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Rovnovaha u imunosuprimovaného
pacienta

Imunitni systém
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chemoterapie, ...)




V pripadné transplantace -
imunosuprese

Maligni onemocnéni

Solidni organové Tx.

7

pfip. autoimunity

chronicka nemoc
Stépu proti hostiteli
(GvHD)

Transplantace
kmenovych bunék
krvetvorby

Zvlastni situace je u primarnich imunodeficitd, HIV pozitivnich, pfipadné
téhotnych.
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chirurg 1958

,A sarcoma involving the
jaws of African
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Stavba EBV - HHV-4

» Obaleny ds DNA virus

« Clen y-herpesvirové rodiny

kapsida
DNA

* lkosahedralni kapsida
(pfiblizné 100 nm &)

* Genom172 Kbp

» Kdduje 94 virovych proteinu
* Receptor CD21-CR2

tegument

glykoproteiny
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Prenos a epidemiologie
Pfenos pomoci télesnych slin oralni cestou
(permisivni buriky: B lymfocyty a epitelialni buriky)

80 - 90% dospélé populace je seropozitivni (v rozvojovych zemich pak 90% déti starsich 2 let)

95.0% T I Median séroprevalence

3 T EBV podle véku, a
25.0% T : rasyl/etnika, National

® T B 4 Health and Nutrition
Y Examination Survey,
§ 75.0% 2003-2010.
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= =#=Non-Hispanic White
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Age, years @PLOS ‘ ONE

Dowd JB, Palermo T, Brite J, McDade TW, et al. (2013) Seroprevalence of Epstein-Barr Virus Infection in U.S. Children Ages 6-19, 2003-2010. PLoS ONE 8(5): €64921.
doi:10.1371/journal pone.0064921

Prenos a epidemiologie ve FNM 4
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NF-KB Activation by EBV

Vstup do bunky

gp350/220
vazba na:
CD21(CR-2)

Pranik do buriky:

gp 42 (komplex s gH a gL)
vazbou na

e HLA -DR
A

Permisivni bb.
B lymfocyty

Epitelialni buiiky

Liarad (502

Jak manipuluje EBV s imunitou/proliferaci?
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Infikované EBV
Preziti diky bcl-2
. Ez::?z @ =>virovy homolog BHRF1

Ig mutace
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EBV

LMP-1 homolog CD40
« aktivace cesty NFkB

« Vazba TRADD z TRAF
apoptotické cesty
Virovy IL-10
homolo .
Imortalizace




Jak manipuluje EBV s imunitou/proliferaci?

EBNA-1 Sequence-specific DNA-binding protein to EBV element; protein; of viral
latent genes and host genes; for episome i and of viral genome; involved in p53
degradation and oncogenesis -

EBNALP Ti I of EBNA-2-d¢ dent viral and cellular gene transcription; primarily indirectly associates with host DNA sites

located at or near the transcriptional start; associates with cellular transcriptional (coMactors and EBNA-2; dismisses repressor complex
from promoter o enhancer sites; is essential for EBV-mediated B-cell transformation -
EBNA-2 Together with EBNA-LP cooperatively activates viral and cellular gene transcription for transformation; primarily indirectly associates with
host DNA sites located at the enhancer or intergenic region; associates with cellular transcriptional (co)factors and EBNA-LP; is critical for
EBV-mediated B-cell transformation T
EBNA-3A A coactivator of EBNA-2, EBNA-3A and EBNA-3C associations with RBPJ inhibit RBPJ rec to DNA; eg cMyc
transcription and block EBNA-2 activation effects; and induce CDKN2 and chemokines. Induces G1 arrests, which is essential for
EBV-mediated B-cell transformation
EBNA-3B A coactivator of EBNA-2; for B-cell ; viral tumor suppressor: and upregulates CXCL10. EBNA-3B-knockout
induces DLBCL-like tumors
EBNA-3C  Coactivates with EBNA-2 host CXCR4 and CXCL12 genes; induces CDKN2, chemokines and aurora kinase B; mediates RB degradation;

H2AX exp and EBV-infecti DNA damage cell profif induces G1
amests; essential for EBV-mediated B-cell transformation
LMP-1 Mimics the constitutively active form of CD40, a major EBV-encoded oncogene; activates NF-xB, JNK and p38 pathways; is critical for

EBV-mediated B-cell transformation, a major EBV-encoded oncogene; activates NF«B, JNK and p38 pathways; and induces EMT of NPC
and acquisition of CSC-ike properties

LMP-2A Mimics constitutively active, antigen-independent BCR signaling through constitutive activation of the ERK/MAPK pathway224; blocks

tgs BCR induces B-cell in is but not essential for in vitro primary

B-lymphocyte growth transformation; rescues the LMP-1generated imparment in germinal center in the response o antigen in animals;
confers resting B cells sensitive to NF-«B inhi and ff and epithelial cell and
motility in epithelial cells; and enniches cancer stem cell-like population

EBER Most abundant EBV-encoded g RNAs; augs colony and induces growth; confers cells resistance to
PKR-dependent apoplosss; Induces cylokines and modulales mnate immune response; binds 1o La, PRR, L22, PRR and RIGH; and
EBER-mediated RIG-1 activation likely contributes to EBV oncogenesis. EBER blockades of PKR-mediated phosphorylation of elF2a

resulls in blockage of elfF2a: of protein and to IFNa-induced apoptosis
@ Trarscribed from BART and BHRF1; validated targets include Bim, BRUCE, CXCL11, DICER1, PUMA; has a role in sustaining latently

infected cells. BHRF1 miRNA and BART miRNAs interfere with apoptosis. The miR-BART 15-3p promoted apoptosis 331

Experimental & Molecular Medicine (2015) 47,

Jak manipuluje EBV s imunitou/proliferaci?

(Antigeny a latence)
Latence v 1z 10e6 bb.

Buccal cavity Oropharyngeal Lymph node germinal centre Peripheral ‘circulation
mucosa

;
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EBER1,2

Virus entry Differentiation Persistence

Latency type

Blasts (default programme
ing memory B cell

LD, DLBC
(BZLF1 .,
aBRLF1), Naivni B bb.
BMRF1, . " N P
BALF1 Bollard, C. M. et al. (2012) T-cell therapy in the of p 1 phoprolife disease
BHRF' Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2012.111

Kerr JR. J Clin Pathol 2019;72:651-658.




Patologické plisobeni EBV

Imunokompetentni hostitel
—Infek&ni mononukleéza
—Chronicka aktivni EBV infekce
—X-vazana lymfoproliferativni nemoc
—Maligni onemocnéni

*Hodgkinova nemoc
*Burkitttv lymfom
*non-Hodgkinsky T/NK lymfom

*Nasopharyngealni karcinom i N T
& Right Eustachian ; o 0 Tumor in Vault
?Tube Orifice A Nasopharynx

*Karcinom Zaludku
*Angioblasticky T lymfom

Floor of Right
Nasal Cavity

*Imunokompetentni hostitel

—Infekéni mononukleéza
—Chronickéa aktivni EBV infekce]
—X-vazana lymfoproliferativni ng
~Maligni onemocnéni
*Hodgkinova nemoc
«Burkittuv lymfom
*non-Hodgkinsky T/NK ly mfd
*Nasopharyngealni karcinol
+Karcinom zaludku ;
*Angioblasticky T lymfom
sImunokompromitovany hostitel

—Vlasata leukoplakie
—PFipadné vySe uvedené
malignity
—Post-transplantacni
lymfoproliferativni
nemoc (EBV-LPD)
-Encefalitida/myelitis,
pneumonie, hepatitis

edu/faculty/ chamberlain/ Websi ¢/aidshtm  yww.med-ed.virginia.edu/courses/path/innes/wed/hodgkin|




Infekéni mononukléoza

» ,Kissing disease*
« proliferace postihuje slezinu a jatra a uzliny

« celkova unava, trvajici az nékolik tydnti, zvySena teplota az
horecky (bézné kolem 39 °C), zanét nosohltanu a zvétseni
uzlin (podcelistnich a krénich); hepatosplenomegalie,
hepatopatie, otoky vi¢ek a bliceje, nechutenstvi

* inkubacni doba je 4-6 tydnti

» zpocatku vypada ,,angina“

* pfenos slinami

* lIé€ba trva priblizné 6 mésict
klid a dieta (2-3 mésice);
nasledné je nutno se
fyzicky Setfit

EBV antigeny

SYNTHESIS OF VIRAL ANTIGENS

meeenol VCA

EBNA - EBV associated nuclear
antigens (LP, 1, 2, 3A, 3B, 3C)

EBNA 1 — udrzuje cirkularni formu EBV v burice v
dobé latence

EBNA 2 — hlavni spousté¢ kaskady vedouci k bb.
transformaci

LMP1 - Latentni membranovy protein 1

Early Antigen (EA) — objevuje se pred
virovou replikaci

Viral Capsid antigen (VCA) — objevuje se

\L po virové replikaci
5 PRopucion




Diagnostika

Zakladni diagnéza EBYV infekce je sérologicka - nepfima.

