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At a time when numerous infectious diseases are kept under control 

with worldwide vaccination endeavors, the human immunodeficiency 

infection (HIV), identified in 1984, is still infecting millions around the 

world. From 1990 to 2017 the number of individuals living with HIV 

ascended from below 8 million to more than 36.9 million. Since the 

start of the HIV scourge, the infection has claimed more than 34 

million lives. While antiretroviral medicines have definitely enhanced 

life expectancy and quality of life for individuals living with HIV, 

preventing the occurrence of HIV infection is as yet the essential 

objective, particularly for the low-income nations that are hardest hit 

and can't bear the cost of prolonged medications. Many years of effort 

have been spent, towards developing a low cost, powerful and safe HIV 

vaccine yet till now nothing substantial has come up. India with its 

immense populace of HIV positive patients is also taking a functioning 

part in this procedure. This review hereby provides a concise story of 

the currently adopted strategies involved in developing an effective 

HIV vaccine and also about the role played by India in this global 

effort. 
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Introduction:- 
Human Immunodeficiency Virus (HIV) infection is currently a major public health concern throughout the globe. 

People who are infected with the virus have to bear its burden throughout their lifetime and have to live with a 

compromised immune system which renders them prone to different opportunistic infections. The virus specifically 

targets and kills immune T helper cells called CD4+ lymphocyte cells, which are the coordinators of cell mediated 

immunity in humans. When the number of CD4+ cells drops below a certain point, a person is considered to have 

progressed from HIV infection to AIDS. Till 2018, about 37 million people worldwide were living with HIV. A 

recent UN report found that new infections have increased in several parts of the world (1, 2). In Eastern Europe and 

Asia, there was a 57% increase in annual new infections reported from 2010 to 2017. Similarly, rates have soared in 

many parts of Africa, the continent that has the biggest AIDS epidemic (2). Persistent efforts by scientists around the 

world for effective HIV treatments and easier accessibility to effective treatments has somewhat reduced the soaring 

spread of the disease among the masses. Thanks to their combined effort with ARV therapy, more than 13 million 

HIV-related deaths were averted in the last two decades (3). An effective vaccine against HIV is the need of the 
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hour. To date, over 40 different HIV vaccines have been tested in several thousand volunteers. Most of this research 

has consisted of early safety and efficacy studies of recombinant proteins, produced in a variety of different systems. 

Despite some encouraging evidence of immune responses in people, it is unclear whether these vaccines would be 

completely effective against HIV infection. This review highlights the different aspects and strategies involved with 

HIV vaccination and also discuss the current status of HIV vaccination programmes in India. 

 

Different forms of HIV vaccines 

Researchers have explored a number of strategies that they hope will produce protective immune responses.  

 

Live attenuated vaccines 
One of the most effective ways to create vaccines is by ‘attenuating’ the pathogen. These weakened viruses are 

avirulent, but has the ability to generate an immune response in the body. Creating live attenuated vaccines normally 

involves deleting genes that protect the virus against the immune system, but which are not essential for its 

reproduction. The measles vaccine is an example. Live attenuated HIV vaccines are currently considered unsafe, 

after research in monkeys indicated that a live-attenuated vaccine, made by deleting the nef gene,  protected 

monkeys against SIV, but caused AIDS, albeit more slowly than the normal virus (5). 

 

Inactivated vaccines 
Creating vaccines based on killed or inactivated viruses is another classic technique, which was used in creating the 

first successful polio vaccine. However, the technique is considered risky, as vaccine recipients could easily be 

infected with HIV if the inactivation process should fail. There have been no claims of a significant level of success 

with these types of vaccine for HIV, although some, such as Remune, an HIV preparation with envelope protein 

gp120 removed, were investigated as possible therapeutic vaccines for people already infected with HIV (6). 

