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I. TUNETMENTES BACTERIURIA EGESZSEGES ES DIABETESES
POPULACIOBAN

A hugyuti infekcidk az egyik leggyakoribb bakterialis infekcionak szamitanak az
egészséges populacidban. A nem-komplikalt hugyuti infekcio foleg fiatal felnéttek
ndkben fordul el6 és konnyen kezelhetd. Alapbetegség esetén a hugyuti infekcid
komplikalt formaja jelenik meg, nehezen kezelhetd és sokszor rekurral.

Diabetes mellitusban a hugyuti infekciok komplikaltnak tekintenddk, renalis vagy
perirenalis talyogok, emphysematous pyelonephritis €s - cystitis, gombas fertdzések és
papilla necrosis kialakuldsahoz vezethetnek. A diabetes késdi szovodményei is €érintik
a hugyutakat, atherosclerosis, diabeteses nephro- €s neuropathia alakulhat ki, mely
holyagdiszfunkcioban, artéria renalis szlikiiletben nyilvanulhat meg, tovabba ledalt
miikddésti immunrendszer is tarsulhat a fentiekhez. Bizonyos betegcsoportokban,
illetve allapotokban a klinikai tliinetekkel nem jard, &am mégis pozitiv vizeletleoltast
mutato infekciok kiilonos jelentdsséggel birnak, ide tartozik a terhesség, az
onkatéterezok kore, illetve a diabeteses betegek, az entitas pedig a tiinetmentes
bacteriuria (ASB).

I/1. A tiinetmentes bacteriuria definicidja

Vizelet tenyé€sztésére alkalmas a megfeleld lemosas utan nyert kozépsugar vizelet, a
katéteren vagy suprapubicus hélyagpunkci6 révén nyert vizeletminta. A napi rutinban
az elsé modszert alkalmazzak. Amennyiben 10° kolonia formald egység (CFU)/ml
szamu baktérium tenyészik ki a vizeletbdl az 80%-os valosziniiséggel jelzi a fertdzést.
Ha ez a mennyiség két vizeletmintaban is megtalalhat6 a valosziniliseég 95%-ra
emelkedik.

ASB-1dl akkor beszéliink, ha fertétlenitést kovetd, elso reggeli, kozépsugar
vizeletb6l 10°/ml feletti csiraszamban (ugyanaz a) baktérium tenyészik ki és ehhez
nem tarsul hagyuti infekciora jellemz0 panasz (dysuria, gyakori vizelési inger, 14z)
vagy fizikalis lelet (costovertebralis érzékenység, urethritis). Az, Infectious Disease
Society of America” ajanlasa szerint tiinetmentes férfiakban egyetlen pozitiv minta is
elégséges az ASB diagnosztikajahoz. Amennyiben a baktériumszam 10 és 10%/ml
kozotti felmeriil a kontaminécid lehetdsége.

I/2. Tiinetmentes bacteriuria a nem diabeteses populacioban
1/2.1. Prevalencia

Erett, leany jsziilottekben az ASB prevalencidja kevesebb, mint 1%, fitknal ennél
gyakrabban taldlkounk bacteriuriaval (~2%). Amennyiben Ujsziilottben bacteriuria
fordul el6 kongenitélis malformécidk (kiilondsen vesico-uretheralis reflux) kizarasa
miatt tovabbi vizsgalatok indokoltak. Csecsemdkor utan az ASB el6fordulasa csokken,
kisdedkorban lanyok 1%-ban mutathatd ki, fiukban pedig extrém ritka. Iskolaskorben
emelkedés figyelhetd meg, féleg lanyok esetében (2-5%) €s ebben a tartomanyban
marad felndttkorban is. A terhesség idészakaban a gyakorisag nem valtozik, azonban a
kovetkezményei stilyosak lehetnek. Fiatal férfiakban az ASB gyakorisaga 0,01%
koriili. Idésekben meglehetdsen széles tartoméanyban fordul eld ASB (17-50% ndkben,
6-34% férfiakban).




1/2.2. A tiinetmentes bacteriuria rizikofaktorai nem diabeteses populacioban

M¢ég az egészséges 0jsziilottek is immunhidnyosnak tekintendok, ezért
rizikdcsoportba tartoznak a bakteridlis infekciok tekintetében. Vesefejlodési
rendellenességek esetén szintén nagyobb az esély ASB kialakulasara. Fiatal nOk esetén
a szexualis aktivitas egy ujabb rizikéfaktor. Idések kozott a tarsuld komorbid allapotok
(obstruktiv uropathidk, neurogén hdlyag, debilitas, inkontinencia) gyakoribbak,
melyek hozzajarulhatnak az ASB kialakulasdhoz.

1/2.3. Immunoldgia és tiinetmentes bacteriuria

Amennyiben a korokozok az uroepithellel érintkeznek citokin felszabadulast
generalnak (féleg interleukin-6 (IL-6) és interleukin-8 (IL-8)). Az IL-6 a h6-sokk
fehérjék csoportjaba tartozik, T, B, endothel, epithel sejtek, makrofagok, fibroblastok
termelik. Az IL-8 kisméretli (~8 kDal) citokin, melyet makrofagok endo- és epithel
sejtek termelnek €s a neutrophil kemotaxisert felelos. Az IL-8 emelkedett szintjét irtak
le hugyti infekcidoban vagy ASB-ban szenveddk vizeletében, mig kontrollokban nem
volt detektalhato.

1/2.4. Genetikai vizsgalatok és hugyuti infekciok

Szamos adat all rendelkezésre azzal kapcsolatban, hogy hiigytti infekcidra
val6 hajlam genetikailag meghatarozott. A C-X-C kemokinek két cisztein
aminosavat tartalmaznak, melyek nagyfokban konzervaltak. A leukocytak
felszinén 1évé CXC-receptor-1 és CXC-receptor-2 képes az IL-8-at megkotni,
elébbi nagy affinitassal. Kimutattdk, hogy kronikus pyelonephritisben szenvedd
gyermekek csokkent CXCR-1 expressziot mutatnak a kontrollokhoz képest.
Ezaltal azt feltételezve, hogy velesziiletett defektus allhat fenn ebben a
betegcsoportban. Az is ismert, hogy akut pyelonephritisben szenvedé gyermekek
csaladjaban 15%-ban fordult el kordbban pyelonephritis, mig a kontroll
csoportban 3% volt ugyanez az arany. Jelenleg a CXCR-1 6t polimorfizmusa
(SNP) ismert, melyet 0sszefiiggésbe hoztak huigyuti infekcidkkal.

I/2.5. A tiinetmentes bacteriuria kezelése a nem diabeteses populacioban

A normalis hugyuti rendszer esetén, ASB jelenlétekor a vesehegesedés, csokkent
vesefunkcio és hipertonia kialakuldsdnak esélye extrém alacsony, ezért a kezelés nem
indokolt, a spontan gydgyulés bekdvetkezésének lehetdsége jelentds. Az ,,IDSA”
ajanlasa szerint az ASB kezelése nem csokkenti a hiigyuti infekcidk kialakulasanak
esélyét és nem védi ki a tovabbi bacteriurias epizdédok eléforduldsat sem.
Terhességben az ASB jelenléte viszont 20-30-szoros rizikdtényezdt jelent akut
pyelonephritis kialakuldsara jelentdsen megnovelve ezzek a korasziilés lehetsOségét.

I/3. Tiinetmentes bacteriuria diabetesben
I/3.1. Prevalencia

Az ASB prevalencigja 9.1-29.3% kozotti diabeteses nékben és 0.7-11.1%
diabeteses férfiakban. Osszeségében az mondhato el, hogy 3-szor gyakrabban fordul
eld ASB diabeteses ndkben, mint a kontroll csoportban, azonban férfiakban nincs
kiilonbség a két populacioban. Diabeteses gyermek esetében csak kevés adat all
rendelkezéstlinkre, az 1960-as ¢években 1.6-2%-0s prevalenciat talaltak.




