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Abstract
The severe acute respiratory syndrome corona virus-2 (SARS-CoV-2) designated as novel coronavirus is a cause of highly infectious disease referred to as coronavirus disease-2019 (COVID-19). The global pandemic that affected millions of people worldwide has claimed many lives and brought about catastrophe in low-income countries. The high mortality and rapid spread of the infection have brought about an urgent need for a safe and effective vaccine to control the pandemic. In this perspective, it becomes essential to understand the structure, mode of transmission, and virulence of SARS-Cov-2. In this article, an emphasis is made on understanding the infection pathogenesis and the host defense mechanisms against the infection to break the chain of transmission. Furthermore, we have tried to summarize the development and characteristics of different types of COVID-19 vaccines. In addition to this, we have highlighted the challenges of the public health system in the procurement and delivery of the vaccine to the community and especially to the most vulnerable society. It becomes the main priority to find support financially and make the public health system ready to imbibe the importance of vaccination through meticulous strategies so that vaccine reaches out to the community.
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Background

S ince December 2019, China reported the first corona disease epidemic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is currently a worldwide public health concern. 1 As per the latest World Health Organization (WHO) situation report (date as reported by national authorities by 10:00 hours CET 21 September 2021), India announced 33,531,498 confirmed cases of coronavirus disease-2019 (CO- VID-19), and 445,768 deaths. 2 SARS-CoV-2 is an acute infection of the respiratory system which is primarily transmitted through the respiratory tract, by either respiratory droplets, secretions, or direct contact even for a low infective dose.3,4 Otherwise, the virus can be found in stool samples and blood of a severe pneumonia patient, suggesting the possibility of fecal-oral transmission indicating multiple routes of transmission.

This novel coronavirus is associated with respiratory syndrome with a variable degree of severity ranging from paucisymptomatic respiratory illness that ascend into a severe pneumonia and acute respiratory distress syndrome (ARDS) with multiorgan failure. Previous studies reported age as a factor associated with the severity of the symptoms; patients aged 60-years or above have a greater chance of developing severe respiratory syndromes and a longer period of disease course, unlike patients below the age of 60-years having comparatively milder symptoms. The most commonly observed signs and symptoms are fever with or without chills, sore throat, cough, loss of smell and loss of taste sensation, etc. However, the majority of the patients are asymptomatic and have mild forms of the disease. The risk of a fatal form of the disease and death due to COVID-19 is the highest among smokers and people with other serious medical disorders, such as malignancy, heart problems, lung disorders, kidney and liver diseases, diabetes, immunocompromised patients, sickle cell disease and obesity. These diseases that are severe in nature are characterized by dyspnea, hypoxia, and extensive lung involvement on imaging.
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This can progress to respiratory failure requiring mechanical ventilation, shock, multi-organ failure, and death. 5 The first vaccine got an emergency use authorities (EUA) in December 2020. Since then, numerous other antivirals, immunotherapies, and vaccines continue to be investigated and developed.

Latest Drugs Approved For Use In Coronavirus Disease-2019

Although some case reports and observational studies have reported the efficacy of a few antiviral drugs in improving the overall health of COVID-19 patients, however, to date, no definitive Food and Drug Administration (FDA)-approved antiviral is available to combat novel coronavirus. The treatment mainly involves early recognition of suspected patients allowing: early identification of severe illness, such as pneumonia or other diseases of acute respiratory infection, optimized supportive care treatments, and admission to the designated hospital ward or intensive care unit according to institutional or national protocols. Several antivirals got approval as COVID-19 treatment in the absence of a proper vaccine. At first, only Remdesivir was approved as an antiviral treat ment for COVID-19. Furthermore, recent clinical trials proved the efficacy of Remdesivir with an improved time in recovery from COVID-19.6 EUA was granted to many other agents like convalescent plasma in August 2020, Bamlanivimab in November 2020, antibody mixture of Casirivimab and Imdevimab in November 2020, and Baricitinib in combination with Remdesivir in Novem ber 2020.

