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Herpesviruses
Petr Hubáček

Indicative disease for HIV re-classification to AIDS stage
(WHO criteria):

1. pneumocystis pneumonia
2. toxoplasma encefalitis 
3. esofageal, tracheal, bronchial or lung candidiasis
4. Chronic anal herpes simplex or herpetic bronchitis, pneumonia or esofagitis
5. CMV retinitis 
6. generalized CMV infevtion (excluding liver and spleen) 
7. progresive multifocal leukoencefalopatia
8. repeating salmonela bacteriemia
9. repeating pneumonia within 1 year
10. chronic intestinal cryptosporidiosis
11. chronic intestinal isosporosa
12. extrapulmonary cryptococcus infection
13. Disseminated or extrapulmonary histoplasmosis
14. disseminated coccidioidomycosis
15. tuberkulosis
16. disseminated or extrapulmonary atypic mycobacteriosis
17. Kaposhi sarkoma
18. malignant lymfoma (Burkitt‘s lymfoma, imunoblastic and primary cerebelar lymfoma)
19. Invasi carcinoma of cervix
20. HIV encefalopatia
21. wasting syndrom

Why herpesviruses (DNA) viruses?
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http://www.tulane.edu/
~dmsander/garryfavwe

b.html

DNA viruses

Poxviridae Variolla virus, vaccinia, 
molluscum contagiosum …

Adenoviridae Adenoviruses (group A-F)

Herpesviridae HSV, VZV





CMV, HHV-6A,  
HHV-6B and 7

EBV, HHV-8

Polyomaviridae
Papillomaviry

BKV, JCV, WUV, KIV, SV40... 
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HBVHepadna

Papillomaviridae

Parvovirus B19, lidský bocavirus (HBoV)Parvoviridae
TTV,  TTMV, TTMDVAnelloviridae

Herpesviruses
• Enveloped ds DNA 

viruses
• Genome of length 125-

240 kb
• Icosahedral capsid
• Diametre of capsid of 

approx. 100 nm tegument

glycoproteins

capsid

DNA

http://herpesvirus.tripod.com/research/EBV/L210
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Taxonomy

•

Fields Virology

Simplexvirus

Varicellovirus

Roseolovirusvirus

Cytomegalovirus

Systematické 
názvosloví

HHV1 – HSV1

HHV2 – HSV2

HHV3 – VZV

HHV4 – EBV

HHV5 – HCMV

HHV6

HHV7

HHV8

http://www.tulane.edu/~dmsander/garryfavweb.html

acyclovir

ganciklovir

foscarnet

cidofovir

letermovir

maribavir

VZV

HSV1
HSV2

HHV7

HHV6A a B

HCMV

EBV

HHV8

primoinfection Reactivation in 
imunosupression
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-
time

Latency with possibility of reactivation
Transmission – by body fluids (saliva, urine, breast milk, blood, …)
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Pathological impact of HSV and VZV
– herpes simplex, benign crbl. ataxia, 

gingivostomatitis, faryngotonsititis, 
encefalitis, pneumonie, hepatitis

– varicella, herpes zoster, encefalitis, 
pneumonie, hepatitis

– In allogeneic HSCT setting less frequently 
in case of acyclovir prophylaxis; 
reactiovation of HSV without ACV 
prophylaxis in 80% of patients

www.hiv-aids.cz

HSV

VZV

Varicella – chicken pox

www.med.harvard.edu/.../ case25/mr1/012.html
Incidence : 1990-2001: 2,2/1 000 000 citizens

HSV encephalitis
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Antibody response to viral infection and 
detection of virus in CSF

viral DNA

specific intrathecal 
antibodies

days from the onset of disease
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Normal

HSV
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HSV in the samples

p<.00001

Whole bloodLRT aspiratesBAL

ns

Mann-Whithey test

L
o

w
H

ig
h

254 pts positive in LRTs WBs from 69 pts 

• 928 patients have boths LRT 
and whole blood samples
tested

HSV in the samples and patients

Whole
blood -

Whole
blood +

19215042LRTs +

7397279LRTs -

92887751

χ2 test  p < 0.00001
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Primary diagnosis in patients positive for HSV from DARICM 
(n=265)

HSV in critically ill patients

Deceased pts. in 
different category

33%

33%

50%

38%

28%

16%

34%

44%

14%

0%

38%

60%

HSV in critically ill patients – X-ray

COVID-19HSV
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HSV in critically ill patients -
Bronchoscopic picture

Sometimes
herpetiformic
vesicles

Frequently
fragile, swollen
mucosa with
tendency to 
bleeding.
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March 1979

Cytomegalovirus The Troll of
Transplantation

Henry H. Balfour Jr, MD
Arch Intern Med. 1979;139(3):279-280. doi:10.1001/archinte.1979.03630400011006

Pathological impact of CMV

„soví oči“
www.swmed.edu/home_pages/ophth/ images

www.akh-wien.ac.at/iol/ misc/mainpage.htm

www.thieme.de/endoscopy/ 05_99/ifoc_01.html.

In immunocompetent
Asymptomatic in 95% of children

mononukleosis like sy.

In pregnant woman teratogenic

Associations with malignant 
glioma, ca. of breasts

Possible association with 
Alzheimer‘s disease

In immunocompromissed  
mainly

trombocytopenia,  pneumonitis, 
hepatitis,  encefalitis, retinitis, colitis, 

esofagitis, pankreatitis, 
vasculitis, malaise, vomitting, artralgia, 
myalgia
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General posibilities of viral dg.
INDIRECT (Antibody

detection)

• ELISA

• CLIA…
Detection of IgM and IgG
antibodies. 

IgG avidity became high
after approx. 3 months. 

Stepanova et al. CMV workshop 2017

Nemeckova TID 2017

CMV seroprevalence

https://www.abstractserver.com/ESPID2012/pictures/p_435_00079.jpg

Korndewal et al. European Society for
Paediatric Infectious Disease 2012
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http://www.tulane.edu/~dmsander/garryfavweb.html• 60-90% of healthy adult population

• increases with age and decrease in developed countries

https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcRpA_jZXafN6tARnBRXk6Mh32MDm7OAdNLwYoi2X8kgQF7gLtHzgg

Cannon JCV 2009

CMV seroprevalence

Incidence of CMV primoinfection 

Cannon JCV 2009
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How CMV manipulates with immunity?
Complement system 
inhibition (?)

