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COMMENTARY February 26, 2022 

 

A smarter pandemic response 

Marian P. Laderoute, Ph.D.  

KEY POINTS 

• Pandemic RNA viruses naturally evolve to higher transmission and lower 

pathogenesis to reach ‘endemic status’.  However, the introduction of selective 

pressures such as neutralizing and RBD antibodies to SARS-CoV-2 spike protein, 

may select for immune escape variants with higher transmission and with higher 

pathogenesis.  In part this may be due to antibody dependent enhancement (ADE) 

of SARS-COV-2  infection in foamy macrophages which aborts trained (innate) 

immunity (TI) protection and induces immunosenescence, both contributing to 

COVID-19 severity.      

• Accumulating evidence has shown sterilizing immunity to SARS-COV-2 and herd 

immunity, is difficult to achieve and maintain with adaptive immunity (AI) vaccines 

related to the selection of variants over time. In Ontario and elsewhere in the 

world, the delta variant became dominant subsequent to 50 % or more of the 

population over 59 having received the second dose of two dose AI COVID-19 

vaccines. Based on Ontario data, the delta variant had higher risk of 

hospitalization and deaths than the alpha variant which was higher than the 
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original Wuhan strain. Thus, selection of these variants was associated with 

increased pathogenesis in Ontario.  

• Consistent with ADE, in the UK following the emergence of the delta variant, 

elevated case rates per 100,000 in the double vaccinated over the unvaccinated 

have been increasing and in younger populations associated with the 

administration of the second dose.  Preliminary evidence from the UK also 

suggests increasing pathogenesis for the delta variant with time. Moreover, 

hospitalizations and mortality were lowest for one dose (TI) versus two doses (AI) 

of COVID-19 vaccine when the UK data concerning the delta variant were 

stratified by age (<50 and >49 years of age).  Researchers in California have 

reported increased selection of variants of concern (VoCs) and/or immune escape 

variants for the fully vaccinated over the unvaccinated whereas the lowest levels 

of selection were found for one dose of vaccines. These results support the notion 

that TI (one dose) protects better and more consistently against pandemic RNA 

viruses over AI (two doses).  

• Finally, boosting TI  may provide consistent and durable sterilizing immunity to 

SARS-CoV-2 VoCs importantly including the delta variant. Remarkably, TI 

vaccines by counteracting immunosenescence and providing protection against 

other pathogens as well as tumors, may additionally improve non-COVID-19 all-

cause mortality.  Thus, a smarter pandemic vaccination response to achieve herd 

immunity and the taming of any pandemic might employ exclusively TI vaccines.  
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In a recent editorial,1 Kirsten Patrick, the interim editor-in-chief at the 

Canadian Medical Association Journal suggested countering the sequentially 

emerging more virulent variants will require a smarter pandemic response. There 

was also mention of the commonly held belief that vaccine hesitancy is 

"jeopardizing efforts to reach SARS-CoV-2 herd immunity”. However, a closer 

examination reveals that it is not the unvaccinated but the adaptive immunity (AI) 

COVID-19 vaccines themselves which appear to be contributing to this failure as 

explained below.  
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BACKGROUND  

Pandemic RNA viruses differ from traditional viruses in that they are 

recently emerged and have not yet had the time to reach 'endemic status'. As 

explained by Lythgoe et al.,2 if there are no selective pressures put on the pandemic 

RNA virus, the virus will naturally evolve to one with higher transmission and less 

pathogenesis. Eventually, the virus will reach a state of balance referred to as 

endemic status (taming). However, if there are selective pressures such as 

neutralizing antibodies (NAbs), these antibodies will select for more transmissible 

variants (no longer neutralized by the NAbs, thus escape mutants) with higher 

virulence.  

The Concept of ADE with SARS-CoV-2 

The higher virulence may in fact be associated in part with antibody 

dependent enhancement (ADE) which may potentiate entry of SARS-COV-2 into 

sebocytes (specialized foamy macrophages) in the sebaceous glands of the oral 

mucosa3 and into foamy macrophages such as in the lungs of COVID-19 patients 

with severe disease.4 While these cells do not express ACE2 nor TMPRSS2, they 

bear the FC gamma receptors FCGR1A, FCGR2A, and FCGR3A 5,6 the latter two 

implicated in ADE.7 These innate immunity foam cells also express basigin (BSG 
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/CD147) 5,6 a marker and master regulator of foam cells8 and ERVK-7 (human 

endogenous retrovirus K102, HERV-K102).5,6  

HERV-K102 Innate Immunity Protector System Against Pandemic RNA 

Viruses 

HERV-K102 is a protector foamy virus of humans wherein particle 

production generates foam in macrophages.9,10 HERV-K102 putatively is a critical 

component of trained innate immunity that may confer sterilizing immunity against 

pandemic RNA viruses such as HIV-1.10 It is noteworthy that the increased 

genomic DNA HERV-K102 proviral copy number (five-fold) over healthy controls 

was demonstrated in an HIV exposed seronegative cohort that had been shown to 

be resistant to HIV-1 acquisition. In other words, sterilizing immunity against 

pandemic RNA viruses associated with HERV-K102 replicative activity occurs in 

the absence of adaptive immunity antibodies. Of relevance to trained innate 

immunity, the HERV-K102 protection system also includes the activation of innate 

T cells and B cells recognizing HERV-K102 envelope (reviewed in ref.11).  