Casna faze Post-akutni Pozdni faze Reaktivace
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Prima detekce - PCR

Detekce v periferni krvi (plasma, pIna krev), pfipadné v tkani
U HL i IM se EBV vyskytuje v periferni krvi pfedevSim v nizkych

kvantitach.

Mediany detekovanych kvantit v piné krvi stoupaly od HL— HSCT — IM
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Rlzné ciselné hodnoty pro stejnou kvantitu v

jednom vzorku podle typu vyjadreni.




Virova naloz

CAVE kvantita

-
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Chronicka aktivni EBV infekce

Infikované i T lymfocyty a NK burky

Priznaky ¢asto spojené s prolongovanou pfitomnosti interferont v organismu.

Diagnostic criteria of a case definition for SCAEBV [15]

Category

Criteria

Clinical
Hematologic

Virological

Other

Intermittent fever, lymphadenopathy,

and hepatosplenomegaly.
Anemia, thrombocytopenia, lymphocytopenia or
lymphocytosis, neutropenia, and polyclonal gammopathy.
Elevated antibody titers and positivity for antibodies to
EBV-related antigens (VCA IgG, =5120; VCA IgA,
positive; EA [D] IgG, =640; EA [D] IgA, positive;

and EA [D] and EA [R] IgG, = 640) and/or detection

of EBV genomes in affected tissues.

Chronic illness that cannot be explained by other known

disease processes.

E Sanchez et al. / Annals of Diagnostic Pathology 12 (2008) 368-371

Chronicka aktivni EBV infekce

T-celitype  NK-cell type
(n=16) (n=12) P

Symptoms

Fever, > 1 d'wk (%) 67 25 04

HMB (%) 13 75 002

Splenomegaly (%) 73 100 08

Large granular lymphocytosis (%) 13 83 0004

Calcification in basal ganglia (%) 7 kx} 10
Laboratory data

1gG (mg/dL, mean = SD) 213=1104 1682=464 .11

IgE (IU/mL, mean + SD) 282+208 21743774 .04

VCA IgG (geometric mean titer) 2405 45 0

EA IgG (geometric mean titer) 831 19 02

EBNA (geometric mean titer) 30 45 24
Viral load

PBMC (copies/ug DNA, mean * SD) 1041208 100404 i)

Plasma (copies/mL, mean + D) 102911 102421 49

HMB indicates hypersensitivity to mosquito bites; VICA, viral capsid antigens; EA
early antigens; EBNA, EB nuclear antigens; PBMC, peripheral biood mononuclear
cells, Fisher exact test was used to compare symptoms between groups. Student {
test was used o compare the mean copy numbers of EBV-DNA or laboratory data
Bold letters indicate statistically significant results.

Table 2. Clinical features of 30 patients with chronic active Epstein-Barr

virus infection

Symptoms and signs (%) Life-threatening complications (%)
Fever 100 Hemophagocytic syndrome 21
Liver dysfunction 90 Coronary arlery aneurysm 21
Splenomegaly 90 Hepatic failure 18
Lymphadenopathy 50 Malignant lymphoma 16
Thrombocytopenia 50 Interstitial pneumonia 12
Anemia 48 Central nervous system involvement 7
HMB 43 Sepsis 7
Skin rash 28  Pulmonary hypertention 4
Calcification in basal ganglia 18  Intestinal perforation 4
Oral ulcer 18  Myocarditis 4
Hydroa vacciniforme 14

HMB indicates hypersensitivity to mosquito bites.

Kimura et al. Blood 15 July 2001, Vol. 98, No.2




Datum 6.2.2003 | 17.2.2003 | 27.5.2003 | 23.2.2004 | 26.3.2004 | 4.4.2005 | 4.5.2009
VCA IgG + +++ + ++ 147 U/ml | 119 U/ml
VCA IgM + + - + + 72,5U/ml | 45,5 U/ml
EA-D ++ ++ +H+ ysoa |+ ++ 90 U/ml <150 U/ml
exprese)
EBNA 119G | - - - + + 52,5 U/ml | 14,3 U/ml
100000 -
10000
g 1000
=3
8
8 100
2
2 101
w

0 - T T T T T T
19.5.2003 13.5.2004 8.5.2005 3.5.2006 28.4.2007 22.4.2008 17.4.2009

Datum
—e—Krev ®m Biopsie zbroncht A BAL @ NalozvN.L.

Maligni pusobeni EBV
NHL - Burkittav lymfom # e

Velmi agresivni

Obrazek ,,Hvézdné oblohy* — ,hvézdy*
jsou apoptotické nadorové buriky fagocytujici
makrofagy

,obloha" — nadorové lymfocyty

Typicka zména t(8:14) chromosome 8 s c-myc
onkogenem

V rovnikové Africe incidence 5-15/100000
déti

V Evropé a USA 0,2-0,3/100000 obyvatel

VPgrFSx5vU4




Maligni pusobeni EBV
Hodgkinuv lymfom ?Eg.%.:y MW%%,‘:;E&E a

I ry 9*6-1-:0:
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Histologicky se déli dle poctu bunék Reedové-Sternberga (buriky vzniklé mutaci z B-bunék) a
dle stupné celularni reakce:

typ | s pfevahou lymfocytd (malo R-S bunék, hodné lymfocytl; nejlepsi prognoéza) (5 %);

typ Il nodularné-skleroticky (nodularni loziska, buriky (retikularni, lymfocyty, histiocyty) v kolagennich viaknech)
(70 %);

typ Il smiseny (20-25 %);

typ IV klasicky, chudy na lymfocyty (Sternbergovy buriky zmnoZzeny; nejhorsi prognéza) (1 %).

EBV asociovana potransplantacni
proliferace (EBV-LPD)

; !

architecture. B. High power view shows numerous plasma cells. C. Plasma cells stain with
CDI38/syndecan. D. EBER i siti hybridisation shows small amount of positive cells.

E-G. Polymorphic PTLD. E. Low power view shows disturbed lymph node architecture. F. Higher
power shows a polymorphic infiltrate composed of plasma cells, Iymphocytes (small. swedsum.sized
Lange and Reed-Stemnberg-like). G. EBER ISH shows numerous positive cells

Hi phic PTLD. H. Diffuse 5 large atypical cells. L (D20 staining shows their B-

cell origin (Coustesy to Prof Thomas Toussevn)




Etiopatogeneze a klasifikace EBV-LPD

EBV podminénd proliferace World Health Organization Classification of Post-transplant

@Neinfikévany B lymfocyt  Category

. Early lesions

EBV infikované
B lymfocyty Polymorphic PTLD

Monomeorphic PTLD
(classify according to lymphoma
Mutace IgH they resemble)

PreZiti diky

bcl-2

(CD4o/CD40L  Classical Hodgkin
interakei) lymphoma-type PTLD

Lymphoproliferative Disorder (PTLD)

Subtype

Plasmacytic hyperplasia
Infectious mononucleosis-like lesion

B-cell neoplasms

- Diffuse large B-cell lymphoma
— Burkitt lymphoma

~ Plasma cell myeloma

— Plasmacytoma-like lesion

— Other®

T-cell neoplasms

= Peripheral T-cell lymphoma NOS
— Hepatosplenic T-cell lymphoma
— Other

cT1-2gr3
cT3-4

Imortalizace diky
virovy BHRF1 (homolog bcl-2)
LMP-1 (homolog bcl-2)
- aktivace NFkB signalizace
- vazba TRADD z TRAF
pro-apoptotické cesty

EBV-LPD Incidence a rizikové faktory

Study
Risk Factor Degree of Risk Reference(s)
EBV seronegativity pretransplant 24 x average risk 11-13
Younger age at transplantation 4-8 x adult risk 1,11
Type of immune suppression
— Tacrolimus 2-5 x risk with cyclosporine 1,16,17
— OKT3 and/or ATG 3—4 x risk without these drugs 1
Type of organ transplant 9
Kidney 1%—-3% of all transplant patients
Liver 1%—-3% of all transplant patients
Hear 1%—6% of all transplant patients
Heart-lung 2%—6% of all transplant patients
Lung 4%-10% of all transplant patients
Small bowel 20% of all transplant patients
Time from transplant < 1 year 5-10 x risk at > 1 year 1
De novo CMV infection:
CMV-positive recipient 4-6 x risk of CMV-negative 21
of a CMV-positive organ recipient

ATG = anti-thymacyte glabulin; CMV = cytomegalovirus; EBY = Epstein-Barr virus;
OKT3 = muromonab-CD3 (Orthaclone OKT3); PTLD = post-transplant lymphaproliferative disarder.