Bamlanivimab is a monoclonal antibody that targets the spike protein of SARS CoV-2 and was granted EUA for a) mild to moderate COVID-19 cases, b) aged more than 12-years weighing at least 40 kgs, and c) were at high-risk of progression to severe COVID-19 or hospitalization. The combination of Bamlanivimab and Etesevimab was also granted a EUA in February 2021. Baricitinib is a tyrosine kinase inhibitor; it specifically inhibits Janus Kinase 1 and 2 (JAK 1 and 2). Baricitinib in combination with Rem desivir was granted a EUA in patients aged older than 2-years, with suspected or confirmed COVID-19 disease and required assisted ventilator support. 7 For hospitalized COVID patients requiring oxygen through invasive or non-invasive ventilation, the recommended treatment is dexamethasone alone or in combination with Remdesivir.8 Recent data suggest that dexamethasone decreases mortality in such patients.6 VACCINES FOR CORONAVIRUS DISEASE-2019 The vaccine combined with other control measures is the only way to mitigate the public health and economic impact of the pandemic, making it a current priority. In the long run, active immunization is essential for high-risk people to prevent COVID-19. While many countries including India, have taken strong measures to contain the spread of COVID-19 through better protocols, diagnostics, and treatment, the vaccines will provide a solution by enhancing immunity. Vaccines aim to prepare the body by exposing it to an antigen resulting in an immune response capable of either blocking or killing the virus when infected, without causing the actual disease course.

In SARS-CoV , of all the structural proteins, S protein was found to elicit neutralizing antibodies and considered as a major target antigen for vaccine development.9 Historically, the development of the coronavirus vaccine has been very difficult. Previous studies conducted on animal models reported that coronavirus vaccines have been immunogenic yet not effectively preventing Figure 1. SARS-CoV-2 Transmission Process

the acquisition of disease.5 Furthermore, there is a concern that vaccination, as with coronavirus infection, may not induce longlived immunity and re-infection may be possible.7 Previous use of coronavirus vaccines (SARS-CoV and Middle East respiratory syndrome coronavirus (MERS-CoV)) in some animal models raised safety concerns regarding Te2 mediated immunopathology (Figure 1).8 The vaccine against COVID-19 is being developed at a remarkable speed where the first SARS CoV-2 sequences through phase 1 in six-months when compared to the traditional development of a vaccine with a timeline of 3 to 9-years. The development of a vaccine is a time-consuming process that includes the following phases: Figure 2, Table 1.

As part of the global efforts for the rapid development of a safe and effective COVID-19 vaccine, various scientific techniques like the use of different viruses or viral segments are being developed (Table 2). To this day, a total of 5,776,127,976 vaccine doses have been administered.10 8Review | Volume 5 | Number 1|

Figure 2. Traditional Development of Vaccine T able 1. Phase of Vaccine Development Phase of Vaccine Development/Trial Purpose Pre-clinical Vaccine development in laboratory Phase 1 Clinical trial (8-10 participants) For testing vaccine safety

Phase 2 Clinical trial (50-100 participants) For testing vaccine immunogenicity i.e., production of antibodies against virus Phase 3 Clinical trial (30,000-50,000) For testing actual protection offered by the vaccine T able 2. Progress on COVID-19 Vaccine Development34 T ype of COVID-19 vaccine Pre-clinical Phase I Phase I/II Phase II Phase II/III Phase III Licensed Virus Vaccine Live-attenuated 3 1 Inactivated Virus 11 1 2 1 4 Viral vector vaccine Replicating viral vector 18 1 2 1 4 Non-replicating viral vector 26 6 4 Nucleic acid vaccines DNA vaccine 16 2 5 RNA vaccine 29 2 2 1 1 1 Protein based vaccine Protein subunit 64 9 5 2 1 Virus like particle 17 1 1 Unknown - 31 3 T otal 215 25 17 5 1 10 1 The following are the techniques used to develop COVID-19 vaccines:

The Following are the T echniques Used to Develop Coronavirus Disease-2019 Vaccines

Virus vaccines: These vaccines use the virus itself in a weakened or inactivated form such as measles and polio (oral) vaccines. There are two types of vaccines under development against coronavirus: weakened virus and inactivated virus vaccines.