Inhibition of antibodies 
by FcR
homolog (gp34, gp68)

Decrease of INF 
production

(IE1-p72, IE86, pp65)

NK cells function 
inhibition

(gpUL18, gpUL142-homolog 
MHC-I, pp65, gpUL141, 

gpUL16, miR-UL112, UL40)

NK buňky

Viral homologs of 
cytokines and 

chemokines 
(cmvIL-10, vCXCL-1, 

pUL147,
pUL128-131)

Inhibition of apoptosis
(vICA, vMIA)

Inhibition of expression and function of MHC-I and II
(gpUS2, gpUS3, gpUS6, gpUS8, gpUS10, gpUS11, gp34, 

gp40,gp48, pp65)

CMV manipulates immunity

Renal transplant recipients Emery V J Clin Pathol 2001;54:84–88

Direct and indirect effect of the infection

e.g. decrease of PLT level in active CMV infection
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Not only one CMV - genotypes

Tania Crough, and Rajiv Khanna Clin. Microbiol. Rev. 
2009;22:76-98

Most frequently according to the
binding surface glycoproteins –
gB, gH, gO, gN…

Extracellular space

Cytoplasm

CMV genotypes (gB1-4/gH1,2)

single infections

No. of children 120

No. of adults 296

Hubacek et al. EBMT 2015 P581

Most frequently detected genotypes in “single strain” infection were gB1gH2 (detected in 390 samples from 32
children (26.7%) and 86 adults (28.4%) and gB1gH1 (detected in 296 samples from 28 children and 57 adults). 
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CMV genotypes mixed infections

Hubacek et al. EBMT 2015 P581

Most frequently detected strains in “mixed strains” infections were gB1gH1gH2 (in 45 samples from 19 adults and 5 
children) and gB1gB3gH1gH2 (in 44 samples from 15 adults and 4 children). 

No. of children 33

No. of adults 119

Mozkové kalcifikace/ kavity

Infekce placenty 
– prosáknutí stěny – horší difúzní vlastnosti
- menší tvorba kotymedonů – menší plocha 

placenty
IUGR

Infekce plodu
- suprese kostní dřeně petechie, „blueberry m.“
- infekce „cílových orgánů CMV“  
- vaskulitida – zejména oči a CNS  

Neurologické postižení/záchvaty

Vylučování CMV 
do moči

Předčasný porod

http://neoreviews.aappublications.org/content/11/8/e436/F3.large.jpg

Asymptomatic
90% of children with cCMV

Symptomatic

http://medicotrivia.files.wordpress.com/2010/07/blueberry-baby1.jpg

Symptoms and impact of cCMV
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Teratogenic impact of CMV
• In primoinfection in pregnancy or 

reactivation
• TORCH (Toxoplasmosis, O – Other infections, 

Rubella, CMV, HSV-2)

• Brain destruction, hepatopathy, problems in 
blood count

• Cause of sensoneural hearing loss in about 30-
50% clinically symptomatic children and 8-12% 
of asymptomatic children. 

Pathofysiology of cCMV symptoms

Brain calcification/ cavity

Placental infection
– swalling of the placenta – worse difussion 

characteristics
- smaller cotymedon development – smaller 

placental surface
IUGR

Fetal infection
- bone marrow supression petechia, „blueberry 

muffin baby“
- CMV end-organ infection
- vasculitis – especially eyes and a CNS  

Neurologic problems/seisures

CMV excretion 
to urine

Premature delivery

http://neoreviews.aappublications.org/content/11/8/e436/F3.large.jpg

Sympt
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Symptoms of congenital CMV at delivery

Premature birth
Hepatopathy
Pulmonary signs
Splenomegaly
IUGR
Neurological seizures

Long term effects of cCMV

Sensoneural hearing loss (SNHL)
Visual loss
Mental disorder
Mikrocephaly
Motorical problems (coordination) ce)
Neurological seizures (epilepsy)
Rarely death

According to CDC

Blueberry muffin baby characterized by purpura as a sign 
of extramedullary hematopoesis. 

Symptoms and impact of cCMV

http://neoreviews.aappublications.org/content/11/8/e436/F3.large.jpg

Brain calcification

Symptoms and impact of cCMV
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http://cmr.asm.org/content/26/1/86/F7.large.jpg

Manickl al. Clin Microbiol Rev. 2013 

What is the frequency of cCMV?
There is 370,000 children born every day in the world, representing 134 millions/year. 
Average frequency approx. 1,5% of living birth – 2.01 millions of children with cCMV/year. 
In Europe and Czech Republic is estimated frequence 0.5-1% cCMV of living neoborns.

What is a knowlegde about cCMV and its impacts?
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Girl, 16.5 yrs of age at HSCT
Allogeneic HSCT for AML M2 (AML1/ETO+) in 2nd CR
MMUD – 7/10
Conditioning: Busulphan, Cyclofosfamid, Melphalan, ATG
Graft: Periferal stem cells

CD34+: 11,12 x 106 /kg; CD3+: 302,1  x 106 /kg; NC: 12,09x108 /kg
GvHD profylaxis: MTX and CsA

CMV status donor/recipient: D-/R+

Non-CMV complications:
D+16 haemorrhagic cystitis –hyperhydration
D+61 –GvHD grade II (skin and GIT) 

therapy : steroids 1 mg/kg
D+377 – Herpes zoster – acyclovir treatment
D+440 – Laser coagulation of retinal bleeding

(not proven, suspected, active CMV retinitis)

Patient after allogeneic HSCT

D+ 29 – first CMV treatment
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D+230 – during foscarnet 
treatment patient presented 
diplopy, headache, 
vomitting and sleepness. 

CMV detected in CSF (approx. 
2 600 000 copies / ml) and 
increase of viral load in 
peripheral blood. 

Results confirmed 
encephalitis and bilateral 

chorioretinitis. 1 – retinal fibrotisation

2 – intraretinal bleeding

3- epiretinal pseudomembrane

1

2

3

Patient after allogeneic HSCT
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(Preventivní léčba pro 
oční nález)

Encephalitis/ 
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Encephalitis/ 
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Materiál
Den Mutace L595SMutace A594V

NDWT+mutationWT+mutationKrev146

NDMutatiomWTKrev209

NDMutatiomWTKrev231

NDMutatiomWT+mutationCSF234

MutatiomNDNDKrev238

MutatiomNDNDKrev247

NDMutatiomWT+mutationKrev248

NDMutatiomWTPlazma276

Possibility of 
resistance mutant 

detection is in case 
of long-lasted 

treatment usefull.

