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REVIEWS AND UPDATES ON EBV:
EPSTEIN BARR VIRUS

Summarize the

’ pathogenesis and clinical
0 characteristics of EBV

infections

Explain laboratory

EBV methods necessary to
Objectives: diagnose suspected EBV
infections

Discuss new discoveries
and disease connections
surrounding prior EBV
infection
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Description of EBV

*Human Herpesvirus 4
(HHV-4)

*Enveloped

*Linear dsDNA

+Codes for >85
proteins

Envelope protein

Envelope

Viral genome

Nucleocapsid

Viral tegument

EBV replication machinery

*Does not require host cell
to bein S phase

*Carries its own replication
machinery

EBV genome integration

« Portion of genetic material a
- - -
«EBV tethers episome to g 0 e
host cell DNA w— "
*Guarantees equal T l \ L
distribution of viral DNA in -

daughter cells ‘_1:’ O o

DNA virus infection outcomes

Productive Persistent .

« Active synthesis « Virus remains in « Cellular
and release of host cell communication
new virions without killing and growth
« Death of host the cell changes
cell « Chronic type * Host cell
« Latent type transforms into
a tumor cell
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EBV virus infection outcomes

Persistent

Productive

Discovery of EBV: 1963-4

«Isolated from biopsy samples of Burkitt's lymphoma patients

infection infection LR
« Infectious « “Every Body's « Post-transplant
mononucleosis Virus” disease
(IM) e Chronic IM « Burkitt's
lymphoma -
» Nasal S 4 4
carcinoma E_\
Michael “Tony” Epstein, Bert Achong, and Yvonne Barr
7 8
Ay 3 Estimated to be Transmits through
"y s present in >90% of oral secretions,
b . All because of a Epidemiolog;z' population organ transplant,
" . i . orldwide transfusion
delayed flight... Every Body's e =
*Viral particles finally Pri ; L Seroconversion
K rimary infection in be dependent
Observe(-j in cell eartyichildhood rgr?ysocioecponomic
cqlture via e!ectron and teenage years factors
microscopy in
February 1964
Type 1: Europe, o AR
Americas, China, P TypeNZ. Afcglcg,
SOUth Asia apua New Guinea
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Lytic and Latent genes of EBV EBV antigens and antibodies
«EBV-EA (early antigen)
+EBV-MA (membrane antigen) Early Late Latent
*VCA (viral capsid antigen) EAD EAR Viral capsid EBV nuclear
*EBNA-1 Sl Ag (VCA) Ag (EBNA)
*EBNA-2 - EBV nuclear antigens ) - LMP
S EENAS Anti-EA-D IgM anti-VCA
B Anti-EBNA
«LMP-1 : ;
Latent membrane protein Anti-EA-R I9G anti-VCA Anti-LMP
*LMP-2
11 12
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EBV pathogenesis

«Viral tropism for oropharyngeal epithelial cells and B-cells
*Begins life cycle in epithelial cells

«Virions spread to tonsils to infect B-cells

EBV really loves
B-lymphocytes

«EBV enters B-cells by
binding to CD21

*B-cells proliferate and
differentiate

*Memory B-cell pools
migrate to other
lymphoid tissues

13

The fate of EBV
infected B-cells

*Infected cells killed by
T helper CD8+ T-cells and NK cells

‘ *Plasma cells secreting
various antibodies to EBV
antigens

*Memory cells with life-
long infection

15 16

WALDEYER’S

,o\ Opening of the
\ \\Eustachlan tube
e
\

Adenoids

Palatine
tonsils

Lingual
tonsils
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/ Germinal centre \ Normal B-coll differontiation i
\l(ell ntigen ol divisio
Naive B cell (‘\(/ @ Yﬁnhcvlq ol
Y ( @@ 3~@ —w \-.ﬂ
(/C L/ u memaryBecl| ‘Qm ) oceliblant 66 B cell Post.GC 8 coll  Memory i cell.

v
Virus EBNAL anly

o Yl M EBV infection
IL-10 ‘\‘D 9 Q lgh SE—
TG Q Yo _/c/n‘ *EBV uses normal B-cell development to establish and control

