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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/ type of vaccine

Reference

Peer reviewed publication/ 
mRNA

Baden NEJM, Feb 4, 2021

Peer reviewed publication/ 
mRNA

Polack NEJM, December 31, 2020

Press release only/ adenovirus + 
DNA

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

Two peer-reviewed publications 
but ongoing (adenovirus + DNA)

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

Press release, abstract, press 
release (phase 3 UK; phase 2b S. 
Africa; phase 3 US/Mexico)

Novavax press release June 14; 
Novavax NEJM June 30, 2021

Peer-reviewed publication (DNA
plus adenovirus)

Logunov Lancet, February 2, 
2021

Publication (whole inactivated) Sinopharm, JAMA, May 28, 2021

Publication (whole inactivated) Sinovac, JAMA May 28, 2021

Press release (whole inactivated) Bharat Covaxin, April 21, 2021 



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; 3 inactivated virus

Spike protein

Receptor binding protein



• mRNA vaccines (2)
• Adenoviral vector DNA 

vaccines (3)
• Spike protein + M-adjuvant 

vaccine (1)
Three vaccines whole 
inactivated virions

Three types of vaccines 
involving spike protein



Remember immunity -antibodies and cell-mediated

Memory T cells Memory B cells 
produce antibodies 
(remember 
antibodies will wane 
with time, but 
memory B cells are 
blueprint to make 
more)

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; 
preserved



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

• JEM study shows us that those with asymptomatic infection 
mounted good T cell responses to COVID-19

• If you get re-infected after natural infection or vaccine 
(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
os

es 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); 
12.5K (Φ 3)

100% 100% (24 severe 
placebo in UK/SA/US 
/MX; 0  vaccine)

90.4% US/MX; 
100% severe; 
93.2% variants

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



Company Platform

D
os

es Non-clinical results # with 
vaccine (same 
placebo)

Protection 
from COVID-19 
hospitalization

Efficacy against 
milder COVID

Inactivated whole 
virus

2 Neutralizing Abs; Strong 
Th1 CD4 responses in 
phase II trial (Lancet)

11,000 (press 
release 4/21)

100% 78%

Whole inactivated 
virion

2 Neutralizing Abs; IFN-
gamma assays T cell 
responses

13,068 100% 72.8%

Whole inactivated 
virion

2 Neutralizing Abs; IFN-
gamma assays T cell 
responses

13,068 100% 78.1%



Will vaccines work against 
variants and all against 

severe disease?
Short answer: yes because 

of T cells





Broad T cell 
repertoire (100s of T 
cells across spike 
protein) 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 alpha, beta, 
gamma variants

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

o Same finding from UCSF paper-
after vaccines, T cell response 
intact against alpha, beta 
variants

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

1Madhi. NEJM. March 16, 2021; Ma. Biorxiv April 29, 2021



Are vaccines waning in 
effectiveness with delta?  

We need to first discuss B 
versus T cells!



Vaccine effectiveness – depends on many factors 

Courtesy of 
Muge Cevik 
MD



Vaccine effectiveness against hospitalization with delta variant remains high –
likely due to T cells- across all studies

Courtesy of 
Muge Cevik 
MD



You are 29.2 times more likely to get hospitalized if 
unvaccinated than vaccinated in time of delta  



Moderna 
93%

Pfizer 
88%

Johnson and 
Johnson 71%

Protection against 
hospitalization with 
delta: 18 states



Recent data from NY shows that vaccine effectiveness not 
really waning for any group except >65 – J&J less effective



Memory B cells from vax or infection happily adapt 
to whatever variant they see

BETA VARIANT DELTA VARIANT



Why have we seen more symptomaticc
breakthroughs with delta?
• Could be higher viral load
• Think more likely waning antibodies with time (protection in nose
• Increasing duration between doses leads to higher antibodies1 (e.g. 8-

12 weeks done in Canada and UK), less symptomatic breakthroughs in 
those two countries

• Less re-infection with Moderna than Pfizer2 (Mayo Clinic study with 
delta) – Moderna given at 4 weeks, Pfizer at 3 weeks

• Luckily, waning antibodies NORMAL, not a GLITCH and are made 
anew by memory B cells – that is what they do

1https://www.nature.com/articles/d41586-021-01299; 
2https://www.science.org/doi/10.1126/science.abm0829



Data from Canada shows Pfizer works 
better if extend interval to 7-8 weeks



Myocarditis (although mild/rare) more common with Pfizer 
q3 weeks (Israel) than longer intervals (usually 8)

0.66/100,000 total 
myocarditis cases

Oct 6



So, boosters for everyone or a tiered approach?



