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Abstract
Human immunodeficiency virus (HIV) is a pathogenic virus capable of entering 
the human body and replicating within T cells, ultimately leading to acquired 
immunodeficiency syndrome. In contrast, GB-virus C (GBV-C), a member of the 
Flaviviridae family, also infects humans but, according to current studies, is not 
associated with any known pathogenic effects. Unlike most RNA viruses, GBV-C 
encodes a single polyprotein. It is primarily transmitted through blood and 
sexual contact. GBV-C comprises three strains: GBV-C, hepatitis G virus (HGV), and 
other less-studied strains. The HGV strain has been detected in patients with liver 
cirrhosis; however, there is no evidence that it causes liver disease. Notably, GBV-C 
reduces immune activation in HIV-infected patients. It has been shown to have 
a significant effect on the target cell receptors for HIV, indicating its potential as a 
model for vaccine development against HIV. However, there is a lack of information 
and studies concerning this virus. GBV-C-based vaccine development faces many 
challenges, such as concerns about safety and efficacy, limited understanding of 
its mechanisms of action and immunogenicity, HIV strain variability, ethical and 
regulatory considerations, production and delivery logistics, long-term outcomes, 
and public perception and acceptance. Nevertheless, bioinformatic techniques 
can play a crucial role in overcoming these challenges through approaches such 
as comparative genomics, epitope mapping, structural bioinformatics, and vaccine 
design and optimization.
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1. Introduction
Viruses consist of a protein coat that encloses their genetic components, which can 
either be RNA or DNA. They are incapable of replicating independently and must infect 
specific living host cells to replicate by exploiting the host’s metabolic machinery. Human 
immunodeficiency virus (HIV) is a well-known virus that replicates in immune cells, 
especially T cells, causing acquired immunodeficiency syndrome.1 At present, there is 
no specific vaccine for many viruses, including HIV, which remains a significant threat 
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to human health. In addition to replicating within immune 
cells, HIV progressively impairs their function, ultimately 
causing severe immunodeficiency.

Public perception often portrays viruses and microbes 
as harmful and contagious pathogens. However, viruses 
and microorganisms can also play beneficial roles, 
especially in bioprospecting applications. For example, 
bacteriophages are increasingly recognized for their 
potential to control antimicrobial-resistant bacteria.2 
Beneficial microorganisms are abundant in the human 
body, especially in the large intestines. It is estimated that 
for every human cell, there are ten microbial cells residing 
in the body. These microorganisms help humans in many 
ways, such as aiding digestion and producing vitamin K. 
These microorganisms are also essential in the synthesis of 
certain foods, such as bread and cheese.3 Similarly, viruses 
may play helpful roles, including in combating other viral 
infections. GB virus C (GBV-C) is a recently discovered 
virus that has no known pathogenic effects. While it might 
be considered latent, it is not. GBV-C is found in a high 
percentage of HIV-infected individuals, and some studies 
suggest that it may be beneficial against HIV.

However, significant challenges arise when considering 
its usage as a treatment or a vaccine for HIV. Between 
1995 and 2005, there was considerable debate and focused 
research on GBV-C, but interest waned around 2012. Since 
then, no new studies have been published. Therefore, by 
outlining the difficulties in employing viruses as vaccines, 
this article aims to highlight the key findings surrounding 
GBV-C and its potential role in HIV research. The main 
goal of the current mini-review is to explicitly encourage 
the scientific community to renew and intensify research 
on GBV-C, particularly by examining how bioinformatics 
can be used to help overcome existing obstacles.

2. GB virus C
GB virus C is a non-pathogenic virus capable of entering 
the human body without causing any known harmful 
effects. It is phylogenetically related to the Flaviviridae 
family, particularly to the hepatitis C virus. In vitro studies 
have shown that GBV-C interferes with several biological 
mechanisms in ways that may facilitate the body’s ability to 
combat HIV.4

2.1. History of discovery

In 1995, Abbott Laboratories identified a virus in a West 
African patient that showed no genomic similarities 
to known hepatitis viruses (A  -  E). Due to its genomic 
resemblance to previously discovered viruses GB virus A 
and B, it was named GB virus C. Concurrently, researchers 
at Genelabs Technologies uncovered a similar virus in 

the plasma of a patient with chronic hepatitis. This virus, 
named hepatitis G virus (HGV), shared approximately 
96% genetic homology with GBV-C.5

