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Cumulative confirmed COVID-19 cases per million people

Due to limited testing, the number of confirmed cases is lower than the true number of infections.
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There were significant levels of SARS-CoV-2 infections
worldwide by the time the UK and the USA started

400,000 vaccination on Dec 8 and Dec 14, 2020 respectively.
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By December 7, there were significant levels of active symptomatic infection worldwide and deaths, but not much

in terms of selection of immune escape variants (see next slide).

Daily new confirmed COVID-19 cases & deaths per million people, Dec 7. 2020 Our World

7-day rolling average. Limited testing and challenges in the attribution of cause of death means the cases and deaths counts may not be accurate.
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Vaccination against COVID-19 commenced in England on 8 December 2020, initially
using the Pfizer-BioNTech mRNA vaccine. The Oxford-AstraZeneca vaccine was then
added to the programme from 4 January 2021.



s by variant, Dec 7, 20,

" August 3, 2020
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Assuming that the widespread transmission of SARS-CoV-2 began by December 2019 in China, which subsequently
spread globally, it is remarkable that selection of immune escape variants did not occur during 2020 (about 12
months) except where the mRNA vaccines were being tested in clinical trials (e.g., South Africa, UK, USA ). It is
notable that the beta variant in South Africa was 52 % by November 9, 2020. It is unclear if this related to the high
levels of HIV-1 infection in this population. (Grey bars indicate WT).

There was a notable lack of selection of immune escape variants over the first 12
months, implying SARS-CoV-2 Wuhan (WT) was fully adapted to humans at the time of
its release favoring the lab-leak hypothesis.
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SARS-CoV-2 is well adapted for humans. What does this mean for re-emergence?

Several reports have noted that SARS-CoV-2 appears genetically stable and not under much
pressure to adapt, which bodes well for diagnostics, vaccine, and therapeutics development (1-
4). How long a particular antiviral, antibody, or vaccine will be effective against SARS-CoV-2

depends greatly on how fast and how extensively the target gene or protein is evolving. To identify

The blue violin plots (Figure 1c) show the high levels
of mutation in the first 3 months (Jan to Mar 2003)
for SARS-CoV-1 spread in humans which was
minimized thereafter (Feb-May 2003). In contrast,
SARS-COV-2 showed far less mutation for its first 3
months (Jan to March 2020) consistent with it being
fully adapted to humans.
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Figure 1. Comparison of the genetic divergence of SARS-CoV and SARS-CoV-2. (A)
Maximum likelihood trees built with IQtree (19). We curated 11 early-to-mid epidemic SARS-CoV
genomes, 32 late epidemic SARS-CoV genomes, and 46 SARS-CoV-2 genomes consisting of a

December, 2019 Wuhan-Hu-1 isolate and 15 isolates from each month of January, February, and
March, 2020. (B) Tip-to-tip distance of each tree: SARS-CoV-2 (red) is less polymorphic than
early-to-mid epidemic (blue) SARS-CoV over similar 3-month periods based on the current
sampling approach (resampling test, p < 0.01). (C) Distribution of pairwise non-synonymous (dN)
and synonymous (dS) substitution rates in the Spike, S RBD, Orf1a, Orfib, Orf3a, and N gene
across 151 SARS-CoV-2 genomes: 50 from each month of January, February, and March, 2020,

in addition to the Wuhan-Hu-1 isolate.



Given about a 3-4 week interval between the first dose and the second dose, and where the second dose is
greatly implicated in the selection of variants whereas the first dose appears to protect against selection

(Servellita V et al MedRxiv, August 25, 2021) :
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we find strong evidence for selection of immune escape variants by the vaccines, in various countries worldwide.



Share of SARS-CoV-2 sequences that are the delta variant

Share of delta variant in all analyzed sequences in the last two weeks.
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CANADA. Initial Emergence or Dominance (at >50% of Variants) Coincided with a Two
Dose/One Dose Ratio of > 0.5 about 10 to 14 Days Prior or as Associated with the
Loss of Trained Immunity Revealed by a Negative Excess All-Cause Mortality (EACM)
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xcess mortality: Deaths from all causes compared Lo projection based on previous vears
The percentage difference between the reparted number of weekdy or monthly deaths wn 2020+ 2021 and the provected number of deaths for the same penod based
on previous years. The reported number might not count 3ll deaths that occurred due to incompiete coverage and delays in reporting
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Why is there so little selection pressure
during natural infection including moderate
and severe COVID-19?