Antibodies come down naturally but memory B cells produce more 
if see virus again Memory B cells ADAPT their antibodies they 

produce to cover variants; a booster will code 
for the same antibodies as ancestral strain

1https://www.science.org/doi/10.1126/science.abm0829
2https://www.medrxiv.org/content/10.1101/2021.05.28.21258025v1



Boosters (Moderna/Pfizer) approved for 
• Immunocompromised
• >65 years
• 18-64 with medical conditions
• Lots of exposure

Given J&J data from CDC, strong reason 
to boost J&J:
FDA MEETING DECIDED THIS ON 
OCTOBER 15



6.6 billion doses 
administered 
worldwide
• 2.7% doses given to low-
income counties?

• So, should we give boosters 
to immuncompetent?

• Or focus on global vaccine 
equity instead! 



Do vaccines reduce 
transmission?

Yes, but with delta less so



Will vaccines decrease 
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)



PRIOR TO THE DELTA VARIANT

Setting % reduction in asymptomatic infection or transmission Reference

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

Healthcare workers in Israel 75% and 86% Amit, Lancet, March 6; Angel JAMA May 6

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 homes, U.S. (two studies) 100% Cavanaugh MMWR, April 21 and Terran 
MMWR, April 30

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



Showed us that
1) Delta variant likely to transmit from symptomatic breakthroughs but less so – will 

explain (no evidence from asymptomatic)
2) lots of exposure, lots of mild breakthroughs “stress test’ but vaccines held up to 

their promise- prevented severe disease!



Delta variant not as infectious in 
vaccinated as unvaccinated though

• More transmissible
• Likely not as infectious from 

vaccinated than unvaccinated 
(Provincetown outbreak data 
looked at one point in time of CT 
values of PCR tests in vaccinated 
& unvaccinated being same)

• Singapore study of delta 
breakthroughs did serial testing 
and found viral loads (by CT) 
drop more quickly among the 
vaccinated

• NPIs work against delta

Delta variant outbreak in Singapore: 
https://www.medrxiv.org/content/10.1101/2021.07.28.212
61295v1.full.pdf



Looked at culture 
data from delta 
breakthroughs in 
vaccinated HCWs

Less likely to be 
infectious by culture 
data

Bottom line: 
Vaccinated people 
can likely spread if 
symptomatic with 
delta, but less than 
unvaccinated



Singapore tracing study showing asymptomatic vax’d spread rare (our 
post-doc counted 1 transmission from asympomatic vax’d)

https://covid.viz.sg/historic.html



CDC 
breakthrough 
data

• CDC keeping track of 
breakthrough infections in U.S

• Out of >187 million Americans 
who are fully vaccinated 
against COVID-19

• 13,775 hospitalized 
breakthroughs (0.01%) –
67% >65 years

• Deaths 0.003% for COVID-
19 (85% >65 years)

https://www.cdc.gov/vaccine
s/covid-19/health-
departments/breakthrough-
cases.html



State of the pandemic

USA cases coming down but 
occurred fastest in states with 
high rates of vaccination



California’s terrible 
winter surge and 
immunity prior to 
vaccine roll-out in 
general population



COVID-19 likely to be controlled not eradicated – so 
frequency of boosters will depend on if we tamp down 
transmission WORLDWIDE



Features of eradicable infectious 
diseases – like smallpox

• No animal reservoir
• Clear pathogenic features 
• Short period of infectiousness
• Immune for life and then highly effective 

vaccine

• (COVID-19 looks like other respiratory 
illnesses, can spread when 
presymptomatic, in animals, vaccine 
good)



Pertussis

Comes under control/elimination with vaccines (measles) and 
vaccines/treatment (pertussis)

Measles



#543, Grobler IDWeek 

Time since symptom 
onset 



“MOVe-OUT”
• Outpatients with mild-moderate COVID (O2 sat ≥93%)

• Symptom onset w/in 5 days
• One or more risk factors for severe COVID (including age>60, obesity, diabetes, CAD) 
• 800mg BID x 5 days vs Placebo 

• Interim analysis of 775 patients of planned n=1550
• Latin America (55%), Europe (23%), Africa (15%) in addition to US 
• 14.1%-> 7.3% reduction in 1o endpoint of  all-cause hospitalization/death 

• No deaths in MOV vs 8 deaths PCBO 
• Adverse events: 35% vs 40%, Drug related 12% vs 11%, D/c due to AE 1.3% vs 3.4% 
• Viral sequencing in 40%: similar efficacy in Delta, Gamma &Mu 





Denmark
• Opened up at 74% vaccination rate for whole 

population (80% over 12- same as California)
• September 10 – no restrictions, not even 

masks
• Hospitalizations staying low



Summary • California lowest rate of transmission & 
Denmark opened up at this rate but no 
increased hospitalizations

• All vaccines reduce severe disease 
significantly, likely due to T-cell response 

• Vaccines decrease transmission but more 
symptomatic and transmission with delta

• Variants can be managed  - B cells

• Rare safety concerns – much more rare 
than COVID itself

• Molnupiravir, child vaccines coming –
COVID getting under control


