
Introduction
In the 1960s, human coronaviruses were discovered and 
found responsible for most respiratory or gastrointestinal 
diseases in the human population. Coronavirus’s class was 
named after the virions with a characteristic “crown-like” 
morphology when viewed under electron microscopy.1 These 
viruses chiefly affect the epithelial cells of the gastrointestinal 
and respiratory tracts and cause several respiratory diseases 
and acute respiratory distress syndrome, pneumonia, and 
sepsis.2 Coronavirus family has two strains: the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and the 
Middle East respiratory syndrome coronavirus (MERS-CoV) 
for earlier outbreaks. In 2002 and 2003, SARS-CoV caused a 
global outbreak that began in Guangdong province, China. 
The disease affected over 8000 people and caused severe 
pulmonary diseases in several countries.3 Also, Saudi Arabia 
recorded the first outbreak of MERS-CoV in 2012 and was 

responsible for severe respiratory illnesses in various countries 
in the Middle East.4

There was an outbreak of a new strain of Coronavirus disease 
in December 2019, which caused severe acute respiratory 
syndrome (SARS) of unidentified etiology reported from 
China. Most of the cases reported were connected to a seafood 
market (wet market) in Wuhan, Hubei province, China.5 
This outbreak appeared to be a zoonotic transmission from 
horseshoe bats (Rhinolophus malayanus) to man. However, 
this has not been fully proven because of the scarcity of 
scientific data on sequencing SARS-CoV genomes.6 As this 
outbreak continued, it was obvious that the virus can undergo 
human-to-human transmission through close contact, 
especially infections among health care workers.7

In Wuhan, severe cases of pneumonia were prevalent, which 
could be led to SARS-CoV-2 infection. After a full phylogenic 
analysis and genome sequencing of SARS-CoV-2, it was 
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Abstract

Coronavirus disease 2019 (COVID-19), confirmed as the global pandemic on March 11, 2020, by the World Health Organization (WHO), 
was caused by the outbreak of an emergent severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which was first reported in 
Wuhan city, China, in December 2019. Based on the previous pandemic, such as severe acute respiratory syndrome (SARS) from 2002 
to 2003, Middle East respiratory syndrome coronavirus (MERS-CoV) in 2012. The scientific developments have fast-tracked our insights 
SARS-CoV-2 epidemiology, likewise vaccinology relevant for developing drugs for viral infections treatment. As there are not many 
detailed interventions and vaccines available for disease control, the pandemic COVID-19 poses countless threats to global public health, 
causing a great level of insecurity and unrest worldwide. To provide an inclusive overview to global health authorities and prospective 
readers worldwide, we detailed in this review the epidemiology and vaccinology of SARS-CoV-2 in Nigeria.
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confirmed that this virus is a beta-coronavirus in a similar 
subgenus as SARS viruses dissimilar array. It was related to 
a bat Coronavirus, thus proposing that the principal source 
may be from bats.8,9 This infection was observed to spread 
quite quickly to numerous other countries. On January 
30, 2020, WHO declared COVID-19 as a Public Health 
Emergency of International Concern (PHEIC),10 and 11th 
February 2020 declared COVID-19 the new Coronavirus 
disease.11 after that, it was formally confirmed on March 
11, 2020, like a pandemic. Person-to-person transmission 
of SARS-CoV-2 pathogens was observed via respiratory 
droplets or close contact with a person infected with SARS-
CoV-2, discharges from the nose, or saliva from a diseased 
person. Indirect transmission has also been observed to occur 
through fomites due to touching contaminated surfaces or 
objects in the immediate environment around an infected 
person.12 The viral transmission is relatively efficient, and 
as a result, the virus spreads rapidly from person to person. 
Evidence has also been proven that the virus can be contacted 
by people who do not show symptoms of COVID-19 or have a 
mild infection.12 The incubation period of COVID-19 ranges 
from 2 to 14 days but averages about seven days,11-14 and the 
average reproductive number (R0) for Nigeria is estimated to 
be about 2.63.15

