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COVID—19 vaccines

The hope and hype that the media and
public at large are placing on having as soon
as possible a vaccine that protects against
COVID-19is theresult of the great triumphs that
vaccines have had and are having in the control
of infectious diseases. However, there is a long
series of infectious diseases in which vaccines
are only partially effective and we have a series
of sensational vaccine defeats. Indeed, each
disease is an immunological problem in itself:
even today, with all the data at one’s disposal, it
is difficult to predict what kind of vaccine can
be truly effective. This difficulty is even greater
for COVID-19, a new disease in which ongoing
studies in laboratories worldwide are adding
new data at a tremendous pace. SARS-CoV2,
the coronavirus responsible for COVID-19 is
an RNA virus, and these viruses generally have
a high mutation rate. Genetic instability has
long been considered to represent a challenge
to develop effective vaccines against RNA
viruses.

Despite the impressive number of studies

carried out since the virus was first characterized,
there are still a large number of unknowns about
this disease. And it is precisely these unknowns
that fully justify the very different conceptual
and technological strategies that are currently
pursued in the preparation of vaccines against
COVID-19. This

essential precisely because, for many diseases,

diversification appeared

but particularly for a new disease as COVD-19,
it is difficult to predict which type of immune
response and therefore vaccine will be more

effective.

As of January 2021, nine different technology
platforms are under research and development
to create an effective vaccine against COVID

19. Most of the platforms of vaccine candidates




in clinical trials are focused on the coronavirus
spike protein and its variants as the primary
antigen of COVID 19 infection. Platforms
being developed in 2020 involved nucleic acid
technologies (nucleoside-modified messenger
RNA and DNA), non-replicating viral vectors,
peptides, recombinant proteins, live attenuated
viruses, and inactivated viruses.

Many vaccine technologies being developed for
COVID 19 are not like vaccines already in use
to prevent influenza, but rather are using ""next-
generation" strategies for precision on COVID
19 infection mechanisms. Vaccine platforms
in development may improve flexibility for
antigen manipulation and effectiveness for
targeting mechanisms of COVID 19 infection
in susceptible population subgroups, such
as healthcare workers, the elderly, children,
pregnant women, and people with existing

weakened immune systems.

COVID-19 Vaccines based on viral vectors

These vaccines are examples of non-replicating
viral vectors, shell
containing DNA that encodes a SARS CoV 2
protein. The viral vector-based vaccines against

COVID-19 are

non-replicating,

using an adenovirus

meaning that they
do not make new
virus particles,
but rather produce
only the antigen

which

elicits a

systemic immune response. The DNA coding
for the Spike protein can be conveyed into the
cells by viral vectors. By inserting the DNA in
a virus, it is possible to exploit the virus’s great
ability to infect and deliver the mRNA into the
human cells.

. The virus inside which the DNA is
inserted may lose its ability to replicate. Since
a preexisting immunity against the virus vector
may affect vaccine efficacy, primate viruses
(from chimpanzee, gorilla...) are often exploited
as vectors. In other cases, the DNA is inserted
into replication active virus vectors: as these
viruses can propagate to some extent, they may
induce a more robust immune response. Also,
in these vaccine projects, the target antigen
coded by the DNA is mostly, if not only, the
Spike protein, its variants, or its fragments.
Commonly, these virus-based vaccines are
injected intramuscularly. However, there are
numerous and interesting projects aiming at
administering the vaccine into the nose by
inhalation.

As of January 2021, authorized vaccines of
this type are the British Oxford—AstraZeneca
COVID-19 vaccine Russian Sputnik V, Chinese

Convidecia, and the Johnson & Johnson

Types of SARS-Col'-2 vacoimes for COVID-19 i“rru'n'_uﬁolog 6
s MmUY oL

Viral vector vaccines

J Use an unrelated harmless Considerations
‘Ey/ P virus, modified to deliver Generate strong immune
SARS-CoV-2 genetic material. response,

The delivery virus is known as a

i = May need to be stored at

specific low temperatures.
Our cells use the genetic
material to make a specific
SARS-CoV-2 protein, which is
-~ antibodies recognised by the immune
’\ SYstem to trigger a response.
This response builds immune
memory, 5o your body can fight
9 off SARS-CoV-2 in future,

Examples in human use

University of Oxford/AstraZeneca
COVID-19 vaccine
Ebola vaccine

In clinical trials for COVID-19
Jannsen, Cansino, Gamaleya
immune cells
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COVID-19 vaccine. Convidecia and Johnson &
Johnson's vaccine's are both one-shot vaccines
which offer less complicated logistics; and
can be stored under ordinary refrigeration for

several months.