1/3.2. Tiinetmentes bacteriuria rizikofaktorai diabetesben

Evidensnek tlinik, hogy a hiperglikémia €s a kdvetkezményes glukozuria optimalis
koriilményeket teremt a hugyutak bakterialis kolonizaciéjdhoz. Azonban széleskorben
elfogadott az a megfigyelés, hogy a diabeteses anyagcserehelyzet mindségét mérd
glikalt hemoglobin szint (HbA ) nem befolyasolja az ASB kialakulasat. Jelenleg csak
in vitro vizsgalatok talaltak pozitiv korrelaciot a vizelet gliilkdz koncentréacidja és a
baktériumok névekedése kozott. A diabeteses retinopathia €s a microalbuminuria
eléfordulasa ugy tlinik nem fokozza az ASB kialakulasanak esélyét, azonban a
macroalbuminuria a diabetes tipusatdl fiiggetlen rizikotényezd. A diabeteses
neuropathia 1-es tipusu diabetesben rizikdfaktor. Magyar szerzok tiinetmentes
diabeteses gyermekeknél talaltak hugyholyag diszfunkciora utalo eltéréseket, melynek
kovetkeztében fennmaradé vizeletreziduum elémozdithatja a bakterialis kolonizaciot.
Vannak arra utal6 adatok is, hogy a leukocyta miikodés is zavart szenved diabetesben.

1/3.3. A tiinetmentes bacteriuria kovetkezményei diabatesben

A 16 kérdés az, vajon az ASB fokozza-e a hugyuti infekci6 kialakuldsdnak
veszElyét, tovabba vezethet-e irreverzibilis vesekdrosodashoz. Az irodalmai adatok
szerint a vizelet spontan tisztuldsa nagy valoszinliség szerint varhatd, ugyanakkor az
ASB fokozza a hugyti infekciok kialakulasdnak lehetdségét. Az eddigi kovetéses
vizsgalatok azonban sem 1-es, sem 2-es tipusu diabetesben nem igazoltdk az ASB
riziko szerepét hipertonidban és veseelégtelenség kialakulasaban.

1/3.4. Tiinetmentes bacteriuria kezelése diabetesben.

Szintén a kdvetéses vizsgalatokra tdmaszkodva azt mondhatjuk, hogy az ASB
kezelése egyre kevésbé indokolt. Bar az antibiotikus kezelés elpusztitja a korokozokat
a kezelés idOtartam alatt, de nem csokkenti a tiinetekkel jaré hugyuti infekciok szamat.
Az amerikai allaspont a kezelés mellett teszi le a voksot, mondvan csékken a
szimptomatikus epizodok stlyossaga, ugyanakkor az eurdpai nézet ezzel nem ért egyet
¢és kétségesnek gondolja az antibiotikus terapia indokoltsagat.

II. CELKITUZESEK

= A {0 célunk az ASB el6fordulasanak felmérése 1-es tipust diabeteses gyermekekben
¢s fiatalokban.

» Céljaink kozott szerepelt 6sszehasonlitani a diabeteses bacteriurids és nem
bacteriurias csoportot antropometriai €s metabolikus paraméterek tekintetében.

» Vizsgaltuk az ASB-ban eléforduldé mikroorganizmusok tipusait és értékeltiik a
kiilonbozd sziird modszereink effektivitisat.

= Végiil a htigyuti infekciok kialakuldsaban esetlegesen szerepet jatszd6 immunoldgiai
paramétereket vizsgaltuk 1-es tipusu diabetes mellitusban.

III. BETEGANYAG ES MODSZEREK

Ujonnan diagnosztizalt diabeteses betegek, ketoacidosis miatt apolt betegek, ismert
hugyuti fejlodési rendellenességgel €16 betegek nem vehettek részt a vizsgalatban. A
részvevOk kozott lazas, antibiotikumot szedd, infekcio tiineteit mutatd egyén nem volt.
A helyi etikai bizottsag engedélyét kovetden kezdtiik a vizsgalatot.




I11/1. A beteg és kontroll csoport jellemzése
I11/1.1. A ,,prevalencia vizsgalat” résztvevoinek jellemzoi

Az ASB prevalencidjanak felmérésében 178 (86 finn) 1-es tipusu diabeteses adatait
dolgoztuk fel. Atlagéletkoruk a vizelet tenyésztéskor 15.1 + 5.9 év (range: 4.0-29.4)
volt, a betegség tartama 6.2 (3.0-10.1) [median (IQR)] év (range: 0.5-25.9).

194 egészséges gyermek szolgalt kontroll csoportként [(103 fiu) atlagéletkor: 14.4 +
5.1 ¢v].

I11/1.2. A ,,vizelet citokin” vizsgalat résztvevoinek jellemzoi

133 1-es tipust diabeteses €s 178 egészséges kontroll vett részt ebben a
vizsgélatban. A diabeteses csoport 66 fiubol €és 67 leanybdl allt, atlagéletkoruk 15.6 £
5.7 év, a diabetes tartam 7.3 £ 4.7 év volt. A 178 kontroll egyén (94 fin) atlagéletkora
14.1 £4.7 év volt.

I11/1.3. A ,,CXCR expresszio vizsgalat” résztvevoinek jellemzoi

110 diabeteses gyermek és 54 egészséges kontroll részvételével végeztilk a CXCR-
1 meghatarozast. A diabeteses csoportban 43 fii1 €s 67 leany volt, atlagéletkoruk 16.0
+ 5.3 évvolt 7.6 £ 5.5 év betegségtartammal.

I11/1.4. A ,,szérum IL-8” vizsgalat résztvevdinek jellemzoi

Ez a kohort 79 1-es tipust diabetes betegbdl (28 fin) (atlagéletkor: 15.3 £4.7 év,
betegségtartam: 7.8 £ 5.0 év) és 40 egészséges kontrollbol (19 fi) (atlagéletkor: 12.7
+ 5.2 ¢év) dllt.

I11/2. Vizeletvizsgalatok

A higycsd lemosasa harom octemidine-dihydrochloriddal atitatott vattadarabbal
tortént, reggeli, elsd, kozépsugarral {iritett vizeletmintabol két egymast kovetd napon
vettiink mintat. Ezt kovetden a vizeletmintakat két részre osztottuk. Az egyik részt
azonnal centrifugaltuk (3500 rpm 5 percig), majd a feliiluszot -70°C-ra fagyasztottuk
¢s ott tartottuk az IL-6/IL-8 meghatarozasig. Az iiledékbdl a leukocyturia
meghatdrozas tortént. A masodik frakciot 4°C-on tartottuk, a mintanyerést kdovetden 3
orén beliil eozin-metilénkék és Colombia vér agar taptalajra oltottuk (Oxoid, UK)
baktériumtenyésztés céljabol Az eredményt 24 6ran keresztiil tartd 37°C-os inkubaciot
kovetden olvastuk le.

I11/3. Definiciok

Az ASB diagn6zisat az IDSA kritériumok alapjan allitottuk fel. Leukocyturia
detektalasa vagy mikroszkopos vizsgalattal (>5 sejt/hpf, 400X nagyitassal) vagy
tesztcsikkal, leukocyta-észteraz kimutatassal (Boehringer, Combur'’-Test M, Roche
Diagnostics GmbH, Mannheim, Germany). A fentiek koziil barmelyik pozitivitasa
elegendd volt a leukocyturia diagnosztizalasahoz.

111/4. Vizelet citokin meghatarozas
A méréseket a PTE, Immunolégiai és Biotechnologiai Intézetében végeztiik,
immunszeroldgiai mdodszerrel OptEIA Sets (Pharmingen USA) segitségével.




