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Abstract:

The emergence of SARS-CoV-2 in late December 2019 has taken the world by storm. In March 2020, the World Health Organization (WHO)
named this virus COVID-19. To date, it has infected approximately 186 million people worldwide and is attributed as the cause of death of more
than 5 million people (and this number is only increasing.) The global effort to develop vaccines and therapeutics occurred at the fastest pace yet,
with several vaccines' approval under emergency authorization use. There are also several post-marketing side effects, including myocarditis,
cerebral venous embolism, and Guillain Barre Syndrome. Global vaccine disparity complicates the control of pandemic challenges. Several highly
infectious variants have emerged, and more variants are feared to emerge if global vaccination plans are not developed soon.
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The COVID-19 pandemic, which continues to infect
human lives across the globe, is far from over. The Severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
first emerged in Wuhan, Hubei province in China in December
of 2019. Within a matter of months, by March 2020, it was
already labeled a pandemic [1]. So far, it has infected more
than 234 million people worldwide and has claimed the lives of
more than 5 million people across the globe [2]. In the United
States, the virus has infected more than 48 million people,
followed by India with 34 million infected, and Brazil with
more than 22 million people infected [2]. The world has moved
unprecedentedly towards finding a cure for the disease in areas
of both therapeutics and vaccines. With the success of previous
vaccines, countries aggressively started moving towards the
development of vaccines to offer the world hope and optimism.
Usually, the vaccine process can take up to 8-10 years. Despite
this norm, the pandemic made scientists and regulators work
fast to develop vaccines in the shortest possible time. The virus
challenged this success with the development of a multitude of
variants. Overall, the vaccine development process goes
through the pharmacological quality, non-clinical trials in vitro
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and vivo, clinical phase I, II, and III trials, evaluation and
decision making, manufacturing and post-marketing safety
survey, and phase IV trials. Details of Phases I, II, III, and IV
are shown in Fig. (1). Fig. (2) illustrates the accelerated path of
the vaccine development in COVID times compared to the
normal development of the COVID vaccine in due course [3].
Several different technologies have been used to develop these
vaccines. Some of them are new, while others have utilized
older proven technologies [4]. The details of those vaccines are
shown in Fig. (3) [4].

In the race of vaccine development to halt the rapid
progression of the virus, which is causing an increase in
morbidity and mortality, Phase II and III trials were run
concurrently [S]. Vaccine production started even before trial
results were completed to be ahead of the curve and get the
vaccines to the global population as soon as possible. Every
developed and developing country was pouring a significant
amount of its budget towards securing vaccines. Vaccines
manufacturers were taking pre-orders even before any trial
results were out. Countries are in a race to get the best vaccines
for their populations while forgetting this is a pandemic and not
an endemic. In the USA, the messenger RNA-based technology
vaccine from Pfizer and Moderna was selected as the silver
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bullet to end suffering, whereas, in the UK, the
Oxford/AstraZeneca adenovirus-based vaccines were the
frontrunners. Soon afterwards, the Johnson & Johnson single
dose vaccine received emergency use authorization. The
efficacy of the most common vaccines used in North America
and Europe is shown in Fig. (4) [6, 7]. The Russian vaccine
Sputnik and Chinese vaccines Cansino and Sinopharm were
making headways in their respective countries and across other
countries in Asia. Developed countries, including the USA and
UK, were more focused on their vaccine procurement efforts.
Under Operation Warp speed, the USA focused on getting 300
million doses of the vaccine for the prevention of COVID-19
infection by January 2021-a very optimistic goal to achieve
what, on average, takes 73+ months. Operation Warp Speed
spent 12.4 billion on vaccines by December 2020. Details of
investment in different vaccine manufacturers are shown in
Fig. (5) [8]. There were many critical and affirming statements
regarding the amount of money spent on vaccine procurement.
Still, when looking at the bigger picture concerning how many
dollars were spent in other areas, this amount appeared to be
minuscule, citing how the USA initially paid not enough
healthcare dollars in vaccine procurement [8]. Many
developing countries relied on the combined global effort
through GAVI to guarantee at least 20% of needed vaccines for
each country so frontline workers and high risk populations
could be vaccinated [9]. The COVAX was launched in April
2020 to bring the private sector, nonprofit organizations, and
government together to provide equitable solutions and access
to COVID-19 vaccines, diagnostics, and therapeutics, offering
hope to developing countries with access to vaccines,
regardless of their financial capacities. Their goal is to
coordinate with GAVI, WHO, Coalition for Epidemic
Preparedness Innovations (CEPI), and vaccine alliance to
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coordinate with the manufacturers, negotiate prices, secure
vaccines, and provide equal access to participating countries.
Their goal is to have 2 billion vaccines by the end of 2021 and
provide vaccines to high-risk populations and frontline workers
[9]. The fundamental goal of GAVI and COVAX is to
guarantee that the vaccine is accessible to the 92 low- and
middle-income countries that cannot afford to vaccinate their
people [9].

The COVAX prioritized investing in AstraZeneca, Johnson
& Johnson, and the Novavax vaccine. They avoided mRNA-
based vaccines due to cold chain technology issues, especially
in developing countries and rural areas where vaccine delivery
can be challenging. Vaccine producers like the Serum Institute
of India and other significant global laboratories were
contacted by vaccine developers to produce vaccines on a large
scale.Several vaccines began to emerge, despite the fact that
they had not yet been published in peer-reviewed journals [10].