While most young infected people with the coronavirus-19. 
They were observed to experience slight to moderate 
respiratory infection and recover without requiring any 
extraordinary intervention. Some young adults do not recover 
that easily.16 Patients with COVID-19 experienced indications 
such as dry cough, dyspnea, fever, and bilateral infiltrates on 
chest imaging.17 Other less severe symptoms include aches, 
pains, sore throat, diarrhea, conjunctivitis, headache, the 
recent loss of smell or taste, staining of fingers or toes, and a 
skin rash.18

The COVID-19 virus infects all age groups of people. 
However, the infection in children has been observed to be 
less severe and less common than in adults.18 About 1%-5% 
of children were tested positive with the COVID-19 virus 
in a systematic review report. These children were mostly 
reported to have the mild respiratory syndrome and hardly 
died from the disease.19 However, the risk of severe infection 
is higher in those with underlying health conditions such as 
diabetes mellitus, cardiovascular diseases (CVD), cancers, 
and chronic respiratory diseases, and older people.20

Some factors such as temperature, humidity, and altitude 
may be linked with the transmission of the virus.21 Emergent 
evidence proposes that dry and cold conditions increase 
transmission while humid and warm conditions may reduce 
infection rates.22-24 In some countries, a high latitude has been 
related to higher rates of cases and deaths.25 However, there 
is a need for further studies to confirm the cogency of these 
discoveries.

Epidemiology 
The distribution of diseases is defined in terms of person, time, 
and place, or who, when, and where. COVID-19’s first case 
was identified in Nigeria on February 27, 2020, in a visiting 

Italian.26 A total of 119 855 035 cases of COVID-19 infection 
were confirmed worldwide by March 13, 2021, with 2,655,185 
deaths reported according to the WHO. Furthermore, over 
219 territories and countries have been reported with at 
least a case of infection of COVID-19. The ten countries 
with the highest load of the infection include the United 
States of America recorded with 30 002 491 cases, Brazil with 
11 368 316, India with 11 358 643, Russia with 4,380,525, the 
United Kingdom with 4 253 820, France with 4 015 560, Italy 
with 3,201,838, Spain with 3 183 704, Turkey with 2 866 012 
and Germany with 2 563 092. All the continents in the world 
have reported at least a case. Africa has the least number 
of COVID-19 cases while the European region has the 
maximum number of cases reported.26 On February 24, 2020, 
the first confirmed COVID-19 case in Africa was brought 
from Europe into Egypt. Since then, there has a sturdy rise 
in the number of infections in Africa, the high capacity of 
business and tourism between Europe and Africa.27 

Ever since then, the numbers of the disease confirmed cases 
have been on the increase, with a total of 163 837 as of April 12, 
2021.28  According to the Africa Centers for Disease Control 
and Prevention (CDC), on April 6, 2021, at 9 AM East African 
time, a total of 4 280 598 COVID-19 infection cases had been 
reported with 114 083 deaths. The majority of the cases were 
found in North Africa (Sudan) with 27 823, followed by West 
Africa with 261 116 cases. However, the least number of 
reported cases with 102 734 was found in the Central Africa 
region. The most affected countries in the WHO African 
Region include Senegal (1329), South Africa (7572), Nigeria 
(2950), Algeria (4838), Ghana (2718), Cameroon (2265), Cote 
d’Ivoire (1464), and Guinea (1811). These countries make up 
about 40% of the reported cases in the African region.22,29 

Although there is the argument that the lack of testing in large 
numbers because of low testing facilities could be one reason 
for reduced cases of reduced cases COVID-19 in Africa. It 
does not rule out the possibility of the influence of climate on 
SARS CoV-2 spread. 

The epidemiology of COVID-19 cases in Nigeria would be 
described majorly in this study about the place, person, and 
time.

