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Seznam zkratek:

ADA

ALG

ALL

ALT

AML

ARDS

AST

ATG

Bcl-2

BCR

— adenosine deaminase deficienty, deficit ad@rdeaminazy — jeden z dfuprimarniho
imunodeficitu

— anti-lymfocytarni globulin

— akutni lymfoblasticka leukémie

— alanine aminotransferase, alanin aminotrendaia

— akutni myeloidni leukémie

— Acute Respiratory Distress Syndrome. Symdautni dechové tign

— aspartate aminotransferase, aspartat arairgfaraza

— anti-thymocytarni globulin

— B-cell CLL/lymphoma 2, protein zvySujioémneabilitu mitochondrialni membrany a tak
pusobici anti-apoptoticky

— B Cell Receptor, B btigny receptor

BHRF-1 - virovy homolog bcl-2 EBV

BKV

BM

CB

CCR-2

CD

CD154

CD21

CD4+

CD40

CD40L

CD46

— polyoma BK virus
— Bone Marrow, kostniten
— Cord Blood, pupmikova krev
— 2. receptdr-chemokiri
— Cluster of differentiation, diferen¢ia antigeny
— CDA40L, kostimutmi protein B lymfocyt, aktivujici B lymfocyty interakce s CD40 na
antigen prezentujicich hliach
— CR2, komplementovy receptor 2
— butky nesouci CD4 znak, pomocné T lymfocyty
— kostimulani protein antigen prezentujicich Blnaktivujici B lymfocyty pomoci
CD40L=CD154
— kostimulani protein B lymfocwyi, aktivujici B lymfocyty interakce s CD40 na antige
prezentujicich bitkach, CD154

— bugény vazebny protein HHV-6, inhiémi komplementovy receptor



CD8+ — butky nesouci CD8 znak, cytotoxické T lymfocyty

CML — chronick& myeloidni leukémie
CMV — cytomegalovirus

CNS — centralni nervovy systém

CR2 — komplementovy receptor 2, CD21
CsA — cyklosporin A, imunosupresivum
CXC —a-chemokiny

CXCR - receptoa-chemokiri

DIC — Disseminated Intravascular Coagulationetimovana intravascularni koagulace

DLI — Donor Lymphocyte Infusion, inflze rddcovskylymfocyti

DNA — Deoxyribonucleic Acid, deoxyribonukleova lejima

ds — double strand, dvojvlidknova DNA

EBER - Epstein-Barr virus (EBV)-encoded small RIN#slé RNA kédované EBV

EBMT  — European group for Blood and Marrow Traaspétion, Evropska spa@leost pro transplantace

krve a kostni teng
EBV — Epstein-Barr Virus, virus Epsteina a Barrové
EBV-LPD — EBV associated lymphoproliferation, EBSoaiovana lymfoproliferace
EHV-1 - Equine herpesvirus, keky herpesirus 1

EHV-2 — Equine herpesvirus, keky herpesirus 2

EKG — elektrokardiogram

FD — Family Donor, rodinny darce

FISH — Fluorescent In Situ Hybridisation, fluoresti hybridizace in situ
FN — fakultni nemocnice

G- — Gram negativni, bakterie nereaguijici na bdrpedle Grama

G+ — Gram pozitivni, bakterie poziti¥meagujici na barveni podle Grama
GCcVv — ganciklovir

GGT — Gamma Glutamyl Transferase, gamma glutaragkferaza

GIT — gastrointestinalni trakt

GvHD  — Graft versus Host Disease, nemep&iproti hostiteli



GvL
HCMV
HHV
HHV-6
HHV-7
HHV-8
HIV
HLA
HSCT
HSV
HSV-1
HSV-2
HVS
IL
IL-10
IL-12
IL-2
INF-y
IRF-3
KDHO
Kl
KSHV
LDH
LF

LMP-1

MDS
MHC

MMF

— Graft versus Leukaemia, reakcgpst proti leukémii

— Human Cytomegalovirus, lidsky cytomegalosir

— Human Herpesvirus, lidsky herpesvirus

— Human Herpesvirus — 6, Sesty lidsky hevjpas

— Human Herpesvirus — 7, sedmy lidsky hevppas

— Human Herpesvirus — 8, osmy lidsky herjresy

— Human Immunodeficiency Virus, virus lidskémounodeficitu

— Human Leukocyte Antigen, antigen lidskychRecyti, imunologicky také MHC
— Haematopoietic stem cell transplantati@ngplantace hematopoetickych kmenovychehun
— Herpes Simplex Virus

— Herpes Simplex Virus-1

— Herpes Simplex Virus-2

— Herpes virus saimiri, apiherpesvirus

— interleukin

— interleukin 10, tstovy faktor B lymfocyt

— interleukin 12, prozé&tlivy cytokin

— interleukin 2, istovy faktor lymfocyl

— interferon gamma, prozéthivy cytokin

— Interferon Regulatory Factor 3, reguliafaktor interferonu 3

— Klinika détské hematologie a onkologie

— polyoma KI virus

— Kaposhi Sarcoma Herpesvirus, virus Kapasisirkomu, HHV-8

— Lactate dehydrogenace, laktat dehydrogenaza

— |ékaska fakulta

— Latent Membrane Protein, latentni membvgrrotein 1 EBV, stimulujici drahu
CD40/CD40L

— myelodysplasticky syndrom

— Major histocompatibility komplex, hlavni hi&ompatibilni komplex

— mykofenolat mofetil, imunosupresivum



MMUD - Mismatched Unrelated Donor, neshodnyititeyzensky darce

MOF — Multiorgan Failure, multiorgdnové selhani

MSD — Matched Sibling Donor, shodny sourozenedkyge

MUD — Matched Unrelated Donor, shodny ¥ibpzensky darce

NFxB — Nuclear FactokB, jaderny faktokB zapojenytasto do imunitnich reakci

NK — Natural Killer, ,@irozeni zabij&i“, cytotoxické lymfocyty néici buiky s nizkougi Zadnou

expresi MHC I.itidy

PBSC — Peripheral Blood Stem Cells, periferni kovérbuiky

PCR — Polymerase Chain Reaction, polymeratetaova reakce
PET — pozitronova emisni tomografie
PRV — Pseudorabies virus, suid herpesvirus-1 (3)\Aujeszky's disease virus, préiskerpesvirus,

virus Aujeszkovy nemoci
RNA — Ribonucleic Acid, ribonukleovéa kyselina
RQ-PCR - Real time Quantitative PCR, kvantitatR@R v realnéniase

RT-PCR — Reverse trancription PCR, revérzanskriptazové PCR

SAA — severe aplastic anaemigka aplastickd anémie

SCID — severe combined immunodeficienéyky kombinovany imunodeficit
SV40 — simian virus 40, aflipolyoma virus 40

Th2 — smdr imunitni odpo¥di smérem k odpowdi protilatkové

TK — thymidine dinase, tymidinkindza

TLR-4  —Toll Like Receptor, receptor vazici lipdygacharid G- bakterii a tim aktivujici imunitni
bunky

TRADD — TNF Receptor Associated Death Domain, THEeptor asociovany se smrtici doménou
spou&kcici apoptotickou kaskadu

TRAF  — TNF Receptor Associated Family, rodina girtit asociovanych s TNF receptorem

ubD — Unrelated Donor, néjpuzensky darce
UHKT - Ustav hematologie a krevni transflize
UK — Univerzita Karlova

UL146 — CMV gen kédujici virovy homolog CXC chenirok



UL147 - CMV gen kédujici virovy homolog CXC chenirok
uL54 — gen kddujici CMV polymerazu

uL97 — gen kodujici CMV tymidinkinazu

VCXCL - virovy liganda-chemokirii

VGCV - valganciklovir

vVzv — Varicella-Zoster Virus

WAS — Wiscott-Aldricliv syndrom

WHO — World Health Organization, &ova zdravotnicka organizace
wWu — polyoma WU virus



1. Uvod

Transplantace kostnirehs, v sokasnosti spiSe nazyvana transplantaci hematopoehidiepenovych
burgk, je komplexni terapeuticky proces se spoustouphisaci, které se vzajensret’ primo, ¢i negrimo
v ramci terapie a jejichéinki ovliviiuji. Proto je k pochopeni biologie virovych kompli nutné alesgio

ve zkratce zminit jak tyto komplikace, tak vztahgzainnimi.

1.1. Transplantace hematopoetickych kmenovychékun

Jednim z léebnych postup pouzivanych u refrakternich hematoonkologickychmatabolickych
onemockni se od Sedesatych let 20. stoleti stala transmlankostni kns. Zarodéné buiky
hematopoetické tké&npoprvé rozpoznany ve slezim posléze kostniieni>. Tyto buiky byly nasleds,

s odstupem mnoha let, charakterizovafitopnosti CD34 molekufyP.

K prvni UsgSné transplantaci kostnireh® doSlo u dti s imunodeficitem salasré v Evrog i ve
Spojenych statech americkych v roce 19@Bpostupem doby se mimo kostiémt poddilo tyto buiky
najit také v periferni krvi a v pupeikové krvi a byly provedeny tsgné HSCY'. Pozdiji se podailo
vyvinout postupy, které v periferni krvi zvysily koentraci CD34 pozitivnich bek'% co? vedlo
k ¢asgjSimu pouZivani tohoto typudii, zejména u dospych pacient, kterych je jinak obtizné dosahnout
dostatené kvality Sgpu™®*>

Proto doSlo v pozfsi dol# k pfejmenovani transplantace Kkostniemt na transplantaci
hematopoetickych kmenovych hitkn(HSCT). Ri tom seclovek, ktery je pro transplantaci zdrojem CD34
pozitivnich bugk, nazyva darce (donor-D) a pacient, jemuz budoodainé buiky podany, se nazyva
ptijemce (recipient-R). Podle toho, zda je zdrojem3&Dpozitivhich busk pro HSCT organismus

piijemce, nebo organismus jinéllovéka, se HSCT v zakl&dkli na autologni a alogenni.



1.1.1. Autologni transplantace

Je indikovana fedevSim v fipadt solidnich nadorovych onemasr, kdy je pro lébu velmi
rezistentnihai relabujiciho onemoemi, pouZita vysoko davkovana chemoterapie (megaista®™, ktera
vede k znieni zarodénych burk v kostni deni pacienta. To by pro nemocného bez naslednétiénpo
hematopoetickych zarodleych bugk znamenalo trvalou aplazii kostniett® bez tvorby vSech krevnich
fad — erytrocytarni, granulocytarni, lymfocytarnfrombocytarni a tak naslednou nevyhnutelnou smrt
z divodu anémie, krvacenii infekénich komplikaci. Proto je pacientovi jgSpied podanim vysoko
davkované chemoterapie odebran zpravidla z perifémve SEp obsahujici dostateé mnoZstvi
hematopoetickych zarodieych burk. Po megaterapii je pacient timtéggm transplantovan. Pdilplizng
dvou tydnech dojde k jejichtimojeni zarodénych burkk ze S¢pu (engraftment), jako prvni znamce
obnoveni chemoterapii zminé hematopoézy. fiRojenim pak ¥tSina komplikaci fi autologni
transplantaci ko, neba’ ty jsou dané fedevsim aplazii kostniehs.. Typickymi indikacemi k autologni

HSCT jsou nagiklad Ewingiv sarkom, refrakterni Hodgkinova chorobianeuroblastomiy™®,

1.1.2. Alogenni transplantace

Je HSCT, kdy jsou darcem &jpmcem d¥ rizné osoby. ProtoZze darcem je zdrava osoba, Ize
zpravidla ¥Zce poSkozenou krvetvorbiijemce, nahradit zdravou krvetvorbou déarce a tatgoda
vylécit.

Indikaci k alogenni HSCT jsou zpravidla malignidaéva onemoai (nag. ALL, AML, CML,
MDS a dalsfi®*? nicmér transplantace je také vyuZivana k& nenadorovych onemoeni & jiz
hematologickych jako je naprefrakterni &zka plasticka anémie (SAZ) ¢i metabolickych onemoeni
(nap. mukopolysacharidozyi jina stadava onemoemi)®’. Stejré tak je alogenni HSCT vyuZivandi p
Ié¢bé geneticky podmignych imunodeficii jako jsou nap téZky kombinovany imunodeficit — Severe
combined immunodeficiency - SCID, Wiskott-Aldrich syndrom — WAS, deficit adenosindeaminazy —

ADA a dalsf*>?’,
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Darci jsou vybirani na zakladshody HLA molekul darce afflemcé®? V minulosti se tato shoda
testovala pedevsim pomoci sérologickych metod. V&mnosti je vSak vZzdy shoda testovana na arovni
DNA. Standardem je testovat haplotypy HLA u darcgtigmce v lokusech A, B, Cw u HLA Iritly a
DRB1 a DQB1 u HLA II. tidy. ProtoZze dopad neshody v jednotlivych lokuseehi stejny, Ize vybrat i
neshodného darce, ktery je stale vhodny k HEFodle shody se tedy déarailidna shodné (matched-M)
a neshodné (mismatched-MM). ¥ipad® neshodného dérce, alecpb i tize komplikaci v souvislosti
s HSCT rostou.

Prvni hledani je vzdy zahajeno mezi rodinnymiisipSniky pacienta, zejména sourozenci.
Transplantace od HLA shodného sourozence (matdbédgsdonor — MSD) je zatizena menSimégean
komplikaci a také darce je znovu snadno k dispozjgipac nutnosti retransplantace. Pokud je hledani
v rodiné nedspsné, pak se zahajuje hledani v mezinarodnich registdaré podle HLA a umo#uje-li to
shoda, je nasledrvybran darce néfbuzny (unrelated donor - UD), kterytgre byt bd’ shodny (MUD)
nebo neshodny (MMUD).

Hematopoetické zarodeé buiky v sowasnosti ziskavaméemi zpisoby. Prvni moznosti ziskani je
kostni dei (Bone marrow- BM) odebrana zdejnich kosti darce. Druhou je pak periferni krewv které se
po stimulaci objevuji z kostniten® vyplavené CD34 pozitivni kiky a Ize ji tedy pouZit k nasledné
separaci $pu bohatého na tyto blay, tedy periferni kmenové kiky (PBSC). Poslednim zdrojem CD34
pozitivnich bugk je pup€nikova krev (cord blood — CB). Samotny zdroj zasogeh burk pak ovliviiuje
vlastnosti 3tpu jako je nafiklad paet dni do pihojeni S¢pu v jadernych hikach (nejméé BM, pak
PBSC a pak CB).

DalSi vlastnosti, ktera je ovligna typem 3fpu, je rychlost rekonstituce imunity. Ta je oviwra
piitomnosti pld# maturovanych a jiz patogen specifickych géovych lymfocyti ve S€pu. NejkratSi je u
PBSC, delsi u BM a nejdelsi u &@BPrvni znamky rekonstituce specifické imunity uS€Bse objevuiji
priblizng 3-4 nesice po HSCT. Vippad CB se pak rekonstituce specifické imunity objevéijé nmésia

po HSCT. | to ma samégjme vliv na komplikace po HSCT @etrs infekenich, virovych™.
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2. Komplikace HSCT

2.1. Obecné

Mezi zakladni komplikace alogenni transplantacefpiafekeni komplikac&’, reakce &pu proti
hostiteli (GVvHD}*** a relaps zakladniho onemeai>. Tyto i skupiny komplikaci jsou pak navzajem
spojeny prosednictvim vySe intenzity imunosupresivniho rezidejich vzajemné vztahy jsou pak shrnuty

v obrazku 1.

Obrazek 1.

Vztah komplikaci u alogenni HSCT.

Infekéni komplikace Reakce $pu proti hostiteli
A
v v
Mérg Imunosupresivni rezim Vice

v
Relaps zékladniho onemagri

Druha HSCT

Exitus

Lze zkonstatovat, Zerffpomnost infeknich komplikaci — @jiz bakterialnich, virovych¢i mykotickych
je spojena s destrukci tk&prijemce a tedy odhalenim neshodnych anfig#drce a fjemce. Rozpoznani

antigert, ve kterych se liSi darce &ijemce, pak vede k rozvoji reakcégt proti hostiteli s dalSi destrukci
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tkani gijemce. To vede k terapeutického zvySeni imunosiyte terapie. V prvni fazi tedy k nasazeni

kortikoidnich Iéki, které v kratkéntase pivedou pacienta do obrazu periferni lymfopenie. Tiojde ke

shiZeni reakce schopnosti imunitniho systému & faktencialnimu rozvoji dalSich infékich komplikaci.
Na druhou stranu je ale jistd reakc&pgt proti hostiteli prokdzana jako potencialprosgsna pro

3537 Proto se

pacienta z hlediska nizsich frekvenci retap&kladniho onemoe¢ni (zejména napu AML)
ve vztahu HSCT a jejich komplikaci jedna o velmiildgni rovnovahu, kterou jedba co nejdéle drzet
vybalancovanou. Vifpac rozvoje pokréilych stadii €chto zakladnich komplikaci jsou pak kroky

vedouci k udrzeni pacienta nazivu obrovskym rizikpmo rozvoj komplikaci z jiné skupiny. Navic

v kombinaci s limitem interakci jednotlivych l&la jejich toxicity.

2.2. Relaps zakladniho onemauri

O relapsu zékladniho onema&oh po HSCT hoviime v souvislosti s malignimi onemaerimi.
Obecré vzato nizeme u hematologickych paci@énpozorovat relaps onemagri hematologicky a
molekularr biologicky.

V piipad molekularr biologického relapsu se pak jedn&asnou detekci gdnajiciho relapsu
pomoci molekular&biologickych metotf. Ke zvladnuti tohoto typu relapsu po HSCT Ize \iyteaki
Stépu proti hostiteli (GvHD), ktera v sélbbsahuje také reakcipu proti leukémii (Graft versus
Leukaemia — GvL). Proto jsou okan&itysazeny veSkeré imunosupresivni Iéky. et se pokousSime
pacientovi podat infuzi darcovskych lymfogyiDonor Lymphocyte Infusion — DLI), které byeg vyvolat
GVHD wetns poZzadované GvL reaké@®’3? vetsina v sotiasnosti diagnostikovanych potransplnfah
relapsi je detekovana na urovni molekul&tpiologického relapsu.

O hematologicky relaps se jednéi pyskytu vice jak 5% malignich bk v nagru ziskaném
punkci kostni tens. V tomto gipack je pacientasto indikovan k chemoterapii pro zvladnuti tohzovu
objeveného maligniho bujeni. Podle stavu a agitgsiémoci je pak potencidrpacient indikovan k druhé

HSCT, @ipadre k pouze k paliativni chemoterapii.
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2.3. Reakce $fpu proti hostiteli (GvHD)

Reakce $fpu proti hostiteli je reakci imunitniho sytému déra odliSné antigenyifemce. Stimulace
darcovskych lymfocyt antigeny pijemce pak vede k vicéi mére boulivé imunitni reakci, vedouci
k destrukci tkani, poSkozeni funkce orggnag. jaterni GvHD), dehydrataci a zhorSeni nutricéefsti
GvHD), krvaceni ($evni GvHD) a tak rize vést v rozvinutém stavu k umrti pacienta. Z pdalvyskytu

po HSCT, zavaZnosti reakce a jejiho trvani pakiojme reakci akutffia chronickott.

2.3.1. Akutni GvHD

Akutni GvHD je reakce, ktera se objevi v prvnich ghech po HSCT. Podle poSkozetznych
organovych systém jejich zavaznosti a tak ohroZeni pacientadiedd ¢tyt stupia (Grade) I-1V. Zatimco
v ptipacdt Grade | se jedna vytné o kozni GvHD a k terapii Ize pouzit rnédgad i samotné lokalni
podavani kortikoid ve formg masti, v pipadt GvHD Grade IV se pak jedna o velmi zavazné Zivot
ohroZujici onemoaini s postizenim né&astji jater, stev a Kize. PostiZzeni jater ma zavazny vliv na
celkovy stav pacienta ve smyslu Spatné metabolilzdde detoxifikace metabolit zhorSeni koagutaich
parameti, postizeni sevni sliznice je pak zdrojem Upornychijpni s dehydrataci organismu, krvacenim
a zarové moznym mistem vstupu bakteridlni infekce do kreendkEhu. Proto je k terapie GvHD Grade
IV pouzivana velmi silna imunosupresivni terapikojanagiklad antithymocytarni globulin s naslednou
prolongovanou imunosupresi a naslednou perifemfdgytarni depleéf. BohuZel ani s pouZitim razantni
terapie se takto rozvinutou GvHEasto nedd zvladnout a pacient umira pod obrazem multiorgého
selh&ni & jiz ve spojisti pouze s GVHB s mozZnou infekni komplikaci nap ve smyslu sepse.

Z&kladni rozdleni a giznaky GvHD jsou obsaZeny v Tabulce 1. a 2 (podBME Handbook —

Haematopoietic Stem Cell Transplantatfyn
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Tabulka 1.

Stage Kiize (vyrdzka) Jétra (hladina hilirubinu) GIT (pr wjem)
1 < 25% povrchugta 34-50umol/L > 500 mL
2 25 — 50% povrchitla 51-102umol/L > 1000 mL
3 Generalizovany erytém 103 — 25%ol/L > 1500 mL
4 Generalizovany erytém | > 255umol/L Véazné abdominalni
s bulami a deskvamaci bolesti bez/s ileem
Tabulka 2.
Grade akutni GvHD KizZe Jatra GIT
I Stage 1 -2 0 0
Il Stage 3nebo Stage Inebo Stage 1
11 Stage 3a/nebo Stage 2 — &/nebo Stage 2 -4
v Stage 4a/nebo Stage 4/nebo Stage 2 -4

2.3.2. Chronickad GvHD

Chronickou GvHD se rozumi reakceép proti hostiteli, kter4d reagujedte na nasazené
imunosupresivni 1éky a trv&i se objevi se po dni 100. V s@msné dob jde o nejastjSi divod
komplikaci spojenych s pozdnim amrtim po HSCT wagit bez relapsu zékladniho onemidn

Historicky se dlila na limitovanou a extenzivni. V s&asnosti chronickou GvHDé&t klasifikace
NIH (National Institute of Health, Bethesda, USAQdfe posSkozeni orgénna lehkou, $edreé téZkou a
tézkou formd*. Z pohledu immunosupresivni terapie, ktera ma mbvprotiinfekni imunitu, se viak Ize
pridrzet starsi klasifikace.

Limitovana chronicka GvHD je formou reakce protistiteli, ktera je na vysSSi imunosupresi &S
kontrolovana a gasem postupgnvyhasina. Extenzivni GvHD je zavaZna forma reditéigu proti hostiteli,
ktera ma zavazné mutilujickiaky na daného pacientdasto dochazi k poskozeni plic, jater, GIT, objevu;ji
se poskozeniiZe s fibrotizaci, alopecie, fibrotizace svalpod®. Proto je zpravidla k jeji kontrole, by
alespa caste&né, poteba dlouhodobé podavani imunosupresivni terapigizave vySSich davkach
(kortikoidy), ¢i v kombinacich jednotlivych imunosupresivnich délPacienti jsou pak ohroZeni zejména
nezadoucimi &inky spojenymi s podavanim léka zarové infekénimi komplikacemi g dlouhodobé
lymfopénii — tedy pedevsim s infekcemi virovymi a mykotickythi Terapie extenzivni GvHD je pak
otadzkou let. Jakoffklad imunosupresivni terapietireme uvést ndfklad nasledujici kombinace, které

jsme pouZzili u skterych naSich pacieitt cyclosporin A (CsA) + kortikoidy, mykofenolat meifl
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(MMF)+kortikoidy+CsA, sirolimus+MMF+kortikoidy, taolimus+MMF+kortikoidy. V gipad téZzké

GvHD Ize pak kd&mto kombinacim vzdy ifdat terapii zalozenou na protilatkach® §Z pomoci

polyclonalniho antithymocytarnih@i antilymfocytarniho

(monoklonalini protilatka anti-CD52), rituximabu (maklonalni protilatka anti-CD2G) dalsicH’*

globulinu (ATG, ALG), alemtumabu

V transplantéani medicig casgji pouzivand imunosupresiva a jejich nezadoutinky jsou pak

shrnuty v tabulce 3.

Tabulka 3.

Skupina Genericky nazev 1éku  Mechanismtisku Nezadouci &inky

Kortikoidy Nag. Mechanizmem &inku je Obecr - cushingoidni
prednison, inhibice rozpoznani a habitus, zvySena nachylnos
metylprednisolon, prezentaci antigenu, k infekcim,
hydrokortison zasahuiji do transkripce | zhorSenitistové dynamiky u

gen kédujicich tizné
proteiny,

redukuji transkripci geh
pro prozastlivé cytokiny a
tak omezuji Gast burk
imunitniho systému v
mistech z&¥tu (ovliviuji
endotelie, sniZuji
chemotaxi).

déti a vliv na psychiku.
Topicky pak atrofie #Ze,
Katarakta, akné, hirsutis-
mus, proximalni myopatie,
hypertenze, Zaludai viedy,
diabetes mellitus,

suprese nadledvinek,
asepticka nekréza, velkych
kloubd (zejména ki),
osteoporo6za, horsi hojeni
ran.

[

Latky vazici se na
imunofiliny

cyklosporin A (CsA)

Vazba na intracelularni
receptory (kalcineurin}»
inhibice translokace
trankripinich faktofi do
jadra— inhibice d&ja
zavislych na kalciu

Nefropatie, hepatopatie,
hypertenze, hirsutismus,
encefalopatie, osteoporéza,
GIT obtiZze a dalsi...
nefrotoxické, zpsobuiji
hypertenzi a hyperlipidémii
(vice cyklosporin),
hyperplasii dasni.

tacrolimus (FK506)

Podobny jako u CsA,;
10-100x potent&si,
inhibice IL-2, 3, 4, IFN-
gama

Podobny jako u CsA;&Si
nefrotoxicita a také
diabetogenni &inky

Inhibitor mMTOR
(mammalian
target of
rapamycin)

Sirolimus

inhibuji transdukci signal
navozenych vazbou IL-
2,4,7,15 na T lymfocyty,
zabraiuji tedy transkripci
genu IL-2,¢imZ brani jeho
produkci a tak naslednou
proliferaci T lymfocyfi

Myelotoxicita,
hyperlipidémie, GIT toxicita,
pomalé hojeni ran-
lymfokély, akne.

Purinovy analog

mykofenolat mofetil
(MMF)

inhibice inosin-monofosfat
dehydrogenéazy, kibvého
enzymu de novo syntézy

purind T a B burk

Myelotoxicita a GIT toxicita.

16



2.4. Infekéni komplikace

Prevence a terapie inféskich komplikaci je nedilnotasti pée o vysoce imunosuprimované pacienty.
Jejich vyznam jeststoupa u paciefitpo alogenni HSCH™3 kdy se k celku &nym bakteriainim a
mykotickym infekcim pozorovanym u jakychkoli padirnécenych chemoterapii (spojenych kfad
s poSkozenim sliznic - mukositidéus granulocytopénii)ijfidavaji éastji také infekce virove.

Pritomnost nejasgjSich infelkénich komplikaci a GvHD spojené s imunosupresivragi véase po
transplantaci je zobrazena na obrazku 2. Vedaufdkéni komplikace ke smrtelnym komplikacim, jedn&a
se zpravidla o rozvoj diseminované intravaskul&wsdgulace (DIC) a multiorganového selhani (MOF —
Multi Organ Failure) v fipads septického stavigi k vykrvaceni pi invazivni mykézesi DIC *2 Casto se
také infekce s poskozenim tkani podileji na reaktiGvHD s moZnosti letalnich komplik&ciVirové
infekce pak samostain¢i v kombinaci s jinymi infekcemi, nebo GvHD, mohapisobovat pedevsim
letalni respirani selhani fi poSkozeni plic, ale také encefalitidu, hepatitidaSkozeni GIT, myokarditidu

a tak vést k MOE.

Obrazek 2.

Zobrazeni nepsgjSich infelénich komplikaci a GvHD ¥ase po HSCT.

wakunivip, T chronicka GuHD

Viry HSV || CMV, EBV, AdV VzZV
Bakterie G+ G- opouzdrené bakterie
Pneumonie Bakterialni Non-bakterialni
o 1 2 3 4 5 & 1 8 o

Mésice po HSCT
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2.4.1. Bakterialni a mykotické komplikace

Rizikem pro objeveni se bakterialnich a mykotickymtemoc#ni je protrahovana granulocytopénie
4950 zatimco ke kontrole bakteridlni infekceitpmnost granulocyt tedy Fedevdim neutrofilnich
leukocyti, zcela postd, v piipac mykotickych infekci je k dokonalé kontrole infekaautna také
soutinnost se specifickou imunitou¢koli granulocyty jsou zpravidla schopny infekci eralespd z ¢asti
pod kontrolod”.

Oke skupiny patogein pak vedou k zaftlivym procesim, potencialé Zivot ohroZujicim. Objevuji se
tedy teploty, vzestup zétlivych parameti, moZzna koagulopatie rozvoj akutni dechovét{gxRDS-acute
respiratory distress syndrome) pod obrazem regphia selhani.

Druhové specifikace je wdhto patogeh vzdy otdzkou lokalni epidemiologické situace. Zjkn se
vyskytuji nap. Saphylococcus aureus, Saphylococcus epidermidis, Pseudomonas aeruginosa,
Enterobacteriacae *°. Na Klinice ditské hematologie a onkologie se mezi roky 2004-20@skytovaly
jako picina septickych stavu 195 dti negastji G+ bakterie, zejmén&aphylococcus aureus (44,04%) a
Sreptococcus mitis (4,08%), z G- bakterii palE. coli (14,33%), Pseudonomas aeruginosa (8,71%),
Klebsiella spp. (8,2%) a v malém procentu také Acinetobacter appethicilin rezistentni Staphyloccocus
aureus. Toto rozloZeni se od skladby patégeisobujicich sepse po HSCT nijak nelisi.

Z mykotickych agens se vyskytuji zejména infeRspergillus spp. a Candida spp. (at’ jiz C. albicans,
¢i non-albicans druhy, ovSem s prefere@cialbicans). Méné se vyskytuji infekce zygomykot jako riap
Rhizopus spp..

Terapie antibiotiky i antimykotiky je zaloZzena nankbinaci empirického ifistupu v kombinaci
s detekci fislusného agens pomoci mikrobiologickych metod.oslgdni dob se ve s#té stale castji
pouzivad také molekuldgrbiologicky pistup kidentifikaci mikrobiologickych agens - §iz detekci
antigenu (nap detekce galaktomannanu u infelkspergillus spp., ¢i 1,3 B-d-glukanu u infekciCandida
spp.) ¢i pouzivani real-time PCR (pro detekci dsjgjSich bakterialnich agens riappomoci systému

SeptiFast firmy Roche§j PCR a nasledné sekvence 1%63$8S RNA.
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3. Virové komplikace

Posledni a do jisté miry specifickou skupinou liggk patoget zapojenych do infakich komplikaci
po HSCT jsou viry. U paciefipo HSCT se jedna jak o skupinu RNA (haRS virus®) tak DNA viri®>3
Tématem prace jsou nicmetidské DNA viry a proto se zatfim na ®. U pacieni po alogenni HSCT
castji objevuji DNA viry ze skupin lidskych herpestiradenovit a polyomavit®"*° Ve v&ech fipadech
je pak ruku vruce s objevenim klinickychfiznaki nutna rychla a ff@sna piméa detekce s naslednou
IéEbou. Pouzita virostatika pouze snizuji reptikbschopnost viru, coZ dava imunitnimu systémuegrdai
¢as k vyvinuti specifické imunity.

Jak je patrno z vySe uvedeného obrazku 2, objesewjirové infekce viizné dol po HSCT, nejastji
vSak v dob po pihojeni. Pra¥ tou dobou se totiz v organismu objevujinky ve kterych se viry,
predeviimp-herpesviry (CMV, HHV-6 a HHV-7) a-herpesviry (EBV) mno2?°%°® imunosupresivni
terapie je stale velmi vysoka a doba po transptantdera je nutnd k rekonstituci virus specifichyc
lymfocyti. Pr&¢ z toho divodu je obdobi mezifiblizné prvnim nésicem a Sestym ¢aicem po HSCT
objevuje nejvice virovych komplikaci. V paf8im obdobi se pak mimo paciéma vysSi dlouhodobé
imunosupresi jako terapii chronické GvEfDpak objevuiji virové komplikace aZ v obdobi vysdzen

profylaxe acyklovirem.
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3.1. Detekce virovych infekci

Z obecného ohledu je mozno virové infekce detekgiaho ¢i negimo. Negiima virové detekce
pomoci ptéikazu protilatek v séru pacienta vSak u padiestdlouhodobou imunosupresivnii
protinadorovou l&bou, Fipadré kratce po HSCT, ztraci na vyznamu, ngbounitni systém pravtéchto
nejohrozenjSich pacient neni protilatkové odp@di schopen. Proto se testovani virovych agens u
zmingné skupiny pacieftprovadi vyhradé metodami imé detekce.

Detekce virovych infekci byla v minulosti zaloZemgjména na (fikazu virovych proteid. Tento
pristup je ve spojitosti s transplantacemi &mmé dob pouzivan nap k detekci adenovir &i RSV,

V minulosti se pak vyuzival zejména u CM\iédevsim protein - pp65) na perifernich krevnictikdigh —
antigenémi€. Jeji nevyhoda z pohledu detekce CMV &pa zejména ¥asové narénosti, nutnosti jisté
zkuSenosti hodnoticiho pracovnika a v souvislodiSET pak hlavé v nutnosti dostatmého pétu
leukocyti v periferni krvi pro ziskani relevantniho vysledku

V souwasnosti je v transplanfaich centrech provéda virova detekce tpdevSim pomoci detekce
nukleovych kyselin — a to zejména DNA pomoci tekhnpolymerazovérettzové reakce (PCR) a to
zejména kvantitativniho PCR (RQ-PCRj),reverzré transkriptazového PCR (RT-PCR) tigad® RNA
virt. PCR gindSi do problematiky detekce virovych infekci Wmso senzitivitu, kvantifikace pak
umoZziuje prospektivé monitorovat u pacienta vyvoj virovych infekctase.

BohuZel v8ak i tentoifstup v sob ukryva mnoho probléin Jednim zd&h, ve kterém zatim nebyl
nalezen konsenzus, je nejvhépii material pro tuto molekul&rbiologickou detekci. Zvl&Sto plati u
skupiny herpesvir. V jejich pripadct jsou pouzivanyit pristupy ve vybru materialu z nichZz kazdy ma své
vyhody i nevyhody. Jde o detekci z plazmy, izoloamburgk periferni krv&', ¢i z piné krvé®. ProtoZe
tyto pristupy se lisi v jednotlivych gtovych centrech, je i porovnavani jednotlivych dieseych vysledik
slozitou zaleZitostf. Zrejme nejrozsfersj$im pistupem je detekce virové DNA ve vzorku plazmy
pacienta, ktera je vifpact pozitivity branéd za iikaz volné virové partikule - virémie, tedy zaikaz

produktivni infekce. Klady a zaporychto i pristupi jsou shrnuty v tabulce 4.
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Tabulka 4.

Zdroj DNA

Duvod

Klady

Zapory

Plasma/sérum

Detekce virémie

1 Publikovana
specificita nap pro

EBV-LPD

MozZnost faleSné

negativity

Periferni krevni

mononuklearni biiky

Detekce proliferujicich

vira v buikach

Lidsky genom se da

pouZit jako kontrola

Napr. pro EBV-LPD je

publikovanal

(PBMC) izolace specificita; nutnost
prahu pro terapii
PIna krev Detekce kompletni Jedna izolace pro Napr. pro EBV-LPD je

naloze virové DNA

vSechny viry, lidsky
genom jako vnini

kontrola

publikovanal
specificita; nutnost

prahu pro terapii
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3.2. Terapie virovych infekci

Mimo symptomatické terapiefiphazi v Gvahu v sa@asnosti u virovych infekci také terapie cilena.
Tato terapie se opird o preparaty, které Wcenéns specificky zasahuji do prolifefaiho procesu vir.

Z pohledu pouziti % HSCT stoji za zmigni nasleduijici virostatika.

3.2.1. Acyklovir

Acyklovir je synteticky analog purinového nukleasid

:> inhibujici in vitro ain vivo lidské herpesviry. €inny je proti
Acyclovir (ACV)
HO‘&@J HSV 1 a 2, VZV a v mensi tfd také proti EBV, CMV a HHV-
extracellular
T ‘h' 2 d -;: a0 intracellular, 6% Inhibicni &inek acikloviru proti je vysoce selektivni.
thymidine kinase |
““\j\;[:‘> phoicpt:;;?;,gz Enzym tymidinkinAza (TK) ve zdravych, neinfikovahyc

L buikach nevyuZiva aciklovir jako 8y substrat a proto je
@-0‘-‘[“/2:\] Acyclovir-MP

GMP onase | toxicita Wici sawim hostitelskym biikam nizka. TK

*io| zakédovana viry HSV, VZV a EBVipneiuje aciklovir na
@@oz;t;: BeyslovirDP aciklovir monofosfat, ktery se dale¢ni na difosfat a nakonec

e na trifosfat. Aciklovir trifosfat interferuje s DNAolymerazou

o

:‘> viru a inhibuje tak replikaci DNA viru s vyslednyakortenim
@@@oclH/zO Acyclovir-TP rettzce.

viral DNA lc:ompetitive inhibition
polymerase

Acyklovir se vyliuje v nezrinéné forngé do mai.

deoxy-

guanosine
GOccH, o tiphosphate

(dGTP)

Obrazek 4.

Schéma aktivace acykloviru na jehdininou formu acyklovir
nonfunctional
cornplex

pueyjs Jawud ojur uoeiodiooul

= trifosfat.

