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There are 
actually 9 
vaccines 
out there 
for 
COVID-19, 
three 
authorized 
in U.S.

Company or name Form of publication for phase 3 
data

Reference

Peer reviewed publication Baden NEJM, Feb 4, 2021

Peer reviewed publication Polack NEJM, December 31, 2020

Press release only J&J press release January 29, 
2021; FDA document Feb 24

Two peer-reviewed publications 
but ongoing

Voysey Lancet December 8, 
2020; Preprint Feb 1, 2021

Press release and abstract only 
(phase 3 UK; phase 2b S. Africa)

Novavax press release 1/28 and 
NYAS abstract 2/2/21

Peer-reviewed publication Logunov Lancet, February 2, 
2021

Press release (scanter details) Sinopharm, January 16, 2021

Press release (scanter details) Sinovac, February 5, 2021

Press release (scanter details) Bharat Covaxin, March 3, 2021

https://www.nejm.org/doi/full/10.1056/NEJMoa2035389
https://www.nejm.org/doi/full/10.1056/NEJMoa2034577
https://www.jnj.com/johnson-johnson-announces-single-shot-janssen-covid-19-vaccine-candidate-met-primary-endpoints-in-interim-analysis-of-its-phase-3-ensemble-trial
https://www.fda.gov/media/146217/download
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32661-1/fulltext
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3777268
https://ir.novavax.com/press-releases
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00234-8/fulltext
http://www.sinopharm.com/en/s/1395-4173-38923.html
https://www.businesswire.com/news/home/20210205005496/en/Sinovac-Announces-Phase-III-Results-of-Its-COVID-19-Vaccine
https://www.bharatbiotech.com/covaxin.html


6 vaccine candidates to date involve spike protein and receptor binding domain of SARS-CoV-2  -
either mRNA or adenoviral-vector DNA vaccines or protein adjuvant itself; 2 inactivated virus

Spike protein

Receptor binding protein



• mRNA vaccines (2)

• Adenoviral vector DNA 
vaccines (3)

• Spike protein + M-adjuvant 
vaccine (1)

Three types of vaccines 
involving spike protein



Remember immunity -antibodies and cell-mediated

Memory T cells Memory B cells

Most vaccine trials measured antibodies and T cell responses

CD4+ 
T cell

CD8+ 
T cell

Th1 cells for 
intracellular 
pathogens; Th2 cells 
for extracellular 
pathogens

Cytotoxic T 
cells 

Of note,  want 
Th1:Th2 ratio >>1 for 
viruses; Th2 CD4s 
block antiviral Th1-
CD4s and CD8s

T cells are the major 
immune defense 
against viruses



How does functional T-cell response 
modulate severity of disease?

• T cell responses modulate the severity of disease

• Strong T cell responses in all of these trials seem to have led 
to prevention of severe disease

• Even prior to vaccines, data indicating cross T-cell immunity 
from other coronaviruses led to more mild SARS-CoV-2 
infection

• If you get re-infected after natural infection or vaccine (likely 
rare), should be mild if mounted good T-cell response

• Fun fact: Study from 1918 survivors of influenza pandemic 
show durable B cell immunity (memory B- Ab) 90 years later!



Company Platform

D
o
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Non-clinical results # with 
vaccine (same 
placebo)

Protection 
from COVID-19 
hospitalization

Protection from 
COVID severe dz 
(some at home)

Efficacy against 
milder COVID

mRNA-1273
mRNA in lipid 
nanoparticle

2 Neutralizing Abs; Strong 
Th1 CD4+ protection 
from challenge 
(macaques)

~15,000 90% (1 in 
vaccine arm 
after 2nd dose 
hospitalized)

97% (30 cases in 
placebo arm; 0 in 
vaccine reported but 
1 severe per FDA)

94.1%

BNT162b2
mRNA in lipid 
nanoparticle

2 Neutralizing Abs; Strong 
Th1 CD4+, CD8+; 
protection from 
challenge (macaques)

~18,600 100% 100% (9 cases in 
placebo arm; 0 in 
vaccine- 1 initially 
severe but not)

95%

JNJ-78436725
Non-replicating 
human 
adenovirus/DNA

1 Neutralizing Abs; Strong 
Th1 CD4+ > Th2; CD8+; 
challenge protection 
(macaque)

~22,000 US, 
Latin America, 
S. Africa

100% 85.4% across 3 sites 
(7 deaths, 16 
hospitalizations, all in 
placebo arm)

