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2020 was a huge disruption in all our lives. The virus SARS-CoV-2, leading to the Covid-19 pandemic, has already claimed more than 2 million lives. However, in a great victory for science, vaccines have been discovered for Covid-19 in record time, and already several millions have received shots, including a million health workers in India. Considering that no vaccines have been found for several diseases caused by viruses, and that usually vaccine development normally takes many years, this is a remarkable achievement indeed.
How do vaccines work?
We are almost constantly exposed to many kinds of germs. When we encounter a harmful organism, called pathogen, it can cause illness. The human body has many ways of protection against such pathogens. The first line of defence are physical barriers such as skin, mucus and cilia (microscopic hairs) that  try and prevent the pathogens from entering. But when they manage to enter, the next line of defence, called the immune system, is triggered, which tries to overcome and destroy the pathogen.
Immune Systems
The immune system achieves this by the innate and adaptive immune system.The innate immune system is present in all organisms including bacteria. The adaptive immune system is present in vertebrates. The innate system is so called because it is not dependent on learning from the pathogen. When any foreign organism enters the body, the many different molecules and cells of the innate immune system uses known patterns of molecules to recognise it as foreign and mark it. The innate immune system can then destroy it by engulfing (called phagocytosis) the foreign cell to break it into parts. This is how we are protected usually from the millions of germs we encounter everyday.
The adaptive immune system consists of molecules and cells that can recognise a foreigner and help kill it and in the process also develop a memory. So,  if the foreigner enters the body again, it can quickly use the molecules and cells of the adaptive immune system to destroy the foreigner (by using the same method of engulfing the foreigner and breaking it up).
The adaptive and innate immune system work together. There are two important types of cells belonging to the adaptive immune system called T-cells and B-cells. Both the cell types can generate memory cells apart from helping to destroy the foreigner or foreigner containing cell. The B-cells are the ones that produce what we know as antibody molecules. 
BOXed information without title
A pathogen is a bacterium, virus, parasite or fungus that can cause disease within the body. The antibody is a response to a part of the pathogen called the antigen.
END OF BOX
Each antibody recognizes one specific antigen of the pathogen. At any time, we have thousands of different antibodies in our bodies. When we already have antibodies for a bacterium or virus, we can successfully defend ourselves. Note that antibodies to antigens from one pathogen generally do not protect against another pathogen except when the two pathogens have antigens that are very similar to each other. So, when a new antigen arrives in the scene, it takes time for the immune system to produce antibodies specific to that antigen. In the meantime, the person can become ill.
On the other hand, once the body produces antibodies in response to an antigen, it also creates antibody-producing memory cells, which can be restored even after the pathogen is gone. So if that pathogen returns, the immune system responds swiftly and efficiently.  The memory cells usually help the adaptive immune system quickly respond if the foreigner enters the body again. 
How vaccines work
Vaccines stimulate this process: they contain weakened or inactive parts of an antigen that triggers an immune response within the body. (Recently developed vaccines go one step farther: instead of injecting the antigen, they inject a “blueprint” that produces antigens.) The weakened version thus prompt their immune system to respond without causing illness. This is why vaccines can have a long lasting effect even after the foreigner is not present. 
This is, of course, a greatly simplified picture. The amount and type of antibodies produced, and how long lasting they are, matter a great deal. Sometimes a vaccine needs multiple doses, weeks or months apart, to ensure the production of long-lived antibodies and development of memory cells. Good vaccines also help develop T-cell based immunity.
Vaccinating not only protects the person being vaccinated, but also protects those in the community who are unable to be vaccinated. When a lot of people in a community are vaccinated the pathogen has a hard time circulating because most of the people it encounters are immune. So even those who cannot get vaccinated (because of allergies or other pre-existing illness that weaken their immunity) are also protected. This phenomenon is often called Herd Immunity.
One of the world’s most successful vaccination programme is that against polio. Its success, especially in India, should attest to the success of vaccination as an important strategy.
Types of vaccines
There are three typical approaches to making a vaccine: using a whole virus, parts of it, or just the genetic material that provides the instructions for making the relevant proteins.
In the whole virus approach, there are again three variations: using an inactivated vaccine, or a live attenuated vaccine or a viral vector vaccine.  In the first way we inactivate the virus by heat, radiation or chemicals.  This works well usually, but making it safe needs a long production time and typically needs more than one dose to be effective. Polio vaccines given by injection (IPV) are of this type. In the second approach we use a live but weakened virus. The measles, mumps and rubella (MMR) and oral polio (OPV) vaccines are of this kind. One disadvantage of this vaccine is that it cannot be given to people who have auto-immune conditions. In the third, only the relevant proteins needed to trigger the antibodies are used, which makes it very safe. This is done by inserting the DNA for making the required proteins into a safe virus, which is then injected. The Ebola vaccine works in this manner.
In the sub-unit approach, only very specific parts of the vaccine are used which the immune system recognizes. The subunits may be proteins or sugars.  Most of the vaccines given to very small children are of this kind.