Ren X, Wen W, Fan X, Hou W, Su B, Cai P, et al. COVID-19 immune features revealed by a large-scale single-cell
transcriptome atlas. Cell. 2021 Apr 1;184(7):1895-1913.e19. doi: 10.1016/j.cell.2021.01.053. Epub 2021 Feb 3.

“The presence of SARS-CoV-2 RNA in various immune cell types, {in BALF} including neutrophils, macrophages,
plasma B cells, T cells, and NK cells, was surprising to us initially, but the research community is beginning to
appreciate this phenomenon. ... In summary, the large scRNA-seq dataset covering diverse disease severity and

stages has revealed multiple immune characteristics of COVID-19 that were not adequately appreciated previously.

“No cells from PBMCs were detected as SARS-CoV-2 positive.”

(

SARS-CoV-2 infected macrophages
in BALF are ACE2 negative.
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Innate T cells (MALT and y/8 T cells) associated with recovery from moderate
but depleted with progression to severe (like Macro_c5-WDR74).

*Progenitor of Macro_c5-WDR74, is the Mono_c4-CD14-CD16 which is also VDR+, IRF1+ and
shares programming (transcription factors) with the recovery Macro_c5-WDR74 macrophages.

Ren X, Wen W, Fan X, Hou W, Su B, Cai P, et al. COVID-19 immune features revealed by a large-scale single-cell transcriptome atlas. Cell. 2021 Apr 1;184(7):1895-1913.e19.
doi: 10.1016/j.cell.2021.01.053. Epub 2021 Feb 3.



Schematic Demonstrating the spike:ACE2 to spike:BSG Switch:
Associated with the Production of Spike Neutralizing Antibodies

(NAbS) in BALF (evidence in Ren X et al, Cell 2021).
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Spike: ACE2
Favored

Lan J et al, Nature, 14 May 2020

Spike: CD147 (BSG) Favored
Entry into Macrophages and
other immune cell types
[Ren X et al, Cell 2021]

Helal MA et al, J. BioM Struct & Dynamics Sept
7 2020



Helal MA, Shouman S, Abdelwaly A, EImehrath AO, Essawy M, ——
Sayed SM, Saleh AH, El-Badri N. Molecular basis of the

potential interaction of SARS-CoV-2 spike protein to CD147 in
COVID-19 associated-lymphopenia. J Biomol Struct Dyn. 2022
Feb;40(3):1109-1119. doi: 10.1080/07391102.2020.1822208.
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figure 1. (A) Pockets detected on the surface of the CD147 receptor using the CASTp server. The protein is shown as a grey cartoon and the pockets are displayed
15 colored spheres. (B) Interacting residues of the CD147 as predicted by the CPROT tool. Predicted binding residues and surrounding residues are shown as red
ind green lines, respectively. Residues not participating in the interaction are shown as blue lines.
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lable 1. Parameters of the interface of the interaction between the spike RBD and CD147 as predicted by the PDBePISA server and the Hawkdock MM/GBSA
:alculations.
Spi D147 Interface
Docking Server ke
Interface “Interface Interface Interface ®Interface
Residues Surface, A* Residues Surface, A* Surface, A* ‘AG P-Value MM/GBSA kcal/mol
HADDOCK 32 10,339 34 10,130 1,069 0297 —68.00
ZDOCK 32 10,292 39 10,500 1,154 0367 —66.77
HawkDock 36 10,259 29 10,284 1,042 0.181 —59.26
A = - B - “Total solvent accessible surface area in square angstroms for each protein.
: e, rhiold 7 “Interface area, calculated as difference in total accessible surface areas of isolated and interfacing structures divided by two.
0 p : R . f ‘A'G P-value indicates the P-value of the observed solvation free energy gain. The P-value measures the probability of getting a lower than observed A'G,
2N \fe B, when the interface atoms are picked randomly from the protein surface. p<0.5 indicates interfaces with surprising (higher than would-be-average for given
aioo? va'ﬁ"-‘“ , e structures) hydrophobicity, implying that the interface surface can be interaction-specific.
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Fig.2| TheSARS-CoV-2RBD-ACE2and SARS-CoVRBD-ACE2interfaces.
a, Contacting residues are shown as sticks at the SARS-CoV-2RBD-ACE2 and
SARS-CoVRBD-ACE2interfaces. Positionsin both RBDsthat are involved in
ACE2bindingareindicated by red labels. b, Sequence alignment of the

Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, Zhang Q, Shi X,
Wang Q, Zhang L, Wang X. Structure of the SARS-CoV-2
spike receptor-binding domain bound to the ACE2
receptor. Nature. 2020 May;581(7807):215-220. doi:
10.1038/s41586-020-2180-5. Epub 2020 Mar 30.

SARS-CoV-2and SARS-CoVRBDs. Contacting residues inthe SARS-CoV-2RBD
are indicated by black dots; contacting residuesinthe SARS-CoVRBD are

indicated by red dots.



Ju B, Zhang Q, Ge J, Wang R, Sun J, Ge X, Yu J, Shan S, Zhou B,
Song S, Tang X, Yu J, Lan J, Yuan J, Wang H, Zhao J, Zhang S,
Wang Y, Shi X, Liu L, Zhao J, Wang X, Zhang Z, Zhang L. Human
neutralizing antibodies elicited by SARS-CoV-2 infection.
Nature. 2020 Aug;584(7819):115-119. doi: 10.1038/s41586-
020-2380-z. Epub 2020 May 26.

Molecular interference of the spike
RBD with ACE2 by a neutralizing
antibody to spike RBD.

peB-2f6 |

heavy chain ‘"%

Fig.4|Crystalstructure of P2B-2F6incomplex withSARS-CoV-2RBD.

a, Overallstructure of P2B-2F6 Fabin complex with SARS-CoV-2 RBD.

b. Hydrophobic interactionsaround SARS-CoV-2 RBD residues Y449, L452and
F490 at the bindinginterface.c, Hydrogen bonds and salt bridges at the
bindinginterface.d, Structural superposition ofthe RBD-P2B-2F6 and RBD -
ACE2crystal structures (PDBID: 6M0)) shows thatclashes between ACE2 and
P2B-2F6 would occur at the site within the red circle. e, The SARS-CoV-2 spike
(PDBID: 6VSB) is shown as amolecular surface, with protomers coloured light
orange, blue or green. The RBD-P2B-2F6 complex could be aligned withboth
the up (light orange) and down (light blue) RBD in spike. The P2B-2F6 heavy
chainis coloured magenta, P2B-2F6 light chainis yellow, SARS-CoV-2RBD is
cyanand ACE2isgreen.



Since the blocking of spike:ACE2 (primary
receptor) by neutralizing antibodies apparently
reveals the spike:BSG (secondary receptor), there
is no selection in moderate-severe BALF for SARS-
CoV-2 immune escape variants during natural
infection with the SARS-CoV-2 Wuhan strain (?).

This is consistent with little or no selection of
immune escape variants globally within the first 12
months of the pandemic.



Therefore, if there is no selection for immune escape variants during
natural infection, this means selection of the alpha/delta variants were
largely due to COVID-19 vaccination with the second dose which
strongly induces the neutralizing/enhancing antibodies to spike protein.

The evidence to date does not implicate the first mRNA dose in
selection; rather there appears to be protection against selection
associated with heterologous protection of trained immunity (which
cannot select for variants as it DOES NOT RECOGNIZE SPIKE SPECIFIC
SEQUENCES.

Presumably the treatment of COVID-19 patients with SARS-CoV-2 spike
neutralizing antibodies may have also selected for the emergence of
immune escape variants but to what extent remains unknown.