Accumulating data shows HERV-K102 envelope becomes expressed at the surface 

of virus infected or tumor transformed cells but not normal cells where it behaves 

as an autoantigen targeting cells for destruction by these innate T cells and by the 

antibody to HERV-K102 envelope.   Antibodies to HERV-K102 envelope peptide 

sequences were detected at higher prevalence in HIV-1 patients (70-80%) than 
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those with herpes virus infections (18%) while only marginal activity was shown 

in 2% of normal healthy controls.9  Although the levels of HERV-K102 particles in 

plasma for HIV-1 patients estimated at an average of 8,600 per ml of plasma (72 % 

positive) never reached the maximal levels found with other bloodborne pathogens 

(about 3 x 1012 per ml of plasma), it is noteworthy that antibody to HERV-K102 

envelope and/or the presence of low levels of particles were demonstrated in 96 % 

of  HIV-1 patients.  Thus, these data showed the HERV-K102 innate protection 

system was universally activated by a pandemic RNA virus.  

Single Cell Transcriptome Analysis of BALF in Severe COVID-19 Patients 

Supports the Notion of ADE Mediating Severity 

In the bronchoalveolar lavage fluids (BALF) of severe COVID-19 patients 

but not in their peripheral blood mononuclear cells (PBMCs) nor in BALF or 

PBMCs from moderate COVID-19 patients, the macrophages (and neutrophils) not 

only have SARS-CoV-2 RNA present but both positive and negative strands are 

detectable.  This indicated SARS-CoV-2 was replicating within these cells4 and 

that infection/replication in macrophages only occurred in severe cases.      

Moreover, the levels of SARS-CoV-2 co-receptors, BSG and the transferrin 

receptor (TFRC) in the macrophages in severe BALF strongly correlated with viral 

loads within these cells,4 implying these co-receptors were used for viral entry 

and/or upregulated upon SARS-CoV-2 infection/replication. It is extremely 



7 

 

relevant to the notion of ADE correlating with pathogenesis that COVID-19 

severity was strongly correlated with enrichment of the B_C05-MZB1-XBP1 

plasma B cell subset which produced primarily IgA1 and IgG1 antibodies and 

contained sequences known to be common to SARS-CoV-2 neutralizing antibodies 

(NAbs).  With convalescence in the severe COVID-19 patients, this plasma B cell 

subset diminished. On the other hand, moderate COVID-19 was associated with an 

increase in the numbers of innate immunity T cells in PBMCs, the /2 T cells and 

mucosal-associated invariant T cells (MAIT cells), but their depletion correlated 

with COVID-19 severity.4  Taken all together, these findings are consistent with 

the notion that NAbs and/or receptor binding domain (RBD) antibodies may have 

mediated entry of SARS-CoV-2 into the protector macrophages by ADE which 

abolished the innate immunity protector system as evidenced by the loss of innate 

T cells.  

ADE More Likely in the Aged Potentially Associated with Immunosenescence 

As Lee et al. (2020) aptly pointed out,12 you know you are going to have a 

problem with ADE with a virus when seroconversion and the development of 

neutralizing antibodies correlate with clinical severity rather than protection as 

was observed for SARS-CoV-1 and now SARS-CoV-2.13 Older patients, who are 

at increased risk of immunosenescence which results in failed lytic release of 

HERV-K102 particles from foamy macrophages,14 are more likely to develop 
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ADE.15  In the latter paper, for the first time, as shown in a human macrophage 

based model of ADE, the antibody dependent infection and replication of SARS-

CoV-2 was associated with elevated IL-6 production at 3 days and where IL-6 

levels are known to correlate with COVID-19 severity. It is important to note that 

the claim by Maemura and colleagues that monocyte derived macrophages infected 

by SARS-COV-2 by ADE did not contribute to aberrant cytokine secretion7 may 

have been in part because the RPMI media they used for their cultures blocks foam 

cell formation and thus, they did not assess ADE effects in pro-inflammatory 

foamy macrophages.  As well, they did not employ GM-CSF to drive development 

towards the M1 pro-inflammatory phenotype of macrophages.  

