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ABSTRACT  

A Human Immunodeficiency Virus (HIV) vaccine is a critical component in the effort to manage the global epidemic. To assess the current state of 
HIV vaccine development, we analyze the findings of effectiveness trials conducted to date, as well as the immunological principles that drove them. 
Four vaccine approaches have been evaluated in HIV-1 vaccine effectiveness trials. The results have offered valuable information for future vaccine 
development. While one of these trials demonstrated that a safe and effective HIV vaccine is feasible, numerous issues remain about the basis for the 
observed protection and the most effective strategy to stimulate it. Novel HIV vaccination techniques, such as inducing highly potent broadly 
neutralizing antibodies, novel homologous and heterologous vector systems, and vectored immunoprophylaxis, aim to expand and build on the 
knowledge obtained from previous trials. 
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INTRODUCTION 

Despite nearly 30 years of continuous research, there is still no Human 
Immunodeficiency Virus (HIV) vaccine. Effective vaccinations often 
stimulate protective immunity equivalent to that observed during 
natural illness. However, naturally acquired immunity to HIV infection 
may not exist, posing an unprecedented barrier for vaccine 
development. As a result, the mechanism by which an HIV vaccine may 
provide protection remains unknown. An effective vaccination may 
necessitate the activation of an immune response that differs 
dramatically from that seen during natural infection [1]. The 
enormous diversity of HIV adds to the difficulty of vaccine 
development. Considering its recent origins, HIV, particularly HIV-1, 
has astonishing diversity. Within the primary HIV-1 subtype, Group M, 
there are nine clades as well as dozens of recombinant forms, with 
clades varying by up to 42% in amino acid sequence. A vaccine 
immunogen produced from one clade may be ineffective against 

others, offering a substantial challenge to the development of a 
worldwide HIV vaccine [2]. 

We explore the present state of HIV vaccine research by 
analyzing the outcomes of candidate HIV vaccine effectiveness 
trials and the immunologic ideas that drove them. We also 
examine novel strategies that aim to improve on the approaches 
used in those trials. Therefore, four vaccination ideas have been 
examined in efficacy trials [3]. The VAX004 and VAX003 trials 
assessed the initial concept, a protein subunit vaccination. The 
Step and HIV Vaccine Studies Network (HVTN) 503/Phambili 
trials examined the second approach, a recombinant adenovirus 
vector. The RV144 trial investigated the third strategy, which 
involved priming a canarypox vector with a protein subunit 
boost [4]. The HVTN 505 study recently evaluated the fourth 
approach, which is a DNA prime followed by a recombinant 
adenovirus vector boost (table 1). 

 

Table 1: HIV vaccine effectiveness trials and immunological response 

Trial Vaccine Population N Efficacy Immune response Reference 
VAX004 AIDSVAX B/B Primarily high-risk MSM 5403 None Weak nAb response [26] 
VAX003 AIDSVAX B/E Injection drug users 2546 None Weak nAb response [50] 
HVTN 503/Phambili MRKAd5 HIV-1 Primarily heterosexuals 801 None CD8+T-cell response [31] 
RV144 ALVAC prime followed 

by AIDSVAX B/E boost 
Primarily low-risk 
heterosexuals 

16,402 31.2% overall 
efficacy 

Weak nAb response [17] 

HVTN 505 VRC-HIVDNA 16-00-VP 
boost 

High-risk MSM 2504 None Awaiting final trial 
results 

[10] 

 

Viral diversity, glycans, and latency 

The search for a HIV vaccine has been a rocky 40 y path fraught with 
difficulties. One of the most critical obstacles is the HIV-1 virus's rapid 
evolution, which has the greatest recorded biological mutation rate 
known to science. This is due to the unstable nature of reverse 
transcriptase, key for viral replication but lacking proofreading 
capabilities, short generation times, and recombination [5]. This leads 
to widespread viral diversity both within and between hosts, making it 
challenging for the immune system to remove the virus and 
researchers to create treatments and vaccines to combat it. Although it 
is relatively simple to create a vaccine against one strain of HIV-1, the 

vaccination will only be effective against that one strain due to the 
hundreds of thousands of distinct strains. HIV-1 has developed 
strategies to evade the immune system due to its rapid mutation rate 
[6]. 