While the USA and some developing countries started
receiving vaccines (without knowing the long-term side effects
and long-term efficacies) [11], the world patiently waited for
their turn to be vaccinated. While vaccines from different
companies were being delivered in small assignments, the
world was simultaneously plagued with variants. Initially, the
B.1.1.7 variant (Alpha Variant) in the UK and the South
African and Brazilian variants emerged [12 - 14]. Vaccine
developers were once again put on the spot, and they were
compelled to shift their attention to conducting follow-up
studies or enrolling patients in their studies in high-risk
countries to demonstrate their vaccines' effectiveness against
these variants.According to WHO, 102 vaccines are in clinical
development and 185 vaccines are in pre-clinical development
[15].

Clinical trials aim to study for
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While vaccine development and distribution are in
progress, different regions are differently impacted by the virus
and its variants. While the USA and European nations are
returning to their normal lives, the emergence of the Delta
variant is plaguing India severely, completely collapsing their
healthcare system. With the Delta variant relentlessly infecting
the global population, it now accounts for more than 50% of
new COVID-19 cases [12, 13]. With the Delta variant’s
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emergence, global numbers for COVID-19 positive cases have
started increasing again, especially among non-vaccinated
patients. The RO factor for the Delta variant is in the range of
4-9. Compared to the wild variant RO of 2.7, the mortality rate
among patients infected with the Delta variant has also been
reported significantly higher than the initial virus [16, 17]. The
recent report also suggested the efficacy of the Sinopharm
vaccine against the Delta variant [18].
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Fig. (2). Accelerated pathway of vaccine development in covid times.

Different vaccine development technologies based on immunogenicity

Live attenuated virus Whole inactivated virus

0°0
0%
2P -ﬁ-
Inactivated dead virus doesn’t
cause disease

Weakened virus doesn’t cause
disease

Induce response similar to
natural infection

@ Not suitable for pregnancy and
immunocompromised persons

© Induce strong response
Large quantities of virus and
® booster doses are needed

Currently used vaccines:

Currently used vaccines: MMR,
chickenpox

Influenza, hepatitis A, rabies

Peptides
V- gl

Synthetic produced fragment of an antigen

© Rapid development
@ Poorly immunogenic
Currently used vaccine: -

Fig. (3). Vaccine development technology based on immunogenicity.

Replicating or non-replicating

viral vector

I
e

Protein subunit Recombinant

Use antigen protein from a virus Use host cell to express antigen

@ Safer than live-attenuated/whole @

_ " 5 Not require the whole virus
inactivated virus

@ Poorly immunogenic, multiple @

Poorly immunogenic
doses are needed

Currently used vaccines: HPV Currently used vaccines: HBV

Nucleic acid

RNA or DNA coding for viral protein
Strong cellular immunity, rapid development
Less antibody response

Currently used vaccines: COVID-19 vaccine



4 The Open Respiratory Medicine Journal, 2022, Volume 16

The Lamda variant emerged in Peru in December 2020 and
accounts for 80% of cases within the country. It has now
spread to 26 countries. In June 2021, WHO recognized this
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variant but has yet to classify it as a variant of concern [19].
The Delta variant is now recognized as one of the most highly
transmissible variants. Details of different variants are seen in
Fig. (6).

Comparison of vaccines efficacy
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Fig. (6). Multiple variants of concern.

The real-world data of the efficacy of the mRNA vaccine
was in the range of above 90% for mild-severe infection,
hospitalization, and ICU admissions. In comparison, with the
emergence of the Delta variation, the Pfizer vaccine's
effectiveness has dropped to 63% but remains over 90% for
severe illness, hospitalization, and ICU admissions.The
efficacy of the other non-mRNA vaccines has been reported to
be much lower, making a call for the booster dose with mRNA
vaccines or the second/third dose of the same vaccine if the
mRNA vaccine is unavailable.

Treating COVID-19 as an isolated virus that can be
prevented without global collaboration has resulted in the
emergence and surge of more variants, especially in developed
countries. The multiple global surges in COVID-19 cases are
shown in Fig. (7) [2].

As we gather more data on vaccine safety and efficacy, we
have learned about myocarditis in the mRNA-based vaccine
[20], cerebral venous embolism in the adenovirus-based
vaccine (AstraZeneca and J&J Vaccine) [21], and Guillan
Barrie Syndrome (J&J Vaccine) [22]. The data on other
vaccine efficacies, especially with Chinese and Russian-based
vaccines, is addressed with less transparency.

The scientific success of developing an effective vaccine
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against COVID-19 has been overshadowed by poor
vaccination rates, especially in developed countries. Mixed
messages, politicization of vaccines, and misinformation
repeated in social media lead to public distrust regarding
vaccines. This has led to an increase in anti-vaxxers. Even
though there is a plethora of data about the safety of the
vaccine, politicization and twisted messages have gone viral,
creating more challenges to achieve herd immunity.

This pandemic has not only caused high global infection
rates and mortality but has caused a tremendous global
economic toll. The disparity in the availability and distribution
of vaccines has left developing nations at the mercy of the
SARS-CoV-2 virus. While developed countries believed that
vaccinating a significant proportion of their population would
quickly lead to the opening of businesses, the economy, and
borders, this approach backfired as variants began to emerge in
other countries with low vaccination rates.These variants
inevitably made it to developed countries. According to the
Rockefeller Foundation, “The inequity and the lack of strong
global vaccination campaigns extend beyond a health crisis.
Our interconnected global economy stands to lose as much as
US$9.2 trillion if governments fail to ensure developing
economy access to COVID-19 vaccines” [23].
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Fig. (7). Global surges in COVID-19 cases. Source: https://ourworldindata.org/grapher/daily-covid-cases-deaths?country=~OWID_WRL.

CONCLUSION

To conclude, the death and infection toll should be kept
minimal and the global economy should be safeguarded if the
world wants to overcome this pandemic and prepare for future
pandemics. To prevent contagious and non-infectious natural
disasters, world leaders must sit down, coordinate, and work
toward a global plan. With this pandemic, no one is safe until
everyone is safe.
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