72% US; 61% 
Latin America; 
64% S. Africa 
(95% B1.351)

AZD 1222
Non-replicating 
Chimp Adenovirus-
DNA

2 Neutralizing Abs; Strong 
Th1 CD4+ > Th2; CD8+; 
protection from 
challenge (macaques)

~28,588 (UK, 
SA,  US/Peru/ 
Chili)

100% 100% (UK, 15 placebo  
arm hospitalized, 0 in 
vaccine; US, 8 severe 
in placebo, 0 vaccine)

76% US (85% in 
>65 yrs); 70% 
UK; S. Africa 
halted for mild

NVX-CoV2373
Spike protein/RBD + 
Matrix M adjuvant

2 Neutralizing Abs; Strong 
Th1 CD4 > Th2; macaque 
challenge protection

~8833 (Phase 
3 UK; 2b SA)

100% 100% (10 severe in 
placebo in UK/SA; 0 
in vaccine)

96.4% UK; 89% 
B117 UK; 55% 
SA (94% B1351)

Ad26 and Ad5 
adenovirus/DNA

2 NAbs; IFN-g secretion 
PMBCs, cellular 
response

~14964 100% 100% (20 in placebo; 
0 vaccine)

91.6% 

Inactivated virus 2 Antibodies (T cells next) ~12500 100% 83% (tx needed) 50.7% across

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fda.gov_media_144434_download&d=DwMFaQ&c=iORugZls2LlYyCAZRB3XLg&r=fVPu5DWlmaV9WEzo6ojzQhi7kEOGEd3Z5GRv81asLQc&m=ATz-8a_F4vRxAjd6ylaL6-WeYVGmAaeMwd-OJVXGH9s&s=H7DeZ_rNTnJBi2mkTUbJXhtl2kj2eqWSmZhnepAkBnI&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fda.gov_media_144245_download&d=DwMFaQ&c=iORugZls2LlYyCAZRB3XLg&r=fVPu5DWlmaV9WEzo6ojzQhi7kEOGEd3Z5GRv81asLQc&m=ATz-8a_F4vRxAjd6ylaL6-WeYVGmAaeMwd-OJVXGH9s&s=geqIkrGEDdnNxacMO74VCLfBZsYSvYtVtXzPbtNzuik&e=


Two mRNA vaccines 
clinical trials

• 2 shots, 3 weeks apart

• Trial participants: half female, 83% White; 
9.9% African America; 28% 
Hispanic/Latino

• 21% >65 years

• Some risk factors for severe illness: 
obesity (35%), diabetes 8%; pulmonary 
disease 8%

• 170 symptomatic COVID-19, 162 in 
placebo arm and 8 in vaccine arm so 95% 
effective 

• 9 cases of severe disease all in placebo

• 2 shots, 4 weeks apart

• ~half female, 36.5% of participants 
communities of color 

• 25%, ≥65 years of age

• Some risk factors for severe illness, 
including obesity (mean BMI 29.3)

• 196 symptomatic COVID-19, 185 in 
placebo arm and 11 in vaccine arm so 
94.1% effective

• 30 cases of severe disease in placebo; 1 
in vaccine arm

NEJM 2020



Johnson and Johnson 1-dose phase 3 trial 

• 43,783 participants, 44% from US, 41% Central and South 
America, 15% South Africa

• 59% White; 45% Hispanic and/or Latinx; 17.2% AA or 
African; 9% Native American, 3% Asian

• 41% risk factors for severe illness, e.g. obesity or diabetes

• 486 cases symptomatic COVID-19

• All hospitalizations (16) and deaths (9) from COVID-19 in 
placebo arm

• High efficacy against variants (95% B.1.351 S. Africa; 69% P1 
Brazil) and 85% effective against all severe disease

• Variable against mild disease (72% U.S., 64% in South Africa, 
61% Latin America)

Press release: Phase 3 ENSEMBLE trial; FDA document February 24, 2021

https://www.jnj.com/johnson-johnson-announces-single-shot-janssen-covid-19-vaccine-candidate-met-primary-endpoints-in-interim-analysis-of-its-phase-3-ensemble-trial
https://www.fda.gov/media/146217/download


Will vaccines work against 
variants?