The main way that HIV-1 evades the immune system is by heavily 
glycosylating its Envelope Protein (Env). Env found on the virion 
envelope's surface enables HIV-1's entry into target immune cells by 
attaching to its major host receptor CD4. Host antibodies target Env 
because it is the only viral protein that is visible on the surface. 
Approximately half of its mass is made up of host-derived glycans; 
HIV-1 Env is one of the most densely glycosylated proteins known and 
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evolved several glycan sites to evade antibody neutralization [7]. Since 
the host-derived glycans make Env seem less like a foreign invader 
and are harder for antibodies to recognize. They form a shield around 
it that inhibits antibody identification and binding. In certain CD4+T-
cells, HIV-1 remains latent and virtually undetectable to the immune 
system, but it can re-emerge from these cells at any point in the future. 
HIV-1 also swiftly integrates itself into host chromosomes [8]. 

While latency is established during the initial weeks of infection, 
HIV-1 is only eradicable for a comparatively short time. This 
suggests that vaccine candidates must elicit an immune response 
that can eradicate the virus in the first few weeks before latency 
develops. This has proven challenging, especially for T-cell-based 
vaccinations, because the virus has already seeded itself in cells all 
over the body by the time a T-cell response takes to control it [9]. 
The virus must actually have infected cells in order for the T-cell 
response to occur. Before immunity takes over and eradicates the 
illness, there must be a specific amount of infection. The virus has 
already seeded itself in numerous cells throughout the body by the 
time a T-cell response takes to effectively control it, and it is virtually 
too late [10]. 

The transition to broadly neutralizing antibodies 

Due to the difficulties in developing T-cell and conventional antibody 
vaccines against HIV-1, research has shifted to Broadly Neutralizing 
Antibodies (bnAbs). The naturally occurring antibodies known as 
bnAbs are capable of neutralizing a wide variety of viral types. 
Unlike non-bnAbs, which target different epitopes, bnAbs target 
conserved portions of Env, which remain constant across strains and 
do not alter when the virus mutates. This allows them to overcome 
the variability barrier [11]. Research has investigated that between 
10 and 25% of those with HIV-1 who are chronically infected 
develop bnAbs. Nevertheless, they only make up a small portion of a 
person's HIV-1 antibody response. According to trials, bnAbs can 
assist in treating an existing infection and stop HIV-1 from acquiring 
bnAb-sensitive viruses when given passively. But just like ART, 
protection is only temporary, and regular administration of bnAbs is 
required. When an infected person is exposed to several strains of 
the virus, antibodies are developed to recognize structures shared 
by different strains of HIV-1 [12]. 

To research and produce the immunogens, a wide range of 
technologies and methodologies are required. Single-cell methods are 
used to "mine" bnAbs from sick people. Crystallography and cryoEM 
are then used to determine the structure of the antibodies in relation 
to Env. Computational and artificial intelligence techniques use these 
structures to propose structures for the virus shape that the 
antibodies attach to. The germline targeting strategy employs a series 
of immunogens that can generate HIV-1-specific bnAbs [13]. Using 
yeast or mammalian display, large libraries of suggested designs are 
created, and the forms that bnAbs recognize the best are selected as 
immunogens. Since non-human primates do not manufacture the same 
antibodies as humans, the selected immunogens are tested in animal 
models, including non-human primates and knock-in mice, which are 
mice altered using CRISPR-Cas9 to create human antibodies [14]. 

Protein subunit vaccine: vax trials and neutralizing antibody hunt 

Protein subunit vaccines were the first HIV vaccine candidates to go 
into clinical investigations. Both attenuated and inactivated vaccines 
had been investigated in Non-Human Primates (NHPs) prior to the 
invention of protein subunit vaccines. Compared to other 
vaccination methods like viral vectors and DNA plasmids, protein 
subunits provide the benefit of substantial expertise pertaining to 
vaccine design and production, as an effective protein subunit 
vaccine has been created for influenza A and B viruses [15]. The HIV 
envelope serves as the basis for HIV protein subunit vaccines. Early 
HIV vaccine clinical trials investigated Recombinant gp160 (rgp160) 
and Recombinant gp120 (rgp120) monomers as immunogens. The 
rgp160 vaccine-elicited neutralizing antibodies against the 
homologous vaccine strain but not against heterologous strains, and 
it caused minimal antibody responses overall. A rgp120 vaccine 
demonstrated somewhat increased immunogenicity and a 
neutralizing effect against a heterologous strain in a phase-I 
investigation [16]. 

