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Genomic Surveillance for SARS-CoV-2 Variants

Viruses are constantly changing, and this includes SARS—
CoVY-, the virus that causes COVIDY4-, These genetic
variations occur over time and can lead to the emergence
of new variants that may have different characteristics. The
SARS-CoVY- genome encodes genes, to build the virus.
Scientists use a process called genomic sequencing to
decode the genes and learn more about the virus, Genomic

sequencing allows scientists to identify SARS-CoVY-

and monitor how it changes over time into new variants,
understand how these changes affect the characteristics of
the virus, and use this information to better understand
how it might impact health. For example, some variant
viruses are of particular concern because they spread
more easily, cause more severe disease, or may escape the

? .
body’s immune response.

The SARS-CoV-2 Genome

CRF1a protesn

How do variants occur?

Mutations are changes in the genetic code of a virus that
naturally occur over time when an animal or person is
infected. While a certain amount of genetic variation is
expected to occur as SARS—CoV Y- spreads, it’s important
to monitor circulating viruses for key mutation(s)
that happen in important regions of the genome. Many
mutations do not affect the virus’s ability to spread or

cause disease because they do not alter the major proteins

involved in infectiond eventually these are outcompeted

ORF1b protein Spike protein EM I
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by variants with mutations that are more beneficial for
the virus.
Surveillance of emerging variants can help detect variants

with:

@ Ability to spread more quickly in people

@ bility to cause either milder or more severe disease in
people

@ Ability to evade detection by specific diagnostic tests
Many commercial nucleic acid amplification tests (NAATS)
that use reverse transcription polymerase chain reaction
(RT-PCR) have multiple targets to detect the virus, such
that even if a mutation impacts one of the targets, the
other RT-PCR targets will still work. However, there are
some tests that rely on only one target, and mutations may
impact their ability to work, FDA is using public health
sequencing data to monitor mutations and their impact on
confidential/proprietary diagnostic test designs, CDC has
a system to regularly check the primer and probe sites for

both the diagnostic test and the Flu ScY multiplex test.

® Decreased susceptibility to medical therapies that
employ monoclonal antibodies

Such therapy involves specifically designed antibodies
that target regions of the virus to block infection. Because
these treatments are more specific than natural immune
response—generated antibodies, they may be less effective

against variants that emerge.

@ Ability to evade natural or vaccine-induced immunity

Both natural infection with and vaccination against

SARS-CoVY- produce a “polyclonal” antibody response
that targets several parts of the spike protein. The virus
would need to accumulate significant mutations in the
spike protein to evade immunity induced by vaccines or
by natural infection.

Among these possibilities, the ability to evade vaccine—
induced immunity would be the most concerning. There
is no definitive evidence yet that this is occurring, but

scientists are closely evaluating this possibility.

Variant of Interest

A variant with specific genetic markers that have been
associated with changes to receptor binding, reduced
neutralization by antibodies generated against previous
infection or vaccination, reduced efficacy of treatments,
potential diagnostic impact, or predicted increase in
transmissibility or disease severity.

Possible attributes of a variant of interest:

® Specific genetic markers that are predicted to affect
transmission, diagnostics, therapeutics, or immune escape
@® Evidence that it is the cause of an increased proportion
of cases or unique outbreak clusters

@® Limited prevalence or expansion in the US or in other
countries

A variant of interest might require one or more appropriate
public health actions, including enhanced sequence
surveillance, enhanced laboratory characterization, or
epidemiological investigations to assess how easily the
virus spreads to others, the severity of disease, the efficacy
of therapeutics and whether currently authorized vaccines

offer protection.




Name|N a m el]WHO
Label

First Detected | Attributes

United Kingdom/

Potential reduction in neutralization by some EUA monoclonal
antibody treatments

B.1.525 20A/S:484K Eta Nigeria -
December 2020 Potential reduction in neutralization by convalescent and post—
vaccination sera
Reduced susceptibility to the combination of Bamlanivimab
and Etesevimab monoclonal antibody treatment;, however,
United States the clinical implications of this are not known. Alternative
B.1526 20C/S:484K lota (New  York) — monoclonal antibody treatments are available.

