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Abstract: The pandemic of COVID-19 has affected millions of individuals around the globe. Its impact on the 
world has made essential progress in the research sector to develop safe and effective vaccines. Several vaccines for 
COVID-19 have been made utilizing the SARS-CoV-2’s spike protein. Presently, Moderna’s COVID-19 vaccine, 
Pfizer-BioNTech COVID-19 vaccine, and Johnson & Johnson’s Janssen vaccine are approved and suggested by CDC 
to prevent the COVID-19. Five vaccines (till April 2021) have been approved by WHO on emergency basis which are 
AstraZeneca, Pfizer-BioNTech, Moderna, Sinopharm, and Johnson & Johnson. The Food and Drug Administration 
approve the scientific standard of drugs and vaccine such as their efficacy, safety, and quality. Currently, ambiguous 
information regarding COVID-19 vaccine are being circulated globally. During health crisis, rumours roll out and 
generate fear, psychosis, and anxiety. On the other hand, the variants of SARS-CoV-2 are continuously emerging 
across the globe. Different platforms are being utilized for the development of whole virus-based vaccine, nucleic 
acid-based vaccine, and proteins sub-unit vaccine; all displayed good efficacy where few were further proceeded 
to clinical trials. The current article provide an overview on the COVID-19 vaccines, their efficacy, and discuss the 
possible reduction in vaccine efficacy due to the emergence of new variants. 
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1. INTRODUCTION

The COVID-19 pandemic caused by the severe 
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) has affected millions of individuals around 
the globe [1, 2]. Scientists across the globe are 
trying to develop vaccines that are both effective 
and safe to prevent COVID-19. Several candidate 
vaccines are in the pipeline or already in the clinical 
trial developmental stages while some or clinically 
available and have been approved. Studies from 
animal models along with human trials already 
indicated potential trends to achieve a high level of 
neutralizing antibodies [3]. Promising results have 
been revealed by the antibodies of SARS-CoV-2 
spike proteins in terms of inducing high titers in 
preclinical models. 

A proteins-based recombinant vaccine such 
as CoV-RBD219N1 and chemically inactivated 

virus vaccines i.e PiCoVacc have reported a high 
level of protective immunity in animal models 
such as mice and rhesus macaques [4, 5]. Other 
studies have reported adenovirus vectored vaccines 
as inducing high-level of antibodies for SARS-
CoV-2 [6,7]. The mentioned vaccine of COVID-19 
(ChAdOx1-nCoV-19) has shown antibodies 
titers ranging from 5-40 in the rhesus macaques 
[6]. A human adenovirus 5-vactored COVID-19 
vaccines in trial phase-I induced both live virus-
neutralizing antibodies titers and pseudovirus 
neutralizing antibodies titers in healthy individuals 
in 28 days post-vaccination [7]. The reported titers 
of antibodies induced by adenovirus vectored 
COVID-19 vaccines were lower than the reported 
human convalescent plasma [8, 9].

Efforts have been made to develop vaccines 
candidates particularly utilizing the SARS-CoV-2’s 
spike protein [10]. Public health authorities across 
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the globe have been mobilizing to deliver the biggest 
ever vaccination program to battle COVID-19. As 
of 25th May 2021, 5.3% of the world population has 
been  fully  vaccinated  [11].  Presently,  Moderna’s 
COVID-19  vaccine,  Pfizer-BioNTech,  and 
Johnson  &  Johnson’s  Janssen  COVID-19  vaccine 
are  approved  and  suggested  by  CDC  to  prevent 
COVID-19  [12,  13].  As  of  27th  February  2021, 
there are almost 50 other COVID-19 vaccines still 
in  developmental  stages  [11,  12].  Five  vaccines 
have been approved by WHO on emergency basis 
which are AstraZeneca, Pfizer-BioNTech, Moderna, 
Sinopharm, and Johnson & Johnson’s Janssen [14]. 