A similar rgp120 immunogen made from a different strain of HIV-1 
(MN) was found to be safe and immunogenic in humans, and it 
protected chimpanzees against heterologous strains. The AIDSVAX 
vaccinations used in the VAX004 and VAX003 studies were based on 
this immunogen. The rgp120 immunogens from strains MN and 
GNE8 were present in AIDSVAX B/B. AIDSVAX B/E, which included 
rgp120 immunogens from strains MN and A244, was assessed [17]. 
MN was a laboratory-modified strain, while GNE8 and A244 were 
primary isolates. Experimental evidence that laboratory-adapted 
viruses differ from primary isolates in several respects, such as using 
the CXCR4 coreceptor instead of the CCR5 and being more sensitive 
to neutralization, led to the inclusion of the primary isolates [18]. 
Neither experiment showed efficacy against infection acquisition 
(fig. 1 and fig. 2). 

 

 

Fig. 1: The VAX004 kaplan-meier graph depicts the time to HIV-
1 infection [18] 

 

 

Fig. 2: The VAX003 kaplan-meier graph depicts the time to HIV-
1 infection [18] 

 

These investigations demonstrated that in a high-risk group, rgp120 
monomers did not prevent HIV infection and only produced weak 
neutralizing antibody responses. The goal of current HIV protein 
component immunogens is to better mimic the native viral envelope 
to elicit better neutralizing antibody responses. While lacking the 
conformational features of the native envelope trimer, the rgp120 
monomers used in the VAX trials have the advantage of being 
relatively easy to assemble. The CD4-binding site is one of many 
crucial epitopes that neutralizing antibodies target [19]. These 
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epitopes are conformational in nature and heavily rely on the 
envelope trimer's three-dimensional shape. Recombinant trimers 
have been stabilized using various techniques to make them 
acceptable for large-scale manufacture. The majority of recombinant 
trimers examined to date have only shown slightly improved 
immunogenicity when compared to monomers. Glycosylation is 
another characteristic of the native viral envelope that might be 
crucial for the production of neutralizing antibodies [20]. 

Certain human cell lines must create immunogens in order for 
protein subunits to be properly glycosylated. These cell lines were 
not used in the production of the AIDSVAX vaccines. A stable 
envelope trimer that more nearly mimics the glycosylation and other 
antigenic characteristics of the natural envelope trimer was recently 
created. For example, it has been demonstrated that this trimer 
produces better neutralizing antibody responses in guinea pigs than 
monomers. Phase-I trials are likely to begin within the next year or 
two, and clinical-grade material is already being produced [21]. The 
discovery of compelling bnAbs against HIV-1 has been a recent 
significant development with significant ramifications for vaccine 
design. For instance, 10E8 neutralizes 98% of studied viruses, VRC-
01, which has a breadth of about 90%, and PG9 and PG16, which 
have a breadth of about 80%. Although they do not achieve the same 
level of neutralizing breadth, some bnAbs have been found to be 
more than ten times as effective as PG9, PG16, and VRC01 [22]. 

Another bnAb, VRC07, has likewise had its efficacy and breadth 
further increased through the use of structural modification 
techniques. Several traits are shared by the bnAbs that have been 
characterized thus far. The membrane-proximal exterior section of 
gp41, the glycan-V3 site on gp120, the first and second variable 
regions (V1/V2) on gp120, or the CD4 binding site on gp120 are the 
four different places on the viral envelope spike that they all 
recognize. Furthermore, all bnAbs have peculiar characteristics, such 
as a large somatic mutation, an unusually lengthy complementarity-
determining region, or both [23]. Passive immunization with bnAbs 
has been demonstrated to offer NHPs strong defense against 
infection by the chimeric Simian/Human Immunodeficiency Virus 
(SHIV). It is likely that new approaches will be needed to create 
vaccinations that can stimulate bnAbs against HIV-1. Another barrier 
to the production of bnAbs is the fact that some of them are 
polyreactive to host antigens. Only 10-30% of people develop bnAbs 
after two to four years, even in the case of chronic HIV-1 infection 
[24]. 