Ganciclovir resistance

Lymfocyte counts

Cyclosporine A
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Even a short term steroid treatment leads to decrease 
of the lymfocyte count neccessary for infection control



říjen ’23

22

• Recently the patient is 
regularly controlled by 
ophtalmologests. ´Visus in 
one eye is very limited, 
however the second eye is 
healthy. In boths eyes there is 
limitation of peripheral visus. 

• There are no signs of relaps 
of the primary disease, GvHD 
and other infections including 
CMV. 

1 – retinal fibrotization

1
1

1

Outcome
Patient after allogeneic HSCT

CMV resistance
max. quantity in whole blood
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ts High viral load correlates
with resistence 
development
(Mann-Whitney p<0.0001)

gB1gH1 – 5 pts..

gB3gH1 – 4 pts.

gB1gH2 – 4 pts.

gB4gH2 – 2 pts.

gB2gH1 – 1 pts.

gB2gH2 - 1 pts.

and mixed infections (gB1,gH1,2, 
gB2, gH1,2 and gB1,3gH1,2)

75% of patients with
resistance deceased.
Only one deceased with
proven CMV pneumonia.
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Definitions
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CMV replication complex and function of virostatics

UL57

UL97 UL114

UL84 IE2

UL111

UL112

helicase/primase complex

ssDNA binding protein

DNA pol complex

Phosphotransferase UNG

fomivirsen®

UL54UL44

UL102

UL70

UL105

ganciclovir

valganciclovir

maribavir

Nitropyrimides 
e.g. T-0902611

cidofovir, brincidofovir

cyclopropavir (CPV)

4-oxo-DHQ

AL compound

Adapted from D. Boutolleau

UL51 UL56

terminase complex

letermovir

valganciclovir, ganciclovir

foscarnet

cidofovir, brincidofovir
artesumate

CDKs Rb1

Cell cycle modulation

UL27maribavir

And what about the virostatics?
ganciclovir

valganciklovir

foscarnet

maribavir (Livtencity)

letermovir (Prevymis)

NÚ

NÚ

NÚ -dysguezie

NÚ –GIT, rash

Indications:
- First line 

therapy
- Systemic

treatment of
CMV nfections

- i.v.

Indikace:
- 2nd line th. 
- Systemic

treatment of
CMV nfections

- i.v.

Indications:
- Systemic

th. of
refractory/ 
resistant
CMV 
infection

- p.o.

Indication:
- Systemic

prophylaxis
of CMV 
infections

- p.o.

Indications:
- First line 

therapy
- Systemic

treatment of
CMV nfections

- p.o.
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Patological activities of HHV-6

– Encephalitis
– Hepatitis
– Pneumonitis
– Pericarditis
– Delayed engraftment after HSCT

Fitzpatrick´s Dermatology

HHV-6
Recently 2 distinct viral species

HHV-6 A HHV-6 B

 Sixth disease 

 Febrile seizures

 Encephalitis

Immunocompetent host

Immunocompromised host

Unknown

„Orphan virus“

Rash during sixth disease
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Chromosomally integrated HHV-6 (CI-HHV-6) 

• Viral DNA integrated into human 
chromosomes
• Inherited from parents to child 
• Viral DNA is present in every body cell

(e.g.hair roots, nails)

• Ratio of viral DNA : human DNA = 1:1

• Described frequency in population between 
0.2-2.9% (Tanaka-Taya 2004, Ward 2007)

• Both variants (A or B) integrates 

• No clear observed reactivation 
CI-HHV-6 to active infection in vivo

• In vitro reactivations are doubtful

HHV-6 integration at 22q13.3 control probe on 9q34.4
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HHV6 DNA in blood after HSCT
donor with Ci-HHV-6
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Kortikoidy

Patient with SAA

50 years

After start of the IS 
therapy– partial response 
only

Dependent of thrombocyte 
infusion

G-CSF therapy

Died due to peracute sepsis 
of St. aureus.

Detection of high   
HHV-6 DNA quantity is 
NOT NECESSARY an 
active infection. 

Detection in hair, or 
nails detects Ci-HHV-6 
safely.

Chromosomally integrated HHV-6 (Ci-HHV-6) 
Patient 2
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EBV discovery

Denis Parsons Burkitt
(1911 –1993) 

surgeon

1964 – Publikováno v Lancet: 

„Cultivation in vitro of human 
lymphoblasts from Burkitt's 

malignant Lymphoma“

1963 - 1. kultivace viru

Bert Geoffrey Achong
(1928-1996) 

Yvonne M. Barr
(*1932) 

Michael Anthony Epstein 
(*1921) Patolog, specialista na 

elektronovou mikroskopii

1961
„The Commonest Children's 

Cancer in Tropical Africa — A 
Hitherto Unrecognised 

Syndrome.“

Uganda

1958
„A sarcoma involving the 

jaws of African 
children.“British Journal of 

Surgery

Transmission and epidemiology

• Transmission through saliva by oral route

• 80 - 90% adult population is seropositive

(in developing countries, it is 90% of children older 2 yrs)

Věková skupina

%
 E

B
V

 a
s

o
c

io
va

n
ýc

h
 H

o
d

g
k

in
 n

.

Maximal detection of primoinfections
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• Transmission through saliva and oral route

• (permissive cells: B lymfocytes and epithelial cells)

• 80 - 90% of adults population is seropositive

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): e64921. 
doi:10.1371/journal.pone.0064921http://www.plosone.org/article/info:doi/10.1371/journal.pone.0064921

Median of EBV 
seroprevalenceaccording 
to age, race/ethnicity,
National Health and 
Nutrition Examination 
Survey, 2003–2010.

Transmission and epidemiology
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Cell entrance

gp350/220

Binds to:

CD21(CR-2)

HLA II

Permissive cells

B lymfocytes

Epithelial cells

How EBV manipulates the immunity /prolipheration?
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Bollard, C. M. et al. (2012) T-cell therapy in the treatment of post-transplant lymphoproliferative disease
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2012.111

Naive B cells

PTLD Nasopharyneal c.

