COVID-19 Variants:
Science, Pharmacology and Challenges

March 17, 2022

AAPS Webinar
Brian R. Moyer
BRMoyer & Associates, LLC

Session Objectives
•
•
•
•
•

Where are we today in the COVID‐19 Pandemic?
What about Omicron and new variants of concern (VOCs)?
What novel pharmacology developments were born out of this pandemic?
Are we better prepared for the next one?
What has diagnostics, vaccines, countermeasures, manufacturing, regulatory science,
clinical science and strategic deployment, learned and benefited from this experience?

DISCLAIMER: I am a Federal Employee at the Biomedical Advanced Research and Development
Authority (BARDA). This presentation is my own content derived from published information. The
presentation does not in any way represent governmental endorsement of any product or approach.
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hCoV COVID‐19 (SARS‐CoV‐2)
The viral structural and non‐structural and protein products and how it generates pathologies
• The SARS‐CoV‐2 virus has structural and non‐structural
proteins.
• Structural proteins are coded from the 3’ end of the
30,000 nucleotides
• Non‐structural proteins (NSPs: nsp1 – nsp16) are from
RNA in the ORF1a and ORF1b (ORF = open reading
frames) and are responsible for the replication, fidelity
and inhibition of the innate (interferon) immunity.
• Natural History of a CoV: viral attachment, RNA is
introduced into the cytoplasm, unfolds, pairs with
ribosomes, begins virion recapitulation (~100 virions
per cell).
• NSPs are responsible for damping the cells antiviral
prosecutions – interfering with interferon synthesis.
• Release of virions damages the cell integrity and can
cause release of cell contents (NSPs and structural
proteins ‐ antigen tests; and RNA fragments – PCR)
• Vascular targeting is main pathology

structural proteins
non‐structural proteins

replication/transcription
mRNA recapitulation

Structural and non‐
structural proteins
Viral assembly/release
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hCoV COVID‐19 (SARS‐CoV‐2) Natural History
What does the “Natural History” tell us?
Nose or Throat Swab:
LONG COVID???? 
PCR NEG / Ag NEG
Antigen/ Lateral flow tests LOD
PCR viral RNA LOD
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A Human Volunteer hCoV (SARS‐CoV‐2) Natural History
Direct infection of volunteers helped confirm existing clinical data
A novel SARS‐CoV‐2 human challenge model:
36 volunteers aged 18‐29 years without evidence of previous
infection or vaccination.
• inoculated with 10 TCID50 of a wild‐type virus (SARSCoV‐
2/human/GBR/484861/2020) intranasally.
•
•
•
•

Eighteen (~53%) became infected Viral loads (VL) rose steeply and
peaking at ~5 days post‐inoculation.
Nose vs Throat: Virus was first detected in the throat ‐ but rose to
significantly higher levels in the nose
Viable virus was recoverable from the nose up to ~10 days post‐
inoculation, on average. Days to undetectable PCR in nose was ~15
days.
No SAEs, but, mild‐to‐moderate symptoms were reported by 16 (89%)
infected individuals, beginning 2‐4 days post‐inoculation.
Anosmia/dysosmia developed more gradually in 12 (67%) participants.

Lateral flow testing was associated with viable virus and
modelling showed that twice‐weekly rapid tests could diagnose
infection before 70‐80% of viable virus had been generated.

Interpretation of PCR versus Culture
Nose vs Throat: PCR (load; blue) vs Culture (infectivity, red)

PCR
Culture

PCR
Culture

PCR: Rapid rise of viral copies – detectable to >2 wks
Culture: translated as “viral load that can infect a cell
system” suggests infectivity of only 3‐5 days
ONLY IF SUFFICIENT LOAD IS DELIVERED
https://www.researchsquare.com/article/rs‐1121993/v1
Slide 5
www.aaps.org

A Human Volunteer hCoV (SARS‐CoV‐2) Natural History
Direct infection of volunteers helped confirm existing clinical data
A novel SARS‐CoV‐2 human challenge model,
• inoculated with 10 TCID50 of a wild‐type virus (SARSCoV‐
2/human/GBR/484861/2020) intranasally.
•

Sensitivity and specificity of lateral flow assays were determined daily
over time for qPCR and FFA (culture) viral detection in the nose and
throat from the start of the challenge infection.

Nose AND Throat rapid
testing every 3‐4 days can
identify 70‐80% of culturable
virus (aka infectious state).

• FIGURE: Impact of nasal and throat sampling frequency with lateral flow
analyses on the proportion of viable (culturable; virus shedding) after
LFA diagnosis from the nose (green), throat (blue) or combined nose and
throat (red).