Kumulativni intenzita imunosupresivni terapie

Pouziti anti-T lymfocytarnich protilatek v pfipravé a/nebo potransplantacni péci

T-cell depletovany Stép

Intenzivni terapie GvHD U alogenni HSCT udavana incidence 2-25%.

Aktivace zpravidla kolem D+60




EBV-LPD rizikové faktory

EBV BZLF1 peptide-specific and HLA-E EBV: m{“md Beell EBV LMP1 peptide mediated suppression
NKG2A/ restricted CD8" T cell activation of inhibitory NKG2A* NK cells

* HLA-E*0101 )
* LMP1 GSDPHLPTL
e GGDPHLPPL
+ EBV spread £
V4 4 risk for PTLD i

<
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Klinické priznaky EBV-LPD

Priznaky riizné zavazné poly-, oligo- az monoklonalni
proliferace.

Mononukleosa-like syndrom

Horec&ka, bolest v krku, myalgie, tonzilarni hypertrofie a kréni
lymfadenopatie, hepatopatie (bilirubinémia)

Tumoroézni forma

Sekundarni symptomy pFitomnosti zvétSeni lymfatické tkané :
bolest, obstrukce, perforace, Gl krvaceni, respiratory distress,
etc.

Diseminovana choroba

Proliferace B bunék v krvi a kostni dfeni, vysoké hore¢ky a/nebo
multiorganové selhavani




Diagnéza EBV-LPD

Diagno6za neoplastickych forem EBV-LPD by méla spliiovat
alespon 2 z nasledujicich kritérii:

— Zména ¢i znifeni bunééné struktury tkané lymfoproliferativnim
procesem

— Pritomnost monoklonalni, ¢i oligoklonalni proliferace prokazané
bunéénymi a/nebo virovymi markery

— Priikaz EBYV infekce v mnoha buiikiach (napf. DNA, RNA, protein...
Pouha detekce EBV DNA v Kkrvi neni dostacujici.

Dle definice EBMT IDWP, 2007

+Klinické pfiznaky z:"“""“u
«Zobrazovaci metody M Sections «

Leukemia

sImunologie (Flow cytometry, hladiny Ig, klonalita)
*Histologie N.L. (s detekci ptitomnosti EBV)
*Piimé detekce viru

—EBV naloz (zalozena predevéim na detekci NK)
*Typ vzorku: plasma, pina krev, MNC
*R0Gzna metodika PCR — nejvice kvantitativni real-time PCR

Log normalizované virové naloze

Log normalizované virové naloze

z
w)

Retrospektivné testovani pacienti

G GCwif;I Divka, 5.5 roku., HSCT pro ALL
CR2.
1- LPD  Darce: MMUD (8/10)
Stép: BM
Lymfadenopatie, FUO, Pfiprava: TBI (12 cy)

pozdéji cyklofosfamid (120 mg/kg)
hepatosplenomegalie,
atypicka y-frakce ATG (16 mgrkg)

proteint GvHD profylaxe: CyA+MTX
GvHD: grade Il (o+49; GIT)
Zemfiela D+74 na MOF.
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Days after HSCT

ch‘i"rﬂglaxe kD Divka, 4 r., HSCT pro AML PR2
1. LPD I?érce: MMUD (9110)
Stép: BM
Priprava:busulfan(ie mg/kg)
cyklofosfamid (120 mg/kg)

melfalan (140 mgim2)
Hepatospl l
epa osgggomega e ATG (40 mglka)
GvHD: grade Il o+ 25; GIm)
Zemriela D+117 na krvaceni a
respiracni selhani.
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0 20 40 60 80 100 120
Days after HSCT
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Retrospektivné testovani pacienti

S |
Chlapec, 5., HSCT pro JMML

Darce: MUD
T LD Stép: BM
Priprava:busulfan(1s mg/kg)
cyklofosfamid (120 mg/kg)

Splenomegalie a ATG (16 mgikg)

lymfadenopatie, GvHD prophylaxe: CyA+MTX

atypicka y-frakce GvHD: grade Il o+ 56; GIT)

It Zemfiel D+72 na MOF.
10 20 30 40 50 60 70 80

GvHD GVvHD GVvHD

Days after HSCT

CR2.
1' Darce: MUD
Stép: BM
Priprava: busulfane mgig)
cyklofosfamid (120 mgikg)
. o melphalan (140 mgim?)
Senaere WAL | ATG wonora

/ \ GvHD: grade IlI-IV (p+23; GIT)
Zemiela D+182 na MOF.

60 80 100 120 140 160 180
Days after HSCT

Log normalizované virové naloze

Retrospektivné testovani pacienti

ND

-120

-100 -80 -60 -40 -20 0
Dny pred umrtim

Maximum detekované kvantity byl mezi
1.16x10° and 1.17x107 NVCs.

Chlapec, 11 r., HSCT pro AML




Retrospektivné testovani pacienti

<>

WU T T g To—6— T |
-120 -100 -80 -60 -40 -20 0

Dny pred umrtim

Log normalizované virové naloze

Detekce predchazela imrti s medianem 47 dnii (-91 to -30)

Detekce predchazela klinické znamky EBV-LPD s medianem 35 dni
(-77 to -24)

Retrospektivné testovani pacienti

Log normalizované virové naloze

T T g T T |
-120 -100 -80 -60 -40 -20 0
Dny pred umrtim

Jako hranice suspekce EBV-LPD byla stanovena kvantita
104 NVCs.

Kvantita > 10* NVCs predchazela klinické znamky EBV-LPD s medianem
14 dnt (- 56 az 2)




Prospektivné testovani
— maximalni kvantity EBV
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Benigni hladina reaktivace

GCV (CMV)
GVvHD GvHD

IS

Log normalizované virové naloze
o - N

0 100 200 300 400 500
Days after HSCT

FCV,GCV and VGCV (CMV) VGCV (CMV)
__ GvHD cGvHD GvHD

Log normalizované virové naloze
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Chlapec, 13 let, HSCT pro MDS-RAEB
Darce: MMUD (s/10)
Stép: PBSC
Priprava: busulfan (16 mgikg)
cyclofosfamid (120 mg/kg)
melfalan (140 mg/m?)
ATG (40 mg/kg)
GvHD profylaxe: CyA+MTX
GvHD: grade Il (p+28;GiT)
DalSi: BKV-HC(D+40), CMV(D+55)
Vysledek: zije, zadné klin. problémy

Divka, 13 let, HSCT pro SAA

Darce: MMUD (9/10)

Stép: BM

Priprava: TBI (54 ay)
cyclofosfamid (200 mg/kg)
ATG (40 mg/kg)

GvHD profylaxe: CyA+MTX

GvHD: grade Il (p+40;GIT)

DalSi: CMV(D+486), plicni afekce neznamé
etiologie, steroidni DM

Vysledek: zije, zadné klin. problémy

Rizikova hladina reaktivace

GvHD

Log normalizované virové naloze
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250

Chlapec, 6,5 r., HSCT pro ALL
I?érce: RD (10/10)
Stép: BM
Priprava: TBI (12 ay)
etoposide (60 mg/kg)
ATG (40 mg/kg)
GvHD profylaxe: CyA+MTX
GvHD: grade Il (p+42;GIT+skin)
Vysledek: zije, zadné klin. problémy

Chlapec, 15 let, HSCT pro BAL
I?érce: MMUD (9r10)
Stép: PBSC
Priprava: TBI (12 ay)

etoposide (60 mg/kg)

ATG (40 mgikg)
GvHD profylaxe: CyA+MTX
GvHD: grade | (p+66)

Dalsi: plicni mykéza

200 Vysledek: zije, zadné klin. problémy




EBV-LPD

Detekovana: 28 pacientt (2,65% tx., 3,3% EBV pozitivnich)
15 dospélych (1,98%) a 13 déti (3,5%)

Mononukleéza-like syndrom: 1 dospély pacient
vrchol 54 dnli po HSCT (1,198 NVCs)

Lokalizovana : 12 pacientt (9 dospéli, 3 déti)

median maxima 68 dni po HSCT (rozmezi 54-647)
median maximalni hladiny 32 400 NVCs

Generalizovana: 15 pacientd (10 déti, 5 dospéli)
median maxima 71 dni po HSCT (rozmezi 41-230)
median maximalni hladiny 56 600 NVCs

Potvrzena pritokovou cytometrii.