 

Peptide vaccines 
Peptide vaccines have been tested in HIV-positive patients, with some antibody and cellular immune responses 

against HIV. A vaccine containing the V3 sequences from several strains of HIV has been used in animals and 

produced antibodies that neutralize several laboratory-adapted virus strains (7). Linking a peptide to a lipid has also 

been explored as an HIV vaccine technique. The lipid carries the peptide directly into cell membranes where it can 

be presented to the immune system with maximum efficiency. 

 

Modified envelope vaccines 
Other strategies for stimulating the immune system to produce antibodies have stemmed from better understanding 

of the way HIV’s proteins interact with the cells they infect. For example, HIV’s proteins are often hidden from the 

immune system by a coating of sugar molecules: removing some of these molecules from the protein’s surface may 

lead to neutralising antibodies that can act against the virus (8).  

 

DNA vaccines 
DNA vaccines are small pieces of DNA containing genes from HIV, which can be grown in bacteria. After 

injection, the host’s cells effectively make the vaccine themselves by expressing the HIV genes. Although they work 

well in mice, it has been more difficult to get DNA vaccines to work in primates, including humans, as it is difficult 

to get enough DNA into each injection (9).  

 

Recombinant sub-unit vaccines 

Recombinant sub-unit vaccines stimulate antibodies to HIV by mimicking proteins on the surface of HIV. A range 

of HIV proteins has been produced as potential vaccines for HIV. Initially, the main targets for vaccine developers 

were the viral envelope protein gp120, and its precursor gp160, in the hope that they would prevent HIV entering 

human cells. These were the basis for the AIDSVAX vaccines (10, 11).  

 

Recombinant vectored vaccines 
Recombinant vectored vaccines are most often used for vaccines that attempt to stimulate cellular immunity, as the 

vaccine acts more literally like an infection than vaccines which simply contain proteins or DNA. They are made by 

incorporating fragments of HIV into the shells of viruses that can infect cells but cause no or few symptoms, such as 

the canarypox viruses or adenoviruses (12). These vaccines infect cells and deliver their package of HIV 

components into the cell, causing it to display immunogenic epitopes. Most vector vaccines set up an ongoing but 
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harmless infection within the body and therefore set up a lasting immune response to HIV. Vector vaccines have 

been shown to produce stronger HIV-specific cytotoxic T-cell (CD8) responses in animals and humans (13).  

 

Other vectors based vaccines 
Other viral vectors currently being studied with HIV or SIV in animals include rabies, measles, poliovirus, herpes 

simplex, human rhinovirus, influenza and pertussis (14). 

 

Measles is of particular interest because the live attenuated measles vaccine in common use is extremely effective in 

generating long-lasting immune responses when given to infants. The recombinant rabies virus vaccine potentially 

has a number of advantages. Since few people are vaccinated against rabies, the attenuated rabies virus infects most 

human cells but does not cause any damage and it may produce ongoing exposure to HIV antigens in the body (15).  

One recent vaccine that has caused considerable excitement from its results in animal experiments used 

cytomegalovirus (CMV) as its vector (16).  

 

Replicon vaccines 
Replicons have the same physical properties as viruses and viral vectors, including the ability to enter cells of 

specific kinds, but they have the advantage of not reproducing after entering the human cell, so there is little or no 

immune response to the carrier virus. Thus, one replicon system could be used repeatedly in the same person, to 

deliver a series of different vaccines or gene therapies (17). The three leading replicon systems for HIV vaccines are 

based on Venezuelan equine encephalitis (VEE), Semliki forest virus (SFV), and adeno-associated virus (AAV). All 

three have shown some success in animal studies (18).  

 

Vaccines against viral toxins 
HIV produces several harmful proteins that could be vaccine targets. The most promising so far is the tat (trans-

activator) protein, which is produced early on in the viral lifecycle, before HIV integrates into the host genome. It 

stimulates the host cell’s genes to become active and, released outside the cell, influences immune cells to develop 

in directions that make them more receptive to HIV. The tat protein is so important to HIV that it is highly 

conserved, and studies have shown that HIV in people with high levels of anti-tat antibodies progresses more slowly 

to AIDS, so a tat vaccine might also act as a therapeutic vaccine (19).   