• IMPORTANT FINDING:
Lateral flow testing showed that twice‐weekly rapid tests of BOTH
nose and throat – every 4 days ‐ could diagnose infection before
70‐80% of viable, i.e. culturable, virus had been generated.

https://www.researchsquare.com/article/rs‐1121993/v1

Rapid Testing (lateral Flow systems) tested daily in nose,
throat, and both, identified culture POS state.
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How Does SARS‐CoV‐2 Create Pathologies and Avoid Immune Surveillance
Viral structural and non‐structural protein roles
Viral Entry
•
•

ACE2, TMPRSS2, Cathepsin B and L, Vimentin, furin cleavage
Tissues at risk of infection: nose throat and airway epithelium

The Innate Immunity
•

Interferon damping by NSPs / paracrine blockade of IFNαβ‐R

The Adaptive Immunity
•
•
•
•

Dendritic cells ((vaccines  drain to lymph nodes)
B‐cells and antibody generation (neutralizing vs non‐neutralizing)
T‐cells helper, memory, effector
EMT (epithelial–mesenchymal transition)  repair

COVID‐19 chest X‐ray (top)
Note the “ground glass”
densities (CT Hounsfeld
units) that are absent in
the Normal healthy chest
x‐ray (bottom)
https://www.itnonline.com
/content/using‐lung‐x‐rays‐
diagnose‐covid‐19

Perfusion imaging using MRI and Xenon gas:
COVID reduces Xe exchange
Normal (left) vs COVID (rt)

https://www.bbc.com/news/
health‐60154398
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hCoV COVID‐19 (SARS‐CoV‐2): Innate Immunity Damping
IFN Synthesis and Paracrine Signaling Activities
COVID‐19 invasion distributes non‐structural proteins to block
innate viral recognition pathways.
• RIG‐1 (retinoic acid‐inducible gene‐I‐like receptors)  MAVS
 [IKKe/TBK1] signaling pathway.
• The viral non‐structural protein nsp13 blocks TBK1‐P
• nsp6 blocks the IRF3 phosphorylation and,
• ORF6 blocks the IRF3‐P from nuclear entry where it can
duplex and direct interferon synthesizing genes (ISGs).
• With low levels of interferons (IFN‐α/β) synthesized,
paracrine activity is muted on adjacent cells.
• Blockade of the IFN‐α/β cytosol action occurs by nsp1, nsp6,
nsp13 ORF3a, M and ORF7a proteins blocking STAT1/STAT2
phosphorylation.
• If a phosphorylated pair of STAT1/STAT2 is paired with IRF9,
nsp6 blocks nuclear entry of the complex
RESULT: A damping of IFN forces poor ability to inform dendritic
cells (DCs) and blunts the adaptive immunity response.

https://www.sciencedirect.com/science/article
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Interferon is the First Step to the More Complex Adaptive Response
Sequential steps of the immune signaling can take seconds to weeks
Immunity is a staged
presentation of defenses:
•
•

Dendritic cell “training”
of Plasma cells
•

•

Innate immunity–
Interferon I, II and III

B‐cell manufacture of
antibodies (Nabs)

T‐cell responses mature
• TH cells “helper” cells

• Memory T‐cells evolve
• Cm (central memory)
• Em (Effector memory) cells
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The Adaptive Immune System: “Teaching” and “Refining” the Immune Cells
Viral Protein Presentations to Dendritic Cells (DC)
Naive dendritic cell
In lymph node
An intramuscular vaccine
drains into the lymphatic
system exposing naïve
dendritic cells to the mRNA,
DNA or a viral protein



DCs present the immune
antigen to the T cells

mRNA vaccine
Both trigger synthesis of the spike protein

DNA vaccine

ADAPTIVE IMMUNITY (T and B cells)

Helper T cell

Mature dendritic cells
pair with the T cells to
change them to Effector,
Memory and Helper Cells

Severe
disease can
exhaust
T cell
responses

Trains the B cell
B cells make

https://www.nature.com/articl
es/s41577‐020‐0402‐6

B cells makes antibodies
to target the Spike

plasma cells
and memory
B cells
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Efficacy of Vaccination: 2 Doses v Pre‐Boost v Booster for 4 VOCs
Plasma neutralizing activity (Nt50) of 2 doses (post vax2, pre‐Vax3) and booster (1 mo post Vax3) over time
against indicated SARS‐CoV‐2 variants of interest (VOI)/concern (VOC) for n=15 randomly selected samples.
VOCs: Wuhan‐Hu‐1, Beta. Delta and Omicron NT50; Volunteers received 53 either the Moderna (mRNA‐1273; n=8) or
Pfizer‐BioNTech (BNT162b2; n=35) mRNA vaccines.
Plasma neutralization (NT50s)
measured by a SARS‐CoV‐2
pseudotype virus neutralization
assay using wild‐type (Wuhan Hu‐
1) SARS‐CoV‐2 pseudovirus in
plasma samples (n=15 random
samplings/group)

Nt50
titer
>300

In all cases the Boost raised the
Nt50 above titer values exceeding
1000.
Desired Nt50 titer >300 (dashed
redline).
https://www.biorxiv.org/content/10.1
101/2022.02.14.480394v1.full.pdf
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Natural Immunity: IgG Levels Depends on the Severity of Your Infection
Severe and Moderate Infections Maintain Some Nt50 Capability; Mild has hardly any
Protection of neutralizing antibody from “all” convalescents of COVID‐19 against the circulating variants of SARS‐CoV‐2.
• LEFT figure: a, Neutralizing antibody titers (ID50) against the WT, Alpha, Beta, Gamma, Delta, Lambda and Mu (Omicron was not
assayed). Variants were measured during EARLY (between 15 ‐ 60 d.a.o., N= 22) and LATE (over 360 d.a.o., N= 26) convalescent
phases. Black dotted lines indicate the limit of detection for ID50.
• RIGHT figure: Severity of disease vs Nt persistence.
• CONCLUSION: Despite a marked decline in neutralizing activity over time, NAb responses persist for up to 480d in most
convalescents of symptomatic COVID‐19, however, Asymptomatics (PCR+/no symptoms) show a high rate of undetectable nAbs
• Corollary: Severe COVID generates Abs of some duration, but, the process is injurious and can repeat without vaccination
Vaccination vs VOC: Early