DNA Chalﬂ
termmatlor\

! Zdroj:
http://biology.kenyon.edu/slonc/bio38/stancikl_02f&¥ Antiviral_Therapies_are_
E_QE Used.html&h=489&w=936&sz=275&hl=csé&start=1&usg=_ d8Cd7KcXzh0TI9

WL0zgDHN0Qg=&tbnid=7f8Xjx7IxI4hGM:&tbnh=77 &tbnw=14&prev=/images
/L@ %3Fg%3Dvalacyclovir%26gbv%3D2%26ndsp%3D18%26h1%362B8sa%3DN
templa’(e pnmer 25.9.2008
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VSechny nezadouciciinky jsou zpravidla reverzibilni a obvykle jsou &y u paciefits poruchou
jaternich funkci, nebo s jinymi predisponujicimktfary. Jako velmi vzacné nezadoucinky (mérgé nez
1/10 000) se projevuji poruchy krvetvorby a lyndké&ho systému, jako jsou anémie, leukopenie a
trombocytopénie, hepatitida a Zloutenka, akutnalr@rinsuficience. Vzaen(mére nez 1/10 000 a vice nez
1/1 000) se objevuje anafylaxe, dyspnoéechodné zvySeni hladin bilirubinu a jaternich enikym
angioedém, zvySeni hladiny gaviny v krvi a kreatininu. Méhcéasto (méa nez 1/100 a vice neZ 1/1 000)
jsou pozorovany kajvka, zrychlené vypadavani viasCasto jsou pozorovany nevolnost, zvraceni,
prijem, bolesti Bicha, s¥déni, kogivka (Wetn reakce fotosenzibility), Gnava, hoka. Velmicasto (vice
nez 1/10) jsou pak pozorovany bolest hlavy, zZgviggitovanost, zmatenosties, ataxie, dysartrie,
halucinace, psychotické&ignaky, kece, ospalost a encefalopatie.

Aciklovir se pouzetasténe absorbuje v gastrointestinalnim traktii. dpakovaném peroralnim podani
vysokych davek acicloviru po dobuekolika dni doSlo k vyvoji gastrointestindlnich projevjako
nevolnosti a zvraceni, nebo neurologickytizmaki jako bolesti hlavy a zmatenosti.

Lék se vyrabi ve vice Iékovych formach — suspenpei.p. podani, tabletyifpadré krém pro zevni

pouZziti s firemnimi ndzvy Aciclovir, Herpesin, Ph®an, Ranvir a Zovirax.

acyklovir valacyklovir

O 0

HN N -
I Y — ALY
HN” N7 N oL
-

HO— o
_b Y 0y
Obrazek 5. s *’;.““H:

Struktura molekuly acykloviru a valacykloviru. ﬁ;\"

Zdroj: http://upload.wikimedia.org/wikipedia/commons/5/82yclovir.jpg; 30. 9..2008
http://stanford.wellsphere.com/detailedSearch.s®key=Valacyclovif 30.9.2008
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3.2.2. Valacyklovir

Je odvozen od acykloviru. Ve foénpro-latky (pro-drug) je obsaZen v tabletach. Ptietsani pak
v organismu dojde ke zm¢ valacykloviru na ginny acyklovir.

Nezadouci &inky jsou proto v principu shodné s acykloviremkgajsou nahlé potize s dechem,
mluvenim nebo polykanim, otokartobliceje nebo krku, silné zaveanebo mdloby, stdéni kize nebo
vystupujici koZzni vyrdZka, gastrointestinalni obtjako je nevolnost, zvraceni,im a bolest Zaludku a
dale bolesti hlavy. Velmi vzaénse pak objevuji poruchy krvetvorby (lymfopenieamulocytopénie,
trombocytopénie).

Pripravek je naeském trhu dostupny ve foétablet jako Vatrex.

3.2.3. Ganciklovir

Ganciklovir je také nukleosidovy analfy Na rozdil od acikloviru viaksinkuje predevsim na viry ze
skupiny B-herpesvit, tedy CMV, HHV-6 a HHV-7 (viz niZze). Dodinné formy ho transformuje protein
genu UL97 (thymidinkindza) a néasledfunguje g syntéze virové DNA pomoci virové polymerazy
(produkt genu UL54Fobdobrg jako aciklovir v iipadt a-herpesvit.

Mezi hlavni vedlejSi neZadouciciky gancikloviru pati myelosupresivni dinky (zejména
neutropenie (25-40 %), m&pak trombocytopenie (20 % u paciimo transplantaci a 9 % u paciérst
AIDS). Ke gastrointestinalnim obtiZim pahauzea, zvraceni atgem, miZze vSak mit viiv i na jaterni
funkce (vzestup transaminaz). Mezi neurologickiérmaky podavani gancikloviru fazmatenost aikce,
nefrologické komplikace podavani pak &p@ji v renalni insuficienci (vzaénu pacieni po transplantaci
srdce). Zcela vzaerse pak v pibéhu podavani projevi exantéfneosinofilie.

Lék se vyrabi pouze ve fo¥rpro i.v. podani (firemni nazev Cymevene) a ve fogelu do ¢i

(firemni nazev Virgan).
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Obrazek 6.

Struktura molekuly gancikloviru a valgancikloviru.

Zdroj: http://upload.wikimedia.org/wikipedia/commons/thulmb6/Ganciclovir.svg/120px-Ganciclovir.svg.praf. 9..2008
http://www.thedrugmonitor.com/valganciclovir-moléeigif, 30.9.2008

3.2.4. Valganciklovir

Je obdobou gancikloviru. Steéjijako valaciklovir je pro-drug pro aciklovir, takalganciklovir je pro-
drug, ktery se hydrolyzou éni na &inny ganciklovir. | vtomto fipact jsou tedy nezadouctinky u obou
Iéki obdobné. Jeho nespornou vyhodou viak je dobrégherestebavani, které se u samotnéimaého
gancikloviru nikdy uspokoji¥ nepodélo vyreSit. Narozdil od gancikloviru fiie tedy 1€k byt podavan
ambulants.

Lék je dostupny ve fortntablet pod jménem Valcyte .

Obrazek 7.
Viral Cellular

protein kinase ENZYymes
valgancikloviru (VGCV) a

(UL97)
nasleds gancikloviru (GCV)

GOV e GOV-MP sl GCV-DP e GCV-TP Virovou - thymidinkinazou
(UL97) na GCV-monofosfat

Mechanismus aktivace

Hydrolysis (GCV-MP), poté na disfosfat

. , (GCV-DP) a nésledn na
VGCY Inhibits viral DNA

Intracellular le‘_.,meFElSE I[UL5-4] winnou formu trifosfatu

(GCV-TP), ktera inhibuje

Extracellular

syntézu nové virové DNA

inhibici virové polymerazy
Zdroj: http://www.medscape.com/content/2003/00/46/61/4664665160_fig.htm|
30.9.2008

(UL54).
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3.2.5. Foscarnet

Foscarnet je mala molekula odvozena od kyselinwema. Inhibuje DNA polymerazu té#i vSech
znamych lidskych herpesvirvcetrs aciklovir rezistentnich mutant HSV. Nejvice sekvpauziva k I€b¢
CMV infekci (inhibice polymerazy — UL5%)

Mechanimus &inku spa&iva ve vazb foscaviru na virovou polymerazaimz dojde k jeji inhibici a
tak k inhibici virové proliferace. Inhibice probiljinak neZ vazbou na elonfjd misto jako v fipadt
acikloviru, ¢i gancikloviru, a tak je mozné pouzivat foscarnetivedenymi Iéky také v kombinaci se
synergistickym ginkem. Proto je kombinaci s jinymi virostatiky zpi@dla vy3Si @innost (i niz§im riziku
moznych nezadouciclEiaki takové terapie.

NeZadouci &inky podavani jsou akcentovany zejména u renalpimtuch, protoZze se z organismu
vylucuje nezndnén ledvinami. Vzacé mize dojit k akutnimu selhani ledvin, projav urémie a polyurie,
mizZze se objevit metabolickd acidéza a diabetes hsipi Oltas je hlaSeno zvySeni plazmatickych
koncentraci jaternich enzym(ALT, AST, GGT), steji jako zvySeni plazmatickych koncentraci LDH,
alkalické fosfatazy a amylaz¢asto se riize objevit nauzea, zvraceni @jem. Ojedirtle pak abdominalni
bolest, nechutenstvi, zacpa a pankreatitida. tbgmu &by a po jejim uko#eni se niZe ¢asto snizit
hemoglobinémie. Qlas se objevuje trombocytopénie, hypokalémie, hygmezémie a hypo-nebo
hyperfosfatémie. U gkterych pacierit je nutnd léba hypokalcémie. Kalcémii je nutné kontrolovat k&azd
dva dny v piibéhu indukéni 1&by a jednou za tyden v {dséhu udrZzovaci 1&y. Objevuji se také bolesti
hlavy, Unava, parestézides, ztrata chuti k jidlu, ataxie, neuropatie a lkegwézie, stefhjako excitace,
stavy zmatenosti nebo Uzkost, deprese, psychopayditivita a agresivni reakce #de. Ol¥as se mohou
objevit zmény na EKG, hypertenze a pokles TK. Velmi vzakomorové arytmieCasto je pozorovan rash
(exantém), ies, svalova slabost a vzestdfesné teploty. B podani koncentrovanych roztipkoscaviru
(nad 12 mg/ml) do periferni Zily s&asto objevuje flebitida (tromboflebitida). Uegitlivélych jedina

muaZe vyvolat ulcerace genitalu.

@)

Obréazek 8. HC{ J_I\
HO~...P

Struktura molekuly foscarnetu. I OH
Zdroj: O
http://commons.wikimedia.org/wiki/Image:Foscarnat;s

30.9..2008
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3.2.6. Cidofovir

Je nukleosidovy analog, ktery inhibuje ve su#nigé forn€, tedy ve fornd cidofovir-bis-fosfatu
syntézu nové virové DNA. K aktivaci molekuly cidefou je pouZita v ipadt CMV predevSim virova
thymidinkindza (UL97) a lék je pouZivan zejméralécbé CMV nemoci (nap CMV retinitidy u HIV
pozitivnich pacierif). Nicmér¢ (¢innost tohoto |éku je prokazana takétippct dalSich virovych skupin
jako jsou nafiklad adenovirygi polyomaviry®’:%

Mezi nejlEZngjsi nezadouci dinky (zaznamenané u vice nez 1 pacienta z 16) peditropenie, bolesti
nefrotoxicita projevujici se zejména proteinurizySenou hladinu kreatininu v krvi. Nefrotoxicitz
maZe projevit jak akut tak s odstupem od podéani. Pro sniZéciitb (&inka jsou jednak pacienti did
hydratovani, jednak je vifpad podani také pouzito nefroprotektivniho Iéku praimsd.

Mimo systémového podani jako ipact terapie CMV nemaoci Ize cidofovir pouZzit také laképro

terapii BK virus pozitivni hemorhagické cystitidy.

Davkovani pro fipad CMV nemoci¢i symptomatické NHE

adenovirové pneumonie je 5 mg/kg/tyden.

V ptipad hemorrhagické cystitidy je pak davkovani | H/J\

1 mg/kg tikrat tydrs. {IZIJ \\“O
HO—P. O

Obrazek 9. HO

Struktura cidofoviru. OH

Zdroj: http://commons.wikimedia.org/wiki/Image:Cidofoving 30.9.2008

3.2.7. Maribavir

Je v klinice relativd nové a velmi potentni virostatikum zaloZené nazbmitazol L-ribosidu. Jeho
mechanismusdinku sp@iva ve vazb a inhibici cytomegalovirové thymidinkinazy (UL9@)také inhibici

virové enkapsidac®. ProtoZe aZ dosud neni in vivo popsan vznik CMxistentni mutanty proti tomuto
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Iéku a profil nezadoucicheiinka je velmi giznivy, planuje se zejména profylaktické pouZzitirimaviru u
vysoce rizikovych paciefitpo HSCT a to jak v primarni, tak sekundarni prsfyl Pravdou ovSem je, Ze
inhibicni (tinek maribaviru je popsan také pro jiné viry, Hlad pro EBV®.

Zajimavé je také jeho potencidlwelmi slibné synergistické pouZiti s foscarnetem.

NeZadouci &inky jsou spojenéijedevsim se zémami chuti a pocitem kovové chuti na jazyku, ktery
s prodluzujici se dobou podéavéni odezniva. Bylyspag také gastrointestinalni obtiZze jakdjegm a
zvraceni a bolestiiltha steji jako neurologické &inky a dalSich. Nicméns vyjimkou jiz zmignych
zmén chuti vySly v8echny dalSi neZzadougiinky ve dvojig slepé studii s placebem jako statisticky
nesignifikantni.

Lék je zajim v poslednim stadiu klinickych tieste fornt tablet a jeho uvolmi pro standardni
dodéavéani paciefim je planovano na prvni polovinu roku 2009. Intraéeni formule se v séasné dob
pripravuje.

Dosavadni podavani ve studii bylo s davkovanimgeci dvakrat 400 mg derén

Obrazek 10. H
Struktura maribaviru.

Zdroj: New Concepts of Antiviral Therap7)())/ HO H
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4. DNA viry detekované po HSCT

4.1. Herpesviridae

Je pdetna skupina lidskych vir VSichni ¢lenové maji dvoujvidknovou DNA a genomem velikosti
priblizng 125-240 kb, ktera kédujetiplizné 100 geii. Kapsida ma ikosahedralni strukturu a je obalena
lipidovou membranou. Celkova velikost virionu sehpiouje kolem 100 nm. Obecna struktura lidskych
herpesvifi s popisem je zobrazena na obrazku 11. Jejich fapgrh znakem je latentni setrvavani

v organismu po primoinfekci a nasledna moznosttreate véase &Zké imunosuprese.

Obrazek 11.

Obecna struktura herpesviru.

kapsida
tegument
virovy genom

membrana

glykoproteinovy komplex |

glykoproteinovy komplex llI

Zdroj: http://web.njit.edu/~pkb3/herpesvirus_biographis;81.9.2008

Priznaky primoinfekcesi reaktivaci jsou uvedeny nize. U vSe¢bhto viri je ale nutno zminit, Ze
nemalé procento primoinfekci probiha s minimefamaki, ¢i zcela inaparentn zvlase v éasném dtském

véku. Horsi pfibgh primoinfekce se pak popisuje zpravidla u starpatientd.
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Viry se mnoZzi pomoci rotujiciho kruhu cirkularniiggmické DNA. Tim zfisobem dojde ke vzniku
dlouhého vldkna opakujicich se virovych gefiprkteré se naslednsestihuji do délky jednotlivych
genont.

Herpesviry maji ve svém geonomu cetadu proteid, pomoci kterych jsou schopny ovlivnit chovani
burék imunitniho systému a tak uniknout jeho pozornoBlolie je tato schopnost dokumentovana
nagiklad u EBV (viz nize).

Pouzivana virostatika pak de facto odpovidaji jéidryon skupinam vifi. a-herpesviry dote reaguji
na acyklovir,B-herpesviry jsou pak &telné pomoci gancikloviru, foscarnetu cidofoviru, y-herpesviry
jsou pak farmakologicky nejiie ovlivnitelnou skupinou s mirnym ovlignim acyklovirenti cidofovirem.

V posledni dob jsou vyvijeny dalSi potencianicinné Iéky jako nagiklad maribavir.

Obrézek 12.
Elektronova mikroskopie zachycujici kapsidu a

membranova obal herpesviru

zdroj: http://virologia.ua.es/dmsander/Big_Virology/EM/Bsyif

Obrazek 13. GAMMAHERPESVIRUSES

S . ., Rhadinovirus
Geneticka fibuznost jednotlivych

EHV2 HVS KSHV
skupin herpesvit.

EBV
Lymphocryptovirus fis ALPHAHERPESVIRUSES
HSW1
100
100 HSV2
100
3B EHV1
93
100 FEv
[ vzv
0.2 Divergence
HHV7
HHV6
HCMV
Zdroj: Fields Virology BETAHERPESVIRUSES
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4.1.1. a - (alfa) - Herpesvirinae

Do této skupiny lidskych herpestripati dva rody. Jde o rod Simplexvirus, do kteréhaipderpes
simplex 1 a 2 (HSV-1, HSV-2), a o rod Varicellodribam z lidskych vir pati Varicella-Zoster Virus
(VZV). Taxonomicky se jedna o lidsky herpesviru2 B 3 (Human herpesvirus — HHV- 1, 2 a 3). VSechny
tfi viry jsou predevsim neurotropni a v latentni f@raiistavaji po primoinfekci v nervové tkani.

Bez jakékoli prevence seherpesviry reaktivuji velméasto. Napiklad HSV-1 a 2 se reaktivuji az

u80% pacierit (zdroj: http://www.ebmt.org/5WorkingParties/IDWP/IDdocs_uoigced/ECIL%202007/ECIL2%202007%20

HSV%20 recommendations.PPT##0.10.2008; EBMT — European Group for Blood andridw Transplantion; IDWP — Infectious

diseases working partyfipEBMT) . Z toho divodu, stej# jako relativié zanedbatelnych nezadoucictinki
acykloviru je jiz roky ve sité, véetns Ceské republiky, pouZivana profylaxe acyklovirenofflaxe z&ina
priblizng¢ tyden ped HSCT a pokeaje mizr¢ dlouhou dobu podle imunologického stavu pacienta,

praimérné vSak giblizné do pil roku po HSCT. Profylaktické podavani v dotikolo HSCT je v davce 500

mg/mzldévku v kapaci infuzi na 60min a 12 hodin s maxme50 mg/davku a pokigje p.o. formou

v davkach: 9 mg/kg/davku po 8 hodinach (0-2 roke3p. 10 mg/kg/davku sirup, 200 mg po 8 hodinaeh (2
10 let) a nad 10 let 400 mg po 8 hodinach. Po @®piz transplantmi jednotky v rAmci ambulantniho
sledovéani pokrauje prevence v davkach 9 mg/kg/davku po 8 hodir@eh roky), resp. 10 mg/kg/davku
sirup, 200 mg po 12 hodinach (2-10 let) a nad 1@ mg po 12 hodinach. Tato profylaxe jgnaa i

proti reaktivaci VZV.
4.1.1.1.Lidsky herpesvirus 1 a 2 (HHV-1 a 2) — Hsrpimplex 1 a 2 (HSV-1 a 2)

U pacienti imunokompromitovanych pacientbez profylaxe je popisovan jakarigina ¢asnych
téZkych neurologickych komplikaci napve smyslu hemorrhagickych encefalitid, ale j&ipou také
stejré jako benigni cerebelarni ataxie, gingivostomatifaryngotonzititid a pneumorii Mimo to je
samozejms pfcinou opafi a koZnich erupci jako wbné populad?, které mohou byt nicménzavaznou

komplikaci napiklad ve spaijitosti s bakterialni superinfekci.

31



Dojde-li k objeveni fiznaki onemockini, je pouZit acyklovir intravend2rnv davce 250 mg/fidavku
v kapaci infuzi na 60min po 8 hodinach s maximer@ B@/davku po dobu 7-10 @ihnebo p.o. formou
v davce 9 mg/kg/davku po 6 hodinach (0-10 let)pe&tive 10 mg/kg/davku sirup, nebo 400 mg po 4
hodinach (mimo nini davky; nad 10 let). ipadre terapie valacyklovirem v davce 250 mg 2x depo
dobu 2-3 tydi (ve wku 0-10 let s fipadnou redukci davky podle vahy),ve dvojnasobné davce pro

pacienty starSi deseti let.

4.1.1.2.Lidsky herpesvirus 3 (HHV-3) - Varicellaster Virus

U pacient po HSCT bez profylace se reaktivuje az v 5Q9pquli. V pripadt reaktivaci je popisovan
jako micina herpes zoster (pasového oparu), planych rieStox pneumonii ZAdroj:

http://www.ebmt.org/5WorkingParties/ IDWP/wpartieshtml; 10.10.2008.

Pro terapii symptomatické infekce se pouziva irredzni davkovani 500 mgffdavku v kapaci
infGzi na 60min po 8 hodinach (maximum 750 mg/ddvko dobu 7 - 10 dni, nebo v p.o. fartablet 8
mg/kg/davku po 4 hodinach (mimodmbd davky; 0-10 let), resp. 20 mg/kg/davku sirugpektive

800 mg po 4 hodinach (mimo & davky; nad 10 let). DalSi moZnosti je terapitasygklovirem
v davce 1000 mg 3x de&po dobu 2-3 tydin (ve wku 0-10 let s fipadnou redukci davky podle vahy),

nebo ve dvojnasobné davce pro pacienty starSiideset
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4.1.2. B - (Beta) - Herpesvirinae

Skupinaf-herpesviti pati v souvislosti s imunosuprimovanymi pacienty pansplantacich obeé&n
k nejzajima¥jSim. Tato skupina vir se @&li opét na dva rody. Do rodu Cytomegalovirusipatlidskych
vira pouze cytomegalovirus — CMV (taxonomicky HHV-4 HamHerpesvirus 4) . Do rodu Roseolovirus
pak pati HHV-6 (Human herpesvirus 6; Sesty lidsky herpes)ia HHV-7 (Human herpesvirus 7; sedmy
lidsky herpesvirus).

Jde o skupinu relatienblizce giibuznych vifi, které vSak jsou patogenicitou, zejména ve spjito
v CMV dalece pekrai patogenni vyznam dalSich virovych skuptetw vira paticich mezi RNA (jako
nap. RSV ¢i lidsky metapneumovirus). | z tohdiebdu je této skupi@ivénovana znéna pozornost jak ve
smyslu detekce, tak ve smyslu terapie.

Zvla¥ v posledni dob se pak terapie nesotesi pouze na pouZivani &enychéi novych virostatik,
ale v rekterych centrech se pracuje také na in vitro kattivantigen specifickych lymfooytz burék darce,
které jsou posléze podany pacienfdvV piipads nemoZnosti dosahnout na tuto technologii se pak
relativre ¢asto pouziva alespgasivni sledovanirfiomnosti CMV specifickych buk v periferni krvi po
HSCT. Podle dosud publikovanych praci jeipbt ke kontrole CMV infekce] reaktivace fiblizné 400

CD4+ a CD8+ specifickych bék / ml periferni krve.

4.1.2.1. Lidsky cytomegalovirus

Je jednim z nejnebezp@jSich vii po transplantacich obetna pati do samostatného rodu
Cytomegalovirus (viz obrazek 13). Jeho reaktivacpgzorovana vifblizné 30 % pacierit po alogennich
HSCT®. Zatimco u organovych transplantaci, jako jsou n@ansplantace jater, je profylaktické podavani
valgancikloviru zcela &né”, je v sodasné dob u HSCT uplatovan fFstup pélivé monitorace virové
reaktivace/infekce po transplantaci a nasledna&iterapi&. Ze zapojeni proteinUL97 a UL54 pak
vyplyvéa v @ipad prolongované terapie moznost pro vznik rezistehtmiutant vié, které nasledhmohou
vést k rozvinuti pla symptomatické CMV nemoci.

| v piipact CMV je imunitni systém hostitele virovou infekoflietiovan. Virové proteiny UL146 and

UL147 jsou virovymi chemokiny CXC (vCXCL1), kterérfguji gres chemokinovy CXCR2 receptor, se
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stejnou @innosti jako lidsky IL-8°. Potentnim virovym chemokinem je pak také protelri31, ktery
ovliviiuje endotelie, dendritické hlay i leukocyty""® Tak se v ramci infekce k sdlblostavani nakazené a
dosud nenakaZené itky, ¢imzZ se infekce nadale rondje. DalSi strategii CMV jak uniknout pozornosti
imunitniho systému je pak downregulace prezentamteipi na MHC-I°.

U pacientt po alogenni HSCT je rozvinutd CMV infekce asocitv& horékou nejasné etiologie,
poklesem v krevnim obrazu, pneumonitidou, kolitidencefalitidou, retinitidou, hepatitidou &kterymi
dalsimi organovymi postizenifi Mimo piimého patogennihoipobeni viru jako takového, se pak na
poskozeni organismu pacientaifa podilet jak podavani virostatik (viz vySe), ta#Skozeni tkaniip
rekonstituci imunity pacienta po transplantaci &twou reakci zarsenou proti CMV®. Rozséahlé
poskozeni tk&h v pripadt CMV nemoci, je pak asociovdno s vysokou mortalitki@rda nap v péipack
rozvinuté CMV pneumonie dosahujiep vedkerou terapii a paitpou pé&i az 90%°.

Prvni linie I1&by je zpravidla zaloZena na podavani ganciklowirdgvce 5 mg/kg/den po 12 hodinach
po dobu dvou tydin nasledovano 5 mg/kg a den po dobu dalSiho tydheglgancikloviru (v davce 900
mg/nf dvakrat den#). V druhé linie pak istava podani foscarnetu (v davce 120 mg/kg/denopo d-2
tydni nasledovano davkou 90 mg/kg/den po dokii 2 tydne). Jako posledni liniecldy pak v sosasné
doke zbyva velmi potentni, vSak velmi toxicky cidofo\iv davce 5 mg/kg/tyden, nebo 1 mg/kikriat
tydr€). Zvlast u pacieni s chronickou extenzivni GvHD a tedy protrahovarmmruhou specifické
imunity, ktef trpivaji opakovanymi reaktivacemi shiou“° se stava v s@asné dob velkym problémem

vznik a selekce rezistentnich mutant viruredevsim na prvni linii by (viz vy3e).

4.1.2.2. Sesty lidsky herpesvirus (Human herpesvirus 6 — H)V

Je blizce gbuzny CMV (viz obrazek 9). Fatspolu s HHV-7 do rodu Roseolovirus &dicse na d¥
varianty — A a B.

Varianta A #istava aZ dosud virem s neznamym patogenriisolenim nalovéka (orphan virus).
Byla prokazanacasgji u pacientt s demyeliniz&nimi neurologickymi onemoeénimi (jako je nap
roztroudena skler6Z8)* nicmérs i zde Zistava jeho patogennéiiek otaznikem.

Varianta B je v fipadt primoinfekce znamouifEinou benigniho exatémového oneméaindétského

véku — zndmého jako roseola infantutii, Sestd exantémova nenfacNemoc se projevuje hatleami
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trvajicimi zpravidla dva dny, které naslédrychle odezni spolu s vysevem zcela diskrétnitubhgrého
exantému. Také je popisovan jakidsma mononukledza-like syndrofill pacient po HSCT je nicméh
HHV-6 popisovan jako iicina horéek nejasné etiologie, pog8iho gihojovani krevnich destek, ale
také hepatitid, pneumonii, encefalitid (obd®kako CMV)®*.

HHV-6 se véaZe na hilku pomoci buiiného receptoru CD48, ktery fyziologicky fisobi v regulaci
komplementové kaskady. To vSak neni, stejako u dalSich herpesvirjedinou interakci HHV-6
s imunitnim systémem. HHV-6 kdduje mimo jiné protei které ovliviuji jak imunitni systém, tak
samotné $éeni viru v organismu. Jakofiglad Ize uvést protein U83, ktery funguje jako migta
chemokirii pasobicich pes CCR2. Navic i v nakaZenérioe dochazi k syntéze chemokinovych recdptor
Tim jsou tedy virovymi analogy chemokimio oblasti nakaZzenych b&ékndalsi, dosud nenakazenéiky a
na druhou stranu, je-ligkde zawt, nakaZzena hika je silrgji ptitahovana do oblasti zétu, tedy do oblasti,
s vys$Sim vyskytem neinfikovanych btkn Navic HHV-6 Uspsre inhibuje syntézu INFs stejreé jako IL-2
a naopak zvy3uje syntézu IL-10 a 1L212Tim tedy jednak zmensi proliférs aktivitu lymfocyt a navic
posune imunitni reakci sirem k Th2, tedy protilatkové odpédi, ktera je v kontrole probihajici infekce
nel&inng®.

MoZnosti, ktera je schopna molekul&rrbiologickou diagnostiku HHV-6 zgaé zavést, je
chromozomalni integrace DNA HHV-6.¢Bi¢nost tohoto integrovaného viru z rédlina dti byla popsana
prvné v roce 199%. Diky dsdi¢nosti je pak HHV-6 DNA prokazatelna ve v3ech tké&miositel®. Proto se
jako dikaz chromozomalni integrace HHV-6 pouziva detelioe/g DNA v bezkrevné tkani (vlasy,nehty).
Integruji se ob varianty virf®. Zajimavé také je, Ze se zatim ani in vitro, anvivo nepodtlo prokézat
reaktivaci chromozoméénintegrovaného HHV-6 do produktivni infekce s twambinfelénich virovych
partikuli. Chromozomalni integraci virové DNA setima nepodélo prokdzat u Zadného dalSiho
herpesviru.

Terapie produktivni primoinfekce HHV-6 zpravidla mie nutna. V pipad reaktivace u
imunokompromitovnych pacieintse pak daji pouZzit k terapii stejny postup i d&é&d jako v pipack

terapie CM\V?°.
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4.1.2.3. Sedmy lidsky herpesvirus (Human herpesvirus 7 — HHIV

Je spolu sHHV-6clenem rodu Roseolovirus. Jeho patogenicita je velnizk&®. U
imunokompetentnich paciéntje popsan také jako figina roseola infantum a mononukle6za-like
syndromu. U imunokompro- mitovanych pacierde pak popisuje n&pjako @ic¢ina pneumonitid,
encefalitid a hepatitff Zapojeni HHV-7 do patogennich protepo HSCT v3ak stile neni zcela
objasrgnou kapitolou detekce virovych agens.

Terapie, je-li nutnd, pak je spektrumiéldavkovani shodné s CMV infekci.
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4.1.3.y - (Gama) - Herpesvirinae

Do této skupiny vit pafti z lidskych patogennich virdva — virus Epstein-Baarové (EBV) a osmy
lidsky herpesvirus (Human herpesvirus 8 — HHV-8 (@brazek 9). Jejich obecné chovani v organismu
véetrg latence v organismu odpovida obecnému chovaniekeirp (viz vyse). V souvislosti s HSCT je

VvV zapojeni do patogennich prodestim popisovan pouze EB¥en rodu Lymphocryptovirus.

4.1.3.1.Virus Epstein-Baarové (EBV)

Je lymfotropni virus. Jeho b&nym receptorem je komplementovy receptor 2 (CRD21), ktery je
pritomen zejména na B lymfocyté@f’ Primoinfekce probihd @p s miznou obtiznosti od zcela
inaparentni infekce po pinrozvinutou infekni mononukledzu. i? tomto stavu dochazi k proliferaci B
lymfocyti a jejich objeveni pod obrazem patologickych &urv perifernim krevnim obraZe U
imunokompetentniho pacienta se pak jedna o pratifenlespa casténé kontrolovanou imunitou
pacienta. V fipac€ imunokompromitovaného pacienta vSak tato kontretela chybi. Podobnym
zpisobem je #ejm¢ virus zapojen také do proliferace B lymfotw pripads Burkittova lymfomu, ¢i
Hodgkinovy chorob$2

Pro pochopeni jehotgobeni jeieba alespd ve zkratce zminit normalni vyvoj B lymfocytu, pode
virové proteiny fisobi na vice stupnich. Po vzniku B lymfocytu do¢haeyvoji BCR (B-cell receptor),
ktery je vlastd membranovou formou imunoglobulinu, ktera vaZzegami Signal pro igziti po UspsSné
prestavid BCR dostava hika pomoci signalni kaskady s anti-apoptotickymeingm bcl-2. Protein EBV
BHRF-1 je pak virovym analogem bci2 Po vytvdeni BCR a stimulaci pomoci antigen prezentujici
buiiky pak dostava B lymfocyt kostimuai signal pomoci vazby CD40 a CD40L (CD40 ligandB154),
ktery je nutny pro dalSi mnozZeni B lymfocytu. LMRthatent Membrane Protein — 1) EBV je pak virovym
proteinem zasahujicim do této kaskady vazbou naznje TRADD (TNF Receptor Associated Death
Domain) TRAF faktolt z pro-apoptotické cesty (TNF Receptor Associataahify), ¢imZ spousti kaskadu

vedouci a? NkB a nasleds daldi mnozeni B lymfocyttr®

Pro dokosieni prolifer&ni podpory B
lymfocytu virem je pakieba zminit, Ze EBV obsahuje a produkuje virovy hlmgadnterleukinu 10 (IL-

10)*®, ktery je fistovym faktorem B lymfocyit Malé RNA kédované EBV (EBER) pak navic cestou-lRF
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(Interferon Regulatory Factor) signakizé cesty, vedou k podpe produkce i samotného kigného IL-
10”". Cesta IRF-3 je &n¢ aktivovana pes TLR-4 (Toll-Like Receptor) po vazlipopolysacharidu Gram

negativnich bakterii. Schéma podpory proliferadgrBfocytu je pak na obrazku 14.
Obrazek 14.

Vliv infekce EBV na vyvoj B lymfocyi vedouci k proliferaci bufk a v gipadt imunokompromitovaného

pacienta az k B lymfocytarni imortalizaci a rozvepV-LPD.

@ Preziti diky bcl-2
Normélini B lymfocyty ~J Dalsi diferenciace

|g mutace ... @ 7 CDA40
@& & @ @

i E @ Apoptdza

EBNA2 ‘, Preziti diky bcl-2

1 @ LMP1 =pvirovy homolog BHRF1
Ig mutace =(CD40)

EBV

Infikované EBV

LMP-1 homolog CD40

« aktivace cesty NFkB

« Vazba TRADD z TRAF
apoptotické cesty

A, & Virowyl IL-10
homolog

A

Imortalizace

Z vySe uvedeného vyplyva, Ze neni-li B lymfocytondliferace regulovana, jako wipad pacient
po HSCT, niiZze vést psobeni viru k EBV asociované lymfoproliferaci (EB¥?D). EBV-LPD miZze mit
projevy od giznalkh infekéni monukle6zy, fed fFiznaky proliferace B lymfocyitv lymfatickych uzlinach
(obdoba lymfomu) az ke stavu, kterfigpmina akutni leukémiidetrg jejich komplikaci a tak GZe vést
ke smrti pacientd*°

EBV-LPD miZe byt 6Gzré¢ rozvinuta a podle toho se rozliSujfi tformy. Prvni formou je
mononukleosa-like syndrom gipnaky jako jsou hotika, bolest v krku, myalgie, tonzilarni hypertrofie,

kréni lymfadenopatie, hepatopatie (bilirubinémie). FSkejSim stadiem je forma tumordzni forma, kde se
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k vySe uvedenymifznakim pridavaji jeS¢ sekundarni symptomykipomnosti zétSeni lymfatické tka -
bolest, obstrukce (n&p GIT, ¢i dychacich cest) s mozZnosti nasledné perforacstrajatestinalnim
krvaceni, respirni tisni a podolh Posledni,plé rozvinutou formou je pak diseminovanid EBV-LPD s
proliferaci B lymfocyl nejen v uzlinich, ale také v periferni krvi a kdgfeni, Objevuji se také vysoké
horetky a/nebo multi-organové selhavahi

Terapie EBV-LPD je zaloZena v prvibad na sniZeni imunosuprese pacienta. Jéeba razanth
zasahnout, pak se podava monoklonalni protilatkeoti prCD-20 antigenu B lymfocyt

(rituximab=MabTher&)®.
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4.2.Adenoviry

Jsou poetnou skupinou DNA vir s ds DNA genomem velikostiiplizné 35 kb. VSech jejich tén
Sedesat znamych sérotypma ikosahedralni kapsidu bez obalu membrdfoul v geneticky
konzervovanych oblastech jako je Ffi&ad hexonovy gen se ale jednotlivé sérotypy vdighiacini tak
ptimou detekci rozsahlejSi skupiny adendy&dnim testem nesnadnou.

Podle podobnosti a patogenniatinki se pak di do Sesti skupin A-E® (viz tabulka 5.).

Tabulka 5.

Rozaleni adenovit a jejich patogennihoiigobeni mezi pacienty po alogenni HSE'T

Skupina Sérotypy Lokalizace infekce
A 12,18, 31 Respitai, maiové a GIT infekce; u paciehpo HSCT vzacné.
Bl 3,7,16,21 Respitai, aini, matové a GIT infekce.
B2 11, 14,34, 35 Respitai, matové a GIT infekce.
C 1,2,5,6 Respitmi, ma:ové a GIT infekce — také hepatitidy.

8-10, 13, 15, 17, 19, 20, 22+
D Oc¢ni a GIT infekce; u pacieiipo HSCT vzacné.
30, 32, 33, 36-39, 42-49

E 4 Xni a respiréni infekce; u paciefitpo HSCT vzacné.

F 41 GIT infekce; u paciefitpo HSCT vzacné.

Adenoviry jsou viry primaré se mnozici ve tkanich pacienta. Je-li tedy vituggho DNA prokazana
v periferni krvi, pak se jedna vZdy o virémii zrmpérniho mista pomnozeniegoevsim z GIT.

Jde o jedny z n&jsgjSich agens lidskych virovych infekciulvec. U imunokompetentnich jsou
piicinou mnoha onenoéni od stavu popisovaného jako ,common cold” - te&d¥né nachlazeni, infekce
respir&niho traktu (jako jsou népbronchitidy), pes pijmova onemocEni GIT aZ po oni infekce jako

jsou konjunktivitidy (viz tabulka 35°.
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U imunokompromitovanych pacigntjsou pak popsany jakofipina €zkych a ¢asto fatalnich
pneumonii, colitid, hepatitidi hemorrhagickych cystitid. \&thto gipadech je zpravidla fibch infekci
mnohem rychlej&i, neZ ripads herpesvit'®2

Terapie rozvinuté adenovirové nemodiegevSim pneumonie, je v s@snosti zaloZzena na podavani

cidofoviru (v davce 5 mg/kg/tydetff+°
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4.3.Polyomaviry

Jedna se 0 malé neobalené viry s cirkularni ds DNA&likosti @iblizné 4,7-5,4 kb stéené do podoby
Sroubovice (supercoil). @p se jednd o neobalené viry. Z obecného pohledtate skupina znadma
onkogennim potencialem popsanym zejména na SV40pi#obeni svych antigénnagiklad vazbou na
p53 bureny antionkoget?’, nebo nafiklad vyskytem viru JCV z mozkovych lézich progvesi
multifok&lni leukoencefalopatie u HIV pozitivnickagent'*>.