November 2020

Reduced neutralization by convalescent and post-vaccination
sera

United States
(New  York) -—
October 2020

B.1526.1 |20C

Potential reduction in neutralization by some EUA monoclonal
antibody treatments

Potential reduction in neutralization by convalescent and post—

vaccination sera

India — February
2021

B.1.617 20A

Potential reduction in neutralization by some EUA monoclonal

antibody treatments

Reduced neutralization by post—vaccination sera

India — December

Potential reduction in neutralization by some EUA monoclonal
antibody treatments

B.16171 20A/S:154K | Kappa
2020
Potential reduction in neutralization by post—vaccination sera
Potential reduction in neutralization by some EUA monoclonal
B16172 |20A/5478K Delta India — December antibody treatments

2020

Potential reduction in neutralization by post—vaccination sera

B16173 |20A India — October

Potential reduction in neutralization by some EUA monoclonal
antibody treatments

2020
Potential reduction in neutralization by post—vaccination sera
Potential reduction in neutralization by some EUA monoclonal
P2 201 Zeta 123(;;311 —  April antibody treatments

Reduced neutralization by post—vaccination sera

Variant of Concern
A variant for which there is evidence of an increase in

transmissibility, more severe disease (e.g., increased

hospitalizations or deaths), significant reduction in

neutralization by antibodies generated during previous
infection or vaccination, reduced effectiveness of
treatments or vaccines, or diagnostic detection failures,

Possible attributes of a variant of concern:
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® Evidence of impact on diagnostics, treatments, or
vaccines

o Widespread interference with diagnostic test targets

o Evidence of substantially decreased susceptibility to
one or more class of therapies

o  Evidence of significant decreased neutralization
by antibodies generated during previous infection or
vaccination

o Evidence of reduced vaccine-induced protection from
severe disease

® Evidence of increased transmissibility

® Evidence of increased disease severity

Variants of concern might require one or more appropriate
public health actions, such as notification to WHO under
the International Health Regulations, reporting to CDC,
local or regional efforts to control spread, increased testing,
or research to determine the effectiveness of vaccines and
treatments against the variant. Based on the characteristics
of the variant, additional considerations may include the

development of new diagnostics or the modification of

Coronavirus variants of concern

Easier
transmission

2

Reduced efficacy

of drugs and
treatment

Mutations are natural and to be expected in any virus, Several variants of SARS-CoV-2 have been detected

First record:
October 2020

First record:
September 2020

Country of first detection:

Country of first detection:
om South Africa

Un

Key mutations

in the spike nsozy
protein All three variants have 1.y

mutations in this receptor- 421 ° ?,’

binding domain on the A Wz, €

spike protein "' : 3 :' SARS-Colt2

v, TN 0w
L Tt Y

Main concerns 473

Transmissibility

The B.1.1.7 and B.1.351 variants
appear to spread more easily and

Severity of illness

Studies on B.1.1.7 submitted to
the UK's NERVTAG" in January

quickly suggested there could be a link to
increased risk of death

Any change on the spike

can potentially affect how

easily a virus can infect a cell
“New and Emerging Respiratory Virus
Threats Advisory Group

Saurce: ede.govisclencemediacentre.org/eidrap.umn.edu/WHO.int/sefencenews.org/Birmingham Uni Turnkey lab/ NERVTAG imperial College London/astrozenaca.comyNew Scientist

First record: ?
December 2020 L oo
*"—‘:‘.11)‘
Country of first detection:
Brazil

E484K and K417N

Mutations seenin
B.1.351and P.1

Vaccine efficacy

Some studies have suggested
B.1.351 and P1 may have
mutations that prevent antibodies
working as well, though more
research is needed

Other lab studies have shown that
vaceines retain effectiveness
against B.1.351 and B.1.1.7

of illness

A Variant of Interest becomes a Variant of
Concern if it fulfills any one of the following:

Redu
neutralization
by antibodies

Reduced e
of vace
vaccine e
ability

First record:

October 2020 : N
S0
Country of first detection:
India
E484Q L452R

v i\
‘f‘.. “»

The Indian outbreak

While it is unknown if the variant is
driving the huge India wave, a WHO
official has said that there is “some
available information to suggest
increased transmissibility"

There is alse some suggestion of
“reduced neutralisation”, but it is too
early to say if vaccines are compromised

AFP@®




Name

Name

WHO

First
Detected

Attributes

B.1.1.7

20I/501Y.
V1

Alpha

United
Kingdom

~50% increased transmission

Potential increased severity based on hospitalizations
and case fatality rates

No impact on susceptibility to EUA monoclonal
antibody treatments

Minimal impact on neutralization by convalescent
and post-vaccination sera

B.1.351

20H/501.V2

Beta

South
Africa

~50% increased transmission

Significantly reduced susceptibility to the
combination of bamlanivimab and etesevimab
monoclonal antibody treatment, but other EUA
monoclonal antibody treatments are available

Reduced neutralization by convalescent and post-
vaccination sera

B.1.427

20C/S:452R

Epsilon

United
States -
(California)

~20% increased transmissibility

Modest decrease in susceptibility to the combination
of bamlanivimab and etesevimab; however, the
clinical implications of this decrease are not known.

Alternative monoclonal antibody treatments are
available.

Reduced neutralization by convalescent and post-
vaccination sera

B.1.429

20C/S:452R

Epsilon

United
States -
(California)

~20% increased transmissibility

Reduced susceptibility to the combination of
bamlanivimab and etesevimab; however, the clinical
implications of this decrease are not known.

Alternative monoclonal antibody treatments are
available.

Reduced neutralization by convalescent and post-
vaccination sera

P.1

20J/501Y.
V3

Gamma

Japan/
Brazil

Significantly reduced susceptibility to the
combination of bamlanivimab and etesevimab
monoclonal antibody treatment, but other EUA
monoclonal antibody treatments are available

Reduced neutralization by convalescent and post-
vaccination sera
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vaccines or treatments,

Variant of High Consequence

A variant of high consequence has clear evidence that
prevention measures or medical countermeasures (MCMs)
have significantly reduced effectiveness relative to
previously circulating variants.

Possible attributes of a variant of high consequence:

In addition to the possible attributes of a variant of concern
O Impact on Medical Countermeasures (MCM)

0 Demonstrated failure of diagnostics

0 Evidence to suggest a significantly reduction in

vaccine effectiveness, a disproportionately high number of

vaccine breakthrough cases, or very low vaccine—induced
protection against severe disease
0 Significantly reduced susceptibility to multiple

Emergency Use Authorization (EUA) or approved

therapeutics
0 More severe clinical disease and increased
hospitalizations

A variant of high consequence would require notification
to WHO under the International Health Regulations,
reporting to CDC, an announcement of strategies to prevent
or contain transmission, and recommendations to update

treatments and vaccines. Currently there are no SARS-

CoVY- variants that rise to the level of high consequence.

Substitutions of Concern for SARS-CoV Y- Monoclonal Antibody Therapies

In the United States, there are three anti-SARS-CoV Y-
monoclonal antibody treatments with FDA

Emergency Use Authorization (EUA) for the treatment
of COVID\4-: bamlanivimab plus etesevimabexternal
icon, casirivimab plus imdevimab,external icon, and
sotrovimabexternal icon.

CDC’s national genomic surveillance program identifies
new and emerging SARS-CoVY- variants to determine
implications for COVID\4- diagnostics, treatments, or
vaccines authorized for use in the United States. Sequences
with similar genetic changes are grouped into lineages,
and multiple lineages can have the same substitutions.
For example, the E¢A¢K substitution is found in lineages
B.A Yoy, Py, B.V,0Y\, and many others. Genomic
surveillance efforts provide the capability to detect viruses

that have reduced susceptibility to treatments more quickly.

