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SARS-CoV-2 spike protein binds to 
ACE-2 receptor on host cell



5 Lead Covid-19 Vaccines 

u Moderna (mRNA technology using lipid nanoparticles coding for 
SARS CoV-2 spike protein).

u Pfizer/BioNTech (mRNA technology using lipid nanoparticles 
coding for SARS CoV-2 spike protein).

u Astra Zeneca/Oxford University (replication defective chimp 
adenovirus containing gene for expressing SARS CoV-2 spike 
protein).

u Johnson &Johnson (replication defective human adenovirus 
containing gene to express SARS CoV-2 spike protein). AdVac
platform used for approved Ebola vaccine in Europe and for 
Zika, RSV and HIV vaccine candidates.



5 Lead Covid-19 vaccines

u Novavax (CoV-2 spike protein sub-unit generated from 
recombinant nanoparticle technology). Contains 
adjuvant to enhance immune response.

u Pfizer/Moderna awarded EUA by FDA in mid-December. 
J&J-EUA Feb 27,2021. All still considered investigational 
vaccines; none have been licensed under a BLA by FDA.

u May 7- Pfizer submitted BLA to FDA (have 6 months of 
efficacy and safety data).



Vaccine Phase III Study Size

u Pivotal Phase III clinical trials: randomized patients to 
vaccine or placebo. Trial duration is 2 years for patient 
follow up for safety and durability of response.

u Moderna >28,000 patients.

u Pfizer >36,000 patients 

u Astra Zeneca>30,000 patients. 

u J&J-44,000 patients 

u Novavax-15,000 patients  



Efficacy Results of Phase III 
studies

u MODERNA (100ug dose given 28 days apart); 18 yo+

u Overall efficacy for patients 18yo and older= 94.1% (89.3-96.8); 
185 cases on PBO and 11 cases on vaccine. 

u Efficacy in patients 18yo to 64yo=95.6% (90.6-97.9); 156 cases 
PBO and 7 cases on vaccine.

u Efficacy in patients 65+yo=86.4% (61.4-95.2%), 29 cases on PBO 
and 4 cases on vaccine).

u Severe cases-none on vaccine and 30 cases on PBO (100% 
effective)

u Demographics: 20% Hispanic,10% African-American, 25% age 65  
and older. Efficacy consistent across age, gender, race and 
ethnicity. 

u Six month pivotal clinical trial data confirm >90% efficacy to 
protect against Covid and >95% efficacy against severe disease 
(with good antibody persistence).



Efficacy Results of Phase III 
studies

u PFIZER (30ug dose given 21 days apart); 16 yo+

u Overall efficacy for patients 16yo and older-95% (90.3-97.6%); 
162 cases on PBO and 8 on vaccine.

u Efficacy for patients 16-64yo-95.1% (89.6-98.1); 143 cases on 
PBO and 7 cases on vaccine.

u Efficacy 65yo+=94.7% (66.7-99.9%); 19 cases on PBO and 1 on 
vaccine.

u Severe cases-one case on vaccine and 9 on PBO 

u Demographics: 28% Hispanic, 9% African-American, 22% age 65 
and older. 

u Efficacy consistent across age, gender, race and ethnicity.

u Pfizer pivotal trial confirmed >90% efficacy out to 6 months 
(good antibody and T-cell response).



Efficacy Results of Phase III 
studies

u ASTRA ZENECA/OXFORD UNIVERSITY (2 injections 
given 4-12 weeks apart). Emergency Authorization 
granted in UK and EU.

u Efficacy: Analysis of pooled data from 4 studies 
conducted in UK, Brazil and South Africa-ages 18 yo
and older.

u Overall efficacy 70.4% (54.8-80.6%). Very good 
protection versus severe disease and hospitalizations.

u US phase III study (32,449 patients) showed overall 
efficacy of 76%.  Complete protection against severe 
disease and hospitalization. No evidence of blood 
clots.



Efficacy Results of Phase III 
studies

u ASTRA ZENECA/OXFORD UNIVERSITY (CONT):

u In March->12 EU countries paused vaccination due to thrombotic 
(clotting) adverse events within 2 weeks of 1st vaccine dose.  

u March 22, EMA safety committee reviewed 62 cases cerebral 
venous thromboses; 24 cases splanchnic thromboses in EU safety 
database out of 25 million people vaccinated. 

u April 4-169 cases of cerebral venous thromboses, 53 
splanchnic/34 million.

u Most cases in young women (<50yo) associated with low 
platelets. 

u Many countries stopped use in younger patients and restricted 
to older patients where benefit/risk ratio is favorable. Warnings 
added to prescriber information.

u “Vaccine Induced Immune Thrombotic Thrombocytopenia”



Efficacy Results Phase III 
trials

u JOHNSON and JOHNSON (single injection); 18 yo+

u Overall global efficacy showed 66% protection against 
moderate–severe Covid infection 28 days after single 
injection (72% efficacy in US, 68% in Brazil and 64% in S. 
Africa).

u Efficacy was 85% in preventing severe disease across all 
regions studied in persons 18 years and older (including 
S. Africa).

u There was complete protection to prevent 
hospitalization and death after 28 days (including S. 
Africa). 

u Efficacy was generally consistent across race, age groups 
(including adults >60yo), co-morbidity and regions 
studied.