Animal Models Show SARS-CoV-2 Associated Cytokine Storm Mediated by 

BSG Positive Cells  

A monoclonal antibody to BSG has been shown to partially inhibit entry of 

SARS-COV-2 into cells in vitro including VeroE6 cells, and in vivo:  to partially 

reduce tissue viral loads, to resolve pneumonia at 6 dpi, and to prevent cytokine 

storm in human BSG transgenic mice.16 Thus, BSG positive foam cells once 

hijacked by SARS-COV-2 appear to mediate key aspects of COVID-19 

pathogenesis.  
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Trained Innate Immunity and Heterologous Protection by HERV-K102 

The pro-inflammatory memory response for innate immunity is called 

‘trained (innate) immunity (TI)17 and provides heterologous protection (non-

pathogen specific) against wide variety of pathogens. It can be induced by live 

vaccines including the mycobacterium Bacillus Calmette-Guérin (BCG) vaccine 

and is an important host-directed approach in COVID-19 patients, which might 

lead to improved anti-viral host defense as well as decreased systemic 

inflammation.18 TI involves foam cell formation in macrophages along with 

increased cytokine production.19 The mevalonate (cholesterol) pathway is essential 

for the induction of TI20 and it is notable that SARS-COV-2  infection blocks the 

mevalonate pathway21 indicating it antagonizes TI and the formation of HERV-

K102 particles. Furthermore, live Mycobacterium tuberculosis strongly induces 

foamy macrophages in cultured peripheral blood mononuclear cells even when 

cultured in RPMI media22 substantiating the notion that the BCG vaccine would be 

most effective in inducing or boosting the pro-inflammatory foamy macrophages 

(producing HERV-K102 particles) and TI.  
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SARS-CoV-2 ADE Mediated Immunosenescence  

Once SARS-COV-2 enters these foam cells (sebocytes in the oral mucosa3 

or foamy macrophages in the lungs4), these foamy macrophages can no longer 

release the protective HERV-K102 particles by lysis due to apoptosis resistance,23 

which aborts TI protection. Moreover, the failed lytic release of HERV-K102 from 

foamy macrophages has been proposed to define immunosenescence14 which 

involves immunosuppression and paradoxically a proinflammatory response in the 

dysfunctional foamy cells. Thus, this process helps to explain how ADE of 

infectivity into innate foamy cells could be associated with increased pathogenesis 

by emerging RNA viruses by both aborting TI and through induction of 

immunosenescence.   

Immunosenescence is causally related to the initiation and progression of 

chronic diseases14 and is the major risk factor for COVID-19 severity 24,25 and 

COVID-19 vaccine failure.25    
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Evidence for Delta Selection by the Second Dose of the 

COVID-19 mRNA Vaccines and Increased Pathogenesis  

Evidence from the UK,26 Quebec27 and Ontario 28,29 has linked the 

dominance of the delta variant coincident with a period within 2 weeks after the 

administration of the 2nd COVID-19 vaccine dose in roughly half of the people 

over the age of 59.  This was further substantiated by phylogenetic analysis of the 

expansion of the delta variant subtypes in Ontario.28  Indeed,  Servellita et al.30 have 

shown that in the category of the fully vaccinated, there were higher levels of 

SARS-COV-2 variants of concern (VoCs) and/or mutations associated with 

immune escape over the unvaccinated.  Most strikingly, however, in individuals 

who had only received one dose, escape mutants were the least prevalent.30  

It should be noted that one dose of COVID-19 mRNA SARS-COV-2 spike 

vaccines does not elicit high levels of spike antibodies and NAbs whereas the 

second dose does.31,32 This indicates one dose of the COVID-19 vaccines 

stimulates innate immunity, whereas two doses stimulate adaptive immunity.  

Fisman and Tuite33 have shown increased pathogenesis of the delta variant 

over the alpha variant, and both over the wildtype SARS-COV-2 strain in Ontario 

based on significantly increased odds ratios (ORs) for:  hospitalization 2.08, ICU 

admission 3.35 and deaths 2.33 [and for the grouped alpha, beta and gamma 
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variants at 1.52, 1.89 and 1.51, respectively].  Moreover, there were no significant 

differences between the ORs for partially vaccinated versus fully vaccinated for 

hospitalization or for ICU admission suggesting the protection may have been 

mediated mostly by TI rather than AI. However, there may have been a difference 

in ORs where partial vaccination (TI) showed better protection against death in 

patients with COVID-19 than full vaccination (AI) [0.09 (95% CI 0.07 to 0.10) 

versus 0.21 (95% CI 0.10 to 0.35) respectively]. Thus, the data appears to be 

consistent with the notion that not only did the two dose vaccines select for the 

more transmissible delta variants, but as predicted by Lythgoe et al., it selected for 

more pathogenic variants as well.  