Healthy host

EBNA 1 – maintain circular DNA

How EBV manipulates the immunity
(antigens and latency)

Apoptosis

Normal B lymfocytes

Ig mutation … CD40

Surviving due to bcl-2 
Further differentiation

Th2

Inficated EBV

Ig mutations

EBNA2
LMP1
≈(CD40)

Surviving due to bcl-2
viral homologue BHRF1

X LMP-1 homologue of
CD40

• Activation of NFκB
pathway

• Binding of TRADD from
TRAF apoptotic
pathway

Viral IL-10 
homolog

Th2

EBV

Imortalisation

How EBV manipulates the immunity
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Patological activities of EBV
• Immunocompetent host

– Infectious mononucleosis
– Chronic active EBV infection
– X-binded lymfoprolipherative disease
– Malignant diseases

• Hodgkin  disease
• Burkitt‘s lymphoma
• non-Hodgkin T/NK lymphoma
• Nasopharyngeal carcinoma
• Gastric carcinoma
• Angioblastic T lymphoma

http://www.primehealthchannel.com/n
asopharyngeal-carcinoma.html 

• Imunokompetentní hostitel

– Infekční mononukleóza
– Chronická aktivní EBV infekce
– X-vázaná lymfoproliferativní nemoc
– Maligní onemocnění

• Hodgkinova nemoc
• Burkittův lymfom
• non-Hodgkinský T/NK lymfom
• Nasopharyngeální karcinom
• Karcinom žaludku
• Angioblastický T lymfom

• Immunocompromised host

– Hairy leukoplaky
– Above listed malignant

diseases
– Post-transplant 

lymfoproliferative 
disease (EBV-LPD)

- Encefalitis/myelitis 
– Pneumonie
– Hepatopathy/hepatitis

www.med-ed.virginia.edu/courses/path/innes/wcd/hodgkinhttp://www.kcom.edu/faculty/chamberlain/Website/lectures/lecture/aids.htm

Patological activities of EBV
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Infectious mononucleosis
• „Kissing disease“

• Proliferation affects spleen, liver and lymph nodes

• Tiredness lasting for weeks, increased temperature and fevers 
(often approx. 39 °C), pharyngitis and swelling of the 
lymph nodes (submandibular and cervical); 
hepatosplenomegaly, hepatopathy, swelling of the eye 
lashes and face, malaise

• Inkubation period 4-6 weeks

• At the beginning seems like 

„tonsilitis“

• Transmission by saliva

• Treatment approx. 6 months

Relax and diet (2-3 months);

Subsequently it is neccesary 

to have some relax in physical activity http://home.teleport.com/~bobh/InfectiousMononucleosis.htm

Diagnostics

http://www.cfs-center.de/

Basic diagnosis of EBV is indirect – serological.

Early phase Post-acute 
phase

Late phase Reactivation

Heterofile antibodies Paul-Bunnelova reaction
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Viral load in patients with dg. B27 - IM
• Positive   – 26 patients (62%)

• 50 samples positive (65%); median of positivity 110 
(range 11-157,670) in 100 000 g.e.
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ND

Serologická odpověď podle: http://www.med.cmu.ac.th/dept/pediatrics/06-interest-cases/ic-62/IM_serology_figure2.1.jpg

• Detection in peripheral blood (plasma, whole blood), possibly in the tissue
• In HL and IM, EBV is detected in peripheral blood in low quantity.
• Median of detected quantity in whole blood increased from HL→ HSCT → IM
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Chronic active EBV infection
Infected T lymfocytes and NK cells 

Signs often connected with prolonged presence of interferons in the organism.

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

Chronic active EBV infection
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Malignant impact of EBV
NHL - Burkitt lymphoma

http://mynotes4usmle.tumblr.com/post/33262736354/burkitts-lymphoma#.VPgrFSx5vU4

Very agressive
Picture of the „Sky of stars “ – „stars“ are 
apoptotic tumor cells which are fagocyte by 
macrophages; „sky“ – represent tumor 
lymfocytes
Typical fusion t(8:14) chromosome 8 with c-
myc oncogen

In the equatorial Africa incidence 5-
15/100,000 of children

In Europe and USA 0,2-0,3/100,000 
citizens

Malignant impact of EBV
Hodgkin lymfoma

http://cs.wikipedia.org/wiki/Hodgkinova_nemoc

High number of patients in long 
lasting remission.
Higher frequency in younger 
patients (approx. 20 yrs. of age) 
and in patients older 50-60 yrs. 
(median of age at dg. 35 yrs.)

Ratio of malignant and non-
malignant cells approx. ~ 1:100

Incidence 2.4/100000 in ♀ and 
3.1/100 000 ♂. 

Histologically divided according to no. of Reed-Sternberg‘s cells (cells developed by mutation 
from B-cells) and according to the cellular frections: 

typ I with dominance of lymfocytes (few R-S cells, dominance of lymfocytes; best prognosis) (5 %); 
typ II nodular-sclerotic (nodular centres, cells (reticular, lymphocytes, histiocytes) in colagen fibres) (70 %); 
typ III mixed (20–25 %); 
typ IV classical, few lymphocytes (No. of Sternberg‘s cells increased; worse prognosis) (1 %). 
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Patients with Hodgkin L. and NF ca. 
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Whole blood Plasma Lymph. nodes

• Positive HL   – 69 patients (38%)

• positive 110 whole blood samples (17%) and 30 plasma samples (4.8%)

• median of positivity in whole blood 3.45 copy (range 0.11 - 721)

• median plasma positivity 5,400 copies/ml (range 600 – 126,600); 
after normalisation to 10 000 g.e median 2,500 (range 3 - 52 162) 

Nasopharyngeal ca. WB

A

D

CB

E

G H

F

I

EBV associated posttransplant 
proliferative disease (EBV-LPD)
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Etiopathogenesis and classification EBV-LPD

http://www.cancernetwork.com/oncology-journal/lymphoma-risk-and-response-after-solid-organ-transplant

Different symptoms of poly-, oligo- and monoclonal proliferation.

Mononucleosis-like syndrome

(fever, sore throat, myalgia, tonsillar hypertrophy and cervical lymphadenopathy, hepatopathy 
(bilirubinemia)

Tumorous form

(Symptoms secondary to the presence of lymphoid tumors: pain, obstruction, perforation, GI bleeding, 
respiratory distress, etc.)