An example of a vaccine that uses genetic material is the mRNA vaccine which just uses a section of mRNA that provides the instructions for specific proteins. In our cells, DNA is first turned into messenger RNA (mRNA), which is then used as the blueprint to make specific proteins.  Two of the Covid-19 vaccines (called mRNA vaccines) are the first to use this high precision technology.
Vaccine Ingredients
As we saw above, vaccines contain antigens or blueprints for making them. In addition they have other components to make its use safe and effective. These are: 
· Preservatives: These prevent the vaccine from being contaminated. The most commonly used preservative is 2-phenoxyethanol, often found in baby-care products.
· Stabilizers: They prevent chemical reactions from occurring within the vaccine.  Typically sugars, amino acids or proteins are used as stabilizers. For mRNA vaccines lipids (fat molecules) are used.
· Surfactants: These blend all the ingredients together, and can be found in ice-creams!  
· Residuals: These are tiny amounts of substances used in manufacturing the vaccine, and may remain though they have no active ingreients.
· Diluent: This is to dilute a vaccine to the correct concentration for use, typically sterile water.
· Adjuvant: This is to improve the immune response, sometimes by keeping the vaccine at the injection site for a little longer or by stimulating local immune cells.
All these come together in a complex manner to make the vaccine.
Vaccine development
The hardest part is deciding which antigen should be used to invoke an immune response and ensuring that it does so without causing illness. An experimental vaccine candidate is first tested in cells grown outside in plates or bottles (called cell lines), then in animals to evaluate its safety and potential to raise immune response. If the vaccine succeeds on an animal, then it is tested in human clinical trials in three phases.
Phase 1: The candidate vaccine is given to a small number of young, healthy adult volunteers to assess its safety, confirm that it generates an immune response, and determine the right dosage. 
Phase 2: Now it is given to several hundred volunteers, belonging to the target population, to check safety and ability to generate an immune response.  There are usually multiple trials across age groups and different formulations of the vaccine. A “control group” is included, having people who do not get the vaccine, but are given a mock dose (called placebo) for comparison.
Phase 3: Now it is given to several thousand volunteers, often across multiple countries, and across multiple sites within the country, to check that the vaccine achieves its purpose on any population. 
Usually during Phase 2 and Phase 3 trials, called random placebo controlled trials, neither the scientists nor the volunteers know who all received the vaccine and who all got the placebo. Thus they are not influenced in their assessment of safety and efficacy of the vaccine being tried. This is called the double-blind approach. In normal times, only after results from one phase are obtained and evaluated, the next phase is started. But in the corona pandemic situation, the regulatory authorities allowed the next phase to be started before completion of the previous phase once preliminary results were obtained. Such parallel processing instead of sequential steps allowed quicker testing of vaccine candidates.
There are usually more reviews of safety and effectiveness before approval is given. Usually once approval is given by the regulatory authority of the country the vaccine candidates are considered as vaccines and are manufactured and used. During this period also the vaccines are monitored for safety and effectiveness and are called phase 4 trials. In the corona pandemic situation, the governments allowed the vaccine candidates to be manufactured even before the approvals were made in order to quicken the process. 
Covid-19 vaccines in India
Two vaccines are being used in India: Covishield and Covaxin.
Covishield is designed by Oxford-AstraZeneca (UK) and produced in India by the Serum Institute in Pune. It has completed Phase 3 trials in the UK, but not in India. It is made from a weakened version of a common cold virus (known as an adenovirus) that usually infects chimpanzees. It is given in two doses, between 4 and 12 weeks apart. It can be safely stored at about 2 degrees C to 8 degrees C (the temperature inside a home refrigerator).
Covaxin is designed and produced by Bharat Biotech in Hyderabad, and is entirely an Indian product. Bharat Biotech has a high reputation in the world. Over 24 years, it has produced 16 vaccines and exports to 123 countries. Covaxin is an inactivated virus vaccine. The coronavirus used for inactivation was isolated in National Institute of Virology, Pune.  Like Covishield, it needs two doses to be given, four weeks apart. It can be safely stored at about 2 degrees C to 8 degrees C. Phase 1 and Phase 2 trials have been completed for Covaxin, and preliminary results from Phase 3 trials are available, and its safety is assured. Only the effectiveness data is incomplete.
Though the trials are incomplete, the Indian Government approved the use of both on a “restricted, Emergency” basis. The first round of vaccines were administered to front line health workers. Right now, the vaccines cannot be given to children, but is approved for use on the elderly (above 60 years), or persons (above 45 years) with certain existing illness. Once data on trials in these populations become available, these restrictions may be relaxed. Many scientists have questioned this emergency approval, and suggest that we should wait until all clinical trials are complete. But the Covid-19 vaccines protect not only those who take them but also others around them like children and people with pre-existing illness who cannot take the vaccine. So it is a good strategy to administer the vaccine widely.
People who have already got Covid and recovered are also advised to take the vaccine, though they should already  have anti-bodies (since they may be insufficient).
The vaccines are not known to have serious side effects. Some people may experience slight swelling, body pain, fever etc. If wheezing or any other serious symptom is seen, that person must be rushed to hospital for emergency treatment.
It is not known how long these vaccines would be effective, but scientists estimate that the protection will last at least six months. 
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