Poor Nt persistence
High rate of undetected

Vaccination vs VOC: Late

Persistent RBD antibody responses in COVID‐19 convalescents depends upon case severity.

https://www.nature.com/articles/s41564‐021‐01051‐2.pdf
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T Cell CD4+ Responses to Spike vs Other Protein CD4+ Responses (CD4RE MPs)
• A T‐cell test to ascertain the long term immunity (late memory/effector T‐cell responses) would be an important
advance to identify vaccine success s natural immunity.
• Vaccines like the mRNA type specifically generate the spike antigen ONLY. Infection provides mostly non‐spike antigens.
• T‐cell immunomarker sorting can identify Spike‐directed T‐cells vs other antigen CD4+ responses (CD4RE).
• immunologic sorting of 5 groups (left image) show VAX only subjects (blue) have a mono‐directed response pool
• We can now directly categorize “immunity status”
Vax alone + Infection alone
Vax 1st then Infection 2nd
st
nd
CD4+ and Inf 1 Vax 2
spike

Breakthrough Inf

CD4+
other
https://www.cell.com/cell‐host‐
microbe/fulltext/S1931‐3128(22)00089‐0

Vaccinated only (blue) show expected
spread function of CD4 and no CD4RE
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IgG Nt50 Assays from 3 studies: T‐cell CD4 study, Vaccination, and Breakthrough
Comparative Vaccination vs Natural Infection, Moderna vs Pfizer, Pfizer then breakthrough
Stenzel;
https://jamanetwork.com/journals
/jama/fullarticle/2783797

https://www.cell.com/c
ell‐host‐
microbe/fulltext/S1931‐
3128(22)00089‐0

Bates; JAMA;
https://jamanetwork.com/journals/j
ama/fullarticle/2787447

100K
Natural
infection

Pfizer
BNT162b2

Pfizer BNT162b2

Breakthrough

Nt50 >300

300

100
Prior
Vax’d Inf +
Vax

Vax’d
Br Inf

Moderna

Pfizer

mRNA‐1273

BNT162b2

The goal of vaccination is to establish an IgG sera neutralization titer: Nt50 >300
Natural infection raises IgG but the spike IgG is small relative to other viral antigen products
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Omicron Immune Evasion is Corrected by Boosters: T‐cell Memory?
The highly mutated RBD/Spike of the Omicron variant is better neutralized by vaccine boosters
Vaccinated individuals serially tested for their Nt titers against
wild‐type SARS‐CoV‐2 (strain USA‐WA1/2020; wild type WT)
and an engineered strain (USA‐WA1/2020) bearing the
mutated Omicron spike.
• Plaque reduction neutralization (PRNT) assays examined
four time points: a) 2‐4 wks post Dose 2; b) day before
booster, c) 1 mo after the booster and, d) 4 mo after the
booster.
Two doses of BNT162b2 were not sufficient to elicit robust
neutralization against Omicron; however, at 1 mo post‐booster,
the neutralization was restored (<WT (1342 and 336, resp.).
At 4 mo post booster, the Nt50 GMTs fell to 820 and 171, resp.
• The data supports T‐cell effector cells increase after the
booster, efficacy is increased for both the WT and Omicron
and they show similar neutralization loss/decay kinetics.
• The data further supports a 3‐dose vaccine strategy
and against Omicron.

Omicron
barely affected
by 2 doses

Omicron
1 mo after
Booster

Omicron
At time of
Booster

Omicron
4 mo after
Booster

https://www.biorxiv.org/content/10.1101/2022.01.21.476344v1.full.pdf
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Viral Loads and Rates of Hospitalization: Effects of Vaccination
Vaccinations do not prevent infections – they provide lower viral loads
RNA viral load and infectious viral titers for unvaccinated vs. vaccinated
Hospitalization rates:
individuals infected with Delta vs days post onset of symptoms (DPOS)
‐‐> Adult, unvaxxed: 88.9/100,000
 Adult, vaxxed: 13.2/100,000 ~7‐fold reduction B and C: Genome copies (B) and infectious viral loads (C) at different DPOS. The

 ‐‐> Teen, unvaxxed: 5.0/100,000
‐‐> Teen, vaxxed: 2.3/100,000 2‐fold reduction

solid lines represent the fitted curve calculated using (locally estimated
scatterplot smoothing) LOESS method.

https://www.medrxiv.org/content/10.1101/2022.01.10.22269010v2.full.pdf

Mar 2022 Source:
https://covid.cdc.gov/covid‐data‐
tracker/#covidnet‐hospitalizations‐vaccination
Vaccination may not lead to a lower Ct score by
PCR or a difference in POS via antigen tests.
But vaccination DOES lower the infectious viral
load (ability to provide a POS culture (Focal colony
assays).
Having sufficient proteins for a POS antigen test
or RNA clips selected by primers in vaccinated are
not necessarily good markers for infectiousness.
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Researchers are Closing in on “Long COVID” ‐ The Results are Alarming
The most common recovery phase symptom is lethargy. Lethargy and weakness with COVID‐19 in “long haulers” is
evident. Formally, the condition is called “post‐COVID syndrome”, or “PCS”, which can last 12 weeks or longer. Almost
a quarter of COVID patients exhibit at least one long haul symptom 30 days after diagnosis. About 20% of Long
Haulers are asymptomatic at time of diagnoses.