Viral-vector vaccines: In the development of these vaccines, a virus (such as adenovirus or measles), is genetically engineered to produce coronavirus proteins in the body, but the virus is weak ened and cannot cause disease. The replicating viral vector (can replicate within cells) and non-replicating viral vector (cannot replicate within cells) are the two types of viral vector vaccine. Nucleic-acid vaccines: In these vaccines, nucleic acid (deoxyribo nucleic acid (DNA) or ribonucleic acid (RNA)) is inserted into human cells. This immune response is produced from the human cells which then produce copies of the virus protein. The DNA vaccine and RNA vaccine are the two types of nucleic acid. Protein-based vaccines: These vaccines use virus protein fragments or protein shells that are injected directly into the body. The two types of protein-based vaccines being developed against the coronavirus are the protein subunit vaccines and virus-like particle vaccines.11 TYPES OF CORONAVIRUS DISEASE -2019 VACCINES AND THEIR INDIVIDUAL CHARACTERISTICS The United Nations Children’s Fund (UNICEF) in June 2020 has gathered information specifications from 26 vaccine developers and manufacturers on the vaccine (10 manufacturing in China, 6 in India, 3 in the United States of America, 2 each in Belgium, Rus- Virus vaccine Viral vector vaccine Nucleic acid vaccine Protein based vaccine T able 3. Current Approved Vaccines24 S.No. T ype of Vaccine Name Developer 1 mRNA based vaccines Comirnaty (BNT162b2) Pfizer-BioNT ech: Fosun Pharma mRNA-1273 Moderna, Biomedical Advanced Research and Development Authority (BARDA), National Institute of Allergic and Infectious disease (NIAID)

Adenovirus vaccine Covishield aka AZD1222 Astrazeneca, Oxford University

3 Non-replicating viral vector JNJ-78436735 Janssen Pharmaceuticals Companies of Johnson and Johnson Sputnik V Gamaleya Research Institute, Acellena Contract Drug Research and Development (Russia) 4 Peptide Vaccine EpiVacCorona Federal Budgetary Research Institution State Research Center of Virology and Biotechnology, Russia 5 Recombinant Vaccine Convidicea (Ad5-nCoV) CanSino Biologics, China 6 Inactivated Vaccines Covaxin ICMR, Bharat Biotech (India)

CoronaVac Sinovac, China BBIBP-CorV Beijing Institute of Biological Products, Sinopharm

Vaccine still to be named Wuhan Institute of biological products, Sinopharm T able 4. Indian landscape of COVID-19 Vaccines Under Development S.No. Product Indian Manufacture Collaborator Current Stage 1 Covishield (Chimpanzee Adenovirus) Serum Institute of India, Pune Astra Zeneca Phase II/III 2 Covaxin (Inactivated Virus) Bharat Biotech International Ltd, Hyderabad Indian Council of Medical Research, India Phase III (advanced)

ZyCoV-D (DNA vaccine) Cadila Healthcare Ltd, Ahmedabad (ZydusCadila)

Department of Biotechnology, India Phase II (advanced) 4 Sputnik V (Human Adenovirus) Trialed and manufactured in India by Dr. Reddy Lab. Gamaleya National Center, Russia Phase-II over, Phase-III to start 5 NVX-CoV2373 (Protein Subunit) Serum Institute of India, Pune Novavax Ph III under consideration in India 6 Recombinant Protein Antigen based vaccine Biological E Ltd, Hyderabad MIT, USA Phase I plus II human clinical trials started 7 HGCO 19 (mRNA-basedvaccine) Genova, Pune HDT, USA Pre-clinical animal studies over. 8 Inactivated rabies vector platform Bharat Biotech International Ltd, Hyderabad Thomas Jefferson University, USA Pre-clinical (Advanced) 9 Vesiculo Vax Platform Aurobindo Pharma Ltd, Hyderabad Aurovaccine, USA Pre-clinical (Advanced) sia, and Japan, 1 each in France, South Korea, Switzerland, and the United Kingdom) Tables 3 and 4.

The common characteristics of the COVID-19 vaccines which were made public on 31 August 2020 from these 26 developers are: • Most of them are liquid products (few are freeze-dried); • Majority are intramuscular injections; • Majority are 2-doses courses; • The targeted temperature ranges from 2 °C to 8 °C.