V souvislosti s HSCT je pak popisovan zejména wishasti s BKV asociovanou hemorrhagickou
cystitidou®. Otazkou je také vyskyt a patogeniispbeni respikamich polyomaviih WU a Kl popsanych
v roce 2007,

Terapii BKV hemorrhagické cystitidy je mimo hypedngtacegi vyplachi matového néchyre, které
brani alespd mirn vzniku koagul také cidofovit®’. V jeho fFipads zistava otazkou davkovani. Mimo
systémového podavani v davkach 5 mg/kg/tyden a /kgrijkrat tydre bylo publikovano také lokalni

podavani cidofoviru ve fortnvyplachi, piipadri nékterych dalsi experimentélnich posiuf®.
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5. Cil prace

Cilem prace bylo zavést podle publikovanych metddifintitativni detekci DNA vik u pacieni po
alogenni HSCT a néasledlurcit frekvenci jednotlivych vii mezi ditskymi a dosplymi pacienty. Zarovie
bylo cilem ucasto se vyskytujicich viruréit hranici vyznamné a potenci&mebezpéné reaktivace pro

zahajeni &by.
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6. Metody

VeSkera detekce virovych reaktivaci byla pravé gimou detekci pomoci kvantitativni real-time
PCR (RQ-PCR).

Izolace DNA z pIné krve a likvoru byla provazenamuzi QIAmp Blood MIDI a MINI Kifi (Qiagen,
Hilden, SRN), DNA ze vzork tkani pak byla izolovana pomoci QIAmp DNA kit (Q&n, Hilden, SRN),
mo¢ pak byla izolovana pomoci UltraClean Tissue DNéldtion Kit firmy MoBio.

K testovani byly pouZity primery a sondy z jiz publanych eseji pro detekci HEY, vzv*®
CMV™ HHV-6'2 HHV-7' EBV!* adenovii''® a BKV'® Ve viech vzorcich jsme také kvantifikovali
albuminovy gef'’.

S vyjimkou kalibr&ni kiivky pro albumin, ktera byla konstruovana po spafkttometrickém zré&eni
koncentrace smiSeného roztoku lidskych DNA, byhechiy ostatni ivky konstruovany pomoci
dekadickéhoredEni plasmidu se zaklonovanou cilovou sekvenci, pom@PO cloning KIT od firmy
Invitrogen do dodavaného kmene E. coli.

V piipact detekce adenovirjsme se podileli ve spolupraci s kolegy z Leidemivigrsity Medical
Centre a kterou jsme po té jako skupitegdici evropsky grant zabyvajici se adenoviry ugrdicipo HSCT
publikovali na navrhu MGB (Minor Groove Binder) styh'® (clanek ¢. 11). Vyhodou MGB sondy je
moznost pouziti kratkéhtettzce DNA, ktery by u &né TagMan sondy byl nedostatg. V piipac
adenoviti, jejichZz obrovské mnoZstvi sérotym jejich variability velmi znesnadvalo jak navrZeni
primerii, byl tento gistup jednim z moZnycteSeni. Primery byly navrZzeny pro detekci sérotskupin A-
C, picemz sérotypy skupin B a C jsou po HSCT detekow@sgji (viz tabulka 5). | tak jsou pro detekci
pouZity ti primery k zajiS¢ni dostaténé senzitivity eseje.

Pro detekci variant HHV-6 jsme k¥ zvySeni senzitivity eseje u detekce velmi nizkykvantit viru
navrhovali vijsi primery k primeim jiz publikovanym (vizlanekg. 6).

K detekci jsme pouzivalifpdevSim PCR chemikalie dodavané s polymerazou afofidiny Qiagen
(Hilden, SRN). Testovani pak bylo provedeno ngjistnoApplied Biosystems ABI 7700, 7300, 7500 a také

na strojich BioRad IQcycler.
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Vysledky jsme v fipad herpesvii vyjadiovali normalizované na 10 000 lidskych genomickych

ekvivalenfi (g.e.), u zbylych vir pak na 1 ml vstupniho biologického materiélu.
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7. Vysledky

V od ledna 2001 d#ijna 2008 jsme vysHli vzorky od 217 dtskych a 382 dosiych pacieni po
alogenni HSCT. Medianéku pacieni pti HSCT byl 8,9 (rozmezi 0,2-18,5 roku ) étida 45,6 roku
(rozmezi 18,7-75,1 roku ) u dadfch. VySetili jsme celkem 7 520 vzotkod dtskych pacierit (median
31 vzorki na pacienta), kié byli transplantovani na jednotce transplantacstrkodent Kliniky détské
hematologie a onkologie (KDHO) 2. LF UK a FN Motal 8 237 vzork od dosplych pacient
transplantovanych v Ustavu hematologie a krevnisfizze (UHKT) (median 20 vzoikna pacienta).
Celkem se jednalo o 14 867 vzarkrve (6 964 vzork od pacient z KDHO a 7 903 vzork od pacient
z UHKT). Mimo to jsme testovali také 890 vzérkmosi, stolic, likvori, bronchoalveolarni lavaze,
vyplachi z endotrachedlni kanylyj vzorka ziskanych fi pitvach zemelych pacient (560 od pacietit z
KDHO a 330 od paciefitz UHKT).

Analyza provedend v lednu 2008 a zobrazend na kiords charakterizuje vy&ewvané skupiny
détskych a dosflych pacient, stejré jako rizikové faktory pro virové reaktivace vijpghu transplanténi
piipravy (viz takélanek 1 a 2), typy 8pu i pocet a typ letalnich komplikaci vyskytujicich se p&EIT

v této skupig paciend.
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Obrazek 15.

Déti a adolescenti
Chlapci— 94 Divky — 42
Median véku pfi HSCT 8,8 roku
(rozpéti 0,2-20,5)
Celkem 153 HSCT

OALL
EAML
mMDS
mCML
B IMF
ENHL
OSAA
O Rare diseases (PNH, CDA...)
OMPS
HSCID
EWAS

OFHL

MMUD MUD MSD
(66) (43) (35)
BM PBSC CB
84) (59) (10)
without ATG
42)
0% 20% 40% 60% 80% 100%

31 pacientt zemfelo na relaps/progresi
primarniho onemocnéni (10), MOF a sepsii
(5), téZzkou GvHD (5), invazivni mykotickoul
infekci (6), difuzni alveolarni krvaceni (1),
CNS krvaceni (1), CMV pneumonitis (2) a
encefalopatii (1).

47

Dosp éli
MuZi — 153 Zeny — 94
Median véku pfi HSCT 45,3 roku
(rozpéti 18,7-60,2)
Celkem 271 HSCT

| AML
ECML

B MDS
OALL
ocCLL

| IMF

B NHL

EHD

B Solid tumor

OSAA

MMUD MUD MSD
(©8) (88) (76)

PBSC BM
(227) (44)

0% 20% 40% 60% 80%

106 pacientd zemfelo na relaps/progresi
primarniho onemocnéni (32), MOF a sepsi (5),
tézkou GvHD (21), plicni a CNS toxicitu (12),
infekéni komplikce (29), rejekci Stépu (3),
mozkovou mrtvici (2), GIT krvaceni (1) a plicni
embolii (1).

without ATG
(1o7)

100%



8. Reaktivacea-herpesviri

Reaktivace HSV a VZV jsme testovali v 3 057 vzdnctod 147 dtskych pacierit a v 2 649 vzorcich
od 302 dosgych pacient.

HSV jsme detekovali ve 48 vzorcich periferni krvg506) od 24 #&skych pacient (median
pozitivnich 11,3 kopie HSV na 10 000 g.e.) a v 6reirh periferni krve (0,1%) odtph dosgElych pacient
po HSCT (median pozitivnich 5,01 kopie HSV na 10 @C=.). Mimo to jsme detekovali HSV v celkem 7
vzorcich ziskanych z dychacich cest a koZnichrefteenci od 3datskych a 3 dosflych pacient (median
821,4 kopie HSV na 10 000 g.e.).

Pritomnost VZV jsme testovali celkem v 3 046 vzorcéth136 dtskych pacierit a v 2 496 vzorcich
od 267 dos@ych pacient.

VZV jsme detekovali v 18 vzorcich periferni krve@%) od 8 dtskych pacierit (median pozitivhich
1,2 kopie VZV na 10 000 g.e.) a v 13 vzorcich menf krve (0,5%) od i dosglych pacient po HSCT
(median pozitivnich 1,2 kopie VZV na 10 000 g.84jmo to jsme detekovali VZV v celkem 6 vzorcich
ziskanych z koZnich eflorescenci a jednom vzorkeotiu od 1 dtského a 5 dosfych pacient (median
pozitivity ve vzorku z koZnich eflorescenci 888 7@ kopie VZV na 10 000 g.e.). Na obrazku 16 je
dokumentovan obrovsky rozdil ve kvaatitetekované v periferni krvi a obsahu pugfiypasového oparu,
¢i planych neStovic po HSCT.

| u nasich pacieftjsou tedy reaktivace HSV a VZV velmi vzacné. Zadnpozitivnich paciefitv
dobe reaktivace jiz nebyl profylakticky é&n acyklovirem. U vSech paciérdoSlo po nasazeni terapeutické

davky acykloviru k vyznamnému zlepSeni a nasiemttezréni piéiznaki infekce.
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Obrazek 16.
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9. Detekcep-herpesvira

9.1. CMV

Celkem jsme fitomnost CMV testovali v 6 863 vzorcich krve od 2d&tskych pacierit a 7 849
vzorcich od 382 dosgfych pacieni. Navic jsme fitomnost CMV testovali také v 879 vzorcich tkani a
télnich tekutin jako jsou likvor, bronchoalveolarrdvéze, stolice, vyplachy z endotrachealni kanyly,
biopsieci vzorky tkani zertelych pacient.

Od roku 2003 jsme Zzali pre-emptivni terapii virostatiky nasazovat prekraieni hladiny 100
normalizovanych kopii v periferni krvi. Celkem tutmanici gekrciilo 55 détskych (25,3%) a 123
dosglych (32,1%) pacierit Symptomatickd CMV infekce se pak objevila u 28skych a 46 dosilych
pacient a objeveni seffrnali zpravidla odpovivalo nathené kvanti# kolem 1 000 kopii CMV na
10 000 g.e.. Népstji se jednalo o pokles v krevnim obraze. tkalika z nich v3ak i fes terapii doslo
k rozvoji plre symptomatické CMV nemoci a to jako CMV pneumortied¢glych, 6 dti), CMV kolitida
(7 dosglych, 1 ditsky pacient) a encefalitidu (1). Fatalnipth pak négla CMV infekce u 9 dosjlych a 7
déti; z nich u 2 dosglych a 2 dti se na fatalnim jbéhu podepsala kombinace CMV a invazivni mykozy,
s vyjimkou jednoho pacienta pak byla u v3ech dal§iacient podavana vysSi imunosupresivni terapie,
hlavrg jako terapie GvHD. Obrazek 17 pak zndizge kumulativni incidenci CMV v jednotlivych
hladindch normalizované pozitivity uétdkych pacient Obrdzek dokumentujgastou pitomnost
benignich reaktivaci, bez nutnosti terapie, jakujgmezentovany ndiklad na obrazku 18. riklad
opakované lk&ené reaktivace, stejrjako dokumentovany pokles CMV v reakci nghé je prezentovan
v prilozeném publikovanénilanku ¢. 1 a také lanku ¢.7. CMV reaktivaci jsme tedy celkem @sSps
[&Cili u 159 pacieni po HSCT (89%)), kiié prekrctili nasi hranici pro terapii.

Lékem prvni volby byl zpravidla ganciklovir, wipad dosglych pacieni pakc¢asto valganciklovir.
Pokud terapie nebyla (&ma byla nasazena terapie foscarnetendkalikrat byl pouzit také cidofovir,
ptipadre kombinace uvedenych l&kV terapii plr¢ rozvinuté CMV pneumonie byl také pouZzit v deseti
piipadech hyperimunni globulin (Cytotect).

Z davodi popsanych v Gvodu jsme vysledky jsme hodnotilohledem na séroreaktivitu proti CMV

darce a fijemce. Na obrazku 19 je znazéma kumulativni incidence CMV pozitivity vyjéena
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v kombinaci darce aiffemce. | v naSi analyze je jasny dopad seologickéfSetovani ged HSCT velmi
sporny, zejména s ohledem na to, Ze jeden z pécikti byli transplantovani jako nerizikovi (D-/R-
kombinace) vyvinul naslednfatalni CMV pneumonii. | na zaklddohoto pozorovani Ize tedy o validit

sérologickych te§tu pacieni dlouhodols Iécenych chemoterapii pochybovat a nelze je vzdyzaétcela

spolehlivé.
Obrazek 17.
50% -
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Obrazek 18.

Priklady benigni, nelé&ené reaktivace CMV.
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Obrazek 19.
Na obrazku je dokumentovana kumulativni incidenb&/Gletekce do jednoho roku po HSCT podle
sérologické odpaydi D/R pred HSCT mezi &tskymi pacienty.
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Obréazek 20.
Ukéazky rozdilu normalizované kvantity CMV v plictk&ni (mode) a periferni krvi{erverg) pred amrtim
u osmi pacierit Pacienti. 1 a 8 zerteli na kombinaci CMV, mykdzy a GvHD, pacient6 pak na floridni

CMV pneumonii s GCV-rezistentni mutantou.
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DalSim problémem, ke kterému nas tentépad Umrti na CMV pneumonitidu u D-/R- pacienta
privedl, je rozdil kvantity CMV DNA v postizené tkaaiperiferni krvi, odkud sesbrné¢ CMV detekuje (viz
obrazek 20). Za Sest let detekce CMV u padipat HSCT jsme vypracovali postugij gterém se p pitvé
pacienta snazime odebrat nefixované vzorky zitérsech tkani zetelého pacienta. Z grafu na obrazku
20 je pak jas® vidét dvou- az tti-fadovy rozdil v detekované normalizované kvé&mtitpostizené tkani
(zejména plicni) a detekaisn® pred umrtim v periferni krvi. S vyjimkou pacienta6 z obrazku se u v3ech
jednalo o infekci, kterou se il alespdi ¢asténé kontrolovat virostatickou terapii. U pacienta6 se
infekci nepodé&lo kvuli typu HSCT, ¢asu od HSCT a také vyvinuti GCV-rezistentni mutawin
zvladnout (podrobgji viz nize vélankug. 7).

ProtoZe terapie pénrozvinuté CMV nemoci je stale velmi svizelna, Hlav pripad vyvoje
rezistentnich mutant viru, rozhodli jsme se na3ssre pouziti ivodns velmi zavrhované kombinace
cidofoviru a foscarnetu ip l1é¢bé¢ symptomatické CMV encefalitidy s retinitidou pWalvat véasopise
Pediatric Transplantatiortlanek ¢.1). Na tomto fipad® jsme pak mimo mozZnosti vcelku be#Zpého
pouziti kombinace neurotoxickych lgkdemonstrovali také idezitost [Fitomnosti specifické imunity,
v naSem fipad zcela bazak reprezentovanou ptem CD4+, CD8+ a NK buk, pro kontrolu CMV
infekce. Mimo to jsme se diky této zkuSenosti Zélirtaké na detekovani rezistentnich mutant viruamig
zavedeni metodiky restiikiho s&peni na pracovisti Iékeké virologie 2. LF UK a FN Motol detekujicich
tyto GCV rezistentni mutantyf, jsme také navézali spolupraci s dr. Davidem Bieda z P&Ze a nechali
vytypované vzorky 22 &skych pacienit suspektnich ziftomnosti rezistentnich mutant CMV
osekvenovat. Vysledkythto sekvenaci s detekci mutant v UL97 i UL54 jpoezentovany v tabulce 6. U
¢tyt z nich (Zluté pole v tabulce) jsme mutace v temtgeh genech prokazali.

Ve ¢lancich¢. 2 a 3 jsme pak do analyzy pacierntansplantovanych vysoce neshodnym darcem
MMUD po piipraw ATG, stejré jako u pacienit po MMUD HSCT transplantovanych pro leukémie
zavzali do hodnoceni také vyskyt virovych komplikamoby znamych faktdr oviiviujicich geziti po
HSCT. V obou¢lancich jsme se &novali progndze pacieintve vysokém riziku potransplagtgch
komplikaci jako jsou pacienti transplantovani «woel HLA neshodou a s velkym rizikem reaktivaci

virovych infekci po HSCT jako jsou pacienti s pdyei ATG v piibéhu piipravného rezimu.
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Cytomegalovirus encephalitis/retinitis in
allogeneic haecmatopoietic stem cell
transplant recipient treated successfully with
combination of cidofovir and foscarnet

Hubacek P, Keslova P, Formankova R, Pochop P. Cinek O, Zajac M.
Lochmanova J. Stary J. Sedlacek P. Cvlomegalovirus encephalitis/
retinitis in allogeneic haematopoietic stem cell transplant recipient
treated successlfully with combination of cdofovir and foscarnel.
Pediatr Transplantation 2008, © 2008 Wiley Perniodicals. Inc.

Abstract: We report an [8-yr-old female patient with repeated CMV
reactivations alter HSCT treated by several pre-emplive courses of
virostatic therapy. Seven months after HSCT, she developed CMV
encephalitis/retinitis, Inital therapy with GCV and hyperimmune
slobulin failed. later on GCV-resistant strain was detected. Continual
mcrease of CMV DNA i peripheral blood led us to combined therapy
with CDV and FCV which was successful and free of severe renal
toxicity. To our best knowlegde, this is the first reported case of suc-
cesslul CMV treatment with a combination of CDV and FCV.
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CMV disease remains serious complication lol-
lowing allogeneic HSCT. Recent approach to
prevent CMV disease is based on regular PCR
monitoring and initiation of pre-emptive therapy
with virostatics in positive but still asymptomatic
patients. Unfortunately, treatment possibilities in
HSCT recipients are seriously limited by bone

1
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marrow suppression during GCV treatment (1, 2)
and nephrotoxicity in FCV (3, 4) and CDV (5).
Especially. combination of FCV and CDV
together is considered highly toxic.

Case report

We report a girl diagnosed with AML in February
2003 at the age of 16 yr. Following therapy
according to protocol BFM AML 98, she achieved
complete remission. However, in January 2005,
relapse of leukaemia was diagnosed. She was then
successlfully treated according to protocol AML
REZ 2004 and was indicated to allogeneic HSCT
from an unrelated donor in a second haematolog-
ical remission of AML.

In June 2005, she underwent peripheral blood
S5CT using human leukocyte antigen allele mis-
matched 7/10 (B, Cw, Cw), CMV seronegative
unmanipulated grafl from a male donor. Cellu-
larity of the graft was as follows: 129 x
10® nucleated cells’kg body wt, 11.12 x 10°
CD34+ cells’kg body wt and 302.1 x 10°
CD3+ cells’kg body wt. The conditioning reg-
imen consisted of oral busulphan 16 mg/kg bw,
cyclophosphamide 120 mg/kg body wt and mel-
phalan 140 mg per square metre. GvHD pro-
phylaxis consisted of ATG (rabbit ATG
Fresenius)., standard short term methotrexate
and cyclosporine A. She engrafted with granulo-
cytes =500 % 10°/L on day (D)+ 16 and platelets
=20 % 10%/L on D+ 26 with last transfusion of
platelets being performed on D+ 19, Acute
GvHD grade Il was presented on D +61 (skin
and gut involvement) and was successfully
treated with methylpredmisolone 1 mg/kg/day.
As g good response was observed, the steroids
were gradually tapered off and finally discontin-
ued on D+ 105 with no signs of GvHD reacti-
vation. On D+ 150, she developed skin rash and
because of suspected skin GvHD., we initiated
therapy with methylprednisolone in the dose of
| mg/kg/day. Skin biopsy was performed but
was inconsistent with GvHD. therefore steroids
were discontinued three wk later. Till, the
D+ 210 cyclosporine was gradually tapered and
discontinued with no signs of GvHD reactivation
since,

We considered this patient to be at a high risk
of CMV reactivation as the donor was CMV
seronegative and patient was seropositive pre-
SCT. Monitoring of viral loads from the whole
blood was performed using the quantitative real-
time PCR technique on weekly basis starting at
D+ 7 following HSCT. The obtained viral loads
were normalized to 100 000 human genomic
equivalents obtained by guantification of

2
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albumin gene. During the clinically apparent
CMYV disease. we started to monitor the viral
load two or three times a week and we tested
both blood and plasma. CMV DNA  was
detected for the first time on D+ 20. and on
D+ 27. the viral load crossed our threshold for
treatment (1000 normalized viral copies). We
started the pre-emptive therapy with GCV (5 mg/
kg twice daily) and since that time she was
treated with different virostatics almost continu-
ously until D+ 311 (see Fig. la). Six months later
during the ongoing treatment with FCV (main-
tenance dose of 90 mg/kg/day), we detected
further increase of CMY DNA load in peripheral
blood. At that time. she suffered from a headache
and wvisual acuity decreased bilateral to 0.6.
Therefore, we performed the lumbar puncture
with positive detection of CMV in CSF about
2 600 000 viral copies/mL. Chinical suspicion of
FCV-resistant viral strain and presence of symp-
tomatic CMV disease led us to change the
therapy to combination of GCV, CDV (5 mg/
kg/wk) and hyperimmune globulin instead of
combination of GCV, FCV and hyperimmune
globulin. Ophthalmological examination con-
firmed retinitis of both eyes related most prob-
ably to CMV (Fig. 2). Thirteen days later, the
viral load increased despite this therapy (see
Fig. 1a). We suspected the presence of GCV-
resistant CMYV strain because of which we
changed the therapy to combination of FCV
(120 mg/kg/day) with CDV (5 mg/'kg/wk with
probenecid) and closely monitored renal function
parameters as both drugs are known to be
nephrotoxic (3, 4). Beside virostatics, we contin-
ued with administration of CMV hyperimmune
globulin (Cytotect). Clinical status slightly m-
proved. Being aware of potential kidney toxicity,
two wk later. we switched the therapy back to
GCV, CDV and hyperimmune globulin, Shortly
afterwards, we observed another peak m the
CMYV load which decreased bellow our threshold
one wk later and stayed there since that time (see
Fig. 1a). In total, we administered four doses of
CDV. The concomitant treatment of FCV and
CDV lasted nine days,

The patient currently has no signs of CMV
infection. Her blood counts are completely nor-
mal and she started to produce CMV-specific
antibodies. Repeated ophthalmological examma-
tion revealed irreversible changes in retina
because of CMV infection. Final visual acuity
dropped to 0.1 in the right eve and to 0.5 in the
left eye.

We retrospectively documented the presence of
GCV-resistant CMYV stram in the stored DNA
samples with the method described by Chou
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Fig. 1. (a) The virostatic treat- o

ment. {b) The serum creatinine o

levels. (c) The reconstitution of
lymphocytes after HSCT.

et al. (6) which is based on the analysis of gene
for viral phosphotransferase (UL97). We proved
the presence of GCV-resistant strain in the
samples obtained from peripheral blood and
CSF during the episode of encephalitis/retinitis
(Fig. 1a). It explains the insufficiency of therapy
with GCV at that time.

We also analyzed the renal parametres before,
during, and after the treatment with CDV. We
did not observed any proteinuna but only nuld
increase ol serum creatinine above our reference
range during the treatment with FCV and CDV
(Fig. 1b). Later on, creatinine levels returned to
virtually normal values,

Reconstitution of cellular immunity and of
specific T lymphocytes in particular plays 4 key
role in the resolution of CMV reactivation.
Therefore. we analyzed the kinetics of lympho-
cytes detected in peripheral blood in connection
o immunosuppressive treatment and CMV

e 0+ celis

=m0+ el

400
Days after HSCT

reactivation. During the therapy with steroids,
the lymphocyte count decreased to almost unde-
tectable counts. After short lasting steroid ther-
apy was discontinued, lymphocyte counts again
started to increase (see Fig. lc). Retrospectively,
we consider the skin rash to be potentially related
to the administration of FCV as was already
published elsewhere (7). The final resolution of
clinical problems was observed only after recov-
ery of lymphocyte counts (see Fig. lc).
Concomitant administration of CDV and FCV
proved to be safe and successful in the manage-
ment of life-threatening CMV disease in our
patient, Since the resolution of clinical problems
in the immunocompromised patients is related to
reconstitution ol cellular immunity. & significant
contribution of cellular immunity acting syner-
gically with the wvirostatic therapy on the
mmprovement of encephalitis in our patient can
not be ruled out. Nevertheless. the reconstitution

3
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retinal

retinal
haemorrhages, perivascular mfiliration and focal vascular
irregularity caused by CMYV retinitis in the posterior pole of
the right eye.

Fig, 2, The figure documents NECcrosis,

of lymphocyte count was truly apparent only
after the decrease of CMV load during the
virostatic treatment followed by final resolution
of the infection (see Fig. 1c¢). Therefore, not only
ongoing reconstitution of lymphocyte count, but
also combined virostatic therapy was probably
mvolved m controlling of the nfection and
Favourable outcome.

This case made us introduce the detection of
GCV-resistant strains in similar cases because of
which we are now able to prospectively modify
the virostatic therapy. Moreover, recently we
have also started to monitor reconstitution of
CMV-specific lymphooytes.

To our knowledge. this is the first published
successful use of combined therapy with CDV
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and FCV. We did not observe signs of severe
nephrotoxicity either during or after the therapy.
We are aware that most patients with CMV
disease following HSCT are — unlike our patient
— on immunosuppressive therapy which includes
nephrotoxic drugs such as cyclosporine A or
tacrolimus but our experience may vindicate
concomitant using of CDV and FCV in partic-
ular patients.
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Abstract: Allogeneic HSCT is a curative treatment, when chemotherapy
fails, for certain malignant diseases. In Europe, only 15% of the indi-
cated children have an HLA-matched sibling available; in 65-70% of
others, HLA allele-matched (9-10/10) UDs can be identified. For the
rest, it is necessary to identify other alternative donors (HLA-mis-
matched family or unrelated cord blood). We present our data of HSCT
using HLA partially allele-mismatched (7-8/10) UDs in 24 children with
leukemia. Uniform GvHD prophylaxis was used (rATG, CsA and
MTX). Acute GVHD grade IT was diagnosed in 70.8% of the patients
and grade ITI-1V in 12.5%. Overall incidence of chronic GvHD was
38.7% (extensive in 30%). The probability of EFS was 60.3% (95% ClI
35.5-78.1) and OS was 74.9 (95% CI 49.1-88.9). No difference in sur-
vival between PBSC and BM recipients was observed. TRM at day +
100 was 4%, and overall was 12.5%. We conclude that used combi-
nation of drugs for GvHD prophylaxis is efficient even for patients
transplanted with grafts from a HLA-mismatched UDs. It enables
stable engraftment, good control of GvHD, full reconstitution of
immunity, and is not connected with unacceptable transplant-related
mortality.
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Allogeneic HSCT is a potentially curative treat-
ment for certain malignant diseases. It is often
indicated in patients with leukemia where
response to chemotherapy is inadequate. Unfor-

Abbreviations: *. with 12 men and 12 women; 5 pair, one
pair out of 24 pairs (donor-recipient); ABIL. acute biphe-
notypic leukemia; ABLC. amphotericin B lipid complex
injections: AdV. adenovirus: AML. acute myelogenous
leukemia: ANC, absolute neutrophil count; ATG. anti-
thymocyte globulin: BKV. BK virus; BM. bone marrow:
cGVvHD, chronic praft vs. host disease: CML. chronic
myelogenous leukemia; CMV. cytomegalovirus; CsA,
cyclosporine A; DLI. donor lymphocyte infusion: EBV.
Epstein—Barr virus; EFS. event-free survival: ESG-MRD-
ALL, European study group on detection of MRD in acute
lymphoblastic leukemia: FPIA, fluorescence polarization
immunoassay; GvHD, graft vs. host disease;: HHV6, human
herpesvirus 6; HHV7, human herpesvirus 7; HLA, human

tunately, in about 15-20% of the patients, we are
not able to find a HLA-matched RD or UD.
Infusion of a graft from a HLA partially
mismatched donor, unrelated cord blood, or

leukocyte antigen: HLA-A B.DR. human leukocyte anti-
gens-A.B.DR: HSCT. hematopoietic stem cell transplanta-
tion; HSV, herpes simplex wvirus: IFI, invasive fungal
infection; IgH/TCR. immunoglobulin heavy chain re-
arrangement/T cell receptor; IST. immunosuppressive
therapy: MRD. minimal residual disease: MTX, methot-
rexate; OS. overall survival: PBSC. peripheral blood stem
cells; PCR, polymerase chain reaction; PCR-SSP. poly-
merase chain reaction-sequence specific primer; QoL. qual-
ity of life: STR, short tandem repeats; rATG. rabbit
antithymocyte globulin; RD. related donor; TRM. trans-
plant-related mortality: UD. unrelated donor; VNTR.
variable number tandem repeats: VZV. Varicella zoster
virus.
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haploidentical family donor with graft manipu-
lation is then considered with preference mostly
based on local experience and/or availability (1).
However, all these alternatives have an increased
risk  of post-transplant morbidity/mortality
because of an increased risk of GvHD, graft
failure, and slow immune reconstitution (2, 3).
Furthermore, in patients with malignancies,
manipulation of the graft may adversely affect a
favorable alloreactive effect directed against
residual disease (4). Since the beginning of
1999, HLA typing using PCR methods was
routinely available at our institution enabling
high-resolution (allele) typing of class I (A*, B*,
Cw*) and class II HLA antigens (DRBI¥*,
DQBI1*) in all patient-donor pairs. Based on
level of HLA allele match between donor and
recipient, we were able to identify an acceptable
HLA partially mismatched donor (7-8/10) for a
majority of patients lacking a fully matched (9-
10 out of 10 alleles) donor. Here, we report our
clinical experience with uniform GvHD prophy-
laxis using a combination of CsA, MTX, and
rATG prior to unmanipulated graft administra-
tion in children with leukemia (5, 6).

Patients and methods

Between January 1999 and December 2006, in our unit, 24
consecutive children with leukemia (detailed diagnoses are
shown in Table 1) underwent 26 allogeneic HSCT using an
HLA-mismatched UD because we failed to identify a suit-
able HLA-matched donor in the time frame available. The
interval between search and day of HSCT ranged from 98 to
492 days. median 147 days.

These 24 patients (age range 2.2-18.1 yr; median 11.3)
were (ransplanted with unmanipulated grafts from UD
mismatched in two (13 patients) or three (11 patients) HLA
alleles. The locations of the various allele mismatches pro-
spectively identified by PCR-SSP were as follows (A* -2x,
B* -13x, Cw* -27x. DRB1* 4x. DOQBI1* -13x). Six out of 24
donor-recipient pairs were matched in six out of six alleles
in loci A*, B¥, or DRB1*. Another 17/24 (71%) pairs were
mismatched in five out of six alleles. 1/24 pair was mis-
matched in B¥, DRBI1* (and Cw¥) alleles (four out of six
alleles): details in Table 1. The median age of UD was 34 yr
(age range 22-49) with 12 males and 12 females. Condi-
tioning regimens used for first HSCT were fully myeloab-
lative in 23/24 patients (Table 2).

Uniform GvHD prophylaxis consisted of combination of
CsA, MTX., and rATG. CsA starting at day | before infu-
sion of the graft was given in two to three daily infusions
(over two h) to maintain the trough serum levels of 200
250 ng/L (method of detection — FPIA). MTX was given on
day + 1 (15 mg/m?® or only 10 mg/m” in more advanced
disease), day + 3 (10 mg/m7). and day + 6 (10 mg,,-"m:]
with leucovorine rescue (15 mg,-"m:) in a single dose 24 h
following every dose of MTX. Thymoglobuline was used in
four patients in a daily dose 3.75-4 mg/kg for days —4
through -1 (total 15-16 mg/kg). Later on. within further
20 patients, ATG Fresenius 8 was used in a daily dose
10 mg/kg for days —4 through -1 (total 40 mg/kg).
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Primary grafts were PBSC (n = 13) and BM (n = 11).
The final decision about type of graft was made by the
donor and/or local harvest center based on transplant center
preference. Characteristics of grafts are shown in Table 3.
Two patients later received a second graft (PBSC) from the
same donor, both for leukemia relapse.

Acute and chronic GvHD were diagnosed and graded
using established criteria (7. 8) and were primarily treated
with prednisone. CsA. tacrolimus, sirolimus, or MMF in
standard doses (9-11).

Day of neutrophil engraftment was defined as the first out
of three consecutive days when the ANC reached 0.5 x 10
L or more. Platelet engraftment was defined as platelet
count 20(50) = 10%/L or more for seven consecutive days
without transfusion. Chimerism was assessed by using PCR-
based analyses of polymorphic VNTR/STR on recipient
from unseparated peripheral blood frequently starting on
day + 14 and then once weekly until day + 100, later less
frequently in patients with stable full donor chimerism. to
confirm efficient engraftment and to rule out risk of late
graft failure/rejection or relapse (12). PCR assay of specific
fusion genes and IgH/TCR receptors according to the type
of leukemia was used for MRD monitoring pre and after
HSCT. The testing was proceeded and evaluated according
to the criteria of the ESG-MRD-ALL (13, 14). A marrow
sample was taken routinely in patients with any defined le-
ukemia target two to three wk before HSCT, at days + 28,

F 60, + 100, 6 and 12 months after transplantation. or in
case of decreasing overall chimerism or positive MRD in
previous samples. A complete hematological remission was
defined as less than 5% blasts in the marrow aspirate and
functional hematopoiesis.

Surveillance of viral infections as a common cause of
transplant-related morbidity and mortality was based on
quantitative real-time PCR technique on DNA from whole
blood. EBV and CMYV were screened routinely as part of
weekly testing. Other viruses, HSV. VZV., HHV6, HHV7,
adenoviruses group A-C, and BK virus (15-17), were tested
only in case of clinical suspicion. Results for leukotrophic
viruses (CMV. HHV6. HHV7. and EBV) were normalized
to 100 000 human genomic equivalents assessed by gquanti-
fication of the albumin gene.

All these studies were approved by local ethical committee
and all parents signed informed consents.

Results
Hematopoietic engraftment and chimerism

Full trilineage-stable primary engraftment was
achieved in all 24 children (100%). Engraftment
characteristics are listed in Table 3. Complete
donor chimerism was observed in all 24 patients,
and could be documented after a median of
21 days (range 14-98) with no difference between
PBSC and BM. Reappearance of mixed chimer-
ism was detected only in patients with emerging
leukemia relapse.

GvHD incidence and severity

Acute GvHD grade Il was diagnosed in 17
(70.8%) patients; grade [1I-1V in three (12.5%).
Overall incidence of chronic GvHD in 23 evalu-
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Table 2.

Characteristics of conditioning regimens used prior first HSCT {n = 24 patients)

Fractionated total body irradiation {fTEI)

fTBI 14.4 Gy Cyclophosphamide 120 ma/kg 7
fTBI 12 Gy Etoposide 60 mg/kg 7
Oral busulphan (Bu)
Bu 16 maskg Cyclophosphamide 120 mg/kg
Melphalan 140 mg/m? 9
UPN 153 Fludarabine {Flu)
Flu 160 mg/m? Thiotepa 15 mg/kg 1
Characteristics of conditioning regimens used prior first HSCT {n = 2 patients)
LPN 200 Fludarabine 150 mg/m’ {0-7..0-3
Melphalan 140 mg/m* 0-2)
Cyclosporine A 3 mgkg v (start D-1)
Methotrexate 10 mg/m? (D41, 43, +8)
rATG Fresenius 50 mg/ka (D-2..D+2)
UPN 245 TBI 12 Gy (D-4..D=2)
Etopaside 60 mg/kg (D-1)
Cyclosporine A 3 madkg iv |start D—1)
Methotrexate 10 |'ng,r’mzr (D41, 43, +6)
rATG Frasenius 40 mg/kg (D—4...0~1)

Table 3. Characteristics of primary grafts, engraftment and graft versus host
disease

PBSC B Total

n=13) n=11) n=24)
NC/kg bw = 108 medianfrange 12 (67-29) 43(26-66) B3
CO34+ cells/ky bw x 107 8 {5-16) 5(24-11.8 &

median/range

CD3+ cells/kg bw x 108 37 (06-158) 03 (02-07) 115
median/range
engraftment of 16 (12=22) 22 19-27) 1495
ANC »0.5 » 10%1 median/range
engraftment of platelets 23 (16-94) 2B {1941 24
520 > 10%| median/range
engraftment of platelets 23 (16-166) 28 (19-100) 24
550 x 10%1 median/range
aGVHD none 20 219 4
or | aGYHD 1AV 20/24 (83%)
aGVHD none or limited a 5] 8(2) 17
aGWVHD extensive 7/23 {30%)
alive/well 11 B 19
alive without event 9 7 16

able patients was 38.7%: 8.7% experienced limited
and 30% extensive, respectively (Tables 2 and 3).

Relapse rate, prevention, and treatment

Leukemia relapse occurred in five (hematological
in 4, cytogenetic in 1) out of 24 (20.8%) patients
309-544 days after HSCT (median 410 days).
Until now. two patients died as a consequence of
leukemia relapse at a median 134 days after
relapse confirmation. Eight donor lymphocyte
infusions directed according to the level of MRD
post- tnmp]’mt or mixed and increasing chimer-
ism were given to four patients (CML, AML,

&

AML, AB]L) 120505 days aftel HSCT (median
246 days) in doses of 1 x 1() to 5x10'/kg
CD3 + cells (median 2.5 x 10%). In two patlents
(AML, ABIL), it failed to prevent hematological
relapse (18-20). These two patients, subse-
quently, underwent high-dose chemotherapy,
achieved CR, and were retransplanted with
PBSC from the same donors as before (111 and
155 days following 1st HSCT) (Table 2). One
patient remains in remission; the other died of
regimen and early GvHD-related toxicity. Two
other (AML and CML) continue in complete
remission 26 and 72 months following the last
dose of DLI.

Infectious complications

In 16 out of 24 patients (67%), reactivation of
CMV, EBV, BKYV, or AdV was detected. The
common pathogens include CMYV in 11 patients
(46%) with one patient who died due to CMV
pneumonia; EBV in eight patients (33%) with
one patient who died as a consequence of EBV
lymphoproliferative disease; hemorrhagic cystitis
in four patients where BK'V was detected in urine
in all four, and three patients, where AdV
(serotype 31) was detected in blood, but none
of them developed clinical symptoms despite no
therapy was given.

Fungal infections were not frequent in this
cohort with very high risk of developing 1FI.
Mycotic pneumonia was proved (Aspergillus
qpecieq) in one and probable in second patient,
in both only pretransplant. Both were treated
during early post-transplant period with ABLC,
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which was later switched to oral voriconazole.
None of them suffered from reactivation of IFI.
All other patients received prophylactic oral
suspension of itraconazole. In patients with
extensive chronic GvHD, we usually used pro-
phylaxis with oral voriconazole. No patient in this
cohort died as a consequence of fungal infection
and that was also confirmed on autopsies.