mRNA-based vaccines

While messenger
RNA (mRNA) has
not yet produced any

registered  vaccine,

several vaccine
projects exploit this
technology for the
creation of SARS-CoV-2 vaccines. An RNA
vaccine contains RNA which, when introduced
into a tissue, acts as messenger RNA (mRNA)
to cause the cells to build the foreign protein

and stimulate an adaptive immune response

or RMA,
DMNA RMA
i
" oD
antibodies ~, Mo

e Po  future

immuné
cells

vaccines

Genetic

(nucleic acid vaccines)

Contain a segment of

- SARS-CoV-2 virus genetic
material that codes for a
specific protein. Can be DNA

Our cells use the genetic
material to make the
SARS-CoV-2 protein, which is
recognised by the immune
system bo trigger a response.
®  This response builds immune

» 50 your body can
A fight off SARS-CaV-1 in

which teaches the body how to identify and
destroy the corresponding pathogen or cancer
cells. Unlike DNA, RNA must be transported
in various ways to enter the human cell. Once
entered, the mRNA vaccine temporarily induces
the cell to produce the antigen protein coded by
the mRNA.

RNA vaccines often, but not always, use
RNA.
The delivery of mRNA is achieved by a

coformulation of the molecule into lipid

nucleoside-modified messenger

nanoparticles which protect the RNA strands
and help their absorption into the cells. Also, in
the case of anti-SARS-CoV-2 mRNA vaccines,
the target antigen coded by the mRNA is mostly
if not only, represented by the Spike protein,
its variants, or its fragments. These vaccine

preparations have to be kept at —30 to —80 °C.

o COVID 13 immunolog

weerw imnirenslogy ong

Considerations

Loww cost and fast to
develop.

May need to be stored
at specific low
temperatures.

Examples in human use

Pfizer/BioNTech & Moderna
COVID-19 vaccines

In clinical trials for COVID-19

Imperial College Londan I

RNA vaccines were the first

Pfizer-BioNTech COVID 19

COVID-19 vaccines to be
authorized in the United States

and the European Union. As
of January 2021, authorized

vaccines of this type are the

and the Moderna
COVID-19 vaccine.

vaccine
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Vaccines based on the inactivated SARS-
CoV-2 viruses

Vaccines based on killed microorganisms
(inactivated vaccines) belongtoavery traditional
technological platform that has led to numerous
vaccines. Inactivated vaccines consist of virus
particles that have been grown in culture and
then are killed using a method such as heat to
lose disease producing capacity. The vaccines
produced using this method are more stable
than live attenuated vaccines but their limit is
mainly related to the short duration of immune

memory which demands inoculation of higher

amounts of vaccine or the association of the
inactivated microorganism with an adjuvant.
Theimmuneresponse
elicited is directed
not only against the
Spike
also against many
SARS-CoV-2

antigens. While the

protein  but

other

induced response is
generally weaker concerning that induced by
attenuated viruses, the vaccine is more easily

handled, less expensive, and much safer.

The SARS-CoV-2 isinactivated by exploiting different chemical techniques. All these candidate

vaccines are injected intramuscularly.

As of January 2021,
authorized vaccines of

this type are the Chinese
CoronaVac, BBIBP-CorV

L/cm killed SARS-CoV-2 virus.

Types of SARS-Co¥'=2 vaccines for COVID=10 i'-‘-“* i
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ware Emmunalogy.oeg

Inactivated vaccines

Considerations

The killed virus is recognised by
the immune system to trigger a
response without causing illness.

This response builds immune
memory, so your body can fight

May need to be

+
administered with an

adjuvant to boost

immune responsi,

and the Indian Covaxin, as

well as CoviVac.

Vaccines based on attenuated
SARS-CoV-2 viruses

The history of vaccination

begins with vaccines based on
a living microbe that has been
weakened so it can not cause
attenuated

disease.  Since

microbes retain the ability to

off SARS-CoV-2 in future.

immune
cells \-‘
iC}

Examples in human use
Influenza vaccine

In clinical trials for COVID-19

Sinovac, Sinopharm

replicate in vivo giving rise to
a limited disease, they are very
effective in stimulating the

immune system and inducing

a strong and persistent
immune memory that is
efficacious in  preventing

infection. Hundreds of

millions of people have been
protected from  disabling

and fatal diseases by using
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This

traditional

attenuated  vaccines.

is the most
technology exploited in the
construction of vaccines.