However, there is a possibility of temperature requirements of -60 °C and a shorter half-life.

- The University of Oxford/AstraZeneca vaccine can be stored, transported, and handled at +2 °C to 8 °C.12 - BioNTech/Fosun Pharma/Pfizer vaccine has a recommended temperature condition of -80 oC and can be stored for five days at +2 °C to 8 °C.13 - The Moderna/NIAID vaccine remains stable at -20 oC for up to six months and remains stable at +2 °C to 8 °C for 30-days and - the Gamaleya institute, Sputnik-V vaccine can be stored at +2 °C to 8 °C.14 - A recently introduced Johnson & Johnson’s Janssen COVID-19 vaccine (JNJ-78436735) could be kept between 2 °C and 8 °C (36 °F and 46 °F) for up to 6 hours or at room temperature (up to 25 °C or 77 °F) for 2 hours. It is a single-shot vaccine and it has reportedly an efficacy of 66.3%.15 CURRENT SITUATION IN INDIA India is known as the vaccine manufacturing hub worldwide, contributing 60% to the global vaccine supply meaning its capacity to manufacture over 3 billion COVID-19 vaccine doses annually.16 As of 13 September 2021, a total of 752,238,324 vaccine doses have been administered in India.2 The COVID-19 vaccination drive was launched on 16 January 2021, in India. Initially, the doses were made available only for the elderly population and high-risk individuals. Also, the citi zens were required to register themselves individually on the Covid vaccine intelligence network (CoWIN) website or the Arogya setu portal which resulted in filling up the slots way too early, hence resulting in fewer administration of jabs during the initial 5-months (1-4 phase). However, later the government waived off the preregistration requirement and started offering vaccinations free of cost. Additionally, from 1st May 2021, everyone older than 18-years of age was made eligible for phase 4 of the vaccination drive. This amendment resulted in acceleration of the vaccination program.17 Currently, three vaccines have been approved in India, viz a viz, COVISHIELD (fabricated by the Serum Institute of India (SII)), COVAXIN (developed and manufactured by Bharat Biotech), and SPUTNIK (Gam-COVID-Vac; Gamaleya Research Institute of Epidemiology and Microbiology).17 COVISHIELD and COVAXIN were the first vaccines to be approved for emergency use and administrated to all people aged more than 18-years with no history of allergy to one of its components.

COVISHIELD: It is known as the Oxford-AstraZeneca Adenovirus vector-based vaccine AZD1222 vaccine based on a replicationdeficient simian adenoviral vector coding the whole length CO- VID-19 spike glycoprotein (S).

COVAXIN: India’s first domestic COVID-19 vaccine based on inactivated COVID-19 virus.