Pre‐existing conditions raise the odds for post‐
COVID cardiac inflammation, anxiety, lethargy,
depression, tic disorders, and more.
The most common post‐COVID conditions are:
pain, breathing problems, high cholesterol, high blood
pressure, fatigue and malaise.
Other – less uniform – complaints include mental
health conditions such as depression or anxiety,
intestinal issues, blood clots, cardiac inflammation,
stroke and diabetes.

Fairhealth.org/whitepaper/
Long Haul COVID.PDF
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Symptoms of COVID Infections, Post‐COVID (60 d) and Long COVID Symptoms
https://www.bbc.com/news/health‐54296223
During Infection

Post Infection
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Male Versus Female Symptoms and Age Group Rankings
Male (blue) Versus Female (pink) Symptoms

Post‐COVID conditions seem more common in males
than females, March 2020‐February 2021

Fairhealth.org/whitepaper/Long Haul COVID.PDF
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Male Versus Female Common Complaints and Neurologic Involvement
Patients with Long‐Haul COVID

Patients with Long‐Haul COVID

10 Most Common Complaints by Gender

Neurologic Involvement by Gender
Male (blue) Female (Pink)

Adjustment

Anxiety Depression

Tic
Disorders

Fairhealth.org/whitepaper/Long Haul COVID.PDF
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Long COVID Cardiovascular (CV) Risks Are Evident 12 mo After Infection
A clinical examination of Long COVID CV risks beyond the first
30 d after infection showed individuals with COVID‐19 are at
increased risk of incident cardiovascular disease.

15%
risk

The risks span several categories, including cerebrovascular
disorders, dysrhythmias, ischemic and non‐ischemic heart
disease, pericarditis, myocarditis, heart failure and
thromboembolic disease.
These risks and burdens were evident even among individuals
who were not hospitalized during the acute phase of the
infection and increased in a graded fashion according to
severity and the care setting during the acute phase (i.e. non‐
hospitalized, hospitalized and admitted to intensive care).
The results provide evidence that the risk and 1‐year burden of
cardiovascular disease in survivors of acute COVID‐19 are
substantial and require additional clinical monitoring.
The risks of future added health care, even for non‐
hospitalized, are likely substantial.
https://www.nature.com/articles/s41591‐022‐01689‐3
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Long COVID: Vascular Microthrombi Leading to Vascular/Myocardial Necrosis
COVID‐19 creates a serious risk to vascular tissues, especially the endothelial lining, for microthrombi
COVID‐19 is an epithelial targeting virus resulting
in vascular injuries.
• Diffuse alveolar damage (DAD), thrombosis,
immune cell depletion, and macrophage
activation persists in COVID‐19 patients.
• Also evident: acute kidney injury,
pancreatitis, pericarditis, secondary
fungal infections, and liver disease.

Spleen: (a) H&E, (B) CD20 (B cell) stain, (c) CD3 stain (T cell) depletion

Viral RNA distribution analyses finds RNA
fragments in all tissues suggesting non‐pulmonary
replication. Viral loads varied within the tissues.
• TOP figure: SPLEEN: T cell depletion (exhaustion)
•

in the spleen of a 79 yo 9 days post infection (H&H, Bone Marrow: (A) H&E); (B) CD68‐PGM1 staining (phagocytosis) 20X; (C) 40X
CD‐20 stain for B‐cells, and CD3 stains)
BOTTOM figure: BONE MARROW: Evidence of
https://www.thelancet.com/journals/lanmic/article/
MΦ phagocytosis (white arrow), A: H&E; B and C:
PIIS2666‐5247(20)30115‐4/fulltext
CD68‐PGM1 (macrophage marker) for phagocytotic
islands. 20X and 40X.
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Predicting Long COVID (“PACS”): Biomarkers and Clinical Hx
COVID‐19 is a vascular disease more than a pulmonary disease and the consequences are “whole body”
What might be the “Biomarkers” post‐acute coronavirus disease
2019 (COVID‐19) syndrome (“PACS”) or “long COVID”.
• a study of 215 subjects: COVID‐19 patients acute phase and up
to one year later, compared to healthy subjects.
The study found 3 significant biomarkers that were elevated
• total IgM and IgG3 levels, and history of asthma bronchiale.
• Five symptoms were evident during the primary infection.
They validated the findings against an independent cohort of 395
individuals with COVID‐19.

KEY Biomarkers:
Elevated IgM, IgG3, and, a Hx of asthma
• key predictors with PPV of 89% and NPV of 53%
• The triple marker is able to predict the risk of PACS
independently vs a specific timepoint for blood sampling

“long COVID”
PACS
predictors:
• IgG3
• IgM
• Hx
asthma

High PACS scores of 0.8‐1.0:
PPV = 0.89
NPV = 0.53
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“Brain Fog”: Brain Invasion, Inflammation, Alzheimer's‐like Neuropathology
Inhalation of COVID‐19 into the nasal
passage leads to ACE2 receptor attachment.

Shen, et al., SARS‐CoV‐2 invades cognitive centers; showed these 3 regions
– The EC, IFC and DFC ‐ as the primary locations that are all proximal to
neuronal projections allowing viral transmucosal entry to the brain.