Because the immune system may either prevent the production of 
these antibodies or fail to make them without considerable somatic 
mutation, it is uncertain whether standard immunization 
approaches may induce bnAbs. A new strategy called B-cell-lineage 
vaccine design seeks to improve the elicitation of bnAbs by 
encouraging antibody responses along the desired B-cell maturation 

route [25]. Finding out which B-cells produce bnAbs and analyzing 
how those cells differ from their naive B-cell progenitor are the first 
steps in creating a B-cell-lineage vaccine. Vaccine immunogens would 
then be developed to suitably direct the development of B-cells. 
Interestingly, the antigen that stimulates the mature B-cell may differ 
from the one that first activated the naive B-cell [26]. Similarly, 
different antigens may be required at each stage of B-cell maturation, 
resulting in a vaccination schedule that includes several different 
immunogens. The recently reported evolution of the bnAb CH103 in a 
chronically infected individual may serve as a roadmap for developing 
a vaccination based on the B-cell-lineage approach. Another possible 
tactic to increase the possibility of activating bnAbs is to employ 
adjuvants to activate the enzymes that regulate somatic mutation [27]. 

The cellular immunological response to viral vector vaccines 

The cellular immunity is crucial to the immune response against HIV 
infection. This was demonstrated in rhesus macaques infected with 
the Simian Immunodeficiency Virus (SIV), where the depletion of 
CD8+T-cells caused by chronically infected macaques treated with an 
anti-CD8 monoclonal antibody resulted in a marked rise in viremia 
and disease development [28]. Research on elite controllers of HIV-1 
infection has also shown the importance of cellular immunity in 
controlling viremia. HLA-B*57, HLA-B*27, and HLA-B*5701 are the 
specific Human Leukocyte Antigen (HLA) alleles that have been 
associated with the capacity to control viral replication. Indeed, 
differences in HLA-B*27-restricted CD8+T-cells between individuals 
with and without disease have been reported recently [29]. Since 
Natural Killer (NK) cells may also play a role in the HLA-mediated 
control of viral replication, examining the NK cell response may also be 
essential in assessing the immunogenicity of vaccine candidates. One 
technique for triggering a cellular immune response by vaccination is 
the use of recombinant viral vectors, in which a virus is altered to 
produce a desired gene [30]. 

Replication-incompetent or poorly competent viruses that replicate 
in mammalian cells or viruses that have been rendered such by gene 
deletion or in vitro adaptation (adenoviruses, Modified Vaccinia 
Ankara) are among the viral vectors that have been examined as HIV 
vaccine candidates. The Step and HVTN 503/Phambili investigations 
employed Recombinant Adenovirus Serotype 5 (rAd5) as the vector 
because it has been demonstrated to be highly immunogenic. It is 
the first efficacy trial to evaluate an HIV vaccine designed to elicit T-
cell responses [31]. Step and HVTN 503/Phambili evaluated the 
same immunization, a rAd5 vector carrying genes for Gag, Pol, and 
Nef from clade B viruses. The trial was stopped at the first interim 
analysis when it met predefined efficacy futility boundaries. 
Remarkably, during long-term follow-up, male vaccinees who were 
both uncircumcised and Ad5 seropositive had a statistically 
significant increased risk of HIV infection, which declined over time 
(fig. 3) [32]. 

 

 

Fig. 3: The Kaplan-Meier graph from the Step investigation's extended follow-up (p = 0.02 for the first 18 mo) demonstrates the time to 
HIV-1 infection in Ad5 (seropositive, uncircumcised) men [32] 

 

