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Abstract

Human immunodeficiency virus, HIV, causes a progressive decline in humans’ 
immune system, leading to development of AIDS. According to the World He-
alth Organization, approximately 36.7 million people are living with HIV in the 
world, and more than 1 million people died in 2019. Vaccination is one effec-
tive method of stopping HIV from spreading around the world. So far, no effec-
tive vaccine against HIV has been found. Research teams are conducting 40 
trials worldwide to find a vaccine against HIV. The nature of the virus, which 
is  primarily characterized by an extremely high genetic variability, is a signi-
ficant obstacle to vaccine development. The RV144 clinical trial has become 
a precursor to the use, and further development of biology system approaches 
for the correlation of infection risk. Analyzing the virus, which involved study-
ing HIV genetic sequences, breakthrough infections, vaccine components, and 
observed functional immune relationships, helped scientists develop associa-
tions and differences that might be indicative of protection against the virus. 
The RV144 and RV217 clinical trials, which hypothesized that a vaccine co-
uld induce host immunity, are still speculation. Vaccines are adapted to current 
approaches to ensure that study participant are exposed to HIV antigens in 
a variety of ways to elicit mixed immune responses i.e., humoral, cellular, and 
innate arms of the host immune system using heterologous vaccines to induce 
non-specific immunity. HIV vaccine clinical trials are significant to humanity. 
Epidemiological data make us aware of the great problem we are dealing with. 
The medical experiment RV144 shows that it is possible to obtain a vaccine. 
We must hope that the nearest future in HIV prevention is an effective and 
safe vaccine.

Key words: HIV vaccine, RV 144



CC
-B

Y-
SA

 3
.0

PL

The Prospect of an HIV Vaccine – a Review of Recent Research

Introduction

Human immunodeficiency virus, HIV – so far, two types of this virus have 

been known: HIV-1 and HIV-2. HIV causes a progressive decline in hu-

mans’ immune system, leading to the development of AIDS. According to 

the World Health Organization, approximately 36.7 million people are li-

ving with HIV in the world, and more than 1 million people died in 2019. 

The most significant number of people living with active infection are in 

Sub-Saharan Africa, about 25.7 million, in Western and Central Europe, 

about 2.5 million [1]. According to the National Institute of Hygiene, in 

Poland, from the implementation of the research from 1985 to Decem-

ber 31, 2019, HIV infection was found in 25.544 people, 3.768 AIDS 

cases were reported; 1.429 sick people died [2]. From the beginning of 

2017, there were nearly 10.000 patients under antiretroviral treatment 

in Poland [3]. People access to medical services and antiretroviral thera-

pies vary considerably across the world. Third world countries cannot 

afford the cost of antiretroviral treatments for most patients. The U.S. 

President’s Global AIDS Relief Program (PEPFAR) and heroic efforts to 

curb the HIV pandemic are still insufficient to equalize the opportunities 

for treatment [4]. Economic barriers, totalitarian political systems, and 

an uneducated society keep HIV a death sentence in some parts of the 

world rather than a chronic disease that can be controlled through anti-

retroviral therapy. 

Vaccination is one effective method of stopping HIV from spreading 

around the world. So far, no effective vaccine against HIV has been fo-

und. Research teams are conducting 40 trials worldwide to find a vaccine 

against HIV. A review of the literature and research will bring closer the 

current state of knowledge on the invention of the HIV vaccine. 

The essence of the problem with the invention of a vaccine against HIV

Research teams around the world are trying to get an effective HIV vac-

cine; this discovery would become one of the most important events of 
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the 21st century. Therefore the financial outlays and social expectations 

are huge. The central aspect is that humans do not develop natural pro-

tective immunity to HIV infection. Except for rabies, vaccines only exist 

for diseases for which there is specific immunity. There are people in the 

world who remain infected with HIV but do not develop clinical disease 

symptoms for a long time, and this is a tiny group of people called “elite 

controllers”. Unfortunately, the overwhelming majority, as many as 99% 

of people, are not able to control the infection themselves, in the absen-

ce of treatment [5]. Elite controllers, however, still produce the virus and 

suffer the consequences of inflammation. Another problem in the in-

vention of a vaccine is the absence of a specific response. It remains the 

immune, cellular, and antibody functions, which are poorly understood. 

