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Abstract 

The advent of Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2) also known as COVID-19 disease and 
the dynamics of its rapid spread around the globe are unprecedented. Different preventive efforts have been undertaken 
in response to this global health challenge, amongst them, vaccine development, distribution and dispensation is at the 
forefront. Vaccines stimulate the body’s immune system against infectious pathogens; hence, they are one of the greatest 
medical accomplishments and a cornerstone of public health. There is a strong consensus globally that COVID-19 
vaccine is likely the most effective approach to sustainably controlling the COVID-19 pandemic. An unprecedented 
research effort and global coordination has resulted in a rapid development of COVID-19 vaccines. Here, we review the 
various types, Pros (status of different COVID-19 vaccines, their utility in COVID-19 control and as a tool of herd 
immunity or protection) and Cons (various side effects, leaky vaccination and vaccine hesitancy) of COVID-19 vaccines. 
Despite all cons it is believed that vaccination will certainly help in building up of herd protection against COVID-19 
disease, which could allow lockdowns, travel restrictions and social distancing to be relaxed globally.  
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1. Introduction

The rapid spread of Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2) throughout the globe poses a 
daunting public health emergency. Different preventive efforts have been undertaken in response to this global health 
predicament, amongst them, vaccine development is at the forefront. Vaccines stimulate the body’s immune system 
against infectious pathogens; hence, they are one of the most effective ways of preventing diseases [1].  

The immune response to the SARS-CoV-2 involves innate immune activation and antigen-specific responses of bone 
marrow or bursa-derived (B) and thymus (T) cells. Protection from viral infection is mainly achieved by virus-
neutralizing antibodies, a principle that applies to the vast majority of viral infections to which humans acquire robust 
immune protection due to infection or vaccination. Broad immunization has been very helpful as soon as “only” 
approximately 60–70% have become immune, because relatively simple measures against viral spread will then be 
sufficient to contain the virus [2].  

After global approval of COVID-19 vaccines, COVID-19 has become the 28th vaccine preventable human disease [1]. Not 
all infectious diseases can be presently fought with a vaccine. The HIV, respiratory syncytial virus and the cancer causing 
Epstein-Barr virus kill millions of people every year due to the lack of vaccines. Moreover, not everyone is fortunate 
enough to be vaccinated due to several economic, social, ethical, geographical and health reasons leading to vaccine 
preventable deaths. The health reasons for avoiding vaccines include: (1) historical evidences of severe or life-
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threatening reaction to the vaccine (allergies), (2) infants younger than six months old (for many vaccines), (3) ongoing 
moderate or severe illness and (4) people with chronic wasting diseases or those with Guillain-Barre syndrome 
(characterized by difficulties with eye muscles and vision, swallowing, speaking, chewing, lack of sensations in the hands 
and feet but severe pain especially at night, problems of coordination and steadiness beside arrhythmic heart beat and 
disturbed blood pressure) [3]. 

The most common flu shots are not suggested be administered to children under two years of age, or young children 
with a history of asthma or wheezing, children or adolescents on long-term aspirin treatment and pregnant women. 
Also, people with chronic diseases, (such as heart disease, liver disease, or asthma), people with certain muscle or nerve 
diseases (that can cause breathing problems) and people who have (or are living with family members) compromised 
immune systems are advised against the flu vaccine. The vaccine shots usually fail to protect elderly from common flu. 
However, there is paucity of information about COVID-19 vaccine suitability, which may be learnt after several 
complications yet to be reported after these mass scale vaccinations around the world [3].  

As of 10 April 2021, the top five countries with vaccination programs are the United States (6.129 million), China (4.052 
million), the European Union (2.66 million), the United Kingdom (1.82 million) and India (1.084 million) [4]. Although 
the implementation of vaccination is one of the important factors to achieve global herd immunity, there is no consensus 
concerning the superiority of one vaccine over the others in terms of protective efficacy and safety profile [5, 6]. 

To date, there are 86 vaccines under development in clinical phase trials. They are developed with different methods 
such as protein subunits, inactivated virus, DNA-based vaccine, RNA-based vaccine, viral vectors, and live-attenuated 
viruses [7], however, many of them are currently in preclinical or phase one trial. 