 Vaccines could be based on live or attenuated  
viruses,  virus-like  particles,  proteins  sub-unit, 
viral  vector,  DNA,  RNA,  and/or  conjugated 
nanoparticles  [15].  The  mRNA-based  vaccines 
trigger  an  immune  response  as  they  teach  the 
cells how to make a protein that could activate the 
immune  response.  The  Pfizer-BioNTech  which  is 
an mRNA-based vaccine is recommended by CDC 
for  people  aged  16  years  and  older.  Similarly,  the 
Moderna  vaccine  is  also  a  mRNA-based  vaccine 
and  is  recommended  for  people  aged  18  years 
and  older.  The  BNT162b1vaccine  is  an  mRNA 
vaccine  that  encodes  for  the  SARS-CoV-2  RNA 
binding  domain  (optimized  codon)  which  is  an 
essential  target  for  neutralizing  antibodies.  The 
vaccine immunogenicity has been enhanced by the 
addition of T4 fibritin-derived fold on trimerization 
domain to the RNA binding domain. The mRNA is 
efficiently  delivered  as  it  is  encapsulated  in  80nm 
ionizable  cationic  lipid  nanoparticles. The  clinical 
trials have revealed moderate to transient reactions 
with no obvious adverse side effects [16]. 

 The mRNA-1273 is a synthetic mRNA vaccine 
suggested by CDC to prevent COVID-19 

encapsulated in the lipid nanoparticles encoding for 
spike proteins of SARS-CoV-2.  This vaccine could 
activate  the  immune  response  to  the  spike  protein 
and is considered safe because of its mRNA nature 
[17]. This vaccine was quickly approved by the food 
and  drug  administration  (FDA)  for  clinical  trials 
[18]. The vaccine was reported to be welltolerated 
and safe in 25-100 μg dose cohorts [19]. 

1.1.  Vaccine Authorization and Policies 

The FDA approve the scientific standard of drugs 
and  vaccine  such  as  their  efficacy,  safety,  and 
quality. FDA also provides regulatory and scientific 
advices to  researcher  and  vaccine  developers 
and  evaluate  the  information  of  clinical  phases 
of  vaccines  [20].  FDA  enhanced  the  process  of 
the  vaccine’s  approval  due  to  the  public  health 
emergency  and  the  importance  of  the  urgent  need 
and availability. The interim final rule with request 
for comments (IFC) discusses CMS implementation 
of  section  3713  of  the  Coronavirus  relief,  Aid, 
and  Economic-Security  Act  (CARES  Act)  which 
is  recognized  as  Medicare  Part-B  coverage 
and  payment  for  COVID-19  vaccine  and  its 
administration [20]. 

1.2.  Vaccines in Pakistan 

Pakistani  health  authroities  have  awarded 
emergency  use  authorization  to  COVID-19 
vaccines  particularly  the  Russian  vaccine, 
Sputnik-V, or Gam COVID Vac to be administered 
in  Pakistan.  The  authorities  have  also  granted 
authorization  to  China’s  state-owned  Sinopharm 
and British-Swedish-vaccine manufacturers Oxford 
AstraZeneca’s AZD1222/  Covisheild  vaccine  [21, 
22].  COVID-19  vaccination  has  been  started  in 

 

Table 1. Vaccines that clinically approved or have entered to clinical trial (Phase III) [12] 

S. No Vaccines Producer Company/ Organization 

1 Ad5-nCoV CanSino Biologicals 

2 INO-4800 Inovio, Inc 

3 mRNA-1273 Moderna 

4 ChAdOx1 University of Oxford 

5 Pathogen-specific aAPC ShinzenGeno-Immune Medical Institute 

6 BNT162b2 Pfizer, Inc., and BioNTech 

 