I11/5. CXCR-1 meghatarozas

Szintén a PTE, Immunoldgiai és Biotechnoldgiai Intézete segitett a CXCR-1
meghatdrozasban. Polymorphoprep segitségével neutrophileket izolaltunk, ezt
kovetden fluorescein-konjugalt anti-human IL-8RA (CXCR-1) egér [gG2a
monoklonalis antitestet hasznaltunk a neutrophilek jelolésére. A mintdkat FacsCalibur
flow citométeren futtattuk (Becton Dickinson, San Jose, CA) és az atlagos
fluoreszcenciat hataroztuk meg.

I11/6. Szérum IL.-8 meghatarozas
A szérum I1-8 meghatdrozasa immun-kemilumineszcens analizator (Immulite, DPC)
segitségevel tortént a PTE, Laboratoriumi Medicina Intézetében.

I11/7. Egyéb laboratériumi vizsgalatok és antropometriai mérések

Az 4tlagos napi vércukorszintet atlagosan 21 mérés atlagabol (range: 8-43)
kalkulaltuk, melyet a koérhazi dpolas 3 napja sordn mértiink kézi vércukormérd
késziilékkel (D Cont Personal, 77 Elektronika, Budapest), a mérési tartomdnya 1.1-
25.5 mmol/l kozotti. A glikalt hemoglobin meghatarozas HPLC-vel (Bio-Rad
Laboratories Diagnostic Group, Hercules, California, USA; 4.0-6.3% koz6tti normal
tartomannyal) tortént. A vizelet- és vércukor mérés GOD/PAP enzimatikus
kolorimetrias mddszerrel tortént (Reanal Rt., Budapest). Az albuminuria vizsgalata 24
oran keresztiil gytijtott vizeletbdl tortént nephelometrids modszerrel (Tubox
Microalbuminuria Assay, Orion Diagnostica, Finland) és a microalbuminuriat
diagnosztizaltunk abban az esetben, ha az albuminkivélasztas 30 és 300 mg/nap
kozotti volt a harom meghatarozasbol legalabb kétszer. Az €letkor és a diabetes tartam
mellett meghataroztuk a betegek BMI-jét, a nemi érés kategoridit a Tanner stadiumok
alapjan vettiik fel: prepubertalis=Tanner 1., pubertas=Tanner II.-IV. és
postpubertalis=Tanner V.

I11/8. Statisztika

SPSS for Windows 10.0 statisztikai programcsomagot hasznaltuk adataink
kiértékeléséhez (Chicago, USA). Az eloszlas tesztelése Kolmogorov-Smirnov teszttel
tortént. A kiilonb6z0 csoportok kozti kiilonbséget a Student-féle t teszttel (normalis
eloszlas), Mann-Whitney teszttel vagy Kruskal-Wallis teszttel (nem-normalis eloszlas
esetén), x” teszttel és Fisher exact teszttel (dichotom eloszlasnal) végeztiik, tovabba
Pearson vagy Spearman korrelaci6 analizist alkalmaztunk. ROC (receiver operating
characteristics) analizist €s logisztikus regressziot is hasznaltunk. p<0.05-6t tekintettiik
statisztikailag szignifikansnak.

IV. EREDMENYEK
IV/1. A tiinetmentes bacteriuria prevalencidja 1-es tipusu diabetesben

Az ASB prevalencidja 10.1% (95%CI 5.7-14.5%) volt, ez szignifikansabban
gyakoribb mint a kontroll csoportban [2.6% (95%CI 0.35-4.8%); (p=0.003), 1. 4bra].
Nem talaltunk kiilonbséget az ASB el6forduldsaban a diabeteses fik [9.3% (95%CI
3.2-15.4%)] és lanyok kozott [10.9% (95%CI 4.6-17.2%); (p=0.73)]. Az ASB
prevalencia ndvekvd tendenciat mutatott 15 év feletti diabetesesekben 14.6% (95%CI
7.0-22.2%)], mig 15 év alattiakban 6.3% (95%CI 1.4-11.1%); p=0.064).




IV/2. A tiinetmentes bacteriuria okai
IV/2.1. Metabolikus paraméterek

A diabeteses ¢€s a kontroll csoport paramétereit az 1. tablazatban hasonlitottuk
0ssze. 210% HbA ¢ a multivarians analizis soran az ASB fiiggetlen rizikofaktoranak
bizonyult (OR: 5.23; p=0.002); (2. tablazat).

IV/2.2. Immunologiai okok — vizelet interleukinok

Az IL-6 a 178 kontroll koziil 39-ben [21.9% (95%CI 15.8-28.0%)] volt
kimutathato, mig a 133 diabeteses betegbdl 24-ben [18.0% (95%CI 11.5-24.5%)]
(p=0.41). IL-8 {iritést a 133 diabeteses betegbdl 63-nal [47.4% (95%CI 38.9-55.9%)]
¢s a 178 kontroll kozott 49-ben [27.5% (95%CI 20.9-34.1%)] észleltiink (p=0.001). Az
IL-8 szint magasabb volt a diabeteses csoportban a kontrollhoz képest [<3.1 pg/mg
creatinine (<3.1-22.3) median (IQR)] vs.<3.1 pg/mg creatinine (<3.1-4.5); p=0.001 (2.
abra). A vizelet IL-8 koncentracioé pozitivan korrelalt a bacteriuria mértékével
(p=0.001).

Az IL-8 medién értéke magasabb volt a bacteriurias diabetesesek kozott [70.0
pg/mg creatinine (2.5-474.4)], mint a nem bacteriurias diabeteseseknél [<3.1 pg/mg
creatinine (<3.1-12.7); p=0.001] (3.4bra).

A diabeteses csoportban gyenge, pozitiv korrelaciot észleltiink a HbA ¢ és az IL-8
kozott (r=0.4; p=0.002).

IV/2.3. CXC-receptor-1 expresszio

A leukocytak felszinén expresszalodo CXCR-1 1-es tipusu diabeteses betegekben
csokkent fluoreszcens aktivitdst mutatott, mint a kontroll csoportban [240.4 (95%CI:
232.2-248.7) vs. 256.1 (95%CI: 246.3-266.0); p=0.024] (4. abra). CXCR-1 expresszio
a diabeteses csoportban az életkorral korrelalt (r=0.22; p=0.019).

I1V/3. Szérum IL.-8 szint diabeteses gyermekekben

A szérum IL-8 koncentracioja diabetesben magasabb volt [<5 pg/ml (<5-6.4 pg/ml)]
mint a kontrollokban [<5 pg/ml (<5-5.2 pg/ml); p=0.025] (5. abra). Diabeteses
betegeket két csoportra osztottuk, aszerint, hogy detektalhaté-e a szérumukban IL-8
vagy sem. A két csoport kozott nem volt kiilonbség az életkor, a BMI, a HbA ¢, a
koleszterin, a triglicerid €s a microalbuminuria tekintetében. Azonban azon
diabetesesek, akikben az IL-8 kimutathat6 volt hosszabb ideje voltak cukorbetegek,
mint azok, akikben nem volt kimutathat6 az IL-8 (9.2 £ 5.3 vs. 6.5 £ 4.3 év; p=0.018).

1V/4. A korokozok és a pyuria értékelése

A diabeteses betegek vizeletébdl kitenyésztett korokozokat a 3. tdblazatban
tlintettiik fel. A leukocyturia a diabeteses betegek 17.9%-ban (95%CI 11.5-24.3%), a
kontrollok 7.9%-ban (95%CI 4.1-11.7%) fordult el6 (p=0.006). Diabeteses betegek
kozott, amennyiben ASB is fennallt a leukocyturia gyakorisaga 46.7%-ra emelkedett
(95%CI 21.5-71.9%), mig bacteriuria nélkiil 14.4% volt (95%CI 8.2-20.5%); p=0.002
(1. tdblazat).