In the UK, the pathogenesis of the delta variant also increased with time 

based on preliminary data both for case fatality rates and case hospitalization rates 

where these infections involved the delta variant (extracted UK data compiled in 

Tables 1 and 2 in Image 1).34 Moreover, there were lower death and 

hospitalization rates associated with one dose of COVID-19 vaccines over two 

doses. This is in keeping with the notion of superior protection against 

hospitalization and death by TI over AI against pandemic variants of concern. 
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Reduced VE Against Symptomatic Infection Associated with 

Two or More Doses of COVID-19 Vaccines 

ADE is expected to increase pandemic RNA virus transmission rates by 

promoting the infection of sebocytes in the oral mucosa (infection of sebocytes 

was shown3) and blocking trained innate immunity related to the failed lytic release 

of HERV-K102 particles.  This may not only also increase infection rates per se 

but could promote  increased cases of symptomatic to asymptomatic infections.   

Public Health England/UK Health Security Agency has been reporting 

increasingly, higher case numbers per 100,000 in the fully (2 dose) vaccinated over 

the unvaccinated following the emergence of the delta variant, where for example 

by week 2 of 2022, the 18 to 69 years of age had at least a 2 fold increased risk of 

SARS-CoV-2 symptomatic infection.35 The newest data for week 8 of 2022 with 

the omicron variant36 and where data was only provided for those with 3 doses of 

vaccine, showed all age groups except the under 18 had elevated symptomatic 

infection per 100,000 over the unvaccinated with a more than 2.90 fold increased 

risk in the ages 30 to 69.  This demonstrated a loss in vaccine effectiveness (VE) 

worsened in the UK against symptomatic infection with time.  

Data from Southern California has provided a unique window into the 

concept of boosting TI.37  In their Appendix 5c, they provided data on SARS-
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COV-2  cases by 100,000 per year that occurred at <7 days after the second Pfizer 

dose was administered (TI boosting) and compared with >6 days after the second 

Pfizer dose was administered (AI boosting) in the >64 years of age category. This 

data is compiled in Image 2.  This data strongly implies the boosting of trained 

innate immunity in those over 64 years of age is associated with sterilizing 

immunity and was stable even with the emergence of the alpha then delta variants.  

In contrast, VE dropped for adaptive immunity over the same time frame. These 

findings are consistent with the notion that the protection offered by boosted 

trained innate immunity is counteracted when ADE promoted by the NAbs and 

RBD Ab produced by the second dose of vaccine, allow SARS-CoV-2 to infect the 

sebocytes and block the release of the protective HERV-K102 particles.  

Along these lines, anecdotal evidence provided in the Appendix discusses 

increased lysis of sebocytes (Fordyce spots) at 6 days following the first Pfizer 

COVID-19 vaccination and at 6 hours following the second Pfizer dose. This 

implies there may have been induction of antibodies to HERV-K102 envelope9 

elicited after the first vaccine dose. It has been established that triggering HERV-

K102 envelope itself such as expressed on tumor cells with an antibody to HERV-

K102 envelope directly mediates apoptosis (lysis) involving caspase 3 activation.38 

This seems to imply that unlike other normal cells within the body including foamy 

macrophages which do not express HERV-K102 envelope (unpublished data), that 
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sebocytes possibly due to its immunoprivileged niche, do express HERV-K102 

envelope at their cell surface.  This is an easily testable hypothesis.   

While the loss in VE against infection for COVID-19 vaccination is widely 

and consistently found, what is relevant to those who question vaccine mandates is 

the notion of natural immunity and how the risk of re-infection compares in those 

previously infected with those doubly vaccinated. This was recently addressed in a 

report of the UK SIREN study covering the period of vaccination from March 20, 

2020 to September 2021 and which reported on both asymptomatic and 

symptomatic infection together. 39 Those with a previous infection had a crude 

incidence rate of 2.25 per 10,000 person-days at risk, while the unvaccinated with 

no previous infection had a rate of 15.98. When compared with those who received 

the Pfizer-BioNTech BNT162b2 vaccine, natural immunity from a previous 

infection was as good as or better than two doses of BNT162b2 except during the 

14-73 days post vaccination period.  Against the one dose of the same vaccine, the 

vaccination protection was suboptimal for the period 21 to 41 days post 

vaccination (5.05 or 2.98 infections per 10,000 person-days), but at 42 to 280 days 

the one dose vaccinated fared slightly better than natural immunity at 1.4 to 1.55 

infections per 10,000 person-days. The best protection was evidenced in people 

who had a previous infection more than a year prior followed by two doses with a 

crude incidence rate of 0.9 to 1.31 infections per 10,000 person-days from day 14 
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to 262 days.  Thus, as suspected by many, for all intents and purposes, natural 

immunity was as good as or better than two dose vaccination.  