Live attenuated vaccines
can be obtained by growing
the virus in unfavorable
conditions or by generating
a  genetically  weakened
version of the virus. However,
the attenuation of trillions
of viruses is complex and
delicate and can be associated
with major biosafety risks.
Once produced, their storage

and handling require carefully

-~ - virus.
i

SARS-CoV-2 in future.

immune

antibodies

Types of SARS-CoV-2 vaccines for COVID-19
Attenuated vaccines
Contain weakened SARS-CoV-2

[

*= The weakened virus is recognised
ra by the immune system to trigger a
response without causing illness.

This respense builds immune
memory, so your body can fight off
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Considerations G

A well-known approach @
which requires time and

extensive testing,

The immune response resembles
the natural infection.

Examples in human use
Oral Polio vaccine

3 In clinical trials for COVID-19
o Codagenix

observed procedures. The
experience with attenuated
virus vaccines shows that
rare but
effects

significant  side
could be expected
since attenuated viruses cause

disease, even if this is a minor

one. The oral route (as in
the case of the Sabin polio
vaccine) and the intranasal
route could induce a mucosal
immunity based on secretory
IgA and IgM.

Vaccines based on SARS-CoV-2 proteins or Subunit vaccines

There are several human
vaccines based on proteins

present on the surface of

microbes. Initially, these
proteins were  purified
from the microbes while

today, in most of the cases,
they are produced in vitro
exploiting the recombinant
DNA

vaccines present one or more

technology.  Subunit

antigens without introducing
whole pathogen particles.
The antigens involved are

often protein subunits, but

can be any molecule that is a
&
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fragment of the pathogen.
. The
aggregates of the Spike protein

large  trimeric
that protrude outside the virion
play a vital role in the docking
of the SARS-CoV-2 to human

cells. so, the Spike protein or

its fragments are the targets
of all these vaccines even if
in a few cases other SARS-
CoV-2 proteins -mostly the
nucleoprotein (N)- are also
targeted. To activate a robust
immune response, often these
vaccines exploit adjuvants,
either of bacterial or synthetic
origin.

As of January 2021, the only
authorized vaccine of this
type is the peptide vaccine
EpiVacCorona. Vaccines

in clinical trials include the
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Novavax COVID-19 vaccine
and RBD-Dimer. The V451

vaccine was

—————7
Types “I SARS-CoW=2 vaccines for COVID=15
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Protein vaccines

Considerations

Have good previous safety
records.

Usually administered with
an adjuvant to boost +®
immune response.

1 1 Contain proteins from the SARS-CoV-2 virus,
previously in St et b o e | v R
i to trigger a response,
5 Can be whole proteins, protein fragments, or

T ® g many protein molecules packed into

o B naneparticles.

This response builds immune memory, so
your body can fight off SARS=-CoV=2 in future.

clinical trials, which were

terminated because it was

found that the vaccine may

potentially cause incorrect

results for subsequent HIV

testing.

s N, .
@2 Y

Examples in human use
Hepatitis B vaccine

In clinical trials for COVID-19
Movavax, SanofifGSK

0

antibodies -]

Naked DNA-based vaccines

The DNA and mRNA-based platforms offer
great flexibility in terms of manipulation of the
coded antigen and great potential for speed.
Currently, there are no DNA vaccines registered
for human use; however, DNA vaccines are
commonly used in veterinary medicine. These
vaccines are stable and can easily be produced
in large amounts in bacteria. Once injected
into the muscle or skin, DNA plasmids enter
human cells, and their ability to enter may be

enhanced by a very short local electrical pulse

Common side effects

While body builds immunity,

On the arm where you got the

(electroporation). Once entered, plasmid DNA
induces the cell to produce temporarily the
target protein. In this way, DNA vaccination
stimulates the production of antibodies and the
activation of killer T cells.

