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Vaccine versus variants:  the battle rages

8 strains of the coronavirus are circling the globe



CORONAVIRINAE

• Widespread among mammals in which it causes only mild 
respiratory or enteric disease

• Over 60 coronaviruses (CoVs) have been isolated from bats 
(BtCov)

• Bat reservoirs are large and highly mobile, and each species 
has its own unique BtCoV 

§ 2002 saw the first outbreak in humans of a BtCoV, this was 
Severe Acute Respiratory Syndrome (SARS) due to a new BtCoV 
(SARS-CoV-1)

§ In 2014 a second distinct BtCoV was isolated in an outbreak of 
severe respiratory disease in humans in the Middle East (MERS-
CoV)





DNA viruses: Herpes, 
CMV, smallpox,
adenoviruses, chickenpox 

Negative Strand RNA 
viruses: HIV, Polio,
Influenza, Ebola, measles, 
mumps, 

Positive Strand RNA 
viruses: SARS-CoV-2,
Dengue, west Nile, Zika, 
rhinoviruses, rubella

Reverse
Transcriptase

Reverse
Transcriptase makes DNA
copies of RNA
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Peptide from translation of mRNA

How cells make protein from DNA
Key to virus replication



Washington Post august 13 2020

Virus Targets for Vaccine development 

RNA Of the
Viral spike
Protein is the target
Of most vaccines



Spike Protein Gene

Lipid (fat) nano
particles

Basis of Moderna and Pfizer-BioNtech vaccine

Moderna’s vaccine will need to be refrigerated, 
and should be stable for up to six months when 
shipped and stored at –4°F (–20°C)
The Pfizer vaccine requires storage at -80oC

NY Times







DNA inside

DNA inside an adenovirus

• The gene for the coronavirus spike protein put into another virus called Adenovirus 26. 
• Adenoviruses are common viruses that typically cause colds or flu-like symptoms.
• The modified adenovirus can enter cells but can’t replicate inside them or cause illness
• J&J vaccine comes out of decades of research on adenovirus-based vaccines. 
• In July, the first one was approved for Ebola vaccine.
• DNA is not as fragile as RNA, and the adenovirus’s tough protein coat helps protect the 

genetic material inside.
• It can be stored at  36-46o F so much easier to distribute
• It is a one dose vaccine.

Adenovirus

Entering cell

Vaccinated Cell

Leaving vacuole

Injecting DNA

Cell 
Nucleus

mRNA   mRNA

Virus  engulfed in  vacuole

https://www.nytimes.com/2020/07/17/health/coronavirus-vaccine-johnson-janssen.html
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Interactions of vaccinated cells and the virus



Moderna, Pfizer, Johnson and Johnson 
and AstraZeneca vaccines now in full 

phase 4 application

Novavax protein vaccine in phase 3 trials

Inactivated whole virus vaccines from 
China and India are in Phase 4



Pfizer-BioNtech vaccine is manufactured almost
Identical to Moderna

People taking the
Pfizer-BioNTech vaccine

People taking
a placebo
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Pfizer Vaccine in Israel    NEJM Feb 25





A record over 4 million doses were administered on April 10, 2021



Distribution of 
vaccine in 
New York City



The map of vaccination counts per 10,000 population at census block group level
4080 people were included in this initial analysis but work is continuing



Maps of the census-tract cumulative COVID-19 case between March 8th and December 12th, 2020 (panel A), 
vaccination rate (by March 13th, 2021) (panel B), social vulnerability index (panel C) and 
percentage of population with 65 years old and over (panel D).



MMWR:  March 29 2021 



Surveillance and detection of SARS-CoV-2 variants

• Globally the approach has been sporadic and unplanned 
• Has depended mostly on resources and scientist initiative 
• This is the pattern in the USA where discovery up to the 

end of last year is DESCRIBED AS SERENDIPITOUS 

• ONLY IN THE UK WAS THE APPROACH SYSTEMATIC.
• Hence the identification of the B.1.1.7 in September 

associated with a cluster in Kent,



SARS-CoV-2 
variants
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March 8, 2021
DOI: 10.1056/NEJMc2102017



NEJM  April 21, 2021.    Shimabukuro et al.  Preliminary Findings of mRNA Covid-19 
Vaccine Safety in Pregnant Persons

Calculated proportions of adverse pregnancy and neonatal outcomes were similar in 
incidences to those pre CPOVID-19 pandemic









Nature preprint online , April 22nd:   2021 
Al-Aly et al:  High-dimensional characterization of post-acute sequalae of COVID-10

Beyond 30 days post acute COVID-19 
patients exhibit higher risk of death and 
health resource utilization:
• Respiratory system
• Nervous system system
• Neurocognitive disorders,
• Cardiovascular disorders,
• Gastrointestinal disorders
• Malaise
• Fatigue
• Musculoskeletal pain
• Anemia

Increased use of opioids and 
non-opioids, antidepressants, 
anxiolytics, antihypertensives 
and oral hypoglycemics and 
multiple laboratory 
abnormalities 



Coronaviruses are highly mutational that promotes their capacity 
to ‘species jump’

When they do the results can be unexpected
The original host may have no disease, the new host very sick.

?





This is what the variants are doing





B .1.617: ‘double variant’
B.1.1.7: ‘UK variant’







• This is a bad, bad virus, but is vaccine preventable.
• We have vaccines that are both safe & effective 
• Most vaccine appear so far effective against all variants
• Serious vaccine side effects are extremely rare
• Protection following vaccination is solid and appears to persist
• Vaccines may confer some immunity to infection thus limiting spread at least by 

lowering virus loads
• Immunity following infection is not solid, but is better with vaccine
• Distribution in Western countries is progressing well

• Problems remain
• Many parts of the world have insufficient vaccine and delivery systems and 

continue to be devastated.
• Until this is addressed the virus can mutate and spread
• Vaccine access & hesitancy are real threats to global herd immunity.
• Political and inequality issues need to be addressed.

SUMMARY