1. Entorhinal cortex, EC
SARS‐CoV‐2 is breathed into the nares
and attaches via ACE2‐R in the patient’s
olfactory mucosa. The virus enters the
brain via olfactory transmucosal neuronal
projections into the central nervous
system (CNS).
•

Neuropilin‐1 (NRP1) is also identified as a
facilitator of COVID entry via ACE2.

The virus invades the brain via
blood brain barrier disruption,
especially under conditions of a
compromised BBB, such as in cases
of Alzheimer’s disease or autism
and via infiltration of infected
immune cells.

2. Inferior frontal cortex, IFC

3. Dorsolateral
frontal cortex, DFC

Shen, et al., SARS‐CoV‐2 invades cognitive centers;
https://www.biorxiv.org/content/10.1101/2022.01.31.478476v1
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SARS‐CoV‐2 Invades the Brain and Contributes to Neuroinflammatory Markers
Co‐location histology: Spike staining for COVID plus staining such as Tuj1
Normal Control:

Neuroinflammatory state:

ordered tau; resting microglial cells;
low PKR

microglial cytokines, elevated PKR, disordered
αβ‐tubulin and disordered/abnormal Tau

Control
Tuj1 neuron
(green processes)

Tuj1
stains
processes Spike co‐
location
COVID Infected
Protein kinase R (PKR kinase, an AD enzyme) regulates tau expression and AD‐related tau phosphorylation. Spike (red)
Co‐located with
PKR directly phosphorylates Tau at numerous abnormal and disease‐modifying residues.
Tuj1 stained
Reimer, et al. 2021; https://onlinelibrary.wiley.com/doi/pdf/10.1111/bpa.12883
processes
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SARS‐CoV‐2 Invades the Brain and Contributes to Neuroinflammatory Markers
Small nerve fiber pathologies – peripheral neuropathies are observed
Long COVID symptoms reflect underlying small‐fiber pathology. Small‐
fiber loss is observed in‐vivo corneal confocal microscopy of patients with
long COVID.
As with other post‐COVID neurologic illnesses, susceptibility to
inflammatory mediators appears essential. Autopsy study of post‐COVID
patients identified neuritis with perivascular macrophage infiltrates but
no viral antigens are observed, implicating inflammatory immune
responses rather than direct infection. Good news for therapies!
In addition, 1/4th of human DRG neurons deploy ACE2 protein. Thus,
virus or spike protein fragments may attach to them, promoting formation
of antibodies that can also target adjacent neural epitopes.
Slightly delayed onsets, prolonged postinfectious courses, and apparent
responses to continued immunotherapy suggested dysfunctional immune
mechanisms.

Small‐fiber neuropathy (SFN) is prevalent in
patients with long COVID. It demonstrates
as post‐acute sequelae of SARS CoV‐2
infection. In SFN, the small‐diameter
unmyelinated and/or thinly myelinated
sensory and autonomic fibers are
predominantly affected.
Small nerve fibers are disproportionately
vulnerable, with their lack of myelin
exposing them to environmental stressors
including immunity, while inability to use
saltatory conduction increases metabolic
demand, and cytoplasmic paucity limits
axonal regeneration.

https://nn.neurology.org/content/nnn/9/3/e1146.full.pdf
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Long COVID and Children: The CLoCK Study
“What little is known about long COVID in children and teenagers
suggests that it can be just as disabling as it is in adults.”
The CLoCk study (Children & Young People with Long Covid);
University College London Great Ormond Street Institute of Child
Health. The study, published this week (T. Stephenson et al. Lancet
Child Adolesc. Health https://doi.org/hf79 ; 2022)
• 6,804 11‐17‐yos in the UK in early 2021 to examine long COVID.
• The UK Office for National Statistics (see go.nature.com/
3j7wx7t) estimates that 44,000 2‐ 11‐yos have long COVID
• as do an estimated 73,000 12‐16‐yos.
• Uncertainties exist but younger people are developing long
COVID in significant numbers.
• With the majority still unvaccinated, would vaccination affect
these numbers?
• Past disease outbreaks such as pre‐vaccine post‐polio
syndrome and COVID‐19 are both high risk long impact.
• The few studies done so far also suggest that long‐COVID
pathologies in children could be similar to adults.

A meta‐analysis published last December (F. Ceban
Brain Behav. Immun. 101, 93–135; 2021) pulled
together 81 long‐COVID studies published up to last
June and examined how people were doing 12 or
more weeks after being diagnosed with COVID‐19:
Among the children in the report, 32% were still
experiencing fatigue and 22% reported cognitive
impairment after 3 months from infection.
This number is similar to the adult 20% estimate of
other studies and children are likely in the same
percentage.

https://media.nature.com/original/magazine‐
assets/d41586‐022‐00334‐w/d41586‐022‐00334‐w.pdf
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The Omicron Variant
What is different about this Clade?
The number of RBD mutations!
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The Origin of the COVID Clade for Omicron: 21K, 21L and 21M
Omicron parent was in March 2021 and appeared in South Africa in Nov 2021
BA.1, BA.2, and BA.3 differ from each other as
much as the Alpha, Beta, Gamma, and Delta
variants differ from one another.
BA.1 is 2.7‐3.7‐fold more transmissible than Delta
and has 2X greater affinity for the hACE2R.