2. Types of vaccines 

Preventive and therapeutic are two groups of vaccines, a vaccine can belong to both of the groups depending upon the 
way it is designed. Vaccines are primarily used for disease prevention and outbreaks aiming to control and eradicate 
various diseases. Therapeutic vaccines are used mostly for diseases with a long course or slow progression but usually 
of high fatality like rabies, cancers (antigen vaccine), dendritic cell vaccine (still under research), autologous and 
allogeneic vaccine (for certain tumors). Some therapeutic vaccines for HIV and Alzheimer's disease are in experimental 
stage with promising outcome [8]. 

2.1. Types of COVID-19 vaccines 

The potential vaccines for COVID-19 either approved for use or in trial stage (Figure 1A and B) include: 

2.1.1. Inactivated or weakened virus vaccines  

The inactivated or weakened virus is incapable of causing disease, but induces a protective immune response (CoVaxin 
from Bharat Biotech with claimed 70.4% efficacy, India, Sinovac Biotech vaccine from China with more than 50 percent 
efficacy). 

2.1.2. Protein-based vaccines 

Subcomponent vaccines contain harmless fragments of the virus like spike proteins or protein shells that mimic the 
COVID-19 virus, also known as ghost viruses or virus like particles (VLPs) are often safe and generate an immune 
response (EpivacCorona vaccine from Russia). 

2.1.3. Viral vector vaccines  

Use a harmless career virus either natural or genetically engineered designed to carry genes to produces Corona-virus 
proteins in host to generate an immune response (Gam- Covid-Vac or Sputnik V from Russia with 92% efficacy, 
AstraZeneca Oxford Covisheild with claimed 90% efficacy, both used Adenovirus as vector for Covid-19 spike proteins) 

2.1.4. RNA and DNA vaccines  

A cutting-edge approach that uses genetically engineered mRNA or DNA to generate a protein, often requiring a potent 
delivery system and adjuvant to induce the immune system to mount a protective response. Moderna (mRNA 1273) 
and Pfizer (BNT162b2) vaccines with 94-95% efficacy.  
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Figure 1 (a) Types of COVID-19 vaccines (b) WHO approved COVID-19 vaccines [9] 

2.2. Mechanism of COVID-19 vaccines 

Protection induced by currently available vaccines against viruses is primarily based on virus-neutralizing antibodies. 
Such antibodies usually block the interaction of the virus with its cellular receptor or prevent conformational changes 
required for fusion of the virus with the cell membrane. Recent investigations have shown that the new SARS-CoV-2 
virus uses a similar strategy of SARS-CoV-1 in cell entry [10].  

 

Figure 2 (a) Mechanism and diagnosis of 2019 novel coronavirus (2019-n-CoV) infection [16] 

Attachment to host cells takes place via binding of the viral S protein (Figure 2A and B) to the angiotensin-converting 
enzyme 2 (ACE2), (the viral receptor on host cells). Subsequently, the S protein is primed by host cell proteases using 
furin and the serine proteases (TMPRSS2 and TMPRSS4), enabling the fusion of viral and cellular membranes and the 
consequent entry of viral RNA into the host cell [11]. 

S protein interaction with ACE2 is well described for both SARS-CoV-1 and -2 and relies on a particular domain within 
the S protein, the so-called receptor binding domain (RBD). Indeed, most antibodies capable of neutralizing 
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coronaviruses are directed against RBD [12]. Hence, the primary immune mechanism of avoiding infection is through 
blocking viral attachment to ACE2. Therefore, generating a vaccine inducing antibodies against RBD is the strategy used 
by the majority of COVID-19 vaccine candidates [13]. It has recently been shown that RBD is glycosylated and 
methylated. Generally, such posttranslational modifications are difficult to reproduce in vaccines, meaning that vaccines 
may display (slightly) different epitopes than the virus. Consequently, the antibodies induced by the vaccines may 
potentially be cross-reactive and non-protective. Interestingly, however, the receptor interaction site (RIS) directly 
binding to ACE2 is not glycosylated, indicating that this RIS may potentially be an ideal vaccine candidate [14, 15] 
(Figures 2A and B). 