Vaccines could be based on live or attenuated 
viruses, virus-like particles, proteins sub-unit, 
viral vector, DNA, RNA, and nanoparticles [15]. 
The mRNA-based vaccines trigger an immune 
response as they teach the cells how to make a 
protein that could activate the immune response. 
The Pfizer-BioNTech which is an mRNA-based 
vaccine is recommended for people aged 16 
years and older by CDC. Similarly, the Moderna 
vaccine is also an mRNA-based vaccine and is 
recommended for people aged 18 years and 
older. The BNT162b1 vaccine is an mRNA 
vaccine that encodes for the SARS-CoV-2 RNA 
binding domain (optimized codon) which is an 
essential target for neutralizing antibodies. The 
vaccine immunogenicity has been enhanced by 
the addition of T4 fibritin-derived foldon 
trimerization domain to the RBD antigen. The 
mRNA is efficiently delivered as it is 

encapsulated in 80nm ionizable cationic lipid 
nanoparticles. The clinical trials have revealed 
moderate to transient reactions with no obvious 
adverse side effects [16]. 

The mRNA-1273 is a synthetic mRNA vaccine 
encapsulated in the lipid nanoparticles encoding 
for spike proteins of SARS-CoV-2.  This 
vaccine could activate the immune response to 
the spike protein and is considered safe because 
of its mRNA nature [17]. This vaccine was so 
quickly approved by the food and drug 
administration (FDA) for clinical trials [18]. The 
vaccine was reported to be well-tolerated and 
safe in 25-100 μg dose cohorts [19]. 

 

1.1 Vaccine authorization and policies  
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Pakistan. The emergency use authorization was 
announced by the Drug Regulatory Authority on 
22nd January of 2021 following which vaccines 
could be shifted to the country in the coming few 
days [22]. The 5 million doses of vaccine have been 
donated by China and 17 million vaccines have 
been donated by the UK to Pakistan.  

2.   MISINFORMATION ASSOCIATED WITH  
      VACCINE IN PAKISTAN

Ambiguous information regarding COVID-19 are 
being circulated across the globe. Keeping vaccines
at the center of conflict, many myths and rumors 
have been spread. Vaccines associated with 
infertility were the most heard rumor following by 
vaccines ingredients and their composition used for 
vaccine harming the person who inject it. A huge 
part of the world suffering from this pandemic has 
faced the hardest challenges to coping with the loss 
of loved ones [23]. The reason for the uncertainty 
associated with the use of vaccination is also 
due to certain factual cases related to COVID-19 
vaccination e.g., the certain patient developed 
thrombotic thrombocytopenia (blood clotting) after 
receiving the AstraZeneca vaccine. More than 20 
million people have been vaccinated (as per April 
2021) with the AstraZeneca vaccine in the UK and 
about 79 cases of rare blood clots with low platelets 
have been  reported along with 19 deaths. However, 
the WHO and the European Medicines Agency 
recommended that there is no increased risk of 
blood clots with the vaccine and vaccinations 
should be continued [24]. People also urged that 
the vaccine-based immunity is not long-lasting, 
hence there could be chances of reinfections and 
vaccination is not an appropriate option.

During a health crisis, rumors roll out and 
generate fear, psychosis, and anxiety. Patients 
with HIV, cancer, organ transplants, bone marrow 
recipients with the suppressed immune system are 
not willing to get vaccines [25]. Other misconception 
also exists according to which tracking device/chip 
is implanted in the human body [26]. The spread 
of coronavirus rumors gives rise to serious menace 
not only for the effectiveness of vaccine campaigns 
but also to public health. Vaccines are only a part 
of efforts to put pandemics under control, adding 
that it is also important for the authority to increase 
testing, tracing, and treatment [27].

2.1  New Variants Reported from Pakistan

Fearfully, VOC‐202012/01 (Variant of Concern, the
year 2020, month 12, variant 01) formerly known 
as VUI‐202012/01, was recognized in United 
Kingdom, South Africa, and Brazil [28]. About 
31 countries of the world have reported the 
new variants till 30 December 2020 [29]. It is 
thought that new virus might be up to 70% more 
transmissible and threaten than old virus strain, 
which could cause another wave of the same 
pandemic. According to a newly published study, 
a new coronavirus variant moved from the UK to 
the US rapidly [30]. In Pakistan’s first case of the 
UK variant was reported in Sindh province. On 29th 