Of the 39 mutations introduced in the Omicron precursor, most are
located in the Spike protein. These play a significant role in
transmissibility and evasion of neutralizing antibodies. Non‐S‐protein
mutations are sprinkled throughout and may play an equally
important role in the transmission and pathogenesis of the virus.
Figure 3 displays the similarities and differences amidst the three
sublineages. The figure to the right shows the BA.1, BA.2 and BA.3
shared mutations.
https://www.forbes.com/sites/williamhaseltine/2022/01/26/birth‐of‐the‐
omicron‐family‐ba1‐ba2‐ba3‐each‐as‐different‐as‐alpha‐is‐from‐delta
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The Origin of the COVID Clade for Omicron: 21K, 21L and 21M
Omicron parent was seen in March 2021 and appeared later in South Africa in Nov 2021
The three most likely origin stories are that Omicron emerged from
1) an immunocompromised (IC) patient; 2) that it emerged from
reverse zoonosis — human to animal transmission followed by
animal to human transmission; or, 3) that it emerged from
treatment of a Covid‐19 patient with the mutagenic drug
molnupiravir. The evidence supporting each hypothesis is as follows:

Immunocompromised
(IC) patients

1) Immunocompromised (IC) patients (drug/Ab directed):
Viral variants are well documented to arise in persistently infected IC Covid‐19
patients treated by antiviral drugs and antibodies. Omicron carries some
mutations found in these IC patients. HIV in Africa is a potential IC reservoir.
2) Reverse Zoonosis (human  animal  human)
a variant emerges from a reverse zoonotic event. i.e. a human strain of the
virus jumps back into animals and then re‐emerges to infect humans again,
and,
3) Molnupiravir Rx (arginine insertion / non‐repairable):
Treatment of a Covid‐19 with the highly mutagenic antiviral drug Molnupiravir
introduces errors into the virus’ genome
https://www.forbes.com/sites/williamhaseltine/2022/01/26/birth‐of‐the‐
omicron‐family‐ba1‐ba2‐ba3‐each‐as‐different‐as‐alpha‐is‐from‐delta

Reverse Zoonosis

Molnupiravir
mutations
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Omicron SARS‐CoV‐2 Infects the Bronchus Faster than Other VOCs
Two Routes of Entry: ACE2‐R ‐based and Cathepsin‐based
Researchers in Hong Kong found that Omicron SARS‐CoV‐2 infects the bronchus (upper airway) and multiplies 70
times faster than the Delta variant and the original SARS‐CoV‐2 in human bronchus. This may explain why
Omicron may transmit faster between humans than previous variants with a second optional infection route.
The study examined excised human lung tissue samples
(excised for treatment and normally discarded. The
authors this experimental model to compare infection
against the WT SARS‐CoV‐2 from 2020 (Wuhan D614G),
the Delta variant, and Omicron variant.
RESULTS: They found that the novel Omicron variant
replicates faster than the WT virus and the Delta variant
in the human bronchus. At 24 hours after infection, the
Omicron variant replicated around 70 times higher
than the Delta variant and >300‐fold over the WT
virus.

ROUTE 2

ROUTE 1

https://www.gla.ac
.uk/media/Media_
829360_smxx.pdf

In contrast, in the lung the Omicron variant replicated
less efficiently (>10 times lower) than the original SARS‐
CoV‐2 virus, which may suggest lower severity of disease.
https://www.med.hku.hk/en/news/press/20211215‐omicron‐sars‐cov‐2‐
Omicron’s two entry modes are likely responsible.
infection?utm_medium=social&utm_source=twitter&utm_campaign=press_release
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All Vaccines are Less Effective vs Omicron
The Omicron VOC with 30+ mutations is a challenge for the original mRNA vaccines
The Omicron (B.1.1.529.1) variant was
first detected in Nov 2021. The
Omicron variant harbors 37 amino acid
changes in the spike (S) protein, 15 of
which are in the receptor‐binding
domain (RBD), all contributing to lower
vaccine efficacy.
Figure a. Vaccine Neutralization
changes for convalescent plasma and
vaccines from WT (Wu; NYC D614G) vs
Omicron.

All vaccines have lost efficacy against the Omicron mutations
Conv Plasma Moderna

Pfizer

A‐Zeneca

J&J

Russia SinoPharm

In addition, both the Lilly and
Regeneron monoclonal therapies no
longer recognize the Omicron spike
protein.
https://www.biorxiv.org/content/10.1101/2021.12.12.472269v1
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Retention of T‐cell Memory Types over 8 Months Following Booster Vax
While Neutralizing Abs decline over time – Adaptive T‐cell memory remains active
Cellular immune responses, particularly CD8+ T cell responses, are
likely critical for COVID protection. The paper shows cellular
immunity induced by current vaccines is highly cross‐reactive
against the Omicron variant. Individuals who received
Ad26.COV2.S or BNT162b2 vaccines demonstrated durable CD8+
and CD4+ T cell responses that showed extensive cross‐reactivity
against both the Delta and Omicron variants, including in central
and effector memory cellular subpopulations.