The rAd5 vaccination used in Step elicited modest CD8+T-cell 
responses from the majority of vaccinees, although these responses 

were limited to targeting a few specific epitopes. However, in a 
sample of infected individuals with protective HLA alleles, the mean 
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viral load gradually dropped in vaccination recipients compared to 
placebo recipients [33]. A second experiment, known as HVTN 
503/Phambili, was conducted in South Africa, primarily on 
heterosexuals who were deemed low-risk. Because of the high 
prevalence of HIV infection in Step, participation was halted after 
only 801 of the 3000 participants were enrolled. Vaccinees had a 
greater rate of HIV infections than placebo users; however, the 
difference was not statistically significant [34]. Vectors based on 
different adenovirus serotypes with lower seroprevalence rates than 
Ad5 have been assessed in light of Step's findings. Phase-I tests 
revealed that recombinant vectors utilizing Ad26 and Ad35 were 
immunogenic. Several poxvirus vectors have also been assessed in 
addition to adenovirus vectors. Phase I and II trials revealed that a 
canarypox vector had reduced immunogenicity. Several early-phase 
trials are now being conducted to assess NYVAC and MVA, which 
seem to be more immunogenic than canarypox [35]. 

Investigations in animal models using combinations of MVA, rAd26, 
and rAd35 have generally demonstrated improved cellular immune 
responses and increased protection against infection when 
compared to similar regimens. Although clinical trials have only 
looked at HIV vaccines based on viral vectors that are either 
incapable or have low replication capabilities, replication-competent 
vectors may be more immunogenic and are now being evaluated 
[36]. The distinction between effector memory and central memory 
CD8+T-cells has been the subject of additional study on vaccinations 
intended to induce a CD8+T-cell response. Although HIV vaccine 
candidates have frequently elicited a central memory T-cell 
response, it has been proposed that an effector memory T-cell 
response may be more capable of lowering viremia following 
infection. Effector memory T-cell responses are primarily caused by 

persistent infections, such as cytomegalovirus (CMV) infections [37]. 
In a recent study, rhesus macaques were vaccinated against CMV 
and then challenged with SIVmac239, a highly pathogenic variant of 
SIV. The majority of macaques that got the CMV-vectored vaccine 
demonstrated notable control of viremia following multiple mucosal 
challenges, in contrast to none of the macaques that received a 
DNA/rAd5 vaccine [38]. 

Heterologous prime-boost regimens: non-neutralizing antibody 
and RV144 

RV144 utilized the heterologous prime-boost therapy strategy, 
which involved priming a canarypox viral vector that expressed Env, 
Gag, and Pol (ALVAC) followed by an AIDSVAX B/E boost. In 
Thailand, low-risk heterosexual men and women were the main 
recipients of the vaccinations [39]. According to the modified 
intention-to-treat analysis, the vaccine's effectiveness against 
infection acquisition was 31.2% (fig. 4). There was no discernible 
impact on CD4+T-cell counts or viral load in vaccination recipients 
who did contract the infection. According to a later analysis, there 
was a substantial correlation between vaccine efficacy and risk. 
Comparatively, to 5% of those in the high-risk group, 68% of those 
who maintained low or medium risk during the investigation saw 
efficacy [40]. Furthermore, efficacy seemed to peak in the first 12 mo 
before sharply declining after that. The investigation of 
immunological correlates of risk revealed that IgG binding to V1/V2 
was associated with a decreased risk of infection, while plasma IgA 
directed against Env neutralized this protection. Perhaps this latter 
effect was brought on by IgA's disruption of IgG effector activities, 
which has been observed in the setting of both infection and cancer 
[41].

 

 

Fig. 4: The kaplan-meier graph from RV144 illustrates the time to HIV-1 infection in the modified intention-to-treat evaluation [40] 

 

IgG-mediated Antibody-Dependent Cellular Cytotoxicity (ADCC) 
effectors may be inhibited by specific Env-directed IgA antibodies 
that were recovered from RV144 vaccinees. Further investigations of 
immunogenicity showed that the RV144 regimen evoked a CD4+T-
cell response against V2, but only a moderate T-cell response and a 
minor neutralizing antibody response [42]. An examination of 
breakthrough viral strains also demonstrated the potential impact of 
the immune response against V2. The V2 region of Env contains both 
of these amino acids. Since the immunological correlates 
investigation of RV144 did not identify neutralizing antibodies or 
cellular immune responses linked to a lower risk, it is possible that 
non-neutralizing antibodies against V1/V2 contribute to protection 
[43]. Following the results of RV144, non-neutralizing antibodies 
against V2 were found to correlate with protection against a 
demanding SIV challenge in rhesus macaques vaccinated with 
DNA/MVA, rAd26/MVA, or MVA/rAd26 regimens. Because effector 
activities like ADCC occur in conjunction with innate immune system 

cells, non-neutralizing antibodies against V1/V2 may offer 
protection [44]. 