Short answer: yes



Broad T cell 
repertoire (>19 CD4 
epitopes; 17 CD8 
epitopes) after 
infection. Means 
viral escape of T 
cell-immunity (from 
both natural 
infection and 
vaccination) 
unlikely, re-infection 
if happens mild

Why T cell response will work against variants? First look at natural infection



o Looked at SARS-CoV-2-specific 
CD4+ & CD8+ T cell responses 
from those with natural infection 
with non-variant & examined 
activity against B.1.1.7, B.1.351, 
P.1, CAL.20C

o T cell reactivity against those 
variants remained intact if you 
had natural infection or mRNA 
vaccination (Pfizer/Moderna) 

o CD4/CD8 responses in South 
Africa AztraZeneca trial1 showed 
75 out of 87 T cell epitopes in 
the spike protein remained 
unaffected by B.1.351 mutations

Then look at T-cell response to variants after vaccines- still intact

1Madhi. NEJM. March 16, 2021



52 epitopes for CD8 cells after infection & 51/52 
preserved against B.1.351, B.1.1.7, P.1 



Why not 
to worry 
clinically 
too much 
about 
variants

• This is what RNA viruses do, mutate more readily 
than DNA viruses

• SARS-CoV-2 doesn’t mutate that fast, it is just 
transmitted a lot

• T cell responses preserved against variants

• mRNA vaccines and DNA vaccines can be readily 
“tweaked” (as they are being) from companies to 
code for new variant ‘boosters’ in future if needed 
(don’t think needed)



Do vaccines reduce 
transmission?

Short answer: yes



Will vaccines halt 
transmission? Biological 
plausibility (4 main reasons)

1. IgG antibodies measured in trials found 
in high levels in nasal mucosa

2. Systemic vaccines induce IgA (mucosal 
immunoglobulin) and recent study shows 
mRNA COVID-19 vaccines induce IgA

3. Monoclonal antibodies hasten viral 
clearance from airways

4. Challenge experiments with macaques in pre-clinical trials show 
blocking of viral replication (or no/low viral RNA) in BAL and nasal swabs 
(Mercado Nature J&J vax, 2020; Guebre-Xabier Vaccine Novavax 2020)



• Swabbed pre-operative 
patients across the Mayo 
Clinic system 

• Risk of asymptomatic 
infection was 80% lower after 
even 1 dose (and still after 2 
doses) of mRNA vaccine than 
those unvaccinated

• As expected, symptomatic 
and asymptomatic infection 
reduced by vaccines



Studies to date that showed COVID-19 vaccines reduce asymptomatic infection (transmission) 

Setting Finding of xx% reduction in asymptomatic Reference

Healthcare workers in England 85% Hall Lancet, April 23, 2021

Healthcare workers in Israel 75% Amit, Lancet, March 6, 2021

Patients in Mayo Clinic health system 88.7% Pawlowski medRxiv, February 27, 2021

Israel Ministry of Health 
(nationwide)

Israel general population (Pfizer)

94% (largest study)

90%

Pfizer press release, March 11, 2021 
(and Goldberg Medrxiv, April 24, 2021)

Dagan NEJM, February 24, 2021

Pre-surgical patients in Mayo Clinic 
system swabbed asymptomatically

80% Tande Clin Inf Dis, March 10, 2021

Healthcare workers in Cambridge 
University Hospitals

75% Weekes Authorea, February 24, 2021

First-line responders and HCWs in US 90% Thompson A. MMWR, March 30, 2021

Israel population (>16) with children 
unvaccinated

For every 20-point increase in adult vaccination, 
rates of kids testing positive halves

Milman O. Medrxiv. March 31, 2021

Long-term care facility, Spain
90% Salazar P. Medrxiv. April 13, 2021

Nursing home, U.S. 100% Cavanaugh MMWR, April 21, 2021

Nasal viral load values are most important determinant of transmissibility (Lancet study); Nasal viral loads from post-vaccination 
exposures are low and likely noninfectious per CT values (use rapid antigen tests after vaccination if want to test symptomatic)