S vyjimkou 3 pacientti byla lé¢ba rituximabem byla uspésna (84,2%).

EBV 1 bylo detekovano u v§ech pacientti s vyjimkou jednoho s EBV 2.

Lokalizovana EBV-LPD

Zena, 58 let, HSCT pro MDS/AML
D+55 Otok krku, febrilie. D+65 tremor, Darce: SD (©/10)

7
abulie, ztrata mentalnich funkci. -
s Bez zdufeni LN na CT nebo MRI. Stép: PBSC
5 11300/ml EBV v CSF. Priprava: idarubicine (21 mg/m?)

______________________ fludarabine (25 mgim?)
TBI (126y) ATG (40 mg/kg)
GvHD profylaxe: CyA, MMF
GvVvHD: grade Il (p+22)

Log normalizované virové naloze

0 100 200 300 400 500 600 700 so Vysledek: rychlé zlepseni, zije

Days after HSCT

GCV, FCV, CDV (CMV)

BVHD GvHD Zena, 39 let, HSCT pro AML
1' Darce: MMUD (9/10)

7 AIG

] Pleuralni vypotek. Puntat D+69. Stép' PBSC

5 |i Bez zdufeni LN na CT nebo MRI. e : L
PRRIREE. SR 10000/ml EBV v exudatu. . Priprava: idarubicine (21 mgim?)

fludarabine (25 mg/m?)
TBI (126y) ATG (40 mg/kg)
1 GvHD profylaxe: CyA+MMF
1 / GvHD: grade llI-IV (p+15)
ND Dalsi: plicni proces neznamého ptivodu
0 100 200 300 400 500

Days after HSCT Vysledek: zemiela D+478
na MOF

Log normalizované virové naloze




Lokalizovana EBV-LPD (NHL)

GVHD Chlarec, 15 let, HSCT pro ALL v 1. CR
CMV, EBV, HSV seronegativni
,§ 6 I?érce: MSD (bratr)
] Stép: PBSC
° 51 Priprava: TBI (12 6y)
g J etoposid (60 mg/kg)
o GvHD profylaxe: CyA
s 37 Pfihojeni: D+14
% | Chimérismus: CC D+28
g 2 D+95 — 20% autologni (negativni MRD)
2 1 D+130 — 1% autologni (negativni MRD)
[=d
S 0 4 GVHD: grade |l (0+28,GIT, kize)
Th: MP (1 mg/kg; do D+74) + CSA (do D+102)
ND S M ! D+280 — Herpes zoster (acv)
0 200 400 ‘
Dny po HSCT
Lokalizovana EBV-LPD (NHL)
Bio EBV v biopsii pankreatu Pankreatopatie neznamého pGvodu,
’ l} potvzeno CT a US.
MRD negativni.
] 4
H 6 1CRP, 1 IgG, bez autoprotilatek.
@
; 5 A Laparotomie.
2 J R o V biopsii jsme dgtekovali vS§echny
o typy lymfocyti. Zadné maligni buiiky.
c
g 31 DR+ lymfocyty
N
g 2]
o
c 1 1
e
- 0
ND - .
0 200 400

Dny po HSCT




Lokalizovana EBV-LPD (NHL)

B m
.
Al

némie. Krvaceni ze Zaludku.

6 ® 4 xrituximab 375 mg/m?

5 EBV v biopsii Zaludku == @ Biopsie zaludku prokazala EBV+
Ne-Hodgkinsky Lymfom

F R — (DLBCL)

Maligni buriky darcovského puavodu.

Log normalizované virové naloze
w
.

0 200 400 600
Dny po HSCT

T

TAWISE GL

Lécba podle protokolu
BFM NHL 2004

Béhem posledni chemote-
Rapie sepse zplsobena
Pseudomonas aeruginosa.

Posledni PET CT potvrdilo
remisi NHL.




Log normalizované virové naloze

Lokalizovana EBV-LPD (NHL)

I Chemoterapie

Log normalizované virové naloze

Log normalizované virové naloze

0 200 400 600 800 1000 1200
Dny po HSCT
Pacient ztstava v remisi
ALL a NHL.
Generalizovana EBV-LPD
Hepatosplenomegalie, atypicka Chapec, 3,3 r., HSCT pro MPS |
F'ic aTakeaproten Darce: MMUD (s/6)
Stép: CB

‘}\7 /\ rituximab den D+69

Priprava: busulfan (24.5 mgikg)
cyklofosfamid (200 mgikg)
ATG (40 mgikg)

GvHD profylaxe: CyA, MP

GvVHD: grade Il (p+49; GIT)

400 600 800 1000 1200
Days after HSCT

Vysledek: zije, bez klin. problému

Chlapec, 4,4 r., HSCT pro WAS

Vzestup B lymfocytti az na 50% v
periferni krvi D+56. Darce: MUD
Stép: BM

0 200

Priprava: busulfan (15.3 mg/kg)
cyklofosfamid (200 mg/kg)
ATG (40 mg/kg)

GvHD profylaxe: CyA, MTX

GvHD: grade Il (p+54; GIT)

rituximab den D+56.

400 500 800 1000 %0 Vysledek: zZije, bez klin. problému

Days after HSCT




Potvrzeni EBV-LPD prlitokovou cytometrii

10 10 10
Den 47 Den 49 3 Den 56
10° 10° 4 10° 4
o o 39.8 © 0.085
|4 g g
< < <
2 2 2
8 8 810°4
k4 £ £
5 5 142 b 0
= @ @
10" 4
11
100 Fey o . i |
100 10 102 10% 104 10° 10! 102 108 10* 10! 102 10° 10
FL1-H: CD3 FITC FL1-H: CD3 FITC
9 4 = -
Vzestup B lymfocytl Lééba rituximabem
10 10
u 10 ¢ e
g g
8 g
§ 1 A %». 1024
T ¥ i
P B S S S —— ) P v ND EBV
100 0 LA iof 100 100 10 100 100 2 4 0 e 7 8 % 10
L1 Lo MG FL 2Log>: LAMBOA-PE Days after HSCT
Proliferace pamétovych B bunék KAPPA IgL+ buriky

Terapie EBV (EBV lymfoproliferaci)

8 | ™ suppresser

» Acyklovir/valacyklovir (3) O

]

» Ganciklovir/valganciklovir (3) o
« Cidofovir (3) EBV latency - [esvinicarce

B cell transtormation

* Maribavir (4) 5|

* (Omalociklovir/valomaciklovir) AN .

» Vitamin C (1), vitamin D (4)
a kyselina retinova (1,6)

» rituximab (anti CD-20)
375 mg/m?

,/ ﬁ\ B FoyR/CR-mediated opsonic

phagocytosis or ADCG
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Cytomegalovirus

Varicellovirus

Fields Virology

hitp:/ /www.tulane.cdu/ ~dmsander/ garryfavweb.heml

Systematické
nazvoslovi

HHV-1 — HSV-1
HHV-2 — HSV-2
HHV-3 - VzV
HHV-4 — EBV
HHV-5 — HCMV
HHV-6A a HHV-6B
HHV-7

HHV-8




Lidsky cytomegalovirus

» Systematicky 5. lidsky
herpesvirus (Human
Herpesvirus 5 -HHV-5)

* Obaleny ds DNA virus

» Kapsida struktury
dvacetisténu pfiblizné
100 nm v praméru

* Genom délky pfiblizné 236
kb - pfiblizné 200 ORF

» Pomala proliferace—
doubling time pfiblizné 48-
72 hodin in vivo

Jaka je séroprevalence a primoinfekce CMV?

* 60-90% zdravé populace dospélych
nartista s vékem, klesa v ekonomicky vyspélych zemich

CMV Force of Infection by Race/Ethnicity, SES, and Region
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Jak CMV manipuluje s imunitou?