Table Sc. Monthly Comparison of Crude Rate Ratios to VE Estimated Using the Cox Model With Time-varying Vaccination Status, Age >12 Years

There is evidence that during the first 6 days following

Cases / Crude  Model People Person Cases/  Crude  Model

R People )
Follow-up Vaccination Status 5y geq  Pemenyearns  Casesypag0000 VE VE included  years O [00000py  VE VE
the Second dose ”2 nd dose a rtia I” that 100(y herd Unvaccinated 3436957 1571751 68564 436227 676271 312164 7291 233563
) p 0 1 Dose, Partial 55091 532 1 187881 57 67 269 022 0 0 00 NA
December 2020 " .
. . . . . 24 Dose, Partial 30 023 0 0 00 NA 8 002 0 0 00 NA
immunity is obtained with the alpha and delta Fpvemed 7 oo 0 o w0 wa 0 o o o wa
Unvaceinated 3231179 2524496 64556 255718 655115 502703 8036 15986
H H H H 1 Dose, Partial 80243 1392.0 199 14295.7 Eth 16 9021 1223 11 8996 “ 31
mm January 2021
varia nts (bOOSted tra I ned I un Ity befo re NAbS to iy 2% Dose, Partial 60347 1045.7 68 65029 75 68 2317 703 4 5687 64 54
. . o Fully Vaccinated 47956 1458.4 32 21942 a1 84 2933 823 3 3643 77 61
S pl ke are ma d e) Wh | Ie VE (fu I I VaX) d rops bEIOW 50 A)_ Unvaccinated 2841630 1945418 9517 18920 195977 259328 1143 44075
L 1 Dose, Partial 196527 36025 64 1776.5 64 6 125717 22419 34 15166 66 49
February 2021 2% Dose, Partial 149385 2297 19 8272 83 76 §7393 1363.4 10 733.5 83 70
Fully Vaccinated 155922 6458.1 52 805.2 84 79 60229 1287.0 12 9314 79 62
M O NTH 1St Dose’ an Dose’ F u I Iy Unvaceinated 2438824 1749385 2793 1596.6 254539 158518 195 1230.1
Masch 2021 1 Dose, Partial 321359 63812 43 6739 58 55 114581 23271 20 859.4 30 29
arch ZUZ
. . . 2% Dose, Partial 286784 13286 23 5314 67 65 133164 20859 12 575.3 53 54
(C ru d (S VE) Pa rt ia I Pa rt Ia I Va ccin Fully Vaccinated 376391 21008.56 45 2142 87 85 183541 1M542 21 200.9 84 52
Unvaccinated 1807694 1231252 1894 15383 151155 107508 98 9116
ated il 2021 17 Dose, Partial 300218 64248 39 607.0 6l 59 23560 764.8 3 3923 57 56
i 2% Dose, Partial 279347 3976.0 9 2264 85 85 24958 3382 0 0.0 00 NA
Fully Vaccinated 605447 39253.38 72 1834 88 8 205780 156360 32 2047 78 77
D ec 2 O 2 O WT 1 0 O 0/ 1 O 0 (y N A Unvaccinated 1337876 1012382 1000 9878 123522 96l2.1 61 634.6
0 (o) May 2021
’ 1 Dose, Partial 247431 6069.8 21 346.0 65 67 15054 639.5 1 156.4 75 100
7
% 64% 77%
Jan 2021 WT 44% 0 ()
% 839% 79% |
Feb 2021 WT 66% 0 0

M a r‘ 2 O 2 1 IVI | X 3 O% 5 3 % 84% 2 Dose, Partial 218973 35744 4 1119 89 #9 9816 158.7 [1] 0.0 100 N/A