Regulatory B cell Short-lived plasma cell Long-lived, class-switched

plasma cell latency
Nature Reviews | Microbiolo *Gene expression patterns change to enable EBV persistence

L 6 S-P-@ 3“\5@"—'%@" o)
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Clinical conditions
Important latent antigens of EBV infection
* Infectious mononucleosis
EBNA1 = tethers EBV episome to o
h Il DNA * Burkitt's lymphoma
ostce *Hodgkin lymphoma
* Post-transplant
[ e | LMP1, LMP2A = major oncogenic lymphoproliferative disorders
8 | EBNA | proteins, prevent apoptosis +Nasopharyngeal carcinoma
* Gastric cancer
»Multiple sclerosis
Latent membrane protoins: LMP
Nuclear antigens EBNA
21 22

Infectious mononucleosis,

Ilmonoll
INFECTIOUS « Can occur during infancy, childhood,
MONONUCLEOSIS, teens, young adult
"MONO” « Classic symptoms of mono: fever,

lymphadenopathy, sore throat, extreme
fatigue

* Some liver involvement

Linked to EBV by Gertrude
and Werner Henle in 1968
* Symptoms last 2-4 weeks

«Fatigue, body aches can last for months

23 24
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Important Lab
features of acute

infectious mono

* Absolute lymphocytosis

+20% or more atypical
lymphocytes (RR 0-5%)

* Heterophile antibody

« Anti-VCA IgM

* Anti-EA

e
@
e

Monospot test
(New method)

*Testing for
heterophile antibody

*Bovine RBC extract
acts as Ag

*Rapid tests
*ldeal for POC

26

Limitations of Monospot

*Screening test only

*10% of adults will test negative

+50% of children will test negative (< 4 years old)

*Not as sensitive as EBV-specific antibody testing

*False positives can occur due to lymphoma, viral
hepatitis, malaria, autoimmune disease

Lymphoproliferative disorders

Burkitt's Lymphoma

Hodgkin Lymphoma

Postertor auricular
Coclpital
Tarsilar

Nasopharyngeal carcinoma

Suparior gervical ———— "8 Submental
. =/
Gastric cancer Desp cervical L'.T
Submandbular
Posterior panical

Post-transplant lymphoproliferative
disorder (PTLD)

y £ paotia
B

/ 4’“_« Supraciacular
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EBV Serology How EBV causes cancer
Viral CapsidAg  Early Ag EBNA Hetex;phile *Immortalizes B-cells
+High rate of cellular turnover
Condition IgM 1gG IgA Anti-EA  Anti-EBNA lgM cCancie muElons ceaur
Chinfocted = = = : *c-MYC gene deregulated E
Acute IM + ++ 4/ +/- - +/- «Gene expression chan 3
Past infection IM - + - - + - G2 E p ess? chd _ges . g
Posttransplantdz - ++  +/- o v « Cells get stuck in proliferation g
Burkitt's St - +/- + o * Chronic inflammation and
NP carcinoma ERE == ++ + - immunosuppression
29 30
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RESEARCH

MULTIPLE SCLEROSIS

Longitudinal analysis reveals high prevalence of

NEW

DISCOVERIES: T A i
DISCOVERIES: Epstein-Barr virus associated with multiple sclerosis
Ge 2 ese', 3 .. 5, sz
DOES EBV oo St e
INFECTION e
CAUSE arionof o s e e ot B S5 o b B
MULTIPLE el el b el bl g

M increased 32-old afte infection with EBV but was nat increased after nfection with other
viruses, incling the simiarly transavited cytomegalovius. Serum levels of neurofiamest
light chain a biomarker of neuroauonal degeneration, increased oely after EBV seroconversion.

SCLEROSIS?

These findings cannot be explained by any known ris facto for MS and suggest EBV as the
leading cause of MS.

