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• COVID19 Vaccines (and Boosters)
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Basic Immunology Definitions

• Immune system = cells, tissues, and molecules that mediate 
resistance to infections 

• Immunology = study of structure and function of the immune system

• Immunity = resistance of a host to pathogens and their toxic effects

• Immune response =  collective and coordinated response to the 
introduction of foreign substances in an individual mediated by the 
cells and molecules of the immune system



Role of the immune system

• Defense against microbes
• Kill cells infected with viruses

• Defense against the growth of tumor cells
• Kill cancer cells

• Homeostasis

• Destruction of abnormal or dead cells 
(e.g. dead red or white blood cells, antigen-antibody complex)



Immune system: Cells

• Lymphocytes
• T-lymphocytes (mediators of cellular immunity)

• B-Lymphocytes, plasma cells (producers of antibodies)

• Natural Killer Cells

• Monocytes, Macrophage

• Granulocytes
• Neutrophils 

• Eosinophils 

• Basophils



Innate immunity

• Based on genetic make-up 

• Relies on already formed components

• Rapid response: within minutes of infection

• Not specific
• same molecules / cells respond to a range of pathogens

• Has no memory 
• same response after repeated exposure

• Does not lead to clonal expansion



Innate immunity: mechanisms 

• Mechanical barriers / surface secretion
• skin, acidic pH in stomach, cilia

• Humoral mechanisms 
• lysozymes, basic proteins, complement, interferons 

• Cellular defense mechanisms 
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Adaptive Immunity: Second Line of Response 

• Based upon resistance acquired during life

• Relies on genetic events and cellular growth 

• Responds more slowly, over few days 

• Is specific
• each cell responds to a single epitope on an antigen 

• Has anamnestic memory
• repeated exposure leads to faster, stronger response

• Leads to clonal expansion 



Adaptive Immunity: 
active and passive 



Adaptive immunity: mechanisms

• Cell-mediated immune response (CMIR)
• T-lymphocytes

• Eliminate intracellular microbes that survive within phagocytes or other 
infected cells

• Humoral immune response (HIR)
• B-lymphocytes

• Mediated by antibodies

• Eliminate extra-cellular 
microbes and their toxins 

Plasma cell                                                  

(Derived from B-lymphocyte, 
produces antibodies)



Cell-mediated immune response

• T-cell 
• recognizes peptide antigen on 

macrophage in association 
with major histo-compatibility 
complex (MHC) class 

• identifies molecules on cell 
surfaces 

• helps body distinguish self 
from non-self

• T-cell goes into effectors cells 
stage that is able to kill 
infected cells



Cell mediated immune response

• Primary response 
• Production of specific clones of effector T cells and memory clones

• Develops in several days 

• Does not limit the infection

• Secondary response 
• More pronounced, faster  

• More effective at limiting the infection

• Example - cytotoxic reactions against intracellular parasites, delayed 
hypersensitivity (e.g., Tuberculin test) and allograft rejection



Humoral immune response

• B lymphocytes recognize 
specific antigens 
• proliferate and differentiate 

into antibody-secreting plasma 
cells

• Antibodies bind to specific 
antigens on microbes; 
destroy microbes via specific 
mechanisms

• Some B lymphocytes evolve 
into the resting state -
memory cells



Antibodies

• Belong to the gamma-globulin 
fraction of serum proteins

• Y-shaped or T-shaped 
polypeptides 
• 2 identical heavy chains

• 2 identical light chains

• Five kinds of antibodies
• IgG, IgM, IgA, IgD, IgE



IgM – IgG sequential response
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Case Fatality Rate

• Case fatality ratio (CFR) is the proportion of individuals diagnosed with a disease who die from that disease 
and is therefore a measure of severity among detected cases:

• Assumption 1: The likelihood of detecting cases and deaths is consistent over the course of 
the outbreak.

• Early in an outbreak, surveillance tends to focus more on symptomatic patients who seek care, so milder and 
asymptomatic cases are less likely to be detected, leading to overestimation of CFR; this overestimation may 
decrease as testing and active case finding increase. One method to account for this is to remove from the 
analysis those cases that occurred before the establishment of robust surveillance, including application of clear 
case definitions (a method called left censoring).

• Assumption 2: All detected cases have resolved (that is, reported cases have either 
recovered or died).

