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Abstract: Human immunodeficiency virus (HIV ) is one of the pathogenic viruses that enter the 

human body and replicate in T-cells, leading to acquired immunodeficiency syndrome ( AIDS). On 

the other hand, GB-virus C (GBV-C) is a virus that enters the human body without known pathogenic 

effects on the human body. It is mostly related to the Flaviviridae family, especially hepatitis C 

(HCV).To our knowledge, studies show that this virus is not associated with any disease. The viral 

composition differs from most known RNA viruses as it encodes a single polyprotein. The virus could 

be transmitted through blood and sexual contact. The GBV-C includes three different strains: GBV-

C, Hepatitis G virus (HGV), and non-studied one. HGV strain has been detected in patients with liver 

cirrhosis. However, there is no evidence that it causes liver disease. GBV-C reduces immunity 

activation in HIV-infected patients. It has been found that it has a marked effect on the target cell 

receptors for HIV indicating that it could be studied to design a vaccine against HIV. However, there 

is a lack of information and studies concerning the virus. Many challenges are faced when developing 

a vaccine based on a virus. These challenges include safety and efficacy, mechanism of action for 

GBV-C, immunogenicity, variability in HIV Strains, ethical and regulatory issues, production and 

delivery, long-term outcomes, and public perception and acceptance. However, bioinformatics 

techniques can play a crucial role in overcoming these challenges by several methods that are: 

comparative genomics, epitope mapping, structural bioinformatics, and vaccine design and 

optimization. 
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Introduction: 

Viruses comprise a protein coat surrounding their genetic components, such as RNA or DNA. 

They cannot replicate on their own instead; they need a living specific host cell to replicate in by 

taking its metabolic machinery. HIV is one of these common viruses that replicate in our immune 

cells, especially T-cells, causing AIDS (2021). There is no specific vaccine for many viruses, including 

HIV, which is a virus that contributes to significant threats to humanity. It alters the immune cells in 

the human body, leading to immune deficiency (AIDS disease). Most of the conceptions of viruses 

and microbes describe them as harmful and contagious pathogens.  

However, Viruses and microorganisms could play a beneficial role in bioprospecting 

applications. On the other side, their beneficial role is on the rise as represented by bacteriophages, 
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that could be used to control multi-antimicrobial resistant bacteria (Rogovski et al., 2021). Beneficial 

microorganisms are in the human body, especially in large bowls. Each human body hosts ten 

microbial cells for every one human cell. These microorganisms help humans in many ways, such as 

digestion and production of vitamin K. They are also essential in synthesizing certain foods, such as 

bread and cheese (Stark, 2010). Hence, viruses may be used to help humans perform functions. One 

of these functions may be fighting other viruses. GB virus C (GBV-C) has been discovered lately. This 

virus did not show a known pathogenic effect. It might be considered latent, but it is not. This virus 

is present in a high percentage of HIV-infected individuals. Some studies have shown that GBV-C 

may be useful against HIV. 

However, particular challenges are encountered in its usage as a treatment or even a vaccine for 

HIV. From 1995 to 2005, there was a debate and focused research about the GBV-C. Nonetheless, it 

began to diminish until 2012. Since then, no reported studies were published. Therefore, by outlining 

the difficulties in employing viruses as a vaccine, this article seeks to investigate the most important 

facts regarding GBV-C and its connection to HIV. The main goal of the current study also is to 

explicitly encourage the scientific community to focus on more research on the GBV-C virus by 

examining how bioinformatics can be used to help overcome these obstacles. 

Effect of HIV on the Human Body: 

Immunological Effect : 

HIV devastates the immune cells by targeting T-4 lymphocytes. HIV cellular receptor is CD-4 

glycoprotein on T-lymphocytes. It also affects monocytes, macrophages, and other cells.  It chiefly 

kills CD-4 cells directly by cytotoxicity and in an indirect way through host response against infected 

cells. Macrophages show specific action with HIV as they act as reservoirs for the virus. HIV also 

causes function impairment in T-cells, B-cells, and monocytes. It may be found in our body in a latent 

or chronic form (Seligmann, 1990). 

Clinical Stages and Symptoms of HIV : 

HIV has four clinical stages in the body: clinical stage 1, clinical stage 2, clinical stage 3, and 

clinical stage 4. 

Clinical Stage 1: 

There are no apparent symptoms at this stage. However, lymphadenopathy may persist in 

children and adults (1970). 

Clinical Stage 2: 

Symptoms in adults: moderate unexplained weight loss, recurrent respiratory tract infection, 

herpes zoster, angular cheilitis, recurrent oral ulceration, papular pruritic eruption, fungal nail 

infection, and seborrheic dermatitis. In children, the symptoms differ from adults as they appear in 

the form of unexplained persistent hepatosplenomegaly, chronic upper respiratory tract infection, 

herpes zoster, linear gingival erythema, recurrent oral ulceration, papular pruritic eruption, fungal 

nail infection, extensive wart virus infection, extensive molluscum contagiosum, and unexplained 

persistent parotid enlargement (1970). 