Efficacy Results of Phase III 
studies

u NOVAVAX- two doses given 21 days apart.

u Phase III study conducted in the UK: >15,000 patients 
(ages 18-84yo; 27%>65)

u Overall efficacy of 89.7% (80.2-94.6%).  96 cases on 
PBO;  10 cases on vaccine. 5 severe cases all on PBO.

u Efficacy was 96.4% against original strain of Covid-19 and 
86.3% effective against the B-1.1.7 UK mutation. 

u S. African Phase 2b study (2900 patients): efficacy was 
48.6% against the S. African mutation in patients some of 
whom were HIV+ (55.4% efficacy in HIV negative 
subjects). 

u Complete protection against severe disease, 
hospitalization and deaths in all regions. 



New variants of SARS-Cov 2

u Variants of concern (UK: B-1.17, South Africa: B-
1.351, Brazil: P.1). 

u UK, S. African and Brazilian variants contain N501Y 
mutation which increases infectivity and transmission 
(binds more tightly to host cell ACE2 receptor).

u CDC data (April 24): UK variant dominant strain in USA  
observed in all 50 states (66% of total) S. African 
variant in 36 states (0.9% total); Brazilian variant in 
31 states (5% total). 

u Pfizer/Moderna pivotal studies conducted when there 
were minimal variants of concern. However, in vitro 
data in the laboratory show both vaccines are 
effective against UK B-1.17 variant.



New variants of SARS Cov-2

u Real world data in patients from UK/Israel demonstrate 
Pfizer and Moderna vaccines are 95 % efficacious in 
patients with B-1.17 and 97% effective against severe 
disease/death. 

u B-1.351 and P.1 variants also contain E484K mutation 
which allows some level of escape from antibodies.

u Pfizer/Moderna vaccines show 4-8 fold decreased 
neutralizing antibody response in the lab versus S. 
African and Brazilian variants. However, still have 
sufficient effect of neutralizing antibodies and robust T-
cell response.

u ID experts believe both mRNA vaccines will protect 
against severe disease, hospitalization and death from 
these variants.



New variants of SARS Cov-2

u Pfizer clinical trial in S. Africa (800 people) showed 100% 
efficacy versus B-1.351 variant (nine cases on PBO, none 
on vaccine arm), however this was a small sample size 
and the 95% CI was 53.1-100%.

u Recent real world data from Qatar (>265,000 patients) 
showed Pfizer vaccine had 75% (70.5-78.9) efficacy 
against B- 1.351 and 89.5% (85.9-92.3) against B-1.17. 
>97% efficacy against severe disease and death.

u Moderna booster shows increased antibody levels against 
B- 1.351 and P.1 variants in new clinical trial.

u Pfizer also evaluating a booster vaccine against variants.

u All 5 vaccines are effective to prevent severe disease, 
hospitalization and death for the major mutations.



Additional Issues

u Need 70-85% of population vaccinated or recovered 
from natural infection for herd immunity.  Currently 
44.7% of adults (18 yo+) in US are fully vaccinated. 
71.6% seniors fully vaccinated. In Illinois-38% of 
adults fully vaccinated.

u Vaccination rates stalled in parts of the country 
(unvaccinated population will lead to increased 
mutations and continued spikes in infection rates).

u We are immunizing healthy people, so bar is higher 
regarding benefit risk than for a new drug to treat 
sick patients. Important to emphasize for vaccine 
hesitant patients.



Additional Issues

u Strong public health surveillance programs are in place 
for vaccines (CDC and FDA) –most adverse events 
observed within 6 weeks post vaccination.

u CDC initially reported 6 cases cerebral venous sinus 
thromboses/7.2 million doses with J&J vaccine. FDA/CDC 
suspended vaccination pending advisory committee. 
Total 15 cases (3 deaths)/approximately 7.98 million 
doses (mostly women<50 yo).  Incidence rate 0.0002%.

u CDC Advisory Committee held on 4/23/21: Sufficient 
benefit/risk in favor of re-starting vaccination for all 
adults. Revised labeling with warnings and how to treat 
thrombotic thrombocytopenia.

u As reference-16.5% incidence of blood clots in Covid 
infected patients versus 0.0002% with J&J vaccine.



Additional Issues

u Outstanding questions: durability of immunity (recent 
Pfizer/Moderna data show immunity for at least 6 
months);  necessity for booster shots.

u FDA issued EUA for Pfizer vaccine on May 10 for ages 12-
15. CDC expert panel gave positive vote on May 12. Trial 
showed 100% efficacy with excellent safety.

u Moderna demonstrated 96% efficacy for 12-17 yo age 
group with no serious safety concerns. Pfizer/Moderna
have studies ongoing in 6 months-11yo group. 

u Studies underway in pregnancy.

u Real real world data (UK/Israel/CDC) demonstrate that 
asymptomatic infections and viral transmission are 
reduced in fully vaccinated people. Wasn’t adequately 
evaluated in the clinical studies leading to EUA.