The Person 
Although the data for COVID-19 cases are fast-changing, 
the infection affects all ages, both young and older people, 
and correspondingly affects both the immunocompromised 
and healthy people. People between the ages of 25 and above 
are the most affected adult patients, while few cases occur 
between children and infants.30 When a study was done on the 
early transmission dynamics of the novel Coronavirus, it was 
reported that the majority of affected patients were males.30 
Also, most of the confirmed cases in Nigeria are between 
20-59 years, with most males compared to females (Figure 
1). This major diversity between males and females can be 
related to the stronger immune system in females than males, 
leading to the high prevalence of underlying diseases like high 
blood pressure and liver diseases in men that contribute to 
COVID-19 negatively.
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Similarly, an enzyme like angiotensin-converting enzyme 2 
(ACE2) contributes essentially too high susceptibility of man 
to CVOID-19 infection than female. Researchers reported 
that man has a high amount of ACE2 in blood than females, 
and ACE2 enables the spread of SARS CoV-2 in the human 
cell.30,31 Moreover, the overall case fatality rate hitherto is not 
much. These data of the Nigeria CDC have been aggregated 
by age and sex.

A more significant portion of the people infected with 
COVID-19 in Europe and China were identified in the older 
group of individuals and those with underlying disease 
conditions, including diabetes, hypertension, simultaneous 
CVD (as well as cardiac arrest and coronary heart disease), 
myocardial injury, and obesity.32-34 This is due to a low level of 
antibodies in these older groups and patients with underlying 
conditions to protect them from this infectious agent.

The Place
The first COVID-19 case was recorded on February 25, 2020, 
from an Italian visitor on a business trip to the Ewekoro 
cement plant in Ogun State, southwest Nigeria.35 Since then, 
the spread of this disease has been recorded to cover several 
states in Nigeria. Currently, all the 36 states of the federation 
of Nigeria have at least one confirmed case of the virus.29 
A multi-sectoral national emergency operations center 
(EOC) remains to manage the national COVID-19 response 
activities. On March 4, 2021, 709 new confirmed cases and 
eight deaths were put down in Nigeria. As of March 4, 2021, 
157 671 cases have been confirmed, 136 335 cases have 

recovered, and 1951 deaths have been recorded in 36 states, 
including the Federal Capital Territory. The 709 new cases are 
reported from 21 states. Adamawa state displays the highest 
number of cases (180), while Oyo (5) and Gombe (1) states 
have the least number of cases across the Nation. In Nigeria, 
Ibadan, which is the capital of Oyo State, is one of those cities 
racing to return the world to normal than others; that is why 
the spread of COVID-19 is minimal. An average middle-aged 
man takes the selling of a nose mask as a job in this city to 
reduce the pandemic spread (Figure 2).

Time
The analysis of the disease outbreak by time was done using 
the epicurve (Figure 3) since the documentation about 
COVID-19 in Nigeria. The number of reported cases of the 
disease has been increasing rapidly and progressively. The 
outline of the epidemic curve suggests ongoing transmission 
of infection in the community on the 8th week from February 
22, 2021, to February 28, 2021, as shown in (Figure 3).

On February 27, 2021, Nigeria marked its one year when 
the COVID-19 pandemic was first reported. Nevertheless, the 
number of reported cases was increasing abruptly. However, in 
the 8th week, the number of confirmed cases reduced to 3583 
from 5720, reported in the seventh last week.25 This decrease 
can be traced to people’s adherence to public health measures 
like regular washing of hands, keeping physical distance, 
and proper usage of nose masks. Although, on March 2, 
2021, Nigeria received the first batch of COVID-19 vaccines 
supplied through the COVAX facility. We thought that with 

Figure 1. Sex and Age Spreading of Confirmed Cases of COVID-19 in Nigeria.32 
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the availability of this vaccine, we would be able to record 
some decreases in the cases, but we see that it will take some 
time before the vaccine can be shared throughout the Nation. 
As such, we commend the effort of people for following all 
necessary precautions strictly to reduce COVID-19. 

