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How the virus work:

ACE2 receptors are mainly in human lungs

TEM image of covid-19



3D reconstruction of the spike



General Strategy of Vaccines: The immune responses induced by vaccines 
focus on the “Spikes”

The immune responses induced by vaccines. Antigen-presenting cells (APCs) can process vaccine antigen and present it to CD8+ 
T cells and CD4+ T cells. The activated B cells can produce NAbs. 

Viral proteins: the “spikes”

Antibodies

A WAY HAD TO BE FOUND TO DELIVER THE PROTEINS THAT CONSIST THE SPIKES WITHOUT THE VIRUS
Nikolaos C. Kyriakidis, Andrés López-Cortés, Eduardo Vásconez González, Alejandra Barreto Grimaldos and Esteban Ortiz Prado, npj Vaccines (2021) 28



Technologies used for current vaccines:
1. Nucleic acid vaccines (mRNA), 
2. Non-replicating Adenovirus-based vector vaccines 
3. Inactivated and attenuated  virus vaccines, 
4.  Recombinant subunits vaccines



1. Nucleic acid vaccines (mRNA) 

Electrostatic interactions arises 
between positively charged lipids and 
negatively charged mRNA from the 
phosphoric groups
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Formation of the final NP at neutral pH
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Ionizable lipids of Moderna:

A key feature of the ionizable lipids used in lipid nanoparticles is that the pKa of the ionizable

lipid in the LNP, as measured by the TNS dye-binding assay, should be in the range of 6–7. The
theoretically calculated pKa of most of the ionizable groups is in the range of 8–9.5, as shown
below on the nitrogen atoms, using commercial software that theoretically estimates these
values in aqueous media. The 2–3 point drop in pKa from the theoretical value to the TNS value
is due to the much higher energy of solvation of protons in the lipid phase, creating a pH
increase of 2–3 points in the lipid compared to the aqueous phase, where pH is measured during
the TNS assay.

TNS pKa



Ionizable lipids of Pfizer-BioNTech



PEG Lipid of Pfizer-BioNTech

2[(polyethylene glycol)-2000]-N,N-ditetradecylacetamide



PEG Lipid of Moderna

1 monomethoxypolyethyleneglycol-2,3-dimyristylglycerol



DSPC



In conclusion, mRNA lipid nanoparticle assembly is achieved by:

(A) rapid mixing in a microfluidic or T-junction mixer of four lipids (ionizable lipid, DSPC, cholesterol, PEG–lipid) in ethanol

with mRNA in an aqueous buffer near pH=4.

(B) When the ionizable lipid meets the aqueous phase, it becomes protonated at a pH ~5.5, which is intermediate between

the pKa of the buffer and that of the ionizable lipid.

(C) The ionizable lipid then electrostatically binds the anionic phosphate backbone of the mRNA while it experiences

hydrophobicity in the aqueous phase, driving vesicle formation and mRNA encapsulation.

(D) After initial vesicle formation, the pH is raised by dilution, dialysis or filtration, which results in the neutralization of the

ionizable lipid, rendering it more hydrophobic and thereby driving vesicles to fuse and causing the further sequestration of

the ionizable lipid with mRNA into the interior of the solid lipid nanoparticles. The PEG–lipid content stops the fusion

process by providing the LNP with a hydrophilic exterior, determining its thermodynamically stable size, and the bilayer

forming DSPC is present just underneath this PEG–lipid layer.



Ingredients of the mRNA vaccines:

The Pfizer-BioNTech Vaccine exact composition: Each 0.3 mL dose of the Pfizer-BioNTech COVID-19 Vaccine
contains 30 mcg of a nucleosidemodified messenger RNA (modRNA) encoding the viral spike (S) glycoprotein of
SARS-CoV-2. Each dose of the Pfizer-BioNTech COVID-19 Vaccine also includes the following ingredients: lipids
(0.43 mg (4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate), 0.05 mg 2[(polyethylene glycol)-
2000]-N,N-ditetradecylacetamide, 0.09 mg 1,2-distearoyl-sn-glycero-3- phosphocholine, and 0.2 mg cholesterol),
0.01 mg potassium chloride, 0.01 mg monobasic potassium phosphate, 0.36 mg sodium chloride, 0.07 mg dibasic
sodium phosphate dihydrate, and 6 mg sucrose. The diluent (0.9% Sodium Chloride Injection) contributes an
additional 2.16 mg sodium chloride per dose. The dosing regimen is two doses of 0.3 mL each, 3 weeks apart.

The Moderna lipid nanoparticle exact composition Vaccine: The mRNA-1273 IP is an lipid nanoparticle (LNP) 
dispersion of an mRNA encoding the prefusion stabilized S protein of SARS-CoV-2 formulated in LNPs composed 
of 4 lipids (1 proprietary and 3 commercially available): the proprietary ionizable lipid SM-102; cholesterol; 1,2-
distearoyl-snglycero-3 phosphocholine (DSPC); and 1 monomethoxypolyethyleneglycol-2,3-dimyristylglycerol 
with polyethylene glycol of average molecular weight 2000 (PEG2000- DMG). The mRNA-1273 is provided as a 
sterile liquid for injection and is a white to off- white dispersion in appearance, at a concentration of 0.2 mg/mL 
in 20 mM Tris buffer containing 87 mg/mL sucrose and 10.7 mM sodium acetate at pH 7.5.