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00790-X/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00448-7/fulltext
https://www.medrxiv.org/content/10.1101/2021.02.15.21251623v3
https://www.pfizer.com/news/press-release/press-release-detail/real-world-evidence-confirms-high-effectiveness-pfizer
https://www.medrxiv.org/content/10.1101/2021.04.20.21255670v1
https://www.nejm.org/doi/full/10.1056/NEJMoa2101765
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab229/6167855
https://www.authorea.com/users/332778/articles/509881-single-dose-bnt162b2-vaccine-protects-against-asymptomatic-sars-cov-2-infection
https://www.cdc.gov/mmwr/volumes/70/wr/mm7013e3.htm
https://www.medrxiv.org/content/10.1101/2021.03.26.21254394v2
https://www.medrxiv.org/content/10.1101/2021.04.08.21255108v1
https://www.cdc.gov/mmwr/volumes/70/wr/mm7017e2.htm
Nasal%20viral%20loads%20from%20post-vaccination%20exposures%20are%20low%20and%20likely%20noninfectious%20per%20CT%20values;
https://www.nature.com/articles/s41591-021-01316-7
https://www.medrxiv.org/content/10.1101/2021.02.08.21251329v1
https://pubmed.ncbi.nlm.nih.gov/33367619/


March 30, 2021



What do real world studies 
show us?

Vaccine effectiveness 
even better than efficacy



March 11, 2021- a year after 
WHO pandemic declared

• Real-world roll-out data from Ministry of 
Health Israel, Pfizer vaccine

• 94% of asymptomatic infection 
prevented

• 97% effective against symptomatic 
COVID-19 cases, hospitalizations, severe 
and critical hospitalizations, and deaths

• Unvaccinated individuals 44 times more 
likely to develop symptomatic COVID-19 
and 29 times more likely to die from 
COVID-19

• 80% of circulating virus during roll-out 
was B117 variant



Real-world data amazing (UK, Israel fastest 
vaccinators)

Shiloh Nature Immunology Review

Israel has 4 cases per 100K 
population; UK has 4.2 per 100K 
(actually so does CA)

51% 1st dose

61% 1st dose



This is what mass 
vaccinated settings 

look like in the U.S.
Nursing homes

March 30, CMA data



March 23, 2021

UCSD and UCLA began vaccinating HCWs December 16, 2020
Weekly asymptomatic testing at UCSD
Optional asymptomatic testing program at UCLA

379 Vaccinated HCWs tested positive between Dec 16 – Feb 9
• 71% tested positive within the first 2 weeks after 1st dose
• 7 out of 14,990 HCWs who were > 2 weeks after 2nd dose 

tested positive (0.05%)

Keehner et al, NEJM 2021; Daniel et al, NEJM 2021

Evaluation of SARS-CoV-2 infections at UT Southwestern 
December 15 – January 28 by vaccination status
• 4/8121 fully vaccinated employees (0.05%)

To put simply, 26 out of 
1000 infections if 
unvaccinated; 0.5 out of 
1000 if vaccinated



To put simply, 161 COVID infections out of 1000 unvaccinated; 1 out of 1000 
if vaccinated



April 1 press release, 100% effectiveness in real-world 
against severe disease even against B.1.351



Mayo 
Clinic 
HCWs 
Florida, 
Minnesota, 
AZ

• 96.8% effectiveness for Pfizer vaccine; 98.6% 
effectiveness for Moderna in real-world 
cohort (for both disease & asymptomatic 
infection)

Unvaccinated cohort 
23,931
2-dose vax cohort
44,011
(Moderna/Pfizer)

To put simply, 36 symptomatic COVID infections out of 1000 unvaccinated; 0.4 out of 1000 if vaccinated
(42 symptomatic+ symptomatic out of 1000 unvaccinated; 0.7 all infections out of 1000 if vaccinated)



CDC 
breakthrough 

data

• CDC keeping track of 
breakthrough infections in U.S

• Out of 87 million Americans who 
are fully vaccinated against 
COVID-19

• 5079 symptomatic 
breakthroughs (0.005%) 

• Only 0.0003% hospitalizations 
for COVID-19

• Deaths 0.0001% for COVID-19

https://cdc.gov/vaccines/covid-19/health-departments/breakthrough-cases.html


That said, we want to tamp down transmission to 
increase efficacy of vaccine- peel off restrictions slowly!



Vaccinated and 
vaccinated?  

