between social class and type 1 diabetes is
inconsistent [24, 44-46] it seems unlikely that it could exert
the necessary confounding influence. Gestational diabetes is
another possibility, but the proportion of mothers with
gestational diabetes in these European populations is likely
to be small [47], reducing the likelihood of marked
confounding, and adjustment for gestational diabetes in
seven of the studies [15, 25, 27] revealed little evidence of
confounding. A further weakness of this study was that the
reason for Caesarean section could not be investigated, as
this was not available in the majority of studies, and
therefore we were unable to confirm a report suggesting
that any increased risk of type 1 diabetes after Caesarean
section was most marked after elective procedures [24].

The explanation for the observed increase in the risk of
type 1 diabetes in children born by Caesarean section is
unknown, but various theories are plausible. The gut micro-
biota are thought to play an important role in stimulating the
development of the immune system [48]. Recent studies
have shown that the gut microbiotic composition differ in
children born by Caesarean section compared with vagi-
nally born children [8—11], perhaps because such children

are first exposed postpartum to bacteria originating from the
hospital environment rather than to maternal bacteria [11].
This difference in gut microbiotic composition could
increase the risk of type 1 diabetes. Similarly, the hygiene
hypothesis suggests that children with reduced or delayed
exposure to infection in early life may have an increased risk
of type 1 diabetes [49]. According to this hypothesis, as
children born by Caesarean section may have a reduced
exposure to infections compared with children born vaginal-
ly, this could increase their diabetes risk. Alternatively, a
previous study [42] speculated that any increased risk of
diabetes after Caesarean section could be caused by non-
specific perinatal stress.

Our study also allowed the documentation of pooled
estimates of the crude risk associated with various perinatal
factors. Although not the result of a systematic review of
the literature for each perinatal factor, there is no obvious
reason why this selection of studies would not be rep-
resentative. To our knowledge, this is the largest selection
of studies that have been combined to investigate associ-
ations with birthweight, gestational age, maternal age, birth
order and maternal diabetes. These analyses indicated that
children who are heavier at birth, have a shorter gestation
and whose mother has diabetes have a greater risk of type 1
diabetes. Although there was also evidence of an increased
risk of type 1 diabetes with greater maternal age and later
birth order, these associations varied considerably between
studies and should be interpreted more cautiously. The
findings for breast-feeding, of a slight reduction in type 1
diabetes risk, although broadly similar to that observed in
two previous meta-analyses [50, 51], were subject to
considerable heterogeneity, perhaps reflecting differences
in the recording of breast-feeding in the individual studies.

Table 3 Pooled analysis of the association between Caesarean section and type 1 diabetes after adjustment for various potential confounders

Adjusted potential confounder(s)*

No. of studies No. of cases Heterogeneity

Adjusted combined OR p value

(95% CI)
X p value I (95%CI)

None 20 9,938 17.70  0.54 0 (0-48) 1.23 (1.15-1.32) <0.001
Birthweight 16 6,138 13.55  0.56 0 (0-52) 1.24 (1.13-1.35) <0.001
Gestational age 16 6,005 1410 0.52 0 (0-52) 1.19 (1.09-1.31) <0.001
Maternal age 17 6,246 16.04 045 0 (0-51) 1.19 (1.09-1.30) <0.001
Birth order 16 6,029 16.19 037 7 (0-43) 1.21 (1.10-1.34) <0.001
Maternal diabetes 16 6,150 16.79 033 11 (0-48) 1.17 (1.05-1.29) 0.003
Breastfeeding 15 3,874 9.00 0.83 0 (0-54) 1.26 (1.12-1.42) <0.001
Birthweight, gestational age, 15 5,791 11.30  0.66 0 (0-54) 1.17 (1.06-1.28) 0.001

maternal age and birth order
Birthweight, gestational age, 13 3,444 7.86 0.80 0 (0-57) 1.21 (1.06-1.38) 0.005

maternal age, birth order and breastfeeding
Birthweight, gestational age, maternal age, 13 3,424 9.16 0.69 0 (0-57) 1.19 (1.04-1.36) 0.01

birth order, breastfeeding and maternal diabetes

# Adjustments were made for potential confounders using broadly the categories shown in Table 2
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In conclusion, our study detected a small but significant
and consistent increase in the risk of type 1 diabetes after
Caesarean section, which could reflect differences in
exposure to bacteria in early life.
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