IV/5. Sziirdvizsgalataink hatékonysaga tiinetmentes bacteriuriaban

A teljes vizsgalt mintaban vizsgéltuk a szlirdmddszereink hatékonysagat (4.
tablazat). ROC analizis (6. abra) segitségével meghataroztuk azt az optimalis I1L-8
kiiszob értéket, mely alkalmazasaval a legmagasabb szenzitivitast €s specificitast
érhetiink el, ez 10.2 pg/mg kreatinin értéknek bizonyult.

V. DISZKUSSZIO
V/1. A tiinetmentes becteriuria prevalenciaja

Minden 6tddik 1-es tipusu diabeteses ndnél tiinetmentes bacteriuria mutathaté ki. A
kevés gyermekkorban végzett vizsgalat 1% koriili prevalenciat talalt. Sajat klinikai
vizsgalatunk alapjan a diabeteses gyermekek esetében az ASB el6fordulasa 4-szer
gyakrabb, mint egészséges tarsaiknal. Ennek a diszkrepancianak az oka az lehet, hogy
az emlitett vizsgalatok esetén a két vizeletleoltas kozott 5-14 nap telt el, mig sajat
anyagunkban két egymast kovetd napon tortént mintavétel. Azt gondoljuk, hogy a
fenti id6tartam alatt a baktériumok jelentds része spontan szanalodott.

Erdekes modon a diabeteses leanyokban nem fordult el gyakrabban ASB.
Amennyiben csak a 15 év felettieket vizsgaljuk, akkor mar lathaté a n6i dominancia a
prevalencia tekintetében, azonban a kisszdmu eset miatt ez nem lett szignifikans.

Szamos, felndttekben végzett vizsgalat azt talalta, hogy a glikémias kontroll nem
befolyésolja a bacteriuria kialakulasat. Bar nem volt kiilonbség a HbA ¢ szintben a
bacteriurias és a nem-bacteriurias diabetesesek kozott, az extrém rossz
cukoranyagcsere helyzet az ASB 6nallo rizikdtényezdjének bizonyult.

Felnétt diabetesesekben végzett vizsgalatok alapjan a periférids neuropathia, a
retinopathia és a macroalbuminuria az ASB rizikofaktora. Mindhdrom emlitett
komplikécio ritka gyermekkorban, ennek is betudhato, hogy a fenti 6sszefliggéseket
nem tudtuk megerdsiteni.

V/2. Vizelet interleukinok

A citokinek szdmos gyulladasos folyamatot medialnak a legkiilonb6zdébb
korképekben. Az IL-6, mint h6-sokk fehérje, az IL-8 pedig mint kemotaktikus faktor
nem diabeteses betegekben hugyuti infekcio esetén a vizeletben emelkedett
koncentraciot mutat, felndtt és gyermekkorban egyarant. Néhany irodalmi hivatkozas
arra utal, hogy feln6tt diabeteses nékben ASB esetén a vizeletben csokkent citokin
irités észlelhetd az egészségesekhez hasonlitva. Ezt a szervezet csokkent
valaszreakcidjanak tekintve szerepet tulajdonitottak az ASB kialakulasdban. Az IL-6
mind a betegek, mind az egészségesek 6todének vizeletében volt csak kimutathato.
Ellenben az IL-8 vélasz gyakrabban fordult eld diabetesben ¢és a median érték is
magasabb volt az egészségesekhez viszonyitva. Azonban a bacteriurias diabeteses €s
kontroll egyének IL-8 iiritése azonos nagysagrendii volt, jelezvén az intakt IL-8 valaszt
gyermekkorban.

V/3. Leukocyta CXCR-1 expresszio és szérum I1L.-8

Kontrollokhoz képest csokkent CXCR-1 expresszidt igazoltunk 1-es tipusu
diabeteses gyermekekben. A CXCR-1 expresszidt nem befolyasoltdk a metabolikus
paraméterek, mint a HbAc. Ismert, hogy kronikus pyelonephritisben szenvedd
gyermekek esetében, infekciomentes iddszakban is csokkent CXCR-1 expresszio




mutathato ki. Ennek kovetkezménye lehet a csokkent neutrophil kemotaxis, mely
hajlamot jelent a hugyti infekciéra valé fogékonysag kialakuldsaban.

Meghataroztuk a szérum IL-8 szintet betegeinkben, mely a CXCR-1 szelektiv
ligandja. Diabetesben magasabb IL-8 szérum koncentraciot mértiink, mint a kontroll
csoportban és 0sszefiiggést talaltunk a diabetes tartam és az IL-8 szint kozott. Ez
alapjan azt feltételeztiik, hogy enyhe fokt inflammatorikus allapot micro- és
macrovascularis szovidmények hidnyaban is fennallhat.

A hiperglikémia befolyasol6 hatasat tanulmanyoztak az IL-8 szekréciora in vitro.
Kimutattdk, hogy a humén aorta endothel sejtek 1L-8 messenger RNS termelddése
fokozodott a hiperglikémia hatdsara, ugyanakkor hasonl6 jelenséget nem figyeltek
meg simaizom széveten. Bar sajat vizsgalatainkban a HbA ¢ €s a szérum IL-8 szint
kozott nem volt dsszefliggés, feltételezhetjiik, hogy az 1-es tipusu diabeteses
betegeknél relative gyakran eléfordulo hiperglikémias periodusok — mely valtozasok a
HbA ¢ koncentracidoban nem mutatkoznak meg — hozzajarulhatnak az emelkedett [L.-8
szintekhez.

A diabetesben megfigyelt csokkent CXCR-1 expresszio jelentdségét még nem
ismerjiik. Egészséges felnottek izolalt neutrophil sejtjein expresszaldéddo CXCR-1
bakterialis lipopolysacharid (LPS) hatasara gyors €s tartds down-regulaciot mutat in
vitro. Ez a receptorszdm csokkenés szdmos korallapotban megfigyelhetd €s
hozzajarulhat a szervezet csokkent védekezdképességéhez, hasonlo
pathomechanizmust feltételeziink 1-es tipusu diabetesben is.

V/4. Korokozok és pyuria

Hugyuti infekcidban a leggyakoribb kérokozo az E. coli, mely az esetek 80-90%-
ban fordul eld. Diaeteses betegeinkben az E. coli csupan az esetek negyedében
izolalhato. Ugy tiinik az ASB és a hugyuti infekciok patogénjei kiilonbozéek, ennek
oka az eltérd virulencia faktorokban keresendd. Kimutattdk, hogy ASB-t okoz6 E. coli
kevesebb virulencia faktorral rendelkezik, mint a hugyuti infekciot okozok.

Megfigyeléseink alapjan ASB-ban a gram-negativ koérokozok csak 38.8%-ban
fordultak eld, gram-pozitivak 61.2%-ban. A vizelet IL-8 {irités hasonl6 volt a
korokozok kozott gram festéstdl fiiggetlentil, mely azt sugalja, hogy a gram-pozitiv
baktériumok is képesek az uroepithelt stimuldlni és pathogénként lehetnek jelen a
hugyuti traktusban.

A pyuria el6forduldsa magasabb volt 1-es tipusu diabetesben, mint a kontroll
csoportban, a betegek koriilbeliil felében tapasztaltunk pyuriat. Részben mikroszkopos
vizsgalattal, részben leukocyta-észterdz kimutatassal tortént leukocyturia
meghatarozast kovetden kiszamoltuk a modszer szlirdvizsgalatként valo
alkalmazhatosagat, azaz a szenzitivitasat, specificitasat, pozitiv (PPV) és negativ
prediktiv (NPV) értékeét. Megerdsitve masok vizsgalati eredményeit a leukocyuria
szenzitivitasa 50%-nak, PPV pedig 31.7%-nak bizonyult. Melynek alapjan ennek
szlirése nem elégséges modszer az ASB diagnosztizalasara, ezért az IL-8 prediktor
szerepét is tanulméanyoztuk. ROC analizis segitségével jobb szenzitivitast (70.4%) €s
hasonl6 PPV értéket kaptunk, mint a leukocyturia értékelésekor. Az alacsony PPV
értek oka lehet, hogy az IL-8 gyorsabban eliminalddik a hiigyutakbol, mint a
fehérvérsejtek.