Qol following HSCT

Patients on no continuous IST are usually fully
active, have no limitations, and continue with
normal life. Out of seven patients who did suffer
from chronic extensive GvHD, one died with
active extensive cGvHD, one is on CsA tapering
with no signs of cGvHD and five are off any IST
(Table 1). So far, it appears that there is no
difference in QoL when comparing this group
with the other patients transplanted at our
institution using 9-10/10 HLA-matched UDs.

Overall outcome

EFS is calculated from the date of transplanta-
tion to the last follow-up or first event (death or
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2. Event-free survival and overall survival in patients transplanted using bone marrow and peripheral blood stem cells.

relapse of the primary disease whatever occurred
first). Probabilities of EFS and OS are estimated
using the Kaplan—Meier method. Median follow-
up till first event or last follow-up of total cohort
is 1.57 yr (range 0.2-7.2 yr). According to the
type of graft, median follow-up is 1.65 for PBMC
(range 0.85-5.8 yr) and 1.24 for BM (range 0.2-
7.2 yr). The probability of EFS was 60.3% (95%
CI 35.5-78.1) and OS was 749 (95% CI 49.1-
88.9) (Fig. 1). EFS of BM group was 56.8 (95%
CI 21.3-81.3) and OS was 68.2% (95% CI 29.7-
88.6). EFS of PBMC group was 60.6 (95% ClI
24.7-83.5) and OS was 77% (95% CI 31.2-94.3).
Difference between PBMC and BM groups in
EFS and OS is not statistically significant (Cox—
Mantel test) (Fig. 2).

TRM at day + 100 was 4% with overall
TRM 12.5%. Altogether, five patients died at
a median of 1.54 yr post-transplant (range
0.2-1.65), two (8.4%) died as a consequence
of leukemia relapse, one of CMV pneumonia
(0.68 yrs), one of EBV lymphoproliferative
disease (0.2 yrs), and one of gastrointesti-
nal bleeding because of extensive GvHD
(1.65 yr).
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Discussion

Improvements in HLA typing at the allele level,
wider spectrum of efficient drugs for GvHD
prophylaxis and therapy, and prospective PCR
quantitative monitoring of viral load have led to
decrease in TRM in patients transplanted from
HLA-matched UDs. Which alternative donor is
better in the case of no available HLA-matched
donor remains to be resolved. Different centers
have different preferences mostly based on local
experience.

Many centers successfully use unrelated cord
blood where the naive immune system permits
reduced stringency of HLA and. therefore. with-
in the acceptable level of mismatch, it is possible
to find a suitable donor for the majority of
children. Its wide use although is limited by the
efficient cell dose available for older children and
adults (21, 22). This can be overcome by using
double cord transplants (23). Other disadvanta-
ges include naivete of immunity against viruses
and unavailability of cord blood for potential
adoptive immunotherapy or re-transplantation.

Use of haploidentical family donors is poss-
ible, but large and frequent experience of cooper-
ating laboratories for preparation of T-cell-
depleted graft is essential to limit the risks of
non-engraftment and GvHD. High incidence of
viral infections in the early post-transplant per-
iod increases the risk of TRM. Therefore, this
method is more restricted to several centers with
large experience. New techniques of depletion
may improve the immune reconstitution and
graft vs. leukemia effect without the enormous
risk of serious GvHD (24).

We present our experience with another alter-
native. HLA-mismatched UDs were prospec-
tively selected based on level of allele match. We
and others speculate that allele or antigen mis-
match is equally adverse to survival. In our
clinical experience, UD with upto three allele
mismatches (no more than one in loci A*, B*, or
DRBI1¥) could be used for a patient with malig-
nant disease with acceptable risk for toxicity if
adequate serotherapy is given together with a
myeloablative conditioning regimen. On the con-
trary, we speculate that the practice still used in
many centers to select donors based on HLA
match in A*, B*, or DRBI* loci, with no respect
to numbers of potential mismatches in Cw*
and/or DQB1* loci, is not efficient. Such attitude
may explain inferior outcome results compared
with those achieved in our cohort. It is not rare to
have many Cw* and/or DQB1* mismatches even
in donor-recipient pairs, other vice allele matched
in 5-6/6 in standard A*, B*, and DRBI* loci.

6
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In our series we did not observe engraftment
problems. All patients experienced primary and
stable engraftment with full donor chimerism.
Reappearance of mixed chimerism was detected
only as a consequence of emerging relapse of
leukemia.

Highly incident acute GvHD mostly of grade
Il was manageable by standard corticosteroids.
Rate of leukemia relapse as well as the incidence
of fatal viral infections was low. We speculate
that the dose of rATG given in our cohort of
patients is safe in preserving the graft vs. leuke-
mia effect (high incidence of acute GvHD, low
incidence of relapses), and is efficient in protect-
ing the patient against moderate to severe GvHD
without increasing the risk of post-transplant
fatal infections (very low TRM).

There is consensus that matching of UDs and
patients for HLA class Il alleles improves the
outcome of HSCT. However. the significance of
HLA class I allelic mismatches for transplant
outcome is under ongoing discussion, and reports
on long-term effects like chronic GvHD are rare.
Some studies, especially published earlier, are
biased by the fact that HLA typing was not
performed by PCR methods at high-resolution
level (four digits) in all typed alleles. Other studies
are biased by different proportion of minorities
relevant to the different incidence of certain HLA
alleles among patients and/or recipients (25).
Serologically undisclosed HLA disparities ac-
count for the increased rate of post-transplant
complications, Whereas, a HLA-ABDR-serolog-
ically identical donor can be identified in the
International Registry for > 90% of the patients,
only upto half of them can benefit of a highly
compatible donor if donor selection is based on
allele level matching for HLA-A/B/Cw/DRBI/
B3/B5/DQBI loci among the Caucasian popula-
tion. Most of the incompatibilities are clustered in
a limited number of serotypes that can be targeted
first during the searches. Because of linkage
disequilibrium (e.g., B-Cw or DRBI-DQBI),
incompatibilities at a given locus are often asso-
ciated with disparities at adjacent loci (26).

Schaffer et al. have published an analysis of
outcome in 104 donor—recipient pairs, transplan-
ted in between 1988 and 1999, retrospectively
typed for HLA class I and class 11 by PCR-SSP.
They concluded that genomic HLA class I and
class Il typing may improve the outcome after
unrelated HSCT and also that the awareness of
HLA class I and 11 mismatches, not detected by
older methods, in a recipient-donor pair makes it
possible to give appropriate pre- and post-trans-
plantation treatment (27). In addition, others
investigated the association of HLA class I allele
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mismatches and outcome. In cohort of 144
patients given a HSCT from an UD who were
matched for HLA-DRBI1, DRB3/4/5, and DQBI
alleles the risk of chronic GvHD was significantly
increased in patients with class I-mismatched
donors (mismatch either detected by low- or
high-resolution typing). A single HLA class 1|
allele mismatch significantly increased the risk of
chronic GvHD in multivariate analysis. OS was
significantly reduced in patient-donor pairs with
more than one allele class I mismatch (28).

On the contrary, Duggan et al. reported 57
patients receiving UD HSCT and matched for the
disease and stage with other 57 recipients of
genotypically matched RD HSCT. All UD recip-
ients were matched serologically for A and B and
by high resolution for DR and DQ antigens. All
patients received CsA and short-term MTX. UD
HSCT recipients also received rtATG (Thymo-
globulin) over three days pretransplant. They
concluded that UD HSCT recipients matched as
above, and given pretransplant ATG have similar
outcomes to recipients of matched RD HSCT
using conventional drug prophylaxis (5).

Based on our results and together with infor-
mation published so far (29), we also conclude
that high resolution of HLA alleles, both class 1
and class Il plays an important role in the
selection of a suitable UD. However, when a
fully matched donor is not available, we show
that GvHD prophylaxis with use of rATG
enables the use of an unmanipulated, partially
mismatched donor without excessive risk of poor
outcome because of severe acute GvHD.

Several different brands of ATG are available,
and therefore. when using ATG in conditioning
regimen, one needs to consider the ATG brand,
the adequate dose and the proper timing. Exact
correlation between different brands is not clear
vet as they have different activity against differ-
ent populations of cells. Also the dose may vary
based on the type of donor and conditioning
regimen. Lower doses (Thymoglobulin 6—10 mg/
kg total; rATG Fresenius 20-25 mg/kg total) are
currently used in reduced intensity conditioning
regimen when fully matched donor is used (30) or
in patients who underwent SCT using T cell
highly depleted graft from haploidentical donor
(31). Much higher doses (Thymoglobulin 15 mg/
kg total; rATG Fresenius 60 mg/kg total and
more) are used in transplants using mismatched
donors and unmanipulated graft (32, 33).

Conclusions

Our study shows that combination of CsA,
short-term MTX and rATG in GvHD prophy-

HSCT in leukemia using HLA-mismatched donors

laxis prior to HSCT using unmanipulated grafts
of HLA-mismatched UDs is efficient to prevent
occurrence of very severe acute GvHD grade 111-
IV. Serotherapy (rATG Fresenius; Fresenius-
Biotech) was well tolerated and in doses given
(40 mg/kg total) did not increase post-transplant
mortality by long-lasting depression of immunity
or increase risk of leukemia relapse. Incidence of
chronic GvHD was not increased compared with
series where fully matched UDs were used, more
over in majority of patients it disappeared within
the time without serious consequences (Table 1).
Overall outcome is satisfactory, and therefore, it
is possible to use such alternative donors in
patients with advanced leukemia lacking a HLA-
matched donor as a reasonable alternative to
unrelated cord blood or haploidentical family
donor. We strongly recommend to extend HLA
typing for clinically relevant Cw* and DQBI1*
loci in centers still using only A*, B¥ and DRBI1*
for selection of suitable donor.
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Low mortality of children undergoing hematopoietic stem
cell transplantation from 7 to 8/10 human leukocyte antigen
allele-matched unrelated donors with the use of antithymocyte globulin
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Human leukocyte antigen (HLA)}-matched sibling donor
hematopoictic  stem  eell  transplantation (HSCT) s
available for only approximately 30% patients needing
HSCT. Use of alternative donors is associated with a
high incidence and severity of graft-versus-host disease
{GVHD). Here we report our experience with GVHD
prophylaxis using pre-transplant rabbit antithvmocyie
elobulin (rATG ), in addition to post transplant evelos-
porin A and methotrexate. Seventy-five children received
unmanipulated grafts from 7 to 1010 HLA allele-
matched unrelated donors. Median follow-up was 25
months {range, 6-65 months). Only 2/75 patients (2.5%)
developed acute GVHD grades -1V, and 17/75 (25%)
developed extensive chronic GYHD. Overall survival was
T79%. It was similar in patients receiving grafts from 7 or
8/10 to 9 or 10/10 allele-matched donors, and similar in
patients receiving peripheral blood stem cells and marrow.
Six (11%) patients died owing to relapse. and 10 (13%)
due to transplant-related complications. The addition of
rATG appears to result in a low incidence of severe
GVHD and overall mortality.

Bone Marrow  Transplantation (2006) 38, 745750,
don 10.1038/51. bm L 1 705524; published online 16 October 2006
Keywords:  HLA-mismatched donors; children; rabbit
ATG; allogeneic HSCT; GVHD

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
is a potentially curative treatment for certain malignant
and non-malignant diseases. Unfortunately, in the Czech
Republic. only approximately 15% of the children needing
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HSCT have a human leukocyte antigen (HLA) matched
sibling donor (MSD) available. For the remaining 83%,
unrelated donors (U Ds) are searched for. For patients with
rare HLA haplotypes, it 1s difficult to identify fully matched
UD. Mismatched UD transplantation is associated with a
high risk of graft-versus-host disease (GVYHD) and
transplant-related mortalitv. Cord blood or a haploiden-
tical related donor graft can also be used, but this is
associated with an increased risk of post transplant
morbidity/mortality due to increased nisk of GVHD, graft
fatlure or infections."* Here we report our experience with
GYHD prophylaxis using pre-transplant rabbit antithymo-
cyte globulin (rATG) added to standard post transplant
cyclosporin A (CsA) and methotrexate (MTX) in children.®4

Methods

Patienrs and donors

Between January 2001 and December 2005, 88 children
underwent allogeneic HSCT at our center using an UD.
Rabhit ATG (Fresenius, dose and schedule below) for
GVHD prophvlaxis was used in 75 children (48 bovs and
27 girls). Thymoglobuling once and Campath twice were
used in three other patients, T-cell depletion in two
including one with rATG and no serotherapy in four
patients with advanced leukemia. Furthermore, patients
receiving cord blood units were excluded from this cohort
even though same rATG was used in them. These
75 patients (median age at transplant 2.8 vyears. range
0.3-20.5 years) received HSCT for malignant (n=354) or
non-malignant disease (n=21) (Table 1). The grafts were
obtained from HLA allele matched or partially mismatched
UDs (age 21-57 vears, median 32 vears). HLA typing was
performed at the high-resolution level (four digits) in A, B,
Cw, DRBI and DQBIL alleles. Most (72%) pairs were
matched in 9 or 10/10, 17% n §/10 and 11% in 7/10 alleles.
Only one allele mismatch was accepted in A, B or DRBI
loci. Donors and patients were sex mismatched in 42 cases,
with a female donor for a male recipient in 20 cases.
Cytomegalovirus (CMV) immunoglobulin {Ig) G was
detected pre-transplant in 28 (37%) donors and 44 (59%)
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Table 1 Primary diagnosis (n= 75 patients) Table 2 Characteristics of primary grafts and engraftment
Maligrarnt Na-maligrani FPRSC BM Povalue
m=33) m=40)
ALL 2 SAA 5
CML ) SCID 4 NC/kg bw = 10* median/ 12 (3344 4401912 < {L{HKH]
MIDS 9 WAS 3 range
AML 9 FA-AA 2 CD34+ cells/kg bw = 10° B (3.7-21) 67 (1.0-25) 0.047
sAML 2 MPS Ltype 2 median,range
ABIL 1 ap 1 CD3+ cells/kg bw =105 33 (03-15.8) 04(0.1-39)  <0.0001
IMF 1 PMNH 1 median,/range
NHL 1 mal. M I Malignant 27 (77%) 27 (68%) 0.44
CDA 1 Non-malignant 8 (23%) 13 (32%)
FHL 1 Engraftment of ANC =0.5 16 (11-23) 20 (13-82) < {).MKH
median,range = 10%]1
Total 54 Total 21 Engraftment of platelets 23 (14-94) 27 (18-133) 0.01
> 20 median/range x 10°/1
Abhreviations: ABiL = acute hiphenotypic leukemia; ALL = scute lvmpho- Day of last platelet 15 (9-80) 20 (11-103) 0055
blastic  leukemia; AML =azcute myelogenouns  leukemia; CDA = transfusion (medianrange) )
congenital  dyservthropoietic  anemiz; CML =chropic  myelopepous HLA match 7-8/10 12 (34%) 9 (22%) 0.31
leukemia; FHL = familial hemophagoeytic lymphohistiocytosis:  FA- HLA maich 9-10/10 23 (66%) 31 (78%)
AA = Fanconi anemia - aplastic anemiz; IMF = idiopathic myelofibrosis; alGVHD none or 1 16 (29%) 10 (41%} 0.33
mal IM = malignant infectious mononuclensis; MDS = mvelodvsplastic aGVHD 1oy 25 (71%) 23 (58%)
syndrome; MPS = mucopolysaccharidosis, NHL = non-Hodgkin's lvm- cGVHD nope or limited 24 (73%) 29 (78%) 0.78
phoma; OP = osteopetrosis; PNH = paroxysmal noctumal hemoglo-  cGVHD extensive 9 (27%) 8 (22%)
binuria; s=secondary; SAA = severe aplastic anemin; SCID = severe Overall survival B3% 5% .49
combined  immurodeficiency  syndrome,  WAS= Wiskott-Aldrich EFS 72% £5% (68
svndrome.

recipients. The interval between the start of the UD search
and the day of HSCT ranged from 49 to 944 days, median
132 days.

The study was approved by the local Ethics Committee
and all parents signed informed consents.

Grafts

Filgrastim-mobilized peripheral blood stem cells (PBSCs)
were used for 35 patients and bone marrow (BM) for 40
patients. The decision about the tvpe of graft was made by
the donor and/or local harvest center, and was based in
part on transplant center preference. Characteristics of
grafts are shown in Table 2. No graft mampulation other
than plasma or erythrocyte depletion was carried out.

Conditioning regimens, GVHD propliylaxis

Primary conditioning regimens varied according to primary
disease (see Table 3). Rabbit ATG (Fresenius) was infused
to all 75 patients over 1 h¥ on days —4 to — 1. The daily dose
was 10 or [5mg/kg (total 40 mg/kg in 70 patients; range
30-60mg'kg). Combination of methyiprednisolone
(1-3mg/kg), antihistamines and antipyretics was used as
pre-medication before each infusion. CsA (used in 74/75
patients) was given two to three times daily in a 2-h
infusion, initially 1.5 mg/kg/dose in malignant and 2.5 mg/
kg/dose m non-malignant disease. The prophylactic dose of
CsA was adjusted to maintain targeted blood levels, lower
(80150 ng/ml) for malignant and higher {200-250ng/ml)
for non-malignant diseases. MTX was given to 68/74
evaluable patients on days + 1, + 3 and + 6. The first dose
was 10 or 15mg/m®, and other doses were 10mg/m™
Leucovorine (15mg/m®) was given as a single dose 24h
after each MTX dose. In one patient, CsA was substituted
by myvcophenolate mofetil (MMF) for elevated creatinine
during conditioning regimen, and in six patients MTX was
not used; 1t was substituted in four patients with steroids, in
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Abbreviations: aGVHD = acute graft-versus-host disease; ANC = absolute
neutrophil count; BM =bone marrow; bw =hody weight; ¢GVHD =
chronic grafi-versus-host disease; EFS = event-free survival; HLA = human
leukocyvte antigen: PBSC = peripheral blood stem cell.

Tabie 3 Characteristics of conditioning regimens used before first
HSCT (n=75 patients}

Fraciionated TBI 35 patiemts
TBI 12Gy Cyelophosphamide 120 meg kg 3
THI 14.4 Gy Cyelophosphamide 200 mg kg 11
TBI 12Gy Ertoposide 6mg/kg 20
TBI 6 Gy Cyclophosphamide 200 mg kg 1
Oral Bu 31 patients
Bu 16-20mg/kg Cyclophosphamide 200 mg kg 9
Bu 16-20mg/kp Cyelophosphamide 120 meg kg

Etoposide 40mg/kg 3
Bu 8mgkg Cyelophosphamide 200 mg kg 1
Bu 16-20mg/ke Cyelophosphamide 120 mea kg

Melphalan 140 mg/m? 18
Flu Seven patients
Flu 120 mg/m* Cyelophosphamide 40 mg/ kg Z+1*

Melphalan 140mg/m?
Thiotepa 15mg/ke

Flu 150 mg/m”
Flu 160 mg/m*

[

Oher condivioning Two patients

Treosulfan 30mgkg  Cyclophosphamide 120 mg/ kg I
None (ATG only) 1

Abbreviations: . ATG = antithvmoeyte  globuling BU = busulfan; Flu=
fudarabine, HSCT = hematopoietic stem cell transplantation; TBI = wial
body irradiation.

“Single TRl 2 Gy in one patient,

one with MMF, and no substitution in one patient.
Acute and chronic GVHD were primarily treated with
prednisone, CsA, tacrolimus, sirolimus or MMF 5 F Acute
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Table 1 Primary diagnosis (n= 75 patients) Table 2 Characteristics of primary grafts and engraftment
Malignant Non-malignant FPHSC BM P-value
fn=35) m=40)
ALL 2 SAA 5
OML 9 SCID 4 NC/kgbw = 10°median/ 12 (3.3-44)  44(1.9-12) <0000
MIDS 9 WAS 3 range
AML g EA-AA 2 CD34+ cellsfkgbw »10° 8 (37-27) 6.7 (1.0-25) 0.047
sAML 2 MPS T.type 2 median,/range
ABIL 1 op 1 CD3+ cellsfkg bw = 10° 33 (0.3-15.8) 04(0.1-38)  <0.0001
IMF 1 PNH 1 median/range
NHL 1 mal 1M | Malignant 27 (77%) 37 (68%) (.44
CDA I Non-malignant 8 (23%) 13 (32%)
FHL 1 Engraftment of ANC =05 16 (11-23) 20 (13-82) < (LN
median,range » 10°1
Total 54 Total 21 Enpgrafiment of platelets 23 (14-94) 27 (18-133) 0.01
=20 median/range » 10°7/1
Abbreviations: ABIL = acute biphe notypic leukemia; ALL = acute lvmpho- Day of last platelet 15 (9-80) 20 {11-103) 0055
blastic  leukemia; AML =acute myvelogenous leukemia; CDA= transfusion (median,range} )
congenital  dyservihropoiedc anemia; CML =chronic myelogenous HLA match 7-8/10 12 (34%) 9 (22%) 0.31
lewkemia; FHL = familial hemophagoeytic lvmphohistiocytosis;  FA- HLA match 9-10/10 23 (66%) 31 (78%)
AA = Fanconi anemia - aplastic anemiz; IMF = idiopathic myelofibrosis; aGVHD none or 1 16 (29%) 10 (41%) 0.33
mal IM = malignant infectiouws  mononucleosis; MDS = myelodysplastic aGVHD 11V 25 (71%) 23 (38%)
syndrome; MPS = mucopolysaccharidosis, NHL = non-Hodgkin's lvm- cGVHD none or limited 24 (73%) 29 (78%) 0.78
phoma; OP=osteopetrosis; PNH = paroxysmal nocturnal  hemoglo- ctiVHD exiensive 9 (27%) B (22%)
binuria; s=secondary; SAA = severe aplastic anemis; SCID=severe  Overall survival 83% 73% .49
combined  immunodeficiency  svndrome,  WAS= Wiskot-Aldrich EFS 2% 63% .68
svidrome.

recipients. The interval between the start of the UD search
and the day of HSCT ranged from 49 to 944 days, median
132 days.

The study was approved by the local Ethics Committee
and all parents signed informed consents.

Grafts

Filgrastim-mobilized peripheral blood stem cells (PBSCs)
were used for 35 patients and bone marrow (BM) for 40
patients. The decision about the type of graft was made by
the donor and/or local harvest center, and was based in
part on transplant center preference. Characteristics of
grafts are shown in Table 2. No graft manipulation other
than plasma or ervthrocyte depletion was carried out.

Conditioning regimens, GVHD prophylaxis

Primary conditioning regimens varied according to primary
disease (see Table 3). Rabbit ATG (Fresenius) was infused
to all 75 patients over 1 h® on days —4 to — 1. The daily dose
was 10 or 15mg/kg (total 40mg/kg in 70 patients; range
30-60mg/kg). Combination of methylprednisolone
(1-3mg/kg), antihistamines and antipyretics was used as
pre-medication before each infusion. CsA (used in 74/75
patients) was given two to three times daily in a 2-h
infusion, initially 1.5mg/kg/dose in malignant and 2.5mg/
kg/dose i non-malignant disease. The prophylactic dose of
CsA was adjusted to maintain targeted blood levels, lower
(B0-150 ng/ml) for malignant and higher (200-250ng/ml)
for non-malignant diseases. MTX was given to 68/74
evaluable patients on days + 1, + 3and + 6. The first dose
was 10 or 15mg/m?, and other doses were 10mg/m?
Leucovorine (15mg/m?) was given as a single dose 24h
after each MTX dose. In one patient, CsA was substituted
by mycophenolate mofetil (MMF) for elevated creatinine
during conditioning regimen, and in six patients MTX was
not used; it was substituted in four patients with steroids, in
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Abbreviations: aGVHD = acute graft-versus-host disease; ANC = absolute
peutrophil count; BM =bone marrow; bw =body weight; ¢GVHID =
chronic graft-versus-host disease; EFS = event-free survival; HLA = human
leukocyvte antigen: PBSC = peripheral blood stem cell.

Table 3 Characteristics of conditioning regimens used before first
HSCT (n=75 patients)

Fractionated TBI 35 paviemts
THI 12Gy Cyclophosphamide 120mg kg 3
THI 14.4Gy Cyclophosphamide 200 mg kg 11
TBI 12Gy Etoposide 6mg/kg 20
TBI 6 Gy Cyclophosphamide 20 me ke 1
Oral Bu 31 pavients
Bu 16-20mg kg Cyelophosphamide 200 mg kg 9
Bu 16-20mg/kg Cyclophosphamide 120mg kg

Etoposide 4dmg/kg 3
Bu 8mg/kg Cyclophosphamide 200 mg kg 1
Bu 16-20mg kg Cyelophosphamide 120meg ke

Melphalan 140 mg/m® 18
Flu Seven patients
Flu 120 ma/m* Cyclophosphamide 40 mg/kg Z+1*
Flu 150 mg/m* Melphalan 14D mg/m? )
Flu 160 mg/m* Thiotepa 15mg, kg 2
Oher condivioning Two patients
Treosulfan 30mgke  Cyclophosphamide 120 mg/ke 1
None (ATG only) 1

Abbreviations:  ATG = antithvmoeyte  globuling BU = busulfan; Flu=
fludarabine; HSCT = hematopoietic stem cell transplantation; TBI = total
body irradiation.

“Single TBI 2Gy in one patiznt,

one with MMF, and no substitution in one patient.
Acute and chronic GVHD were primarily treated with
prednisone, CsA, tacrolimus, sirolimus or MMF %% Acute



Praphylaxis with ATG, HLA-mismatched donar, children
P Sadlabek of af

T48

Table 5 Qutcome of patients with ALL according to leukemia
status before HSCT (22 patients, 23 HSCT)

ALL Relapse TRM alw in CCR

CRI1
CR2
CR3
Ph+
MRD neg
MRD fow
MRD high
MRD NA

P T
=T — T P

=R SR R

e e B ==

ted

Abbreviations: a/w in CCR=alive and well in continuous CR:
ALL = acute Iymphoblastic leukemia; CR =complete remission: HSCT =
hematopoiztic stem cell transplantation; MRD = minimal residual disease
(IgH/TCR rearrangements), Ph=Philadelphia, NA =not available;
TRM = transplant-related mortality,

subsequently died, retransplantation was performed in
three patients (all surviving without leukemia), two patients
are currently scheduled for retransplantation and one at the
time of analysis lives in untreated extramedullary relapse.
There is clear trend that even in our group of patients with
ALL, the incidence of relapse was dependent on the level of
pre-transplant MR D (see Table 5).'*'* Donor lyvmphocyte
infusion (DLI) directed according to the level of post
transplant MRD (lgH/TCR =1 x10"") or increasing
mixed chimerism was given to 10 patients with malignancy.
[nitial dose of CD3 + cells was [ x 10%kg. In nine of them,
there was no or only transient response. In none of those
patients, DLI was used at the time of frank leukemia
relapse.

Survival

Overall survival was not statistically different (P=10.49)
between patients transplanted using PBSC (82.9%) and
BM (75.0%) (Figure 1). Owverall survival was also not
statistically different (P=10.76) between patients receiving
grafts from donors HLA matched in 9-10/10 alleles
(77.8%) and 7-8/10 alleles (80.9%) as shown in Figure 2.
There was no significant difference (P=0.66) in overall
survival and event-free survival (P=10.65) between patients
undergoing HSCT for malignant and non-malignant
disease (Figures 3 and 4).

Sixteen patients died, 6/54 (11%) due to relapse and
10/75 (13%) due to transplant-related complications (7%
before day 100). Six patients received a second graft from
the same donor (median 155 days post transplant, range
22-502 days), three for graft failure/rejection and three for
relapse. Four of the six patients are alive and well with
median follow-up of 26 months (range, 1649 months)
following the second HSCT and two died with GVHD.

Discussion

The first important finding of this study is the similar
outcome of transplantation using 7-8/10 and 9-10/10
allele-matched donors. This is contrary to previous studies
in which HLA typing was not performed at the high-
resolution level (four digits) in all typed loci. Serologically
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Figure 2 Owerall survival {OS) in patients following HSCT from HLA-
matched (9-10/10; n = 54) or -mismatched UD (7-8/10; n =21).
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Figure 3 Overall survival (OS) in patients with maligrant disease (n = 34)
and nop-malignant disease (n=21)

undisclosed HLA disparities account for the increased
rate of post transplant complications. With more than
1300 alleles (A, B, Cw, DRBI}) currently identified,
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Figure 4 EFS in patients with malignant disease (n=354) and non-
malignant disease (n=21).

high-resolution molecular tvping techniques have to be
applied to distinguish the extensive degree of allelic
polymorphism of the HLA system. Whereas an HLA-
ABDR serologically identical donor can be identified in the
International Registry for >90% of the patients, only up
to hall of them can have a highly compatible donor if
donor selection is based on allele level matching for HLA-
A/B/Cw/DRBI1/B3/B5/DOQBI loci among the Caucasian
population. OQur results suggest that a higher percent of
pediatric patients could have an UD available, as even a
7/10 allele-matched donor (with limitation of maximum one
allele mismatch in A, B or DRBI loci) appears acceptable
when ATG is used.

The second important finding of this study is the similar
outcome of PBSC vs BM transplantation. After vears of
using PBSC for allogeneic HSCT, there is still ongoing
discussion on whether PBSC or BM is the superior graft
source. Perhaps, the reason for ongoing discussion is that
studies comparing PBSC vs BM enrolied various patient
populations in terms of pnmary disease, GVHD prophy-
laxis, donor type and level of HLA matching, ete.'™'® These
studies mostly confirm faster engraftment and higher
incidence of chronic GVHD in reapients of PBSC from
MSD. There are no published randomized studies compar-
ing PBSC and BM in the UD settings. Two retrospective
studies found significantly higher nisk of chromic GVHD
after PBSC transplantation and no survival advantage
of PBSC transplantation over BM transplantation. '7'#
Compared to our cohort, only one-third of patients in
the published retrospective studies received ATG or OKT3
pre-transplant. In our cohort (uniformly treated with ATG),
we have observed similar incidence of extensive chronic
GVHD and similar survival in PBSC and BM recipients.
Thus, the use of AT appears to eliminate the difference in
the incidence of chronic GVHD. This may be important, as
chronic GYHD is the major determinant of the quality of
life of transplant recipients.'”

Viral diseases remain a significant problem after
unrelated HSCT.'® Theoretically the use of ATG might
be associated with an increased incidence of viral disease, as
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ATG (persisting beyond day 0} could kill anti-viral T cells
contained in the graft. However, the incidence of viral
complications in our cohort was not unusually high.
Incidence of CMV disease or EBV-LPD in our cohort
was not higher compared to published data.'*2?

Relapse is another significant problem of transplant
recipients, which could be theoretically worsened by the use
of ATG (through the killing of T cells mediating graft-
versus-leukemia effect). However, the incidence of relapse
in our cohort was not high. Moreover, the level of MRD
before HSCT has been shown to be crucial for outcome.
This fully correlates with published data where level of
MRD proved to be the only significant nisk factor in
multivariate analysis and independent on the use of
ATG_I'Z.I.J

If our results are confirmed in prospective randomized
studies, the use of ATG will possibly widen the choice of
donors and grafts for children needing HSCT.
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9.2. HHV-6

Celkem jsme HHV-6 detekovali v 6 792 vzorcich knak217 dtskych paciert a 7 822 vzorcich od
382 dosplych pacienii. HHV-6 DNA jsme detekovali u 96 paciéntétskych (44,2%) a 54 paciént
dosglych (14,1%). U Zadného z naSich paciejgme nepozorovali symptomy HHV-6 reaktivace, které
bychom I€ili virostatiky.

Variantu viru jsme ufovali v 69 gfipadech a pouze t pacient jsme utili variantu A viru. Ve vSech
tiech @ipadech jsme néasledintaké prokazali chromozomalni integraci HHV-6. Tadetekce byla
provedena pomoci nested PCR (viz metodigaeké. 6).

Jiz vroce 2003 jsme u jednoho pacienta pozorowgbkou naloz HHV-6 DNA ve vzorkuied
transplantaci, kdy byl pacient zcela bez symiitdtiiV-6 infekce. Rozhodli jsme se §kat a gipadnou
virostatickou terapii nasadit aZ vipac dalSiho vzestupu kvantity HHV-6 DNA po transplamtaPo
HSCT vSak u § kvantita virové DNA klesla na nizkou hladinu gonaevily se jakékoli komplikace, které
bychom mohli asociovat s HHV-6. Pacient nas zatajeé detekci varianty A viru. S odtuperhlet jsme
pak u tohoto pacienta prokazali chromozordaitegrovany HHV-6 (CI-HHV-6) (viz HHV-6 v Gvodu).
Zarover jsme otestovali archivované vzorky DNA¢ené fivodré pro detekci minimalni rezidudlni
nemoci (MRN) v kostni #&ni a periferni krvi fed HSCT ¢lanek¢. 4). V grafu veclanku je jasi vidét
obdobna naloZz HHV-6 DNA detekovana vice jakaky pred HSCT, stejijako obdobna kvantita vice jak
tfi roky po HSCT ve vzorcich vlés

ProtoZe se az dosud o nositelich i mozném patogemisobeni integrovaného HHV-6 genomu
mnoho nevi, rozhodli jsme se publikové&kalik naSich pacierits CI-HHV-6. V prvnim pipac se jedna o
dosglou pacientku, ktera nebyla transplantovana, alla bé¢ena s piznaky €Zké aplastické anémie
(SAA) v roce 2005. Protoze jsme v té data CI-HHV-6 ihned nepomysleli, pacientka byla megplé&ena
virostatiky a po dvou #sicich nelsfsné terapie pak teprve vysokodavkovanou imunosivpierapii
(ATG, CsA a kortikoidy) opt bez jakéhokoli vlivu na kvantitu HHV-6 DNA v pérni krvi lanekge. 5).
Tento vysledek je vsouladu sintegraci HHV-6 DNA dhromozomu a stim, Ze nedochazi k jeho
reaktivaci do stadia produktivni infekce s tvorharovych partikuli. Pokud by totiz k produktivimfekci

dochazelo, a u pacientaékou aplastickou anémii charakterizované také sfiizepecifické imunity, se
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takova reaktivace déargdpokliadat, pak by nasazend virostatické terapiaviee snizeni normalizované
virové naloze v periferni krvi.

Protoze jsme také aiit ziskat gehled o frekvenci CI-HHV-6 v populacieské republiky, otestovali
jsme také vzorky &skych pacierit s leukémiemi z jiz zmimych vzorki DNA pavodns uréenych pro
detekci MRN. V nasi studii jsme prokazatitpmnost CI-HHV-6 u pti pacienti z 339 (1,47%), coZ zcela
odpovida dosud publikovanym dat (viz avod). U Zadného jsme také neprokazali spsjiitomnosti
HHV-6 DNA s komplikacemi pozorovanymtiigerapii cytostatiky u ALL {lanekg. 6).

PoslednElanek popisujici naSe zkuSenosti s CI-HHV-6, kiery sokasné dobv recenznintizeni, je
¢lanek ¥nujici se nélozi HHV-6 DNA a CMV DNA u dvou paciénpo alogenni HSCT, kiezenteli na
komplikace spojené s CMV pneumonii. U obou padigsine ziskali pro detekci také vzorky tkani. Na
normalizovanych vysledcich HHV-6 DNA je d@bdokumentovana obdobna kvantita naloZe ve tkéaaich
v periferni krvi fled HSCT. Mirg nizsi kvantity pak mohou byfigouzeny prokrveni tkani hematopoézou
darce, ktery nebyl, jak je witlna grafem longitudinalniho sledovani, nositeleHEV-6. Radow nizsi
kvantity jsou pak ve vzorcich $tgim zastoupenim hematopoetické tkfako jsou slezina a kostnfei.
Souasre je na vzorcich tkani vid také obrovsky rozdil ve kvartitCMV DNA ve tkanich, kde je
detekovatelnd kvantita nejvyssi v poSkozeném orgéttghto gipadech tedy plicni tkani. Zaravse nam
u jednoho z prezentovanych paciemioddilo ve spolupraci s University Colledge London patpaové
misto chromozomalni integrace na kratkych raménkacbmozomu 18. iftkklady FISH jsou prezentovany

v &lanku @laneké. 7).
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Disappearance of pre-existing high HHV-6 DNA load in blood

after allogeneic SCT

Bone Marrow Transplantation advance online pubilcation,
20 August 2007; doi:10.1038/s).bmt. 1705813

Human herpesvirus 6 (HHV-6) persists after primary
infection at low level in blood and may reactivate in
immunosuppressed patients, especially recipients of haemato-
poietic stem cell transplant (HSCT) causing encepha-
litis, engraftment failure, hepatitis and fever.'” In contrast
to this situation some individuals have persistent, very high
levels of HHV-6 DNA in blood due to chromosomal
integration.* Chromosomal integration of HHV-6 (CHHV-
6) was first described by Luppi et @l in patients without
any of the clinical manifestations of HHV-6 disease. Later,
Daibata et «/.® showed the inheritance of integrated
HHV-6 DNA through two generations. Indeed, it seems
that HHV-6 may be found in every cell of the body since it
has been found not only in blood but also in the hair
follicles of individuals with CHHV-6, and in both cases
there is at least one copy of HHV-6 DNA per cell.?

CHHV-6 is a relatively common phenomenon being
found in 0.2 to 2.9% of the human population.®” It is to be
predicted therefore that occasionally an allogeneic HSCT
recipient or donor will have CHHV-6. Clark er «l® have
reported such a situation with a graft from a donor with
CHHV-6 to a patient originally without wviral integration;
there was consequent transmission of CHHV-6 wvia
haematopoietic stem cells to the donor and an enormous
increase in the amount of HHV-6 DNA in blood. Here,
we report the opposite donor—recipient combination: a
recipient with CHHV-6 who received a graft from a donor
without integrated HHV-6.

