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EBV (Epstein-Barr Virus)

= HHV-4 (Human Herpes Virus — 4)

Widely disseminated gamma-herpesvirus: approximately
90-95% of adults are seropositive, lifelong persistence.

Replicate in several host cells (B and T lymphocytes,
Epithelial and Endothelial cells, Myocites and
fibroblasts).

Can reach the CNS directly (through the BBB) or inside
PBMCs (with a “ trojan horse”- like mechanism)
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Entry and fusion of EBV into B cells involves 5 different glycoprotems
(gp350/220, gH, gL, gp42 and gB). s
Entry and fusion of EBV with epithelial and endothehal cells needs 3 gp (gH,gL

and gB)

gp42 has an ambivalent role
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YHV-68 latency upregulates CD4o surface expression on APCs and the _
transcription factor STAT1
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Pediatric Epstein-Barr Virus—Associated
Encephalitis: 10-Year Review
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selzures, intermitient hearing impairment
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Age Prodrome
Patient  (yr) Sex  Duration (d) Climical Manifestations C5F Abmormmality EEG Abtmormmality Radiclogic Abmormality Outcome
1 15 B 2 Fewer, headachs, vomiting, seizures T WBE (57 = 10%L) Mo Mone Bl Fatigue
z 4 F 21 Fewer, worniting, meadache, spasticity, T WBC (82 x 10°L) ND T T -weighted signal Ml weakness
weakness, ADEM bilateral thalanni RTB
3 7 F 7 Headache Bone Mone = T-webghted signal
L thalamirs
4 3 LY 1 Fewver, stabus epilepticus Hone Status epllepticus volume loss, T T -weighted Died
signal bilateral hippocampi
5 13 A 7 Fever, headachs, Yormiting, meningismus, T WBC (275 x 109L),  Diffuse skowing T T,-weighted sigral in Paiilcl Tatigue
sefpures, kg weakness T protein (0.66 mgidl) brain stem, basal ganglia
& 15 F T Fever, malaise, vomiting, cough T wBC {13 = 107 Diffuse skowing Diffuse bilateral abreormal Bl Tatigue
signal in corpus callosum
and subcortical whiite matter
7 16 B 21 Headache, fever, vomiting, bilateral lower T wBC {38 = 0L, Mormal T weighted and FLAIR Bl Tatigue
limib weakness, urinary retention, word T protein (0Ls0 mgidl) hiyperintensity within
finding difficulty, staring episodes ternporal lobes, midbeain,
right cerebral peduncle,
pons, and upper medulla;
diffuse abmormal sigral in
spinal cord
B 14 M 7 Chickenpox lesions, mostly crusbed; T WBC (89 x 10°L), Diffuse showing FLAIR hyperimsity in RTE
generalized weakness, urinary retention T protein (0065 mgidL) insula bilaterally, caudate,
occiptal lobe, and brain sterm:
increased signal in thoracic
spinal cord.
9 15 B [ Fever, headache, sore throat T wBC {38 = T0°L), N MND RTB
T protein (044 mgidl)
10 26 F 5 Fewer, worniting, diarmhea, staring spells, T WBC (13 x 10°L) Morrnal Maormal RTE
unusual posturing
1 15 M 21 Saore throal, lymphademnopathy, T WBC (21 x 10°L), Focal left Patchy diffiuse sublle RTE
headache, vomiting T protein (0.99 mgidL)  posterior skowing FLAIR and T -weighted
hyperintensity in suboortical
white matter and deep cortical
white matter of occipital lobes  Mood/psychiatric
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both temporal lobes
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T protein (1.14 mgidL) frontal kobe, basal gandglia
15 12 F 5 Fewver, headache, vomiting, ataxia, T WBC (53 x 10°L), Diffuse showing L ternporoparietal edema il Tatigue
asymimetric reflexes T protein (1.19 mgidL)
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Patient  (yr) Sax  Duration (d) Climical Mamniltestations CSF Abmormal ity EEG ADnormality Radicdogic Abnorrmaliny Ouloome
16 B F 14 Fever, headache, vomiting, decreased T WBL (58 x 10°L) Diffuse showing Bilateral optic nerve swelling,  Mild fatigue
wiswual acuity worse on right
17 11 M 14 Fewver, seizures T WBLC (24 = 10°L) FIRDMA, showiing Mild cerebral edema RTB
1B 15 F 2 Fever, headachs, seipures T wWBC (58 = 10°L) DNffuse skowing Meningeal enhancemeant M Tt gue
19 13 B I Fewver, headachs, vomiting, selzures, TwWBC (323 = 10°0), Epileptiform Mone RTB
decreased wisual acuity T protein (1.16 magidL)  discharges bitemiporally
20° 14 F & Classic infectious mononucleosis (fawer, Mo R frontal lobe Edema, ischemia o thalamid, Dried
sore throat, lymphadenopathy). seizures epileptiform activity basal ganglia, subinsular
later evolving into status epdlepticus cortex, and R termnporal lobe
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Perivascular lymphohistiocytic infiltrates : | NEUROPATHOLOGY