Since the host immune response to HIV is incapable of completely era-

dicating the virus, developing a vaccine to elicit an effective immune re-

sponse presents a particular challenge since a natural infection does not 

provide any blueprint for vaccine design.

The nature of the virus is a significant obstacle to vaccine develop-

ment. It is primarily characterized by an extremely high genetic variabili-

ty. Modeling studies demonstrate that the virus is sufficiently variable to 

obstruct the typical host development of broadly neutralizing antibody 

responses that require extensive somatic mutation in the immunoglobu-

lin gene locus and deviation in immune tolerance mechanisms [6]. The vi-

rus is so flexible that, thanks to its ability to evade Tc cell responses, many 

forms of the virus can survive, not necessarily in a single variant.

Scientists cite HIV latencies as another significant problem in vaccine 

development. The human immunodeficiency virus genetically integra-

tes into the host’s chromosomes. Recent studies show that HIV latency 

may be related to how at least some variants of the virus are made. The 

infected cell is most often re-infected with multiple options of the virus, 

allowing genetically recombinant forms to emerge in reactivated mutant 

infections [7]. Host cells containing the reactivated ones are relatively 

rare in the presence of an antigen. They are, therefore, relatively insensi-

tive to antibody-dependent cellular cytotoxicity (ADCC) and other forms 
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of immune surveillance. Attempts to develop an effective HIV vaccine 

on a global scale have evolved. To date, only six clinical trials have been 

conducted with the efficacy of the vaccine. Scientists focused on mono-

meric HIV envelope proteins, combined with canarypox viral vectors and 

adeno-induced HIV genes, either alone or in combination with HIV DNA 

[8]. Due to well-founded safety concerns, no methods based on viral atte-

nuation or virion inactivation were included in clinical trials. Historically, 

the technique that has been effective and best known for vaccine deve-

lopment for many years has been eliminated.

A review of the most promising studies

The clinical study “RV144”, which was conducted in Thailand on more 

than sixteen thousand men and women randomly assigned to rece-

ive placebo or a combination of canarypox vector vaccine (ALVAC-HIV 

vCP1521) and recombinant HIV glycoprotein 120 (gp120) product of  

B and E subtypes (AIDSVAX B / E) in 2003-2009, has demonstrated po-

tential protection against HIV. So far, this is the only study that has shown 

the effectiveness of the vaccine. By excluding people infected with HIV 

at the beginning of the clinical trial, the vaccine proved to be effective at 

the level of 31.2% at three years after the primary injection. From a glo-

bal point of view, this is not satisfactory effectiveness. However, scien-

tists already have a starting point, and further work is more than likely. 

The protective effect six months after the primary vaccination series was 

60.5%; unfortunately, this effect quickly diminished [9]. Vaccinations af-

fected viral load following infection or CD4 + T cell counts in people with 

breakthrough HIV infection. Immunological markers related to the pro-

tective effect of the vaccine have been identified. The extensive collabo-

ration of international laboratories has shown in HIV-infected and tested 

individuals the strongest association providing protection for IgG anti-

bodies against the variable regions of the HIV 1 and 2 envelope (V1V2) 

– IgG3 in particular – and low serum IgA antibodies [10]. This allows us 

to look to the future with optimism. Phase II of the clinical trial “RV144” 
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arouses widespread emotions among the public due to the expectation 

of even better vaccine effectiveness [11]. Phase II focuses primarily on 

the efficiency in the various conditions of the existence of the virus and  

its subtypes.