ZyCoV-D: Currently finishing Phase-II trials, it is developed by Cadila Healthcare, Ahmedabad, based on the new plasmid DNA vaccine technology, and supported by the Department of Biotechnology, Government of India.18 Individuals with a higher risk of acquiring COVID-19 such as healthcare workers and front-line workers including police, sanitary workers were the first to receive the vaccines.19 These vaccines (COVISHIELD or COVAXIN) are free of cost were distributed according to the discretion of the government and the availability status and logistic issues. India is using a well-designed and elaborate micro plan of vaccinating each front-line worker.20 It is important to mention that the Serum Institute of India is one of the largest vaccine manufacturers worldwide, in addition, India has a long history of low-cost vaccine production. For instance, it has produced a COVID-19 vaccine with a cost as low as 3$ per dose for the local population and it can be distributed to other developing countries.21 Another technology developed in India is the electronic vaccine intelligence network (eVIN) recording data regarding storage, distribution, and usage of vaccines on the ground, facilitating the distribution and tracking nationwide.19 India has also dispatched 35.79 million COVID-19 vaccine doses as commercial exports. Yet, it recently lowered the distribution in order to fuel the nationwide vaccination drive. The announcement was reported after the initiation of the rapid increase and second wave all over the country.16 THE ADVERSE EFFECTS ASSOCIATED WITH THE CORONAVIRUS DISEASE-2019 VACCINE No long-term clinical trial was conducted on the vaccine to assess its side effects in individuals. The vaccine has been accelerated to deploy to the target population at a very stringent schedule, hence safety is very much a concern. It is currently reported that the side effect of the COVID-19 vaccine is very mild that including headache, fatigue, and muscular pain as seen in the vaccine-like Pfizer- Biotech vaccine. Following the implementation of vaccination, initial reports estimated that rates for anaphylaxis in the United States were 11.1 patients/million doses administered of the Pfizer- BioNTech vaccine (23 December 2020) and 2.5 patients/million doses after administration of the Moderna vaccine (10 January 10Review | Volume 5 | Number 1| 2021).22,23 Most reported manifestations were generalized urticaria, diffuse erythematous rash, angioedema, respiratory and airway obstruction signs, and nausea.24 In India, the inoculation of the COV- ID-19 vaccine has started in January 2021, with a target population of three crores of healthcare and frontline workers. Out of the 3.8 lakh who have been vaccinated, 580 cases encountered adverse effects of which two people have developed severe adverse effects. Another detailed continuing prospective long-term safety analysis of COVISHIELD use in the Indian population (February 2021 to May 2022) was conducted on 804 participants. 25 Findings showed that after the first dose, adverse events were reported in 40% of patients with a systemic involvement in 248 whereas, after 7-days of the second dose, adverse events occurred in 15.7% of the individual and systemic in 99. Only one patient was hospitalized while the majority had mild-moderate adverse events and resolved spontaneously showing that the ChAdOx1 vaccine has a generally favorable safety profile. In another study conducted on 7080 fully vaccinated (mostly COVISHIELD) healthcare workers in Chris tian Medical College, Vellore India, 9.6% had development of CO- VID-19 infection 47-days (34-58-days) after the second dose. Yet, the risk of infection and hospitalization among fully vaccinated Health Care Workers (HCWs) was substantially lower when compared with those unvaccinated (Box).26 Who should Get Coronavirus Disease-2019 Vaccine AstraZeneca? COVID-19 Vaccine AstraZeneca can be used in adults aged under 60-years where the benefits are likely to outweigh the risk and the consumer has made an informed decision based on an under standing of the risks and benefits. People of any age without contraindications who have had their first dose of COVID-19 Vaccine AstraZeneca without any serious adverse events should receive a second dose of the same vaccine.

Benefits of Getting Vaccinated ● A growing body of evidence has shown COVID-19 vaccines are safe and effective, even for children aged 5-years and older. ● Millions of people in the United States have received COVID-19 vaccines given the FDA emergency authorization.

● COVID-19 vaccines have undergone and will continue to undergo the most intensive safety monitoring in U.S. history.

● COVID-19 vaccines were developed using scientific methods that have been around for decades.

● Before recommending COVID-19 vaccination for children, scientists conducted clinical trials. The FDA gave the Pfizer BioNTech COVID-19 vaccine emergency authorization to use in children ages 5-years through 15-years and full approval to use in people ages 16-years and older.

● Some people have no side effects after COVID-19 vaccination. Furthermore, others reported side effects that may affect their ability to do daily activities, but they should go away within a few days. ● There is no evidence that COVID-19 vaccines cause fertility problems.

● The benefits of COVID-19 vaccination outweigh the known and potential risks. Reports of adverse events, like allergic reactions or myocarditis or pericarditis, are rare.

● Everyone who receives a COVID-19 vaccine can participate in safety monitoring by enrolling themselves and their children ages 5-years and older in very safe and completing health check-ins after COVID-19 vaccination.

● COVID 19-vaccines are effective and can reduce the risk of getting and spreading the virus that causes COVID-19.

● COVID-19 vaccines also help children and adults from getting seriously ill even if they do get COVID-19.

● There are approximately 28 million children between the ages of 5 and 11-years old in the United States, and there have been nearly 2 million cases of COVID-19 within this age group during the pandemic. COVID-19 can make children very sick, require hospitalization, and some children have even died. Children with underlying medical conditions are more at risk for severe illness compared to children without underlying medical conditions. Therefore, getting children ages 5-years and older vaccinated can help protect them from serious short- and long-term complications.

● Getting everyone ages 5-years and older vaccinated can protect families and communities, including friends and family who are not eligible for vaccination and people at increased risk for severe illness from COVID-19.