Also, a previous study explained the epidemiological, 
clinical features, results of imported and local cases outdoor 
Hubei Province, which suggested that imported cases were 
more severe than local causes, but the diagnoses could be 
correspondingly worthy. The little widespread period in 
Hainan proposes that the epidemiology of COVID-19 could 
be quickly brought under control if appropriate measures 
were put in place. 

Vaccinology
Vaccinology is well-defined as studying various vaccines and 
generally contains immunogens, the host immune response, 
basic vaccine science, delivery strategies and technologies, 

manufacturing, and clinical evaluation.36 Additional newly, 
the science field has extended more to include the safety, 
regulatory, ethical, and economic considerations of vaccine 
improvement and utilization.36 Veterinary vaccines are 
similarly significant in the vaccinology field for their impact 
not solely on animal health and well-being but also on 
humans’ food security, which is of public health importance. 
In 2013, the path concerning completely synthetic vaccines 
by using genomic data was established. On March 31, 2013, 
WHO was alerted about the outbreak of a new strain of avian 
influenza virus, H7N9, that had infected three people in 
China, and 2 of these infected individuals were killed.37 It was 
a unique, possibly pandemic virus for which the globe was not 
prepared. The knowledge of the viruses like H1N1 (Spanish 
flu) from 1918 to 1920, H2N2 (Asian flu) from 1957 to 1958, 
H3N2 (Hong Kong flu) from 1968 to 1970, H1N1 (Swine flu) 
plague in 2009 to 2010 had revealed the vaccines had made 
accessible only at the ultimate of the pandemic.38

Figure 2. Map Showing the Distribution of COVID-19 by the State in Nigeria.32 

Figure 3 . The 8th-Week Prevalent Curve of Confirmed Reported Cases of COVID-19 as Reported Per Day as of February 28, 2021, in Nigeria.32 
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In Nigeria’s Demographic and Health Surveys (DHS) data 
analysis, we found extremely high childhood non- and under-
vaccination rates.39 We found significant factors influencing 
vaccination status that various organizations can utilize, such as 
the Expanded Programme on Immunization (EPI). Moreover, 
WHO, to raise outreach to the ethnicities, religious groups, 
specific regions, and socioeconomic status identified as having 
very low receipt of all recommended vaccines. Involvements 
from international aid commitments and organizations from 
governmental leadership to elevate service delivery tailored to 
regional needs and encourage vaccine delivery are essential. 
They need to be enacted with greater urgency than historical 
action to resolve the chronic stagnation in coverage. As those 
in the public health industry are aware, prevention is more 
cost-effective and offers a greater quality of life than post-
diagnosis cures or treatments.39 Thus, Nigeria has the prospect 
to save resources and lives in the future by tactically investing 
in vaccine delivery in the present. This analysis also highlights 
the various inequalities plaguing the healthcare system in 
Nigeria, given the differences in ethnicity, religion, and wealth 
index that were revealed. As previous research has shown, 
associations among the number of antenatal visits, residence, 
and socioeconomic status with vaccination status point to the 
systemic issues of healthcare accessibility and distribution of 
resources. Addressing social issues, such as these, may be a 
fitting priority to alleviate the burden of low vaccination rates. 
However, given the exceptionally low number of children who 
receive all EPI recommended vaccinations in Nigeria. Even 
small changes related to the substantial variables of ethnicity, 
antenatal care, region, religion, place of delivery, and wealth 
index may hold the key to achieving more robust vaccination 
levels in Nigerian children and attaining reductions in related 
morbidity and mortality.38,39 

When COVID-19 vaccines were available in Nigeria, 
respondents to COVID-19 vaccines were minimal compared 
to people’s response to another vaccine. The spread of vaccines 
was very low among the masses. This increased denunciation 
and indefiniteness of accepting COVID-19 vaccines was 
mainly because of fear and misconceptions trending on 
the media about COVID-19 vaccines and associated health 
dangers.

