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TApproved for treatment of CMV retimnitis in patients with AIDS and treatment of refractory HSWV
infections in immunocompromised patients.

SymBio Pharmaceuticals Limited Source :https://doi.org/10.1016/j.antiviral.2019.01.008 22
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Future

MICROBIOLOGY

Drug Evaluation

“BCVIL, %I CRIgEL S [#turemedicine.com
BEELBREIHESDEL
Bh-BIREEGYES,
Brincidofovir: understanding its unique
= profile and potential role against adenovirus
““and other viral infections

Julio J Alvarez-Cardona’, Laura K Whited? & Roy F Chemaly*-!

'Department of Infectious Diseases, Infection Control & Employee Health, The University of Texas MD Anderson Cancer Center,
Houston, TX 77030, USA

2Division of Pharmacy, The University of Texas MD Anderson Cancer Center, Houston, TX, USA 77030

*Author for correspondence: Tel.: +1 713 745 1116; richemaly@mdanderson.org

Brincidofovir (BCV) is a lipid conjugate of cidofovir with good oral bioavailability, enabling optimal in-
tracellular levels of the active drug. Lower rates of nephrotoxicity and myelotoxicity make it a favorable
alternative. Despite a greater safety profile among pediatric hematopoietic cell transplant recipients, the
oral formulation has been associated with increased gastrointestinal toxicity in adult hematopoietic cell
transplant recipients. Oral BCV continues to be developed as a countermeasure against smallpox, while
a potentially safer intravenous preparation has been out licensed to another company. BCV has demon-
strated great in vitro potency against double-stranded DNA viruses, especially adenovirus. Because of its
importance for immunocompromised patients, this review aims to evaluate BCV's clinical and safety profile
to support its continued development.

First draft submitted: 18 November 2019; Accepted for publication: 18 February 2020; Published online:
13 March 2020
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*¥* International report on Organ Donation and transplantation Activities executive summary 2019, April 2021 % UfTransplantation 2012

*¥k*k Bone Marrow Transplantation 2016, Bone Marrow Transplantation 2019
SymBio Pharmaceuticals Limited
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Takeda’ s Livtencity is the first FDA
Approved treatment for transplant
patients with cytomegalovirus that is
refractory to conventional antivirals

2021/11/24

SymBio Pharmaceuticals Limited
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EBOAILAREN, ZREFILED EERERFTHIELEH

(/N—/\— FXHIRF— L O BIRFZ)
1,0005 AN 28X KBS ADILEY > TIVOFEMIERENS
. EBVRBRN EIRE THBESciencestlIRE
MM I AZICLDEBVEZEIEIEN ([CTER R 6E1ERIE

EBVEENHBIBE. MSFIEDUAVE32EIC LS
9%, CNEFERVEENSEZRIEF I HDOTHL

Pre-onset samples

Human rhinovirus 23

Human rhinovirus 16 -
Human parainfluenza 4a virus -
Human herpesvirus 2 -
Human herpesvirus 1 -

Science JE——

Cite as: K. Bjomevik er al., Science

10.1126/science. abjg222 (2022). 8 Human enterovirus 71 -

. . . . g Human cytomegalovirus -
Longl-tudmal arralysns re‘lfeals hlgh preva.lence of - - s 0. s
Epstein-Barr virus associated with multiple sclerosis S Human adenovirus C serotype 2 -
S Human adenovirus B serotype 16