HUMORAL IMMUNITY NK buriky CELLULAR IMMUNITY Inhibice funkce NK bb‘
Inhibice komplementového % KY (gpUL18, gpUL142-homolog
systému (?) ) J a MHC-I, pp65, gpUL141,

Extracellular microbe
(e.g.. bacteria)

gpUL16, miR-UL112, UL40)

Intraceliular microbe
'f (e.g.. viruses)

Blymphocytes

Antigen-presenting
- cell

| ). H
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Destruction of
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© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com
Inhibice exprese a funkce MHC-l a Il
(gpUS2, gpUS3, gpUS6, gpUS8, gpUsS10,
gpUS11, gp34, gp40,9p48, pp65)

Prinik CMV

=

Figure 5. Models of HCMV entry into human cells using the trimer complex (TC) or PC complexes.
The TC interacts with PDGFRa via gO, then gH/gL/gO activates the fusogenic activity of gB at the plasma
membrane of human fibroblasts. Conversely, the PC first binds Nrp2, then the gH/gL component of the
PC (or gH/gL/g0O) induces endocytosis of virus particles [71], which are released into cytoplasm from
endosomal membranes, following low-pH-induced activation of the gB fusion machinery (from [72]).




Patologické pliisobeni CMV

U imunokompetentnich U imunokompromitovanych
asymptomatické u 95% déti predevsim trombocytopénie,
o pneumonitis, hepatitis,
mononukleosis like sy. encefalitis, retinitis, colitis,
v pipadé graviditity

, esofagitis, pankreatitis,
teratogenni ucink .. vaskulitis, nevolnost, zvraceni,,,
asociace s malignimirgli

artralgie, myalgie
nadory prsu v

= a7
moZna ageciace s
Alzheimerovou chorobaotl
b .

o ST
»S0Vi 0Ci
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M® a v burikach RES
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Patologické ptisobeni CMV u imunokompetentniho

pacienta
Imunosenescence a ateroskleréza
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Figure2. Effect of cytomegalovirus (CMV) on the percentages of CD28™ 'T cells, including CDA4* (A, CD8* (B), and DN TcRy CD28™" (£) T cells in healthy donors (HDs) and
unvaccinated individuals with mild or asymptomatic severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (mCOVID-13), recruited 3-6 months after in-
fection (time point 1 [T1]) and stratified by CMV serostatus (seronegative [CMV—] or seropositive [CMV+]). Horizontal bars represent medians; whiskers, maximum and min-
imum values. *P< .05; **P< .01; ***P< 001 (Mann-Whitney comparison test).

Alvarez-Heredia et al. JID 2023




Clinical Infectious Diseases

INVITED ARTICLE

BIDSA .

IMMUNOCOMPROMISED HOSTS: David R. Snydman, Section Editor

Definitions of Cytomegalovirus Infection and Disease
in Transplant Patients for Use in Clinical Trials

Per Ljungman,'* Michael Boeckh,* Hans H. Hirsch Filip Josephson’ Jens Lundgren,’ Garrett Nichols.' Andreas Pikis." Raymund R. Razonable,”
Voronica Miller,” and Paul D. Griffiths® for the Disoase Definitions Working Group of the Cytomegalovirus Drug Development Forum®

Table 1. Cytomegalovirus Disease Categories and Required Quality of
Evidence

Disease Proven Probable Possible
Pneumonia Yes Yes Yes
Gastrointestinal disease Yes Yes Yes
Hepatitis Yes No No
Retinitis Yes No No
Encephalitis/ventriculitis Yes Yes No
Nephritis Yes No No
Cystitis Yes No No
Myocarditis Yes No No
Pancreatitis Yes No No
Other end-organ diseases Yes No No
Syndrome No Yes No

All 3 categories require appropriate clinical symptoms and/or signs.

CID 2017:64 (1 January) ¢ IMMUNOCOMPROMISED HOSTS

Pneumonia

Proven disease requires clinical symptoms
and/or signs of pneumonia such as new
infiltrates on imaging, hypoxia, tachypnea, and/or

dyspnea combined with CMV documented in lung

tissue by virus isolation, rapid culture,
histopathology, immuno-histochemistry, or DNA
hybridization techniques.

Probable CMV pneumonia is defined as the
detection of CMV by viral isolation, rapid culture
of BAL fluid, or the quantitation of CMV DNA in
BAL fluid combined with clinical symptoms
and/or signs of pneumonia. A definite cut-off for
CMV DNA load cannot be established at the

present time. The cut-off is likely to vary between different
patients and according to how the BAL procedure and processing
are performer and the assay used for CMV DNA quantitation.
Furthermore, CMV DNA levels may vary considerably between
patients with varying degrees of severity of CMV pneumonia,
which may impact the predictive values of any cut-off. It should
be recognized that CMV shedding in the lower respiratory tract
does occur and therefore a low CMV DNA load might well
represent

asymptomatic infection [7]. ...

a negative

CMV DNA test in the BAL fluid has a negative
predictive value close to 100% and therefore
excludes the possibility of CMV pneumonia. The
use of quantitative PCR on biopsies is an
evolving field. Presently, these findings could be
defined as

possible CMV pneumonia.
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Definitions of Cytomegalovirus Infection and Disease
in Transplant Patients for Use in Clinical Trials
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GIT disease

Proven disease

Gl symptoms plus macroscopic mucosal lesions
plus CMV documented in tissue by histopathology,
virus isolation, rapid culture,
immunohistochemistry, or DNA hybridization
techniques. Studies should give information
regarding the presence or absence of

gut graft-vs-host disease (GVHD) in HSCT
recipients.

Probable

lower Gl symptoms and CMV documented in
tissue but without the requirement for
macroscopic mucosal lesions. Studies should give
information regarding the presence or absence of
gut GVHD in HSCT recipients.

LMV documented in blood hy NAT (e g PCR)or

antigenemia or CMV documented by PCR from
tissue biopsies is not sufficient for the diagnosis
of CMV Gl disease. The use of quantitative PCR on

gut biopsies is an evolving field. Presently, these
findings could be defined as possible Gl disease.




Patologické plisobeni CMV u
imunokompromitovaného pacienta

trombocytopenie, pneumonitis, hepatitis, encefalitis, retinitis, colitis,
esofagitis, gastritis, pankreatitis, nefritis, myokarditis, pankreatitis,
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Manipulace CMV s imunitni odpovédi
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Patologické pusobeni CMV u imunokompetentniho
pacienta

Asociace s malignim gliomem

Oncomudulation

Enhanced malignancy

. dire: orreld io
Oncogenic Indirect correlation

Cell cycle
Nuclear localization
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\ Mt')dlnnlsm of CMV Overall immune system
induced glioma
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Re-colonize, surveillance ’: y/
Senescence et % %\
Epithelial-mesenchymal transition Immune reaction L] '...-

TGFf§, MMP-2
PI3K/AKT
Tumor cell invasion

HR kmeny CMV maji
zvySenou expresi myc,
@ aktivovanou PI3K/Akt
cestu a snizenou
expresi p53 a Rb genu

Manipulace CMV s bunéénymi procesy
miRNA

MicroRNAs (miRNA) jsou malé nekddujici RNA (cca 22 nukleotidi dlouhé) podilejici se na regulaci eukaryotickych
bunék a virovych infekci. Mohou byt signdlem stépeni RNA a sniZeni translace diky homologii sekvence s mRNA.
Lidsky CMV kéduje 26 miRNA (dosud popsanych) regulujicich transkriptomy, pficemz jejich pfesné zapojeni do
regulaénich procesi neni jesté plné znamé.
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Manipulace CMV s bunéénymi procesy
dlouhé nekoédujici RNA (IncRNA)

IncRNASs - RNA2.7, RNA4.9 a RNA5.0 (nejsou zatim s popsanymi funkcemi)
- delSi nez 200 nukleotidd
- IncRNAs tvofi pfiblizné 30% RNA a 50-60% poly(A)+virového
transkriptomu béhem virového cyklu.
- RNA1.2, RNA2.7 a RNA4.9 jsou 3 nadbytecné exprimované
IncRNASs (nezbytné ve viech stadiich infekce) — pokles RNA2.7 a RNA4.9
vede k poklesu latentnich proteint a zacatku lytické proliferace (u fibroblastl)

- RNA 1.2 — snizuje expresi NF-kB a tim snizuje RPRG1L a nasledné
expresi IL-6, zaroven snizuje hladiny MCP-1 a CXCL1 transcriptd.

Relative IE MRNA levols

0.03128

Tdpl 12 dpi
Perera, Sinclair. Int. J. Mol. Sci. 2022 f & 4

Manipulace CMV s bunéénymi procesy
Epigenetické zmény

oSt

Epigenetic Regulation

| Expansion |
Cytokine Production




Manipulace CMV s bunéénymi procesy
DNA metylace

5x GCN4 peptide
+ k] \

5x GCN4 peptide
vy

H3K27me3

Manipulace CMV s bunéénymi procesy
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Fig. 10.1 Targeting histone acetylation in the management of chronic viral infections (HIV, HCMV, RSV), virus-induced cancers (EBV, HCV, HTLV,

HPV, HBV, KSHV), and epidemic/emerging viruses (WNV, BDV).

