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The Wuhan-1 Strain
January 11, 2020



The mRNA vaccines made by Pfizer and
Moderna, the vectored virus vaccines
made by J&J and AstraZeneca, and the

purified protein vaccine made by Novavax

were all designhed to prevent the Wuhan-1

(or ancestral) strain by inducing antibodies
to the SARS-CoV-2 spike (S) protein












December 10 and 17, 2020:

FDA reviewed phase 3 trials for
MRNA vaccines



MRNA vaccines:

Pfizer






MRNA vaccines:

Moderna






Six months later:

Protection against mild illness
wasn’t holding up






Protection against mild illness is
mediated by high-titers of
circulating, virus neutralizing
antibodies



Khoury, D.S., D. Cromer, A. Reynaldi, et al., “Neutralizing antibody levels are
highly predictive of immune protection from symptomatic SARS-CoV-2
infection,” Nature Medicine (2021) 27: 1205-1211.






Antibodies provide a first line of
defense against viral infections






Pegu, A., S.E. O’Connell, S.D. Schmidt, et al., “Durability of mRNA-1273
vaccine-induced antibodies against SARS-CoV-2 variants,” Science (2021)
373:1372-1375






Because virus neutralizing
antibodies are short-lived,
protection against all
symptomatic illness is also
short-lived.









Why did the phase 3 trials of
MRNA vaccines show a high
level of protection against mild
illness?



Six months later:

Protection against severe illness
was holding up






Protection against severe illness
Is mediated in large part by
memory B cells and memory T
cells, which are long-lived









December 2021:

One year after vaccines were
available, protection against
severe disease was holding up






Tenforde study

 Study of protection against hospitalization in 8,000
Immunocompetent adults between March-December 2021

who received
unvaccinated

medical cond
Overall:
Pfizer:
Moderna:
18-64.
>065:

two doses of mMRNA vaccine vs.
, median age was 60; 81% had more than one
ition; delta variant predominant.

90% at 3 months and 82% at 9 months.

88% at 3 months and 79% at 9 months.

93% at 3 months and 87% at 9 months.
91% at 3 months and 87% at 9 months.
87% at 3 months and 78% at 9 months.



Again, immunological studies
supported epidemiological
observations



Sette, A., S. Crotty, Immunological Reviews (2022) 310: 27-46






Then, the pandemic entered a
new phase



December 1, 2021:

Omicron variant









Liu, et al., Striking antibody evasion manifested by the Omicron variant of
SARS-CoV-2, Nature (2022) 602: 676-681






Omicron

Because of mutations in the RBD
of the spike protein, vaccination or
previous infection offered little
protection against mild disease



Omicron

However, in otherwise healthy
people, vaccination or previous
infection were still highly effective
at preventing severe disease



Gray, G., et al. Effectiveness of AD26.COV2.S and BNT162b2 against Omicron Variant
in South Africa. N Engl J Med (2022) 386: 2243-2245.



Gray, G., et al. Effectiveness of AD26.COV2.S and BNT162b2 against Omicron
Variant in South Africa. N EnglJ Med (2022) 386: 2243-2245.



Why?



T cells












Cytotoxic T cells provide a
second line of defense against
viral infections



Unlike epitopes on the receptor
binding domain of the spike
protein, T cell epitopes are

largely conserved across
variants






Epitopes recognized by CD4* and CD8* T cells are
conserved between Wuhan-1 and Omicron strains



Also, unlike circulating
antibodies, memory T cells are
long-lasting



Cohen, K.W.,, et al. Cell Reports Medicine, July 20, 2021



Cohen, et al. (2021)

 Study of 254 Covid-19 patients followed for 8 months.

e CD4+ and CD8+ T cells had a half-life of about 200
days.

* Most importantly, whereas CD4+ T cells equally targeted
all four SARS-CoV-2 structural proteins, CD8+ T cells
showed preferential recognition for the nucleoprotein.



What is the evidence that
cytotoxic T cells are important in
protection against severe Covid?



Preclinical studies



Hajnik R.L., et al. Science Translational Medicine (2022) 14: eabq1945.



Hajnick, et al. (2022)

e Hamsters inocu
Cov-2 spike (S)

ated with mRNA coding for the SARS-
orotein, nucleoprotein (N), or spike plus

nucleoprotein. A

| three combinations were protective.

However, the combination of spike plus nucleoprotein
offered the broadest protection against variants.

* Depletion of CD8+ T cells abrogated protection for all

three groups.

e “Our findings suggest that combined MRNA-S + N

vaccination iIs an

effective approach for promoting broad

protection against SARS-CoV-2 variants.”



Liu, J., et al. Science Immunology, August 9, 2022.



Liu, et al. (2022)

 Study of 30 rhesus macaques inoculated with the
Ad26.Cov.5 vaccine and challenged with SARS-CoV-2 by
the intranasal and intratracheal routes.

 All animals showed rapid virological control of the
Infection within 4 days of challenge. Administration of
anti-CD8+ monoclonal antibodies resulted in substantially
higher levels of virus in both the upper and lower
respiratory tracts.

* “These data demonstrate that CD8+ T cells contribute
substantially to vaccine-induced protection against SARS-
CoV-2 Iin macaques.”



Human studies



Bange, E.M.,, et al., Nature Medicine (2021). 27: 1280-1289.



Bange, et al. (2021)

 Study of 100 hematologic cancer patients hospitalized
with Covid-19.

o Despite the impaired humoral immunity and high
mortality in hematologic cancer patients with Covid-19,
those with a greater number of CD8+ T cells had the
highest incidence of survival, including those treated with
anti-CD-20 (a pan-B cell marker).

* “These observations suggest that CD8+ T cell responses
might provide protection in hematologic cancer patients
even in the setting of limited humoral responses.”



Peng, Y., et al. Nature Immunology (2022) 23: 50-61.



Peng, et al. (2022)

 Study of 52 Covid-19 patients; 30 with mild and 22 with
severe disease.

 Protection against severe disease was most closely
correlated with CD8+ responses directed against the
SARS-CoV-2 nucleoprotein.

 “Our data show that nucleoprotein-specific T cell
responses associate with mild disease and high antiviral
efficacy, pointing to inclusion for future vaccine design.”



Veldhoen, M. A. Bertoletti, Immunology and Cell Biology (2023) 1-3.



Decrease in SARS-CoV-2 viral load most correlates with CD8+ T cell
response during re-exposure



Wherry, J., D.H. Barouch, Science (2022) 377: 821-822.












We are at a different stage of this
pandemic






Weekly Covid-19 Hospitalization Rates, USA



Weekly Covid-19 Death Rates, USA



1. SARS-CoV-2 virus will be circulating for decades, if not
longer.

2. Need to continue to protect those at highest risk of
hospitalization and death.



The future of Covid-19 vaccines

 Memory cytotoxic T cells, which are generally long-
lived, are important in protecting against severe disease.

» Cytotoxic T cells primarily recognize the SARS-CoV-2
nucleoprotein (N), which is antigenically conserved across
all variants.

« Wouldn’t it make sense to include the N protein in future
vaccines.



Critical question moving forward

o What is the best priming and boosting strategy to ensure
long-lived memory T cell responses?

* The answer will likely be dependent on the age and
comorbidity status of various populations.



To obtain continuing education
credits, go to:

vaccine.chop.edu/credits

Please write this URL down as it is
not linked from a page on our site.
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