2.2. Epidemiology

GB virus C comprises a positive-sense single-stranded 
RNA that encodes a single polyprotein of approximately 
3,000 amino acids. Its epidemiology remains an active 
topic of research. The current evidence indicates that 
antibodies against GBV-C typically emerge only after the 
viral RNA is no longer detected in the body. GBV-C has 
a high prevalence in the general population, present in 
about 1.7 – 2% of individuals, and in approximately 39% of 
HIV-infected persons.6 The presence of the virus has been 
reported in patients with liver cirrhosis and hepatocellular 
carcinoma, and in almost 20% of patients with 
hematological malignancies, in which the bone marrow 
cells were found to be infected with GBV-C. However, in 
patients with cirrhosis or hepatocellular carcinoma who 
undergo liver transplantation, no signs of GBV-C were 
observed.7 A study conducted in Denmark investigated 
the transmission routes of GBV-C and the associated risk 
factors. The study population included children between 
the ages of 9 and 15, blood donors, hospital employees, 
and prisoners who both injected and did not inject drugs. 
Testing was performed using methods: in-house real-time 
quantitative polymerase chain reaction for GBV-C RNA 
and enzyme-linked immunosorbent assay for anti-E2 
antibodies. The GBV-C RNA was found in 1.4% of 901 
children, 2.2% of 5,203 blood donors, 2.2% of 1,432 hospital 
employees, 12.5% of 407 non-injecting drug prisoners, and 
34.9% of 407 drug-injecting prisoners. Among healthcare 
professionals, risk factors included blood exposure and 
sexual behavior, while in prisoners, injection drug use 
and high-risk sexual activity were strongly associated 
with GBV-C infection. In children, transmission was most 
likely due to birth in childhood, causing chronic infection. 
In adulthood, sexual transmission was identified as the 
predominant route.8

3. Evolution of GB virus C
The viral composition of this virus differs from most 
known RNA viruses, which typically lack proofreading 
enzymes to ensure fidelity during RNA genome replication. 
It is an enveloped positive-strand RNA with a genomic 
size of about 9.3 kilobases. The genome contains a large 
open reading frame that encodes a single polyprotein. 
The structural proteins, E1 and E2, and non-structural 
proteins, NS2, NS3, NS4, NS5A, and NS5B, are located 
at the N-terminal and C-terminal, respectively. A  study 
conducted to trace the evolutionary history of this virus 
through several phylogenetic analyses confirmed its ancient 

https:/dx.doi.org/10.36922/MI025150032


Microbes & Immunity GB virus C as HIV vaccine

Volume 3 Issue 4 (2026)	 3� doi: 10.36922/MI025150032

African evolutionary origin. By analyzing different isolates 
for the virus, closely related Southeast Asian strains were 
identified, showing a relationship to the African isolates.9

3.1. Different strains of GB virus C

Understanding the different strains of any virus will help 
identify its effect on the human body, including its impact 
on HIV. Like many viruses, GBV-C comprises multiple 
strains. In 1997, a group of scientists designed a study to 
characterize the different strains of GBV-C by constructing 
a phylogenetic analysis based on restriction fragment 
length polymorphism10. They analyzed the 5’-untranslated 
region sequences of 33 GBV-C (also known as HGV) that 
was obtained from different locations. These sequences 
were determined using reverse transcription polymerase 
chain reaction and dideoxy termination sequencing. 
The GBV-C isolates originated from West Africa, while 
the HGV isolates were obtained from patients in the 
United States. Phylogenetic trees were constructed based 
on all three accepted methods: unweighted pair group 
method with arithmetic mean, neighbor-joining, and the 
PHYLogeny Inference Package. All three strategies revealed 
a phylogenetic relationship among the isolates. The isolates 
were separated into three phylogenetic branches (or 
genotypes) of three strains: GBV-C, HGV, and an unknown 
strain that has not been reported before. The GBV-C type 
was identified in isolates from Africa and Saudi Arabia; 
HGV in isolates from the United States, Mongolia, and 
Japan; and the new strain in isolates from Korea and Israel. 
The three phylogenetic trees illustrated these relationships 
clearly. Within each strain, high sequence homology was 
observed: 87.4 – 98.4% for GBV-C, 88.0 – 98.9% for HGV, 
and 94 – 99.5% for the new type. In contrast, the homology 
between different types was lower: 70.9 – 84.1% between 
GBV-C and HGV, 83.1 – 91.3% between HGV and the 
new strain, and 79.1 – 89.0% between GBV-C and the new 
strain.10