Disseminated disease

(Proliferating B cells in blood and bone marrow, high fever and/or multi-organ failure)

EBV infected

B lymphocytes

Mutation of IgH

Th2

EBV

X
Survival by

bcl-2 
(CD40/CD40L 
interaction)

Immortalisation due to 

viral BHRF1 (homologue of bcl-2)

LMP-1 (homologue of bcl-2) 

- activation of NFκB pathway

- binding of TRADD from TRAF

pro-apoptotic pathway

EBNA2

Viral homologue 
of IL-10 

(B lymphocytes GF)

An-infected B lymphocytes

EBV driven proliferation

EBV-LPD incidence and risk factors

• Cumulative intensity of immunosupresive treatment
• Use of anti-T lymfocytic antibodies in conditioning and/or posttransplant 

treatment
• T-cell depleted graft
• Intensive GvHD treatment
• Activation about 60 days after HSCT

In allogeneic HSCT 
incidence 2-25%. 
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EBV-LPD diagnosis

• Clinical symptoms
• Imagine methods
• Immunology (Flow cytometry, Ig levels, clonality)

• Histology N.L. (detecting the presence of EBV)

• Direct detection of virus
– EBV load (based mainly on NA detection)

• Sample type: plasma, whole blood, MNC
• Different methods of PCR – most frequently quantitative real-time PCR

Diagnosis of neoplastic EBV-LPD should fulfill at least 2 of the 
following criteria:

– Change and/or destroy of the cell tissue culture by lymphoproliferative 
process

– Presence of monoclonal, or oligoclonal proliferation proven with cell 
and/or viral markers

– Evidence of EBV infection in many cells (e.g.. DNA, RNA, protein…

EBV DNA detection in whole blood is not enough. 
Dle definice EBMT IDWP, 2007 

Retrospectively tested patients
Girl, 5.5 yrs., HSCT for ALL 
CR2.    
Donor: MMUD (8/10)

Graft: BM 
Conditioning: TBI (12 Gy)

cyclophosphamide (120 mg/kg)

ATG (16 mg/kg)

GvHD prophylaxis: CyA+MTX
GvHD: grade III (D+ 49; GIT)

Deceased on D+74 due to 
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INFα+
Cytotect

Lymfadenopathy, FUO, 
later 

hepatosplenomegaly, 
atypic γ-fraction of 

proteins

GvHD
GCV

0 20 40 60 80 100 120

Days after HSCT

L
o

g
 o

f 
n

o
rm

al
is

ed
 v

ir
al

 q
u

an
ti

ty

ND

0

1

2

3

4

5

6

7
LPD

8

L
o

g
 o

f 
n

o
rm

a
li

s
e

d
 v

ir
a

l 
c

o
p

ie
s

Hepatosplenomegaly, 
FUO

Girl, 4 yrs., HSCT for AML PR2                          
Donor: MMUD (9/10)

Graft: BM 
Conditioning:busulphan(16 mg/kg)

cyclophosphamide (120 mg/kg)

melphalan (140 mg/m2)

ATG (40 mg/kg)

GvHD: grade III (D+ 25; GIT)

Deceased on D+117 due to 
bleeding and respiratory 
failure.

GCV prophylaxis
GvHD GvHD
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Splenomegaly, atypic γ-fraction of  
proteins, increase in B lymphocytes

Boy, 11 yrs., HSCT for AML 
CR2.    
Donor: MUD
Graft: BM 
Conditioning: busulphan(16 mg/kg)

cyclophosphamide (120 mg/kg)

melphalan (140 mg/m2)

ATG (40 mg/kg)

GvHD: grade III-IV (D+ 23; GIT)

Deceased on D+182 due to 
MOF.

GvHD GvHD GvHD
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LPD

8

Splenomegaly and 
lymphadenopathy, 
atypic γ-fraction of 

proteins

Boy, 5 yrs., HSCT for JMML                           
Donor: MUD
Graft: BM 
Conditioning:busulphan(18 mg/kg)

cyclophosphamide (120 mg/kg)

ATG (16 mg/kg)

GvHD prophylaxis: CyA+MTX
GvHD: grade II (D+ 56; GIT)

Deceased on D+72 due to 
MOF.

GvHD
Cytotect

Retrospectively tested patients
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Retrospectively tested patients

Maximum detected quantity was between 
1.16x106 and 1.17x107 NVCs 
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Prospective testing – maximal quantity

Very high risk level reactivation
> 104 NVCs – ≈ 50 IU/ng

suspected and/or correlated with signs of 
EBV-LPD - 102 samples from 26 children

(7.1%) and 22 adults (3.2%)

EBV-LPD was confirmed in 22 (45%)

Risk level reactivation
> 103 and < 104 NVCs – ≈ 5-50 IU/ng
687 samples from 95 (26%) children and 
104 adults (15%)

Benign level reactivation
< 103 NVCs ≈ 5 < IU/ng
low quantities with no clinical signs of EBV 
were detected in majority of samples from 
275 children and 481 adults.
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 Deceased patients

Clear clinical 
symptoms of EBV-
LPD and/or FC 
confirmation –
treatment with 
rituximab

No clear clinical 
signs of EBV-LPD, 
rituximab treatment 
due to GvHD…

Patients with no 
symptoms of EBV, 
no EBV-LPD aimed 
treatment

Prospectively tested 
pts. Deceased for 
EBV-LPD
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Localised EBV-LPD
Woman,58 yrs.,HSCT for MDS/AML
Donor: SD (8/10)

Graft: PBSC
Conditioning: idarubicine (21 mg/m2)

fludarabine (25 mg/m2)

TBI (12 Gy)    ATG (40 mg/kg)

GvHD prophylaxis: CyA, MMF
GvHD: grade II (D+22)

Outcome: rapid improvement,alive
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D+55 swelling of neck, febriles. D+65 
tremor, abulia, lost of mental function. 
No LN swelling on CT or MRI.    
11,300 EBV /ml was detected in CSF.

Pleural exudate. Puncture D+69.            
No LN swelling on CT or MRI.   
10,000 EBV/ml ≈ 14,750 IU/ml 
was detected in exudate. 