In January 2020, when Fudan University’s scientists and their 
coworkers posted on the internet the genomic sequence of 
the SARS-CoV-2, which is in charge of the current pandemic, 
most of the laboratories across the world were ready for the 
test.40,41 The genomic information of the disease has provided 
useful insights into the technology to make vaccines early 
from synthetic genes. Computer modeling of the atomic 
structure of the spike protein of analogous coronaviruses has 
been used to scheme an antigen stabilized in the prefusion 
conformation.42,43

Synthetic genes were quickly used to start the development 
of over 200 dissimilar vaccines.40 The amazing speed and 
excellence used for the development of the COVID-19 vaccine 
were possible as the scientists joined, for the first time, three 
eras of scientific progress in independent fields: structural 
vaccinology, reverse vaccinology, vaccine adjuvants, and 

synthetic biology. The advances in antigen selection and 
design (structural and reverse vaccinology) alongside the use 
of innovative synthetic platforms such as viral vectors, nucleic 
acid vaccines (RNA and DNA based). Furthermore, the 
availability of licensed adjuvants allowed for an unparalleled 
speed in discovering several COVID-19 vaccine candidates, 
in which many were already in the clinical development stage.

COVID-19 Vaccine Development Tools
Reverse vaccinology, synthetic biology, structural vaccinology, 
and vaccine adjuvants used individually to develop vaccines 
were combined based on a distinctive international effort to 
plan and develop COVID-19 vaccines (Figure 4).

The Reverse Vaccinology
The science that identifies vaccine antigens from the 
pathogen’s genome was used for the first time in 2000 to 
detect new antigens for a vaccine against meningococcus B, 
which was a major problem for conventional technologies.44,45 
The vaccine was licensed by the European Medicines Agency 
(EMA) in 2013 and by the FDA in 2015. It was shown recently 
to reduce about 91% of the disease incidence in Italy and 
74% in the United Kingdom.46,47 In the last two decades, 
most vaccines have developed with genomics, exploiting the 
pangenome of viral and bacterial species. Significant progress 
in genome-based vaccines was completed in 2013 when an 
RNA vaccine against the H7N9 influenza virus was produced 
in 1 week without the virus culturing but using the genome 
sequence available in public databases.48 In the last few years, 
immunologists that deal with tumor cells used the genome of 
cancer cells to identify mutations coding for neoantigens to be 
combined in cancer vaccines.49

The Structural Vaccinology
Structural vaccinology (design based on structure antigen) was 
foreseen as an evolving field in 2007 when it became clear that 
high-throughput structure determination would be possible 
in the nearest future.50 Nevertheless, it had previously been 
anticipated in 2002 that the study of antibodies recognizing 
protective epitopes would inform vaccine design.51 The 
first example published in 2011 was the design of a single 
meningococcal antigen that contained the epitopes of three 
antigenic variants of a similar molecule.52 In 2013, structure-
based vaccine design was used for the first time to develop a 
vaccine that had been difficult for other technologies, when 
McLellan et al,53,54 described the stabilization of the respiratory 
syncytial virus fusion protein in the prefusion conformation. 
In 2019, the prefusion stabilized Fusion protein was shown to 
induce unprecedented neutralizing antibody levels and ready 
for phase III clinical trials.55 In 2013, a structure-based design 
was also used for germline immunization to make broadly 
neutralizing antibodies against the Human immunodeficiency 
virus (HIV).56 Lastly, in 2015, structural vaccinology was used 
to modify the spike protein of the Middle East respiratory 
syndrome-related coronavirus (MERS-CoV) in the prefusion 
conformation.40 In 2017, a perspective in the Journal of 
Experimental Medicine foretold the merging of reverse and 