VI. AZ UJ MEGFIGYELESEK OSSZEGZESE

= ]-es tipusu diabeteses gyermekekben a tiinetmentes bacteriuria el6forduldsa
négyszerese volt a kontroll csoporténak. Nemi kiilonbséget nem észleltiink. A tartdosan
rossz cukoranyagcsere helyzet (HbA;>10%) a bacteriuria 6nall6 riziko faktoranak
bizonyult.

= A vizelet citokin halozat (IL-6 €s IL-8) kvantitativ miikddése normalis volt
tiinetmentes bacteriurids diabetesesekben.

» Enyhe foku gyulladadsos allapot — melyet az emelkedett szérum IL-8 koncentraciod
jelez — van jelen 1-es tipusu diabeteses gyermekekben, mely a CXCR-1 csokkent
expresszidjat eredményezheti, ez hozzajarulhat a diabeteses betegekre jellemzo,
infekcidkra vald nagyobb hajlam kialakuldsahoz. A CXCR-1 expresszid kinetik4janak
megismerése ¢s megfigyelésiink pontosabb értelmezése tovabbi vizsgalatokat igényel.
= A tlinetmentes bacteriuridban el6forduld kérokozok spektruma kiilonbozik a hugyti
infekcioban tapasztaltakhoz képest, a gram-pozitiv torzsek is nagyobb ardnyban
képviseltetik magukat.

= A vizelet IL-8 €s a leukocyturia egyiitt j6 szenzitivitdsu modszer a tiinetmentes
bacteriuria szlirésében, azonban a pozitiv prediktiv értékiik alacsony.
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I. ASYMPTOMATIC BACTERIURIA IN HEALTHY AND DIABETIC
POPULATIONS

Urinary tract infections (UTIs) are among the most common bacterial infections in
the healthy population. Uncomplicated UTIs occur most often in young healthy adult
women and are easy to treat. However, in other patients groups, UTIs can have a
complicated course, are more difficult to treat and often recur.

UTTI is a significant problem in patients with diabetes mellitus because of the
multiple effects of this disease on the urinary tract and host immune system.
Complicated UTIs associated with diabetes include renal and perirenal abscess, gas-
forming infectios, such as emphysematous pyelonephritis and emphysematous cystitis,
fungal infections and renal papillary necrosis. The chronic consequences of diabetes
on the genitourinary system are generalized vascular disease (including renal artery
stenosis), diabetic nephropathy, diabetic neuropathy resulting in bladder dysfunction
and abnormal function of the immune system. Widespread acceptance and application
of the quantitative urine culture identified several patient populations who were
clinically asymptomatic but had high prevalence of positive urine cultures. These
included pregnant women, individuals with urological abnormalities, patients with
indwelling urethral catheters and some diabetic patients. This entity is called
asymptomatic bacteriuria (ASB).

I/1. Definition of asymptomatic bacteriuria

Acceptable methods for urine collection include midstream clean-catch,
catheterization and suprapubic aspiration. The first method is preferred for routine
collection of urine for culture. If there are more than 10’ colony-forming units
(CFU)/ml in a clean-catch urine, there is 80% probability that it is true bacteriuria. If
two different samples demonstrate the same specimen at least 10° CFU/ml, the
probability increases to 95%.

The term ASB refers to the presence of two consecutive, freshly voided, midstream,
morning urine specimen both yielding positive cultures (>10° CFU/ml) of the same
bacterium, in a patiens without urinary symptoms. According to the guideline of
Infectious Disease Society of America in asymptomatic men a single isolated
specimen in a quantitative count >10° CFU/ml is sufficient to diagnose ASB. If the
bacterial count is between 10 and 10*/ml usually contamination is considered in
spontaneous voided urine.

1/2. Asymptomatic bacteriuria in non-diabetic populations
I/2.1. Prevalence

In the healthy population the prevalence of ASB is less than 1% in full-term female
neonates. Male neonates are more often affected than females (~2%). The presence of
bacteriuria in neonates is an indication for investigation to rule out congenital
malformations, especially vesico-ureteral reflux. After infancy the prevalence of ASB
decreases mainly in boys and in preschool children it occurs in approximately 1% of
girls and ASB is very rare in boys. In school-age girls the prevalence of ASB increases
to 2-5% and it remains in this range during adulthood in sexually active women.
During pregnancy the occurance of ASB do not change, but the consequences are
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more serious than in non-pregnant women. In young adult men the prevalence of ASB
is below 0.01%. In the elderly, the prevalence of bacteriuria ranges from 17 to 50% in
women and 6-34% in men.

1/2.2. Risk factors of ASB in non-diabetic populations

All neonates are considered to be immunocompromized, therefore they are at a
higher risk to any types of bacterial infections. Renal developmental abnormalities can
be discovered in any age-group may predispose to bacteriuria. In non-pregnant young
women, ASB is strongly associated with sexual activity. In the elderly, some comorbid
conditions appear, such as obstructive uropathies, debility, neurogenic bladder, the use
of indwelling catheters and incontinence which can contribute to the development of
ASB in this population.

1/2.3. Immunology and ASB

When an invading organism reaches the uroepithelium it induces production of
cytokines, especially interleukin-6 (IL-6) and interleukin-8 (IL-8). IL-6 belongs to the
heat shock proteins synthesized by T-cells, B-cells, endothelial cells, fibroblasts,
macrophages and epithelial cells and stimulates the liver to produce proteins that are
responsible for acute-phase response. IL-8 is a small (~8 kDal) cytokine which is
produced by macrophages, endo- and epithelial cells, and it works as an inducer of
neutrophil chemotaxis. After bacterial stimulation immunofluorenscence staining of
the uroepithel was shown by IL-6 and IL-8. IL-8 levels are consistently elevated in the
urine of patients with UTI and ASB but they are undetectable in the urine of controls.

1/2.4. Genetic studies and ASB/UTI

There are some evidence that the predisposition for UTI is the genetically
determined. C-X-C chemokines are members of four chemokine subfamilies. IL-
8 binds to leukocytes by CXC-receptor-1 and -2 expressed almost exclusively on
the surface of neutrophils. CXCR-1 selectively binds to IL-8 with high affinity.
In children with chronic pyelonephritis CXCR-1 expression was decreased
comparing to controls. This finding also suggested a defect of innate host defense
mechanism of this subpopulation. It is also known that acute pyelonephritis was
present in 15% in the medical history of family members of children with acute
pyelonephritis, but only in 3% of relatives of control subjects. There are five
known CXCR-1 single nucleotide polymorphisms which are associated with
reduced binding of transcription factors and thus resulting in increased
susceptibility to UTI.

I/2.5. Treatment of ASB in non-diabetic populations

In subjects with normal urinary tract the possibility of renal scarring, declining renal
function and hypertension due to ASB is extremely low, therefore the treatment is not
indicated, the chance of spontaneous resolution is high. According to the guideline of
the Infectious Disease Society of America (IDSA) the treatment of ASB neither
decreases the frequency of UTI nor prevents further episodes of ASB in
premenopausal, non-pregnant women. Pregnant women have a 20-30 fold risk for
developing pyelonephritis during the last trimester and are more likely to experience
premature labour or to deliver a low-birth weight infant.
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1/3. Asymptomatic bacteriuria in diabetic patients
I/3.1. Prevalence

The prevalence of ASB ranges between 9.1-29.3% in diabetic women and between
0.7-11.1% 1in diabetic men. The majority of investigators have reported approximately
a three-fold higher prevalence of ASB among diabetic women than among non-
diabetic women, but it seems that the prevalence of ASB in diabetic and non-diabetic
men is more or less equal. Only few studies are available in diabetic children. Articles
- from the 1960’°s — reported low prevalences of ASB (1.6-2%)).