• Vaccine optimism can reduce vaccine 
hesitancy 

• Public is savvy enough to understand tiered 
messaging

• Philosophy of “give an inch, they will take a 
mile” is not harm reduction

• Lessons from HIV (“serosorting”)- we (or least 
the good ones) never messaged abstinence

Mingle with 
each other 
without 
masks, 
distancing

Vaccinated around 
unvaccinated and 
public?

Ok if privacy of 
home; Keep 
masks and  
distancing in 
public for social 
norms until all 
who want to 
can get vax

Unvaccinated and 
unvaccinated?

Keep all usual 
restrictions

CDC guidelines – March 8, 2021

Importantly, no need to 
quarantine if exposed 
after vaccination if no 
symptoms (nor test)



EU message



April 27, 2021



Giving 1 dose first to get 
to herd immunity faster



What is inflection point of keeping 
cases low and of herd immunity?

Cases in Israel 
started falling  
from high rate at 
40% 1st dose

Israel has 18 
cases per 100K 
population; UK 
has 4.2 per 100K

ISRAEL 

U.K.



• Based on immunologic principles, sensitization with single doses would still 
allow boosting with a 2nd dose

• B-cell memory after mRNA vaccination has been clearly demonstrated, 
which supports the idea that antibodies will be boosted by a second mRNA 
dose given months later

• Priming of the immune system generates good responses to second doses 
of most vaccines for at least 6 months and perhaps longer

• Good efficacy of 84-92% after 1st dose- waiting 6 weeks (CDC guidelines) 
will allow first dose faster



Our cases started 
falling around 
40% 1st dose too



Mask mandates



Outside transmission rare



Outside transmission rare

• Viral particles disperse effectively in the outside air (inside 
5000x more)

• A study in Wuhan, China, which involved careful contact 
tracing, discovered that just one of 7,324 infection events 
investigated was linked to outdoor transmission.

• In a recent analysis of over 232,000 infections in Ireland, 
only one case of COVID-19 in every thousand was traced 
to outdoor transmission. 

• Scoping review from the University of Canterbury
concluded that outdoor transmission was rare, citing the 
opportunity costs of not encouraging the public to 
congregate outdoors

https://urldefense.com/v3/__https:/www.medrxiv.org/content/10.1101/2020.10.03.20206110v6.full__;!!LQC6Cpwp!-o_8NiYY_iVOZUsMiWt3aiqP8Reqdt22b_JR-pyjnMwTNonI9XlcwwCszGpt6GIHGiOj$
https://urldefense.com/v3/__https:/onlinelibrary.wiley.com/doi/10.1111/ina.12766__;!!LQC6Cpwp!-o_8NiYY_iVOZUsMiWt3aiqP8Reqdt22b_JR-pyjnMwTNonI9XlcwwCszGpt6JGj3JuX$
https://urldefense.com/v3/__https:/www.irishtimes.com/news/ireland/irish-news/outdoor-transmission-accounts-for-0-1-of-state-s-covid-19-cases-1.4529036?_ga=2.24768063.440780849.1618007143-575568946.1618007143__;!!LQC6Cpwp!-o_8NiYY_iVOZUsMiWt3aiqP8Reqdt22b_JR-pyjnMwTNonI9XlcwwCszGpt6Lwvbo0C$
https://urldefense.com/v3/__https:/www.canterbury.ac.uk/science-engineering-and-social-sciences/spear/research-projects/rapid-scoping-review-COVID-19.aspx__;!!LQC6Cpwp!-o_8NiYY_iVOZUsMiWt3aiqP8Reqdt22b_JR-pyjnMwTNonI9XlcwwCszGpt6Kkuohv3$


Mask mandates?

• Outside lifted by CDC on April 27, 2021

• For every 20 point increase in vaccinations in adults, risk to children 
halves (because vaccines block transmission)

• Very low rates in cities/states with high vaccination rates (SF 70% 1st vax 
rate; 30 cases out of 896K people; 2 hospitalization/100K

• Indoor mask mandates likely should be lifted when either 1) metric of 
hospitalization met or 2) everyone >16 in country has chance to get 
vaccine x 2 doses





Summary • Vaccine trials show amazing efficacy and 

safety 

• All vaccines reduce severe disease 

significantly, likely due to T-cell response –

love the T cell

• Vaccines decrease transmission

• Real world effectiveness even better than 

efficacy

• Variants can be managed

• 1st dose FIRST worked in UK but we didn’t 

adopt here

• Outdoor very safe!