the lnﬂ@m&tory infiltrate was do\thly Neuropaihology 2016; v+, we=s+ doi:10.1111/neup.12356
composed of CD3+ and CD8+ T-lymphocytes and

= Case Report
CD4+ and CD2o+

Biopsy-proven case of Epstein-Barr virus (EBV)-

Immunostaining analysis: associated vasculitis of the central nervous system
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Short communication

An autopsy case of chronic active Epstein-Barr virus infection (CAEBV): Distribution
of central nervous system (CNS) lesions
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Perivascular cellular infiltration in the substantia nigra (a, arrow) : The infiltrating cells were
lymphocytes and macrophages (b)

Midbrain: showed that some of the CD3 positive cells were also EBV-encoded RNA-1 (EBER1)
positive
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Materials and Methods

Retrospective study from 2010 to 2017

HIV-positive patients receiving LPs for clinical reasons

Lymphomas/lympho-proliferative disorders excluded

No autoimmune diseases

Real-time PCR method was used for measuring :

e HIV-RNA (20 copies/mL) and EBV DNA (100 copies/mL)

CSF escape was defined as 1 Log higher than plasma VL or detectable if
plasma undetectable (20 copies/mL)

Immune-enzymatic method was used for the measurement of :

» CSF albumin to plasma ratios (CSAR)
e Tau, phosphorylated tau,1-42 Beta amyloid
* Neopterin, S100 beta

Data are expressed as medians (interquartile ranges)
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n

Gender
(male)

Age
(years)
Current CDg4+
(cell/uL)

Nadir CD4+
(cell/ulL)

Plasma HIV-RNA
(Log,, copies/mL)

CSF HIV-RNA
(Log,, copies/mL)

CSF to plasma HIV RNA ratio

(Log,, copies/mL)

CSF escape
(%)

116

70.7%

41.1
(35.3-46.7)
8o
(34 - 221)
63
(23 - 118)
5.3
(4.5-5.9)
3.8
(2.8 - 4.6)

0.7
(0.6-0.9)

5%

170

69.1%

46
(39-2-55.3)
261
(86 - 531)
46
(13 -194)
<1.3
(<1.3 - 2.4)
1.5
(<1.3-2.3)
1.0
(0.5- 1.5)

20%



Naive Treated ——
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Naive

Detectable
EBV-DNA

Undetectable

EBV-DNA

-
p-values

(years)

Current CDg+
(cell/uL)

Nadir CD4+
(cell/uL)

Plasma HIV-RNA
(Log,, copies/mL)

CSF HIV-RNA
(Log,, copies/mL)

CSF to plasma ratio
(Log,, copies/mL)

CSF discordance

40.8
(31.0-44.1)

84
(48-151)

63
(25-101)

5.0
(3.7-5.7)

4.4
(3:3-5-4)

0.9
(0.7-1.0)

13.6%

42.4
(35.7-46.7)

8o
(34-231)
63
(23-144)

5.3
(4.7-5.9)

3.6
(2.6-4.3)
0.7
(0.5-0.8)

3.4%

I.S.

I1.S.

I1.S.