I/3.2. Risk factors of ASB in diabetes

It seems evident that hyperglycaemia and subsequent glucosuria present optimal
circumstances to bacterial colonisation in the urine and uroepithel However, it is
widely accepted the quality of diabetes control measured by glycated hemoglobin
(HbA () level is not a determinant factor in the prevalence of ASB. There are only in
vitro experiments which found a positive correlation between the glucose
concentration of the urine and the bacterial growth. Diabetic retinopathy and
microalbuminuria do not seem to increase the prevalence of ASB. But
macroalbuminuria is a risk factor of ASB, independently from the type of diabetes.
Neuropathy was found to be a risk factor to ASB in type 1 diabetes. Hungarian authors
have showed bladder dysfunction in asymptomatic diabetic children which could lead
higher amount of residual urine promoting bacterial colonisation of the urinary tract.

Several workgroups investigated the the potentially diminished functions of
polymorphonuclear leukocytes (PMNs) in diabetes.

1/3.3. Consequencies of ASB in diabetic patients

The main question is whether ASB increases the risk of symptomatic UTI in
diabetic patients and therefore contributes to the irreversible deterioration in kidney
function? Some data support the possibility of spontaneous resolution of ASB, on the
other hand ASB enhances the risk of symptomatic UTI. Neither type 1, nor type 2
diabetic patients with ASB had a higher risk for development of hypertension and
there was no deterioration in kidney function.

1/3.4. Treatment of ASB in diabetes

Parallel with the follow-up studies, the treatment of ASB in diabetic patients seems
to be less and less justified. It seems that antibiotic therapy cleared the bacteria during
the administration period but did not decrease the numbers of symptomatic episodes.
The current approaches to management are different in United States and in Europe. In
the US, the treatment is recommended because of the frequency and the severity of

provoked symptomatic UTI. European physicians believe that the benefit of treatment
is doubtful.

II. AIMS

= First of all, we wanted to determine the prevalence of ASB in a large cohort of type 1
diabetic children and young adults and in healthy controls.
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» The second goal of our work study was to examine the possible differences in some
antropometric and metabolic parameters between diabetic patients with and without
ASB.

» The next aim was to identify the types of microorganisms causing ASB in type 1
diabetic patients and to evaluate the usefulness of the routine screening method of
ASB.

* Finally, we also wanted to find some immunological factors which could play an
important role in the susceptibility to urinary infections in type 1 diabetic children.

II1. PATIENTS AND METHODS

Newly diagnosed diabetic children, patients with diabetic ketoacidosis and diabetic
patients with known renal developmental abnormality were automatically excluded
from the studies, except in the case when the effect of ketoacidosis was tested. None of
the participants in the study groups had symptomatic infection or fever or received
antibiotic treatment during a month before hospitalization. Informed consent was
obtained from all participants and the studies were approved by the local ethics
committee.

I11/1. Characteristics of patients and controls
I11/1.1. Participants in ,,Prevalence of ASB” study

To assess the prevalence of ASB in type 1 diabetes data of 178 (86 males) type 1
diabetic children and young adults were analysed. Their average age at the time of
urine culture was 15.1 £ 5.9 years (range: 4.0-29.4) with 6.2 (3.0-10.1) [median (IQR)]
years of diabetes duration (range: 0.5-25.9).

194 healthy schoolchildren/young adults were asked to serve as the control group
[(103 males) average age: 14.4 £ 5.1 years].

I11/1.2. Participants in ,,Urinary cytokine” study

133 diabetic children and young adults and 178 healthy schoolchildren/young adults
were asked to serve as the control group. The diabetic group consisted of 66 males and
67 females whose average age at the time of urine sampling was 15.6 + 5.7 years with
7.3 £ 4.7 years of diabetes duration. The average age of the 178 control patients (94
males) was 14.1 £ 4.7 years.

I11/1.3. Participants in ,,CXCR-1 expression” study

One-hundred and ten type 1 diabetic children participated in the CXCR-1 study and
54 healthy schoolchildren/medical students were asked to serve as controls. The
diabetic group consisted of 43 males and 67 females whose average age (+ SD) was
16.0 £ 5.3 years with 7.6 = 5.5 years diabetes duration.

I11/1.4. Participants in ,,Serum IL-8” study

This study group consisted of 79 type 1 diabetic children (28 males) (age: 15.3 £ 4.7
years with 7.8 + 5.0 years diabetes duration) and 40 healthy control (19 males) (age:
12.7£5.2).
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I11/2. Urine sampling and cultures

After cleaning the genitalia and perineum of patients with three gauze sponges
saturated by octemidine-dihydrochloride, midstream clean voiding morning urine
samples were collected on two consecutive days. After voiding of the urine the
samples were divided into two parts. The smaller fraction of the urine samples was
immediately centrifuged at 3500 rpm for 5 minutes and the supernatants were frozen
and kept at —70°C until the measurement of urinary IL-6 and IL-8 levels. The
remaining urine samples were stored at 4°C until taken to the lab, where the
inoculation was carried out by a calibrated loop on eosin-methylene blue and
Colombia blood agar plates (Oxoid, UK). The results were read after 24 h incubation
on 37°C.

111/3. Definitions

To diagnose ASB we used the criteria of the Infectios Disease Society of America
(IDSA). Leukocyturia was diagnosed by microscope defined leukocyturia as >5
cells/high power field (hpf) at 400X magnification or by the dip-slide method
(Bochringer, Combur'’-Test M, Roche Diagnostics GmbH, Mannheim, Germany) was
also used. Leukocyturia was diagnosed if either the microscopic finding or the dip-
slide test was positive.

I11/4. Measurement of urinary cytokine levels

The measurements were done in Department of Immunology and Biotechnology,
University of Pécs. For immunoserological detection of human IL-6 and IL-8 level in
urine samples we used optimized commercial OptEIA Sets (Pharmingen USA).

I11/5. Measurement of CXCR-1

The measurements were done in Department of Immunology and Biotechnology,
University of Pécs. After neutrophil isolation fluorescein-conjugated anti-human IL-
8RA (CXCR-1) mouse IgGG2a monoclonal antibody was used for staining. The
samples were run on a FacsCalibur flow cytometer (Becton Dickinson, San Jose, CA)
and the mean CXCR-1 fluorescence was determined.

111/6. Measurement of serum interleukin-8

Serum IL-8 levels were measured with an automated immuno-chemiluminescent
analyzer (Immulite, DPC). The measurements were done in Department of Laboratory
Medicine, University of Pécs.

I11/7. Other laboratory assessments

The daily mean blood glucose level was calculated from an average of 21
measurements (median) (range: 8-43) performed during the hospitalization period of
three days by a portable meter using capillary blood (D Cont Personal, 77 Elektronika,
Budapest, Hungary), with a measuring capacity between 1.1-25.5 mmol/l. Glycated
haemoglobin was measured by HPLC (Bio-Rad Laboratories Diagnostic Group,
Hercules, California, USA; with 4.0-6.3% normal range). Measurements of urinary
and serum glucose (at the time of urine sample collection) were carried out by
GOD/PAP enzymatic colorimetric method (Reanal Rt., Budapest, Hungary). Albumin
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excretion was measured in 24 h urine sample by liquid-phase immunoprecipitation
assay with nephelometric end-point detection (Tubox Microalbuminuria Assay, Orion
Diagnostica, Finland) and microalbuminuria was defined as albumin excretion
between 30 and 300 mg/day at least in two of three collection performed during the
hospitalization period. Information was documented regarding the age and duration of
diabetes and BMI was calculated. Pubertal development was assessed according to
Tanner stages: prepubertal=Tanner 1., pubertal=Tanner I1.-IV. and
postpubertal=Tanner V.