December 2020 in Karachi, three samples of UK 
returnees show 95% similarity in the first phase of 
genotyping to new coronavirus variants from the 
UK. It has been documented that three patients of 
UK returnees have a new variant of SARS-CoV-2 
in the first phase, 12 samples were genotyped 
in which six were detected positive. Besides, the 
National Command and Operation Centre (NCOC)
reported two positive cases of the UK variant in 
Islamabad on 4th, January 2021. The individuals 
had recently returned from the UK while the variant 
was confirmed via whole-genome sequencing. 
Pakistan has extended the travel restrictions on 
several countries, including the UK, till February 28 
to minimize the spread of the deadly variant of the 
coronavirus amidst the second wave of infections 
[31].

3.   EFFICACY OF VACCINE COVID-19

It has been documented that the vaccine formed 
by the Chinese (Cansino Biologic’s COVID-19 
vaccine) was 65.7% effective in averting the 
symptomatic cases and 90.1% in severe disease 
[29]. The percentage was based on analysis of 
multiple countries’ phase-III clinical trials of the 
Cansino vaccine, however, the Pakistani sub-set 
with 30,000 contestants exhibited 74.8% defense 
against symptomatic cases and 100% in serious 
illnesses. In addition to Pakistan, Cansino has 
analyzed its vaccine in Chile, Mexico, Russia, and
Argentina. Neither the Cansino nor Pakistani 
government announced further information on the 
efficacy statistics, suggesting that Cansino joins 
other Chinese vaccine manufacturers Sinopharm 
and Sinovac in publishing little data beyond 
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headline efficacy figures [30]. The early trials 
showed that Cansino’s vaccine induced only a 
limited immune response that was surpassed by 
Pfizer and Moderna. After rising in the vaccine 
run, foreign vaccine manufacturers like Moderna 
and Pfizer also defeated Cansino in completing                           
Phase-III clinical trials, obtaining approvals from 
the government. Cansino also fell behind its Chinese 
counterparts Sinovac and Sinopharm, which are now 
distributing hundreds of millions of doses across 
at least a dozen foreign countries. Sinopharm’s 
vaccine is 79% effective while Sinovac’s vaccine is 
between 50% and 90% effective [32].

Cansino’s shot is based on similar viral-vector 
vaccine technology that Johnson & Johnson is using 
for its one-shot vaccine. Cansino’s 65% efficacy rate 
also appears on par with Johnson & Johnson’s 66% 
figure. Cansino’s 65% efficacy figure would pass the 
WHO’s recommended threshold of 50%, but it still 
lags the 94.1% and 95% figures posted by Moderna 
and Pfizer, respectively [33]. Like the Johnson & 
Johnson single-dose vaccine, Cansino may have 
distinct advantages in distributing its jabs to poor and 
middle-income countries. Unlike mRNA vaccines 
from Pfizer and Moderna, Cansino’s vaccine does 
not require sub-zero storage; it can be transported 
in less expensive supply-chain networks at normal 
refrigerated temperatures (2 to 8 degrees Celsius) 
[32,34]. Its administration in a single dose could 
boost efforts to distribute vaccines to more rural 
areas, where it may be difficult to send supplies and 
set up follow-up appointments. Cansino’s vaccine 
has not been officially approved in Pakistan or any 
other country, but it has been distributed to members 
of China’s military and other high-risk population 
groups in China on an emergency basis since at 
least June 2020. In November 2020, Cansino has 
the potential benefits of having a viable one-shot 
COVID-19 vaccine. In the pandemic environment, 
what you need is a vaccine that can quickly provide 
protection. If we can make a single dose work, it 
will stop the spread of the virus [32, 35].

3.1  Possible Reduction in Vaccine Efficacy due  
       to Variation

The Oxford-AstraZeneca vaccine shows good 
efficacy against the UK’s dominant variant (new 
corona-virus variant). Vaccine designers declare 
it is a comparatively simple process to adjust 
the existing formula to target any new variants. 