 

Therapeutic vs. Preventive HIV vaccines 

A therapeutic HIV vaccine is a vaccine that is designed to improve the body’s immune response to HIV in a person 

who already has a HIV infection. Researchers are developing and testing therapeutic HIV vaccines to slow down the 

progression of HIV infection and ideally result in undetectable levels of HIV without the need for regular 

antiretroviral therapy (ART). A therapeutic HIV vaccine may also slow a person’s progression to AIDS and may 

make it less likely that a person could transmit HIV to others (20).  A preventive HIV vaccine on the other hand is 

given to people who do not have HIV, with the goal of preventing HIV infection in the future. The vaccine would 

teach the person’s immune system to recognize and effectively fight HIV in case the virus ever enters the person’s 

body (21). 

 

HIV vaccination status-global scenario 

The first priority in light of the positive results from the largest HIV vaccine trial till date, the RV144 trial is for 

researchers to determine precisely how the prime-boost combination protected against infection with HIV (22). A 

recent study indicates that T-cell responses likely did not play a role in protecting against infection, and that the 

vaccine’s efficacy was related to antibody responses to certain regions of viral envelope proteins.  Additional studies 

are ongoing to understand and improve upon the immune response generated in the RV144 trial (23). Researchers 

are also studying the methodology and administrative approaches of RV144, in hopes of applying the knowledge 

gleaned from the largest HIV vaccine trial in history to improve the design of future trials (24). Researchers are 

intricately studying those subjects who never become infected with HIV despite being exposed to it repeatedly and 

those whose HIV infections never progress to AIDS, in hopes that whatever innate ability they have to control HIV 

might provide new insights for future vaccine development. Many other vaccine candidates are in various stages of 

testing and development. In addition to the canarypox-based recombinant vaccine other recombinant candidates 

have also been developed based on adenovirus (25). The positive results of a SIV vaccine trial in rhesus macaque 

monkeys have raised the idea of using cytomegalovirus (CMV) as a vector in future HIV vaccine candidates. In this 

approach, T cells known as killer T cells, which can kill infected cells, provide the protection afforded by the 

vaccine. Other vaccine approaches are advancing, such as candidates that stimulate immune responses in the 
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mucosal surfaces of the gut – the same site of early HIV replication (26). Finally, researchers are exploring ways of 

generating antibodies to HIV which will be able to neutralize the virus before they infect a person. These antibodies 

provide an excellent target for vaccine discovery by highlighting weaknesses on the surface of HIV.  

 

HIV vaccination status- Indian Scenario 

In the last few years, there have been active discussions in the media, newspapers and in journals, about issues 

related to how AIDS vaccine trials are being conducted in India. The International AIDS Vaccine Initiative (IAVI) 

has partnered with the ministry of health and family welfare in India through the National AIDS Control 

Organization (NACO) and the Indian Council of Medical Research (ICMR) since 2002 to implement the AIDS 

vaccine research and development programme (27). With all these organizations coming together, efforts have been 

put rightly to find and deliver an AIDS vaccine that the world so desperately needs. The Indian programme has 

prioritized vaccines designed to prevent clade C infections since this was the predominant subtype of HIV 

circulating in India (28). High-level science review meetings of national and international experts were held by 

ICMR from 2003 to 2005 to evaluate and review possible AIDS vaccines suitable for India (29). Representatives 

from various top notch Indian research institutions as well as medical experts were present. Several candidates were 

prioritized for testing, including a recombinant Adeno-associated Virus (AAV) vaccine and a recombinant Modified 

Vaccine Ankara (MVA) vaccine candidate. In the next year, the panel recommended that India should participate in 

the multi-country Phase I AAV-based AIDS vaccine clinical trial (29). The AAV study marked India’s first ever 