The “RV144” clinical trial has become a precursor to the use, and fur-

ther development of biology systems approaches for the correlation of 

infection risk. By analyzing the virus, which involved studying HIV gene-

tic sequences, breakthrough infections, vaccine components, and obse-

rved functional immune relationships, it helped scientists develop asso-

ciations and differences that might be indicative of protection against 

the virus [12]. Further exploratory studies around the world following 

the presentation of the analysis of the clinical experiment “RV144” re-

flect the multilateral investigative approaches, and the use of potential 

vaccine “products” for further clinical trials in other subtypes, such as 

subtype C in South Africa [13].

Another approach by scientists to fight HIV is to try without a vaccine. 

The story of how the immune system can partially or more fully control 

HIV is complex and, in a sense, has been told backward, starting with arti-

ficially induced immunity from vaccine research, rather than on a real un-

derstanding of HIV infection as it has been established. Decades of expe-

rience with HIV patients passed before the acute course of the infection 

was properly understood. The observational study “RV217” is a prospec-

tive analysis of patients at high risk of infection in East Africa and Tha-

iland. 2.300 patients were recruited for the study. The acute phase of 

the disease was noted in 5% of respondents. A maximum viral load was 

achieved after approximately 30 days, and a positive “EIA” test was achie-

ved after 14 days. Up to the time of peak viral load, N.K. cells responded 

variable; The B cells initially dropped and then returned to normal. CD8 

+ T cells, CD4 + T cells decreased and remained inversely proportional 

to the viral load [14, 15]. This information is beneficial for developing an 

HIV vaccine strategy in several ways. Like many other viral syndromes, 

the human immunodeficiency virus fills most of its distribution in host 

tissues during the first two weeks. The diverse effect on the population 
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of B and T cells is still unclear about the importance of innate immunity. 

HIV causes less symptomatic acute disease (and therefore less inflamma-

tion throughout the body) than previously thought and stabilizes fairly 

quickly. Consequently, a neutralizing antibody available during log virus 

expansion would be a useful, but potentially insufficient, control mecha-

nism. Scientists believe that key here will be primarily antibody-mediated 

non-neutralizing functions – and possibly innate effector functions.

The “RV144” and “RV217” clinical trials, which hypothesized that 

a vaccine could induce host immunity, are still speculation. Vaccines are 

adapted to current approaches to ensure that study participant are expo-

sed to HIV antigens in a variety of ways to elicit mixed immune responses 

i.e., humoral, cellular, and innate arms of the host immune system using 

heterologous vaccines to induce non-specific immunity. Researchers’ 

current efforts are focused on designing immunogens that would elicit 

a sustained and broad neutralizing antibody response against HIV. The 

number of monoclonal antibodies capable of extensively neutralizing an-

ti-HIV activity is increasing exponentially thanks to the currently domi-

nant molecular techniques for their recovery from HIV infected patients. 

Monoclonal antibodies, i.e., PGT121, VRC01, and VRC03, have been ob-

served in cellular assays to inhibit CD4 + T cell insertion by latent viru-

ses from chronically infected individuals. PGT121 and VRC01 antibodies 

were used in preclinical studies in acute phase infected king macaques 

with SIVs virus to reduce both viral load and viral DNA associated with 

cells [16]. It is not possible to cause such a reaction through active vacci-

nation in humans at this point. Still, their use for HIV prevention and con-

trol by passive immunization is currently being tested in several clinical 

trials, which would provide evidence why they would likely work in active 

immunization. Researchers continue to search based on their observa-

tions of virus neutralization for the real antibody and antigen.
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Conclusion

HIV vaccine clinical trials are significant to humanity. Epidemiological 

data make us aware of the great problem we are dealing with. The medi-

cal experiment “RV144” shows that it is possible to obtain a vaccine. The-

re is still a lot of work ahead of researchers to get an entirely safe and ef-

fective vaccine. Thanks to continuous investment, scientists can conduct 

further clinical trials in populations most at risk of HIV infection. HIV 

vaccine research has become an innovative mechanism for vaccine rese-

arch, as demonstrated by a variety of vaccine vector products used in the 

study of other pathogens. The invention of the HIV vaccine is no longer 

a dream but a reality that scientists scrupulously pursue. We must hope 

that the nearest future in HIV prevention is an effective and safe vaccine.