3.1.1. HGV and liver disease

HGV can be considered another name for GBV-C 
but represents one of its strains, sharing 70.9 – 84.1% 
homology. Studies have demonstrated that HGV is a form 
of non-A-E hepatitis and does not produce any immune 
response. In 1999, a study was designed to investigate 
the effects of HGV, involving 50 non-alcoholic cirrhosis 
patients and 50 healthy blood donors as the control group.11 
Detection was performed using reverse transcription and 
nested polymerase chain reaction. HGV was detected in 
six (12%) of cirrhosis patients and in two (4%) of healthy 
blood donors. Among the six HGV-infected patients, two 
were co-infected with hepatitis B virus, one with hepatitis 
C virus, and the remaining three were not classified under 

either B or C categories. No differences were observed 
between HGV-positive and HGV-negative individuals. 
Most studies have not found any clear association between 
liver disease and HGV infection. However, this does not 
rule out the possibility that HGV may be pathogenic 
or play a role in certain diseases that have not yet been 
identified.11,12

4. GB virus C effect on immunity and its 
relationship with HIV
Several studies have proved the beneficial effect of GBV-C 
on HIV-infected individuals, both directly and indirectly. 
In 2009, a study compared patients co-infected with 
HIV and GBV-C to those infected with HIV only.13 The 
study showed that individuals with GBV-C had a lower 
percentage of T cells positive for CD38, CD4, CD8, and 
C-C chemokine receptor type  5 markers compared to 
those with HIV only. Furthermore, lower CD38 expression 
was observed on CD4+ and CD8+ T cells, and reduced 
C-C chemokine receptor type 5 expression was found on 
CD8+ T cells in the co-infected group. In addition, there 
was a total reduction in activation of CD4+ and CD8+ T 
cells.13 In 2012, a study showed that the expression of the 
Ki-67 proliferative marker coding protein was lower in 
individuals co-infected with GBV-C and HIV compared to 
patients with HIV only.14

Another study investigated that the effects of GBV-C 
envelope glycoprotein E2 on interleukin 2 receptor 
signaling and T cell receptor-mediated signaling. While 
GBV-C does not affect non-stimulated cells, it decreases 
activation in positive CD4+ and CD8+ T cells, thereby 
reducing immune activation without completely blocking 
it.15 In 2013, a study investigating HIV pathogenesis 
reported that HIV increases global immune activation 
by promoting microbial translocation, which exposes 
immune cells to endotoxin and cytokines.16 Another study 
proved that GBV-C reduces activation of natural killer 
cells and monocytes and observed a trend toward reduced 
B-cell activation. Hence, by decreasing HIV entry into 
cells, GBV-C contributes to global immune suppression 
in natural killer cells, monocytes, and B cells.17 Supporting 
these findings, a study in 2005 identified GBV-C 
replication in CD19+ B cells, suggesting that GBV-C is a 
pan-lymphotropic virus.18

5. Challenges in using GB virus C as a 
vaccine for HIV
There are several challenges in using any virus, including 
GBV-C, as a vaccine. Ethical and regulatory issues are 
significant hurdles; ensuring vaccine safety requires 
extensive trials across multiple populations before public 
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approval. Moreover, public acceptance of injecting a virus 
into their body is still a significant concern, as most people 
are afraid of viruses and microorganisms despite their 
potential therapeutic benefits. These challenges apply 
generally to any virus-based vaccine. Specific challenges 
related to GBV-C include the need to guarantee safety 
and efficiency before administration. Although no studies 
have demonstrated harmful effects of GBV-C, the limited 
number and age of available studies – most recent from 
2012 – indicate that its safety profile is not fully established. 
Moreover, the mechanism of action for GBV-C against HIV 
is not fully understood and needs further investigation. 
Immunogenicity is another critical consideration; the 
virus must elicit a strong, HIV-specific immune response 
without causing generalized immune activation, which 
could lead to serious complications.

Furthermore, the extensive variability of HIV strains 
complicates vaccine design. HIV has two types: type  1 
and type  2, with type  1 further divided into six strains 
and multiple clades.19 Thus, a GBV-C vaccine would need 
to protect the body against all these strains. Production, 
delivery, and logistical challenges also arise with vaccines 
containing viruses. Addressing these challenges requires 
comprehensive research, practical trials, and consideration 
of scientific and ethical issues.