/ What is Multiple

‘ o Sclerosis?
S
*Demyelinating disease of
Exposed
o central nervous system
- Stwam e . q
ol | - o Inflammation and

destruction of myelin sheath
surrounding axons

A\ \ *Plagues form in brain and
\\' JT1 \\ spinal cord

Nerve afiected by MS *Immune mediated process

Healthy neuron

31 32
MULTIPLE SCLEROSIS
Multiple Sclerosis (MS) © P Important
; o N Damage Diagnostics for MS
*T-cells and macrophages in the - % -
plagues predominate and v Fesiem et
orchestrate demyelination e L Increased IgG in CSF
° S:mulate§ ma'crop?a?eiﬁnd 4 & P Oligoclonal bands on serum IPE
agocytic microglial cells \ $
phag yt‘ o 9 3 ﬁ Increased IgG index
*Inflammation, injury to axons, ~ y i\
post-inflammatory 4 Young-middle aged adults
neurodegeneration 1 o6c { g Weakness, sensory problems
‘ 1 o r ’ Affected Areas
33 34
EBV has been “sus” for a long time! Results of Harvard stud <:>
* Cohort of > 10 million active-duty military personnel from
1993 to 2013
Immunological control of Epstein-Barr virus- . X
transformed lymphocytes in multiple sclerosis * Using serum samples from DoD Serum Repository
> An 74 «Identified 955 adults diagnosed with MS during service
2 Epstein-Barr virus infection and antibody synthesis «Risk of MS increased 32-fold after infection with EBV
f\h,s"a,.ﬂ ey pRtents wirh ssdtiple: sclecoxls +Serum levels of neurofilament light chain increased only
after EBV infection
PMID: 6860175 DO
35 36
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L2 EBV
_— o £ F [m—,
%; o T So...what's EBV Mer\tn%lls
Pen L N N was as notable
: . S got to do with it? ne LBV
g L=
2 2: s *Risk of developing MS « Supports the
. seumsample. was unchanged with specificity of
Ms 4 other viruses association
c ) - Anti-EBNA antibodies Dot
elevated prior to MS
 § ! onset ¢ K »
EBV-negaive  Sorocer Basstine
37 38
) . Cell body (soma) R |t ‘F
So...what's EBV got to do with it? % 4
tanford study
nature
Explore content v About the journal v Publish with us v Subscribe * Used clonally expanded B-
cells from CSF of MS
nature > articles > article batients (1=9)
Clonally expanded B cells in multiple sclerosis bind :\‘\\ SN\ *Reacted with human
onally expande cells in muitiple sclerosis bin - \w . . .
EBV EBNAland GlialCAM st =577 .5 Zm'_gbe’zjs_ and "E':"'\‘T;'gens
obise V. Lanz, R Camills Brawer, . Willam H, Robinson ) | show e e * Antibodies to -
. ) ' cross-react with Glial CAM
ot v e s proteins in myelin
39 40
oA GlcwANTOss  CRICAMANTOS
v - 3 . . .
I . - Further studies by Molecular mimicry provides mechanism
8| 8| « 1 8 . Stanford group
i ' i ) " *"It's like friendly fire:
i * .i. * Antigen-specific IgG I Gl th g
s T 5% T reactivity against EBNA1 nTighting the virus,
P canrenon  Giocwais  CHOMANTOM g’li:l‘z_izsl\;’;iifilem we damage our own LA
2 ~ 3 - « Larger cohorts of MS patients army. ‘,mmm
- é 5 H and healthy control patients
o ° o 3
18 ' I i *Mouse models N\
ol ? e ol > provide further proof | = \)
41 42
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Will there ever be a vaccine?

*Many ongoing clinical trials
*EBV envelope protein (gp350)
«Virus-like Particle (VLP)

*mRNA vaccines - Moderna

«Viral vectors - adenovirus, vaccinia

*T-cell immunotherapies: adoptive T-cells, EBV-specific T-cell
receptors, CAR T-cell therapy

,ﬁ_ We've likely all had it...and still
have it...

[n summary...

Not a safe virus just because it
goes dormant

Could yield helpful info for
treating other autoimmune
diseases

/f Vaccine may eliminate MS and
lessen burden of lymphoma
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