95

CC
-B

Y-
SA

 3
.0

PL

The Prospect of an HIV Vaccine – a Review of Recent Research

References

1. WHO, HIV database [Internet]. Available from: http://www.who.int/

hiv/data/en/ [cited 10.06.2020].

2. PZH, HIV epidemiology [Internet]. Available from: http://wwwold.pzh.

gov.pl/oldpage/epimeld/hiv_aids/index.htm [cited 10.06.2020].

3. HIV, AIDS [Internet]. Available from: http://www.aids.gov.pl/hiv_

aids/450/ [cited 10.06.2020]. 

4. PEPFAR Program [Internet]. Available from: https://www.pepfar.gov 

[cited 10.06.2020].

5. Crowell TA, Hatano H. Clinical outcomes and antiretroviral therapy in 

‘elite’ controllers: a review of the literature. J Virus Erad 2015; 1(2): 72–77.

6. Sunshine JE, Larsen BB, Maust B et al. Fitness-balanced escape deter-

mines resolution of dynamic founder virus escape processes in HIV-1 in-

fection. J Virol 2015; 89(20): 10303–10318.

7. Bednar MM, Hauser BM, Zhou S et al. Diversity and tropism of HIV-

1 rebound virus populations in plasma level after treatment discontinu-

ation. J Infect Dis 2016; 214(3): 403.

8. Barouch DH, Michael NL. Accelerating HIV-1 vaccine efficacy trials. 

Cell 2014; 159(5): 969–972.

9. Rerks-Ngarm S, Pitisuttithum P, Nitayaphan S et al. Vaccination with 

ALVAC and AIDSVAX to prevent HIV-1 infection in Thailand. N Engl  

J Med. 2009; 361(23): 2209–2220.



96

CC
-B

Y-
SA

 3
.0

PL

Bartoszkiewicz

10. Robb ML, Rerks-Ngarm S, Pitisuttithum P et al. Risk behaviour and 

time as covariates for efficacy of the HIV vaccine regimen ALVAC-HIV 

(vCP1521) and AIDSVAX B/E: a post-hoc analysis of the Thai phase 3 ef-

ficacy trial RV 144. Lancet Infect Dis 2012; 12(7): 531–537.

11. Yates NL, Liao HX, Fong Y et al. Vaccine-induced Env V1-V2 IgG3 cor-

relates with lower HIV-1 infection risk and declines soon after vaccina-

tion. Sci Transl Med 2014; 6(228): 228ra239.

12. Rolland M, Edlefsen PT, Larsen BB et al. Increased HIV-1 vaccine ef-

ficacy against viruses with genetic signatures in Env V2. Nature 2012; 

490(7420): 417–420.

13. Database of Preventative HIV Candidates. International AIDS Vac-

cine Initiative. New York; 2017 [Internet]. Available from: https://www.

iavi.org/trials-database. Accessed 02 NOV 2017 [cited 20.07.2020].

14. ClinicalTrials.gov. U.S. National Institutes of Health, Bethesda. 2016 

[Internet]. Available from: https:// clinicaltrials.gov/ct2/results?term=vr-

c01&Search=Search [cited 20.07.2020].

15. Robb ML, Eller LA, Kibuuka H et al. Prospective study of acute HIV-

1 infection in adults in East Africa and Thailand. N Engl J Med 2016; 

374(22): 2120–2130.

16. Chun TW, Murray D, Justement JS et al. Broadly neutralizing anti-

bodies suppress HIV in the persistent viral reservoir. Proc Natl Acad Sci 

USA 2014; 111(36): 13151–13156.