In July 2003, in his second complete remission 2.5 years
after the primary diagnosis, a 7-year-old boy underwent
allogeneic HSCT for a relapse of ALL. After conditioning
therapy (fractionated total body irradiation—12 Gy, etopo-
side and antithymocyte globulin), he received peripheral
blood stem cells from an unrelated donor HLA matched in
nine out of ten alleles. Aciclovir prophylaxis against
herpes simplex virus infection was started during the condi-
tioning. A full tri-lineage engraftment was confirmed
with granulocytes engrafted on day + 5 (ANC > 0.5 x 10%/1)
and platelets on day + 17 (untransfused platelet count
=20 % 10%1). Acute GvHD grade Il manifested on
day + 19 and was successfully treated with corticosteroids.
One month after HSCT, BK virus-positive haemorrhagic
cystitis occurred for which he received hyperhydration. No
further severe complications were detected in the later post
transplant period. The patient is currently at three years
after HSCT without any clinical problems, has stable

complete donor chimaerism in his blood and is in
continuous remission of his leukaemia.

Viral loads in peripheral blood were regularly monitored
for CMV, EBV and HHV-6° as part of standard post
transplant surveillance. The wviral loads were quantified
using real-time PCR for viral DNA and normalized to
100000 human genome equivalents in comparison with the
quantity of albumin gene DNA in the sample.!* CMV and
EBV DNA loads were repeatedly negative or very low.
However, the situation with HHV-6 was strikingly differ-
ent; during conditioning therapy the first test for the
presence of HHV-6 DNA detected an extremely high load
of 490000 normalized copies in peripheral blood, although
there was no sign of HHV-6 related clinical complications.
The subtype of the virus was determined as HHV-6 A by
nested PCR and sequencing. In view of the apparent
absence of HHV-6 disease, it was decided to continue
with the HSCT but without antiviral therapy against the
virus and with frequent monitoring of HHV-6 during
the post transplant period. The level of HHV-6 DNA
decreased rapidly after the transplant coincided with
engraftment of the donor blood cells (Figure 1), and no
clinical or laboratory signs of HHV-6-related complications
were present during the post transplant period. The median
of normalized viral DNA load in blood post transplant
was 16, that is a 1000-fold lower compared to that pre-
transplant, and remained at this level throughout three
years of surveillance.

Following the report by Ward et al® we tested for the
presence of HHV-6 DNA in the sample of allogeneic
graft and found none. We also tested several archived pre-
transplant blood samples and the patient’s hair follicles
taken three years after HSCT. The HHV-6 DNA load in
blood had been persistently very high including the first
sample available for testing more than three years before
transplantation and was also present at high level in hair
follicles (Figure 1). Notably the level of HHV-6 DNA per
genome equivalent was about 1.

Thus, we demonstrate a decrease of HHV-6 DNA in our
patient’s blood within two weeks of transplantation, which
is the converse of the increase described by Clark et al.®
in the case of an integration-negative patient receiving an
HSCT from a donor with CHHV-6. In our case, the high
levels of HHV-6 DNA in the recipient’s blood before trans-
plantation, and also in hair follicles confirm the presence of
CHHV-6 and the precipitous decrease in HHV-6 DNA
level after transplantation is due to the replacement of the
recipient’s haemopoietic system with that of the CHHV-6
negative donor. However, since HHV-6 DNA was found in
the recipient’s hair follicles after transplantation, it is clear
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Figure 1 Monitoring of HHV-6 DNA load pre- and post-HSCT in a
patient with chromosomal integration of HHV-6. (a) The relationship of
HHV-6 DNA in blood to whole blood count in the early period after
transplantation. (b) The level of HHV-6 DNA in blood during four years
before and three years after transplantation. g.e., genome equivalents.

that other non-haematopoietic cells in the recipient’s body
still had CHHV-6, thus accounting for the persistent but
low level of DNA in blood after transplantation, which is
most likely due to the release of chromosomal DNA
from non-haemopoietic cells during inflammation, GvHD
and so on. Unfortunately, pre-transplant samples were
not available to test retrospectively by FISH for HHV-6
DNA chromosomal sequences using the method described
by Clark et al.® However, we recently encountered another
similar case of a recipient with CHHV-6, and in this
instance were able to confirm CHHV-6 by FISH (data
not shown). Finally, our case also confirms that an
extremely high HHV-6 viral load by itself without relevant
symptoms of disease should not be an indication for
antiviral drug treatment until the possibility of CHHV-6
has been ruled out.
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Failure of multii)le antivirals to affect high HHV-6
DNAaemia resulting from viral chromosomal inte-
gration in case of severe aplastic anaemia

We report a fifty-year-old woman presenting
with severe aplastic anaemia (SAA) and prolonged
high Human Herpesvirus 6 (HHV6) variant A
DNAeamia detected by quantitative PCR. Multiple
antiviral treatments failed to affect the HHV6
DNAemia and subsequent immunosuppressive
treatment reached only partial improvement as
judged by bone marrow examinations. The
patient remained dependent on thrombocyte
transfusions and G-CSF treatment. After one year
of steady high HHVé DNA load in blood, viral
chromosomal integration was proved by demon-
strating the viral DNA in hair follicles. This condi-
tion appeared to be unconnected with, and to
have no effect, on the original SAA

Haematologica 2007; 92:(9)e98-e100 DOI: 10.3324/haematol. 11592

We report a fifty-year-old woman who was admitted
to hospital after one month of fatigue, easy bruising and
loss of weight with fever and acute tonsilitis at the end
of August 2005. Her blood counts showed pancytopae-
nia - 1,600 leucocytes/microl. (89% of lymphocytes),
55,000 thrombocytes/microL, 94 g/L haemoglobin.

Bone marrow aspiration and trephine biopsy showed
hypocellular bone marrow with 14.4% of granu-
lopoiesis, megakaryocyte precursor
detectable, low counts of erythropoiesis cell precursors,
lipophages, erythrophagocytosis and 78% of lymphoid
cells. Most of the lymphoid cells were T lymphocytes,
of which 16.3% were HLA DR positive. Based on the
above findings, severe aplastic anaemia (SAA) was diag-
nosed. An immediate treatment was commenced with
antibiotics and granulocyte colony stimulating factor
(G-CSF), however no reaction to G-CSF was observed in
the peripheral blood.

There was nothing remarkable in the family, pharma-
cological or social history and no evidence of exposure
to harmful chemical substances, drugs or radiation and
no signs of autoimmunity or paroxysmal nocturnal
haemoglobinuria.

On testing whole blood for viral infections by quantita-
tive real-time PCR, there was no evidence of Human
Cytomegalovirus and Parvovirus B19, while Epstein-Barr virus
was detected at a minute viral load. However, we detect-
ed high Human Herpesvirus 6 (HHV6) DNA load of 150,000
copies normalized to 100,000 human genome equivalents
which were obtained by quantification of albumin gene.*?
We also detected 4,200 viral copies of HHV6 per mL of
plasma. The virus was subsequently identified to be the
variant A using a nested PCR system.

Because of high HHVé DNA load (Figure 1) and the
reported  suppressive  effect of HHVé on
haematopoiesis,™ we considered that the HHV? infec-
tion was a possible explanation of the patient’s low
blood count. Antiviral treatment (Figure 1) was started
with foscarnet 120 mg/kg per day. After two weeks of

almost no

| 98 | haematologica/the hematology journal | 2007; 92(online)

treatment without any decrease in the level of HHVé
DNA, we changed the therapy to cidofovir 5 mg/kg
once a week. Four weeks later because the HHV6 DNA
level remained high, we altered the therapy to ganci-
clovir 2.5 mg/kg every 12 hours. Virostatic treatment
failed to reduce viral load documented by the mean of
150,000 normalized copies of HHVé (range
89,000-200,000) during the treatment. During these
two months, the patient was kept on an antibiotic and
antimycotic prophylaxis and immunoglobulin supple-
mentation.

Since the antiviral treatment did not result in any
decrease in viral load and no improvement in the
patient’s clinical status had been observed two month
later, we started immunosuppressive treatment for SAA.
The treatment consisted of four doses of rabbit antithy-
mocyte globulin (ATG Fresenius) at a dose of 40 mg/kg,
1.5 mg/kg per day of corticosteroids and cyclosporine A
adjusted to maintain a serum level of 100 to 200 ng/mL
and complemented by G-CSFE. During the immunosup-
pressive treatment, the HHV4 levels remained constant-
ly high with a mean of 160,000 normalized copies
(range 37,000-1 300,000) (Figure 1).

After two month of immunosuppressive treatment,
there were no signs of improvement in haematopoiesis
in control trephine biopsy of bone marrow and because
there was no sibling donor available, we searched for
unrelated haematopoietic stem cell donor but without
success. However, after four months of treatment
(January 2006), there was a temporary improvement in
peripheral blood and the white blood cell count reached
4,000 leucocytes/microl.  with granulocytes above
1,500/ microL, although patient remained dependent on
thrombocyte transfusions.

Two months later, the blood count worsened again.
Therefore we started administration of pegfilgrastim 6
mg every three weeks, keeping the granulocytes above
3,000 leucocytes/microL. In June 2006, thrice weekly
haemodialysis was required for progressively worsening
renal function. The patient did not suffer from severe
anemia although she was remaining dependent on
thrombocyte transfusions and random G-CSF treat-
ment. She died due to peracute sepsis caused by
Staphylococcus aureus in January 2007,

Considering the contribution of HHVé infection to
our patient’s illness, extensive antiviral therapy failed to
induce any improvement in stem cell activity or a fall in
viral DNA levels and lengthy immunosuppressive treat-
ment did not cause a rise in viral DNA levels both of
which findings indicate that active viral infection was
not responsible for the primary disease in our patient.
Moreover the patient’s virus was variant A, which is not
connected with any known disease but is commonly
found in chromosomal integration of HHVé (CHHV6);
indeed we have recently reported a case of CHHV6 with
variant A (Hubacek et al., in press).

CHHVG6 is relatively common phenomenon being
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Figure 1. HHV6 DNA load in whole
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found between 0.2 and 2.9% of the human populatlon”
and was first described by Luppi et al. in 1993° i
patients without any clinical manifestation of HHVé
disease. Daibata et al.” demonstrated the inheritance of
HHVé DNA through two generations. Indeed it seems
that HHVé may be found in any cell in the body since it
has been found not only in the blood but also in the hair
follicles of individuals with CHHV6 and in both these
sites there is at least one copy of HHVé DNA per cell.*
Thus, very high, persistent levels of HHV6 DNAaemia
at about one copy/cell in our patient were highly sug-
gestive of CHHVG6 rather than active infection. We
therefore tested for HHVé DNA in the hair follicles of
our patient and found it at a high level comparable with
that in the patient’s blood (Figure 1) thus confirming
chromosomal integration.

This case reminded us the necessity of critical review
of the results obtained by molecular biological tech-
niques. We were initially misled by the detection of high
level of HHV6 DNA in both whole blood and plasma
and concluded that this implied active virus infection
was whereas in fact the HHVé DNA found in plasma
was derived from cellular chromosomal DNA contain-
ing HHVé."” Detection of HHVé DNA in the hair roots
proved the genome integration into the cells. Testing for
the presence of HHV6 DNA in the hair follicles proved
to be an easy way to discriminate between active infec-

tion and integration of HHVé DNA into human genome
among the suspected patients according to the pub-
lished data." In agreement with our experience, there
was not published evidence of viral reactivation from
chromosomally integrated HHV¢ genome. Therefore in
similar case we would not lose any precious time with
the virostatic drugs and treat the primary disease as
soon as HHVé chromosomal integration is confirmed.
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Prevalence of HHV-6 Integrated Chromosomally
Among Children Treated for Acute Lymphoblastic
or Myeloid Leukemia in the Czech Republic
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Chromosomal integration of human herpesvirus
6 (HHV-6) is a novel situation found in a small
percentage of individuals. While active HHV-6
infection is treatable using antivirals, the abnor-
mally high level of HHV-6 DNA found in chromo-
somal integration of HHV-6 (CI-HHV-6) is not
affected by such drugs. Stored DNA samples
taken originally for detection of fusion genes
and minimal residual disease from 339 pediatric
patients treated for leukemia in the Czech Repub-
lic between the years 1995-2007 were tested
retrospectively. Using real-time quantitative PCR
technology, the quantity of HHV-6 DNA detected
was normalized to 100,000 human genome
equivalents as assessed by quantitation of
the albumin gene. HHV-6 DNA was detected in
107 samples from 91 patients (26.8%). In the
majority of samples (99) only a minute level of
normalized viral copies (NVCs) (median 1.84
NVCs) was detected. A high viral load of approx-
imately 100,000 NVCs was detected in b patients
(1.5%; median 140,150 NVCs), in all of whom
were confirmed subsequently CI-HHV-6 by a
detection of HHV-6 DNA in hair follicles or in
the nails. In all but one patient with HHV-6
variant B, variant A of the virus was detected.
None of the patients with CI-HHV-6 had compli-
cations attributable to HHV-6 infection. The
prevalence of CI-HHV-6 in childhood leukemia
does not differ from that published for other
patients or healthy populations. Where high
levels of HHV-6 DNA are present, CI-HHV-6
should be confirmed as soon as possible so that
potentially toxic but ineffective antiviral treat-
ment can be stopped. J. Med. Virol. 00:1-6,
2008. © 2008 Wiley-Liss, Inc.

KEY WORDS: human herpesvirus 6; leuke-

mia; chromosomal integration

© 2008 WILEY-LISS, INC.

INTRODUCTION

Human herpesvirus 6 (HHV-6) is a common beta-
herpesvirus known to cause exanthem subitum (sixth
disease), a benign illness of childhood [Yoshikawa,
2004; Ward, 2005]. It has also been associated with
encephalitis and febrile illness [Asano et al., 1992; Jones
et al.,, 1994; Oki et al., 1995; Caserta et al., 2001],
hepatitis [Ishikawa et al., 2002], myocarditis [Yoshi-
kawa et al., 2001], and thrombocytopaenia [Yoshikawa
et al., 1993]. In the immunocompromised host, HHV-6
has been implicated in a number of different diseases
such as fever and rash [Sashihara et al., 2002], hepatitis
[Ljungman et al.,, 2000], encephalitis [Bethge et al.,
1999; Yoshihara et al., 2004], thrombocytopaenia
[Yoshikawa et al.,, 1993] and delayed platelet and
granulocyte engraftment [Ljungman et al., 2000; Zerr
et al., 2005]. There are twovariants of the virus: Aand B,
and it is noteworthy that in most of the pathological
conditions, only variant B has been detected [Sugaet al.,
1993; Caserta et al., 2001; Yoshikawa, 2004; Ward,
2005]. Due to improved laboratory tests based on nucleic
acid assays, HHV-6 has been detected in clinical
samples more frequently during the last few years and
is an emerging opportunistic pathogen [De Bolle et al.,
2005].

An interesting feature of the virus is chromosomal
integration of HHV-6 DNA (CI-HHV-6) which is found

in some individuals and is characterized by abnormally
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high levels of HHV-6 DNA. This situation was first
described by Luppi et al. [1993] in patients without any
symptoms of HHV-6 infection. Later Daibata et al.
[1999] showed inheritance of CI-HHV-6 through two
generations and HHV-6 DNA has been located precisely
on chromosomes 1, 11, 17, and 22, respectively [Daibata
et al., 1998; Daibata et al., 1999; Clark et al., 2006a].
Since CI-HHV-6 can beinherited, it seems clear that this
viral DNA must be in every cell in the body [Clark et al.,
2006b]. Indeed in patients with CI-HHV-6, HHV-6 DNA
can be detected in hair follicles [Ward et al., 2006], skin
fibroblasts [Daibata et al., 2000], leukocytes [Clark
etal., 2006a] and in CSF [Ward et al., 2007], butit should
also be detectable in every sample which contains
human DNA, for example, in the nails, bronchoalveolar
lavage.

CI-HHV-6 is a relatively common phenomenon being
present in 0.2—2.9% of the human population [Tanaka-
Taya et al., 2004; Leong et al., 2007; Ward et al., 2007]
but no study on the incidence of CI-HHV-6 has been
carried out on patients with hematological malignancies
or individuals in Central Europe. The aim of the present
study was to determine retrospectively the prevalence
of CI-HHV-6 among children treated for acute lympho-
blasticleukemia or acute myeloid leukemia in the Czech
Republic and to investigate whether in this cohort of
immunosuppressed patients there were any symptoms
or signs attributable to the CI-HHV-6.

MATERIALS AND METHODS
Patients

This retrospective study was carried out on stored
DNA samples obtained from 339 children and adoles-
cents diagnosed and treated for acute lymphoblastic
leukemia (ALL) (no. of patients—=318; median age at
diagnosis. 5.3 years, range 2 days—18.3 years) or acute
myeloid leukemia (AML) (no of patients=21; median
age at diagnosis 7.5 year., range 3 days—17.7 years)
during the years 1995—-2007. The samples were taken
for the molecular biological detection of fusion genes in
these leukemias (e.g., BCR/ABL, TEL/AMLI1 and any
others which might have had implications for prognosis)
and for quantitation of minimal residual disease during
treatment. Patients were treated according to the
following protocols: ALL-BFM 95, AML-BFM 98, Inter-
national collaborative treatment protocol for infants
under 1 year with acute lymphoblastic leukemia
(Interfant 99 , ALL-BFM REZ 2002, ALL IC-BFM
2002, AML-BFM REZ 2003, AML-BFM 2004. Chemo-
therapy treatment according to the above protocols is
usually between 6 and 12 months long. The patients or
their guardians gave informed consent for use of the
samples for further scientific investigation. The study
was approved by the local ethics committee.

Samples

Samples were taken at diagnosis or during treatment
of the leukemia. DNA was extracted from nucleated

J. Med. Virol. DOI 10.1002/jmv
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blood cells using QIAamp DNA Blood Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
instructions and was then stored at —20°C.

For the present study, a sample that contained
enough DNA was chosen randomly from each patient.
If the patient underwent an allogeneic hematopoietic
stem cell transplant only the pre-transplant samples
were tested. In the patients suspected of CI-HHV-6
because of an abnormally high level of viral DNA of
about one copy/cell [Hubacek et al., 2007b], DNA from
hair follicles and nails was extracted using the QlAamp
DNA Micro Kit (Qiagen) according to the manufac-
turer’s instructions. In those hematopoietic stem cell
transplant recipients with suspected CI-HHV-6, we
tested for HHV-6 DNA in samples obtained during
posttransplant viral surveillance.

Quantitative PCR

The amount of human DNA was determined by
quantitation of the human albumin gene using the
method published by Pongers-Willemse et al. [1998] and
detection simultaneously of fusion genes as a control to
identify false negative results.

In those samples chosen for study, the quantity of
HHV-6 DNA was also measured using the primers and
probe as described by Gautheret-Dejean et al. [2002].
The results were adjusted to 100,000 human genome
equivalents by relating them to the quantity of human
albumin gene DNA. Real-time quantitative PCR
(RQ-PCR) testing was performed on an ABI 7300 machine
(Applied Biosystems, Foster City, CA) or BioRad
iQCyeler (BioRad, Hercules, CA). The PCR reactions
quantifying HHV-6 were carried out in 25 pl containing
1x PCR buffer, 3.5 mM MgCl,, 5% glycerol, 100 pM each
dNTP (Sigma—Aldrich, Prague, Czech Republic), 500
nM primers, 200 nM FAM-labeled probe and 0.5 U
HotStar Taq Polymerase (Qiagen). After 15 min at 95°C,
the samples were amplified by 45 times for 15 secat 94" C
and 1 min at 60°C at which point in each cycle the
fluorescence was measured.

Samples with low levels of HHV-6 DNA were
considered a result of benign viral reactivation during
severe immunosuppression. In patients suspected of
having CI-HHV-6, whose sample contained approxi-
mately 100,000 normalized viral copies (NVCs) of HHV-
6 DNA, all other stored samples acquired during the
treatment were tested. In addition, the hair follicles or
nails of these patients were tested for HHV-6 DNA and
expressed the results as NVCs.

Distinguishing Variant A and B of the Virus

To distinguish between A and B variants of HHV-6 in
patients with CI-HHV-6, a set of variant-specific nested
PCR assays targeted to the immediate early antigen was
used; the sequences of the primers and lengths of
amplicons are listed in Table I. Both rounds of
nested PCR were performed in 15 pl containing of
1x PCR buffer, 3.0 mM MgCl2, 100 uM each dNTP
(Sigma—Aldrich), 600 nM primers and 1 unit of Promega
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TABLE 1. Sequences of Primers Used for Discrimination Between HHV-6 A and B Variants

Designation Sequence

Source Length of the amplicon (bp)

HHV-6-A variant
First round

Forward 5-CTGATATTAAAGTGTTGCCA-3' Our design 321
Reverse 5 -AGGAATCTTCTATCGAATCT-3'

Second round
Forward 5-GGAACCATCTTGTTCTGTCC-3 Nitsche et al. [2001] 276
Reverse 5 -CATGAAGATGATGACAATAAAATG-3

HHV-6-B variant

First round
Forward 5-AACTACTTGAAACTCAAC-3' Our design 223
Reverse 5-CTTTCTGGATTTAGAGTATC-3'

Second round
Forward 5-GAGTTGCTGAGTTGGTAAAGG-3' Nitsche et al. [2001] 142
Reverse 5-GAGACCGGGTCTGGACAACA-3'

Taq polymerase (Promega, Madison®®). The template
volume was 2 pl of DNA in both rounds. The PCR
reactions were performed on an ABI 9700 machine with
the thermal profile consisting of 2 min denaturation at
94"C, followed by 30 cycles of 30 sec at 94°C, 30 sec at
55"Cand 30 secat72"C, and a final extension for 1 min at
72°C. After the first PCR round, the products were
diluted 1:100 with distilled water, before being subjected
to the second round of amplification. The touchdown
principle was used: the thermal profile consisted of
denaturation for 2 min at 94°C, followed by 30 cycles of
30 sec at 94"C, 30 sec of annealing and 20 sec at 72"C.
The annealing temperature was 70°C in the first five
cycles, 67°C in the following five cycles, 65°C in the next
five cycles, and 60" C inthe remaining 20 cycles. The final
synthesis lasted 1 min at 72°C. All samples were tested
in duplicate. Amplicons were detected on a 2% agarose
gel run at approximately 10 V/em for 30 min. With each
run, a negative no-template control, and positive
controls of the A variant (DNA obtained from wviral
culture supernatant, confirmed by sequencing), and the
B variant (from a HHV-6-B positive sample, confirmed
by sequencing) were included.

RESULTS

Three hundred sixty-seven samples of peripheral
blood or bone marrow obtained from the patients were
screened. HHV-6 DNA was detected in 107 samples
(28.3%) from 91 patients (26.8%). In only five of the
patients, was an abnormally high level of HHV-6
DNA detected (approximately 100,000 NVCs; median
of 140,150 NVCs), while in the rest of the positive
patients the median HHV-6 DNA load was only 1.83
NVCs (P < 0.003 by Student’s #-test; see Fig. 1).

In the five patients with a very high HHV-6 DNA load
and hence suspected CI-HHV-6, the presence of HHV-6
DNA were confirmed in hair follicles and in nails as well
as in blood samples (see Fig. 2). The levels detected in all
five patients were very similar both in the blood and the
nails/hair and remained at the same level throughout
treatment with chemotherapy. In four out of the five
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patients HHV-6 A, and in the fifth variant B were
detected. Two of these patients underwent allogeneic
hematopoietic stem cell transplantation and there was
a rapid decline of detectable HHV-6 DNA after the
hematopoietic stem cell transplant in both of patients
[see Fig. 2 and Hubacek et al., 2007a]. The medical
histories of the CI-HHV-6 positive patients were
examined carefully for complications attributable to
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Fig. 1. Amount of HHV-6 DNA detected on screening of samples of
peripheral blood or bone marrow from 91 HHV-6 positive of leukemic
patients.
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Fig. 2. Amount of HHV-6 DNA normalized to 100,000 human genome equivalents detected in blood samples (B), in hair (H) and nails (N) of the

patients with CI-HHV-6.

HHV-6 infection, but none were found. However, in four
patients toxic adverse effects of chemotherapy such as
hepatitis and rash (see Table II) were identified clearly.

DISCUSSION

The overall prevalence of HHV-6 DNA in the pediatric
patients with leukemias was 28.3% which is very similar
to the 37.6% and 30% of HHV-6 positive reported in
hematological patients (both adults and children)
[Ma et al., 2000; Chemaly et al., 2008]. The prevalence
of HHV-6 DNA in the group of pediatric patients studied
is similar to adult data [Ma et al., 2000; Chemaly et al.,
2008] and slightly lower prevalence in comparison
with pediatric patients from China with a prevalence
of 40% [Ma et al., 2000].

After normalizing the HHV-6 DNA load to the
quantity of human genome equivalents, two distinct
levels emerged: one abnormally high level from five

patients with suspected CI-HHV-6 whereas the lower
level observed in the majority was consistent with
virus reactivation. To confirm that low level positivity
represents only viral reactivation, an additional small
prospective study among 22 children treated at Motol
University Hospital was carried out. HHV-6 DNA was
detected in nine children with low positivity (median
load of 20.4 NVCs). HHV-6 DNA was not detected in
control samples from whole blood and nails in any
of these positive children. Therefore, adjustment is
advantageous in patients whose white blood cell count
vary greatly such as leukemic and hematopoietic
stem cell transplant patients during neutropenia, bone
marrow regeneration after chemotherapy or trans-
plantation, and after use of granuloeyte-colony stim-
ulating factor. Thus, despite the differences in the
absolute amount of viral DNA in blood in these patients,
the adjusted ratio to normal makes it easy to distinguish
between abnormally high and lower levels.

TABLE II. Clinieal Features of the Patients With CI-HHV-6

Number of Type of leukemia (age at

patient diagnosig/relapse/HSCT)  Treatment protocols Complications during the treatment
1 ALL (13.9 years) ALL-BFM 95 Hyperkalcemia, bronchopneumonia, enterocolitis,
febrile neutropenia
2 ALL (15.0 years) ALL-BFM 95 Acute renal failure at diagnosis, hepatopathy,
1% allergic reaction after platelets substitution
3 ALL (3.0 years) ALL-BFM 95 No significant complication
(6.4 years) ALL-BFM REZ 2002  Dermatitis after Mtx, infection of central venous
catheter, febrile neutropenia
(6.7 years) HSCT Acute GvHD grade II, hemorhagic cystitis,
polyneuropathy
1 ALL (2.9 years) ALL-BFM 95 No significant complication
(5.4 years) ALL-BFM REZ 2002  No significant complication
(8.3 years) HSCT Deceased due to CMV pneumonia 137 days after HSCT
5 ALL (4.3 years) ALL-IC BFM 2002 Enteritis, febrile neutropenia, asparaginase allergy

ALL, acute lymphoblastic leukemia; AML, acute myeloid lenkemia; HSCT, hematopoietic stem cell transplantation; Mtx, methotrexate; GvHD,

graft versus host disease; CMV, human cytomegalovirus.
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The five patients were suspected to have CI-HHV-6 on
the basis of an HHV-6 DNA load of about one copy/cell
(about 100,000 NVCs), that is, at the abnormally high
level already demonstrated in CI-HHV-6 [Ward et al.,
2006; Hubacek et al., 2007h]. Two were confirmed with
CI-HHV-6 based on the detection of HHV-6 DNA in hair
follicles at a level of about one copy/cell and the other
three had viral DNA in the nails at a level of about one
copy/cell. DNA extracted from the nails can therefore be
also used for confirmation of CI-HHV6 as is used for
studies of chimaerism after hematopoietic stem cell
transplant [Uchida et al., 1996].

The prevalence of 1.4% CI-HHV-6 among the patients
studied is in agreement with published observations
on Japanese patients referred to Osaka University
Hospital (0.2%) [Tanaka-Taya et al., 2004], UK blood
donors (0.8%) [Leong et al., 2007], CSF samples from UK
children younger than 2 years of age (2.0%) or older
(1.3%) [Ward et al., 2007] and in patients referred to the
Royal Free Hospital, London (2.9%) [Leong et al., 2007].

Importantly, clinical problems attributable to CI-
HHV-6 have not been observed in the present study.
Hepatitis, neuropathy, skin rash and other complica-
tions which occurred in the patients with CI-HHV-6
were those also present commonly in the rest of our
patients treated for leukemia. All are well known side
effects of chemotherapy or allergic reactions following
the repeated administration of blood derivatives and
in all the CI-HHV-6 cases there was always a clear
relationship between such symptoms and therapeutic
procedures. Furthermore, without any complications
related to HHV-6, Patients 3 and 4 had a rapid decline of
detectable HHV-6 DNA in whole blood after allogeneic
hematopoietic stem cell transplant which correlated
inversely with replacement of their hematopoietic
system with that of the donor who did not have
CI-HHV-6 [Hubacek et al., 2007al.

In conclusion, the data strongly suggests that CI-
HHV-6 is not able to reactivate from its chromosomal
site to give rise to active infection even under immuno-
supression induced by chemotherapy. Therefore, the
highest risk for patients with CI-HHV-6, in whom
high levels of HHV-6 DNA are detected, remains an
unnecessary and ineffectual use of toxic antivirals
[Hubacek et al., 2007b] and the failure to search further
for the true cause of unexplained clinical problems.
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Abstract:

We report two patients with a high human herpesvirus 6 (HHV-6) DNA load in
peripheral blood that is characteristic of chromosomally integrated (Cl) HHV-6. CI
was confirmed by FISH in both cases. Both patients received a haematopietic stem
cell transplant (HSCT) from a donor without Cl HHV-6. After HSCT we observed a
marked decrease of the HHV-6 DNA load in blood which correlated inversely with
engraftment of donor haematopoietic cells. Both patients died due to cytomegalovirus
(CMV) complication. At autopsy high amounts of CMV DNA were detected in lung
tissue in both patients but this was at lower levels in the other organs tested. In
contrast HHV-6 DNA was detected at a similar high level throughout the bodies of
both patients with the exception of donor-derived haematopoietic tissue. Our
observations confirm that in individuals with CI, HHV-6 DNA is found in every tissue

of recipient origin indicating inheritance through the germ line.
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INTRODUCTION

Human herpesvirus 6 (HHV-6) is a member of the B-herpesvirus family. It has two
variants A and B (HHV-6A & B), but so far only active infection with HHV-6 B has
been associated with distinct clinical symptoms (1). In the general population primary
infection with variant B sometimes causes sixth disease (exanthem subitum), a
benign exanthematous illness of early childhood. HHV-6 stays latent lifelong in form
of episomic DNA (1). In the setting of allogeneic haematopoietic stem cell
transplantation, detection of HHV-6B has been associated with delayed engraftment

of platelets and monocytes (2, 3), encephalitis (4, 5), hepatitis (2) or fever and rash

(6).

In some individuals, the HHV-6 genome has the ability to integrate in a persistent
latent state into the chromosomes (7). Either variant of the virus can be integrated
and several different loci have been identified using fluorescent in situ hybridization

(FISH) (8-10).

So far, no evidence of pathological consequences of such integrated viral DNA or its
proteins has been reported. Persons with chromosomally integrated HHV-6 DNA
have at least one copy of HHV-6 DNA per cell in their leukocytes and also in hair
follicles (11) suggesting transmission in the germ line. Indeed there is evidence that
chromosomally integrated HHV-6 is inherited vertically and passes from parent to
child (8). It can therefore be presumed that chromosomally integrated HHV-6 viral
DNA is present in every cell type in the body although direct evidence for this is

lacking.
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In the present study we investigated the HHV-6 DNA load in many different tissues of
two haematopoietic stem cell transplant (HSCT) recipients with chromosomal
integration, both of whom died of CMV pneumonitis, and compared the levels with

those due to the CMV infection.
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VIROLOGICAL TESTING
Weekly surveillance for CMV and HHV-6 DNA was started before the beginning of
the conditioning regimen and continued after HSCT. DNA was extracted from whole
blood samples according to manufacturer’s instruction using the QlAamp Blood Mini
Kit (Qiagen, Hilden, Germany), and from hair follicles and autopsy samples using the
QlAamp Mini Kit (Qiagen, Hilden, Germany). Quantitative PCR for CMV and HHV-6
DNA was based on published assays (12, 13) In addition the amount of albumin
gene DNA was measured in each sample (14) so as to relate the viral findings to the
amount of human genomic DNA. As described previously (15), the results were
expressed as normalised viral copies (NVCs) by dividing the number of viral copies
per sample by the number of albumin gene copies multiplied by 100,000. HHV-6

variants A and B were identified by nested PCR as previously described (16).

FLUORESCENT IN SITU HYBRIDISATION (FISH) FOR HHV-6

Blood samples for FISH were taken before HSCT. Using established protocols (17),
chromosome preparations were made from the patient’s phytohaemagglutinin (PHA)-
stimulated peripheral blood leucocytes (72 hour cultures). Dividing cells were
captured and karyotyped using SmartCapture/SmartType FISH stations (Digital
Scientific Ltd, Cambridge, UK) equipped with a Zeiss Axiophot microscope. The site
of HHV-6 genome integration was assessed by FISH and results described
according to ISCN 2005 (18). Between 44 and 50 metaphase cells from every cell
culture were analysed in order to exclude chromosomal mosaicism of HHV-6

integration at the 99% confidence limit (19).
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HHV-6-specific probes: As described by Clark and colleagues (20), a cocktail of 8
plasmids — containing between 9kb and 16kb inserts of the HHV-6 genome and
covering about 60% of the viral genome but not overlapping — was used as a FISH
probe (7 plasmids kindly provided by Dr Scott Schmid, Centers for Disease Control,
Atlanta, USA, and plasmid pZHV14 kindly provided by Professor Ruth Jarrett,
University of Glasgow, UK). The pool of HHV-6 plasmids was labelled with
SpectrumGreen dUTP [Vysis, Maidenhead, UK] using nick translation and 100ng of
HHV-6 probe was added to each chromosome preparation prior to incubation
overnight at 37°C. After post-hybridization steps, chromosomes were counterstained

with diamino-2-phenylindole for identification of the target chromosome.

Control probes: These comprised locus-specific probes for 9q34.13-2 (genome
address 132.88-133.08) and 18q21.33 (genome address 58,986,452 — 59, 152, 195)
l.e. bacterial artificial chromosomes (BAC) clones RP11-326L24 and RP11-111L3,
respectively (BACPAC Resources Center, Children’s Hospital Oakland Research

Institute, Oakland, CA, USA, http://bacpac.chori.org ). BAC clones were grown in LB

medium with chloramphenicol (12.5 pg/ml), extracted with a QIAGEN Large-
Construct Kit (Qiagen, West Sussex, UK) and labelled with Spectrum Orange dUTPs

by nick translation (Vysis).

CASE REPORTS

Patient 1

A woman diagnosed at 33 years of age with acute myeloid leukaemia (AML) with
Auer rods (M2) was treated with idarubicin and cytarabine, FLAG-IDA and

consolidation with high dose cytosine arabinoside. During chemotherapy she
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experienced phlegmon around her central venous catheter which was treated with
antibiotics. Interstitial pneumonia was treated with a combination of antibiotics,
antivirals and antifungals. A repeatedly high level of HHV-6 variant A DNA in blood
led us to test for viral chromosomal integration.

At 34 3 yrs. of age in the patient’s first complete remission she received an allogeneic
HSCT from a mismatched unrelated donor. The patient was cytomegalovirus (CMV)
seropositive before transplant. Conditioning consisted of fludarabine 175 mg/m?,
cytarabine 1Og/m2, idarubicin 309/m2, antithymocyte globulin (ATG) in a total dose of
40mg/kg and 12 Gy of total body irradiation. The patient received 13.1x10° nucleated
cells /kg which included 6.76x10° CD34+ cells/kg. Graft versus host disease (GvHD)
prevention consisted of cyclosporin A and mycophenolate mofetil. Acyclovir
prophylaxis against herpes simplex virus was initiated nine days before

transplantation and continued for 2 months.

On the 22™ day after transplant (D+22) the absolute neutrophil count (ANC) was
more than 0.5 x 10°/ L. Valganciclovir (VGCV) therapy was started on D+54
because of high level CMV DNA in blood. CMV DNAaemia persisted despite
continued therapy with VGCV, ganciclovir (GCV), foscarnet and cidofovir (Figure 1A).
Treatment was complicated by development of GCV-resistant CMV identified by
restriction enzyme analysis as the mutation A594V in UL97 gene (21). The patient
developed GvHD grade Il (gut involvement) on D+115 and was treated with steroids.
On D+260, the patient developed CMV pneumonia. From D+320 the respiratory
function was worsening and she died of respiratory failure on D+325. At autopsy

samples of many different organs were taken for virological analysis.
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Patient 2

A boy diagnosed at 6 yrs. of age with acute lymphoblastic leukaemia (ALL) was
treated according to the BFM ALL 95 protocol. He subsequently relapsed twice (first
with disease restricted to bone marrow and secondly with it in both bone marrow and
testes). At 11.5 yrs of age he received an allogeneic HSCT. The patient was CMV
seropositive before transplant. A high level of HHV-6 variant B DNA in pre-transplant
samples led us to test for viral chromosomal integration (see below). The
conditioning regimen consisted of fludarabine (total 160 mg/mz), etoposide 40 mg/kg,
total body irradiation (12 Gy) and ATG (total dose 40 mg/kg). Two different cord
blood grafts (one male, one female) were used together, respectively 4.02x10’
nucleated cells/kg and 5.82x10" nucleated cells’kg. GvHD prevention consisted of
cyclosporin A and mycophenolate mofetil. Acyclovir prophylaxis against herpes
simplex virus was initiated shortly before transplantation and continued for about 1
month.