Challenges Of Delivering The Vaccine To The Public

The global public has faced an economic burden for months due to the COVID-19 epidemic. The complete lockdown or community-wide containment was considered as the best vaccine alternative, yet it did cause much loss of employment which hindered the daily living of the people.27 The progress of time measures and protocols like wearing a mask, physical distancing, handwashing has paved the way for people to resume back to normal. To everyone’s relief, many countries were ready with their vaccine in December Box. Weighing up the Potential Benefits Against Risk of Harm from Coronavirus Disease-2019 Vaccine Individual and societal benefits of COVID-19 Vaccine AstraZeneca Risks of COVID-19 Vaccine AstraZeneca AstraZeneca in preventing severe COVID-19 outweigh the potential risks in: ● Older adults in the low exposure risk scenario.

● All adults in the medium and high exposure risk scenarios. Broader benefits of vaccination that are not shown in these simplified scenarios include: ● Protection against non-severe COVID-19 and complications such as ‘long COVID’. ● Protection of unvaccinated close contacts of vaccinated individuals. ● Protection of family and community from preventing transmission of the virus. ● Potential ability to ease and/or avoid imposing other COVID-19 mitigations. Common side effects of vaccination include: ● Fatigue, headache, body aches and fever. More severe side effects of anaphylaxis and a condition called thrombosis with thrombocytopenia syndrome (TTS) have been reported.

● The severity of illness due to TTS ranges from fatal cases and those with significant morbidity, to relatively milder cases. TTS appears to be more severe in younger people.

● People who have a personal history or family history of blood clots, have risk factors for blood. clots or take anticoagulant medication can have COVID-19 Vaccine AstraZeneca.
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2020. The rolling-out of a vaccine against COVID-19 was first administered to the high-risk groups which were the healthcare personals and the frontline workers. However, it was soon realized that there is a sense of resentment towards the COVID-19 vaccination that can be attributed to the myths and false beliefs against the vaccine. Even the doctors, medical students, and nurses are in a wait-and-watch approach before they agree to vaccinate themselves.28 Furthermore, the pattern of trust gap regarding the vaccine was seen in the community at large, which demands evi dence of the efficacy, safety, technicality, and operation of the vaccine.6 However, after the launch of the COVID-19 vaccine by the government of India in 2021, vaccine hesitancy especially among health care workers regarding its safety, efficacy, rolling out strategy and undesirable effects were reported. In a recent cross-sectional study conducted on healthcare workers vaccinated at a tertiary care center of southern Rajasthan India, 80.7% and 73.2% out of 3102 of study participants perceived the vaccine as safe and effective respectively. Therefore, findings showed that vaccine hesitancy was due to the apprehension of undesirable effects.29 The global public health system has a great responsibility to educate, sensitize people at large to take the vaccination. The role modeling from health officials and other authorities could be of great help too in convincing the community.30 The authority in political and health positions must get vaccinated and bring about trust among the people on the COVID-19 vaccines. This calls for more studies and strategies to build the trust of people to comply with the adherence of implementing vaccination for the betterment of civil society.31 And last but not the least, when it comes to India, mass gathering during vaccination drives is an important area to focus on in order to prevent further surge in daily cases. Hence the government of India still needs to devise an effective public health strategy to prevent excessive crowding at vaccination centres. Keeping this problem in mind, many states in India have adopted the door-to-door vaccination policy which seems to be a better option, further aiding the huge nation-wide vaccination drive.32,33

Conclusion

The international response to this new emerging outbreak has become successively more sophisticated and has been accompanied by a remarkable response from public health bodies and the sci entific community which have slowed down the spread of CO- VID-19 by developing the vaccine. A large number of pharmaceutical companies, research centers and laboratories introduced and tested their vaccine to combat the crisis. After many processes and efforts through various stages that include the pre-clinical stage, development in clinical stages, regulatory review, approval, and manufacturing the vaccines are distributed out in the community. There is an urgent need for a relatively safe and effective COV - ID-19 vaccine with a clear plan for the preparation and distribution of the vaccine to the community. It becomes the main priority to find support financially and make the public health system ready to imbibe the importance of vaccination through meticulous strategies so that vaccine reaches out to the community.
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