 

The Heterologous Protection by Trained Innate Immunity 

Other benefits of TI vaccination would include protection against all-cause 

mortality; as TI/HERV-K102 protects against heterologous pathogens, tumors and 

by reversing immunosenescence, would ameliorate chronic disease.14 Along these 

lines in an effort to establish that the COVID-19 vaccines were not inducing non-

COVID-19 disease (such as vaccine associated death), Xu et al.,40 demonstrated for 

the adjusted relative mortality risks that those of the ages 45 to 85 + received the 

most benefits for the mRNA vaccines against non-COVID-19 causes of death.  

Once again and in agreement with the findings of Fisman and Tuite but for 

COVID-19 related deaths,33 there was no significant difference between one dose 

and two doses vaccination overall, showing the benefit as expected, either for non-

COVID-19 and COVID-19 related deaths was due to innate immunity and not 

adaptive immunity.  
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DISCUSSION 

The important question arises, could have public health authorities known in 

advance that AI vaccines might select for more pathogenic variants and/or that 

sterilizing immunity needed for herd immunity was unlikely to be achievable by 

AI vaccines. The answer may be yes. As observed from the very beginning, and as 

reported in a meta-analysis, during natural infection with SARS-COV-2, antibodies 

(Abs) and NAbs to SARS-COV-2  did not correlate with protection, but instead 

correlated with COVID-19 severity41 implying a potentiating role in pathogenesis.  

Insight into this paradox was derived from a more recent paper which showed high 

viral loads in the nasopharyngeal swabs correlated with the presence of SARS-

CoV-2 spike protein specific Abs/NAbs in serum while low viral loads were 

correlated with the absence of antibody.42  Indeed, during natural infection with 

SARS-COV-2 , Wu et al.,43 provided direct evidence that ADE as assessed from 

convalescent plasma, correlated with disease severity, higher ages, longer days of 

hospitalization and longer duration of disease. Altogether these findings pointed to 

the conclusion that antibodies and NAbs to SARS-COV-2  were not protective but 

harmful. Thus, it could have been surmised early in the pandemic that adaptive 

immunity vaccination against SARS-CoV-2 would have problems with ADE.  This 

would likely entail the selection of variants with time rendering herd immunity 

unattainable.  
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CONCLUSION  

Accordingly, the writing was on the wall from early in the pandemic that AI 

vaccines were unlikely to provide herd immunity because these NAbs and RBD 

binding antibodies correlated with severity and not protection. Moreover, as 

demonstrated here, ADE interfered with trained innate immunity needed to 

establish herd immunity and in fact lead to higher infection rates in the fully 

vaccinated over the unvaccinated.   Finally, these adaptive vaccines by selecting 

for variants, only served to prolong the pandemic and may have worsened 

outcomes as these variants became more pathogenic over time.   

In conclusion, the unvaccinated cannot be blamed for the failure to achieve 

herd immunity, but rests with the AI vaccines themselves.  
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Image 1.   Data Extracted and Compiled from Technical Briefings on 

SARS-CoV-2 Variants of Concern and Variants Under Investigation in 

England34 Suggested Increased Pathogenesis of the Delta Variant with 

Time for Case Fatality Rates (Table 1) or for Case Hospitalization 

Rates (Table 2) 
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Image 2.   Data Extracted and Compiled from Appendix 5c From Tartof 

et al., 202137 Shows For the First 6 Days Following the Second Dose of 

Vaccine That Sterilizing Immunity is Achieved and is Stable with the 

Emergence of the Alpha and Delta Variants Whereas the VE Against 

Symptomatic Infection for Two Doses Substantially Drops 

  



21 

 

References 

 
1. Patrick K. Countering more virulent SARS-CoV-2 variants will require a smarter 

pandemic response. CMAJ. 2021 Oct 25;193(42):E1633-E1634. doi: 

10.1503/cmaj.211656. Epub 2021 Oct 4.   

2. Lythgoe KA, Pellis L, Fraser C. Is HIV short-sighted? Insights from a multistrain 

nested model. Evolution. 2013 Oct;67(10):2769-82.  

3. Huang N, Pérez P, Kato T, et al. SARS-CoV-2 infection of the oral cavity and 
saliva. Nat Med. 2021 May;27(5):892-903. doi: 10.1038/s41591-021-01296-8.  

4. Ren X, Wen W, Fan X, et al. COVID-19 immune features revealed by a large-scale 

single-cell transcriptome atlas. Cell. 2021 Apr 1;184(7):1895-1913. 