Woman, 39 yrs., HSCT for AML
Donor: MMUD (9/10)

Graft: PBSC 
Conditioning: idarubicine (21 mg/m2)

fludarabine (25 mg/m2)

TBI (12 Gy)   ATG (40 mg/kg)

GvHD prophylaxis: CyA+MMF
GvHD: grade III-IV (D+15)

Other: pulmonary proces of unknown origin

Outcome: deceased on D+478 
due to MOF

GvHD

rituximab

ATG

GCV, FCV, CDV (CMV)

rituximab

GvHD
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Localised EBV-LPD (NHL)
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Boy, 15 yrs., HSCT for ALL in 1. CR
CMV, EBV, HSV seronegative

Donor: MSD (brother)

Graft: PBSC 
Conditioning: TBI (12 Gy)

etoposid (60 mg/kg)

GvHD prophylaxis: CyA

Engraftment: D+14
Chimaerism: CC D+28 

D+95 – 20% autologous (negative MRD)

D+130 – 1% autologous (negative MRD)

GvHD: grade II (D+28;GIT, skin)

Th: MP (1 mg/kg; until D+74) + CsA (until D+102)

D+280 – Herpes zoster (ACV)

Days after HSCT

L
o

g
 o

f 
n

o
rm

a
lis

ed
 v

ir
a

l 
c

o
p

ie
s

GvHD

Localised EBV-LPD (NHL)
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Pancreatopathy of unknown origin, 
confirmed by CT and US.
MRD negative.

↑CRP, ↑ IgG, no autoantibodies.

Laparotomy.

All types of lymphocytes detected 
in the biopsy. No malignant cells.

DR+ lymphocytes detected 
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Days after HSCT

GvHD
EBV in biopsy of pancreas
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Localised EBV-LPD (NHL)
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Anaemia. Gastric bleeding. 
4 x rituximab 375 mg/m2

Gastric biopsy proves EBV+
Non Hodgkin Lymphoma
(DLBCL/ Burkitt lymphoma)

Malignant cells of donor origin.

Gastric biopsy proves EBV+
Non Hodgkin Lymphoma
(DLBCL)

Malignant cells of donor origin.

Days after HSCT

L
o

g
 o

f 
n

o
rm

a
lis

ed
 v

ir
a

l 
c

o
p

ie
s

GvHD

EBV in biopsy of stomach

Treatment according to 
Protocol BFM NHL 2004

During last chemotherapy 
sepsis cased by 
Pseudomonas aeruginosa.

Last PET CT confirmed 
Remission of NHL.

KI-67

LMP-1

EBER
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Localised EBV-LPD (NHL)

Chemotherapy

rituximab

The patient remains in the 
remission of ALL and NHL.
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Days after HSCT

Generalized EBV-LPD
Boy, 3.3 yrs., HSCT for MPS type I

Donor: MMUD (5/6)

Graft: CB 
Conditioning: busulphan (24.5 mg/kg)

cyclophosphamide (200 mg/kg)

ATG (40 mg/kg)

GvHD prophylaxis: CyA, MP
GvHD: grade II (D+49; GIT)

rituximab on D+69
Outcome: alive, no clin. problems

Boy, 4.4 yrs., HSCT for WAS

Donor: MUD 
Graft: BM 
Conditioning: busulfan (15.3 mg/kg)

cyclophosphamide (200 mg/kg)

ATG (40 mg/kg)

GvHD prophylaxis: CyA, MTX
GvHD: grade II (D+54; GIT)

rituximab on D+56.
Outcome: alive, no clin. problems
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Increase in B lymfocytes up to 50%  
in peripheral blood on D+56.

Hepatosplenomegaly, atypic         γ-
fraction of proteinsHD-ACV+ 

INF-α

rituximab

rituximab
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Flow cytometry EBV-LPD confirmation
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Rituximab treatment

Proliferation of memory B cells

Increase in B lymphocytes

KAPPA IgL+ cells
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Possibilities of influence of viral
infection

Immune system

(immunosupresive
treatment, 

chemotherapy, …)

Patogens 

Lymfocyte regulated – viruses , 
mykoses

3. Decrease of viral 
proliferation by virostatic 
therapy

5. Destruction of permissive 
cells

1. Prevention – vaccination

2. Decrease of immunosupresive therapy

4. Improvement of lymfocyte function 

6. Improvement/adding specific  lymfocytes

TBE

Influenza

Rotaviruses

Human papilomaviruses

Hepatitis A

Travel and special vaccination

Lyssa

Yellow fever

…

1.    Prevention - Vaccination
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Autoimmune disease

Transplant patients

Iatrogenic immunosupression

STEROIDS 

> 2 mg/kg leads to lymfopenia

2.    Decrease of the  immunosupression 
treatment intensity

http://www.remedia.cz/Okruhy-temat/Alergologie/Nazalni-kortikosteroidy-a-ovlivneni-ocnich-priznaku-alergicke-
rinitidy/2098.wthumbnaildetail.ashx

„BIOLOGIC TREATMENT “

infliximab (anti TNF-α)

basiliximab (anti CD25 – α řetězec IL-2R) 

Campath (anti CD-52)

Antithymocytární globulin (ATG) …

Aiming proliferation 
improtant viral genes

DNA/RNA polymerase

herpesviruses, AdV

Reverse transkriptase

Protease

Neuraminidase

3. Decrease of viral proliferation

Neutralising antibodies

Profylactic prevention

motavizumab

palivizumab (Synagis)

Humanisided neutralizating 
antibody against F- protein of RSV 

Huang K et al. J. Virol. 2010;84:8132-8140

Antibodies against 
permissive cells

anti CD20 - rituximab

HCV, HBV, HIV

herpesviruses
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Active infection

CMV disease

Profylactic use

Pre-emptive
therapy

Curative

Time
Transplant

In HSCT recipient: pre-emptive and curative therapy

3. Decrease of viral proliferation

Virostatic drugs impact
Virostatics

usually cellular nucleotides analogues blocking (more or less specifically) 
viral polymerase (acyklovir, ganciklovir, cidofovir…), or polymerase directly 
blocking drugs without similarity to nucleosides (e.g. foscarnet) or viral 
protein blocking drugs (neuraminidase inhibitors..)