CM T (top) vs EM T (lower)

CM T (top) vs EM T (lower)

FINDINGS: Omicron‐specific CD8+ T cell responses were 82‐84%
of wild type WA1/2020‐specific CD8+ T cell responses.
The data implies the current vaccines provide considerable
protection against severe disease even for the Omicron variant,
despite the substantial reduction seen for neutralizing antibody
responses.
https://www.medrxiv.org/content/10.1101/2022.01.02.22268634v1.full.pdf
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SARS‐CoV‐2 Vaccination and the Risks of Hospitalization by Delta/Omicron
Overall, the risk of Omicron hospitalization, especially after vaccination, is lower than other VOCs
The risk of hospitalization
during the Delta wave
was about 8% for a 70 yo
unvaccinated male vs a
40 yo unvaccinated male
at 1% chance of ICU.
The risk in Dec 2021
dropped 3.5‐fold to ~2%
If the 70 yo had two
doses of vaccine that risk
dropped another 2.2‐fold
to 1% and if boosted the
risks dropped 7 fold to
only 0.3% risk of serious
illness.
https://www.ft.com/content/03aa46e2‐ac3a‐4c16‐82be‐431ea4c43e58
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BA.2 Has an Increasing Footprint
BA.2 has displaced BA.1
(Omicron) in So. Africa and
the trend is showing
evidence in the US.
The high homogeneity of
moderate case numbers
throughout the US sets the
stage for BA.2 to uniformly
displace BA.1. This is
different from the
beginning of the pandemic
where cases migrated from
NYC/Seattle to other
regions to an eventual
homogeneity (image)

BA.2 (orange) in South Africa
BA.1 (Omicron) is being displaced)

Feb 9th
BA.2

Nov 01

Jan30

BA.2 (pink) in United States
BA.1 (purple) Omicron has peaked
BA.2
05Feb 3%
17Mar 35%
BA.1
Now
65%
01 Nov

05Feb
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Transmission of Omicron VOC Subvariants: Evidence from Danish Households
BA.1 and BA.2 transmissibility vs Delta determined from 8,541 Households
Omicron BA.2 is inherently more transmissible than BA.1, and
it also shows immune‐evasive properties that reduce the
protective effect of vaccination. Vaccinated individuals with
breakthrough infections, however, do not show an increase its
transmissibility.
In Denmark, 17,945 residents in 8,541 primary household cases
had a total of 5,702 secondary infections (2,122 were BA.2).
The secondary attack rate (SAR) was estimated as 29% and
39% in households infected with Omicron BA.1 and BA.2, resp.
BA.2 provides an increased susceptibility for infection even if
2‐dose vaccinated (OR: 2.45) [unvax’d: OR: 2.19), or vs booster‐
vaccinated (OR: 2.99)] when compared to BA.1.
The pattern of increased transmissibility in BA.2 households was not
observed for fully vaccinated and booster‐vaccinated primary cases,
where the OR of transmission was below 1 for BA.2 compared to BA.1.

https://www.medrxiv.org/content/10.1101/2022
.01.28.22270044v1.full.pdf

SAR assigned at the Slope Inflection Point

BA.2 = 39%

BA.2

Slope change

Mean BA.1 & BA.2

BA.1 = 29%
BA.1
Delta: 20%
Delta

7 days of viral
proliferation?
Figure: Probability of secondary cases that test positive after a primary
case is identified within the household over a 14‐day follow‐up period.
The added risk minimizes after 7 days likely due to less viral proliferation seen for
the primary case.
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The Threat of Omicron to Children 0‐4 Years Old: South Africa NICD
Persons under the age of 18 are
responsible for an increasingly
large proportion of identified
COVID‐19 infections and are
associated with an increasingly
high case admission rate.

WT

Beta

Delta Omicron

Higher case‐admission rates are evident amongst
children. For persons between the ages of 0‐4, their
risk‐adjusted increase relative to Delta in the case‐
admission rate is 48,9% higher, while those 5‐17 yo it
is 25.4% , Children, unlike adults, may be more
0‐4 Years Old severely affected by Omicron than by preceding VOCs

This may possibly suggest that
the young are being more
commonly impacted by Omicron
in contrast to the adult
population.
https://www.nicd.ac.za/wp‐
content/uploads/2022/01/COVID
‐19‐Special‐Public‐Health‐
Surveillance‐Bulletin‐January‐
2022.pdf
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Monoclonal Antibodies: Efficacy vs D614G (WT), Delta, Omicron and BA.2

However, the first generation Mabs have now failed for
Omicron and BA.2. Only 2 are now showing efficacy for
the BA.1. and BA.2 VOCs (Xevudy™ and Evusheld™) but
these as well are not “perfect” (see desirable titration)
Desirable titration: 100% infectivity  lower Infectivity

REGEN‐COV® (Casirivimab and imdevimab)

Desirable titration
Regeneron
Eli Lilly (Bamlanivimab/etesevimab)

% inhibition

Monoclonal antibodies have been an excellent
medication in the early stages of COVID infections.