Kjetil Bjornevik't, MariannaCortese't, Brian C. Healy*"*, Jens Kuhle®, Michael J. Mina®"", Yumei Leng®,
Stephen J. Elledge®, David W. Niebuhr®, Ann I. Scher®, Kassandra L. Munger's, Alberto Ascherio™*15*

iCepartment of Mutrition. Harvard T.H. Chan School of Public Healh, Bostan, MA, USA.2Fartrers Mulbple Selerosis Center, Brigham and Wamen'sHospital, Bostan, Ma,
sA Department of Neurslagy. Harvard Medical School. Bosten, MA, USA. Blastabstes Center, Massachusetis General Hospital, Boston, MA. USA. Teurologie Cline and
Policliniz, M5 Canter and Reszarch Center for Clinical Meussimmunclogy and Meuroscience Basel (RC2NE), Unrversity Hospital Basel, University of Basel Basel,
Switzerland. "Division of Genetics, Brigham and Wamen's Hospital, Howard Hughes Medical Instibute, Department of Genetis, and Program in Wrakigy, Harsard Medical
Scheol, Baston, MA, USA Wenter for Communicable Dissase Dynamics, Department of Epademiclegy. and Department of Immunclogy and Infectious Diseases. Harvard T.
H. Chan School of Public Health, Bostan, B4, USA. Blepartment of Pathclogy. Brigham and Women'sHospital, Harvard Medical Scheol, Boston, MA USA. ®epartment of
Preventive Medicing and Bistatistics, Uniformed Servdces Unversity of the Health Sciences. Bethesda ML USA. ®Department of Epidemiakagy, Harvard T.H. Chan Schoal
of Fublic Health, Boston, MA. USA TChanning Labaratory. Departmentaf Medicine, Brigham and ‘Wamen's Hospital, and Harvard Medical School, Boston MA. USA.
#These authors contributed equsily to this work.

Dengue virus type 3 =
Human herpesvirus 3 -
BK polyomavirus -
Influenza B virus -
Epstein-Barr virus -

-
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These authors contribubed equally to this work.

“Correspanding suthor. Email: aascheri©hsph harvard. edu

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system of
unknown eticlogy. We tested the hypothesis that MS is caused by Epstein-Barr virus{EBV)in a cohort
comprising more than 10 million young adults on active duty in the US military, 955 of whom were
diagnosed with MS during their period of service. Risk of MS increased 32-fold after infection with EBV but
was not increased after infection with other viruses, including the similarly transmitted cytomegalovirus.
Serum levels of neurofilament light chain, a biomarker of neuroaxonal degeneration, increased only after
EBV seroconversion. These findings cannot be explained by any known risk factor for MS and suggest EBV

as the leading cause of MS.

Multiple sclerosis (M8} is a chronbc Inflammatory demye-
linating disease of the central nervous system of unknown
etiology. The demyelination in the brain and spinal cord is an
immune-mediated process (1) possibly triggered by a viral in-
fection {2). Among the putative causal agents, the top camdi-
date Is Epstein-Barr virus (EBV) (3. EBV is a human
herpesvirus that after infection persists in latent form in B
lymphocytes throughout the 1ife of the host (3). A causal role
of EBV is supported by the increased MS riskafter infections
mononucleosis (4), elevated serum antibody titers against
EBY nuclear antigens (EBNAs) (5), and by the presence of
EBV in M8 demyelinated lesions veported in some (6-57, but
not all &), pathological studies. Evidence of causality, how-
ever, remains inconclusive.

Causality implies that some individuals who developed
MEafter EBV infection would not have developed MS if they
had not been infected with EBV. Ruling out a randomized
tral, the gold standard to study thizs counterfactual occurs
rence is an “experiment of nature™ a longitudinal investiga-
tion of MS incidence in a cohort of EBV-negative individuoals,
some of whom will be infected with EBV during the follow-
up and some who will not The ubiquitous nature of EBV,
which infects ~85% of adults, and the fact that M3 is a rela-
tively rare disease, has umtil now Impeded such an

investigation. Over the course of a 20vear collaboration with
the US military, we have identified cases of MS in a cohort
composed of active«duty US military personnel between 1993
and 2013, a racially diverse population of =10 million individ-
vals, Active-duty members are screened for HIV at the start
wof military service and biennially thereafter, and residual se-
rum from thesge tegts (=62 million serum samples) is archived
in the Department of Defense Serum Bepository (DoDSR)
(1), We used samples stored in the DoDSE wo determine EBV
status at time of first sample and the relation between EBV
infection and MS onset during the period of active duty. Ina

preliminary study, we found that 53% of individuals were *

EBV-negative at the time of first sample (I7), corresponding
to hundreds of thousamnds of EBV-negative young adults at
risk of EBV infection and MS.