5. Nelson AM, Zhao W, Gilliland KL, et al. Neutrophil gelatinase-associated lipocalin 

mediates 13-cis retinoic acid-induced apoptosis of human sebaceous gland cells. J 

Clin Invest. 2008 Apr;118(4):1468-78.   

6. Boström P, Magnusson B, Svensson PA, et al. Hypoxia converts human macrophages 

into triglyceride-loaded foam cells. Arterioscler Thromb Vasc Biol. 2006 

Aug;26(8):1871-6.  

7. Maemura T, Kuroda M, Armbrust T, et al. Antibody-dependent enhancement of 

SARS-CoV-2 infection is mediated by the IgG receptors FcγRIIA and FcγRIIIA but 

does not contribute to aberrant cytokine production by macrophages. mBio. 2021 Oct 

26;12(5):e0198721. doi: 10.1128/mBio.01987-21.  

8. Lv JJ, Wang H, Cui HY, et al. Blockade of macrophage CD147 protects against foam 

cell formation in atherosclerosis. Front Cell Dev Biol. 2021 Jan 8;8:609090. doi: 

10.3389/fcell.2020.609090. 

9. Laderoute MP, Giulivi A, Larocque L, et al. The replicative activity of human 

endogenous retrovirus K102 (HERV-K102) with HIV viremia. AIDS. 2007 Nov 

30;21(18):2417-24. 

10. Laderoute MP, Larocque LJ, Giulivi A, et al. Evidence that human endogenous 

retrovirus K102 is a replication competent foamy virus that may antagonize HIV-1 

replication. Open AIDS J. 2015 Dec 7;9:112-22. doi: 

10.2174/1874613601509010112. 

11. Laderoute M.  Clues to finding correlates of risk/protection for HIV-1 vaccines. 

F1000 Research 2018, 6:868.  https://doi.org/10.12688/f1000research.11818.2 

12. Lee WS, Wheatley AK, Kent SJ, DeKosky BJ. Antibody-dependent enhancement and 

SARS-CoV-2 vaccines and therapies. Nat Microbiol. 2020 Oct;5(10):1185-1191. doi: 

10.1038/s41564-020-00789-5. Epub 2020 Sep 9.  

13. Chvatal-Medina M, Mendez-Cortina Y, Patiño PJ, Velilla PA, Rugeles MT. Antibody 

Responses in COVID-19: A Review. Front Immunol. 2021 Apr 15;12:633184. doi: 

10.3389/fimmu.2021.633184.  

14. Laderoute MP. A new paradigm about HERV-K102 particle production and blocked 

release to explain cortisol mediated immunosenescence and age-associated risk of 

chronic disease. Discov Med. 2015 Dec;20(112):379-91.  

15. Shimizu J, Sasaki T, Yamanaka A, et al. The potential of COVID-19 patients' sera to 

cause antibody-dependent enhancement of infection and IL-6 production. Sci Rep. 

2021 Dec 9;11(1):23713. doi: 10.1038/s41598-021-03273-0.  

https://doi.org/10.12688/f1000research.11818.2


22 

 

16. Geng J, Chen L, Yuan Y, et al. CD147 antibody specifically and effectively inhibits 

infection and cytokine storm of SARS-CoV-2 and its variants delta, alpha, beta, and 

gamma. Signal Transduct Target Ther. 2021 Sep 25;6(1):347. doi: 10.1038/s41392-

021-00760-8.  

17. Netea MG, Quintin J, van der Meer JW. Trained immunity: a memory for innate host 

defense. Cell Host Microbe. 2011 May 19;9(5):355-61. doi: 

10.1016/j.chom.2011.04.006.  

18. Netea MG, Giamarellos-Bourboulis EJ, Domínguez-Andrés J, et al. Trained 

immunity: a tool for reducing susceptibility to and the severity of SARS-CoV-2 

infection. Cell. 2020 May 28;181(5):969-977. doi: 10.1016/j.cell.2020.04.042. 

19. Bekkering S, Quintin J, Joosten LA, et al. Oxidized low-density lipoprotein induces 

long-term proinflammatory cytokine production and foam cell formation via 

epigenetic reprogramming of monocytes. Arterioscler Thromb Vasc Biol. 2014 

Aug;34(8):1731-8. doi: 10.1161/ATVBAHA.114.303887.  
20. Bekkering S, Arts RJW, Novakovic B, et al. Metabolic induction of trained immunity 

through the mevalonate pathway. Cell. 2018 Jan 11;172(1-2):135-146.e9. doi: 

10.1016/j.cell.2017.11.025.  

21. Gomez Marti JL, Wells A, Brufsky AM. Dysregulation of the mevalonate pathway 

during SARS-CoV-2 infection: An in silico study. J Med Virol. 2021 

Apr;93(4):2396-2405. doi: 10.1002/jmv.26743.  