         Severe Acute Respiratory Syndrome SARS-CoV-2

International Journal of Travel Medicine and Global Health. 2021;9(2):60-69 65

structural vaccinology and named it reverse vaccinology 2.0.57

The Synthetic Biology
There is the ability to use synthetic genes for vaccination 
as well as cancer therapy. It was initiated in 1986 by using 
a cloned gene into a viral vector for gene therapy,58 and, in 
1992, by replicating the glycoprotein gene of rabies virus 
into a canarypox viral vector for the development of rabies 
vaccine.59 Separately, it was shown that protein expression 
could be achieved by the direct transfer of genes into mouse 
muscle cells.60 This observation recommended the usage of 
naked DNA,61,62 and RNA63 for vaccination. DNA vaccination 
became very prevalent during the subsequent decade until it 
was discovered that, while successful in most animal models, 
it has not been, until recently, successful in humans.40 The 
degeneration of DNA popularity led to the rekindling of 
viral vectors and RNA at the end of the first decade of the 
21st century. In this period, viral vectors became widespread. 
They were widely used for the rapid generation of vaccines to 
fight the Ebola epidemic in 2014, which led to the permission 
of the first viral vector vaccine produced in 2019. So far, there 
have been technological advancements to produce, stabilize, 
and deliver RNA in the pharmaceutical industry to develop 
antisense RNA therapeutics. The technology that permitted 
RNA delivery using lipid nanoparticles was transferred to 
vaccines and allowed the efficient delivery of RNA vaccines, 64 
and the rapid development of fully synthetic RNA vaccines in 
1 week against an emerging pathogen.3,47 In the last few years, 
the production and clinical testing of RNA vaccines and viral 
vectors have increased exponentially. These technologies are 
currently being used to produce vaccines to tackle the SARS-
CoV-2 pandemic.

Vaccine Adjuvants 
Vaccine adjuvants are substances that are added to vaccines 
to alleviate their potency. Aluminum hydroxide, along with 
aluminum phosphate, has been used since the 1920s.38,39 
MF59 (Novartis International AG, Basal, Switzerland), 
the first modern adjuvant in 1997, was licensed to recover 
an influenza vaccine.65 Ever since then, numerous novel 
adjuvants have been licensed and used by many people. 
The other adjuvants licensed today are AS01, AS03, AS04, 
and CpG oligonucleotides used for herpes zoster, pandemic 
influenza, papillomavirus, and hepatitis B.66 The clinical 
assessment setting, MF59, alum, CpG, AS03, and Matrix-M 
are being used for COVID-19 vaccines.

In January 2020, these four tools, as stated above, were 
used together to develop some COVID-19 vaccines.40 A 
SARS-CoV-2 nucleotide sequence coding for the spike 
protein was derived from the genome sequence uploaded on 
public databases (reverse vaccinology). The synthetic gene 
was modified to introduce the earlier mutations to stabilize 
the coronavirus antigen in the prefusion form (structural 
vaccinology) and used for RNA and viral vector vaccines 
(synthetic biology). The protein-based vaccines (as viral-like 
particles, stabilized recombinant trimers, and nanoparticles) 
were combined with adjuvants. However, some SARS-
CoV-2 vaccines in the clinic use other approaches such as 
attenuation or inactivation of the virus; the combination 
of these tools and the coordinated global effort allowed for 
an unparalleled speed in discovering numerous COVID-19 
vaccine candidates.

Vaccines for COVID-19
Some approaches are used to make COVID-19 vaccines and 

Figure 4. New Tools and New Correlates of Immunity Instruct the Transformation in Vaccine Development.35
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nucleic acid-based vectors, inactivated or live attenuated 
viruses, recombinant proteins, and virus-like particles.41 
In this write-up, we focused mainly on three categories of 
vaccines demonstrating immense developmental acceleration: 
synthetic RNA vaccines, viral vectors, and adjuvant protein-
based vaccines (Figure 5).