0.010

0.025

0.095



Naive

Detectable
EBV-DNA

Undetectable EBV-

DNA

p-values

CSAR

Pleocytosis
(>5 cell/mm3)

IgG index
(mg/dL)

Tau
(pg/mL)

p-Tau
(pg/mL)

1-42 Beta amyloid
(pg/mL)
Neopterin
(pg/mL)

S-100 beta
(pg/mL)

5.9
(4.0-8.7)

60.9%

0.4
(0.2-0.7)

237
(127.6 - 343.4)

37.5
(21.8 - 45.7)

788.5
(435.4-1015.2)

10.2
(3.8 -15.8)

226
(140-288.6)

6.4
(4.25-10.4)

12.8%

0.4
(0.2-0.8)

87
(37.5 -184.7)

25
(17.0 - 37.0)

804.0
(520.6-1142.7)

1.5
(0.9-3.7)

140
(52.7-237.5)

1.S.

<0.001

n.s

0.001

0.021

n.S.

<0.001

1.S.



CSF HIV RNA (Log10 copies/mL)
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/
Detectable Undetectable
— Treate d EBV-DNA EBV-DNA
Age n.s.

45.8 46.3
(years) (40.7-56.6) (39.1-55.4)
Current CDg4+ 116 287
0.015
(cell/uL) (35-400) (114-554)
Nadir CD4+ 31 . > )
(cell/uL) (12-131) 57203 -8
Plasma HIV-RNA 2.6 : -3 \
(Log,, copies/mL) (1.4-4.1) 0-272.0 s
CSF HIV-RNA 2.6 <1.3
(Log,, copies/mL) (1.7-3.8) (0.0-2.1) =0.001
CSF to plasma ratio o .
(Log,, copies/mL) ' © n.s.
(0.7-1.6) (0.4-1.5)

CSF escape 25.9% 23.3% n.s.




Detectable Undetectable EBV-

Treated

P-values

CSAR

Pleocytosis
(>5 cell/mm3)

IgG index
(mg/dL)

Tau
(pg/mL)

p-Tau
(pg/mL)

1-42 Beta amyloid
(pg/mL)

Neopterin
(pg/mL )

S-100 beta
(pg/mL)

EBV-DNA DNA
6.2 5.0
(4.8-11.2) (3.7-7.0)

35.7 % 8.3%
0.3
0.4 )
(0.2-0.7) (0.2-0.5)
37.5 116
(87-146) (37.5-203.0)
25.5 32.2
(15-35.5) (21.0-41.7)
666.8 869.7
(87-855.7) (632.3-1059)
1.1 0.7
(0.0 -4.1) (0.4 - 1.4)
87.7 136.9
(18.0-158) (73-200.6)

P=0.007

P<0.001

n.s

p=0.015

p=0.018

n.s.

n.s.

pP=0.023



CSF HIV RNA (Log10 copies/mL)

CSF tau (pg/mL)

Treated subjects
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- Conclusions

EBV was detected in a significant proportion of naive
(20.7%) and treated HIV-positive patients (17.7%)
Naive patients with positive CSF EBV DNA, showed:
* pleocytosis,
e higher CSF HIV RNA and CSF to plasma HIV-RNA ratios.
 highervalues of Tau, p-Tau and Neopterin
Treated patients with detectable EBV-DNA showed:
* pleocytosis and higher CSAR
 higher CSF HIV-RNA

* lower levels of Tau, p-Tau, S-100 Beta

The rate of CSF escape was similar in naive and
treated patients




= Discussion=(l) —

EBV could create a BBB breach: trafficking of
infected cells across BBB enhanced through up-
regulating of some mediators and receptors, during
EBV reactivation in endothelials cells.

* Pleocytosis is found in naive and treated EBV-positive
patients(60.9% vs. 35.7%)

» CSAR was significatively higher in treated EBV+ subjects (6.2
vs 5.0) as well as higher EBV DNA values

it could relate to a greater barrier damage?

EBV primary infection and reactivation could increase CNS
HIV replication/trafficking (secondary escape?)
o CSF HIV- RNA is significantly higher both in naive EBV+ pts
(4.4 VS 3.6 Log,, copies/mL) and treated pts (2.6 VS 1.3 Log,, copies/mL).

» CSF to plasma HIV RNA ratio results higher in naive (0.9 vs
0.7 Log,, copies/mL) with detectable DNA.