 

Figure 2 (b) A simplified analog of the mechanism of COVID-19 vaccines against the Virus [9] 

3. The pros 

COVID-19 vaccination will be an important tool to help stop the pandemic. Wearing masks and physical distancing help 
reduce the chances of being exposed to the virus or spreading it to others, but these measures are not enough. The 
combination of getting vaccinated and following Center for Disease Control and Prevention’s (CDC) recommendation to 
protect ourselves and others will offer the best protection from the pandemic. The target of vaccination is to build up 
herd immunity, where enough of the population is protected from the virus and as a result transmission slows down 
significantly to kill the disease. However, vaccinologists are not sure about the magic number (fraction of immune 
population) to obtain effective herd immunity for COVID-19, they estimated around 70% of the population, which could 
take months (in nations with developed health system) to years to achieve the target through vaccination. This is certain 
that it is a very conservative estimate and is certain to change depending on the contagiousness of the present COVID-
19 and future mutant viruses destined to emerge at the face of vaccination [17]. 

    

Figure 3 (a) Schematic structure of CoVs [18], (b) Structure showing the effect of COVID-19 vaccine on CoVs [9] 

3.1. COVID-19 vaccines protection 

It is quite early to know and claim if COVID-19 vaccines will either provide long-term protection or not but at present it 
is claimed to protect for 6 ‒ 8 months after a booster vaccination. This is an assumption and based on the available data 
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suggesting that most persons who recovered from COVID-19 developed protective antibody titers (based on which 
serum therapy has been practiced in many nations using convalescent serum) and cellular immune response which 
provides protection from reinfection for 6‒8 months [19]. 

3.2. Efficacy of COVID-19 vaccines 

The Center for Disease Control and Prevention (CDC) pointed out, "We do not know what happens after a single dose," 
William Moss (director of the International Vaccine Access Center) says. "Certainly we cannot expect (that one dose will 
confer) the high degree of protection" that both doses demonstrated in phase 3 clinical trials. (Pfizer's vaccine, for 
example, was found to be effective at 52 and 95 percent after the first and second doses respectively). An interesting 
finding from the Pfizer- BioNTech and Moderna clinical trials is that the vaccines were effective in older adult 
participants with minimal side effects when compared to the younger participants [17]. However, the efficacy of COVID-
19 vaccine is far better than the effectiveness of the annual flu shot (40%). 

3.3. Natural immunity after COVID-19 infection versus COVID-19 vaccine immunity 

People after COVID-19 infection (those had minor ailment after infection or remained even asymptomatic) develop 
fairly good and long-lasting immune responses. COVID-19 antibodies lasted at a good level even after 6-8 months of 
infection. Thus it is envisaged that long-lasting antibody levels and immune memory cells could potentially lessen the 
severity of a re-infection [19]. The immunity after the first infection leads to floating of an idea for an "immunity 
passport" or "risk-free certificate" that would enable individuals to travel or to return to work assuming that they are 
protected against re-infection. However, the availability of limited data evidences questions the possibility of any such 
immunity passport. Till today, no country permits a person to travel internationally with good antibody titer report but 
requires a reverse transcription polymerase chain reaction (RT-PCR) based antigen detection test report. 

The new vaccines were 90% and 94.5% effective, Paul said, but "naturally acquired" COVID-19 immunity was even 
better, at 99.9982% efficacy [20]. However, a natural infection may not be the choice for getting immune because many 
of those (one in three) people who recover from COVID-19 have chronic complaints, including exhaustion and a racing 
heart, for months afterwards including people under 35 years of age with no previous health conditions. Several of the 
survivors of COVID-19 have reported symptoms similar to those of lupus and rheumatoid arthritis. COVID vaccines, in 
contrast, carry only a few and a little known risk. So far COVID-19 vaccines have been tested in tens of thousands of 
people and used in a million of people with no serious side effects [21]. The continued spread of this virus highlights the 
importance of global acceptance of the developed vaccines and therapeutics, for vaccination provides some degree of 
immune protection which could allow lockdowns and social distancing to be relaxed. The developed COVID-19 vaccines 
do not contain the live virus that causes COVID-19; therefore, it will not cause positive COVID-19 viral tests.  

4. The cons 

It is important to investigate whether vaccines confer full or partial protection, if this varies with age, whether 
vaccinated individuals are protected from recurrent infections and whether the vaccination will require boosting 
(which would necessitate the manufacturing of billions of additional doses). Critical potency testing, standardization 
and quality control of vaccines are required to determine the level of immune response. With the recent development 
of new technologies in vaccine manufacturing processes, it will be easy to prove that a vaccine is safe and effective. 