Viral replication restriction




Jedno CMV?

Churr Opin Virol. 2014 October - 0: 109-115. doi: 101016 coviro 2014.08 001 . R
Reinfekce asi u 10%

[Human Cy galovirus Intrahost Evolution — A New Avenue for ; . ;

Understanding and Controlling Herpesvirus Infections Predominantni sekvence asi u

Micholas Renzette'. Laura Gibson?, JeMrey D. Jensen® %, and Timothy F, Kowalik! %" 90% virové populace.
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CMV detekce u alo-HSCT

7094 vzorku (30,1%)
193 déti (54,4%)
448 dospéli (64%)

92 déti (25,9% testovanych, 47,7% pozitiv.) [T
210 dospélych (30,0% test., 46,9% poz.)

EbE]

\ 100 kopii CMV/10 000 g.e.

Hranice lécby

Pozitivni

. . 23552 vzorkt (69,9%)
Negativni 162 déti (45,6%)
252 dospélych (36%)




virovych hladinach
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Prekrocena 28% déti a
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Neni signifikantni
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Proliferace CMV

M _Nasazeni terapie

Virové naloz ve 100 000 GE

In vivo je popsan doubling
time CMV mezi
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Log virové naloze ve 100 000 GE

Jde o exponencialni

proliferaci.
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Nekomplikované reaktivace/infekce CMV
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Days after HSCT

90

Divka, 3,3 roku, HSCT pro SAA

Darce: MSD CMV ser.: D+/R+

Stép: kostni dien

Pripravny r.: ALG (75 mgikg)
Cyklofosfamid (200 mgikg)

GvHD profylaxe: CyA, MTX

GvHD: zadna

Outcome: ziva bez klinickych

obtizi.

Chlapec, 13 let, HSCT pro MDS(RAEB)
Darce: MMUD @110 CMV ser.: D+/R+
Stép: PBSC
Pripravny r.: Busulfan (16 mgikg)

Cyklofosfamid (120 mgikg)

Melfalan (140 mgim?)

ATG (40 mgikg)
GvHD profylaxe: CyA+MTX
GvHD: grade Il (p+28), cGvHD
BKV+ HC (p+40; 1x CDV-zlepseni)
Outcome: zivy, hypofunkce

stitné zlazy.

Komplikované infekce

ENE e T .
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§  Detekce anti CMV IgM

|

steroids
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Divka, 2,9 let, HSCT pro MDS-RC

Darci: MMUD 45y CMV ser.: D-/R+

Stép: CB

Pripravny r.: Busulfan (18 mgikg)
Cyklofosfamid (120 mgikg)
Melfalan (140 mgim?)
ATG (40 mgikg)

GvHD profylaxe: CyA, MTX,

steroidy
GvHD: zadna
Outcome: zije, STH deficience.

Divka, 14,3 let, HSCT pro AML/EWS
Darce: MUD CMV ser.: D+/R+
Stép: PBSC
Pripravny r.: Busulfan (16 mgikg)
Cyklofosfamid (120 mgikg)
Melfalan (120 mgim?)
ATG (40 mgikg)
GvHD profylaxe: CyA+MTX
GvHD: grade Il (p+28, +41), cGVvHD
Outcome: zemiela D+317 na
zygomyko6zu kombinovanou
s CMV nemoci.




Vysetrovani klinicky relevantnich mist
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Neplati jednoducha zavislost vyssi kvantity a klinické

vyznamnosti — vzdy je treba premyslet i nad

biologickych pribéhem infekce!




Median CMV kvantity ve tkanich (=9 pts.)
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Divka, 18.6 roku, HSCT pro AML M2 Darce: MMUD @110 CMV ser.: D-/R-

Stép: PBSC  Conditioning: Busulfan (16 mgike), Cyclofosfamid (120 mgikg),
Melfalan (140 mgim? ATG (40 maikg)

GvHD profylaxe: CyA+MTX

GvHD: grade Il (p+61)-kizecit  DalSi: D+16 BKV+ HC, D+377 Herpes zoster

Outcome: Ziva, snizeni zrakovych schopnosti




Pocty lymfocytu

ncephalitis/
2,5 7 orioretinitis
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| kratkodoba terapie kortikoidy vede ke snizeni poctu

lymfocytd nutnych pro kontrolu infekce.

J

Jaké mame zkusenosti s rezistenci?




Pribrzdéni virové proliferace
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CMV replication complex and function of virostatics
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Definice a rizikové faktory

Table 2. y of the itions of y Cy g irus Infection and Disease and Antiviral Drug Resistance for Use in Clinical Trials

Term Definition

Refractory CMV infection CMV viremia that increases’ after at least 2 wk of appropriately dosed antiviral therapy

Probable refractory CMV infection Persistent viral load® after at least 2 wk of appropriately dosed antiviral therapy

Refractory CMV end-organ disease Worsening in signs and symptoms or progression into end-organ disease after at least 2 wk of appropriately

dosed antiviral therapy

Probable refractory CMV end-organ disease Lack of improvement in s

s and symptoms after at least 2 wk of appropnately dosed antiviral drugs
| Antiviral drug resistance Viral genetic alteration that decreases susceptibility to one or more antiviral drugs®

| load at 22 weeks as me:

@ laboratory and with the same assay.
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Letermovir Prophylaxis for Cytomegalovirus
in Hematopoietic-Cell Transplantation

" The NEW ENGLAND
) JOURNAL of MEDICINE

Marty et al.N ENGL ) MED 377;25
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Klinicka rezistence je
suspektni po nepoklesu, Ci
vzestupu CMV DNA v
periferni krvi po 2 tydnech
dobre vedené terapie.

Potvrzeni bylo
provedeno pomoci
sekvenovani UL97 a
UL54.

Ziskané sekvence byly
porovnany s AD169 CMV
kmenem.

rezistence

UL97 phosphotransferase - GCV resistance

460
520

329-363 373-400 427-468  476-492 565595 652-681

405 [ 1708

UL54 DNA polymerase — GCV, CDV and FOS resist.

H g &
Gev ‘
cov ‘
Fos J Il
£ & B: ERE 8

Exol Exoll Exo Ill
295-312 404-418  533-545

NH2 tvi—sc il 1 L —Vim{ i —#—Vi-V{— CcOOH

379-421 492-588 696-742  771- 805 905.919 962- 978-988
790 845 9

269 [ ] 1070

*Boutolleau et al. Antiviral Research 2009




Klinicka a prokazana CMV rezistence

Suspektni Prokazana sekvenovanim

30 déti (32,6%) 7 déti (7.6% 1ecenvch: 23.3°
Vo (7,6% lééenych; 23,3% susp.)
71 dospélych (33,8%) 4 chlapci a 3 divky

13 dospélych (6,1% lecenych; 18,3% susp.
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Divka, 18.6 roku, HSCT pro AML M2 Darce: MMUD (/10 CMV ser.: D-/R-

Stép: PBSC  Conditioning: Busulfan (16 mgikg), Cyclofosfamid (120 mgike),
Melfalan (140 mgim? ATG (40 mgikg)

GvHD profylaxe: CyA+MTX

GvHD: grade Il (p+61)-kizecit  DalSi: D+16 BKV+ HC, D+377 Herpes zoster

Outcome: ziva, snizeni zrakovych schopnosti




GCV rezistence
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*Hubacek et al. Pediatr Tranplantation 2009
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CMV rezistence
max. kvantita v plné krvi
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48 52

16 20 24 28 32 36 40 44
Weeks after HSCT
merenou

12

20 tydnui

Rozdil mezi nejvyssi
prokazanou rezistenci je 64 dni (rozptyl 0-299).
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Cas selektivni lééby

ZG

uL97 >

A591V  A594V L595$ G598S
L595F del 597-599

\ Median selekéniho tlaku
R — 74 dni (rozptyl 2-359)

L595F
fesoss Median u dospélych 64 dni; median u déti 105 dni.

€592G6

Del597-599

Median selekéniho tlaku ;
— 89 dni (rozptyl 62-116) ‘ e
Median u dospélych 103 dni; median u déti 90 dni. . -
uL54 | | il | |
N408K P522S L545S T700A V715M del981-982

Pozdni CMV primoinfekce

Detection of L5958
UL97 mutation
Il Gev
- IENII § Moy
] [ veev
6 Il cbv

Log of normalised viral copies
w
!