• During an ongoing epidemic, some of the active cases already detected may subsequently die, leading to 
underestimation of CFR estimated before their death. This effect is accentuated in fast-growing epidemics (e.g.
during the exponential growth phase of COVID-19).
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Thoracic Cancers International COVID-19 
Collaboration (TERAVOLT)
“The TERAVOLT36 is one of the first global registries aimed at understanding COVID-19 among patients with 
thoracic cancers, including small cell lung cancer, non–small cell lung cancer, mesothelioma, carcinoid or 
neuroendocrine tumors of thoracic origin, and thymic epithelial tumors. Garassino et al presented initial data 
from the TERAVOLT registry at the 2020 annual meeting of the American Association for Cancer Research; 
these data were collected from 200 patients who were primarily from European centers. Of those, 151 patients 
(76%) had non–small cell lung cancer, 148 patients (74%) were receiving active treatment for cancer, 152 
patients (76%) required hospitalization, and 66 patients (33%) with thoracic cancer died. Previous or current 
smoking, older age (>65 years), treatment with chemotherapy alone, and the presence of comorbidities were 
independent factors significantly associated with an increased risk of death.36 Updated data from 400 patients 
were subsequently reported at the 2020 annual meeting of the American Society of Clinical Oncology (ASCO), 
revealing a 35.5% mortality rate.37 In addition, in September 2020, results from a study including a global 
population of 1012 patients38 were presented at the 2020 virtual conference of the European Society for 
Medical Oncology, confirming a mortality rate of 32% among 326 patients with thoracic cancer and COVID-19. 
An ECOG performance status of 2 or higher, older age (>65 years), smoking history, stage IV disease, receipt of 
more than 10 mg of steroid medication per day, treatment with chemotherapy alone, and no treatment were 
all found to be significantly associated with worse outcomes.38 It is notable that no specific information was 
available regarding the reasons for steroid use (ie, whether steroid medications were initiated for the 
treatment of certain comorbid conditions, such as chronic obstructive pulmonary disease or autoimmune 
disorders, or to reduce the severity of illness). Therefore, given the unmeasured and potential unknown 
sociodemographic confounders, randomized clinical trials remain the criterion standard to provide definitive 
answers regarding the efficacy of COVID-19 therapies, such as corticosteroid medications.”









Moderna vaccine 
(mRNA-1273)
• mRNA vaccine at a dose of 100 mcg for primary 

series

• Immunocompromised can get an additional dose of 

100 mcg at least 4 weeks after primary series

• Booster doses are at 50 mcg for all eligible patients

• Two doses- 4 weeks apart (28 days)

• 94.5% effective

• Authorized for 18+

• FDA fact sheet: 

https://www.fda.gov/media/144638/download

https://www.fda.gov/media/144638/download


BioNTech/Pfizer 
(NT1622)
•mRNA vaccine

• Two doses -3 weeks apart (21 days)

• 95% effective

•Authorized for 12+ at a dose of 30 mcg

•Booster doses at same dose

•Authorized for 5-11 at a dose of 10 mcg

• Extreme cold storage and shipping 
requirements have been changed. 

• FDA fact sheet: 
https://www/fda.gov/media/144414/dow
nload

https://www/fda.gov/media/144414/download


Johnson & Johnson/Janssen COVID 
Vaccine
•Non-replicating viral vector vaccine

•One dose

• In U.S. 72% effective in preventing moderate 
to severe/critical COVID-19 occurring 28 days 
after vaccination

• Stored at normal medication refrigerated 
temperatures 36°- 46 °F.

• FDA fact sheet: 
https://www.fda.gov/media/146305/downloa
d

• Janssen COVID Vaccine FAQ 
https://www.fda.gov/emergency-
preparedness-and-response/mcm-legal-
regulatory-and-policy-framework/janssen-
covid-19-vaccine-frequently-asked-questions

https://www.fda.gov/media/146305/download
https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/janssen-covid-19-vaccine-frequently-asked-questions
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What are the levels of antibodies in sera that are protective?

Khory et al
Neutralizing antibody levels are highly predictive of immune protection from symptomatic SARS-CoV-2 infection

Nature Medicine volume 27, pages1205–1211 (2021)

https://www.nature.com/nm










RL Atmar et al. N Engl J Med 2022. DOI: 10.1056/NEJMoa2116414

Binding Antibody and Neutralizing Antibody Responses.



Protocol 000115-C from NCI

• Participants will get 2 doses of the mRNA-1273 vaccine if they have not been 
vaccinated already. It will be injected into a muscle in the arm on Days 1 and 29. 
They will be followed for 12 months after the second dose.

• Participants will have study visits at the Clinical Center on Days 1, 29, 36, 57, 209, 
and 394. Some visits will last about 4-6 hours. 

• Patients will be able to get up to 2 doses of mRNA-1273 as a booster on trial if 
they have already completed a primary series of a vaccine.  Participants who have 
already received a booster dose of vaccine will be able to enroll to receive an 
additional booster. It will be injected into a muscle in the arm on Day 1. 
Participants will be followed for 12 months after their last booster injection. 
Participants who receive booster doses will have study visits at the Clinical Center 
on Days 1, 29, 57, 180 and 360.  

• Participants will give blood and saliva samples for research. 

• Participation will last about 16 months.



 



Cohorts

Cohort Description Arm Sample Size Intervention

1 Hematologic Low Immunosuppression 1 20 100 µg (0.5 mL) mRNA-1273 injection

2 Hematologic Intermediate Immunosuppression 1 20 100 µg (0.5 mL) mRNA-1273 injection

3 Hematologic High Immunosuppression 1 20 100 µg (0.5 mL) mRNA-1273 injection

4 Solid Tumor* 1 Up to 60 100 µg (0.5 mL) mRNA-1273 injection

*Solid tumor cohort is inclusive of all tumors for which PD1/PDL1 inhibitors are approved therapies, including Hodgkin Lymphoma or Primary Mediastinal B-

Cell Lymphoma.

















Thank You

• Thanks to James Gulley, Marissa Mallek, Erica Redmond, Leslie 
Ansforth, Sara Neugroschl, Nicole Grant, Stacie Jeter, Doug Lowy, Julie 
Klemm, Samantha Finstad, Jeff Schlom, Renee Donahue, Blake 
Warner, and many, many others!

• Email: sharone@mail.nih.gov

• Twitter: @EladSharonMD

mailto:sharone@mail.nih.gov