On D+27 the ANC was more than 0.5 and eleven days later the patient developed
GvHD grade Il (gut involvement) which was treated with steroids. Foscarnet therapy
was started on D+39 because of CMV reactivation and GCV was added later (Figure
1B). BK virus positive haemorrhagic cystitis developed on D+65. On D+94, severe
GvHD presented with vomiting, diarrhoea, deterioration of liver function and
pancytopenia, and immunosuppression was therefore increased. On D+116, CMV
DNAaemia increased despite continuing antiviral therapy (Figure 1B) and we proved
the presence of GCV-resistant virus (mutation L595S of the UL97 gene) by restriction
enzyme analysis (21). Shortly afterwards the patient developed hypoxia and fever
and chest X-ray confirmed interstitial pneumonitis. Simultaneously, there was an

iIncrease in liver enzymes (ALT 19.4 pkat/L, AST 23.0 pkat/L) and bilirubin therefore 3
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doses of rituximab (375 mg/mz) were administered in an attempt to modulate
possible GvHD. On D+124 cidofovir and CMV hyperimmune globulin were added to
the antiviral therapy (Figure 1B). Chest X-ray showed worsening of the pneumonitis
and the patient was transferred to the Intensive Care Unit where CMV DNA was
detected in an endotracheal aspirate. The patient’s clinical status deteriorated and he
died on D+135 from respiratory failure. At autopsy samples of many different organs

were taken for virological analysis.
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RESULTS AND DISCUSSION
For both patients high levels of HHV-6 DNA of about 5 log1o NVCs (i.e. about 1 copy
of HHV-6 DNA per cell) were detected repeatedly in whole blood before HSCT and
chromosomally integrated HHV-6 was confirmed by the detection of HHV-6 DNA in
both patients’ hair follicles (Figure 2). In addition, both patients had chromosomally
integrated HHV-6 at a telomeric site confirmed by FISH before HSCT (Figure 3); in
patient 1 HHV-6 was integrated on a marker chromosome of unknown origin and in
patient 2 at 18p11.3 . The finding of integration on 18p adds a new site to the 7

others already identified (9).

Both patients had a high HHV-6 DNA load in blood before transplant (median loads
of 5.14 log1o NVCs and 4.89 log1o NVCs, respectively) that dropped markedly after
transplant to a low level (median load of 1.68 logg NVCs and 2.20 logqg NVCs,
respectively) (Figure 1A and 1B) and correlated inversely with engraftment of the
donor haematopoietic cells which lacked chromosomally integrated HHV-6. These
findings confirm and extend our earlier report on an HSCT recipient with
chromosomally integrated HHV-6 who received stem cells from a donor not so

affected (15).

In contrast, the many non-haematopoietic tissues tested (Figures 2A and 2B) showed
a high level of HHV-6 DNA (median loads of 4.46 logio NVCs and 4.52 logio NVCs,
respectively) equivalent to about 1 copy/cell that was very similar to that found in the
blood and hair follicles before HSCT confirming chromosomally integrated HHV-6 in
every cell of recipient origin. Finally, it should be noted that tissues consisting

predominantly of lymphohaematopoietic cells, namely spleen and bone marrow, gave
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somewhat lower median loads (3.31 logo NVCs and 3.25 logg NVCs, respectively)

than the other tissues presumably reflecting large numbers of cells of donor origin

lacking chromosomally integrated HHV-6.

As regards final proof of HHV-6 in the germ line of patients 1 and 2, it should be
noted that ovarian tissue was not sampled in patient 1 and in the case of patient 2
although testis tissue was tested it cannot be determined whether or not the sample
contained spermatocytes, spermatids and spermatozoa. In fact it seems that they
were most probably destroyed before HSCT by the conditioning which included total
body irradiation. Thus the high levels of HHV-6 DNA recorded in the testis might
have been only in interstitial and Sertoli cells. However, the finding of characteristic
high levels of HHV-6 DNA in so many disparate tissues despite prolonged therapy for
CMV infection with multiple antivirals all of which also have activity against replicating
HHV-6 provides compelling support for integration of the virus into the germ line
without significant reactivation. In this connection a similar lack of response to
antivirals of high levels of viral DNA in the peripheral blood of a patient with severe
aplastic anaemia and chromosomally integrated HHV-6 has already been reported

(22).

On the other hand, CMV (which is closely related to HHV-6) is well known to cause
severe complications and mortality as a consequence of reactivation after HSCT (23-
25). Indeed, both of the present patients died in consequence of CMV pneumonitis.
In contrast to the finding of high level HHV-6 DNA in blood before HSCT, CMV DNA
was not detected until it reactivated post-transplant (Figures 1A and 1B).

Furthermore, the level of CMV DNA in blood responded to antiviral therapy although
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ultimately unsuccessful because of ganciclovir resistance and continuing
Immunosuppression. Interestingly, in the present situation where active CMV
replication caused lung disease with severe organ destruction extremely high levels
of viral DNA (medians 5.27 logio NVCs and 5.46 logis NVCs, respectively in patients

1 and 2) were found only in affected tissue rather than throughout the body as was

the case for chromosomally integrated HHV-6 (Figures 2A and 2B).

The present finding of HHV-6 DNA in all tissues sampled clearly points to inheritance
of viral integration via the germ line. Because of this HHV-6 DNA levels were
unaffected by antiviral therapy in contrast to the active CMV infection. Once again
therefore, it is evident that interpreting high HHV-6 DNA levels as active infection and
attempting to treat this with potentially toxic antivirals is unacceptable in the absence
of relevant clinical signs and symptoms. In all such cases the presence or absence of
chromosomal integration should be established before embarking on therapy. Further
studies on the natural history of the intriguing phenomenon of HHV-6 chromosomal

Integration are needed to help in clinical practice.

ACKNOWLEDGEMENTS

The work was supported by MZ 000064203 and MSM 0021620813. K. N. Ward
acknowledges funding from the National Institute for Health Research through the
University College London/University College London Hospitals Comprehensive
Biomedical Research Centre and E. P. Nacheva acknowledges Leukaemia Research

Fund grants 05079 and 05098.

97



Clanek ;

Reference:

1.

Ward KN. The natural history and laboratory diagnosis of human herpesviruses-6
and -7 infections in the immunocompetent. J Clin Virol. 2005 Mar;32(3):183-93.
Ljungman P, Wang FZ, Clark DA, Emery VC, Remberger M, Ringden O, et al.
High levels of human herpesvirus 6 DNA in peripheral blood leucocytes are
correlated to platelet engraftment and disease in allogeneic stem cell transplant
patients. Br J Haematol. 2000;111(3):774-81.

Zerr DM, Corey L, Kim HW, Huang ML, Nguy L, Boeckh M. Clinical outcomes of
human herpesvirus 6 reactivation after hematopoietic stem cell transplantation.

Clin Infect Dis. 2005 Apr 1;40(7):932-40.

. Bethge W, Beck R, Jahn G, Mundinger P, Kanz L, Einsele H. Successful

treatment of human herpesvirus-6 encephalitis after bone marrow transplantation
Bone Marrow Transplant. 1999 Dec;24(11):1245-8.

Yoshihara S, Kato R, Inoue T, Miyagawa H, Sashihara J, Kawakami M, et al.
Successful treatment of life-threatening human herpesvirus-6 encephalitis with
donor lymphocyte infusion in a patient who had undergone human leukocyte
antigen-haploidentical nonmyeloablative stem cell transplantation.
Transplantation. 2004 Mar 27;77(6):835-8.

Sashihara J, Tanaka-Taya K, Tanaka S, Amo K, Miyagawa H, Hosoi G, et al.
High incidence of human herpesvirus 6 infection with a high viral load in cord
blood stem cell transplant recipients. Blood. 2002;100(6):2005-11.

Luppi M, Marasca R, Barozzi P, Ferrari S, Ceccherini-Nelli L, Batoni G, et al.
Three cases of human herpesvirus-6 latent infection: integration of viral genome

in peripheral blood mononuclear cell DNA. J Med Virol. 1993 May;40(1):44-52.

98



Clanek "

8. Daibata M, Taguchi T, Nemoto Y, Taguchi H, Miyoshi I. Inheritance of
chromosomally integrated human herpesvirus 6 DNA. Blood. 1999 Sep
1,94(5):1545-9.

9. Nacheva EP, Ward KN, Brazma D, Virgili A, Howard J, Leong HN, et al. Human
herpesvirus 6 integrates within telomeric regions as evidenced by five different
chromosomal Sites. J Med Virol. 2008 Sep 23;80(11):1952-8.

10.Torelli G, Barozzi P, Marasca R, Cocconcelli P, Merelli E, Ceccherini-Nelli L, et al.
Targeted integration of human herpesvirus 6 in the p arm of chromosome 17 of
human peripheral blood mononuclear cells in vivo. J Med Virol. 1995
Jul;46(3):178-88.

11.Ward KN, Leong HN, Thiruchelvam AD, Atkinson CE, Clark DA. HHV-6 DNA level
in CSF due to primary infection differs from that in chromosomal viral integration
and has implications for the diagnosis of encephalitis. J Clin Microbiol. 2007 Jan
17,45(4):1298-304.

12.Tanaka N, Kimura H, lida K, Saito Y, Tsuge |, Yoshimi A, et al. Quantitative
analysis of cytomegalovirus load using a real-time PCR assay. J Med Virol.
2000:60(4):455-62.

13.Gautheret-Dejean A, Manichanh C, Thien-Ah-Koon F, Fillet AM, Mangeney N,
Vidaud M, et al. Development of a real-time polymerase chain reaction assay for
the diagnosis of human herpesvirus-6 infection and application to bone marrow
transplant patients. J Virol Methods. 2002 Feb;100(1-2):27-35.

14.Pongers-Willemse MJ, Verhagen OJ, Tibbe GJ, Wijkhuijs AJ, de Haas V, Roovers
E, et al. Real-time quantitative PCR for the detection of minimal residual disease
in acute lymphoblastic leukemia using junctional region specific TagMan probes.

Leukemia. 1998 Dec;12(12):2006-14.

99



Clanek *

15.Hubacek P, Hyncicova K, Muzikova K, Cinek O, Zajac M, Sedlacek P.
Disappearance of pre-existing high HHV-6 DNA load in blood after allogeneic
SCT. Bone Marrow Transplant. 2007 Oct;40(8):805-6.

16.Hubacek P. MK, Hrdlickova A., Cinek O., Hyncicova K., Hrstkova H., Sedlacek P.,
Stary J. Prevalence of HHV-6 integrated chromosomally among children treated
for acute lymphoblastic or myeloid leukaemia in the Czech Republic. Journal of
Medical Virology (in press).

17.Gribble SM, Reid AG, Roberts |, Grace C, Green AR, Nacheva EP. Genomic
imbalances in CML blast crisis: 8924.12-924.13 segment identified as a common
region of over-representation. Genes Chromosomes Cancer. 2003
Aug;37(4):346-58.

18.Shaffer LG, Tommerup N editors ISCN 2005: An international system for human
cytogenetic nomenclature. Basel: S. Karger, Switzerland; 2005.

19. Hook EB. Exclusion of chromosomal mosaicism: tables of 90%, 95% and 99%
confidence limits and comments on use. Am J Hum Genet. 1977 Jan;29(1):94-7.

20.Clark DA, Nacheva EP, Leong HN, Brazma D, Li YT, Tsao EH, et al.
Transmission of integrated human herpesvirus 6 through stem cell
transplantation: implications for laboratory diagnosis. J Infect Dis. 2006 Apr
1;193(7):912-6.

21.Chou S, Erice A, Jordan MC, Vercellotti GM, Michels KR, Talarico CL, et al.
Analysis of the UL97 phosphotransferase coding sequence in clinical
cytomegalovirus isolates and identification of mutations conferring ganciclovir
resistance. J Infect Dis. 1995 Mar;171(3):576-83.

22.Hubacek P, Maalouf J, Zajickova M, Kouba M, Cinek O, Hyncicova K, et al.

Failure of multiple antivirals to affect high HHV-6 DNAaemia resulting from viral

100



Clanek *
chromosomal integration in case of severe aplastic anaemia. Haematologica.
2007 Oct;92(10):298-e100.

23.0zdemir E, Saliba RM, Champlin RE, Couriel DR, Giralt SA, de Lima M, et al.
Risk factors associated with late cytomegalovirus reactivation after allogeneic
stem cell transplantation for hematological malignancies. Bone Marrow
Transplant. 2007 May 28.

24 . Griffiths PD, Cope AV, Hassan-Walker AF, Emery VC. Diagnostic approaches to
cytomegalovirus infection in bone marrow and organ transplantation. Transpl
Infect Dis. 1999 Sep;1(3):179-86.

25.Leruez-Ville M, Ouachee M, Delarue R, Sauget AS, Blanche S, Buzyn A et al.
Monitoring cytomegalovirus infection in adult and pediatric bone marrow
transplant recipients by a real-time PCR assay performed with blood plasma. J

Clin Microbiol. 2003 May;41(5):2040-6.

101



Clanek "
Figure 1. Monitoring of HHV-6 and CMV DNA loads together with course of antiviral
therapy in peripheral blood pre- and post-HSCT (haematopoietic stem cell transplant)

in patient 1 (A) and patient 2 (B).
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Figure 2. Comparison of HHV-6 and CMV DNA loads in hair follicles, peripheral
blood pre- and post-HSCT (haematopoietic stem cell transplant) and various autopsy

samples in patient 1 (A) and patient 2 (B). Abbreviations: medul.-medulla, |.-lobe.
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Figure 3.
FISH mapping of HHV-6 chromosomal integration (CI) sites in patients 1(A) and
2(B). FISH images of representative dividing cells and interphase cells showing the
signals from the HHV-6-specific probe in green (indicated by an arrow) and control
probes in red: (A) Chromosomal integration on a marker chromosome. Dividing cell
(on the left) shows HHV-6 signal on a marker chromosome while the control probe
(BAC RP11-326L34) gives two signals on both homologues at 9934.4. Right top
shows DAPI (diamino-2-phenylindole) counterstained interphase cell and right
bottom with stain removed to enhance the FISH signals and the boundary marked in
yellow appearance. (B) Chromosomal integration at 18p11.3. Dividing cell on the left
shows HHV-6 signal from one homologue of chromosome 18 while the control probe
(RP11-111L3) gives two signals on both homologues at 18g21.33. Right top shows
enlarged image of the homologue of chromosome 18 with Cl HHV-6 and right bottom

interphase cell with DAPI counterstain removed to enhance FISH signals.
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9.3. HHV-7

Pritomnost HHV-7 jsme testovali v celkem 6 792 vzonodd 217 dtskych pacienit 7 822 vzorcich od
382 pacient dosglych. HHV-7 DNA jsme detekovali v 319 vzorcich od &tskych pacierit (28,6%) a
141 vzorcich od 51 pacigntlosglych (13,4%). Median pozitivity byl 3,45 kopie HH¥a 10 000 g.e.
(rozmezi 0,17 — 7 689 kopi) wtil a 1,69 kopie HHV-7 na 10 000 g.e. (rozmezi 0,195 kopie) u
dosgglych. U Zadného z naSich pacigfgme nepozorovali symptomy HHV-7 reaktivace.

ProtoZze jsme meziétskymi pacienty detekovali HHV-7 relati¥gasto, zaujal nddanek publikovany
kanadskymi kolegy o vyskytu HHV-7 mezitchi, které také pratlaly alogenni HSCT. U kanadskychtid
byl vS§ak HHV-7 detekovan pouze v 5,5% padieroto jsme v reakci na tenitanek ve fornd dopisu
editorovi publikovali naSe zkuSenosti s timto virefajimavosti, ktera az dosud nebyla nikde pubkkay

je praikaz HHV-7 DNA také ve vzorcich&iu a vzorcich periferni krve dédr¢clanekg. 8).
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Letters to the Editor 935

Incidence of HHV7 in Donors and Recipients of Allogeneic
Hematopoietic Stem Cell Transplantation

To the Editor: We read with the great interest the article of by
Khanani et al. [1] and were surprised with the extremely low
incidence of detected Human Herpesvirus 7 (HHV7) in paediatric
hematopoietic stem cell transplant (HSCT) recipients, which is not
in agreement with our experience. The incidence in the allogeneic
setting was 5.5% (9/163) with the median of detection 21 days after
HSCT. It would have been interesting to see the total number of
tested samples in different categories (blood, plasma, other body
fluids, tissue) and the separation of that cohort concerning patients
on ganciclovir (GCV) prophylaxis as possible explanation for the
low HHV7 incidence. In the article and in the reference about
the PCR methods [2] we were not able to find the sensitivity of
the HHV7 assay. The lower incidence may be then also explained by
the lower sensitivity of assay.

Inourinstitution, we have tested HHV7 in similar clinical setting
with the exception of GCV prophylaxis. All patients received
acyclovir prophylaxis, while GCV was used to treat CMV pre-
emptively based on the results of weekly PCR monitoring. Viral
detection is based on DNA extraction from whole blood. The results
are normalized to 10,000 human genome equivalents quantified
using the albumin gene. The sensitivity of both the HHV7 and
albumin gene detection are down to 5 copies per reaction.

Up to May 2007, we tested for HHV7 2,546 blood samples
obtained from 125 patients transplanted between February 2000 and
May 2006 (median age at HSCT 9.13 years). Two hundred seventy-
eight samples from 56 patients (44.8%) contained more than 1
normalized viral copy (NVC), more than 10 NVCs contained
samples from 26 patients (20.8%) and more than 100 NVCs were
detected in only 5 patients (0.04%). In 72 patients from our cohort,
we found no impact of viral reactivation on clinical features (e.g.,
presence of fever, pneumonia, thrombocytopenia). With regard to
the predictors of the reactivation of HHV7 at level 10 NVCs, we
have found that a higher dose of CD34+ cells in the graft and use of
busulfan increased the probability for HHV7 detection during post-
transplant surveillance. HSCT with related donor compared to
unrelated resulted in a 4.5-fold increase in risk of HHV7Y
reactivation. Compared to Khanani et al. [1], we found a positive
association of HHV7 and HHV6 detection while there was no
relation between HHV7 and CMV and EBV.

Interestingly, we were able to detect HHV7 DNA in © unrelated
and 5 related donors out of 30 donors tested (21 unrelated and
9 related donors) and observed no clinical consequence for the
recipient. The quantity of HHV7 DNA in these cases was below
100 NVCs (median 7.5, range 0.6—-88). Because the graft for HSCT
is obtained in donors without any clinical sign of infection, we

© 2007 Wiley-Liss, Inc.

DOI 10.1002/pbc.21436

Published online 19 December 2007 in Wiley InterScience
{(www.interscience.wiley.com)

suggest this level as a non-clinically important in term of latent
HHV7, at least for immunocompetent host. Compared to Khanani
et al., higher incidence observed in our cohort is similar to other
published works [3.4] and may be caused by the higher sensitivity of
our PCR assay.
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10. Detekcey-herpesvit — EBV

Pritomnost EBV jsme testovali v celkem 7 334 vzorobch217 dtskych a a 8 133 vzorcich od 382
dosglych pacieni. EBV DNA byla detekovana celkem v 2 304 vzorcidi,4%) od 175 é&skych
(80,6%) a 1 032 vzorcich (12,7%) od 222 dbggh (58,1 %) pacieritpo HSCT.

VySSi normalizovana kvantita kolem 1 000 kopii ta0D0 g.e., kter4 se podle naSich dosavadnich
zkuSenosti s detekci a klinickymi projevy EBV-LPBézjako vhodna hranice pro vysoce suspektni EBV-
LPD, byla gekratena pouze u 25&tkkych pacierit a 9 paciernit dosglych. Mezi dtskymi pacienty po
HSCT jsme kvantifikovali EBV také u 4 paciérzentelych fed zavedenim pravidelné detekce na EBV-
LPD. U dalSich 6 &tskych pacierit jsme pak pozorovali klinické znamky EBV-LPD ve stwyproliferace
B lymfocyti v periferni krvi a u vSech se nam pittadalSimu rozvoji nemoci zabranit podanim anti-CD
20 protilatky (rituximab/MabThera). U jednohogtského pacienta doSlo v rdmci postransplarita
proliferace aZ krozvoji mnoltetného EBV pozitivniho lymfomu ipdevSim v oblasti Zaludku
dokumentovaném také na scanu pozitronové emisrogaafie (PET) (viz obrdzek 21). Tento pacient byl
nasleds prelé&en podle standardniho protokol¢hg lymfomi. U jednoho dosfiého pacienta jsme EBV-
LPD v lokalizované forradetekovali a usgre prel&ili také.

Na zéklad retrospektivnich vyS&tvani pacierit s prokdzanou EBV-LPD i prospektivnich pacignt
kterych se poddo lymfoproliferaci detekovat v perirni krvi pombpritokové cytometrie, jsme hranici
1000 kopii na 10000 g.e. dilr jako vysoce suspektni z EBV-LPD a v sagném diagnosticko-
terapeutickém postupu je dosaZeni této hranickaddik vySeteni patokovou cytometrii, pro potvrzeni
diagn6zy EBV-LPD. Potvrdi-li toto vySeni proliferaci B lymfocyil, pak je pacient indikovan k podani
monoklonalni protilatky rituximab.

NaSe zkuSenosti s EBV-LPDietre dokumentovani proliferace B lymfodya (Einku rituximabu na
tuto proliferaci jsme publikovali ¢asopise |ékid ¢eskych ¢laneké. 9). U jednoho z&skych pacierit
transplantovanych pro vzacny imunodeficit (DiGemrgsyndrom) jsme také pozorovali EBV-LPD a
aspEsre ji rituximabem zal&li. Tuto transplantaci jsme podrobmopsali wlanku gijatém do Pediatric

transplantationd{fanek¢. 10).
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Obrazek 21.
PET scan pacienta s lymfomem vyvinutym na za&kfsatransplanini EBV-LPD. Zluto-oranZova mista

zachycuji mista akumulace podané latky — taggevsim lymfom.

Nehodgkinovsky
lymfom
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Kvantifikace EBV u déti po alogenni transplantaci
hematopoetickych kmenovych bunék

I ZHubacek P., ?Cinek O., *Kulich M., *Zajac M., 'Keslova P., 'Formankova
R., IStary J.. 'Sedlacek P.
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ABSTRAKT

Vychodisko. Cilem bylo zavést kvantifikaci virové ndloze viru Epsteina a Baarové (EBV) u détskych pacienti po alo-
genni transplantaci hematopoetickych kmenovych bungk (HSCT), charakterizace pritbéhu virové ndloZe u Gyt fatdl-
nich piipadli lymfoproliferativni nemoci (EBV-LPD) a testovini rizikovych faktor(i pro reaktivaci EBV.

Metody a vysledky. Retrospektivné jsme kvantifikovali EBV v sérii vzorki od éty¥ déti zemielvych na potransplan-
tacni EBV-LPD v roce 2000. Nasledné jsme v letech 2001-2004 prospektivné sledovali 72 déti po alogenni HSCT.
Virus jsme vySetfovali pomoci kvantitativni real-time PCR z krve odebirané v (ydennich intervalech prvni tfi mésice
po HSCT. pozdgji pii ambulantnich kontrolich. Retrospektivni vySetfeni vzorkil zemfelych pacientd ukdzalo. Ze
vichni pfekrodili hladinu 1 milionu kopii EBV (normalizovino na 100 000 lidskych genomovyeh ekvivalenta) a 7e
prvni detekee reaktivovaného EBV predchdzela timrti o 24-91 dni. Z prospektivng sledovanych pacientii byla pre-
kro¢ena hladina 100 normalizovanych kopii EBV u 48 (67 %) d&ti, 1000 u 13 (18 %) pacientii. Hladinu 10 000 kopii
pickrocili 4 pacienti, u tfi z nich byla prokizina EBV-LPD, a byli dspéin¢ léfeni monoklonalni protilitkou proti
CD20. Vyskyt EBV po HSCT nelze spolehlivé predikovat ze Zidnych parametrii primdrniho onemocnéni nebo trans-
plantace.

Zavéry. Kvantifikace EBV v pravidelnych ¢asovych intervalech po alogenni HSCT je vhodnou metodou pro Casné
odhaleni ristu ndloZe viru. Hladina 10 000 virovych kopii/100 000 lidskych genomovych ekvivalenti dobie prediku-
Jje EBV-LPD, av3ak je stile bezpecnd pro ¢asnou specifickou terapii.

Klicova slova: EBV, lymfoproliferativni nemoc, transplantace hematopoetickych kmenovych bungk, PCR.

ABSTRACT

Hulricek P, Cinek O, Kulich M. et al.: EBV Quantification in Children Undergoing Allogeneic Hematopoietic Stem
Cell Transplantation
Background. Patients undergoing allogeneic hematopoietic stem cell transplantation (AHSCT) are endangered by
developing Epstein-Barr virus-related post-transplant lymfoprolipherative disease (EBV-LPD). The aims of the study
were to retrospectively characterise the viral loads in four patients who died of this complication, and to test possib-
le risk factors for EBV reactivation in a prospectively observed cohort of children after AHSCT.
Methods and Results. Serial DNA samples extracted from whole blood from four patients who died of post-trans-
plant EBV-LPD in year 2000 were retrospectively analysed for EBV load using quantitative real-time PCR. First
detection of EBV activation preceded death by 24-91 days. All four patients exceeded a viral load of one million EBV
copics per 100,000 human genome equivalents. A cohort of 72 children undergoing AHSCT between 2001-2004 was
prospectively followed-on using the same quantification method from regularly obtained samples of whole blood, and
clinical and laboratory data were recorded on a weekly basis, totalling at 3.896 person-weeks of abservation. Appro-
ximately one half of the cohort experienced at least one episode of EBV reactivation during the first 100 days after
AHSCT, four of the episodes being accompanied with viral loads higher than our provisional threshold of 10,000
copies per 100,000 human genome equivalents. Three of the four patients developed EBV-LPD and were successful-
ly treated by intravenous administration of anti-CD20 antibody. Testing of possible clinical and laboratory predictors
of EBV reactivation did not reveal any clinically useful association.
Conclusions. The cornerstone of predicting EBV-LPD in AHSCT is a regular monitoring of EBV viral load using
quantitative methods. Using this strategy with a threshold of 10,000 EBV copies per 100.000 human genome equi-
valents was proved to be effective, as shown by no death of EBV for the study period, compared to four cases in the
year before the quantitative monitoring.
Key words: EBV, lymphoproliferative disease. allogeneic haematopoietic stem cell transplantation, PCR.
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Virus Epsteina a Barrové (EBV), &tvrty lidsky herpesvirus
(HHV4) z podéeledi gama-herpesvirt, je asi 100 nm velky
obaleny virus s dvojvldknovou DNA délky okolo 170 kpb. Povr-
chovym receptorem pro EBV je molekula CD21 pfitomnd na povr-
chu B lymfocytd (1), které jsou jeho hlavnimi cilovymi buiikami.
U bézné populace je EBV hlavné pricinou infekéni mononukleodzy,
ale miZe zphsobovat i chronické aktivni infekee (2). Byl také aso-
ciovian s nékterymi malignimi onemocnénimi, af uz s hodgkinsky-
mi lymfomy (3) ¢i s nazolaryngedlnim karcinomem (4).

U pacientl v imunosupresi po transplantacich miaze EBV zpiiso-
bit lymfoproliferativni nemoc (LPD) (5). Vétiina z potransplantac-
nich lymfoproliferaci pochdzi z B lymfocyti a obsahuje EBV: tako-
vé LPD se proto oznacuji jako EBV-asociované LPD (EBV-LPD).
Onemocnéni je zpasobené expanzi EBV infikovanych imortalizo-
vanych B lymfocytii v organizmu vnimavcého jedince. Miize se jed-
nat o proliferaci monoklonalni, oligoklondlni 1 polyklondlni.
U pacientd v imunosupresi, jaka je pfitomna po transplantacich,
chybi nebo jsou potlaceny mechanizmy imunity, které se jinak
u zdravych s takovou lymfoproliferaci vypotidaji jiz v zirodku.
Virus navic vyuziva ¢etnych mechanizm, jak se oslabené imunité
vyhnout.

Podle klinickych pfiznaki je EBV-LPD moZno délit na lokalizo-
vanou a generalizovanou formu. U lokalizované formy jsou prizna-
ky podobné jako u infekéni mononukledzy: teploty. bolesti v krku,
myalgie, lymfadenopatie, hepatosplenomegalie. popf. u rozvinutéj-
Sich forem se mohou pridavat lokdlni piiznaky dané zvétSenim lym-
fatickych uzlin (napt’. obturace dolnich dychacich cest). U generali-
zované formy je v periferni krvi detekovatelnd oligoklondlni ¢i
monoklonalni proliferace B lymfocytd (1) podobnd akutni leuké-
mii. Zda se, Ze typ onemocnéni je zavisly na stupni imunosuprese.
Zatimco lokalizovana forma je popisovina vice u pacient po trans-
plantacich solidnich orgdnii. generalizovand forma je popisovina
Casté&ji u pacienti po alogenni transplantaci hematopoetickych kme-
novych bunék (HSCT). Je pravdépodobné, 7e alespoil u nékterych
podskupin pacientit je riziko vzniku EBV-LPD asociované s pouZi-
tim anti-tymocytarniho imunoglobulinu (ATG) v prabéhu pfipravy
k transplantaci &i s pouZitim T depletovancho St¢pu, s vEtsi nesho-
dou mezi HLA ddrce a pfijemce, s pfitomnosti nemoci Sté€pu proti
hostiteli (graft versus host disease — GvHD) a s vy§3i intenzitou
imunosupresivni 1é¢by (6). Nékteré dukazy svéddi také pro poten-
cidlni zapojeni lidského cytomegaloviru (CMV) do vzniku EBV-
-LPD (7).

Terapie je zavisld na klinickém stavu a obtiZich pacienta (1).
EBYV neni citlivy na béZzné pouZivana virostatika (acyklovir, gan-
ciklovir), a tak je terapie lymfoproliferativni nemoci zaméfena na
podporu pacientovy imunitni reakce ¢i na zastaveni proliferace
EBV. U pocinajicich stadii nemoci spocivd mozna terapie ve sni-
Zeni intenzity imunosupresivni 1é¢by. Pro 1écbu EBV-LPD byly
pouZity také cytostatika, interferon 1-o a protildtka proti ristové-
mu faktoru B lymfocyti, interleukinu-6. V poslednich letech se
jako velmi G¢innd Iéc¢ba k zastaveni proliferace pouZivd mono-
klonalni protilitka proti povrchové molekule B lymfocyti CD20
(rituximab). Tato protildtka lyzuje B lymfocyty a zastavi dalsi
proliferaci jak bun&k, tak EBV. Lokalizovanou formu lze l€cit
také radioterapii. Ziejmé nejvétdi potencial se do budoucnosti
skryva v infuzi imunokompetentnich lymfocyti zamérenych pro-
ti EBV (8).

Cilem price bylo: 1) zavést kvantifikaci virové naloze EBV
u détskych pacientii po alogenni transplantaci hematopoetickych
kmenovych bunék (HSCT); 2) retrospektivné charakterizovat pri-
béh virové ndloZe u Ctyir fatdlnich pfipadd lymfoproliferativni
nemoci (EBV-LPD) vcetné délky pozitivity EBV pfed imrtim paci-
enta a zmén virémie: 3) testovat mozné prediktory aktivace EBV
a vyjadfit se k tomu, zda néktery z nich mize ukazat na podskupi-
nu pacientii obzvlasté ohroZenych EBV.

SOUBOR NEMOCNYCH A POUZITE METODY

Pacienti

Price sledovala virovou ndloz EBV u dvou skupin détskych pacienti po
alogenni HSCT provedené na transplantacni jednotce Kliniky détské hema-
tologie a onkologie Fakultni nemocnice v Praze — Motole. Retrospektivné
jsme vySetfili série vzorkt od Ctyf pacientd, ktefi v roce 2000 zemieli na
EBV-LPD. Prospektivné jsme pak sledovali viechny détské pacienty po alo-
gennich HSCT provedenych v letech 2001-2004. Studie byla schvilena
etickou komisi FN Motol a rodi¢e détf vyjadiili se studii informovany sou-
hlas.

Retrospektivné vySetieni zemrell pacienti

7, pacienti. ktefi podstoupili v roce 2000 alogenni HSCT. se u ¢ty
v potransplantacnim obdobi rozvinula generalizovana forma EBV-LPD.
Nedostupnost spolehlivé diagnostické metody vedla k jejich amrtf na tuto
komplikaci, jak bylo potvrzeno pitevnim ndlezem. Ndloz EBV jsme vySet-
fili ze sérii archivovanych vzorkl DNA zbylych po stanoveni potransplan-
tacniho chimérizmu.

Prospektivné vySetiend kohorta

Po zavedeni kvantifikace EBV metodou real-time polymerdzové fetézo-
vé reakee (RQ-PCR) jsme prospektivng sledovali virovou ndloz u viech dét-
skych pacientd po alogenni HSCT. Tato zprava popisuje vysledky ziskané
od prosince 2001 do prosince 2004. Vzorky byly odebirdny tydné v pribé-
hu prvnich tff mésict po transplantaci a pozdé€ji v del$ich intervalech pfi
ambulantnich kontroldch.

Kvantifikace virové ndloZe

K izolaci DNA z pIné krve s EDTA byly pouzity QlAamp Blood Mini
Kit a Midi Kit (Qiagen. Hilden. SRN) dle instrukei vyrobce. Virovou
ndloz EBV jsme kvantifikovali pomoci real-time PCR (9) s pouZitim
primert  5°-CGGAAGCCCTCTGGACTTC-3" a 5-CCCTGTTT-
ATCCGATGGAATG-3" a sondy FAM-5"-TGTACACGCACGAGAAA-
TGCGCC-3"-TAMRA. Pocet kopii genomu EBV jsme normalizovali na
100 000 kopii lidského genomu. Ke kvantifikaci lidskych genomickych
ckvivalentd (g.e.) jsme pouzili gen pro albumin, primery
5-TGAAACATACGTTCCCAAAGAGTTT-3" a 5"-CTCTCCTTCTCA-
GAAAGTGTGCATAT-3" a sondu VIC-5'-TGCTGAAACATTCACC-
TTCCATGCAGAT-3" -TAMRA (10). Viechny PCR reakce byly prova-
dény v duplikitech v celkovém objemu 25 ul. Reakce, ve kterych byl
detekoviin EBV, obsahovaly 1x PCR pufr, 3.5 mM MgCl, (oboje Qiagen,
Hilden. SRN), 3% glycerol, 100 uM kaZdého dNTP (Sigma. St. Louis,
USA), 500 nM primert, 200 nM sondy. 0.5 jednotky HotstarTaq Poly-
merazy (Qiagen, Hilden, SRN) a 2 ul vzorku DNA. Reakce pro kvanti-
fikaci albuminového genu se lisily pouze vynechdnim glycerolu a pouZi-
tim 2,5 mM MgCl.. Teplotni profil byl 15 minut pfi 95 °C, po kterych
nidsledovalo 45 cyklu 15 sekund pii 94 °C a 1 minutu pti 60 °C. Fluores-
cence byla méfena v pribéhu fize naseddni a syntézy. Detekce probiha-
la na pfistrojich ABI 7700 Tagman se softwarem Sequence Delecting
System 1.9 (Applied Biosystems, Foster City, CA, USA) a 1QCycler
(Bio-Rad, Hercules, CA. USA).

Plasmid s cilovou sekvencel pro konstrukei standardni kiivky EBV jsme
ziskali diky laskavosti Dr. Hiroshi Kimury, Nagoya. Japonsko. Standardni
kiivku kvantifikovanou v kazdém béhu PCR jsme konstruovali dekadickym
fedénim plazmidu od 107 po 10! kopif na ul. Standardni kiivku pro kvanti-
fikaci albuminového genu, jako zastupce lidskych genomickych ekvivalen-
tn, jsme ziskali spektrofotometrickym méfenim koncentrace lidské DNA
a jejim ndslednym fedénim

Vzorky s hladinou EBV pod 100 kopii/100 000 g.e. jsme hodnotili jako
negativniz tyto hladiny odpovidaly jednotlivym kopiim EBV v reakci. Hla-
dinu EBV nad 10 000 kopii/100 000 g.e. jsme na zdkladé publikovanych
adaji a zkuSenosti s vySetfovanim vzorku od pacientii s EBV-LPD oznacili
jako varovnou a pacienty, kteif ji pfekrocili, jsme podrobili vySetFovini
s cilem odhalit piipadnou EBV-LPD.

Soucasné testovdni dalSich virt

Ze vrorkl odebranych k testovani EBV byly soufasng kvantitativng analy-
zoviiny virové niloZe lidského cytomegaloviru (CMV). herpesviru 6 (HHV6),
varicella-zoster viru (VZV), lidského herpes simplex viru 1 a 2 (HSV) a ade-
novirh skupin A a7 C. Metody a vysledky jsou pfedmétem jiné zpravy.
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Shér klinickych dat

Abychom mohli zkoumat faktory potencidlng modifikujici riziko EBV-
-LPD, u prospektivné sledované skupiny jsme sbirali a do pfipravenych
strukturovanych formuldft zaznamendvali charakteristiky pacienta, jeho
choroby a transplantace: pohlavi, vék pii transplantaci, zdkladni diagnézu,
stupedi shody HLLA dérce a pifjemce, vék a pohlavi darce. dévku pouZitych
CD34+ bunek, pouZiti chemoterapie, antitymocytarniho globulinu (ATG), &
celot€lového ozdfeni v pifpravném rezimu, dobu pfihojeni jednotlivich
krevnich elementd.

Potransplantacni pribéh jsme poté charaklerizovali pomoci sbéru dat
v tydennich intervalech: GvHD (piitomnost, grade a klinicky projev), imu-
nosupresivni terapie (ddvky ¢i hladiny), pfitomnost orgdnovych komplikaci
(hepatopatie a nefropatie definované jako stupeii 2 a vy§si dle kritérii Natio-
nal Cancer Institute, Bethesda, MD, USA; encefalopatie, enterokolitis,
pneumonitis dle klinickych projeva), piitomnost teploty vyisi nez 38 °C
dvakrat v jednom tydnu, pozitivita bakteridlni hemokultury, CRP vy&3i ne#
100 mg/l, podavini substituce imunoglobulind, poddvini desticek, G-CSF
(granulocyte colony stimulating factor), poddvini antivirové terapie. Z kli-
nického informaéniho systému byla pienesena viechna vySetfeni krevniho
obrazu a pro kazdy tyden po transplantaci byla vypofitdna nejvyssi, nejniz-
§i a primérna hodnota pro kazdy z parametra.

Statistické metody

Kumulativni incidence EBV byla odhadnuta Kaplan-Meicrovymi kifv-
kami. Rizikove faktory pro aklivaci EBV a vliv EBV na reakci §t&pu proti
hostiteli byly analyzovany Coxovym modelem proporciondlniho rizika, ve
druhém piipadé s pouzitim robustniho odhadu rozptylu pro korelované udi-
losti. Vliv EBV na parametry krevniho obrazu a vliv reakce Stépu proti hos-
titeli na EBV byly analyzovany linedrnim a logistickym modelem pro Kere-
lovand data.