AIDS vaccine trial and was part of a joint international protocol designed to generate reliable data on this vaccine 

candidate in different populations. This vaccine was designed by Targeted Genetics Corporation, a Seattle-based, 

public-listed biotechnology company, and Columbus Children’s Research Institute (30). The trials conducted in 

India proved that AAV was safe and well tolerated by the Indian population. The Indian authorities and IAVI 

believed that it was important to have safety and immunogenicity data from India, as the vaccine candidate was 

specifically designed for the type of HIV circulating in Asia and Africa (31). Clearly, HIV is outpacing our response 

in India with a steady increase in the number of new HIV infections annually. While the government of India has 

implemented a number of prevention and treatment strategies, which have shown very positive results, the facts 

suggest that a great deal still remains to be done. A recent study has suggested that the HIV epidemic could largely 

impede India’s developmental goals and can reduce the country’s growth by as much as one percent in terms of 

GDP. The HIV epidemic thus requires a bold research initiative and focused development strategy from the 

government of India as an immediate measure. 

 

Discussion:- 
The development of a safe and effective HIV-1 vaccine remains one of the highest research priorities to create a 

world without AIDS. Although an effective prophylactic vaccine still remains elusive, the results of the RV144 trial 

have reenergized the HIV-1 vaccine landscape (32). The lessons learnt from this trial are currently being applied by 

scientists not only to develop modified and possibly more effective vaccine candidates but also to guide future 

vaccine trial protocols. The ability to express the native Envtrimer of HIV-1 as a recombinant protein has also been 

a major step forward in vaccine design and development (33). Furthermore, the results of some of the novel vaccine 

candidates in the non-human primate models have been quite encouraging. Evaluations of these novel immunogens 

in human trials, an increased understanding of immune pathways which lead to the generation of effective antibodies 

and the availability of modern tools to study the intricacies of the B cell response have the potential to further 

transform the field of HIV vaccine development (33). However, there are many areas of concern that will have to be 

addressed on a priority basis. One major concern is whether the immune correlates of vaccine protection derived 

from the RV144 trial can be applied to other modalities of vaccines and diverse subtypes. Adjuvant formulations 

which can enhance the humoral immune response and facilitate antigen dose sparing may also play a significant role 

in the design of a successful vaccine (34). Evaluation of diverse vaccine concepts and vaccination regimens in an 

accelerated and dynamic human vaccine trials program will clearly result in greater success in developing the 

vaccine (35). Greater investment in the development of infrastructure in countries which are experiencing the major 

brunt of the HIV/AIDS epidemic will also be essential to bring us closer to an effective vaccine. The bottom line is 

that there is an urgent need to explore strategies to design a truly global prophylactic vaccine which can address the 

extensive viral diversity and provide protection against all circulating strains. Discovery of a preventive vaccine to 

end the AIDS epidemic in the near foreseeable future can be possible by a truly unified global level comprehensive 

response involving all the stakeholders including researchers, clinicians, epidemiologists, national and international 

HIV/AIDS organisations, governments, local communities and the drug development industry. 
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Conclusion:- 
India currently hosts some four million HIV positive people, the second largest concentration in any country after 

South Africa. Though with the advent of ART and HAART, HIV related deaths has been largely averted but the 

incidence of persistent infections are precariously high. At this hour of grave danger an ideal HIV vaccine is the 

only ray of hope. A greater focus on basic and preclinical research in immunology is to be made so that it can 

provide the knowledge needed to guide the design of an effective HIV-1 vaccine. Basic research may indeed give us 

an understanding of how an immune response performs in case of certain HIV-1 infected persons but whether this 

knowledge will bring us closer to the goal of developing an effective vaccine remains an open question. It may 

therefore be wise to continue with exploratory early phase human trials and testing a variety of immunization 

strategies at the same time rather than waiting until we fully understand all the intricacies of the various types of 

immune responses to HIV-1 infection. 
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