We documented 955 incident M3 cases among activesduty
military personnel [including 315 cases from our preliminany
study (171]. For each MS case, we identified up to three serum
samples collected before the date of M3 onset (the first avail-
able, the last collected before disease onset, and one in be-
tween). Cases were matched to two randomly selected
individuals without MS of the same age, sex, racefethnleity,
branch of military service, and dates of collection of blood
samples who were on active military duty when the case was

Within-person change in NfL (%)

*k
100% n.s.

80%

60%

40%

20%

0%

-20%

Before Around time of After

EBV infection
(ref. group)

EBV infection = EBV infection
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EB™Y A JLREMSHRIE DI fizBA

nature > articles » article

Article | Published: 24 Januany 2022

Clonally Expanded B Cells in Multiple Sclerosis Bind
EBV EBNA1land GlialCAM

Tobias V. Lanz, R. Camille Brewer, ... William H. Robinson B + showauthers

Nature (2022) | Cite thiz article

- EBVORMIREBNALL, DT U7 HROHREAUESTS
(mimicry) =8 IZEBVREZE , BIEL f-BH#ifAICL>TMSH5E|E
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Multiple sclerosis (MS) is a heterogenous autoimmune disease in which autoreactive

lymphocytes attack the myelin sheath of the central nervous system (CNS). B lymphocytes in . :*L ld: M S%ﬁ& . ﬁ .b 75\': E BV%EE ﬁ L—c;‘ﬁﬁ?é -

the cerebrospinal fluid (CSF) of MS patients contribute to inflammation and secrete

-, P S Ab —
oligoclonal immunoglobulins'2. Epstein-Barr virus (EBV) infection has been linked to MS t-E\ M S@ﬁﬁéﬂﬁ‘*éﬁr ﬁbﬁéml&

epidemiologically, but its pathological role remains unclear®. Here we demonstrate high-
affinity molecular mimicry between the EBV transcription factor EBNAL and the CNS protein
GlialCAM, and provide structural and in-vivo functional evidence for its relevance. A cross-
reactive CSF-derived antibody was initially identified by single-cell sequencing of the paired-
chain B cell repertoire of MS blood and CSF, followed by protein microarray-based testing of

recombinantly expressed CSF-derived antibodies against MS-associated viruses. Seguence OU rresu ItS p rovi d e amecC h ani St| C I In k fO r
analysis, affinity measurements, and the crystal structure of the EBNAL-peptide epitope in o .

complex with the autoreactive Fab fragment allowed for tracking the development of the t h € assocCl a'tl on b etW een M S an d E B V’ an d
naive EBNAL-restricted antibody to a mature EBNAL/Glial CAM cross-reactive antibody. cou I d g u | d e th e d evel o p m ent Of n Ovel M S
Molecular mimicry is facilitated by a post-translational modification of Glial CAM. EBNAL

immunization exacerbates the mouse model of MS and anti-EBNAL/Glial CAM antibodies are t h er ap | es

prevalent in MS patients. Our results provide a mechanistic link for the association between
MS and EBV, and could guide the development of novel MS therapies.
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CMV 0.001 0.4 0.31 0.005 3.8 50-800 >200
EBV 0.03 65.6 0.63 >10 0.9 <500 6.2
ADV 0.02 1.3 - >10 4.5-33 Inactive >100
>200 Inactive >200

BKV 0.13 115
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Long COVID Symptoms Prevalence
Epstein-Barr Virus Reactivation Confirmed (n=29)
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The first evidence linking EBV reactivation to long Covid, as well as an
analysis of long Covid prevalence, is outlined in a new long Covid study
published in the journal Pathogens.
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“Follow the Science,
follow the Data,
follow the Patient”
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