4.1. Reported side effects of COVID-19 vaccines during their trials 

Participants of several COVID-19 vaccine trials have experienced mild, lingering and in some cases, 'totally strange' side-
effects. Moderna trials detailed, suffering from bone breaking chills, and a fever that went up to 102°F within hours 
when vaccines were inoculated. Onset of production of antibodies may also cause a low grade or high fever, 
accompanied by redness and swelling at injection site [22]. Commonly reported side effects of the Pfizer- BioNTech 
COVID-19 vaccine include fatigue (63%), headache (55%), and muscle pain (38%). These side effects were observed to 
last in a day or two. However, the most commonly reported (by 84%) side effect from the vaccine is an injection site 
reaction, where the arm was observed to be a little tender and slightly difficulty in moving. Some participants in trials 
reported chills, joint pain, or fever following the vaccination. Reactions were more often reported following the second 
(booster) dose of the vaccine.  

Serious side effects such as Bell's palsy which is characterized by rapid onset of mild weakness to total paralysis on one 
side of the face (facial hemiplegia, the 7th nerve inflammation) within hours to days of the vaccination. This also leads 
to facial droop and difficulty in making facial expressions, such as closing of eyes or smiling, drooling and pain around 
the jaw or in/behind the ear have been reported in 0.5% of the vaccine trial participants [23]. 
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Anaphylaxis, a potentially life-threatening allergic reaction, has been linked in the past to multiple types of vaccines. 
Severe allergic reaction after receiving the Moderna and Pfizer vaccines (1.31 per million doses) alerted authorities to 
closely see whether anaphylaxis is linked to all COVID-19 vaccines, or merely those like the Pfizer and Moderna vaccines 
made of messenger RNA. Eight people in the Pfizer and Moderna trials had Bell's palsy after receiving the vaccine. 
Having Guillain Barré syndrome is another possibility after getting vaccine shots [24]. The allergic reactions after 
vaccine shots as per scientific investigation may be due to the compound polyethylene glycol (PEG), which is part of the 
fatty envelope that surrounds the mRNA, the main ingredient in the vaccine [25]. 

4.2. Leaky vaccination 

Another worry is "Leaky" vaccination. When a vaccinated host keeps on shedding disease germs due to persistence of 
disease causing agent without any apparent clinical disease, it is called leaky vaccination. Studies on COVID-19 vaccines 
at present are silent over this point. Many veterinary and human vaccines are classified as leaky because they only stop 
the clinical occurrence of disease but do not protect vaccinated person from getting infected or being carrier or disease 
disseminator. The leakiness is of concern because it increases vaccination coverage required to prevent disease spread 
and can also promote the evolution of the pathogen with increased virulence [3]. 

4.3. Vaccine hesitancy 

Vaccine hesitancy refers to delay in acceptance or refusal of vaccines despite availability of vaccination services. Vaccine 
hesitancy is complex and context specific, varying across time, place and vaccines. It is influenced by factors such as 
complacency, convenience and confidence. In the case of COVID-19, the hesitancy may be exacerbated by the accelerated 
testing and approval process which applies not only to Sputnik V (the controversial “Russian vaccine”) [26]. Vaccine 
hesitancy has existed ever since vaccines and vaccination programs began, recent acknowledgement that it can 
influence the impact of vaccination programs has highlighted the need to understand and address it more 
systematically. Vaccine hesitancy is a complex behavioral phenomenon. Its sentiments pose a growing problem that has 
become embroiled in anti-mask and anti-lockdown ideologies.  

5. Conclusion 

Vaccines are one of the greatest medical accomplishments and a cornerstone of public health. Despite all cons it is 
believed that vaccination will certainly help in building up of herd immunity. There are robust testing procedures in 
place in most jurisdictions to ensure that licensed COVID-19 vaccines are both effective and safe. It is only to 
acknowledge that everything, including vaccination, has risks. Perhaps the biggest challenge in the development of a 
vaccine for COVID-19 is to be honest about the extent of those risks and convey the limitations of confidence in safety 
and efficacy relative to the evidence accrued. There is an ethical balance to be struck which are, introducing a vaccine 
early and saving more lives from COVID-19, but risking side effects or ineffectiveness versus engaging in longer and 
more rigorous testing, and having more confidence in safety and efficacy, but more people dying of COVID-19 while such 
testing occurs. There is no magic answer, given the economic, social and health catastrophe of various anti-COVID-19 
measures such as lockdown, there will be considerable pressure for the vaccination. Politics and private interests should 
not hamper vaccine development and deployment efforts. This gargantuan undertaking must be achieved through 
beneficent partnerships between industry, governments and international organizations for the universal benefit of 
human health.  
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