Six DNA vaccines are entering human trials. All
code the Spike protein or its fragments. Naked
DNA plasmids ( Zydus Cadila; India, AnGes;
Japan, Takis; Italy.), Naked DNA plasmids plus
electroporation( Inovio; US, Genexine; Korea,

Karolinska Inst, Sweden + Inovio, Italy)

Common side effects

Throughout the rest of your

it is normal for a person  Shot body:
to experience minor side - * Pain * Tiredness
¥ * Red * Headach

effects. According to the S . m::: . Mi;l:p:m
Centers for Disease Control R + Chills

. = FEver
and  Prevention (CDC) . Nauses
Trusted Source and the WHO,  *body aches usually the upper arm. These
common side effects of a  °chills might include swelling, pain,
COVID-19 vaccine include: *nausea redness, an itchy rash, and
ofever A person might also  other mild forms of irritation.

fatigue
sheadaches

experience side effects around

the injection site, which is

People sometimes refer to this
issue as COVID arm.
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covid 19 vaccine efficacy

Name Manufacturer Type of vaccine Efficacy rate
BNT162b2 Pfizer-BioNTech mRNA 957.
mRNA-1273 Moderna mRNA 9457
Ad26.COV2.S Janssen (Johnson & Johnson) Viral vector 667,
AZDI1222 Oxford-AstraZeneca Viral vector 8137
Covishield Serum Institute of India Viral vector 8137
Ad5-nCov CanSino Viral vector 6528,
Sputnik V Gamaleya Viral vector 91.67.
Covaxin Bharat Biotech Inactivated 80.67.
BBIBP-CorV Sinopharm (Beijing) Inactivated 79347,
Inactivated (Vero Cell) Sinopharm (Wuhan) Inactivated 72517
CoronaVac Sinovac Inactivated 50.387.
RBD-dimer Anhui Zhifei Longcom Protein subunit Unknown
EpiVacCorona FBRI Protein subunit Unknown

Frequency of side effects in|

women

Side effects appear to be more
commonly reported in women
than men. A study by CDC
researchers shows that 78.7%
event

of adverse reports

submitted during the first
month of U.S. vaccination
involved women. Another
study observed that females
represented 15 out of 16
people with anaphylaxis after

a vaccine.

These findings are in line with
a 2013 study on the HINI
vaccine during the 2009 flu
pandemic, which found higher
rates of  hypersensitivity
reactions among females of
childbearing age than other
groups in the study population.
Reproductive hormones, such
as estrogen and testosterone,
may play a role in this sex
discrepancy. A study in mice
suggests that estrogen causes

the body to generate more

antibodies, leading to a higher

immune response.

TRACKING SIDE EFFECTS
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Potential side effects per vaccine

Recently, there have been new concerns about
serious side effects of COVID-19 vaccines.
These effects may be coincidental, and there
is currently not enough conclusive evidence to
link these effects to specific vaccines. However,
regulatory agencies are taking precautionary

measures to investigate these safety concerns.

Pfizer-BioNTech and Moderna: The Pfizer-
BioNTech and Moderna vaccines are both two-
dose mRNA vaccines. People have reported
similar, common side effects after the second
doses of each. These COVID-19 vaccines are
the first vaccines approved for use in humans
that incorporate mRNA technology. As a
result, there are concerns about the long-term
effects and a risk of altering the body’s genetic
information. People may be unaware that
researchers have spent many years studying the
potential of mRNA vaccine technology. There
have been efforts to develop mRNA vaccines in
the past, including Moderna’s human-based trial
of an mRNA Zika virus vaccine. Furthermore,
it is unlikely that an mRNA vaccine can alter
genetic information. The mRNA in a vaccine
does not enter the nucleus of a cell, where DNA
is stored, and it degrades rather quickly in the

body after it serves its purpose.

Yet many were alarmed by reports from
Norway that had died shortly after receiving the
Pfizer-BioNTech vaccine. However, there is no
evidence that these deaths were a direct result
of the vaccine. Another death, which occurred
in the U.S., was associated with having a low
blood platelet count, or thrombocytopenia. So
far, 20 thrombocytopenia cases have developed
followingeither a Pfizer orModerna vaccination.
Currently, however, no causal evidence links
these cases with the vaccines. Other concerns
involve pregnancy and fertility. According to
a February 2021 statement from the American
College of Obstetricians and Gynecologists, the
American Society for Reproductive Medicine,
and the Society for Maternal-Fetal Medicine:
“While fertility was not specifically studied
in the clinical trials of the vaccine, no loss
of fertility has been reported among trial
participants or among the millions who have
received the vaccines since their authorization,
and no signs of infertility appeared in animal
studies. Loss of fertility is scientifically
unlikely.” Pfizer and BioNTech announced that
they have begun a COVID-19 vaccine clinical
trial in 4,000 healthy pregnant women to explore
the efficacy and safety for the participants and
their babies. The results will hopefully provide
further insight.

Janssen (Johnson & Johnson): The Janssen
vaccine can also cause common vaccine side

effects.
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Oxford-AstraZeneca and Serum Institute of
India: The European Medicines Agency (EMA)
and Danish Health Authority recently observed
that the Oxford-AstraZeneca vaccine has been

followed by incidents of blood clots.

