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There were significant levels of SARS-CoV-2 infections 
worldwide by the time the UK and the USA started 
vaccination on Dec 8 and Dec 14, 2020 respectively.



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). 



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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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. 



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) : 

https://www.medrxiv.org/content/10.1101/2021.08.19.21262139v1

The inner circles represent the immunocompetent cases, and the 
outer circles include both immunocompetent and 
immunocompromised individuals.
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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.



Selection for the delta variant dominance in the UK 
occurred about 2 weeks after the majority of the 60+ 
years of age had received the second dose.  



CANADA

The Canadian Mortality Peaks Associated with Variants. 



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) 





Jensen B, Luebke N, Feldt T, Keitel V, Brandenburger T, 
Kindgen-Milles D, Lutterbeck M, Freise NF, Schoeler D, 
Haas R, Dilthey A, Adams O, Walker A, Timm J, 
Luedde T. Emergence of the E484K mutation in SARS-
COV-2-infected immunocompromised patients 
treated with bamlanivimab in Germany. Lancet Reg 
Health Eur. 2021 Sep;8:100164. doi: 
10.1016/j.lanepe.2021.100164. 

The E484K substitution known to confer 
immune escape was detected at the time of 
viral rebound by bamlanivimab treatment (but 
not before bamlanivimab treatment) of 
severely immunosuppressed individuals (10 day 
average to viral rebound with selected immune 
escape variants). 

This data argues even in those with the 
highest COVID-19 risks  & hospitalized for 
some time in the ICU, the selection of immune 
escape variants did not naturally occur 
without the selection pressure mediated by 
neutralizing monoclonal antibodies. 



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.”

BALF and Sputum Samples 

Virus productively infects macrophages 
associated with BSG and TFRC (transferrin 
receptor) upregulation.  

SARS-CoV-2 infected macrophages 

in BALF are ACE2 negative.  
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*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.

Innate T cells (MALT and g/d T cells) associated with recovery from moderate 
but depleted with progression to severe (like Macro_c5-WDR74).   



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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[Ren X et al, Cell 2021]
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Helal MA et al, J. BioM Struct & Dynamics Sept 

7 2020

Lan J et al, Nature, 14 May 2020



Helal MA, Shouman S, Abdelwaly A, Elmehrath 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. 

CD147 = BSG



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



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. 



There is evidence that during the first 6 days following 
the second dose “2nd dose, partial”  that 100% herd 
immunity is obtained with the alpha and delta 
variants (boosted trained immunity before NAbs to 
Spike are made) while VE (full vax) drops below 50%. 

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.

MONTH 
(crude VE)

1st Dose, 
Partial 

2nd Dose, 
Partial 

Fully 
Vaccin
ated

Dec 2020  WT 100% 100% NA 

Jan 2021   WT 44% 64% 77%

Feb 2021   WT 66% 83% 79%

Mar 2021  Mix 30% 53% 84%

Apr 2021  Alpha 57% 100% 78%

May 2021 Alpha 75% 100% 86%

June 2021 d/a 12% 100% 56%

July 2021  Delta 36% 100% 44%

Aug 2021  Delta 81% 100% 48%



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. 

Symptomatic Infection Severe OutComes

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



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.  