a Antibody-dependent
ullnlmi\-a;t)'m

Antibocly-dependent
wellular cytotoxicity

Increased immune activation

Incrensnd ytoking
Virus = 2 producticn




In laboratory studies, SARS-CoVY- variants that contain
certain substitutions in the spike protein cause a marked
reduction in susceptibility to bamlanivimab and may have
reduced sensitivity to etesevimab and casirivimab. The
LioYR substitution found in the B.\,£YV and B.),£Y4
lineages has been shown to cause a significant reduction
in susceptibility to bamlanivimab and a modest decrease
in susceptibility to the combination of bamlanivimab and
etesevimab, although the clinical implications of this

modest decrease are not known, The E$A$K substitution

found in the B.\ Y0),P.\, and B\ ,0Y" lineages also result
in a marked reduction in susceptibility to bamlanivimab, as
well as the combination of bamlanivimab and etesevimab.
Laboratory studies also suggest that the K¢\VN and
K&VVT substitutions, which are present in the B.\ Y0}
and P.\ variants, respectively, along with the E{ALK
mutation, reduces virus susceptibility to casirivimab,
although the combination of casirivimab and imdevimab
appears to retain activity. There is no reported reduction in

susceptibility of variants to sotrovimab.

t&bw
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How COVID—14 Affects the Brain

COVID\4- has resulted in more than Y+« million

cases and Y, million deaths to date. Respiratory and
gastrointestinal symptoms are accompanied by short—
and long—term neuropsychiatric symptoms (NPs) and
long-term brain sequelae.

Some patients present with anosmia, cognitive and
attention deficits (ie, brain fog), new—onset anxiety,
depression, psychosis, seizures, and even suicidal
behavior. These present before, during, and after
respiratory symptoms and are unrelated to respiratory
insufficiency, suggesting independent brain damage.
Follow—ups conducted in Germany and the United
Kingdom found post— COVIDY4- NPs in Y+ to V-
of patients, even in young adults, and lasting months
after respiratory symptoms resolved, suggesting brain
involvement persists.

Entering through angiotensin—converting enzyme Y
receptors, SARS-CoV Y- can damage endothelial cells
leading to inflammation, thrombi, and brain damage.
Moreover, systemic inflammation leads to decreased
monoamines and trophic factors and activation of
microglia, resulting in increased glutamate and
N-methyl-D-aspartate (NMDA) and excito toxicity
. These insults induce new—-onset or re—exacerbation

of preexisting NPs.

Does the Virus Invade the Brain?

SARS-CoVY- is known to penetrate the olfactory
mucosa, causing loss of smell, and may enter the
brain, migrating from the cribriform plate along
the olfactory tractY or through vagal or trigeminal
pathways, however, definitive evidence for this is
lacking. SARS—-CoVY- could pass the blood-brain
barrier (BBB) because inflammatory cytokines induce
BBB instability or via monocytes. It could reach brain
tissue via circumventricular organs (CVOs), midline
structures around the third and fourth ventricles, that
monitor blood and cerebral spinal fluid content via
fenestrated capillaries lacking the junctional proteins
expressed in the BBB. Viral RNA was detected by
reverse transcription quantitative real time polymerase
chain reaction but not by in situ hybridization in
medulla and cerebellum, located next to the area
postrema, a CVO that controls emetic responses to
toxins, SARS—CoV Y- protein has been found in brain
vascular endothelium but not in neurons or glia. Thus,
detected viral RNA may represent contamination by
vasculature in leptomeninges and Virchow—Robin
spaces. Histopathologic analysis of whole human brain
showed microglial nodules and phagocytosis of neurons
(neuronophagia) in brain stem and less frequently in
cortex and limbic structures, associated with sparse
lymphocytic infiltration, and no correlations between
histopathologic findings and levels of viral messenger
RNA in the same brain, While ageusia, nausea, and
vomiting may be related to CVO and brain stem viral
invasion, other short term and long-lasting NPs are
more likely due to neuroinflammation and hypoxic
injury. Brain stem involvement may explain persistent

autonomic abnormalities and anxiety.
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Figure. Brain Vascular Injury. Neurotransmitter System Dysfunction, Thrombotic Events, Neuronal Damage, and Neuropsychlatric Symptoms
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Cytokines and Microglia Activation Lead to
Neurotoxicity