VYSLEDKY

Retrospektivné vySetreni zemseli pacienti

Data retrospektivné vySetfovanych pacientd jsou shrnuta v tabul-
ce I av grafu 1. Na EBV-LPD zemieli &tyfi pacienti. U viech jsme
v archivnich vzorcich DNA 2z periferni krve prokizali kontinudlni
pozitivitu EBV, zpravidla s rostouci kvantitou viru. Odstup prvni
detekce aktivovaného EBV od dmrti se lisi: Zatimeo u pacienta 4
jsme pritomnost EBV prokazali jiZ 91 dni pied dmrtim, u pacienta
I byl vzestup hladiny EBV strmé log-linedrni a k imrti doglo jiz 24
dni po prvni detekei viru v krvi. V krvi pacienta 3 byl EBV deteko-
vin pomoci kvalitativni PCR diagnostiky provadéné v laboratofi

Statniho zdravotniho Ustavu nékolik tydnd pied tmrtim, aviak
podni rituximabu vedlo pouze k vymizeni virové niloZe v perifer-
nf krvi, ale nikoli k vyléeni — pacient zemfel s piiznaky multiorga-
nového selhdni.

Prospektivné sledovani pacienti

Prospektivné sledovdno bylo celkem 72 déti (55 chlapetia 17
divek) s medidnem véku pfi prvni alogenni HSCT 8.4 roku
(0.2-20,5 roku). Celkem jsme ziskali data ze 77 transplantaci —
péL pacientl bylo transplantovéno dvakrit. Celkova doba sledo-
vini v potransplantaénim obdobi je 3896 osobo-tydnii. Zikladni
data o pacientech a jejich transplantacich jsou obsaZena v ta-
bulce 2.

Kumulativni incidence EBV ve sledované skupiné je dokumen-
lovana v grafu 2. Do dne 100 po transplantaci se EBV objevilo
(v hlading alespofi 100 kopii/100 000 g.e.) u vice neZ poloviny pa-
cientl. Do roka od transplantace jsme zaznamenali aktivaci EBV
u cca 70 % pacientd. PfibliZné u pétiny pacientli se ukézal do jed-
noho roku po transplantaci vzestup EBV nad hladinu 1000
kopii/100 000 g.e.
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Graf 1. Kvantita EBV v obdobi pfed dmrtim na EBV-LPD - data ziskana
retrospektivni kvantifikaci archivovanych vzorki
Vodorovna osa zobrazuje dni pfed imrtim na EBV-LPD, svisla pak
kvantitu EBV. Sipkou je zvyraznéna hladina 10 000 EBV/100 000 ge.
kterd nds nyni vede k terapeutickému zdkroku. Pro piehlednost v erafu
zobrazujeme jen posledni negativni vysledek predchazejici aktivaci EBV.
Cislovani pacientit odpovida tabulce 1.

Tab. 1. Charakteristika pacienti zemtelych na EBV-LPD v roce 2000 pred zavedenim kvantitativni detekce

Pacient 1 2 3 4
vek pfi transplantaci (roky) 4,7 53 11,5 4.3
pohlavi chlapec divka chlapec divka
zakladni diagnoéza myelo- akutni akutnf akutni

dysplasticky lymfoblasticka myeloidni myeloidni

syndrom leukémie leukémie leukémie
log maximalni virové naloze 6,31 7,04 6,07 6,5
den prvni detekce EBV 48 33 130 26
den umrti 72 74 183 117
odstup detekce EBV od umrti 7 24 44 53 91

]
“odstup prvni detekce EBV od pacientova Gmri (ve dnech)
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dny od transplantace

Graf 2. Kumulativni incidence EBV u prospektivng sledovanych pacientl
Tii kiivky odpovidaji tfem hladindm pozitivity EBV: 100 kopii (plnd Cara),
1000 kopii (pferusovand ¢ara) a 10 000 kopii (teCkovand &dra) na 100 000
g.e.. Na horizontalni ose je doba od transplantace v dnech, na vertikdlni je
proporce pacienti, ktefi méli alespoii jednou hladmu EBV

nad danou hranici.

Tab. 2. Charakteristika pacienti prospektivné sledovanych

po alogenni HSCT

GvHD profylaxe

pouze cyklosporin A

ATG v pFipravé + metotrexat + cyklosporin A

pocet a % z celku

Pacienti celkemn 72 (100 %)
pohlavi
muzské 55 (76 %)
Zenské 7 (24 %)
primarni onemocneni
maligni 50 (69 %)
akutni lymfoblasticka leukémie 28 (39 %)
myelodysplasticky syndrom 8 (11 %)
akutni myeloidni leukémie 7 (9,7 %)
chronicka myeloidni leukémie 5 (6,9 %)
non-hodgkinsky lymfom 2 (2,7 %)
nemaligni 22 (31 %)
rizné imunodeficience 0 (14 %)
tézka aplasticka anémie 8(11%
jiné 4 (5,6 %)
transplantace celkem 77 (100 %)
typ darce
neidenticky nepfibuzensky 29 (38 %)
identicky nepfibuzensky 23 (30 %)
HLA identicky sourozenec 21 (27 %)
neidenticky pfibuzensky 3(3,8 %)
identicky pfibuzensky 1(1,3 %)
zdroj kmenovych bunék
kostni dfen 7 (61 %)
periferni kmenové buriky 26 (34 %
pupecnikova krev 3 (3,8 %)
pupetnikova krev a kostni dren 1(1,.3 %)

51 (66 %)
26 (34 %)
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sraf 3. Piiklad odpovédi pacienta s EBV-LPD na vZas zavedenou lé€bu

A) Vyrazny vzestup virové niloZze EBV po dni 40. Je zvyraznéna hladina

10 000 kopii/100 000 g.e., kterou jsme uréili jako hranici pro dalsi
vySetfovani. U pacienta thn potvrzena L.PD, a proto byl podzm rituximab

(anti-CD20). Pacient promptné reaguje poklesem virové niloze.
B) Vygetieni téhoZ pacienta pluln}\omu cytometrii. Kazdy z graft ukazuje
jedno vySetfeni. Na vodorovné ose je vynesen signal CD3, na svislé signdl
CD19, populace B lymfocyti je ordmovina a jeji kvantita uvedena vpravo
od ramecku. Ly mfuplohtu ace je dobie viditelna v den 47 a 49: po poddni

rituximabu nejsou v den 57 B-lymfocyty detekovany.

Vysoké hladiny EBV viak nebyly asté: Hladinu 10 000
kopii/100 000 g.e. pfekroéili jen Ctyfi pacienti — vichni do dne 100
po transplantaci. Tuto hladinu jsme povaZzovali za varovnou pro
moZnost rozvoje EBV-LPD a pacienty jsme vySetfovali pomoci
prittokové cytometrie. K odhaleni LPD byly kvantifikovany lymfo-
cytirni subpopulace se zaméfenim na B lymfocyty (CD19).
U viech &ty pacientd jsme po detekei vysoké hladiny EBV reago-
vali snizenim imunosupresivni terapie. U jednoho z nich stacil ten-
to postup k zamezeni dal$fho vzestupu virove niloze EBV, zatlim-
co u zbylych ti vzestup pokratoval a v krvi byla proliferace B
Iymfocytit prokdzdna pomoci pritokové cytometrie. Takto dia-
gnostikovand EBV-LPD byla indikaci k poddni monoklondlni pro-
tilatky proti CD-20 (rituximab) v ddvee 375 mg/m” télesného povr-
chu. U viech tif pacientii hladina EBV okamZit¢ poklesla
a k rozvoji EBV-LPD nedoslo. Piiklad proliferace B lymfocytd,
vzestupu virové ndloZe a ucinku podani rituximabu u jednoho
7z pacientd je zachycen v grafu 3.

Rizikové faktory pro aktivaci EBV — vychozi charakteristiky
pacienta a transplantace, EBV a pFihojeni Stépu

Pomocf analyz preiti jsme testovali, zda as do prvni aktivace
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EBV na hladiné 100 kopii/100 000 g.e. zdvisi na nékteré z vycho-
zich charakteristik pacienta, choroby nebo transplantace. Riziko
aktivace EBV md slabou souvislost s vékem pfi transplantaci s tim,
7e efekt neni s vékem proporciondlni. D&ti v prvnim kvartilu rozlo-
Zeni vEku v nafem souboru (do 4.3 roku pfi transplantaci) maji sig-
nifikantné vy38i riziko reaktivace EBV nez déti starsi, RR=2.1,
95%CI 1.1-3.9. § jinymi charakteristikami pacienta nebo trans-
plantace riziko nesouviselo: pohlavi, maligni versus nemaligni
zékladn{ diagnoza, celkovy stav pfi transplantaci vyjadfeny pomoci
Karnofsky-Lansky skére. typ §tépu. darce p¥ibuzny versus nepfi-
buzny, mira shody 8tépu v HLA antigenech. shoda darce a piijem-
ce v pohlavi, ABO a Rh skupiné. zdroj bungk $t€pu, divka CD34-
pozitivnich bunék, pouZitd chemoterapii v conditioningu, pouZiti
antithymocytdrniho globulinu, torakoabdominglniho nebo celotélo-
vého ozédfeni.

Analyza asociace vychozi charakteristiky pacienta s dobou do
prvni aktivace EBV nad 1000 kopii/100 000 g.e. potvrdila riziko-
vost niZ&fho veku s tim, Ze vzestup o rok véku byl asociovin
s poklesem rizika aktivace EBV, RR=0.87. 95%CT 0.77-0.98.

K vlivu aktivace EBV na p¥ihojovini 5tépu se Ize z nasich dat
obtizné vyjadit: Jen pét déti ma aktivaci EBV pred ptihojenim leu-
kocyti &i neutrofilli a jen osm déti mé aktivaci EBV pfed piihoje-
nim desti¢ek. Ackoli pouZity model naznaduje signifikantni vztah
mezi aktivaci EBV a piihojovinim, jen velmi té7ko lze povaZovat
takovy vziah za kauzdlni a prokazatelny.

Vztah mezi aktivaci jednotlivich testovanych herpesvirii

Z dalSich testovanych vira se jen CMV a HHV6 vyskytovaly
dostatecné ¢asto na to. aby bylo mozné hodnotit jejich vztah k akti-
vaci EBV. Vztah mezi aktivaci HHV6 a EBV ani CMV a EBV
nebyl pozorovan.

Orgdnové komplikace, teploty, reakce §tépu proti hostiteli:
vztah k EBV v potransplantaénim prithéhu

Orgdnové komplikace ani zvy¥ené teploty neasociovaly
s vyskytem EBV. Testovali jsme éZ vliv primémé hladiny EBV za
tf uplynulé tydny na riziko GvHD v tydnu nésledujicim. Promén-
na GvHD byla dichotomizovdna. jako pozitivni byla brana GvHD
stupné 2 nebo vy3siho. Vzhledem k casovému rozlozeni GvHD
Jjsme testovdni provedli jen v prvych 20 tydnech po alogenni
HSCT. Zatimco nizké hladiny EBV nemadifikuji riziko GvHD,
pramérnd (fitydenni hladina EBV nad 500 kopii/100 000 g.e. zvy-
Suje signifikantné riziko ndsledné GvHD, RR=6.3. 95%CI 1.9-21.
Virovd ndloZ EBV brand jako kontinudlni proménnd viak nevyka-
zuje Zadnou jasnou asociaci s GvHD. Nebyla detekovina ani aso-
ciace opatného sméru: GvHD stupné 2 nebo vice v kterémkoli ze
tif predchdzejicich tydnd nepredikuje reaktivaci EBV v tydnu
nasledujicim.

Parametry krevnihio obrazu a EBV v potransplantacnim
priabéhu

Testovali jsme vliv primérné hladiny EBV za (i uplynulé tydny
na vysi parametrit krevniho obrazu. Pro kazdy z parametii (erytro-
cyty, leukocyty, neutrofily, lymfocyty a tromboeyty) byla nalezena
signifikantni pozitivnf asociace, kde vzestup EBV o fad odpovidal
vzestupu 0 15-50 % v daném parametru krevniho obrazu (data
u autor).

Asociace opa¢n¢ho sméru nebyla v prvnim piil roce po trans-
plantaci detekovina: Zadn4 z hodnot krevniho obrazu primérovana
za uplynulé tfi tydny nepredikovala vyskyt EBV v tydnu ndsleduji-
cim. Pokud jsme analyzu roz3ifili na cely rok. ukazuje se slab& pro-
tektivni vliv vy$8i primémé tiftydenni hladiny lymfocyti proti
vyskytu EBV v nasledujicim tydnu: vzestup lymfocyti o 10%1 sni-
7uje riziko EBV o pfibliZné tfetinu (OR=0.63. 95%CI 0.41-0.97 na
zménu o 10%/1 lymfocytd).

Imunosuprese a EBV

Testovali jsme téZ vliv hloubky imunosuprese na riziko EBV:
Prednison ani cyklosporin podavany v kterémkoli z 1 uplynulych
tydnti nepredikoval v¥skyt EBV v tydnu nésledujicim.

DISKUZE

Aktivace EBV u pacientd po alogenni HSCT je ¢astd a bézna —
za prvnich sto dnti po transplantaci ji zaZije asi polovina transplan-
tovanych déti (graf 2). Vzicngji se pak prvni reaktivace EBV obje-
vuje u déti, kieré majf od transplantace del3i Sasovy odstup. Prvych
sto dni po transplantaci je obdobi, kdy je imunosuprese nejhlubgi.
Prvni aktivace EBV se objevila pfed dnem 100 u tif ze &ty pacien-
ta zemielych na EBV-LPD i u viech &ty¥ prospektivné sledovanych
pacientd s virémii nad prahem 10 000 kopii/100 000 g.e. Je tomu
tak proto, Ze ¢as. kdy je pacient ohroZen infekci EBV, souvisi
s obnovou hematopoézy: EBV musi mit vnimavé buiiky, aby se mél
kde pomnoZovat (5, 11). Vét§ina reaktivaci se projevi nizkou a pfe-
chodnou virémii EBV. U relativn& malé &isti transplantovanych se
viak reakiivace rozvine v potencidlngé velmi nebezpecnou
EBV-LPD. U nis se tak stalo u Sty ze 72 déti (5.6 %), coZ zhruba
odpovida podilu pacientd z jinych praci o EBV po alogenni HSCT
(5, 12, 13). Jiné detekovatelné obtize virémie EBV v nafem soubo-
ru nezplisobovala: Sama o sobé neni asociovand ani s orgdnovymi
komplikacemi, ani s pozd€jsim pfihojenim Stépu. Je pravdépodob-
né. Ze stiedné vysoké hladiny EBV zvy3uji riziko nasledné GvHD
— asociace vykazuje zjeviou Casovou posloupnost a odhad rizika je
vysoky: sim odhad tohoto rizika je viak nep¥esny, jak ukazuje $iro-
ky interval spolehlivosti, a navic biologicka vysvétlitelnost naleze-
ncho fenoménu neni dobrd, protoZe chybi gradient rizika s vysi
virové ndloZe EBV a protoZe je té7ké oddélit potencialni vliv napf.
aktivace CMV. kterd maZe byt s aktivaci EBV také asociovana. Kli-
nické vyuZiti tohoto poznatku neni tedy pifli§ pravdépodobné.

PiestoZe se EBV u pacientfl vyskytuje asto, nelze z dostupnych
proménnych predikovat, u kterych z pacienti EBV zase zmizi
au kterych se naopak nizkd benigni virémie zméni ve virémii vyso-
kou. provazejici EBV-LPD. Jako prediktory reaktivace EBV jsme
pepotvrdili ani nékteré pfedtim publikované faktory: silu imuno-
suprese (14, 15), stupefi neshody v HLA mezi ddrcem a pifjemcem,
vliv typu Stépu pouZitého k transplantaci (12, 13) nebo piitomnost
GvHD (13). Stejné tak slaba asociace s vékem pii transplantaci je
teZko jakkoli vyuZitelnd pro diferenciaci intenzity sledovini viro-
vych ndlozi EBV.

Jedin€ samy rozdily ve virové naloZi umoziiuji z pacient vydé-
lit ty, kdo jsou skute¢né ohroZeni rozvojem EBV-LPD. Zatimco ti
ze Ctyf pacientd, ktefi pii prospektivnim sledovani piekro&ili hrani-
ci 10 000 kopii/100 000 g.e., opravdu EBV-LPD rozvinuli (a osud
Ctvrtého by pravdgpodobné bez sniZeni imunosuprese byl podob-
ny), tato komplikace se neobjevila u Zadného 7 pacientt, ktefi této
hladiny nedosahli. Hladiny okolo 10 000 kopii/100 000 g.e. se tedy
zdaji predikovat EBV-LFD s rozumnou specificitou, ani# by byl
pacient ohroZen pozdnim zahdjenim pfisluiné terapie. Jakkoli jsou
zkuSenosti ziskané retrospektivni kvantifikaci EBV od pacientd
zemiclych na EBV-LPD omezené, je ziejmé, 7e alespofi néktefi
z nich maji dostateéné dlouhy odstup mezi okamZikem prvni detek-
ce EBV, okamZikem. kdy hladina EBV piekrodila zvoleny prah
10 000 kopii/100 000 g.e., a amrtim. Jejich maximalni virové nilo-
7e jsou pak alespoii o dva fady vysdi, neZ je nami zvoleny prih
(graf 1), coZ doklddd existenci ¢asového okna, kdy lze nyni zasah-
nout ucinnou terapii.

Velmi uspokojiva G¢innost rituximabu a rychly nastup jeho efek-
tu proti EBV-LPD jsou zndmy (5). Typicky rychly pokles virové
ndloZe spolu s rychlym poklesem poétu B lymfocytil jsou demon-
stroviny v grafu 3B. Ac¢koli jsme u 7adného z rituximabem lé¢e-
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nych déti nepozorovali jiné nezddouci véinky nez asi pl roku trva-
jici sniZzenou hladinu protilitek, je nutno mit na pamét, ¥e ne7a-
douci 1icinky existuji. S ohledem na né i na vysokou cenu prepari-
tu je spravné IéCit nikoli virémii, ale pouze pacienta s Fadnd
diagnostikovanym EBV-LPD (16).

ZAVER

Data z naSeho souboru ukazuji, Ze jedinou efektivni moznosti jak
hrozici EBV-LPD u pacientti po alogenni HSCT véas predikovat je
v pravidelnych intervalech kvantifikovat virovou niloZz EBV. Stu-
dium jinych moznych prediktori v naem pomemé velmi tsné sle-
dovaném souboru pacientd po alogenni HSCT pfitom neukézalo
Zadnou moznost, jak pacienty spolehlivé stratifikovat podle rizika
reaktivace EBV, a tak diferencovat frekvenci nutnych vySetfeni
virové naloze EBV. Virovd naloZ 10 000 kopii/100 000 g.e. se jevi
jako dobfe zvolena hranice pro dalsi vySetfovaci a lé&ebné kroky,
protoZe po zavedeni kvantitativniho monitorovani hladin EBV
nedoslo ani k jednomu dmrti na EBV-LPD, na rozdil od &tyf umrti
v roce bezprostiedng predchizejicim.

Zkratky

ATG — antitymocytdmni globulin

CMV — cytomegalovirus

CRP — C-reaktivnf protein

EBV — virus Epsteina a Baarové

EBV-LPD - s EBV asociovand lymfoproliferativni nemoc
EDTA — ethylen diamin tetra acetat

G-CSF — granulocyte colony stimulating factor

g.c. — genomicky ekvivalent

GvHD —reakce §t&pu proti hostiteli (graft versus host disease)

HHV6 — herpesvirus 6

HLA — lidské leukocytdrni antigeny

HSCT — alogenni transplantace hematopoetickych
kmenovych bunck

HSY — herpes simplex virus

LPD — lymfoproliferativni nemoc

PCR - polymerazova fet€zovd reakee

RR — relativni riziko

VZV — varicella—~zoster virus
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Unrelated partially matched lymphocyte
infusions 1 a patient with complete
Di1George/ CHARGE syndrome

Janda A, Sedlacek P, Mejstrikova E, Zdrahalova K, Hrusak O, Kalina
T, Sieglova Z. Zizkova H, Formankova R, Keslova P, Hubacek P,
Sediva A, Bartunkova J, Dlask K, Stary J. Unrelated partially matched
lymphocyte infusions in a patient with complete DiGeorge/ CHARGE
syndrome.

Pediatr Transplantation 2007: 11:441-447.© 2007 Blackwell Munksgaard

Abstract: We present an infant with cDGS overlapping with CHARGE
syndrome, who suffered from T-cell deficiency treated with screened
healthy DLI from an unrelated donor (8/10 match). The first dose of
DLI (1.1 x 10° CD3 + /kg) was administered at the age of six months,
the second one (0.9 x 10° CD3 + /kg) 36 days later. No conditioning
was employed, GvHD prophylaxis consisting of CsA was used only
during the second infusion. Since day+ 10 after the first DLI, split
chimerism showing T-cell engraftment has been documented. Prolifer-
ative response to PHA was detected on day+ 145, The treatment was
complicated by severe acute GvHD (grade II-111) after the first DLI and
prolonged chronic liver cholestatic GvHD developing after the second
DLI Vigorous EBV proliferation four wk after the second DLI was
accompanied by peripheral expansion of CD8 + donor cells. The
patient, 26-months old, is clinically well and has slowly started to gain
his developmental milestones. We believe that infusions of small doses
of DLI from an unrelated donor represent a potentially helpful thera-
peutic option in patients with cDGS/CHARGE phenotype.

DiGeorge syndrome is a relatively common facial
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defects,

conotruncal heart

(1:4000 live births) congenital disorder caused
by developmental defects of the structures mainly
derived from the third pharyngeal pouch and the
fourth pharyngeal arch. It is characterized by

Abbreviations: ANC. absolute neutrophil count; cDGS.
complete DiGeorge syndrome; CMV. cytomegalovirus;
CsA, cyclosporin-A; DGS, DiGeorge syndrome: DLIL
donor lymphocyte infusions; EBV. Epstein-Barr virus;
FACS, fluorescent-activated cell sorting: GvHD. graft vs.
host disease: HLA, human leukocyte antigen: HSCT. he-
matopoietic stem cell transplantation: IVIg., intravenous
immunoglobulin; MP, methylprednisolone; MRI. magnetic
resonance imaging: NK, natural killer; PBMC, peripheral
blood mononuclear cells: PHA. phytohemagglutinin:
PRBC, packed red blood cells: rATG., antithymocyte
globulin; TCR. T-cell receptor; VCFS, velo-cardio facial
syndrome.

hypocalcemia, and T-cell dysfunction due to
abnormal development of thymus (1). Most of
the patients are hemizygous for 22ql1.2, some
have defects in various loci on chromosome 10,
about 10% of cases are familial (2, 3). Rarely (in
1-5% of patients with DGS), aplasia of thymus
results in a severe immunodeficiency with low
response to mitogens and no or very low number
of detectable T-cells ( <50 CD3 + cells/uL). This
severely immunodeficient variant is clinically
classified as a ¢cDGS and is largely fatal if left
untreated (4). Interestingly, less than half of the
patients with the complete form have the 22ql 1.2
microdeletion (1, 5). DGS can be found in
conjunction with phenotypically similar condi-
tion called CHARGE syndrome (4, 6, 7). It is a
sporadic multiple congenital malformation
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attributed to an abnormal development of
structures derived from the first pharyngeal
pouch and arch. The acronym reflects the asso-
ciated defects: Coloboma, Heart anomaly, Atre-
sia (choanal), Retardation (mental and growth),
Genital anomaly, and Ear anomaly. It is a very
heterogeneous condition and other abnormities,
including facial asymmetry, unilateral facial
nerve paralysis, renal abnormality, orofacial
clefts, and esophageal atresia, frequently accom-
pany the main features (8. 9). The chief pheno-
typical signs of CHARGE  syndrome
distinguishing it from DGS are coloboma and
choanal atresia as these are uncommon findings
in DGS or 22q11.2 deletion phenotypes. A new
syndrome encompassing traits of both conditions
has been discussed (7). Prognosis of patients with
this overlapping phenotype is generally worse
than in patients with isolated ¢cDGS (10). Dele-
tion of 22gl1.2 locus is rarely found in these
cases (7).

Several therapeutic approaches have been tried
to treat the immunodeficiency associated with
thymic aplasia in ¢cDGS as these are prone to life-
threatening infections and their survival rate
without treatment is approximately 27% by the
end of the first year of life and 0% by the end of
the third year (10). The use of fetal thymus grafts
resulted in an immune reconstitution in a few
cases (11-13). Allogeneic transplantation of post-
natal thymus showed promising results in studies
published by a team lead by Professor Markert
(4, 14, 15). Although thymus transplantation is
an auspicious treatment modality, it is not
currently performed in any European center
and thus availability for European patients is
limited (Markert ML, personal communication,
August 25, 2004). Therapeutic use of thymic
humoral factors (thymosin, thymopoietin and
thymulin) in athymic patients has been tried,
however, it showed ambiguous results and pres-
ently it is not widely accepted (16, 17). Successful
application of HSCT in ¢DGS has been reported
in four patients with the use of HLA-identical
grafts (three matched siblings and one fully
matched unrelated donor) (18-21). It was hypo-
thesized that only post-thymic lymphocytes and
not the stem cells were responsible for immune
reconstitution after HSCT and adoptive transfer
of mature lymphocytes has been suggested as an
adequate form of therapy (22). Four favorable
cases of administration of PBMC as a treatment
of T-cell deficiency in cDGS has been described
so far (22-24).

We present a severely immunodeficient infant
with ¢cDGS/CHARGE syndrome treated with
allogeneic DLI. He had no siblings and no fully

matched unrelated donor, therefore graft from
an unrelated, partially mismatched donor was
used. We suggest this approach to be a possible
and potentially helpful alternative in absence of
other treatment modalities in T-cell deficient
athymic patient.

Case report

A Caucasian boy was born at term from the first
pregnancy of healthy unrelated parents. During
an otherwise uncomplicated pregnancy, a poly-
hydramnion was detected; normal karyotype was
found on amniocentesis. Intensive supportive
therapy including intubation and artificial
ventilation ensued immediately after Caesarean
section performed due to fetal distress. The patient
presented with multiple congenital malforma-
tions: hypertelorism, malformed low-set ears,
micrognatia, bilateral choanal atresia, esophageal
atresia with tracheobronchial fistula, heart defects
(hemodynamically significant ductus arteriosus,
right-sided aortal arch, and foramen ovale
patent), bilateral retinal coloboma, tracheo-
bronchomalacia, severe gastroesophageal reflux,
undescended testicles, and micropenis.

Analysis made by flow cytometry at two
months of age revealed extremely low number
of T-cells (2 cells/uL; Fig. 1. Table 1) and no
proliferative response to PHA was observed. Due
to the extremely low number of T-cells, no
further detailed analysis of T-cells was possible
at that time. Maternal cells engraftment was
ruled out. Absence of thymus was confirmed by
MRI and by direct observation during cardiac
surgery. Microdeletion of 22q11.2 was not found
with fluorescence in sifu hybridization on inter-
phase lymphocytes with a DGS/VCFS region
dual color probe, locus TUPLEI (Cytocell). The
patient was diagnosed with ¢cDGS overlapping
with CHARGE syndrome.

10000
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Fig. I. Number of T-cell subsets related to the day of the
first DLI (day 0).
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Table 1. Selected values of lymphocyte subsets related to the day of the first
DLl {day 0}, values are rounded up. Diagnosis of complete DGS/CHARGE was
made in two months of age, 127 days prior to the first DU

Day

=127 0 35 67 BB 383 620
Lymphocytes (cells/ul) 1890 1770 2480 390 6730 928 1600
Lymphocyte subsets (%) CD3+ <1 3 17 B3 96 39 35
CO4+ <1 2 17 8B 21 23 13
COB+ <1 <1« A M 12 18
CO194+ 59 66 67 0 0 36
CO3-16+56+ 39 26 10 0 2 X A

DU, donor lymphocyte infusions; DGS, DiGeorge syndrome.

The patient underwent a number of corrective
surgical interventions. Esophageal atresia and
tracheobronchial fistula were corrected within a
few hours after the delivery, later followed by
resection of patent ductus arteriosus, bilateral
choanal dilatation, and gastric fundoplication.

Despite repeatedly low total calcium levels
(1.78 mmol/L as the lowest detected value), no
clinical symptoms of hypocalcemia were ob-
served; levels of parathormone and calcitonin
were always within the normal range correspond-
ing with findings in partial hypoparathyroid-
ism (25). No other endocrine abnormalities were
documented. Laboratory markers or clinically
relevant signs of autoimmunity were not present
as well.

He suffered from recurrent severe infections and
septic shocks prior to the transplantation of
lymphocytes. He has been transiently colonized
with multiresistent species of Pseudomonas
aeruginosa, Stenotrophomonas maltophilia, and
Acinetobacter. Local, mainly oral, candidiasis
has been a frequent problem. No systemic fungal
or yeast infections have been detected. The repea-
ted surgical interventions, infectious episodes, and
severe tracheobronchomalacia-induced patient’s
dependence on mechanical wventilation was
observed for first seven months of his life.

Due to hypogammaglobulinemia (Table 2),
IVIg has been administered on a regular basis

Table 2. Immunoglobulin levels {g/L) related to the day of the first DL
measured before Vlg infusions

Day

—127 -B 35 88 410 620
oG 5.4 95 7.1 46 45 32
lnA 04 0.6 0.3 0.1 1.7 1.4
lghd 06 04 0.3 08 03 0.4

DOLI, donor lymphocyte infusions; Vg, intravenous immunoglobulin.

Donor lvmphocyte infusions in DiGeorge syndrome

(0.4 g/kg in a three wk interval). Prior to the
transplantation, several units of non-irradiated
blood products (PRBC) were applied inad-
vertently (nine in total and one without a
leukofilter).

At the age of six months (he weighed 4300 g),
small amounts of unmanipulated bone marrow
graft were applied to the patient. He had no
siblings and no fully matched unrelated donor,
thus a graft from 8&/10 HLA allele-matched
unrelated screened and healthy (CMV negative
and EBV positive) 40 yr-old-male donor was
used after acquirement of a full informed consent
from the donor and the patient’s parents. The
graft was mismatched in HLA-B allele (*3501/08
in host vs. ¥2705 in donor). In HLA-C locus, the
donor had one extra allelic group (*1602/06).
The first dose of the graft (1.1 X 10° CD3 + /kg.
2% 10° CD34 + /kg, 2x 10" nuclear cells;’k%.
CFU-GM 4.4 x 10°/kg, and BFU-E 3.4 x 10°%
kg) was administered without prior conditioning
and with no GvHD prophylaxis. The graft was
used as a source of T-lymphocytes, rather than of
CD34 + cells, which were present in substantially
lower quantity and thus is labeled as DLI. The
patient continued to require mechanical ventila-
tion at the time of infusion.

The quantitative measurement of chimerism
was performed by fluorescence multiplex PCR of
short tandem repeats polymorphisms in patient/
donor informative loci D5S818, D7S8820, and
D16S539 using DNA obtained from whole blood
and FACS-sorted cells. The split chimerism, with
T-cells of only donor phenotype, has been
repeatedly documented since day + 10 after the
first DLI. The B cell, NK cell and monocyte
fractions were solely of host origin. Although the
patient had been transfused with several units of
non-irradiated PRBC prior to the first DLI, no
other signals than of donor and/or host origin
were detected in all cell lines.

On day + 10 after the DLI, the patient devel-
oped a severe hyperacute GvHD (overall grade
[I-1II with skin and gut involvement) complica-
ted with sepsis, cardiopulmonary instability,
capillary leak syndrome, and ileus. The patient
was immediately treated with rATG Fresenius,
25 mg/kg/dose, administered on day + 10, +12,
and + 14), CsA (target level 200-300 pg/L), and
corticosteroids (MP 2 mg/kg), with complete
resolution of GvHD on day+ 14.

On day + 36 after the first DLI, he was given
the second DLI (09 x 10°%kg CD3+.
2 x 10° CD34 + /kg; a thawed aliquot of lympho-
cytes from the previous donation) with no
conditioning but with GvHD prophylaxis con-
sisting of continuous CsA therapy.
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On day+ 60 significant EBV copy increase in
peripheral blood lymphocytes was detected by
quantitative real-time PCR accompanied with
significant increase of B cell count and elevated
production of 1gM; there were no clinical symp-
toms of EBV infection. Peripheral expansion of
activated CDR8 + donor cells commenced simul-
taneously (day+67, 3600 CD3+ cells/pL,
CDE&+ 66%, out of which 96% had activated
phenotype as shown by increased expression of
HLA-DR). The management consisted of tran-
sient CsA withdrawal and application of anti-
CD20 antibody. Rituximab (Mabthera, Hoff-
mann-La Roche AG, in two doses on day + 63
and + 71; in doses corresponding to 375 mg/m?).
The B cell subset was then completely ablated,
with a subsequent slow reconstitution (B cells
detected on day + 210). The current (day+ 620) B
cell count is 580 cells/uL. The immunoglobulin
levels have not normalized since the administra-
tion of rituximab and are still under the age-
matched reference values despite regular [VIg
administration (Table 2).

One month after the second DLI isolated
cholestatic liver GvHD developed (stage four). It
was successfully treated with corticosteroids (MP
| mg/kg), CsA and rATG (Fresenius, 25 mg/kg
in a single dose). ANC gradually decreased; from
day+81 to -85, the patient suffered from
agranulocytosis (ANC 0 cells/uL), presumably
of immune etiology. The dose of corticosteroids
was increased (MP 2 mg/kg), granulocyte-colony
stimulating factor (Neupogen, Amgen, Europe
BV; 5 ng daily) was administered for five days,
and on day + 88 ANC was 3000 cells/uL.

T-cell numbers continued to increase as the
second DLI with maximum on day + 88 and with
successive decrease and stabilization at the current
values (Fig. 1; Table 1). The CD4/CDS8 ratio
normalized six months after the EBV infection.
T-cells are mainly TCRaf+. the relative
representation of TCRvya6 + cells have been within
the normal range (26), currently 10% of CD3 +
cells (data not shown). Proliferation response to
PHA has been detected since day + 145 after the
first DLI and is now comparable with the resultsin
patients who are immunosuppressed after HSCT.
Later, antigen-specific proliferation response was
documented after administration of tetanus
vaccine as well. Naive cells expressing CD45RA,
CD45RA/CCR7, and CD45RA/CD27 were not
detected (day + 383) in CD4 subset, thus, memory
phenotype has predominated (27). The proportion
of CD45RA + in CD8 population was less affec-
ted (Fig. 2, not all data are shown).

Presently, the patient aged 26 months
(20 months after the first DLI) is treated as an

444

outpatient. He is off any immunosuppressive
therapy. Long-term administration of prednisone
was finished on D+400 and CsA on D+ 480.
Besides regular immunoglobulin substitution
(approximately 0.3 g/kg every three wk) contin-
ual antibiotic prophylaxis (co-trimoxazole and
azithromycin) and oral calcium and magnesium
supplements. vitamin D, and physical therapy
are applied.

The signs of chronic GvHD manifested after
the second DLI have gradually diminished, as
demonstrated by his liver function tests that are
within normal limits. He is fed via gastric tube in
view of lasting velopharyngeal insufficiency. He
intermittently suffers from common mild viral
infections; there is marked improvement in
comparison with the period before DLI. No
infection with intracellular pathogens has
occurred since the transplantation. No compli-
cated viral infections other than EBV early after
DLI were detected either.

He has suffered from persistent failure to
thrive. although there has been marked catch-
up growth since 14 months of age (gastric tube
was placed at that time) and he is slowly gaining
his developmental milestones.

Discussion

We report a therapeutic use of unmanipulated
bone marrow transplant used in a form of DLI in
an infant with ¢DGS overlapping with
CHARGE syndrome. This condition calls for
immediate action and as no other treatment
option of this patient’s immunodeficient status
was available, we decided to use DLIs from an
unrelated donor. The consideration of full HSCT
after a myeloablative conditioning was aban-
doned due to the clinical status of the patient as
well as previous encouraging experience with
administration of PBMC or bone marrow grafts
without conditioning in other transplantation
centers (18-24).

We planned to transfer cells in consecutive
doses, with escalating numbers of CD3+ cells
(starting at 1 x 10°CD3+ cells/kg) in four to
six wk intervals, together with close monitoring
of T—cell counts until proliferation and activation
of T-cells occurred. In comparison, the doses of
transfused T-cells applied in the previously
reported trials using HLA-identical grafts either
from the bone marrow or from the periphery
ranged from 4 x 10° to 1 x 10° CD3 + cells/kg
(18-24). The main reason to start the therapy
with lower doses of CD3+ cells than formerly
reported was the mismatch between the donor
and the recipient in two HLA class 1 alleles. The
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Patient

Donor lvmphocyte infusions in DiGeorge syndrome
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Fig. 2. Naive vs. memory phenotype of the CD4+ and CDS8+ subsets of T-cells was measured using combinations
CD45RA/CD3/CD27/CD4/CDS8 at day 383, CD45RA/CD11a/CD27/CD4/CD3/CDS8, and CD45RA/CD45R0O/CDS/CD4/
CD3. Expression of CD45 RA correlates very well with naive phenotype and CD45 RO with memory phenotype (27). In these
How plots. a lack of naive CD4 + cells is demonstrated (1.6% of CD4 +CD45RA + and 99.8% of CD4+CD45R0O + cells
out of CD4+ subpopulation). Currently. 1.9% of CD4+ cells express CD45 RA and 97% CD45 RO (data not shown).

rationale to use this graft was the fact that only
the disparity in HLA-B locus could play a role in
GvHD induction, thus posing an acceptable risk
equal to 9/10 HLA-allele match (28). Bone
marrow graft was characterized as DLI accord-
ing to its predominant content of lymphocytes,
however, due to the graft origin, small number of
CD34+ was also transferred.

No conditioning and no GvHD prophylaxis
were applied. This approach was consistent with
previously reported protocols (18-24); however,
it did not forestall severe GvHD that occurred
shortly afterwards.

