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Abstract. A brand-new coronavirus dubbed COVID-19 epidemic broke out in the winter of 2019 and
quickly swept the globe. Additionally, the pandemic's high mortality rate and high infection have
prompted sustained scientific efforts to treat the illness. Backing the history of the virus, vaccine
development is the most effective method to mitigate this urgent public issue. Pharmaceutical firms
from nations including China, the United States, and Russia subsequently started doing research on
vaccine development. While Pfizer and Monard in the US utilize mRNA genetic vaccines, China uses
inactivated vaccines and viral vector vaccines. As a result of the difficult inactivated vaccine
manufacture procedure and the issue of toxicity rebound, there is also a chance that genetic
vaccines will mate with host genes. It is thought that the creation of peptide vaccines will deal with
these two problems. Peptide vaccines are therefore seen to be the safest, and they may be employed
not only for preventative immunization but also for the treatment of solid malignancies. Clinical
studies for peptide vaccines are underway. But because peptide vaccinations are quickly broken
down by cells, their drug carriers play a crucial role as well. This article will outline the selection of
the protein sequence for the COVID-19 peptide vaccine as well as the development of its tests.
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1. Introduction

In the winter of 2019, a novel coronavirus found in Wuhan, China. And in short time, this virus
spreads fast to the globe and shows high mortality [1]. According to WHO statistics, by 2022, there
will have been more than 300 million confirmed infections worldwide, and there will have been more
than 5 million fatalities, patients present severe acute respiratory syndrome, short-distance droplets,
coming into touch with patient respiratory secretions, and close contact are all ways that this
coronavirus might spread [1-3]. Fever, headache, muscular soreness, coughing, and diarrhea are the
primary clinical signs, while severe patients may also have symptoms including difficulty
breathing[2-4]. The patient's lungs are where the pathological alterations are most obvious, with both
lungs significantly swollen [3-4]. Alveolar lesions, pulmonary edema, and the development of a
transparent membrane can all be observed up close. Three weeks later, alveolar fiber blockage caused
by pulmonary interstitial fibrosis may be seen. Microvascular thrombosis and pulmonary bleeding
are two signs that can be noticed up close. Additionally, it may result in pleural and myocardial lesions
[1-4].

The coronavirus most likely originated in certain animals, although it may currently spread between
humans and animals. COVID-19 is a B-coronavirus, which is RNA heredity and S, M, N, some
proteins structure [3-5]. Spike proteins, the majority of which are virus-adsorbed proteins, are the
primary surface antigens of coronavirus among them, membrane fusion upon the binding of the spike
(S) protein to its receptor, angiotensin-converting enzyme 2 (ACE2) [5]. Some of them also facilitate
the entrance of viruses into cells. They interact with cell receptors to start a viral infection. The best
strategy to avoid illness is through vaccination, according to the history of mankind and the battle
against viruses. Vertebrates have a special immune system that can recognize and successfully
eliminate invasive infections. Humans can obtain specific antibodies and develop memory
characteristics through vaccination to prevent it [6-8].

At present, humans have successfully developed a variety of vaccines, such as smallpox vaccine,
rabies vaccine, tetanus vaccine, hepatitis B vaccine, HPV and other vaccines [9-11]. The most
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developed of them is the inactivated vaccine. Both the genetic and adenovirus vaccines for Ebola
have shown great success. The creation of these types of vaccines, however, is not as quick because
to the short research and development time and strict safety criteria, and there is also a concern with
toxicity rebound in inactivated vaccines [10-13]. It may now think about creating peptide vaccines to
deal with this problem. Peptide vaccines are created chemically because the viral proteins on the virus'
surface serve as their target proteins. In contrast to inactivated and genetic vaccinations, peptide
vaccines don't have toxicity recovery or virus gene fusion issues [12]. Additionally, peptide
vaccinations can be utilized to treat cancer in addition to preventing viral infections. These peptides
target cancer proteins that act as antigens on the surface of cancer cells and imitate antigenic epitopes
that result in efficient or direct immune responses [11-14]. Peptide vaccines recognize tumor-related
antigens and then exploit the MHC mechanism to stimulate potent anti-tumor T cell responses. The
vaccinations can be kept stable under simple circumstances since they are water soluble [13-15].