Fully Vaccinated 802314 5809444 72 123.9 87 87 213845 172011 15 87.2 86 85
Unvaceinated 1138928 86747.51 1174 1353.4 111988 86479 54 624.4
(o) (1) 0, 1 Dose, Partial 164182 5089.6 18 3537 74 72 10543 546.8 3 548.6 12 9
r Alpha ( () 0 e 2021 .
20 Dose, Partial 129513 2061.6 2 97.0 23 9 4929 719 0 0.0 100 NA
Fully Vaccinated 912288 68029.57 180 264.6 80 80 207348 17935 47 275.0 56 54
0 0 o) Unvaceinated 1042964 8284771 7175 8660.5 105705 84823 244 2876.6
M ay 2 O 2 1 AI p h a 7 5 A) 100 A) 8 6 A) Sl 2021 I Dose, Partial 100649 43232 139 32152 63 63 8995 546.8 10 1829.0 36 6
uly Z02
’ 2% Dose, Partial 63018 9363 10 1068.1 88 87 2892 441 0 0.0 100 NA
o o o Fully Vaccinated 960257 766658 1946 25383 71 71 218949 178606 287 1606.9 a4 I
J u n e 202 1 8 / a 1 2 A) 100 A) 5 6 A) Unvaceinated 959825 18179.9 3607 19840.6 100176 19075 156 81783
1 Dose, Partial 64901 1047.1 61 58256 71 70 7403 1311 2 15254 81 80
August 2021 .
2% Dose, Partial 15235 1539 a 25999 87 %6 764 76 0 0.0 100 NA

J u Iy 2 O 2 1 De Ita 3 6 % 1 00% 4 4% Fully Vaccinated 962774 18362.79 1015 55275 72 72 218407 41823 177 42322 a3 16

Aug 2021 pelta  81% 100% 48%

Tartof SY, Slezak JM, Fischer H, Hong V, Ackerson BK, Ranasinghe ON, et al. Effectiveness of mRNA BNT162b2 COVID-19 vaccine up to 6
months in a large integrated health system in the USA: a retrospective cohort study. Lancet. 2021 Oct 16;398(10309):1407-1416. doi:
10.1016/S0140-6736(21)02183-8. Epub 2021 Oct 4.
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Fig 3 | Unadjusted and adjusted vaccine effectiveness estimates of covid-19 mRNA vaccines (BNT162b2, mRNA-1273)
Fig 2 | Unadjusted and adjusted vaccine affectiveness estimates of covid-19 mRNA vaceines (BNT162b2, mRNA-1273) against severe outcomes (hospital admission or death) associated with laboratory confirmed symptomatic SARS-
against laboratory confirmed symptomatic SARS-CoV-2 infection by various intervals, between 14 December 2020 CoV-2 infection by various intervals, between 14 December 2020 and 19 April 2021 in Ontario, Canada. Models were
and 19 April 2021 in Ontario, Canada. Models were adjusted for age, sex, public health unit region, biweekly period adjusted for age, sex, public health unit region, biweekly period of test, number of SARS-CoV-2 tests in the three
of test, number of SARS-CoV-2 tests in the three months before 14 December 2020, presence of any comorbidity months before 14 December 2020, presence of any comorbidity increasing the risk of severe covid-19, receipt of
increasing the risk of severe covid-19, receipt of influenza vaccination in current or previous influenza season, and influenza vaccination in current or previous influenza season, and fifths of neighbourhoad level household income,
fifths of neighbourhood level household income, number of people in each dwelling, proportion of people employed number of people in each dwelling, proportion of people employed as non-health essential workers, and self-
as non-health essential workers, and self-identified visible minority identified visible minority

DATA suggests SARS-CoV-2 infection acquired at the time of vaccination
especially following dose 1, artificially reduces the first dose VE.

Chung H, He S, Nasreen S, Sundaram ME, Buchan SA, Wilson SE, et al. Effectiveness of BNT162b2 and mRNA-1273
COVID-19 vaccines against symptomatic SARS-CoV-2 infection and severe COVID-19 outcomes in Ontario, Canada:
test negative design study. BMJ. 2021 Aug 20;374:n1943. doi: 10.1136/bmj.n1943.



1.HERD immunity may be achievable at 100% if
one can boost trained immunity without
stimulating adaptive immunity antibody
responses (and if one can avoid infection at
the vaccination clinic).

2. The COVID-19 vaccines seem to be solely
responsible for the selection of immune
escape variants.