Antibodies with virostatic effect

Neutralising antibodies against certain proteins important in 
pathogenesis of viral disease (F protein in RSV) or aimed 
against target cells (anti-CD20 in EBV). 

http://www.curaxys.com/images/img1B.jpg

Anti CD-20

Guanidine trifosfát (GTP)
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 Inhibitors of CMV DNA polymerase UL54

GCV

GCV-P

GCV-PP

GCV-PPP

(V)GCV FOSCDV

UL54
DNA polymerase

Inhibition of viral 
DNA synthesis

UL97 
Phosphotransferase 

Cellular kinases

CDV

CDV-P

CDV-PP

FOS

FOS

Nucleoside/nucleotide analogues Pyrophosphate analogue

Competition with dNTP 

Se svolením D. Boutolleau

3. Decrease of viral proliferation

CMV replication complex

UL57

UL97 UL114

UL84 IE2

UL111

UL112

helicase/primase complex

ssDNA binding protein

DNA pol complex

Phosphotransferase UNG

Formivirsen®

UL54UL44

UL102

UL70

UL105

Maribavir

T-0902611 †

CDV derivatives (CMX001)

Cyclopropavir (CPV)

4-oxo-DHQ

AL compound

Se svolením D. Boutolleau

UL56

letermovir
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Inhibition of herpesviruses and the possible 
resistance

http://biology.kenyon.edu/slonc/bio38/stancikl_02/acyclovir_fig2.JPG

3. Decrease of viral proliferation

3. Direct acting antivirals (DAA) and 
future in HBV 
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3. Direct acting
antivirals (DAA) 

and future in HBV 

3. Direct acting antivirals (DAA) in HCV 

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRM29bqBUDnkR6P_eIbLbb60CcjXtdooocaKB_5doVmMtfuM4dcdi_jco2gRPVUzh-AYnQ&usqp=CAU
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3. Direct acting antivirals (DAA) in HCV 

Resistance of Hepatitis C Virus to Inhibitors: Complexity and Clinical Implications. 2015 Viruses 7(11):5746-5766

Antibodies with antiviral 
effect

Neutralising antibodies against 
proteins important in viral 
pathogenesis or against target 
cells of virus
(anti-CD20 u EBV - rituximab). 

http://www.curaxys.com/images/img1B.jpg
http://bloodjournal.hematologylibrary.org/content/116/19/3705/F1.medium.gif

3. Decrease of viral proliferation 
Antibodies
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Dosing of most frequently used virostatic 
drugs

• acyclovir (HSV, VZV)
• Prophylactical dosing – 500 mg/m2/dose in infusion for 60 minut twice daily with 

maximum 750 mg/dose 
• Therapeutical dosing – for 7–10 days 

250 mg/m2/dose in infusion for 60 minutes á 8 hours with maximum of 500 mg/dose 
(resp. 10-15 mg/kg/dose) 

• ganciclovir (CMV, HHV-6, HHV-7)
• Therapeutical dosing – at least 3 weeks

2 weeks 5 mg/kg/dose in infusion for 60 min á 12 hours, 2 týdny; subsequently 
5 mg/kg/dose in infusion for 60 min/ day

• foscarnet (CMV, HHV-6, HHV-7, HSV, VZV)
• Therapeutical dosing – for 3 weeks

60 mg/kg/dose in infusion for 60 min (or i.v.) á 12 hours, 1- 2 weeks; subsequently 90 
mg/kg/dose in infusion for 60 min (or i.v.) á 24 hours

• cidofovir (CMV, HHV-6, HHV-7, HSV, VZV, adenoviruses, BKV, …)
• In case of CMV disease 5 mg/kg/dose in infusion (1/1 fysiological solution) 1x week

• oseltamivir (Influenza)
• Prophylactical dosing - 30-60 mg in children younger 12 yrs. according to the weight 

(>15 kg - 30 mg, 15 to 23 kg - 45 mg, 23 to 40 kg – 60 mg), in patients older 13 yrs. and 
heavier 40 kg then 75 mg for at least 10 dní. 

• Therapeutical dosing – at least 10 days in children and adults; dvojnásobek 
prophylactic dosing – in adults 75 mg 2x day, in very severe cases 150 mg 2x day.

Adverse effects of the virostatic drugs
• Acyclovir/valaciclovir

• AE usually reversible, usually in patients with hepatopathy.
• rarely haematopoietic and lymphatic system disorders (anaemia, leucopenia, 

thrombocytopenia), hepatitis, nefrotoxicity. 
• Ganciclovir/valganciclovir

• myelosupressive effects (neutropenia (25–40 %), thrombocytopenia 
(9-20 %

• nauzea, vomiting and diarrhea, increase of the liver enzymes: confusion and 
seizures; renal insufficiency (rarely in patients after heart tx.); enormously 
rare exanthema or eosinophilia

• Foscarnet
• Nephrotoxicity- rarely acute renal failure (uremia and polyuria), potencially 

metabolic acidosis and diabetes insipidus
• Increase of the liver enzymes, LDH, ALP and amylasis; often nauzea, 

vomitting nad diarrhea, rash (exanthema), tremor, muscle weakness and 
increase in body temperature, thrombocytopenia, hypokalemia, 
hypomagnezemia, hypo- or hyperfosfataemia, hypocalcemia (shortly after 
infusion or tonic-clonic seizures) – increased risk in CNS disorder or 
ciprofloxacine administration

• Headache, tiredness, paresthesia, tremor, ataxia. Neuropathy, hypestazia, 
confusion, depression, psychosis, agressive reactions, psychosis, agressive
reactions; changes in ECG, hyper- hypotension, rarely even chamber 
arythmias

• Often Phlebitis (thrombophlebitis) in addministration of concentrated 
solutions (> 12 mg/ml) to peripheral vein.
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• Cidofovir
• nephrotoxicity – proteinuria, creatinine increase; acute and even with delay;                

- good hydration, together with probenecid
• potencially to chronic renal failure with dialysis 
• other more common neutropenia, headache, nauzea, vomitting, alopecia, 

rash, weakness and fever. Described also occular toxicity.
• Oseltamivir

• most frequent AE are nausea, vomitting and belly pain
• Ribavirine

• Haematopoietic disorders, depression, teratogenic effect (inhalation) 
from that reason there must not be exponed men or women about the 
conception. In case of higher cumulative dose risk of teratogenicity lasts for 
months; nausea, pain in belly…. 

http://en.citizendium.org/images/thumb/6/68/Oseltamivir_structure.jpg/350px-Oseltamivir_structure.jpg

Oseltamivir Ribavirine

http://www.google.cz/imgres?q=ribavirine&hl=cs&biw=1010&bih=753&tbm=isch&tbnid=1XrThtPFBz_TBM:&imgrefurl=http://en.wikipedia.org/wiki/Ribavirin&docid=jA2kEFQ7b6AShM&imgurl=http://upload.wikimedia.org/wikiped
ia/commons/thumb/e/e8/Ribavirin2.png/300px-
Ribavirin2.png&w=300&h=230&ei=E1rGT6yYKsmaOtPJmdAF&zoom=1&iact=hc&vpx=531&vpy=152&dur=635&hovh=184&hovw=240&tx=116&ty=116&sig=111538063890619018153&page=1&tbnh=129&tbnw=168&start=0&
ndsp=22&ved=1t:429,r:3,s:0,i:74

Adverse effects of the virostatic drugs

http://img.mf.cz/401/485/a.jpg

4. Improvement of the lymfocyte function
Antibodies

ADCC 

– antibody 
dependent cellular 
cytotoxicity

Both „non-specific “ 
IVIG, and 
hyperimunne 
globulins (e.g. 
Cytotect®) might be 
used.
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4. Improvement of the lymfocyte function
Interferon α

Používá se zejména při léčbě hepatitidy B.