HVTN 505 and DNA vaccinations 

A plasmid encoding a desired protein makes up DNA vaccines. The 
same genes that are delivered by a live vectored vaccination can also 
be delivered by a DNA vaccine without the development of immunity 
against the vector, which could prevent the insert from being 
expressed. When tested in humans for several viruses (including 
HIV), early candidate DNA vaccines were illustrated to be 
insufficiently immunogenic [45]. Techniques like electroporation and 
the use of molecular adjuvants have been employed in later-
generation DNA vaccines to increase immunogenicity. A heterologous 
DNA/rAd5 regimen performed better than a homologous rAd5/rAd5 
regimen in a phase-I trial in terms of CD4+T-cell responses and CD8+T-
cell interleukin 2 production [46]. In another phase-I investigation, a 
DNA/rAd5 regimen significantly improved T-cell and antibody 
responses compared to either DNA or rAd5 alone. Additionally, a 
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DNA/MVA regimen was demonstrated to improve the T-cell immune 
response in comparison to MVA alone. In the United States, the most 
recent HIV vaccine efficacy trial (HVTN 505, a phase IIb research) 
evaluated a DNA prime followed by a rAd5-vectored boost in MSM 
[47]. 

Gag, Pol, Nef, and Env were expressed by the DNA plasmid, while Gag, 
Pol, and Env were expressed by the rAd5 boost. In contrast, Env was 
not expressed by the rAd5 vaccine utilized in Step. The inclusion 
criteria were limited to men who were circumcised and Ad5 
seronegative to mitigate the potential for elevated HIV infection risk 
associated with the use of the rAd5 vector in Step [48]. The 505 
investigations, which had enrolled 2504 patients, were terminated due 
to lack of efficacy in 2013, according to the HVTN, because both the 
HIV acquisition and the post-acquisition viral load setpoint futility 
criteria were satisfied. HIV infection rates among vaccinees and 
placebo recipients were not statistically different at the time the trial 
was stopped, with 27 HIV infections among vaccine recipients and 21 
HIV infections among placebo recipients. The HVTN 505 trial 
participants will be continuously monitored for further research 
outcomes [49]. 

Perspectives from the transmission incident 

A single person harbors a quasi-species of virus throughout a 
prolonged infection. However, research on sexual transmission has 
demonstrated that just one strain of the virus is spread in about 80% 
of cases. Several investigations have discovered that founder viruses, 
another name for transmitted viruses, seem to possess specific  
characteristics. In a preliminary investigation of three mother-infant 
pairs, the viral sequences of the infants were less diverse than those 
of the mothers, and the V3 virus had a conserved N-linked 
glycosylation site [50]. Compared to viruses detected during chronic 
infection, transmitted clade C viruses exhibited shorter, less 
glycosylated envelope variable loops and were more neutralization-
susceptible. Furthermore, transmitted clade C viruses can have a 
significantly lower representation of the glycan at amino acid 
position 332 than viruses that are present during chronic infection. 
Variants observed early in the donor's infection course appeared to 
be more closely connected to transmitted strains than to those 
circulating in the donor near the time of transmission [51]. 

The number of viruses that spread appears to depend on the viral 
lineage and the mode of transmission, and their distinct traits make 
the previously indicated conclusions more difficult to understand. In 
a cohort of MSM, only 46% of transmitted viruses seemed to 
originate from a single version, but in about 80% of heterosexual 
transmission events, only one variety is transmitted. In rhesus 
macaques, intravenous inoculation of SIV resulted in a more 
complicated founder population than intravaginal injection. In a 
study of a small heterosexual African cohort, it was discovered that 
in the vast majority of cases, only one strain of the virus was 
transferred [52]. While genital infections were associated with a 
higher transmission of virus strains, limiting the genetic variety of 
the infecting virus may need an intact mucosal barrier. Although the 
specific traits of clade C viruses were also present in clade a viruses, 
neither clade B nor clade D viruses exhibited these traits. 
Transmitted viruses in all clades and transmission methods cannot 
yet be identified by a single viral signature. If these variants are 
significantly different from other HIV strains, future vaccines may be 
designed to target transmitted viruses specifically [53]. 