2 n
tacro limut itgximab
14 sirblitus Sirglir
MMF i ]
0 steroids  steroids. steroids / sterpids
ND - > > T
0 1 2 3 4 5 6 7 8

Years after HSCT

Boy, 18.6 yrs., HSCT for AML M2 Donor: MMUD 100 CMV ser.: D-/R-

Graft: PBSC  Conditioning: TBI (14.4 cy), Cyclophosphamide (120 mgikg), ATG (30 mgikg)
GVvHD prophylaxis: CyA+MTX

GvHD: grade Il (p+20), chronic extensive GVHD,

Other: TTP/HUS, esophagic stenosis, Coomb+, aseptic necrosis of hip joints

Outcome: alive, TEP of hip joints, esophageal stent.




Pomér WT a L595S CMV mutanty
* Detection of L595S UL97 mutation

B S i

Log of normalised viral copies
w

1900 2000 2100 2200 230 2400
Days after HSCT

Total MV~ WT —Mutant My Selekeni tlak 39 dni

A co teratogenita?

4 monthe old




Zakladem je placenta

(a)
FETUS Mother Tvofii bariéru mezi
(Placenta) i (Utenne decidua) Ol’ganismem matky a plOdU.

A f‘!ﬂ Natural killer (NK)
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Pereira Trends in Microbiology 2005

Priznaky a nasledky cCMV

Infekce placenty
— prosaknuti stény — horsi difazni vlastnosti
- mensi tvorba kotymedonu — mensi plocha
placenty
IUGR

Infekce plodu
- suprese kostni dfené petechie
- infekce ,,cilovych organt CMV*

’ - vaskulitida — zejména oéi a CNS
Neurologické postizeni/zachvaty

’ Mozkové kalcifikace/ kavity
Predc¢asny porod S

Asymptomaticka infekce

11/8/e436/F3.large.jpg




Priznaky (kongenitainiy CMV

Asymptomaticks |
90% déti s cCCMV

iviafil rdpre y-baby1.jpg

Symptomy cCMV

PFiznaky kongenitalni CMV infekce
pFi narozeni

Pfedcasny porod
Hepatopatie (zloutenka)
Plicni pfiznaky (pneumonie)
Splenomegalie

IUGR

Neurologické zachvaty

Petechie, purpura

Trvalé zdravotni problémy spojené
s kongenitalni CMV infekci

Senzoneuralni ztrata sluchu

Ztrata zraku

Mentalni postizeni

Mikrocefalie

Motorické problémy (koordinace)

Neurologické zachvaty (epilepsie)

Vzacné smrt Blueberry muffin baby (tedy ,,dité bortiivkového muffinu“
) je charakterizovan purpurou jako pfiznakem

extramedullarni hematopoézy.




Symptomy cCMV

PFiznaky kongenitalni CMV infekce
pFi narozeni

Pl"edéasny_ povrod 45 %, Preterm
Hepatopatie (zloutenka) : .
Plicni pfiznaky (pneumonie) 70 % Th_mmbocytopema L
Splenomegalie ’ -
WeR 45 % Petechiae
Neurologické zachvaty 45 % Hepatomegaly
Petechie, purpura 45 9% Splenome ga.ly

A0 0/
Trvalé zdravotni problémy spojené 40 % IUGR
s kongenitalni CMV infekci 50 qu LALT__ AST or Bili
Senzoneuralni ztrata sluchu 65 % CNS involvement

Ztrata zraku
Mentalni postizeni
Mikrocefalie
Motorické problémy (koordinace)
Neurologické zachvaty (epilepsie)
Vzacné smrt

) je charakterizovan purpurou jako pfiznakem
extramedullarni hematopoézy.

Jaky je vyskyt cCMV?

Kazdy den se rodi 370 000 déti na svété tj. 134 miliont/rok.
Pramérna frekvence vyskytu je priblizné 1,5% tj. 2,01 miliont déti s
cCMV/rok.

I >90%
I 80%-90% <0.3%

[ 70%-80% () 0.3%-0.5%
[ 60%-70%
[ 50%-60%
[ Ja0%-50% © 11%-15%
[]Nodata QO >1.5% ]

O 0.5%-1.1%

Blueberry muffin baby (tedy ,,dité bortiivkového muffinu“

http:/lcmr.asm.org/content/26/1/86/F7.large.jpg




Frekvence prenosu CMV z matky na dité

CMV Infection sources
« Breas! milk: immune complexes
+ Toddlers: urine, saliva l
+ Sex: semen, cervical secretions

pi i y of CMV Ir

during and after Pregnancy |

Uterine Infection 1000

* Ascending Pregnancies that
+ Hematogenous result in live births
Placontal infection e
« Extensive
* Reduced 99 400
«Suppressad Mothers have CMV Mothers do not have CMV
- o = before pregnancy before pregnancy
((Primary )  (Recurrent)
T |

e ey

(_Fotal transmission ) 7 393
- = Mothers acquire Mothers do not
D2-22%) [ acquire CMV
" \ \ o v
Symptomatic (5-10%) | (Asymptomatic (90-95%) ) 1% 28,6% — —~—__
Intrauterine growth retardation, 594 6 2 5 393
retinitis. microcephaly, jaundice, CMV.negative CMV_positive CMV._positive | | CMV_negative | | CMV.negative
hepatosplenomegaly newborns

e

1-2"
Children with
permanent disabilities

Permanant damage (50-80%)
Mental retardation, deafness, blindness

\Doath (20%)) [ Late Sequela (7-25%) ) ) i
g " | Deafness, learning deficiencies *2/3 of these children will
be asymptomatic at birth

TRERDS 1 Wheroowaiogy

Cannon et al. JCV 2009

Asymptomatickych déti s cCMV je priblizné 85-90% (postizeni CNS).

V absolutnich €islech detekujeme cCMV s pomérem 3:1 €astéji u
matek seropozitivhich k CMV pied téhotenstvim.

Vyskyt symptomt a riziko prenosu pak odpovida mnozstvi
neutralizacnich protilatek.

Frekvence prenosu CMV z matky na dité

Pfi primoinfekci: 32%

Pf¥i reaktivaci: 1,4% (Kenneson et al., Rev Med Vir 2007)

Prekoncepéni obdobi Perikoncepcni

obdobi

Enders et al. 2011

4124 (16,7%)

10/26 (38,5%)

Feldman et al. 2011

0/97 (0%)

6/130 (4,6%)

Revello et al. 2002

1111 (9,1%)

4/13 (30,8%)

Daiminger et al. 2005

0/3 (0%)

9/20 (45%)

Revello et al. 2006

1112 (8,3%)

Revello et al. 2011

6/106 (5,7%)

Picone et al. 3/27 (11%) 14/73 (19,2%)
(soucasna)
Celkové 15/180 (5,3%) 43/262 (16%)




Frekvence prenosu CMV z matky na dité

Prvni trimestr Druhy trimestr Treti trimestr Celkem
Bodeus etal. 1999 | 9/25 (36%) 22/49 (44,9%) | 38/49 (77,6%) 69/123 (56,1%)
Bodeus etal. 2002 | 2/9 (22,2%) 11/34 (32,3%) | 20/26 (76,9%) 33/69 (47,8%)
Bodeus etal. 2010 | 39/113 (34,5%) | 60/136 (44,1%) | 74/101 (63,3%) | 173/350 (49,4%)
Enders et al. 2011 25/83 (30,1%) | 29/76 (38,2%) | 26/36 (72,2%) 80/195 (41%)
Feldman etal. 2011 | 53/152 (34,9%) | 42/100 (42%) | 17/29 (58.6%) 112/281 (39,9%)
Revelloetal. 2011 | 111/263 (42,2%) | 64/147 (43,5%) | 25/39 (64,1%) 200/449 (44,5%)
Liesnard et al. 2000 | 5/14 (35,7%) 18/67 (26,9%) | 16/52 (30,8%) 39/133 (29,3%)
Gindes et al. 2008 21/28 (75%) 21/28 (75%)
Picone et al. 19/68 (27,9%) | 14/36 (38,9%) | 6/13 (46,2%) 39/117 (33,3%)
(soucasna)
Celkové 263/727 260/645 243/373 766/1745

(36,2%) (40,3%) (65,1%) (43,9%)

Pri infekci po 2. trimestru nejsou zpravidla pritomny symptomy.
(Picone O. et al., Prenat Diagn. 2013 Aug; 33(8):751-8)

Stejné plati pro dlouhodobé nasledky

| Frequency of Sequelae among Children with Congenital CMV Infection |

1000
Children born with
congenital CMV infection

h-‘-"-..--’_

127 ‘ 873 ‘

Symptomatic at Birth Asymptomatic at Birth

N 11,8% /\

5 122 118 755
Deaths Survivors Permanent No sequelae
disabilities
/\6,1%
61 61
No sequelae Permanent
disabilities
Cannon et al. JCV 2009

VétSina dlouhodobych nasledkii cCMV ma tedy pfi€inu v
asymptomatickych infekcich.