How it works:

➢ The vaccine is based on an mRNA molecule that contains the information for
the synthesis of the stabilized prefusion form of the SARS-CoV-2 Spike (S)
protein encapsulated in a lipid nanoparticle (LNP) vector that enhances uptake
by host immune cells.

➢ The administered mRNA uses the host cell transcription and translation
machinery (ribosomes) to produce the viral antigen that is afterward presented
in T lymphocytes and is also directly recognized by B lymphocytes of the host,
thereby initiating an adaptive immune response directed against the S protein
of the virus.



Limitations:

➢ Τhe mRNA molecules are significantly more unstable than DNA. Hence, mRNA vaccines commonly require
temperatures between −70 °C and −20 °C for long-term storage that complicate the distribution logistics of
these kind of vaccines.

➢ The Moderna COVID-19 vaccine needs to be stored from -25 oC to -15 oC, but is also stable between 2 oC and 8
oC for up to 30 days and between 8 C and 25 C for up to 12 h. The Pfizer/BioNTech COVID-19 vaccine needs to be
stored from -80 oC to -60 oC and then thawed and stored from 2 oC to 8 oC for up to 5 days prior to dilution with
saline before injection.

➢ The dry ice temperatures required for the Pfizer vaccine are more difficult to achieve during distribution and
storage than the regular freezer temperature required by the Moderna vaccine.

➢ The Moderna mRNA LNPs are frozen in two buffers, Tris and acetate, while the Pfizer/BioNTech vaccine only
uses a phosphate buffer. Phosphate buffers are known to be suboptimal for freezing due to their propensity to
precipitate and cause abrupt pH changes upon the onset of ice crystallization.



2. Adenovirus-based vector vaccines 

Adenoviruses do not have enzymes that induce fusion of the incorporated 
genes to the genome of the organism.

Marcelle Moura Silveira, Gustavo Marçal Schmidt Garcia Moreira, Marcelo Mendonça, Life Sciences 267 (2021) 118919



➢ The AstraZeneca vaccine uses a chimpanzee adenovirus vaccine vector.
This is a harmless, weakened adenovirus that usually causes the common
cold in chimpanzees. It has been genetically changed so that it is
impossible for it to grow in humans. The chimpanzee adeno (ChAd)-
vectored vaccine platform encode a codon-optimized full-length SARS-
CoV-2 S protein (ChAdOx1 nCoV-19).

➢ The Johnson & Johnson COVID-19 (and Sputnic) vaccine is a viral vector
vaccine based on a human adenovirus that has been modified to contain
the gene for making the spike protein of the SARS-CoV-2 virus that causes
COVID-19. The body's immune system responds to this spike protein to
produce antibodies. The vaccine requires only one dose and does not need
to be stored frozen.

➢ Human adenoviruses can be prematurely deactivated due to their
recognition by human immune system.



3. Inactivated and attenuated vaccines

✓ Inactivated pathogen vaccines use a dead form of the pathogen, thus ensuring a better safety

profile than live attenuated vaccines.

✓ However, chemically, irradiated or heat-inactivated pathogens, sometimes lose their

immunogenicity rendering this strategy less efficacious than live attenuated pathogen

immunization.

✓ Inactivated pathogen vaccines often fail to induce cellular adaptive responses unless and thus

require the addition of adjuvants, specific compounds that act as stimulants of immune cells and

amplifiers of immune responses, is required.



✓ The traditional vaccine strategy of attenuated pathogen administration was first developed on bacteria by Pasteur in

1880 and led to the production of some of the vaccines against measles, mumps, rubella, and poliomyelitis. The

success of this strategy mainly lies in the fact that in administering a live version of the pathogen it mimics almost

precisely the natural infection without causing disease.

✓ Normally, to achieve attenuated strains of a pathogen, exhaustively long cell or animal cultures are required. By

replicating in a foreign host, the wild-type virus needs to accumulate mutations that adapt it to the new host and

potentially impair its virulence in the human host.

✓ In this regard, coronaviruses are known to frequently recombine in nature, further complicating the development of

an attenuated live vaccine against SARS-CoV-2, as the attenuated strain could recombine with other wild

coronaviruses resulting in a fully virulent strain.



4. Recombinant subunits vaccines

✓ Protein subunit vaccines are generated through recombinant synthesis of protein antigens or protein isolation and
purification methods after cultivating large amounts of the pathogen. This strategy eliminates the possibility of severe
adverse effects, but frequently raises the necessity to increase booster doses to achieve stronger and more durable
immunization.

✓ As in the case of other vaccine technologies, the administered antigen is uptaken by adjuvant activated antigen-
presenting cells (APCs) and presented to adaptive immune cells.

✓ A plethora of protein subunit candidates against SARS-CoV-2 is currently in human clinical trials. Each one of these
candidates is using different forms of the entire Spike protein or its receptor binding domain (RBD), the region of the S
protein that mediates viral binding to the ACE2 receptor of target host cells.



Advantages and disadvantages of the strategies
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THE REAL SOLUTION TO THE PROBLEM:

PFIZER INITIATES PHASE 1 STUDY OF NOVEL 
ORAL ANTIVIRAL THERAPEUTIC AGENT 

AGAINST SARS-COV-2

THANK YOU