2. Peptide vaccine manufacturing

2.1. Epitope -sequence selection

A full viral particle is mostly made up of proteins and nucleic acids, which together make up the
virus's genome and act as a carrier of genetic data. This genetic data is used by the virus for its
replication, inheritance, and mutation processes. There may be an envelope around certain viruses'
nucleocapsids [7-9]. A virus having an envelope is called COVID-19. The biggest structural protein
in coronaviruses, spike (S) is on the virus envelope, shown as figl, glycoprotein, mediates receptor
recognition, cell attachment, and fusion during viral infection [5,13].
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Figure 1. COVID-19 Structure and Infection Mechanism

It is also important for virus penetration into host cells. A huge, noticeable structure called a "spike"
can be observed on the surface of the virus because spike proteins have the capacity to create protein
trimers. [5, 7] Once the viral membrane and host cell membrane have fused as a result of spike
glycoprotein's interactions with cell surface receptors, the virus will eventually enter the host cell.
High immunogenicity is seen in spike glycoproteins. [8-10] Searching the COVID-19 information on
the NCBI website, which has 599 distinct genes, as of September 2023 since COVID-19 is a type of
genetic material, RNA, and its structure is subject to variation. As a result, using Omicron to evaluate
the sequences of the original sequence as well as two sample delta variants. It was discovered that the
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virus's S protein is still very conserved in the altered sequence. S protein is the greatest option for
making peptide vaccines because of its excellent stability [8-11]. The two subunits s1 and s2 make
up the majority of the s protein. Unstable subunit conformations are produced when the RBD is
exposed to S1 protein subunits [5,11]. As a result, S1 undergoes conformational rearrangement
between the two states, referred to as the upper and lower conformations, throughout the binding
process. COVID-19 S protein sequenc:

The S protein sequence information is shown in figure 2.
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Figure 2. The COVID-19 S Protein Sequence Base Information
(The sequence information is obtained by the NCBI website)

2.2. Peptide synthesize

The majority of currently used vaccinations are made from infections that have been weakened,
inactivated, or have the necessary elements (such as toxins) removed.[13] However, the immune
system often reacts to very modest quantities of amino acids or peptides as antigens. Identifying the
protein sequence, and manufacturing peptide vaccine through chemical reaction [12,13]. The
fragment concentration method and the solid-phase synthesis method (also known as the Merrifield
method) are the two basic synthesis techniques. A traditional synthesis process is fragment
concentration. Prior to binding to produce larger peptides until the required sequence is reached,
numerous short peptides are first synthesized, purified, and deprotected [11-13]. One way to attach
the terminus of a peptide chain to a solid phase carrier is through solid-phase synthesis [10]. Peptide
segment synthesis by progressively incorporating amino acids into the N-terminus. A few fresh
innovations have also been made, such as enhanced protective genes, fresh solid-phase carriers,
deprotection, and functional group protection techniques [14]. However, since antigen peptides are
quickly broken down and eliminated by the body, bare peptides often only elicit a very weak immune
response. Antigen peptide delivery method based on nanocarriers is thought to increase antigen
peptide delivery efficiency with the rapid growth of nanotechnology [11-14]. The peptide vaccination
is combined with nanomaterials as a drug carrier to enhance delivery, release, and certain activities
involving the antigen, to the point where nanomaterials can lessen adverse medication reactions [11-
13].
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3. Clinical trails

3.1. Inactivated vaccines

One of two whole inactivated viral COVID-19 vaccines created by Sinopharm's Beijing Institute of
Biological Products is the Sinopharm BIBP COVID-19 vaccine, also known as BBIBP-CorV. Phase
Il studies in Bahrain and the United Arab Emirates yielded peer-reviewed data suggesting the
vaccine is 78.1% effective. Due to the inactivated vaccine's effectiveness being less than 80%, some
individuals who may still be COVID-19 infected might not be protected. However, another
inactivated vaccine, developed by Beijing Institute of Biological Products Co. By the end of the
worldwide phase 111 clinical study on December 31, 2020, one subject's severe nausea, vomiting, and
other side effects had been linked to taking the medication, and the patient had been treated in a
hospital [16-20].