Je povédomi o cCMV a nasledcich?

US Children Born with or Developing Long-Term
Medical Conditions each year

Scource: hrep://www.cdc.gov
HIV/AIDS
Down Syndrome
Fetal Alcohol Syndrome (FAS)
Spina Bifida = : |
Cytomegalovirus (CMV) |
0 1000 2000 3000 4000 5000 6000

Annuzl Number of Cases

Womens's Awareness of Conditions Affecting Children

Source: http://wwew.cdc.gov
HIV/AIDS
Down Syndrome
Fetal Alcohol Syndrome (FAS)
Spina Bifida
Cytomegalovirus (CMV) IEEETEN
0% 20% 40% 60% 80%

STOP CMV

Detekce cCMV

Sérologicka detekce

IgM (10% u reaktivaci)

pfipadné nizko avidnich IgG

Nizce avidni IgG protilatky znaéi infekci

pred 18-20 tydny u imunokompetentniho Ryckman et al., J Virol, 200¢ ~ Streblov et al., 2006 in M. Reddehase
jedince.
anti Igg]
anigBlgG|
Detekce téchto protilatek pred 16.-18. WG Hgir
identifikuje 100% zen, u kterych dojde k
infekci plodu. (Po 20. tydnu senzitivita testu klesa na )
62,5%). primary HCMV
[ infection
anti K /l
—— o1& . lgM -
Vysoce avidni protilatky (12.-16.WG) jsou
pak indikatorem v minulosti prodélané signal anti IgG
infekce. ELISA
/;(ig&ig(}
_———-—’/
Moznost rozliSeni pak predstavuji
specifické protilatky proti gB. previous HCMy | Rethe etal., 2000
e \ infection Schoppel et al., JID 175, 1997
IgM

0 1 2 3 5 (i) months




Detekce cCMV

0 p<0.001
Prima detekce B B
10° 4
kultivace z moci opousténa Eﬂ- -T- .,
g u]
RQ-PCR se stava standardem b Cos”
(mozno detekovat v ] -
amniocentéze, krvi matky,
ditéte a postnatalné i moc¢i) 10° 4 =
10% 2
Lze vyuzit i suchou kapku - =
(Guthrieho karti¢ku) 10°3 .
R .

107

Congenital CMV infection Postnatal CMV infection
n=17 n=45
- Nijman et al. / Journal of Clinical Virology 54 (2012) 121-124

Detekovana kvantita zpravidla odpovida rozsahu infekce/ poskozeni/
symptomu plodu.

Do moci se v pfipadé cCMV muze uvoliovat fadu mésicli az let.

Amniocentéza

p=0.05
i ci 1
Prvnimoéje 74 4.0 logy, $2%%% 57000,
tvorena priblizné [2.8-6.1] -::a," [3.0-6.8)
12 WG. - et
ge] ° : ®
CMV je pomalu q = ane®
proliferujicivirusa w £ 51
w _ -‘a .9
nez se tedy R 2.
dostane az do § § 4+ ] "
plodové vody a = .o iy
poéité se interval ks ._._'_ _________________ Cut-off of
6-9 tydna. 5. % - gg%' Time
(n.361) {n.22) (n=450)
1
Amniocentéza po Unifected Asymptomatic E Symptomatic " PREGNANCY
21WG OUTCOMES
| vysledky amniocentézy INFECTED

mohou byt faleSné negativni.

T. Lazzarotto et al. / Journal of Clinical Virolagy 41 (2008) 192-197




Detekce CMV DNA v periferni krvi

80+
23
70
o 714
501
401
30

20+

Children with sequelae, %

116

107 0/4

<100 100-1000 1000-10000 >10000
Neonatal viral load, no. o1 copies per 10° PMNLs
FIGURE 2

The proportion of children who developed sequelae at 12 months according to the
neonatal CMV blood load.

PEDIATRICS Volume 117, Number 1, January 2006

CMV load (copies/mil)

Detekce CMV DNA v periferni krvi

p= 0088 =0.532
10%y 100 p=0.
o A B
10¢ 4 | i 10%4
o (] PRI -
Om i -
1074 o0 ] E 1Y . .y
5 e
oo =} £ .
1084 il [ o —_— g 10% e H
2 . .
- Om -
1054 g 108 ‘. 3] —I'_
o = [TLd 0:
; - L .
1044 o 1094 o %
- . -
107y 1074
.
—_— -
10 02
Present Absent Present Absent
n=11 n=B n=23 n=2z2
Cerebral abnormalities in congenital CMV infection Cerebral abnormalities in postnatal CMV infection

V moci u se post-natalnich infekci objevuje CMV mezi 3. tydnem a 3 mésici po
porodu.

Pro post-partalni infekce dochazi k nejvétsi sekreci CMV do mléka mezi 2
tydnem a 2 mésicem.




Celkem tvofi kumulativni
incidence SNHL zapfi¢inéna
CMV infekci priblizné 30%
v§ech pripadu.

Pozdni efekty - SNHL

121 infants with
congenital CMV infection

+

102 (84 %) (ABR testing performed) |

Ztrata sluchu je pak
popisovana u 11% matek s

!

. i

ne-primarni primoinfekci a 5 N 8510 §3%)

0, imarni i i conductive . it 3 Folow up
13% s primarni infekci CMV. bk (anly:;t)ABR o
Ztrata sluchu je pak | |
popisovana v dobé porodu U [ g (4 profomd
4,7% asymptomatickych a and 1 moderae) | ittt b —
36% symptomatickych déti. p——T—r— asymptomatic) hearing

and 4 severe)

Symptomatické vychazi pri

{

infekci pred 14. tydnem
gestace.

10/85 (11.8%; 95%CL 6.1~19.9)
sensorineural hearing loss previlence

Median progrese SNHL je 18 mésicu.

Yamamoto et. al. Ped inf Dis 2012

Pozdni efekty - SNHL

Birth Cohort in United States (~4,000,000)

i | Congenital CMV infaction rate: 19 |

Congenital CMV infection (~40,000)

10% Symptomatic / \

Symptomatic (-4,000) Asymptomatic (-36,000)

~ 2,600 SNHL -5,400 SNHL

Total number of infants with
CMV-induced SNHL annually in
United States: ~8000

Crug Discovery Today: Diseasa Mochanisms.

Drug Discovery Todsy: Disease Mechanisms | Hearing disorders Vol. 3, No. 1 2006

Cumulative hearing loss (%)

with congenital CMV infection

Hearing loss (> 20 dB) in children

(n =388)

Symptomatic at birth

Asymptomatic at birth

6 12 18 24 30 36 42 48 54 60
Months since birth

66 72

Fowler et al. J Pediatr 1999

U déti s bilateralni SNHL 10-25% je spojeno s cCMV

Terapii je kochlearni implantat. (¢asté i poskozeni zraku)

Celkem kolem 15% déti s cCMV vyvine SNHL, ktera mlze byt progresivnia s

pozdnim néstupem — infekce pokra(':uje i po porodu. de Vries JJ, et al. J Clin Virol 2013 Feb;56(2):113-7

Fahnehjelm, et al. Acta Paediatric 2015 Mar




Terapie cCMV

[ Proposed management for CMV-infected fetus ]

The National Institute of Allergy and

. . A - Fetal infection
Infectious Diseases Collaborative Antiviral (positive PCR or CMV culture in the amniotic fluid)

(odpovida 16 mg/kg VGCV a 12 h) e

weeks until delivery)

Study Group (CASG)
6 tydnt 6 mg/kg GCV a 12 hodin E’“iﬁgd \ ;;1;;]

Hyperimunni globulin

- davka 200U/kg
-davka 180-220U/kg

- intraumbilikalné davka 3x900U,
2x1000U, 2x500U

_ ymptomatic

[ Severely
fetus

| symptomatic fetus

Termination
| of pregnancy.

Materské miéko — pasteurizace,

Clinical, auditory, o
v i biological, imaging Examination =

Zamrazeni examination of the of the placenta J i minatigg

I L bor | of the fetus
Uméla vyziva
Fungujici vakcina proti CMV i pres roky vyvoje Long-term follow-up

i 2 i XX iy |every 6 months for 2 years| -

zetlm s.talle neni dostatecné spolehliva a k By veor o il AT
dispozici. options

Petr.Hubacek@Lfmotol.cuni.cz