I11/8. Statistics

SPSS for Windows 10.0 statistical software was used (Chicago, USA).
Distributions of data were tested for normality by the Kolmogorov-Smirnov test. For
assessing statistically significant differences Student's t test (for normal distribution),
Mann-Whitney test or Kruskal-Wallis test (for non-normally distributed variables),
test and Fisher’s exact test (for dichotomous variables) and Pearson or Spearman
correlation were used. ROC (receiver operating characteristics) analysis and logistic
regression were also used. p<0.05 was considered to be statistically significant.

IV. RESULTS
IV/1. Prevalence of asymptomatic bacteriuria in type 1 diabetic children

The prevalence of ASB was 10.1% (95%CI 5.7-14.5%) which was significantly
higher in diabetic than in the control group [2.6% (95%CI 0.35-4.8%); (p=0.003),
Figure 1.]. We did not find any difference in prevalence of ASB between diabetic
males [9.3% (95%CI 3.2-15.4%)] and females [10.9% (95%CI 4.6-17.2%); (p=0.73)].
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Figure 1.: The prevalence of ASB (x 95%CI) in diabetic (black bar) and control children (white bar)
(p=0.003).

The prevalence of ASB in diabetic patients tended to increase with age >15 years of
age [14.6% (95%C1 7.0-22.2%)] vs. <15 years of age [6.3% (95%CI 1.4-11.1%);
p=0.064)].
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IV/2. Possible causes of asymptomatic bacteriuria

IV/2.1. Metabolic parameters

Some parameters were presented in Table 1. HbA ¢ >210% in the multivariate
analysis proved to be an independent risk factor for ASB (OR: 5.23; p=0.002); (Table

2)).
Parameters sterile ASB P
N 160 18
Age (yrs) 149+5.9 169 5.1 0.17
Duration of DM (yrs) * 6.0 (2.9-9.9) 8.5(5.1-11.9) 0.067
BMI (kg/m’) 209+ 4.4 22.0+4.6 0.35
Systolic BP (mmHg) 109.6 £ 14.0 111.1 £10.0 0.6
Diastolic BP (mmHg) 65.7+7.0 67.8+7.5 0.25
Prepuberty/puberty/postpuberty (%) 23.1/37.5/39.4 16.7/22.2/61.1 0.2
Albumin excretion rate (mg/day) * 11.6 (7.4-20.2) | 22.7 (9.6-28.9) 0.054
Daily mean blood glucose (mmol/day) 94+2.1 8.6+ 1.6 0.31
Morning serum glucose (mmol/l) 12.1+4.6 11.3+4.5 0.5
Urine glucose excretion (g/day) * 13.6 (5.5-26.5) | 13.0(4.4-26.8) 0.82
HbAc (%) * 8.3 (7.3-9.8) 10.0 (7.6-11.1) 0.1
Leukocyturia (%) 144 46.7 0.002

Table 1.: Comparisons between diabetic patients with and without ASB. *: median (IQR) is given

because of the skewed distribution.

Univariate Multivariate

Variables p OR (95%CI) P OR adjusted for age (95%CI)
Age 0.17  1.06 (0.98-1.15) | 0.85 1.01 (0.89-1.15)
Gender 0.73  1.19(0.45-3.17) | 0.77 1.19 (0.37-3.87)
Duration of DM <5 yrs | 0.21 1 0.26 1

5-10 yrs 0.21  2.28(0.63-8.18) | 0.27 2.65 (0.46-15.1)

>10 yrs 0.08 3.17(0.87-11.5) | 0.1 5.2(0.72-37.1)
Microalbuminuria 0.15 2.47(0.71-8.54) | 0.5 1.58 (0.41-6.04)
HbA,c >10% 0.09 2.41(0.86-6.76) | 0.02 5.23 (1.29-21.3)

Table 2.: Univariate and multivariate analysis of potential host factors associated with ASB in

diabetic patients.

IV/2.2. Immunological causes — urinary interleukins

IL-6 in the urine was detectable in 39 of 178 controls [21.9% (95%CI 15.8-28.0%)]
and in 24 of 133 [18.0% (95%CI 11.5-24.5%)] diabetic patients (p=0.41). Sixty-three
of 133 patients with diabetes [47.4% (95%CI 38.9-55.9%)] and only 49 of 178 of
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controls [27.5% (95%CI 20.9-34.1%)] had measurable IL-8 in their urine (p=0.001)
and IL-8 values were significantly higher in diabetic [<3.1 pg/mg creatinine (<3.1-
22.3) median (IQR)] than in control patients [<3.1 pg/mg creatinine (<3.1-4.5);
p=0.001] (Figure 2.).
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Figure 2.: Urinary IL-8 levels in control (white bar) and diabetic patients (black bar) (p=0.001).
Results are presented as boxplot, the horizontal lines inside the bars represent the median, the box
represents the IQR. The open circles symbolize the outlier values.

Urinary IL-8 concentration correlated with the level of bacteriuria, the more
bacteria in the urine the higher the IL-8 value is (p=0.001).

The median of IL-8 level was higher in diabetics with ASB [70.0 pg/mg creatinine
(2.5-474.4)] as compared to those without ASB [<3.1 pg/mg creatinine (<3.1-12.7);
p=0.001] (Figure 3.).
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Figure 3.: IL-8 levels in diabetic patients with (black bar) and without ASB (white bar) (p=0.001).
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In the diabetic group a weak positive correlation was observed between HbA - and
detectable IL-8 levels (3.1 pg/mg creatinine) (r=0.4; p=0.002).

IV/2.3. Expression of CXC-receptor-1

The expression of CXCR-1 on the surface of neutrophils in type 1 diabetic children
was significantly lower than that in control group [240.4 (95%CI: 232.2-248.7) vs.
256.1 (95%CI: 246.3-266.0); p=0.024] (Figure 4.). CXCR-1 expression in the diabetic
group correlated with age (r=0.22; p=0.019).
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Figure 4.: The mean fluorescence intensity and 95%CI of CXCR-1 are represented in control (white
bar) and in diabetic groups (black bar) (Student’s t test; p=0.024).

I1V/3. Serum level of interleukin-8 in type 1 diabetic children

The concentration of IL-8 was higher in diabetic children [< 5 pg/ml (< 5-6.4
pg/ml)] than in control group [< 5 pg/ml (< 5-5.2 pg/ml); p=0.025] (Figure 5.). In the
diabetic patients there was no difference between age, BMI, HbA ¢, cholesterol or
triglyceride levels and microalbuminuria in the subgroups with detectable and non-
detectable IL-8 levels. Diabetic patients with detectable IL-8 level had longer diabetes
duration (9.2 £ 5.3 years), than those without detectable IL-8 levels (6.5 £ 4.3 years;
p=0.018).

IV/4. Bacterial specimens and evaluation of pyuria
Bacteria cultured in the diabetic group are listed in Table 3.

Bacteria Gram-staining Case/Zn Leukocyturia/cases
S. agalactiae positive 6/18 2/6
Enterococcus sp. positive 5/18 0/5
E. coli negative 4/18 4/4
K. pneumoniae negative 3/18 2/3

Table 3.: Frequency of isolated bacteria and leukocyturia among diabetic patients with ASB.
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Figure 5.: The serum IL-8 concentrations in control (white bar) and diabetic children (black bar) are
represented as a boxplot. (Mann-Whitney test, p=0.025).