Thus, in the second DLI, the dose of infused
CD3+ cells was not increased and continuous
CsA was used as GvHD prophylaxis. After the
administration of the second DLI, EBV prolif-
eration resulted in vigorous expansion of activa-
ted CD8+ cells; CD4+ were less affected
(Fig. 1). Subsequently, the number of T-cells

was significantly high, thus no other DLI was
applied.

Age of the patient at the transplantation (6/
7 months) was congruent with the data in pub-
lished cases (5-19 months) (18-22). Similarly to
the earlier trials (18, 19, 21-24), the engraftment
of donor cells was documented only in the T-cell
subset and the split chimerism has remained
stable since its first detection. Restoration of
proliferation response to mitogen stimulation
occurred within similar time period after trans-
plantation as in the other reported trials (1 wk—
10 months) (19, 22, 23).

The phenotype of T-cells with respect to naive
vs. memory features found in our patient after
DLI corresponds well with the previously pub-
lished results (23), showing no thymic output and
documenting the adoptive character of the ther-
apy (Fig. 2). The TCR excision circles analysis (4)
was not available. However, the combination of

445

120



Clanek 1(

Janda et al.

the used cell surface markers of naive cells should
provide similarly reliable information (27).

The patient is still dependent on [VIg as his
own immunoglobulin production has not fully
recovered yet. The reason for this insufficiency
may lie in the split chimerism resulting in
imperfect cooperation among these lymphocyte
subsets. This situation is frequently seen in
patients with severe combined immunodeficiency
syndrome with split chimerism in lymphocyte
subpopulations following allogeneic HSCT when
no or reduced intensity conditioning regimen is
applied (29). Transient ablation of B cells caused
by rituximab administration probably might
have contributed to the low immunoglobulin
levels as well.

Several therapeutic management issues require
attention and rise questions on possible alternat-
ive procedures. The first one is the starting dose
of CD3+ cells that proved to be too high in this
HLA-mismatched setting, and/or it should have
been accompanied with a GvHD prophylaxis.
Starting with a dose of 10° CD3+ /kg and slow
increase of CD3+ number in the subsequent
infusions administered in four to six wk intervals
may prevent the intensive anti-GvHD treatment
that was inevitable in this case. Another remark
relates to the source of CD3 + cells as we used a
bone marrow graft, however, we believe that the
best option is to employ unmobilized PBMC if
available. The EBV proliferation that complica-
ted the situation after the second DLI occurred
most probably as a consequence of rATG
administration and EBV seropositivity of the
donor. The need for rATG usage has been
discussed above. The donor was 40 yr-old and
thus we expected that he has encountered EBV
with 90% probability (30). We proved this fact
retrospectively by detection of anamnestic anti-
bodies in a frozen sample of the graft. As a
means to prevent development of post-transplant
lymphoproliferative disease, we carefully mon-
itor the load of EBV copies present in peripheral
blood of all the transplanted patients in danger.
Our approach enables us to treat EBV-driven
lymphoproliferation before clinical symptoms
fully develop (31, 32). However, certainly, it
would be more suitable to use EBV negative
donor or a matched cord blood sample if
available.

The long-term prognosis and immune status of
athymic patients undergoing HSCT or DLI
remains unclear. In the absence of thymic output,
exhaustion of the graft may be one of the
unfavorable events to expect. The continuous
thymic function in healthy individuals also
ensures that self-reactive T-cells are maintained

446

at low frequencies in the periphery. The patient
with exclusively peripherally expanded T-cells
without thymic selection may be thus endangered
by increased susceptibility to autoimmune dis-
ease. The infused recipient-reactive clones may
induce chronic GvHD as well (23). The encour-
aging finding is that the cDGS patients reported
by Bensoussan et al. (23) and Goldsobel et al.
(19) are both well after 7 and 23 yr after
administration of PBMC or HSCT, respectively
(Bensoussan D, personal communication,
December 2, 2005).

Thus, apart from the above-described difficul-
ties, we believe that infusions of small doses of
DLI from an unrelated donor without previous
HSCT may represent a possible alternative ther-
apy for patients with cDGS in the absence of
other therapeutic modalities. However, overall
prognosis of this patient depends on severity of
other congenital abnormalities, particularly rela-
ted to his respiratory system and feeding, as well.
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11.Adenoviry

Jak bylo popsano v Gvodu, je detekce adefguimoci PCR obtiZznar@devsim diky velkému gtu
séroty. V naSi laboratih detekujeme adenovirovou DNA od roku 2003 pomasgije na jejimz designu
jsme se podileli (viz Metody danek¢. 11). V @ipads adenoviru, jako viru, ktery se prim&rnevaze na
leukocyty jsme také vysledky vyjaaali v paitu kopii na 1 ml plné krve.

Od roku 2003 jsme provedli detekci adenoviru veslk5 098 vzorcich od 165¢tdkych a 295
dosglych pacient. Z toho bylo 2 349 vzoik periferni krve dtskych pacient a 2 309 vzork periferni
krve dosplych pacient. Zbylych 440 vzorl tvorili dalSi biologické vzorky jako n@pvzorky stolicegi
vyplachy z endotrachealni kanyly apod. Pozitiystne detekovali v 56 vzorcich periferni kve (2,484)
17 (10%) dtskych pacierit a v 39 vzorcich periferni krve (1,7 %) od 18 (6)1pacient dosglych.
Zaroven jsme vSak pozorovali jistou epidemicitu adenowdyv infekci, kdy jsme veféch letech
podrobného sledovani vSech naSich alogamansplantovanych paciéntletekovali pozitivitu vefticeti
vzorcich periferni krve od 4é&tskych a 8 dosflych pacient s medidnem pozitivity 3 300 kopii / ml
(rozmezi 600 — 4 554 000) &t$inu zbylych pozitivnich vzork (46) jsme ziskali od K¢na do listopadu
2006, kdy jsme detekovali celkem 14 pozitivnich ipati (10 dtskych a 4 dosfich pacient)

s medianem pozitivity 5 400 kopii / ml (rozmezi 6027 028 600). Sekvenaci jsmedkalika pozitivhich
pacient urtili adenovirové sérotypy 2 (skupina C) a 31 (skapk).

Na zaklad zkuSenosti naSich a center spolupracujicichie$eni evropského grantu sledujiciho
adenovirové infekce u paciénpo HSCT, byla jako hranice pro razantni terapéramvirové infekce wena
kvantita 16/ ml periferni krve.

NaSe zkuSenosti s detekci adenbvirpacieni po HSCT jsme publikovali v podélposteru (viz nize)
na 33. kongresu Evropské spalesti pro transplantace krve a kostiérd (European Blood and Marrow
Transplantation). Abstrakt byl pak publikovan vestiku abstrakt tohoto kongresu, ktery je vydavaoj

ptilohacasopisu Bone Marrow Transplantation.
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Adenoviruses have been recognized as important pathogens in immunocompromised hosts. Particularly in
pediatric allogeneic stem cell transplant recipients, the morbidity of the patients and mortality in those
patients with disseminated infections have been found to increase over the last few years. Severe infections are
predominantly but not exclusively caused by subgroup C adenoviruses. A multiplex real-time PCR assay using
molecular beacons as probes was developed to enable monitoring of adenovirus DNA in those patients with
simultaneous identification of subgroups. An internal control was coamplified in the multiplex PCR to check
for the DNA isolation procedure as well as the presence of inhibitors in the clinical samples. The assay has been
applied retrospectively in patient groups with ditferent clinical outcomes of infection. In fatal cases, signifi-
cantly higher adenovirus loads developed, exceeding even 10" copies/ml of serum or plasma. Patients with viral
loads over 10° copies/ml appear to have an increased risk for fatal complications. This quantitative real-time
PCR assay has been prospectively used clinically since 2002 to study the course of adenovirus infection. In
addition, the assay provides objective start and end points of therapeutic interventions, including the clinically

important evaluation of antiviral drugs.

Human adenoviruses (HAdV) are a group of nonenveloped,
double-stranded DNA viruses which are endemic in the pedi-
atric population in particular. Most infections occur in children
before the age of 5, but older age groups are affected as well.
At present, 51 serotypes have been identified. In the immuno-
competent individual, adenoviruses can cause infections of the
conjunctiva, respiratory tract, and gastrointestinal tract with a
variety of clinical manifestations. Although the infections are
usually self-limiting, in immunocompromised patients dissem-
ination may occur, potentially resulting in severe complications
and even death (38). This occurrence of viral infections or
reactivations causing posttransplant complications is reminis-
cent of cytomegalovirus (CMV) and Epstein Barr virus (EBV)
infections (8, 11, 25, 36). Adenoviruses are now also recog-
nized as important pathogens causing severe morbidity and
mortality, especially in patients receiving allogeneic bone mar-
row transplants (3, 4, 6, 13, 15, 17, 18, 38). Infections have been
reported in 5 to 30% of these patients, with higher morbidities
in children, where mortality can be as high as 50% (1, 9, 31,
38). Most likely, this results from reactivation of latent adeno-
viruses, but primary infections cannot always be excluded (38).
Species C viruses comprising subtypes 1, 2, 5, and 6 have been
predominantly found in disseminated adenovirus infections in
children. However, subgroup A and B viruses have been de-
tected as well, mainly in solid organ and adult bone marrow
transplant patients (15, 18).

* Corresponding author. Mailing address: Leiden University Medi-
cal Center, Department of Medical Microbiology, PO Box 9600, 2300
RC Leiden, The Netherlands. Phone: 31 (71) 5263650, Fax: 31 (71)
5248148, E-mail: e.claas@lumc.nl.

Several quantitative real-time PCR assays for monitoring
herpesvirus DNA load have been used in the follow-up for
patients posttransplantation, resulting in successful implemen-
tation of preemptive therapy for CMV and EBV infections (2,
26, 32). Our preliminary studies have shown that adenovirus
DNA in serum from immunocompromised patients may be
predictive for the outcome of disease (7). Application of a
semiquantitative PCR assay for the detection of adenovirus
DNA in the plasma of transplant patients suggested an asso-
ciation of the viral load and fatal outcome of the disease (29).

Recently, real-time PCR applications for the detection and
quantification of adenovirus have been described for species C
viruses in transplant patients (10, 34) and adenovirus type 4 for
respiratory diagnosis (16) and also for broadly reactive adeno-
virus multiplex assays on a variety of clinical samples (12, 14,
23, 24).

In this study, an internally controlled, multiplex real-time
PCR that enabled efficient quantification of species A, B, and
C adenoviruses was developed. An internal control is coampli-
fied to monitor the integrity of the DNA extracted from clinical
samples as well as the presence of PCR inhibitors. The heter-
ogeneity of the adenovirus family complicates the design of an
adenovirus real-time PCR. Mismatches in primer and probe
sequences can significantly affect the kinetics of a real-time
PCR and thus quantification. Our approach has focused on a
PCR that amplified DNA of all relevant adenovirus serotypes
by using primers selected from the 3" end of the hexon gene (5,
6) and the detection of the amplified products by using molec-
ular beacons as probes (35). By using molecular beacons car-
rying different fluorophores, species of adenoviruses could be
differentiated in the assay (37). Laboratories lacking multicolor
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TABLE 1. Primers and probes for real-time PCR detection and
amplification of adenoviruses

Primer or probe Sequence 5°-3'7

Primer
ADVs CATGACTTTTGAGGTGGATC
ADVas CCGGCCGAGAAGGGTGTGCGCAGGTA
ADV3ls TATGACATTTGAAGTTGACC
Probe
ADV-MB-AC-FAM GCTGCG GAGCCYACCCTTCTTITATGT
CGCAGC
ADV-MB-B-HEX CGTGCG GAGCCCACCCTGCTTITATCT
CGCACG
ADV-MB-F-TXR CGTGCG GAGCCCACACTTCTYTATGT
CGCACG
ADV-MGB AGCCCACCCTECTTTAT

# Underlined nucleotides indicate the stem structure of the molecular beacon.
MB, molecular beacon; TXR, Texas red. The oligos are located at the 3’ end of
the hexon gene.

real-time PCR detection can apply the assay with the same
primers but using a minor groove binder (MGB) probe (19).
This new assay has been applied retrospectively on a series of
pediatric allogeneic stem cell transplant (SCT) patients previ-
ously tested by semiquantitative analysis (29). Since 2002, this
assay has also been prospectively applied to monitor adenovi-
rus DNA in allogeneic SCT patients (20) and to evaluate the
efficacy of ribavirin treatment of this condition (21). This assay
contributes to better management of adenovirus infections in
transplant patients.

MATERIALS AND METHODS

Viroses and plasmids. Recombinant adenovirus strains of all species, which
were purified with cesium chloride and titrated by high-performance liquid
chromatography (HPLC) (300, were a kind gift from M. Havenga, Crucell, The
Netherlands, who also provided DNA from 51 adenovirus serotypes for speci-
ficity testing. The virus stocks were diluted in Basematrix (BBl Diagnostics,
Boston, Mass.) and stored in aliquots of 10° virus particles (VP)/ml at —80°C.

An adenovirus type 3 stock of 2.34 x 10" particles/ml as counted by electron
microscopy was purchased from Advanced Biotechnologies Inc, Columbia, Md.

Two DNA plasmids containing an insert of the 3’ end region of the hexon gene
of adenoviruses type 5 (10L 103) and type 35 (10L 104) were constructed (10
Praducts, Groningen, The Netherlands). The concentration was 107 copies of
DNA/ml.

Primers and probes. The primers previously published by Echavarria et al. (5)
were adjusted to better suit real-time PCR kinetics. These primers are selected
from the 3’ end of the adenovirus hexon gene and resulted in a PCR product of
137 bp. Species-specific molecular beacons carrying different fluorophores were
designed for detection and quantification of the different species of adenoviruses.
Primers and probes are shown in Table 1.

The primers and the Cy3 (indodicarbocyanine)-labeled molecular beacon for
the amplification and detection of the Phocine herpesvirus (PhHV) internal
control have been described previously (33). This target is coamplified in the
adenovirus PCR as an internal control. Oligonucleotide primers were synthe-
sized by Eurogentec, Seraing, Belgium. The molecular beacons were synthesized
by Biolegio, Malden, The Netherlands.

In addition, a minor groove binder (MGB) probe was designed. This probe can
be vsed instead of the molecular beacons for general detection and quantifica-
tion of the same adenovirus PCR products, without differentiation of the species.
The MGB probe was synthesized by Applied Biosystems Inc, Nieuwerkerk aan
den IJssel, The Netherlands.

Patients. Allogeneic SCT recipients at the Department of Pediatrics in the
Leiden University Medical Center were included in the study, and a unigque
patient number (UPN) identified the patients. The original diseases necessitating
the transplantation included acute myeloblastic leukemia, acute lymphoblastic
leukemia, myelodysplastic syndrome, severe combined immunodeficiency disor-

PCR MONITORING OF ADENOVIRUS LOAD IN BMT RECIPIENTS 1739

der, severe aplastic anemia, Fanconi aplastic anemia, and chronic myelomono-
cytic leukemia. Occurrence of adenovirus infections was not related w the
original disease.

In a retrospective study of 328 allogeneic SCT patients, 36 patients had a
positive adenovirus culture from stool, urine, or a throat swab and were selected
for further analysis as described previously (29). These patients were divided into
three groups based on their clinical presentation. Group 1 had positive adeno-
virus cultures but no clinical symptoms (n = 17). Groop II had adenovirus-
related diseases but survived (n = 12). Ten of these patients had enteritis, one
patient had hemorrhagic cystitis, and one patient had enteritis and hemorrhagic
cystitis. Group 11 comprised patients with a fatal outcome that clinically was
attributed to a disseminated adenovirus infection (n = 7). All patients but one
had enteritis in combination with hepatitis or hemorrhagic cystitis. The remain-
ing patient had pneumonia.

Subsequently, in 2001 and 2002, 48 allogeneic transplant recipients were mon-
itored prospectively for 6 months after SCT.

Extraction of DNA. DNA was isolated from sera, plasma samples, and controls
by using spin columns of the QiaAmp blood kit (QIAGEN GmbH, Hilden,
Germany) according to the manufacturer’s instructions.

For the prospective study, DNA was isolated from clinical samples, usually
plasma, by the Total Nucleic Acid isolation kit and the automated MagMNApure
LC DNA extraction system (Roche Diagnostics, Mannheim, Germany). No
significant differences were observed between the results obtained by column
isolation and those obtained by automated extraction in the MagNApure system
(data not shown).

Real-time PCR assay. Real-time PCR was performed using the iCycler 10
multicolor real-time PCR detection apparatus (Bio-Rad, Veenendaal, The Neth-
erlands), which enables simultaneous detection of four different fluorophores.
Binding of the specific probes to the PCR products generates fluorescence, which
is detected by the iCycler 10. The amplification cycle at which this fluorescence
crosses the threshold line is called the threshold cycle or C value.

The PCR is performed in a 50-pl reaction volume containing 2 HotStar Tag
Master mix (QIAGEN GmbH) as a multiplex assay with three primers (0.3 pM
concentrations of each primer [ADVs, ADV31s, and ADVas]), two probes (a
3 wM concentration of 6-carboxyfluorescein [FAM]-labeled ADV-MB-AC for
species A and C virus detection and a 3 pM concentration of hexachlorofluo-
rescein [HEX]-labeled ADV-MB-B for species B virus detection), and a final
concentration of £ mM MgCl,. Addition of 10 pl of extracted DNA completed
the reaction mixture. The amplification protocel consisted of an enzyme activa-
tion step of 95°C for 15 min followed by 50 cycles of amplification (95°C for 30 s,
55°C for 30 s, and 72°C for 30 5). A fixed amount of PhHV was added to the lysis
buffer prior to extraction and was coamplified in the reaction to check DNA
isolation and inhibition as described previously (33).

Ouantification of the adenovirus load. The extraction of adenovirus control of
10° VP/ml was identical to that of the patient samples, and dilution series of 10
to 107 VP/ml were applied to real-time PCR. The obtained Cpvalues were used
to establish a standard curve, and subsequently the viral load of the clinical
samples was determined by entering the C value of the sample in the standard
curve, The software of the iCycler IQ multicolor real-time PCR detection system
performed the calculations.

Sequence analysis. Two additional primers (sense, GAAACTTCCAGCCCA
TGAG; antisense, TTATGTGGTAGCGTTRC) were used for nucleotide se-
quence analysis of an approximately 430-bp fragment of the 3" end hexon gene.
In this way, the primer and probe regions of adenovirus serotypes were analyzed
to define the appropriate primers, and in addition, this method was used for
genotyping the viruses. The PCR products were subjected to sequence analysis
with the Big Dye-Terminator Cycle Sequencing ready reactions kit containing
Ampli-Tag DNA polymerase FS (Applied Biosystems, Inc., Foster City, Calif.).
Samples were analyzed on an ABI maodel 310 DNA sequencer (Applied Biosys-
tems, Inc.), and genotyping was performed by BLAST analysis on the NCBI
website (www.nchi.nlm.nih.gov/BLAST).

RESULTS

Multiplex real-time PCR. The primers targeting the 3’ end
of the hexon gene that were used in previous studies (5, 6, 29)
successfully amplified 100 pg of DNA of all 51 adenovirus
serotypes in a conventional PCR assay with an annealing tem-
perature of 52°C. However, testing dilution series showed that
a subpicogram-level sensitivity could not be obtained for all
serotypes. For the selection of appropriate primers that enable
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TABLE 2. Nucleotide sequences of the primer and probe regions at the 3" end of the hexon gene of the subgroup A, B, and C serotypes
of adenovirus

Subgroup Serotype ADVs® ADVas Probe

CATGACTTTTGAGGTGGATC COGECCGAGAAGGETETGCGCAGETA GAGCCCACCCTTCTTTATGT
A 12 A—— —-—C -— C—— _— e e
A 18 A—— - ———= e —— e
A 3l T A ——— A —T——C-— — A——
B 7 — -——C — e G c-
B 1 S G 2 7 IS S —— B c-
B L Comme -C A e o B o G-
B 35 0 =oesees TR S ssger s e Ssmevcssuessy SR o-
[ 1 ik _ -— C—— —_—
C 2 SR Laie A e iy SR S e S S e i
€ 5 —_— —_ —_— —_— e———————— e
C i} S - . - S,

@ Primer sequences are given under primer names.

an accurate quantification of the serotypes that are known to
cause complications in transplant patients (15, 38), sequence
analysis was performed (Table 2). This resulted in the primers
ADVs and ADVas, which amplified all serotypes of the sub-
group A, B, and C viruses (Table 1).

The five mismatches of the ADVs primer with the HAdV 31
serotype sequence (Table 2) result in inefficient amplification
and quantification of this serotype. This is shown in Table 3,
where dilution series of HAdV 31 DNA were clearly under-
quantified after amplification using HAdV 5 or HAdV 18 as
standards. On the other hand, when using HAAV 31 as a
standard (Table 3), only the first two dilutions of this serotype
used as experimental samples were amplified. In addition, the
HAdV 5 and HAdV 18 dilutions were overquantified. There-
fore, an additional primer, ADV3l1s (Table 1), was added so

TABLE 3. Inefficient amplification of HAdV 31 shown by
heterogeneity of viral DNA loads of experimental dilution series
of adenovirus and heterologous serotypes as standard®

No. of copies/ml (10 log)

Standard HAGV 5 HAGV 18 HAdV 31
(C) (A) (A)
HAdV 5 (log)
7 7.2 6.9 5
6 6 5.7 4
5 5 4.6 0
4 4.2 3. 0
3 3l 2.7 0
HAdV 18 (log)
7 73 7 5.1
6 6.1 5.9 4.2
5 5.1 48 0
4 4.4 38 0
3 3.2 3 0
HAAV 31 (log)
7 10.4 9.9 7.2
6 8.6 8.3 5.8
5 7.2 6.7 0
4 6.2 5.2 0
3 48 4 0

® The standard DNA Ioad values are dilution series from 107 (log 7) to 10* (log
3) copies/ml from titrated stocks. Subsequently, the same dilution series are
quantified by extrapolating the experimental Cy values into the standard curves.

that HAdV 31 DNA was also effectively quantified. Two dif-
ferent probes (Table 1) were used for the quantification of
species A and C viruses (FAM-labeled probe ADV-MB-AC)
and species B viruses (HEX-labeled probe ADV-MB-B). The
assay was optimized according to standard procedures to reach
the highest efficiency.

As in some cases subgroup F viruses are suggested to be
involved in fatal cases of adenovirus dissemination (24, 29), a
Texas red-labeled ADV-MB-F probe was designed as well
(Table 1). This probe was not added to the multiplex reaction
but was used to quantify the DNA from a patient that previ-
ously was shown to be HAdV 41 positive (29).

An internal control reaction was coamplified in the assay to
check the procedure for efficient DNA isolation and for inhi-
bition. A fixed amount of PhHV was added to the clinical
samples prior to DNA isolation and coamplified in the real-
time PCR using a Cy5-labeled probe for detection. Only if the
Cvalue for this spike was within two cycles of the average of
uninhibited samples was the result of the specimen considered
a valid result.

Quantification and species. The heterogeneity in the ade-
novirus family complicates standardized quantification, as
shown in Table 3, due to primer mismatches. When analyzing
dilution series, differences were observed in the C; values of
similar concentrations of HAdV 5 (species C) and HAdV 35
(species B) HPLC-titrated virus standards. This result most
likely relates to the fact that in HPLC titration, the quantity is
based on particles rather than DNA copies. For that reason,
plasmid DNA standards were prepared and it was shown that
the amount of DNA of this plasmid stock of HAdV 5 was
comparable to the values for the HAdV 5 virus standards. This
was further confirmed by obtaining a commercial batch of
HAAV 5, which consisted of purified virus, that was quantified
by electron microscopy (Advanced Biotechnologies). There-
fore, the subgroup C standard was used routinely in the assay
and allowed for accurate quantification of all serotypes of the
A and C subgroup viruses, which are predominantly associated
with adenovirus complications.

When a subgroup B virus was detected in the multiplex
PCR, the sample was retested with the specific, less well stan-
dardized standard curve of that subgroup.

The MGB probe can be used for quantification of adenovi-
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TABLE 4. Retrospective monitoring of adenovirus DNA in serum samples of SCT recipients pre and posttransplantation

Group and Viral load (10 log no. of copies/ml) in week™:

UPN Serotype -

-4 -3 -2 -1 0 1 2 3 4 5 f 7 8 e 10 11 12 13 14 15 16 17 18 19

Group I

168 3 7.2 66 66 T3 63 42 29 20

186 ) h.d 41 49 -

295 1 32 31 3 3.9 57 21 32

Al 2 39 4.2 37 4

384 5 - 46 46 3 - 43 - 4.6 - _
Group 11

338 ~ 38 =% =

a6l 31 - - 24 43
Group II1

246 1 = £ = 5 52 69 77 9.8(D)

217 5 <= == i R 7.9 86 (D)

316 2 XS 6 75 81 B4 D

a2 ! e - = = 74 97 12 D

369 31 41 - - - - = 34 3 D

376 31 KN 2.8 D

“ The SCT was performed at week 0. Weeks before transplantation are indicated with a — (i.e., —4). Group I was asymptomatic, group Il was symptomatic and
survived, and group 11 was fatal cases, where the week of death is noted with a D. — indicates a negative PCR. result.

ruses as well. No significant difference in viral loads was ob-
tained when using this probe instead of the molecular beacons,
provided that the probe was also used for the standard curve
amplification.

Semsitivity and specificity. The sensitivity of the assay was
determined by using the titrated HAdV 5 and HAdV 35 stocks
and the two plasmids containing the 3’ end of the hexon genes
of these subtypes. Dilution series of these standards were sub-
jected to real-time PCR amplification. The Cr value was plot-
ted against the dilution to generate a standard line that can be
used for the quantification of unknown samples by Cy value.
The sensitivity of the assay was shown to be between 50 and
250 copies/ml, which correlates to 1 to 5 copies in the reaction
tube (data not shown).

The amplification was also shown to be specific for adeno-
viruses. No amplification signal was obtained when nucleic
acids from CMYV, EBV, human herpesvirus 6, parvovirus, hep-
atitis B virus, hepatitis C virus, human immunodeficiency virus,
and BK virus were used as targets.

Retrospective analysis of patients. Pediatric stem cell trans-
plant recipients from a retrospectively analyzed cohort with
documented adenovirus infections had been divided into
groups 1, 11, and IIT based on increasing severity of infection by
clinical interpretation (29). DNA was extracted from serum
samples and subjected to real-time PCR. Results of the DNA
load in the samples from the adenovirus-positive patients are
shown in Table 4. In four out of six patients with fatal dissem-
inated infection (group III), a steep increase of the adenovirus
DNA load in serum could be observed in the month preceding
their death, with a maximum of 10'? copies/ml in UPN 321. Of
these four patients, two suffered from combined enteritis and
hepatitis, one had enteritis and hemorrhagic cystitis, and one
had encephalitis. Unfortunately, no serum samples were avail-
able from UPN 369 (pneumonia) and UPN 376 (enteritis and
hepatitis) from the weeks preceding their deaths.

One patient (UPN 114) from group III, not included in
Table 4, had a period of species F (HAdV 41) viremia, which

started 50 weeks posttransplantation and lasted for 3 months.
The load never exceeded 1,000 copies/ml, and the patient died
in week 66. A plasma sample taken 1 day before his death was
negative, and therefore the clinical significance (enteritis only)
of the adenovirus viremia with respect to his death remains
unclear.

In 2 out of 12 nonfatal cases (group II) and even in 5 out of
17 asymptomatic patients ( group I), adenovirus DNA could be
occasionally detected in serum as well, sometimes even before
transplantation, Usually the load did not exceed 10° copies/ml,
but in the asymptomatic patients UPN 168 and UPN 286, DNA
loads of 10° to 107 copies/ml were observed.

Apart from one case of HAdV 41 viremia, only adenovirus
species A (comprising serotypes 12, 18, and 31) and species C
(serotypes 1, 2, 5, and 6) have been detected in this patient
group, with the latter being more prevalent (Table 4).

Prospective study of adenovirus IDNA loads. Using the real-
time PCR protocol, 48 pediatric patients receiving transplants
from January 2001 until December 2002 were monitored pro-
spectively. The available plasma samples were checked for
adenovirus DNA for at least 6 months after transplantation. In
less than 0.5% (n = 4) of over 800 specimens, inhibition of the
PCR was observed, as shown by reduced PhHV internal con-
trol amplification.

In 12 of these 48 patients, a positive PCR result was found
at least once. Six of these patients developed a disseminated
infection, defined as at least two consecutive positive samples,
and three of these patients died (Table 5). One patient (UPN
497) died because of multifactorial complications not specifi-
cally caused by adenovirus, UPN 484 and UPN 510 had ade-
novirus-related complications as causes of death. Species C
adenoviruses were detected in five of the six patients, and in
one of the fatal cases HAdV 18 was the cause (Table 5).
Patients with a viral load over 10° to 107 copies/ml may be
considered at risk for severe complications.

This method provides clear data on the kinetics of the
HAdV DNA load in these SCT patients (Fig. 1). The effect of
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TABLE 5. Prospective monitoring of adenovirus DNA in plasma
samples of SCT patients in the first weeks after transplantation

Viral load (10 log no. of DNA copies/ml) at week®:

Sero-

YW 51 3 3 4 5 & 7 8 9 0 10
468 1 39 63 67 3. — = =

484 18 3 51 45 57 65 81 83 108 103 11 D

485 4 - 50 77 79 77 46 — s -
490 5 - 53 =5 j9e -

497 2 — 35 42 43 29 D*
s10 5 — 24 46 44 7 16 D

# SCT took place at week 0. The six patients with disseminated infections are
shown. Two patients died from adenovirus complications, and one died from
multifactorial causes. —, negative PCR, results: D, week of patient’s death.

E Patient died of multifactorial causes.

therapeutic interventions in patients receiving cidofovir, riba-
virin, or donor lymphocyte infusions can be objectively as-
sessed by quantitative viral DNA detection.

DISCUSSION

Adenovirus infections can result in major complications and
even death in the immunocompromised host. Enteritis, hem-
orrhagic cystitis, and hepatitis occur in these patients, and
mortality in allogeneic SCT recipients with a disseminated
adenovirus infection is high (1, 3, 4, 9, 13, 18, 31). Adenovi-
ruses can be easily detected in throat swabs and stool and urine
specimens by isolation in cell culture. In 5 to 20% of allogeneic
SCT patients, adenovirus infections have been detected by
conventional assays (22, 38). Recently, our group has shown

J. CLiN, MICROBIOL,

that detection of HAdV DNA in serum or plasma can specif-
ically identify and differentiate SCT patients with a dissemi-
nated infection who carry an increased risk for clinical com-
plications (7, 20, 29).

In the present work, the development of a single-tube, in-
ternally controlled multiplex real-time PCR assay for monitor-
ing the adenovirus DNA load in SCT patients is described. The
heterogeneity of the adenovirus family substantially compli-
cated the design of a quantitative PCR assay, as the possibili-
ties for selecting general primers and probes are limited. Lion
et al. (24) and Gu et al. (12) recently described a real-time
PCR procedure using six different primer sets and probes for
individual detection of all species. Heim et al. (14) described a
broadly reactive adenovirus assay using a multiplex PCR.

Our assay has been designed to detect and quantify the
serotypes involved in disseminated adenovirus disease. The
HAdV DNA load measurement in the patients from a retro-
spective study generally confirmed the initial, semiquantitative
PCR results (29). In one case, adenovirus type 41, which pre-
viously had been implicated in the fatal course of the disease,
was found. However, the low viral loads observed in this pa-
tient make this conclusion questionable. In retrospect, Lion et
al. (24) also detected a species F virus in a fatal case, and thus
the role of species F adenoviruses will require further investi-
gation.

The assay with the MGB probe enabled general detection
and quantification of HAdV by using the same primers but
without differentiation of species. The C; values with this
probe are in general a little lower than when molecular bea-
cons are used, but when the standard curve is also generated

UPN 246 UPN 316
12 10
g 10 E 8
i i o
3 ol g 4
> 2
g 2] ¥
0 = - - . ’ 0 - :
6 7 8 9 10 11 12 13 14 £ =& B . & B B
weeks post SCT weeks post SCT
UPN 484 UPN 510
15

log copiem
3

Lo TN |

o 1 2 3 4 5 6 7 8 9
weeks post SCT

0 1 2 3 4 5 66 7 8 9
weeks post SCT

FIG. 1. Course of the adenovirus DNA load in four fatal cases of disseminated adenovirus infection. UPN 246 and 316 were from the
retrospective study: UPN 484 and 510 were prospectively monitored. UPN 484 was treated with ribavirin starting in week 3, without a significant

effect. The others were not treated.
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with the MGB probe, no significant differences in viral loads
are obtained (data not shown). Therefore, this procedure can
be used in laboratories where no multicolor real-time PCR
detection system is available.

An internal control reaction is included in the multiplex
PCR assay to monitor appropriate DNA isolation and check
for inhibition. Although few samples were inhibitory (less than
0.5%), this control is important for the application of PCR to
clinical samples, especially as the effect of drugs in the blood of
these patients on the PCR is unknown.

In our and other pediatric patient populations, species C
adenoviruses have been most frequently detected after trans-
plantation. Interestingly, species C viruses have also been
detected in the majority of tissue samples taken after tonsil-
lectomy or adenoidectomy (10). Whether the increase in in-
fections can be correlated with abandoning the practice of
tonsillectomies is not clear vet. Species B adenoviruses, espe-
cially subtype 7, 11, 34, and 35 infections, have been described
for transplant recipients as well and are the predominant spe-
cies in solid organ transplant recipients (15, 18).

Clinical application of the assay for pediatric SCT recipients
with fatal disseminated adenovirus infections showed adenovi-
rus DNA loads of up to 10'? DNA copies/ml of plasma. In the
nonfatal cases, the DNA load never exceeded 107 copies/ml
except in a single case (UPN 485). These data suggest that
patients with HAdV DNA loads of aver 10° to 107 copies/ml in
plasma or serum may be considered at risk for severe compli-
cations. Further studies applying preemptive treatment based
on DNA loads should lead to a well-defined threshold for the
start of therapeutic interventions. The potential role of the
preemptive treatment strategy in these cases is one of the main
issues in a multicenter study that has been recently initiated.

An important point of concern in defining thresholds for the
initiation of treatment is the standardization of the HAdV
DNA load results. The exact number of complete DNA copies
in the HPLC-titrated standards used is unclear. Without stan-
dardized adenovirus stocks, the thresholds for preemptive
therapy have to be defined locally. For general recommenda-
tions to identify patients at risk, true standardization by inter-
national reference materials has to become available, as re-
cently has been established for nucleic acid testing of several
viral targets in blood products (27, 28).

Ribavirin and cidofovir have been reported to be eftective
against adenovirus infections. However, in cases in which im-
provement of patients after treatment has been reported, no
data on the viral load were available. Moreover, without any
intervention, adenovirus viremia can be controlled as a result
of immunological recovery of the patient. With quantitative
HAdV DNA PCR, tools have become available to enable
timely preemptive treatment initiation. Recently, our group
has shown that ribavirin did not have convincing antiviral ef-
fects in SCT patients (21), and currently the efficacy of cido-
fovir is being evaluated in the aforementioned multicenter
study.

The quantification of adenovirus DNA as described here will
be used for the early detection of disseminated infections and
as an objective instrument to evaluate therapeutic interven-
tions. This approach should eventually lead to the definition of
optimal treatment protocols for this serious complication of
immunocompromised children.
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12.Polyomaviry - BKV

Detekce BKV byla provatha edevsim u paciefits makroskopickou hemorrhagickou cystitidou,
tedy cystitidou podle klasifikace &ové zdravotnické organizace (WHO) grade 2 a 3.VBMXNA jsme
detekovali ve vzorcich krve a ve vzorcichdnbyly-li dostupné. Mo jsme testovali po izolaci DNA kitem
firmy MoBio uréenym pro izolace DNA z ntba stolice. Vysledky jsme i v tomtdipact vyjadrovali na 1
ml biologického vzorku.

Celkem jsme naiftomnost BKYV testovali u 741 vzoik(168 vzorki magi, 454 vzorki plné periferni
krve) od 31 dtskych a 41 dosilych pacieni v prevadzné ¥tsSiné s hemorrhagickou cystitidou. BKV jsme
detekovali v 152 vzorcich nibs medianem pozitivity 4,28x2@ ml (rozmezi 1000 — 1,02x3 ml) od 49
pacienti a v 115 vzorcich periferni krve s medianem poirti2,31x10 / ml (rozmezi 8000 - 1,02x1%/
ml) od 15 pacierit Mimo to jsme u dvou paciehriskali a testovali také vzorky tkikmaocového ngchyie
ziskané fi patologicko-anatomickém vy§ehi po smrti pacienta. Kvantity detekované v peaith
vzorcich jsou prezentované na obrazk@?2, porovnani kvanty v i krvi a tkanich u jednoho z paciént
je pak na obrazkg¢. 23. NaloZe ve tkanich jsou normalizované na XD @@. protoZe poén v tomto
piipact mazZe prolifer&ni aktivitu viru lépe zachytit. Na obou obrazciehvjdit opst o jeden az dv#ady
vySSi ndloZ v mé oproti kvantit v krvi, na obrazku 19, je pak \dtdjasny rozdil ve kvan@itpoSkozeného

mocového méchyie, ve tkanich ledvin aiglva, kde je BKV detekovan a pak ve zbytku organismu
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Obrazek 22.
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13.Zavér

Infekce DNA viry tva@i u pacieni po HSCT nezanedbatelnou skupinu komplikaci. lagiah pacierit
jsou pak ziskana data v souladu s obecnym pohledemebezp@ost virovych infekci v piadi CMV,
EBV, dale adenovirus a pak zbylé viry. Vyvoj novydlhostatik, imunosupresij burgcné terapie, stefn
jako kvantitativni virova detekce pak na toto ppimasSiradu dalSich otdzek’ iz ve vztahu k vlastnimu
pribéhu virovych infekci, iteba ve formy a pfibéhu CMV organovych poSkozentipcilené virostatické
terapii, ¢i ve smyslu detekce jednotlivych wiv dalSich biologickych vzorcich a jejich dopadutmaavu
terapie (nap vzorky bronchoalveolarni lavaza stolice).

Nami dosud ziskané vysledky umoznily standardizewanitoraci &chto infekci a jejich Us§nou

[éEbu u mnoha pacieint
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