6. Role of bioinformatics in addressing key 
challenges associated with virus-based 
vaccine development
Bioinformatics can play a critical role in developing a safe 
and effective HIV vaccine by leveraging genomic and 
proteomic data from various viruses, including GBV-C 
(a virulent disease intently associated with HIV), through 
multiple methods.20

The first technique is comparative genomics. By 
evaluating the genomic sequences of GBV-C and HIV, 
conserved areas and variations may be identified. This 
evaluation facilitates information on how GBV-C would 
contribute to immune responses and which viral additives 
are conserved or differ between these viruses. Such insights 
guide the design of vaccine antigens that are much more 
likely to elicit the most significant immune reaction.21 
Moreover, bioinformatic tools can examine the protein 
sequences of GBV-C and HIV to identify potential vaccine 
targets, including epitopes shared by both viruses. These 
targets can be used to design vaccines that induce cross-
reactive immunity against HIV, leveraging the immune 
response elicited by GBV-C components.22

The second technique is epitope mapping. Advanced 
bioinformatic techniques, such as peptide-major 
histocompatibility complex binding prediction algorithms, 

can help identify epitopes likely to elicit robust immune 
reactions. These tools anticipate which components 
of the GBV-C and HIV proteins are more likely to be 
recognized by the immune system, aiding in the selection 
of optimal candidates for vaccine development.21 In 
addition, modeling molecular interactions between the 
immune system and viral proteins can offer insights into 
how an HIV vaccine might be designed to elicit protective 
immunity. This includes understanding how viral proteins 
interact with immune cells and predicting how vaccine-
induced immunity could enhance these interactions.23

The third technique is structural bioinformatics. 
Structural bioinformatics can provide information on 
the three-dimensional structures of GBV-C and HIV 
proteins, enabling the identification of conformational 
epitopes relevant for vaccine design. By mimicking these 
structural features, vaccines can be engineered to provoke 
more effective immune responses.22 Integrating data 
from genomic, proteomic, and clinical studies can offer 
a comprehensive view of how GBV-C and HIV interact 
with the host, facilitating the identification of patterns 
and correlations that support the design of safer and 
more effective vaccines. Moreover, bioinformatic methods 
may be used to predict how distinct vaccine candidates 
might perform based on historical data and simulations, 
including potential side effects, efficacy, and the probability 
of cross-reactivity with HIV.

The fourth technique is vaccine design and optimization. 
Using bioinformatics, artificial vaccines primarily based on 
GBV-C sequences can be designed and their efficacy tested 
in silico before moving to laboratory experiments. This 
method accelerates vaccine development by optimizing 
vaccine constructs and reducing time and costs.24 By 
integrating these bioinformatic approaches, the refinement 
of HIV vaccines can be advanced, making them safer and 
more effective by leveraging insights gained from GBV-C 
research.

7. Conclusion
GB virus C is a pan-lymphotropic virus present in 
approximately 1.7 – 2% of the global population and in 
about 39% of HIV-infected individuals. It comprises three 
different strains: GBV-C, HGV, and other less-studied 
variants, each showing higher prevalence in specific 
geographic locations. The name HGV is misleading, as it 
is not related to hepatitis viruses. Phylogenetic analyses 
confirm an ancient evolutionary history, tracing a major 
migration route of the virus alongside ancient humans 
from Africa to Southeast Asia. GBV-C exerts significant 
effects on the immune system, notably counteracting HIV 
by reducing the global immune activation in HIV-infected 
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patients. While it does not cure HIV and no studies claim 
it treats the infection, GBV-C may prolong the survival 
of infected individuals. This potential benefit warrants 
further research into how this virus might be harnessed 
therapeutically.

Despite these promising aspects, GBV-C remains 
poorly studied, and its safety profile is not fully understood. 
Its envelope glycoprotein, E2, interferes with interleukin 2 
signaling and T cell receptor-mediated signaling, reducing 
immune activation without complete suppression. This 
viral protein envelope can be explored as a candidate for 
HIV vaccine development or as a drug that enhances 
survival against it. However, significant challenges exist in 
using this virus as a basis for an HIV vaccine. Information 
on GBV-C is limited, with the most updated study dating 
back to 2013. Nevertheless, bioinformatic principles could 
be applied to address these challenges. Techniques such 
as comparative genomics, epitope mapping, structural 
bioinformatics, and vaccine design and optimization 
can provide critical insights. In conclusion, leveraging 
bioinformatics to address vaccine design obstacles related 
to GBV-C and HIV is essential. Further research applying 
these methods will be valuable for advancing safe and 
effective HIV vaccine strategies.
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