Na trhu několik přípravků lišících se typem interferonu I – α2a 

Např. (rekombinantní Roferon A), α2b (rekombinantní - INTRON A), případně 
pegylované interferony tj. s polyetylenglykolem (PegasysTM, PEG-INTRON)

Dávka: obvykle 2,5 - 5,0 milionů IU/m2, resp. až 10 milionů IU/m2 u dětí s.c., 3×
týdně po dobu 4–6 měsíců. 

Dávkování může být v případě nežádoucích účinků upraveno. 

Není-li po 3–4 měsících léčby zlepšení, je třeba uvažovat o přerušení terapie. 

Pacientům nad 18 let je v současnosti doporučen pegylovaný interferon- α2a 
v dávce 180 μg/týden v jedné dávce s.c.; délka léčby dle odpovědí na léčbu -
při dobré odpovědi trvá 48 týdnů.

4. Improvement of the lymfocyte function
Interferon α

NÚ:
„flu-like“: únava, zimnice, 
bolest svalů nebo kloubů, 
bolest hlavy, pocení nebo 
horečka. 
Vzácněji pneumonie a herpes,
anémie, trombocytopenie, 
Leukopenie, 
autoimunitní stavy, 
sarkoidóza, poruchy štítné
žlázy, zažívání, 
hypo- a hypertenze, 
proteinurie a 
poruchy renálních funkcí, 
glykémie a homeostázy. 
Případně účinky na CNS 
např. poruchy citlivosti, spánku, 
nervozita, stavy úzkosti, deprese. 

http://depts.washington.edu/hepstudy/images/hepC/HC_meds_d03.png
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Ribavirine

CDV, MBV...

Anti CD-20

GCV, VGCV, FCS, CDV, MBV, AIC246..

ACV, VACV, FCS…

Therapeutical possibilities of virostatics and 
specific antibodies

More or less specific for certain viral groups:

Oseltamivir, zanamivir, (rimantadine amantadine)….

remdesivir, molnupiravir, nirmatrelvir/ritonavir ,…
Palivizumab, motavizumab, ribavirine 

Caliciviridae
Norovirus

Picornaviridae Enteroviruses

Ortomyxoviridae Influenza A

Paramyxovirus

Human caliciviruses

RotavirusReoviridae
Orbivirus

RotavirusReoviridae
Orbivirusds R

N
A

ss
R

N
A

Paramyxoviridae
Influenza B

PIV
Morbillivirus
Pneumovirus RSV

hMPV

Rhinovirus HRV

Astroviridae

Coronaviridae HCV

Lyssa virusRhadboviridae
p.o. ribavirine 10-30 

mg/kg/D ve 3 dávkách

Orbivirus

BMT 2011

HCoV, SARS-CoV-2…

5. Destruction of permissive cells

Used in EBV associated malignant disease (HL, NHL), or post-transplant EBV-
LPD.

Anti CD-20 – rituximab (MabThera)

Normální B lymfocyty

Ig mutace … CD40

Přežití díky bcl-2 
Další diferenciace
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Infikované EBV
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LMP1
≈(CD40)

Přežití díky bcl-2
 virový homolog BHRF1

X LMP-1 homolog CD40

• aktivace cesty NFκB

• Vazba TRADD z TRAF 
apoptotické cesty

Virový IL-10 
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Th2

EBV

Imortalizace
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Etiopatogenesis of EBV-LPD

EBER 
– ↓kaspase 3, PARP

-↑ bcl-2 - ↓PKR fosf. 

LMP1 
– homologue CD40
- binds TRADD from  
TRAF apoptotic

pathway
–NFkB activation,   

AP1, STAT1/3

BHRF1
– viral homologue bcl-

2

https://www.qiagen.com/geneglobe/pathwayview.aspx?pathwayID=313

Moss P and Rickinson A Nature Reviews 2005 (5)

4-12 weeks of production, 
ATMP (advanced therapeutic medicinal product)

So far - for prophylactic use only!

Streptamer 
orade

Cobbold et al J. Exp. Med. 2005
Schmitt et al Transfusion 2011

Leen et al Nature Medicine 2006
Leen et al Blood 2009

HLA-string, technically and financially difficult

Unrelated donors: preparation about  8-9 weeks from 
first demand to product

Literatura: 

Viral antigen stimulation

Specific IFNg producing T lymfocyte selection

Non-specific T cells, technically and financially difficult
ATMP (advanced therapeutic medicinal product)

Unrelated donors: preparation about  8-9 weeks from 
first demand to product

Feuchtinger et al BJH  2006
Feuchtinger et al Blood 2010

6. Present possibilities of specific cell 
production and its limitations
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Moss P and Rickinson A Nature Reviews 2005 (5)

4-12 weeks of production, 
ATMP (advanced therapeutic medicinal product)

So far - for prophylactic use only!

Streptamer 
orade

Cobbold et al J. Exp. Med. 2005
Schmitt et al Transfusion 2011

Leen et al Nature Medicine 2006
Leen et al Blood 2009

HLA-string, technically and financially difficult

Unrelated donors: preparation about  8-9 weeks from 
first demand to product

Literatura: 

Viral antigen stimulation

Specific IFNg producing T lymfocyte selection

Non-specific T cells, technically and financially difficult
ATMP (advanced therapeutic medicinal product)

Unrelated donors: preparation about  8-9 weeks from 
first demand to product

Feuchtinger et al BJH  2006
Feuchtinger et al Blood 2010

6. Present possibilities of specific cell 
production and its limitations

Promissed results, however so far not useful for 
wide clinical practice. Price approx.  8-14 000 Eur

However – for success of the 
therapy is still crucial …

… reconstitution of immunity!
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