Interpose of mosaic sequence 

The diversity of HIV poses a significant obstacle to the eventual goal 
of creating a global vaccine. In an attempt to address this problem, 
mosaic sequences have been developed for use in viral vector 
vaccines. These sequences were generated by computer algorithms 
to maximize the coverage of possible T-cell epitopes from worldwide 
HIV-1 strains. T-cell epitopes are amino acid sequences that are 
recognized by CD8+T lymphocytes and that HLA class I molecules 
present on the surface of infected cells [54]. Mosaic sequences can 
stimulate immune responses capable of recognizing viruses from 
different clades by maximizing the representation of global viral 
strains. Investigations on rhesus macaques demonstrated that 
mosaic sequences improve the breadth and depth of the T-cell 

response compared to consensus or natural sequences. However, 
the immunological response that mosaic sequences will elicit has not 
yet been tested on humans. Interestingly, phase-I clinical trials using 
mosaic sequence inserts will be conducted for vaccines vectored by 
orthopox and adenovirus [55]. 

Vectored immunoprophylaxis 

The method called vectored immunoprophylaxis delivers bnAbs via 
a viral vector containing immunoglobulin gene inserts. Performing 
this, the difficult procedure of producing these rare antibodies using 
immunogens is avoided. In a study of this approach, genes encoding 
a bnAb against HIV-1 were inserted into the vector, an Adeno-
associated Virus (AAV) [56]. Since AAV is not known to cause 
disease and has been designed to not integrate into the human 
genome, it has been thoroughly investigated as a possible gene 
therapy vector. When a humanized mouse was administered an AAV 
vector containing human immunoglobulin genes intramuscularly, it 
produced bnAb consistently and protected against high-dose 
intravenous HIV challenges. The AAV vector has the potential for 
long-lasting protection and is comparatively cheap to create [57]. 

Future prospect 

The mosaic sequence inserts, which may elicit a more thorough 
immune response than native HIV-1 sequence inserts, will also be 
investigated in subsequent experiments. A new recombinant 
glycoprotein trimer will be evaluated as a protein boost and may 
elicit a higher neutralizing antibody response than rgp120 
monomers. Future research assessing comparable regimens may 
include longer immunization schedules, especially to promote 
antibody responses, to extend the period of protection, as the 
protection explored in RV144 was only temporary [58]. An 
important finding for the creation of an HIV vaccine is the 
identification of potent bnAbs against HIV-1. Novel strategies, such 
as vectored immunoprophylaxis and B-cell-lineage vaccine design, 
are being investigated to generate or induce these antibodies. The 
HIV vaccine efficacy investigations that have been carried out thus far 
have demonstrated that a safe and effective HIV vaccine is achievable 
and have significantly advanced our knowledge of the development 
process for such a vaccine. Future progress will depend on an ongoing 
connection between preclinical research findings and properly 
planned out, effectively carried out clinical trials [59]. 

CONCLUSION 

All four HIV vaccine hypotheses have produced useful evidence, 
even if only one has demonstrated potency. For a short time, a 
prime-boost approach that combined a canarypox vector prime with 
a rgp120 boost (RV144) displayed a moderate level of effectiveness 
(31.2%). Genetic features in the V2 region were also connected to 
vaccine efficacy in an investigation of new virus strains. 
Interestingly, vaccination is anticipated to influence the sequencing 
of breakthrough HIV strains in Step and VAX003. This implies that 
there may have been some selective pressure on transmitted viruses 
from the vaccinations employed in those experiments. In a low-risk 
heterosexual population, RV144 showed efficacy; however, it is 
uncertain how population risk variables affect the regimen's 
eventual success in RV144. As a result, a proposed vaccine given to 
this group might only need to block one strain of the virus, which 
might increase its efficacy. These investigations will evaluate viral-
vector prime and protein-subunit boost regimens in addition to 
introducing novel vectors, inserts, and protein subunits. Vectors 
such as Ad26, MVA, and NYVAC will be investigated both 
individually and in combination due to their high immunogenicity. 
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