Additional Issues

u CDC real world study of Pfizer and Moderna
demonstrated 94% efficacy to prevent 
hospitalizations in 65 and older.

u “Breakthrough” infections in US: As of April 26, CDC 
reported 9,245 infections/95 million fully vaccinated 
(0.0097%).45% of cases in people =>60yo; 27% 
asymptomatic; 6.4% hospitalized; 1% deaths. 

u Cases are being genotyped at CDC to determine 
whether these are variants or original Wuhan strain; 
evaluating other factors. No vaccine is 100% 
effective. 



Additional Issues

u Mild-moderate infections can lead to chronic 
symptoms. “Long covid” associated with 59% increase 
in mortality and many major medical conditions 
within 6 months of initial infection.

u Although fully vaccinated, we still need continued 
adherence to public health guidelines as per updated 
CDC guidelines until which time community spread 
decreases and we reach herd immunity. 





There is light at the end of 
the tunnel (if we behave)



Back up slides

u Storage conditions-Pfizer and Moderna (mRNA vaccines  
shipped at -90 degrees and -4 degrees Fahrenheit, 
respectively). 

u Late Feb, FDA allowed Pfizer to be stored at normal 
freezer temps for up to two weeks.

u Pfizer and Moderna vaccines stable for 5 days and 30 
days, respectively at normal refrigerator temps. 

u J&J vaccine is stable up to 3 months at normal 
refrigeration temps. Novavax is also stable when stored 
in normal refrigerator at 36-46 degrees F. 



Covid-19 Vaccines      

u Extensive public-private enterprise to develop a Covid-
19 vaccine. 

u Operation Warp Speed: multi-government agency 
collaboration overseen by HHS/DOD in partnership with 
the private sector- objective to accelerate development, 
manufacturing and distribution of vaccines, therapeutics 
and diagnostics for Covid -19.

u Provided $18 billion in funding.

u Vaccine development usually takes many years. Mumps 
vaccine was the quickest (4 years to market). Only took 
66 days from gene sequencing Covid-19 virus to First In 
Human Vaccine Trials. 

u Over 180 Covid-19 vaccines in development, >30 in 
clinical trials.  Leading 5 vaccines to be discussed today. 



Covid 19 Vaccines

u Phase I/II human data published for Moderna, Pfizer, 
Astra Zeneca, and Novavax-requires two injections 21-
28 days apart to achieve robust antibody response (=/> 
upper quartile of responses observed in convalescent 
plasma after natural infection). 

u Also strong cell mediated T-cell response.

u J&J preclinical primate and Phase I/II human data  
shows robust immune response (antibody and cell 
mediated) with only one injection.  

u All vaccines produce good immune response in the 
elderly.



Phase III trials

u Many protocol design features in PIII trials standardized 
across sponsors.

u Primary endpoint-prevention of symptomatic Covid
infection (any severity) or moderate to severe infection 
(J&J).

u Numerous secondary endpoints being evaluated: other 
clinical endpoints of efficacy, immunologic markers, 
etc.

u Looking for 50% efficacy response in the vaccine group 
versus placebo. 

u External Data Safety Monitoring Committees-
Independent team of scientists evaluates 
efficacy/safety data .



Emergency Use Authorization

u Feb 4, 2020-HHS determined there was a public health 
emergency with significant potential to affect national 
security.

u FDA can grant EUA during a pandemic before full data 
set available, but must meet several statutory 
requirements:

u “The known and potential benefits of the product, 
when used to  diagnose, prevent or treat serious or life 
threatening disease, outweighs the known and potential 
risks of the product”



Emergency Use Authorization

u “Any assessment regarding an EUA would be made on a 
case by case basis considering the target population, 
product characteristics, pre-clinical and human clinical 
safety data, and the totality of the available scientific 
evidence relevant to the product”.

u “ For a Covid-19 vaccine, for which there is adequate 
manufacturing information to ensure quality and 
consistency, issuance of an EUA would require that the 
vaccine’s benefits outweigh its risks based on data from 
at least one Phase III clinical trial that demonstrates 
safety and efficacy in a clear and compelling manner.”



Emergency Use Authorization

u Updated FDA guidance for EUA published 10/6/20 
required an average two months of patient follow up 
after completing full vaccination regimen to better 
assess benefit/risk profile.

u EUA requires well over 3000 vaccine recipients followed 
for at least one month for any serious adverse events or 
adverse events of special interest.

u FDA holds Special Vaccine Advisory Committee meeting 
for each vaccine subject to an EUA. Advisory Committee 
meetings held on December 10, December 17 and 
February 26 for Pfizer, Moderna and Janssen, 
respectively.