Patients with severe COVID\4- infection have been
reported to experience a severe cytokine storm, with
increased serum levels of pro inflammatory cytokines
including interleukin (IL) Y\, IL1—, ILY +—, and tumor
necrosis factor (TNF )—a. TNF-a can directly cross the
BBB by transport (increased BBB permeability due to
cytokine—induced damage) or CVOs. Once across the
BBB, cytokines activate microglia and astrocytes. In
addition to phagocytosing damaged cells, activated
microglia secrete inflammatory mediators, including
glutamate, quinolinic acid, ILs, complement proteins,
and TNF-aV Increased quinolinic acid results
in higher glutamate and up regulation of NMDA
receptors, possibly inducing altered learning, memory,
nightmares.

neuroplasticity, hallucinations, and

Excito toxicity and neuronal loss result in region and
neurotransmitter—specific NPs.

Inflammation and NPs Increased inflammation
activates the enzyme indoleamine dioxygenase,
which metabolizes tryptophan to kynurenine rather
than serotonin. Reduced neurotransmitter release
was demonstrated in patients treated with interferon
alfa who exhibited increased positron emission
tomography fluorodopa)AF uptake and decreased
turn over in caudate and putamen, which correlated
with depression and fatigue severity. Similarly,
interferon or IL—based immunotherapy can induce
depression. Inflammation leads to blunted monoamine
neurotransmission, anhedonia, negative cognitive,
psychomotor and

neurovegetative symptoms, depression, and suicidal

behavior, which poorly respond to conventional




antidepressants. In individuals who attempt suicide
and have major depressive disorder, studies found
elevated plasma kynurenine, high IL\- and IL7\-
levels in blood, cerebral spinal fluid, and brain, and
increased serum C-reactive protein correlating with
brain glutamate levels. TNF-o and IL1- levels may
predict negative and depressive symptoms in people
at risk of psychosis, and higher IL\- correlates with
smaller hippocampus volume. El- evated IL\-f
signaling decreases hippocampal neurogenesis and
increases apoptosis in mammals. Suicide decedents
with major depressive disorder have increase drop
inflammatory and decrease dneurogenesis markers
in post mortem hippocampus, together with smaller
dentate gyrus, fewer granule neurons, and neural
progenitor cells. Therefore, neuroinflammation may
contribute to the pathogenesis of NPs reducing
neurotransmitters and neurotrophins and increasing
excito toxicity.

Interplay of Inflammation and Coagulation

Virus entrance into endothelial cells of brain
vasculature activates neutrophils, macrophages,
thrombin production, and complement pathways,
promoting micro thrombi deposition. COVIDY4 -
brain damage shows macro and micro hypoxic/
ischemic injury and infarcts at autopsy. Moreover,
the complement cascade mediates synaptic
pruning by microglia following viral infections.
Therefore, NPs of COVID\4- could result
from micro strokes and neuronal damage, and
symptoms consequently differ depending on the

brain region involved. Mechanisms of COVID\4 -

brain damage may resemble those involved in

traumatic brain injury, where a combination of
pro—inflammatory status and microvascular injury
resulting in neuronal loss have been implicated
in the pathogenesis of suicidal behavior.
Conversely, a successful clinical outcome would
result from an initial immune response involving
toll receptors and blunted nonpriming or low-—
priming delayed inflammation. Understanding
cellular and molecular aspects of COVID\4-
brain damage could direct interventions to reduce
long—term NPs. Interventions may involve
antagonists of cytokines (etanercept, infliximab),
NMDA receptor (ketamine), TNF-a and anti—
inflammatory pathways (aspirin, celecoxib), and
kynurenine pathway modulators (minocycline).
Mitigating long—term post—COVID\4- cognitive,
emotional, and behavioral sequelae would decrease
disease burden. COVID\4- neuropathology may
serve as amodel for deciphering neurodegenerative
processes related to neuroinflammation in other
brain diseases and developing new treatment

strategies.
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