3.2. mRNA vaccines

Due to the fact that messenger ribonucleic acid is an unstable, negatively charged molecule, it is
frequently enclosed in delivery carriers before being delivered to target cells. Messenger ribonucleic
acid vaccines have several benefits over conventional vaccinations, including simple design, quick
manufacture, low production costs, capacity to promote cellular and humoral immunity, and no
contact with genomic DNA.[15] However, Pfizer's mRNA vaccine must be kept at minus 80 degrees
Celsius, which presents certain challenges for the shipping and storage of vaccines. Both Pfizer and
Moderna's mRNA vaccines caused mild adverse responses, with a larger percentage of adverse
reactions happening after receiving Moderna's vaccinations [16,18,19]. Participants who got a second
dose of the vaccine reportedly had false switching, and Bell's palsy has also been documented,
according to a CDC report [21]

3.3. CoVac-1 vaccine

Many other vaccines are being produced worldwide using COVID-19, inactive or attenuated viruses,
virus-like particles, recombinant proteins, and antigen-coding mRNA [21,22]. CoVac-1 is a multi-
peptide-based vaccine created to generate widespread and long-lasting SARS-CoV-2 T cell immunity
after a single immunization that is unaffected by worrying viral variations that are emerging. Showing
some clinical | phase data. Due to clinical purpose to confirm the drug toxicity and safety. In the
clinical | phase, Sixty-one percent of subjects had baseline low-frequency T cell responses to single-
vaccine peptides that could be at least two-fold enhanced by CoVac-1, which was shown on day 28
in all but one person. Events were mild to moderate (grade 1-2) in 81% of participants. And On day
28, seen 100% of part I and part 1l subjects had IFN-induced responses. However, the mMRNA vaccines
produced by Pfizer/BioTech and Moderma reveal 92% and 95% adverse effects, including painful
injections, weariness, muscular soreness, fever, and some minor reactions after a second injection.
As a result, peptide vaccines are believed to have more adverse reactions than the two types of mMRNA
vaccines in early clinical trials, in addition to showing benefits for immune cell response.[15] mMRNA
vaccine and CoVac peptide vaccine clinical adverse effects are shown in Table 1

Table 1. Compared the Pfizer, Moderna and CoVac-1 Adverse Event Rate

Fever 14.2% 15.5% -
Chill 31.9% 45.4% 2%
Muscle pain 38.3% 61.5% 21.0%
Headache 55.1% 64.7% 6%
Fatigue 62.9% 70.0% 11.0%
Pain at the injection 84.1% 92% 36%
Swelling 10.5% 14.7% 7%
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4. Summary

First off, making peptide vaccines is easier and more effective than making the other two vaccinations
[23]. Additionally, peptide vaccines have proven to be safe in human, animal, and cell studies. Its
immunological impact is also substantially greater than that of mMRNA vaccines and inactivated
vaccines [23,24]. Additionally, the vaccine's post-injection effect on antibody generation is excellent.
While peptide vaccines may be maintained at room temperature, inactivated vaccines and mRNA
vaccines must be transported and stored at temperatures between -20 <C and 80 <TC [24]. As a result,
peptide vaccinations are simpler to maintain and more easily transported. Furthermore, peptide
vaccinations have remarkable long-term effectiveness. As a result, peptide vaccines can be thought
of as a promising option for stopping COVID-19 [15]. Based on the antibody levels produced by the
COVID-19 vaccination and clinical data in the treatment of lung cancer, the peptide vaccine has had
some success despite the lack of peptide vaccines that the FDA has licensed for sale [18]. For instance,
in Africa, South America, and Southeast Asia, dengue disease is similarly spread via mosquito bites
and is an example of a typical RNA virus. Considering the benefits of creating a COVID-19 peptide
vaccine described in this article. People may design and create vaccines for the dengue fever virus
based on the same principles the peptide vaccine for COVID-19 can be licensed and commercialized
through clinical trials [25,26].
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