Ofthe Smillionpeople whoreceivedthisvaccine,
there have been 30 reported cases of blood
clots. One case in Denmark was followed by
death. On March 18, 2021, the EMA concluded
that the Oxford-AstraZeneca vaccine is safe
and does not increase the overall risk of blood
clots. They pointed out that the incidence rate of
blood clots in people who have had the vaccine
is lower than that in the general population. The
EMA did acknowledge extremely rare cases of
thrombocytopenia, an issue that supports blood
clot formation, following the vaccination. They
are now incorporating this into their vaccine
product information. Still, they highlight a
lack of causal evidence and emphasize that
the benefits of vaccination still outweigh the
risks. Multiple countries, including Denmark,
Norway, Germany, and France, had paused the
distribution of this vaccine. as a precautionary
response to the initial reports of blood clots.

Many of these countries plan to resume the

use of this vaccine, and there are concerns that
this event has slowed down the timeline of
vaccine distribution throughout Europe. The
Serum Institute of India’s Covishield is the
locally manufactured version of the Oxford-
AstraZeneca vaccine. India has not reported any
incidents of blood clotting related to Covishield
and currently has no plans to discontinue its
distribution.

Sinopharm; Beijing and Wuhan: Sinopharm
have manufactured two vaccines, developed
with the Institute of Biological Products in
Beijing and Wuhan, respectively. The published
phase 1 and 2 trial data for the BBIBP-CorV
and inactivated Vero cell vaccines show that
most of the adverse events were common side
effects and that none were serious.

Sinovac: Phase 1 and 2 trial data for the
CoronaVac vaccine indicate no reports of serious
adverse events. Interestingly, the study authors
found fewer reports of fever among participants

who received this vaccine, compared with

those who had received the Pfizer-BioNTech,

Oxford-AstraZeneca, or CanSino vaccines.
The conceptual and technological platforms

of'vaccine production are diverse, and it is likely

that different vaccines will show to be better
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suited to distinct groups of the human population.
Moreover, it remains to be elucidated whether
and to what extent the capacity of vaccines
under evaluation and of unrelated vaccines
such as BCG can increase immunological
fitness by training innate immunity to SARS-
CoV-2 and pathogen-agnostic protection. Due
to the short development time and the novelty
of the technologies adopted, these vaccines will

be deployed with several unresolved issues

that only the passage of time will permit to
clarify. Technical problems connected with the
production of billions of doses and ethical ones
connected with the availably of these vaccines
also in the poorest countries, are imminent
challenges facing us. It is our tenet that in the
long run more than one vaccine will be needed
to ensure equitable global access, protection
of diverse subjects and immunity against viral

variants.

Sarina Ansari-medical student
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Recommended Transfusion Support in ABD Incompatibility [7,13]
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Making viral vaccines

Making viral vaccines

Vaccinations are important
for public health, preventing
the spread of contagious,
dangerous, and potentially
deadly diseases, such as
chicken

polio, measles,

pox, and whooping cough.

There are some persistent

viruses circling around
the world, some more

dangerous than others. An

on the virus and disease. The
strengths and limitations of
each approach are described
here.

effective cure, such as a RYWYZLGCIRIERINE

vaccine, 1S needed soon to
stop the virus from infecting
more people. The medical
community is continuously
trying to create preventive
vaccines for them -
according to Statista, the
global vaccine market is
expected to grow to 60
billion dollars this year, and
it has nearly doubled since
2014.

Finding a cure

Viral vaccines can be made

in various ways, depending

Using this strategy, viruses
are weakened so they

very  poorly
once inside the body. The

reproduce
vaccines for  measles,
mumps, German measles
(rubella),
polio (not used in the U.S.),
chickenpox

rotavirus, oral

(varicella),
and influenza (intranasal
version)  vaccines  are
made this way. Viruses
usually cause disease by
reproducing themselves
many times in the body.

Whereas natural viruses

thousands o%

times during an infection,

reproduce

vaccine viruses usually

reproduce fewer than 20

times. Because vaccine
viruses don't reproduce
very much, they don't

cause disease, but vaccine
viruses  replicate  well
enough to induce "memory
B cells" that protect against
infection in the future.

The advantage of live,
"weakened' vaccinesis that
one or two doses provide
immunity that is usually
life-long. The limitation of
this approach is that these
vaccines usually cannot
be given to people with
weakened immune systems

(like people with cancer or
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AIDS).