IV/S. Usefulness of leukocyturia and urinary I1.-8 in screening for ASB

In the whole population the sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) of leukocyturia - to diagnose ASB - were showed
in Table 4. We estimated the optimal cut-off point of urinary IL-8 level for the
prediction of ASB by ROC analysis (Figure 6.). Using this method the optimal cut-off
point of was an IL-8 level of 10.2 pg/mg creatinine. If this value would be used for
screening, the sensitivity, specificity, PPV and NPV were presented in Table 4.
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Figure 6.: Analysis of the optimal cut-off point of IL-8 for screening ASB by ROC analysis. Arrow
shows the value of 10.2 pg/mg creatinine IL-8, the narrow lines are interpolated to the x and y axes to
show the sensitivity (70.4%) and the specificity (78.9%).
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leukocyturia IL-8 leukocyturia+IL-8
Sensitivity (%) 50.0 70.4 81.5
Specificity (%) 89.9 78.9 71.8
PPV (%) 31.7 23.8 21.6
NPV (%) 95.1 96.5 97.6

Table 4.: The effectiveness of screening methods of ASB. In the case of IL-8 the value of 10.2 pg/mg
creatinine (calculated by ROC analysis) was used as cut-off point.

V. DISCUSSION
V/1. Prevalence of ASB

One out of five type 1 diabetic women had ASB. In the few studies in diabetic
children a low prevalence of about 1% was found. We have found that the prevalence
of ASB was four-fold higher in diabetic children and young adults as compared
controls. One possible explanation for the discrepancy between the published
prevalence and the one we have found could be that urine sampling was different in
these studies. In these publications, there was an interval of 5 to 14 days between the
two urine samplings. Whereas in our study urine was collected on two consecutive
mornings.

The prevalence was higher in both diabetic boys and girls, we could not observe the
gender difference of ASB (female preponderance), a phenomenon frequency seen in
diabetic adults. However, above 15 years of age the prevalence of ASB was higher in
diabetic girls, than in boys, but this difference was not statistically significant probably
because of the fewer count of subjects.

Several studies in adult diabetic women have shown that the glycemic control did
not influence the prevalence of ASB. Our observation suggests that higher HbA ¢
levels tend to promote ASB. Comparing diabetic patients with and without ASB we
did not find differences in HbA ¢ levels, but using multiple regression analysis a
HbA ¢ levels above 10% (equivalent to the 75 percentile in this study) did increase the
risk of the development of ASB.

It was suggested that peripheral neuropathy, retinopathy and macroalbuminuria are
significant risk factors for ASB in adult type 1 diabetic women. All three of these
conditions are rare in childhood diabetes because of the relatively short duration of
diabetes.

V/2. Urinary interleukins

Cytokines play a major role in mediating the inflammatory process in various
clinical entities. IL-6 as a heat-shock protein and IL-8 as the main chemoattractant
have been found in increased concentrations in the urine of non-diabetic patients with
UTI (including ASB) not only in adults, but also in children. However, in a study,
lower proinflammatory cytokine secretion were found in the urine of adult diabetic
women with ASB compared to healthy women with ASB. An impaired host defense
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mechanisms — suggested by these findings - were thought to play an important role in
the higher susceptibility to ASB in diabetic patients.

IL-6 was detectable in the urine of only one fifth of both diabetic and control
children in our study and in diabetes the urinary IL-6 concentration was similar to
those of non-diabetic controls.

However, the IL-8 response was more frequent in diabetic patients than in controls
and the median value of IL-8 was also higher in the diabetic subjects. Diabetic patients
and controls with ASB, however, had similar IL-8 levels suggesting that the host
defense mechanisms associated with urinary interleukins was not diminished in type 1
diabetic children and young adults.

V/3. Leukocyte CXCR-1 expression and serum IL-8 concentrations

We have demonstrated a decreased CXCR-1 expression on the neutrophils of
children and young adults with type 1 diabetes as compared to healthy controls. It
seemed that the expression of CXCR-1 was not influenced by metabolic parameters,
including HbA ¢, but correlated with age and duration of diabetes. Neutrophils of
children with recurrent pyelonephritis in an infection-free period and demonstrated a
decreased CXCR-1 expression. The decreased CXCR-1 expression could lead to
diminished neutrophil function and could be one possible factor in the susceptibility to
infections in diabetes.

In an attempt to find a possible explanation for the lower CXCR-1 expression in
diabetes we studied the serum concentration of the selective ligand of CXCR-1,
namely IL-8. Higher IL-8 level was found in diabetic children than healthy controls.
We have also observed an association between diabetes duration and IL-8 levels,
supporting the hypothesis, that there is a low grade inflammation in diabetic patients
even in the absence of micro- or macrovascular complications.

The effect of hyperglycaemia on IL-8 secretion was investigated in the in vitro
study. They have shown an enhanced IL-8 messenger RNA production by human
aortic endothelial cells, but not by smooth muscle cells as a response to increasing
glucose concentrations. In our study, HbA ¢ did not seem to influence the serum IL-8
levels in diabetes. However, short hyperglycaemic periods - which are often found in
type 1 diabetic children and not necessarily reflected in HbA ¢ levels - may have
contributed to the elevated IL-8 concentration.

The significance of the lower CXCR-1 expression in type 1 diabetic children is not
yet known. Neutrophils of healthy subjects stimulated by bacterial antigens in vitro,
especially by lipopolysaccharide (LPS) have shown a quick and sustained down-
modulation of CXC-receptors within a few minutes after adding the stimulant. The
down-regulation of CXC-receptors were studied in many pathological circumstances
and the down-modulation of CXC-receptors were prominent contributing to the
depressed host defense mechanisms.

V/4.Types of bacteria in the urine and lekocyturia

In UTI the most common bacterium is usually E. coli, which was isolated in about
80-90% of positive cultures. In our diabetic patients with ASB E. coli was found in
only about a quarter of positive cases. It seems therefore, that the spectrum of
pathogenic bacteria causing ASB and UTI is different. This may be due to the different

23



virulence factors in ASB and UTI. E. coli strains causing ASB had fewer virulence
factors than those causing UTI.

According to our observation gram-negative bacteria were present in only 38.8%
and gram-positive species in 61.2% of the cases. The IL-8 levels were similar in urines
with gram-negative and positive bacteria also suggesting that gram-positive bacteria in
the urine of a diabetic patient can induce secretion of interleukines by stimulation of
the uroepithelial cells. Therefore, we can assume that gram-positive bacteria can also
be pathogenic in the urinary tract.

The frequency of leukocyturia was also higher in diabetic children than in controls.
Nearly half of our bacteriuric diabetic patients had leukocyturia. To estimate the
sensitivity, specificity, PPV and NPV of leukocyturia we combined the microscopic
findings and the dip-slide test (leukocyte-esterase). In accordance with others using
leukocyte-esterase test a sensitivity of 50.0% and a PPV of 31.7% was reached. A
sensitivity and PPV of this magnitude is not sufficient to reliably identify diabetic
patients with ASB. Therefore we also examined the urinary IL-8 as a possible
predictor of ASB in diabetes. By means of ROC analysis we have reached a much
better sensitivity (70.4%) for IL-8, but similar PPV as in the case of leukocyturia,
similarly to other studies. The cause of the lower PPV could be explained by its earlier
release from the site of infection, earlier disappearing from the urine than PMNs or
bacteria or inflammation elsewhere in the body.

VI. SUMMARY OF NEW OBSERVATIONS

* We have found that the prevalence of ASB is four-fold higher in diabetic children
and young adults than in controls. Gender difference is not remarkable. Poor glycemic
control (HbA ¢ >10%) appears to be a significant risk factor.

» There is no impairment in urinary cytokine network (including IL-6 and IL-8) in
diabetic children with ASB.

= Low grade inflammatory state — presented by elevated serum IL-8 concentration - in
type 1 diabetes may cause down-regulation of CXCR-1, therefore it could contribute
to the enhanced susceptibility to several infections in diabetic patients. Further
investigations are needed to reveal the kinetics of CXCR-1 expression and understand
the clinical importance of this observation.

» The spectrum of pathogenic bacteria in ASB differs from the usual spectrum of UTI,
not only gram negative but gram positive strains are also present.

= Urinary IL-8 together with determination of leukocyturia had good sensitivity to
screen ASB, unfortunately the positive predictive values of these methods are low.
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