= Discussion(ll)

Which is the role of EBV in the direct infection of
neuronal cells and in the indirect neuronal
damage?

» Unexpected finding of lower tau, p-tau and Sioobeta in
treated patients with detectable CSF EBV DNA

T-regs down-regolation and, on the other hand,
increase in CD4+ and CD8+ could unmask some
autoinflammatory and autoimmune reactions
involving CNS

* Further studies on immune phenotype in patients with
pleocytosis

o CSF EBV longitudinal analysis (patients with
symptomatic CSF escape?)
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Jeffrey 1 Cohen

— Table 2 Human trials of EBW vaccines

—~
Maccime Aaiuvant Results
FPropfeelsciic
Waccinia-gp3 50 P Induced neutralizing antibody and may have reduced infection3s
Recombinant sp350 Monea, alem, or alumfMPL  Induced neutralizing antibody3&
Recombinant gp350 Al AP L Induced neutralizing antibody; reduced rate of infectious Mmononucleoses, ot not
infection3?
Recombenant gp350 Al Induced tramsient neutralizing antilkody in a mMinosty of patients with chronec kidney
disease: did not prewent EBW post-transplant lymphopeoliferative discrder3®
EEMA-ZA peptide Tetanus towoid in @il amnd  Trend toward redwection of infecticus mononucleosis but ot infection=

weater e ks

Therapeautic
Modified vaccinia Ankira expressing LMPZ2 and a P T-cell responses o LMP2 or EBMNA-1 defected inm 15 of 18 NPC patients with a thres= to
ot of EBMNA-1 fourfold mcresss i T-cell responses™>
Modified vaccinia Ankira expressing LMPZ2 and a Moo= T-cell responses to LMPZ or EEMA-1 detected in S of 14 NPC patisnts™S
peorticas of EBMNA-L
Autobagous dendritic cells pulssed with LMP2 Moo= Eocaosted CDE T-cell responses to LMPZ in NPC patients; tumor regression observed im two
paptides of nine patients=7
Autobogous dendritic cells transduced with ademno- P Induced LMP=specific delayad type hypersansitivity responses in 75% of MNPC patients_
wines axpressing LMPZ2 and a portion of LMPL but no increase in LMPL or LMPZ2specific T cells; transient partial respons== in 1 of 16

patients, and sftable disease in 255
Abb (= EBENA, E i = WS X EBY, E i = wines; LAMFL, latent mermbrame profein 1:; MPL, monophosphongd liped A; ROP, nasophaymgeal cancanoma patienbs.

PER e e B oo Varialiuuiuriskanld Oulcomes of Epstein‘-l?arr viruls-assmialefl
Q Y s breast cancer by epidemiologic characteristics and virus detection

(LMP1, LMP2, BAMH1W, EBNA1, and BZLF1): P —
* optimize detection

Sally L. Glaser - Alson J, Canchola!- Theresa IL M, Keegan' -

 minimizing false-negative results (related to partial genomic deletion) (s . ik Tet A Logce Vo . Gl
= MPC tumowr cells carmy
clomnal EBY gemnames? ™ = Complene
= LMP1 is essemtial = LMP1 is a comstibutive by sequernces of 71
= EBER ISH foar (B cell activated memb-er of Use af C-PCR EBEW siraims
assays transfor matkon®? the THNFR swuperfamily o detect Wild-type First contraolled published™
developed™* = EBMAIA and 3C are = First successful use of cell-free EBY EBW trial of an EBW = Further
= LMP2Z essential for B ce=ll EBV-—specific T cell DA as BMPC sEqQuEence waccine (gp35%0 development of
dentified™ transformation™” therapy b PTLD T bkomarkesrts® released!® wEccinee 1o gpIsS vaccimnet

EBW gemoaree: = ldentificariom of theree HL is a B cell EBW W p-restricted EBW EBMAIR is &
derecred in Fforms of Llatemscy™ Ly phoana® = e rsiSherc e Lantemwe mibcrol MNas TLIFTOas T
HRS cells of = First demonstratiom of N SO Ty identified im BL™ discovered™ suppEressor ™
HL biopsies™™ EBV in typical gasoric B cells in

adenocancimonmnmas "™ ™

Epstein—Barr virus: more than
50 years old and still providing
surprises
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