Inactivate the virus

Using this strategy, viruses
are completely inactivated
(or killed) with a chemical.
By killing the wvirus, it
cannot possibly reproduce
itself or cause disease. The
inactivated polio, hepatitis
A, influenza (shot), and
rabies vaccines are made
this way. Because the virus
is still "seen" by the body,
cells of the immune system
that protect against disease
are generated.

There are two benefits to
this approach:

1. The vaccine cannot
cause even a mild form of
the disease that it prevents
2. The
be given to people with

vaccine  can

weakened immune systems
However, the limitation
of this approach is that it
typically requires several

doses to achieve immunity.

Use part of the virus

Using this strategy, just one

part of the virus is removed

and used as a vaccine. The
hepatitis B, shingles, and
human papillomavirus
(HPV) vaccines are made
this way. The vaccine is
composed of a protein that
resides on the surface of
the virus. This strategy can
be used when an immune
response to one part of
the virus (or bacteria) is
responsible for protection
against disease.

These vaccines can be given
to people with weakened
immunity and appear to
induce long-lived immunity

after two doses.

Use part of the bacteria

Some bacteria cause disease
by making a harmful protein
called a toxin. Several
vaccines are made by taking
toxins and inactivating
them with a chemical (the
toxin, once Inactivated,
is called a toxoid). By
inactivating the toxin, it
no longer causes disease.
The diphtheria, tetanus and
pertussis vaccines are made

this way.

Another strategy to make a
bacterial vaccine is to use
part of the sugar coating
(or polysaccharide) of the
bacteria. Protection against
infection by certain bacteria
is based on immunity to
this sugar coating (and
not the whole bacteria).
However, because young
children don't make a very
good immune response to
the sugar coating alone,
the coating is linked to
a harmless protein (this
is called a "conjugated
polysaccharide" vaccine).
The Haemophilus
influenzae type B (or Hib),
pneumococcal, and some
meningococcal  vaccines
are made this way.

Two meningococcal
vaccines, which prevent
one particular type of the
bacterium (type B) not
contained in the other
meningococcal  vaccines,
are made using two or
more proteins from the
bacteria, not the bacterial
polysaccharide.

Just like for inactivated
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viral vaccines, bacterial vaccines can be
given to people with weakened immune
systems, but often require several doses to

induce adequate immunity.

Provide the genetic code (DNA, mRNA,

or vectored viruses) for part of the virus

Using this strategy, the person who is
vaccinated makes part of the virus. The
vaccines for COVID-19 are made this way.
The wvaccine contains messenger RNA
(mRNA), which is the code, or blueprint, for
the spike protein of the SARS-CoV-2 virus.
The vaccinated person’s muscle cells use
the blueprint to make the spike protein from
the surface of the virus. Once the immune
system realizes this protein is “foreign,”
it creates an immune response against it,
including immunologic memory, so the next
time, the person is exposed to the virus, the
immune system is ready to respond rapidly.
Similar to vaccination strategies that inject
parts of a virus directly, this strategy can be

Refrences :
1. www.vaisala.com ( BLOG ,

used when an immune response to one part
of the virus is capable of protecting against
disease.

These vaccines can be given to people that
are immune-compromised but require two
doses to be protective.

DNA vaccines deliver the genetic code
from which mRNA is made. The mRNA
then serves as the blueprint for making
the viral protein, and the immune system,
recognizing it is “foreign,” responds to
protect the body and create immunologic
memory. Currently, no DNA vaccines are
commercially available.

Another way to deliver the gene that codes
for the coronavirus spike protein is to put
that gene into a virus that can’t reproduce
itself but can still enter cells and deliver
the needed gene. This strategy is being
used in so-called replication-deficient
human or simian adenoviruses. Although
adenoviruses can cause disease in people,
these vectored viruses are engineered so
that they can’t cause disease.

Making viral vaccines: Path to improved health .

Jukka Levo )

2. www.chop.edu ( Making Vaccines: How Are Vaccines Made .
Reviewed by Paul A. Offit, MD on December 03, 2020 )
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1. Anti—cariogenic effects of polyphenols from plant stimulant beverages (2009)

(cocoa, coffee, tea)

Gianmaria F. Ferrazzano ,Ivana Amato, Aniello Ingenito, Antonino De Natale, Antonino Pollio
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2. Coffee Consumption and Periodontal Disease in Males (2014)
Nathan Ng, Elizabeth Krall Kaye, and Raul 1. Garcia

3. Can coffee prevent caries? (2009)
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