IC50

[Mab ] 
Lilly
Evusheld (Tixagevimab/cilgavimab)

https://www.biorxiv.org/content/10.1101/2022.
02.15.480166v1.full.pdf

Xevudy (Sotrivimab)

GSK/Vir
Astra‐Z
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How Can We Treat COVID‐19: It Depends on Severity and Timing
https://www.health.harvard.edu/diseases‐and‐conditions/treatments‐for‐covid‐19
Prophylactic Treatments: Vitamin D3 (maintain sera >20 ng/mL) (NF‐κβ disrupter); Vaccination

Acute Phase (0‐5 days): Monoclonal antibodies: Xevudy (Sotrovimab; GSK/Vir), Evusheld (Tixagevimab/cilgavimab; AZ); the
Lilly Mabs (Bamlanivimab and Etesevimab) and Bebtelovimab (LY‐CoV1404, LY3853113) and Regneron Mabs (REGEN‐COV;
casirivimab and imdevimab) are no longer effective; anti‐inflammatory agents: ibuprofen/acetaminophen; Convalescent plasma

Moderate Disease (day 5‐20 d):
Steroids: Dexmethasone; Antivirals: Paxlovid (Nirmatrelvir/Ritonavir), Molnupiravir, Remdesivir (losing efficacy);
Ensovibep (in trials); Lopinavir/Ritonavir (Kaletra) Anti‐depressants (Serotonin blocker): Fluvoxamine (100 mg BIDx10d);
Anti‐IL‐6: Sirukumab (CNTO 136), Tocilizumab (Actemra); anti‐TNF: Infliximab, Adalimumab, Etanercept, Holimumab, and
Certrolizumab; JAK inhibitor: Baricitinib (Olumiant); Interferon therapy: IFNβ1a (Recigen), IFNβ1b (Ziferon)

Severe Disease (day 5‐ 30+) Moderate disease listing plus:
ECMO; intubation/forced ventilation; fluids and renal status support;

Long COVID: Medications for specific pathologies (fatigue, hypertension, cardiac arrhythmia, respiratory, cognition)
****Medications Not Advised****: Lilly and Regeneron Mabs;
Ivermectin: MOA ‐ blocks nuclear pore transport (importin) but one cannot achieve a needed drug level without
exceeding the therapeutic index
HCQ/CQ: MOA: disrupts the ER and pH of the cytoplasm; cannot achieve sufficient whole body distribution; heart issues
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Caution #1: Sotrovimab and Mutational Recovery Leading to Increased Viral Load
The antiviral Sotrovimab is a viable replacement for the Lilly and Regeneron Mabs that had lost efficacy due to mutational
migration away from the WT configurations. Recent work, however, has shown the antiviral can lead to mutational events
that allow the viral load to recover.
Mutations Observed after Sotrovimab and Viral Loads
Patient R001
Mutations at positions S:E340 K/A/V and
S:P337 L/T (Figure; top: mutational events;
bottom: changes in viral load) have been
associated with a reduction by a factor of 100
to 297 in neutralization by Sotrovimab.
These patients remained positive for 23, 24,
12, and 15 days, resp, after they received
sotrovimab. Mutational event:

S:340 EK S:340 E V

Patient R002

Patient R003

S:340 EA S:117 P L S:340 E K

Patient R004
S:340 E K S:340EA
S:340 E V

Fold
reduction

https://www.nejm.org/doi/full/10.1056/NEJMc2120219
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Caution #2: The Ebb of Omicron and the Rise of BA.2
The BA.2 VOC is evident in the US in half the states
The Rise and Fall of the Prior VOCs up to Omicron
Inset: BA.1 (lt blue), BA1.1. (blue) and BA.2 (orange)

BA.1 /Omicron

Inset

https://outbreak.info/situation‐
reports?pango=BA.2&selected=USA
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The COVID‐19 Pandemic: Bottom Line – Get Your Booster!
• The SARS‐CoV‐2 Vaccinations are effective reducing the risks of hospitalizations even from Omicron
• COVID‐19 is a vascular disease and not a strictly pulmonary issue; total body consequences
• The SARS‐CoV‐2 virus inhibits innate immune functions via INF damping
• The non‐structural proteins (NSPs) from the virus set up a staged blockade of normal interferon signaling
• Vaccines provide a way to expose the adaptive immune system to the spike antigen which infection does not
• A Hx of hCoV infections provides “backboosting” T‐memory cells and contribute to a more robust immunity
• Boosters are seen as essential and continue to train the T‐memory cells.
• T‐cell robustness is potentially more important than the observed decline in the Nt50 Nabs
• “Long COVID” is a cytokine storm that exacerbates injuries; IgG3, IgM, d‐dimer, CRP and ferritin are key biomarkers
• The brain is a target primarily via olfactory projections and leads to grey matter loss, AD tau mechanisms
• This is a serious “unknown” in terms of future implications to the health care system, esp in cognition.
• Hx or bronchial asthma is also a predictive marker
• Medications are stage‐dependent
• The evolution of mutations has decreased efficacy of some medications (Mabs and antivirals);
• Long COVID is a consequence of acute injuries; treatments  symptoms and injuries of the acute infection
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The COVID‐19 Pandemic: March 2022 – National Preparedness Plan
The COVID‐19 Pandemic: March 2022 –
National Preparedness Plan
Table of Contents:
Executive Summary
GOAL ONE Protect against and treat COVID‐19
GOAL TWO Prepare for new variants
GOAL THREE Prevent economic and educational shutdowns
GOAL FOUR Continue to lead the effort to vaccinate the world
And save lives

The President’s National COVID‐19 Preparedness Plan focuses on four key goals:
1.
2.
3.
4.

Protect against and treat COVID‐19
Prepare for new variants
Prevent economic and educational shutdowns
Continue to lead the efforts to vaccinate the world and save lives

https://www.whitehouse.gov/wp‐content/uploads/2022/03/National‐COVID‐19‐Preparedness‐Plan.pdf
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