22. Peyron P, Vaubourgeix J, Poquet Y, et al. Foamy macrophages from tuberculous 

patients' granulomas constitute a nutrient-rich reservoir for M. tuberculosis 

persistence. PLoS Pathog. 2008 Nov;4(11):e1000204. doi: 

10.1371/journal.ppat.1000204.  

23. Liao M, Liu Y, Yuan J, et al. Single-cell landscape of bronchoalveolar immune cells 

in patients with COVID-19. Nat Med. 2020 Jun;26(6):842-844. doi: 10.1038/s41591-

020-0901-9.  

24. Hazeldine J, Lord JM. Immunosenescence: a predisposing risk factor for the 

development of COVID-19? Front Immunol. 2020 Oct 6;11:573662. doi: 

10.3389/fimmu.2020.573662. 

25. Cox LS, Bellantuono I, Lord JM, et al. Tackling immunosenescence to improve 

COVID-19 outcomes and vaccine response in older adults. Lancet Healthy Longev. 

2020 Nov;1(2):e55-e57. doi: 10.1016/S2666-7568(20)30011-8.  

26. https://www.gov.uk/government/publications/covid-19-vaccine-surveillance-report  

under Public Health England vaccine surveillance reports published Week 13 to 38.  

Then, vaccine surveillance reports Week 39 onward were provided by UK Health 

Security Agency https://www.gov.uk/government/publications/covid-19-vaccine-

weekly-surveillance-reports.  Data suggesting ADE was found in all >39 years of age 

for full vaccination SARS-COV-2  case rates per 100,000 compared with 

unvaccinated for Weeks 36 to 39.  By Week 40  it became all >29 years old.  The 

case rate data was only reported starting with report week 38. 

27. https://www.inspq.qc.ca/covid-19/donnees/vaccination 

28. Public Health Ontario.  https://www.publichealthontario.ca/en/data-and-

analysis/infectious-disease/covid-19-data-surveillance/nextstrain. 

https://www.gov.uk/government/publications/covid-19-vaccine-surveillance-report
https://www.gov.uk/government/publications/covid-19-vaccine-weekly-surveillance-reports
https://www.gov.uk/government/publications/covid-19-vaccine-weekly-surveillance-reports
https://www.inspq.qc.ca/covid-19/donnees/vaccination
https://www.publichealthontario.ca/en/data-and-analysis/infectious-disease/covid-19-data-surveillance/nextstrain
https://www.publichealthontario.ca/en/data-and-analysis/infectious-disease/covid-19-data-surveillance/nextstrain


23 

 

29. Public Health Ontario. COVID-19 Uptake and Program Impact in Ontario: December 

14, 2020 to October 31, 2021. https://www.publichealthontario.ca/-

/media/documents/ncov/epi/covid-19-vaccine-uptake-ontario-epi-

summary.pdf?sc_lang=en (Figure 3 b. page 8, 2nd dose 50% uptake in 60+ by June 

21, 2021 and 50% uptake in 50 + by June 28, 2021) and Weekly Epidemiological 

Summary: SARS-CoV-2 Whole Genome Sequencing in Ontario, November 2, 2021. 

https://www.publichealthontario.ca/-/media/documents/ncov/epi/covid-19-sars-cov2-

whole-genome-sequencing-epi-summary.pdf?sc_lang=en  (Figure 1 page 4, about 

50% delta variant by mid June, and dominant by mid July.  

30. Servellita V, Morris M-K, Sotomayor-Gonzalez A, et al. Predominance of antibody-

resistant SARS-CoV-2 variants in vaccine breakthrough cases from the San Francisco 

Bay area, California. medRxiv 2021 August 25. doi: 

https://doi.org/10.1101/2021.08.19.21262139. 

31. Walsh EE, Frenck RW Jr, Falsey AR, et al. Safety and immunogenicity of two RNA-

based Covid-19 vaccine candidates. N Engl J Med. 2020 Dec 17;383(25):2439-2450. 

doi: 10.1056/NEJMoa2027906.  

32. Chu L, McPhee R, Huang W, et al. mRNA-1273 study group. A preliminary report of 

a randomized controlled phase 2 trial of the safety and immunogenicity of mRNA-

1273 SARS-CoV-2 vaccine. Vaccine. 2021 May 12;39(20):2791-2799. doi: 

10.1016/j.vaccine.2021.02.007.  

33. Fisman DN, Tuite AR. Evaluation of the relative virulence of novel SARS-CoV-2 

variants: a retrospective cohort study in Ontario, Canada. CMAJ 2021 October 

25;193:E1619-25. doi: 10.1503/cmaj.211248; early-released October 5, 2021.  

