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TApproved for treatment of CMV retinitis in patients with AIDS and treatment of refractory HSW
infections in iMmmMunocompromised patients.

Cidofovir Maribavir Letermovir Ganciclovir* Foscarnet Acyclovir

Herpes Cytomegalovirus 0.001 0.4 0.31 0.005 3.8 50-800 >200
Epstein-Barr Virus 003 65.6 0.63 >10 09 <500 6.2

Human Herpesvirus 6 0.003 2.7 Inactive >10 58 16 10
Human Herpesvirus 8 0.02 26 Inactive — 8.9 177 >100

Herpes Simplex Virus 1 0.01 3.0 Inactive >10 0.7 92-95 3.8

Herpes Simplex Virus 2 0.02 6.5 Inactive >10 25 91-96 4.4

Varicella Zoster Virus 0.0004 0.5 Inactive >10 1.3 39.8 3.6
Adenovirus Adenovirus (AdV-B7) 0.02 1.3 — >10 4.5-33 Inactive >100
Polyoma BK Virus (BKV) 0.13 115 — — >200 Inactive >200
JC Virus (JCV) 0.045 >0.1 — — — Inactive —

Papilloma Human Papillomavirus 17 716 — — Inactive — Inactive
Pox Variola 01 27 — — — — —
Vaccinia 0.8 46 — — >392 nactive  >144 Crax after oral 100 mg BCV: 0.445 uM
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National Institute of
Neurological Disorders s
and Stroke

Dr. Steven Jacobson, PhD,
Senior Investigator,
Viral Immunology Section
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Next steps...

"Follow the Science,
Follow the Data,
Follow the Patient”
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SUMMARY

With recent findings connecting the Epstein-Barr virus to an increased risk of multiple sclerosis and
growing concemns regarding the neurological impact of the coronavirus pandemic, we examined potential
links between viral exposures and neurodegenerative disease risk. Using time series data from FinnGen for
discovery and cross-sectional data from the UK Biobank for replication, we identified 45 viral exposures
significantly associated with increased risk of neurodegenerative disease and replicated 22 of these asso-
ciations. The largest effect association was between viral encephalitis exposure and Alzheimer’s disease.
Influenza with pneumonia was significantly associated with five of the six neurodegenerative diseases
studied. We also replicated the Epstein-Barr/multiple sclerosis association. Some of these exposures
were associated with an increased risk of neurodegeneration up to 15 years after infection. As vaccines
are currently available for some of the associated viruses, vaccination may be a way to reduce some risk
of neurodegenerative disease.

INTRODUCTION

Recent research has shown a definitive association between
an increased risk of multiple sclerosis and prior infection with
the Epstein-Barr virus (EBV).' Additional concemns regarding
the potential short and long-term cognitive impact of the current
coronavirus pandemic have raised the priority of investigating
the potential connection between viral exposures and neuroin-

report aims to survey longitudinal and cross-sectional associa-
tions between viral exposures and NDDs in an unbiased manner.
Additionally, we aimed to shed light on the relationship in timing
between pre-, post-, and peri-diagnostic viral exposures and
how they relate to NDD risk.

RESULTS
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Biotechnology harnesses the power of biology to create new services and products, which provide opportunities to grow
the United States economy and workforce and improve the quality of our lives and the environment. The economic
activity derived from biotechnology and biomanufacturing is referred to as “the bioeconomy.” The COVID-19 pandemic
has demonstrated the vital role of biotechnology and biomanufacturing in developing and producing life—saving diagnostics,

therapeutics, and vaccines that protect Americans and the world. ...

For biotechnology and biomanufacturing to help us achieve our societal goals, the United States needs to invest in
foundational scientific capabilities. We need to develop genetic engineering technologies and techniques to be able to
write circuitry for cells and predictably program biology in the same way in which we write software and program
computers; unlock the power of biological data, including through computing tools and artificial intelligence; and advance
the science of scale—up production while reducing the obstacles for commercialization so that innovative technologies and

products can reach markets faster...

Simultaneously, we must take concrete steps to reduce biological risks associated with advances in biotechnology. ... we
must safeguard the United States bioeconomy, as foreign adversaries and strategic competitors alike use legal and illegal

means to acquire United States technologies and data,"*-
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