Synthetic RNA vaccines are the fastest to develop. A 
completely synthetic gene is cloned in a plasmid vector, which 
is then used as a template for the in vitro synthesis of the RNA 
vaccine.68 RNA vaccines are divided into two types: those that 
encode an antigen and those that encode an antigen along 
with the enzymatic machinery for RNA template replication 
following vaccination (self-amplifying RNA27,34). The study of 
Jackson’s in 2020 showed RNA vaccines that were completely 
synthetic and do not need a biological phase were able to get 
to clinical trials in 66 days (record time) and moved from 
phase I to phase II clinical trials in below five months.69 
Immunogenicity, and efficacy data in humans were produced 
in 10 months.70,71 Currently, RNA vaccines are among the 
most promising vaccine tools. They could be one of the most 
vital platforms of the future. However, we need to be informed 
that, at present, we do not have a licensed RNA vaccine so 
far. Thus, this type of vaccine still needs to experience the 
challenges of demonstrating safety, immunogenicity, and 
its efficacy in a large human population. Additionally, the 
manufacturing of RNA vaccines, even though being much 
simpler than conventional vaccines, has never been pushed 
up beyond the need for clinical trials. The urgency to combat 
COVID-19 and to prevent infectious diseases similar to SARS 
CoV-2 provides an unprecedented opportunity to accelerate 
this tool and quicken its maturation.

In viral vectors, the synthetic gene coding for spike protein 
is inserted into one of many viruses modified to prevent the 
reproduction of the disease in the human host. The virus is 
then cultivated in culture and used to transport the synthetic 
gene during vaccination. Many viruses can be used to perform 
this purpose. The most common ones are adenoviruses 
(Chimpanzee adenovirus, human adenoviruses 5 and 26), 
modified vaccinia Ankara, measles virus, cytomegalovirus, 
and vesicular stomatitis virus (VSV).72,73 The only licensed 
vaccine based on viral vectors is the Ebola vaccines based 

on human adenovirus 26 and VSV.39 Though we have a long 
experience of clinical trials with viral vector vaccines, these 
vaccines have not been used in millions of people. Hence, the 
need to move forward carefully with this method. Extensive 
manufacturing capacity to produce hundreds of millions 
of doses does not yet exist in the industry. It is being fast-
tracked with extraordinary public and private investments to 
accelerate COVID-19 vaccines. It is also vital to call attention 
to vector immunity which has remained a concern with 
viral and bacterial vectors. Boosting vaccines with the same 
vector has restrictions, and this could influence using the 
same vector for a dissimilar pathogen, an issue that should be 
carefully considered.

Protein-based vaccines are the only ones for which we have 
a great experience. In this case, the synthetic gene coding for 
the spike protein, prefusion stabilized or receptor-binding 
domain only, is used to engineer mammalian cells, baculovirus, 
or plant cells to produce the purified recombinant protein, 
joined with adjuvants, and used as a vaccine. The primary 
phase of these vaccines involves the cell line’s generation, and 
the protein’s purification requires more time than RNA or 
viral vector vaccines. Hence, at least six months were needed 
before the first protein-based COVID-19 vaccine started 
clinical trials.74 Initial data on immunogenicity in humans 
shows that these vaccines induce very high neutralizing 
titers that surpass those found in recovering patients due to 
vaccination. 

Conclusion
The COVID-19 pandemic appears to be escalating with 
several unknown factors. Hopefully, in the future, as the 
epidemic progresses and vaccines become widely available, 
the true burden of this infectious agent will be reduced. Based 
on the spread of this disease worldwide, it is evident that 
there is a crucial need for COVID-19 vaccines or alternative 
therapies to battle this agent. Until an adequate quantity of 
COVID-19 vaccine is supplied throughout the world, social 
distancing is advised to prevent the spread of this disease. The 
use of monoclonal antibodies is recommended for treatment 
if available.

Figure 5. COVID-19 Vaccines in Development and Their Timeline to Clinical Testing in Humans.67 
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