Scientists behind the Moderna and Pfizer-BioNTech 
vaccines also suggest their vaccines seem to protect 
against UK’s dominant new variant. Now that more 
than 10 million people have been vaccinated, these 
are the first indications that the vaccine even now 
defends maximum people with COVID-19. Oxford 
investigators reveal similar levels of efficacy 
against “Kent” B117 (74.6%) and the old variant 
(84%). It is now present across the UK and in other 
countries. In what way variants impact the severity 
of COVID-19 disease and how variants impact the 
efficacy of vaccines and therapeutics. Surveillance 
of emergent variants can assist detection of the 
variant with the ability to circulate more rapidly 
in people, capability to evade detection by specific 
diagnostic tests, ability to produce either moderate 
or more serious disease in people, ability to evade 
natural or vaccine-induced immunity, and reduced 
susceptibility to therapeutics that utilize monoclonal 
antibodies [36]. It has been stated that vaccines could 
work efficiently to avert COVID-19 and could not 
be affected by variations or the emergence of new 
SARS-CoV-2 variants. The report also reveals the 
vaccine may decrease the spread of the disease as 
well as preventing severe infection and death from 
COVID-19. The necessity for a new vaccine had 
always been estimated. “Corona-viruses are less 
disposed to mutation than influenza viruses, but due 
to continuing pandemic situation, we have always 
expected that new variants will begin to dominate 
and that ultimately need a new version of the vaccine 
for the updated spike protein. It would be essential 
to sustain vaccine efficacy at the highest possible 
level. There is a need for continuous monitoring 
on the emergence of new variants and work with 
AstraZeneca to make changes to the vaccine if 
compulsory [37].

The lineage carries many mutations in the 
SARS-CoV-2 spike protein, the immune system’s 
prime target, which allows the virus to identify and 
infect host cells including some changes linked to 
weakened antibody activity against the virus. The 
rapid spread of variants could be its ability to elude 
previously established immune responses [38, 39]. 
To investigate this, a virologist isolated the new 
variant from infected people. Then they tested 
the variant samples against serum the antibody-
containing portion of blood taken from six people 
who had recovered from COVID-19 caused by 
other versions of the virus. This convalescent 
serum tends to contain neutralizing, or virus-
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blocking, antibodies that can prevent infection. 
The researchers found that the convalescent serum 
was much worse at neutralizing new variants than 
at neutralizing variants that circulated earlier in the 
pandemic [38]. Some people’s plasma performed 
better against new variants than others, but in all 
cases, the neutralizing power was substantially 
weakened. The researcher probed the effects of 
convalescent serum on several groupings of spike 
mutations observed in variants. They did this 
using a ‘pseudo-virus’ a mutated form of HIV 
that infects cells using the spike protein of SARS-
CoV-2. These experimentations demonstrated 
that variant contains mutations that blunt the 
effects of neutralizing antibodies that recognize 
two key regions of spike: its N-terminal domains 
and receptor-binding. Pseudo-viruses with the 
full package of new variants mutations were fully 
resistant to convalescent serum from 21 out of 44 
participants and were partly resistant to the serum 
of many people [38, 40]. 

Mutations in the receptor-binding domain of 
variant caused a modest drop in the potency of 
antibodies from people who had received either 
the Pfizer or Moderna mRNA vaccines. Most 
COVID-19 vaccines elicit high levels of antibodies 
that target diverse regions of the spike protein, so 
some of the molecules are likely to be able to block 
variants of the virus. And other components of the 
immune response, such as T cells, might not be 
affected by new variants [38]. 

4.   CONCLUSION

The development of a vaccine against COVID-19 
was an important aspect and a challenging job. 
Presently, Moderna’s COVID-19 vaccine and 
Pfizer-BioNTech COVID-19 vaccine are approved 
and suggested by CDC to prevent COVID-19. The 
vaccine formed by the Chinese resarchers was 
65.7% effective in averting the symptomatic cases 
and 90.1% in severe disease. The emergence of 
new variants are due to the variation that occurs in 
the spike protein of SARS-CoV-2 and mutation in 
the receptor-binding domain which may causes a 
reduction in vaccine efficacy.   
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