34. UK Health Security Agency. Technical Briefings # 17- 23, 2021. 

https://www.gov.uk/government/publications/investigation-of-sars-cov-2-variants-

technical-briefings. 

35. UK Health Security Agency. COVID-19 vaccine surveillance report. Week 2. 13 

January  2022. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme

nt_data/file/1047814/Vaccine-surveillance-report-week-2-2022.pdf 

36. UK Health Security Agency. COVID-19 vaccine surveillance report. Week 8. 24 

February 2022. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme

nt_data/file/1057125/Vaccine_surveillance_report_-_week-8.pdf 

37. Tartof SY, Slezak JM, Fischer H, 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.  

38. Wang-Johanning F, Rycaj K, Plummer JB, et al. Immunotherapeutic potential of anti-

human endogenous retrovirus-K envelope protein antibodies in targeting breast 

tumors. J Natl Cancer Inst. 2012 Feb 8;104(3):189-210. doi: 10.1093/jnci/djr540.  

39. Hall V, Foulkes S, Insalata F, et al; SIREN Study Group. Protection against SARS-

CoV-2 after Covid-19 Vaccination and Previous Infection. N Engl J Med. 2022 Feb 

16. doi: 10.1056/NEJMoa2118691.  

https://www.publichealthontario.ca/-/media/documents/ncov/epi/covid-19-vaccine-uptake-ontario-epi-summary.pdf?sc_lang=en
https://www.publichealthontario.ca/-/media/documents/ncov/epi/covid-19-vaccine-uptake-ontario-epi-summary.pdf?sc_lang=en
https://www.publichealthontario.ca/-/media/documents/ncov/epi/covid-19-vaccine-uptake-ontario-epi-summary.pdf?sc_lang=en
https://doi.org/10.1101/2021.08.19.21262139
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1047814/Vaccine-surveillance-report-week-2-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1047814/Vaccine-surveillance-report-week-2-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1057125/Vaccine_surveillance_report_-_week-8.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1057125/Vaccine_surveillance_report_-_week-8.pdf


24 

 

40. Xu S, Huang R, Sy LS, et al. COVID-19 vaccination and non-COVID-19 mortality 

risk – seven integrated health care organizations, United States, December 14, 2020 – 

July 31, 2021. MMWR October 29, 2021, 70: 1520-1524.  

41. Liu K, Yang T, Peng XF, et al. A systematic meta-analysis of immune signatures 
in patients with COVID-19. Rev Med Virol. 2021 Jul;31(4):e2195. doi: 
10.1002/rmv.2195.  

42. Liu W, Russell RM, Bibollet-Ruche F, et al. Predictors of nonseroconversion after 
SARS-CoV-2 infection. Emerging Infectious Diseases. 2021;27(9):2454-2458. 
doi:10.3201/eid2709.211042. 

43. Wu  F, Yan R, Liu M, et al. Antibody-dependent enhancement (ADE) of SARS-CoV-

2 infection  in recovered COVID-19 patients: studies based on cellular and structural 

biology analysis. medRxiv 2020 October 13. doi: 

https://doi.org/10.1101/2020.10.08.20209114.  

44. https://www.gov.uk/government/publications/investigation-of-sars-cov-2-variants-

technical-briefings. 

 

 

 

 

 

 

Competing interests: None declared. Previous patent and applications concerning the 

discovery of HERV-K102 as a protector foamy virus of humans putatively against 

pandemic RNA viruses such as HIV-1 at the Public Health Agency of Canada, have been 

abandoned. As well, by policy, public servants hold no interests in patented discoveries 

made as a normal course of duty during their employment.    

Affiliations: None, recently retired. Dr. Laderoute led the discovery of HERV-K102 as a 

protector foamy virus of humans putatively against pandemic RNA viruses such as HIV-1 

at the Public Health Agency of Canada, Ottawa, Ont. She authored the new 

immunosenescence paradigm published in Discovery Medicine in 2015 associated with 

her work at Immune System Management Clinic & Lab, Ottawa, Ont. 

Content licence:  This is an Open Access article distributed in accordance with the 

terms of the Creative Commons Attribution (CC BY-NC-ND 4.0) licence, which permits 

use, distribution and reproduction in any medium, provided that the original publication 

is properly cited, the use is noncommercial (i.e., research or educational use), and no 

modifications or adaptations are made. See:  https://creativecommons.org/licenses/by-

nc-nd/4.0/. 

https://www.gov.uk/government/publications/investigation-of-sars-cov-2-variants-technical-briefings
https://www.gov.uk/government/publications/investigation-of-sars-cov-2-variants-technical-briefings
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


25 

 

Correspondence to: Marian Laderoute, HERVK102@gmail.com. 

  



26 

 

Appendix 

 