Clinical Stage 3: 

In adults, symptoms appear as severe unexplained weight loss, unexplained chronic diarrhea 

for longer than one month, unexplained persistent fever for more than one month, persistent oral 

candidiasis oral hairy leukoplakia, pulmonary tuberculosis, severe bacterial infections, acute 

necrotizing ulcerative stomatitis, and unexplained anemia. In children, unexplained moderate 

malnutrition, unexplained persistent diarrhea for 14 days or more, unexplained persistent fever for 
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more than one month, persistent oral candidiasis, oral hairy leukoplakia, pulmonary tuberculosis, 

severe bacterial infections, acute necrotizing ulcerative stomatitis, unexplained anemia, and 

symptomatic lymphoid interstitial pneumonitis (LIP) chronic HIV-associated lung disease, including 

bronchiectasis (1970). 

Clinical Stage 4: 

In adults, symptoms: HIV wasting syndrome, recurrent severe bacterial pneumonia, Chronic 

herpes simplex infection, esophageal candidiasis, Extrapulmonary tuberculosis, Kaposi sarcoma, 

Cytomegalovirus infection, and other serious symptoms. In children, pneumocystis, recurrent severe 

bacterial infections, cytomegalovirus infection, chronic cryptosporidiosis, chronic isosporiasis, and 

other severe symptoms (1970). 

Clinical Latency Stage: 

Acute HIV Infection: 

It is the first stage of HIV infection that progresses within 2-4 weeks after infection. This stage 

shows flu-like symptoms. HIV replicates rapidly in this stage and spreads through the body. It attacks 

and kills CD-4 cells. The level of HIV in the blood during this stage is high (2021). 

Chronic HIV Infection: 

The Second stage of HIV is called the asymptomatic stage. HIV duplicates at a lower level at this 

stage, people at this stage may not have any symptoms. Chronic HIV infection may turn into AIDS 

in 10 or more years. HIV could be transmitted from one person to another at this stage (2021). 

AIDS : 

It is the third and final stage of HIV infection. It is considered the most severe stage as HIV has 

damaged immunity, making the body unable to fight opportunistic infections. It can be told that a 

person has AIDS if their CD-4 count is less than 200 cells/ 𝑚𝑚3 (2021). 

Antiretroviral Therapy (ART): 

ART enhances people's survival against HIV, especially in chronic infection. People who take 

ART for chronic infection may still be in this stage for decades and do not transmit HIV through the 

sexual route. If a person starts ART in the first phase, he/she may get numerous health benefits. 

People with AIDS who do not take ART will survive only three years (2021). 

Effect on the Nervous System:  

Despite using ART people are still endangered by central nervous system (CNS) issues. Brain 

atrophy, encephalitis, and other CNS complications may occur due to the chronic inflammation 

caused by HIV. Neurocognitive complications may also affect people's cognition levels and mental 

processes (2023). Mental health problems are common in HIV-infected people as depression and 

anxiety. Depression affects a person's daily life activity, and its symptoms range from mild to severe 

it’s the most common mental illness with HIV (2023). 

Effect on the Respiratory System: 

Tuberculosis (TB) is a disease that affects the lungs. It's more common to happen with people 

with weakened immunity. Therefore, it’s a common disease with HIV and it is considered as an 

AIDS-defining condition. TB is known as one of the major causes of death in HIV-infected individuals 

(2023). 
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Effect on the Liver:  

Hepatitis B virus (HBV) and Hepatitis C virus (HCV) are viruses like HIV, but they affect the 

liver causing serious problems to it. These problems may be liver cancer or liver failure. In the United 

States of America, one-third of HIV-infected people are co-infected with HBV or HCV (2023). 

What is GB Virus C (GBV-C)? 

GBV-C is a virus that enters the human body without any harm or pathogenic effect reported on 

the human body. It's mostly related to the Flaviviridae family, especially hepatitis C virus (HCV). It 

also has been found in vitro that it interferes with several positive methods in the body mechanisms 

in fighting the human immunodeficiency virus (HIV) (George & Varmaz, 2005). 

History of Discovery:  

Abbott Laboratories (in 1995) reported a virus in a West African patient without any similarities 

with hepatitis (A-E). Based on the genomic similarities between it and a previously discovered virus 

called GB virus A and B, they called it GB virus C (GBV-C). Concurrently, at Genelabs technologies, 

some investigators have uncovered a virus called Hepatitis G (HGV), which is 96% homology with 

GBV-C. This virus, HGV, had been found in the plasma of a patient who suffers from; chronic 

hepatitis (Bhattarai & Stapleton, 2012). 

Epidemiology: 

GBV-C comprises a positive sense-stranded RNA that encodes a single polyprotein with about 

3000 amino acids. This virus epidemiology is still a topic of research. However, the current 

information indicates that antibodies for GBV-C don’t appear until its RNA is no longer detected in 

the body. Moreover, this virus has a high prevalence in the general population as it presents in (1.7%-

2%) of the total population and in 39% of HIV-infected persons (Zhang et al., 2006). The virus 

occurrence has been associated with many diseases as it has been found that patients suffer from liver 

cirrhosis and HCC gives positive for GBV-C RNA, and in almost 20% of patients with hematological 

malignancies, the bone marrow cells were found to be infected with GBV-C virus. On the other hand, 

when the patient with cirrhosis or HCC has a liver transplant there weren’t any signs for GBV-C 

(Mulrooney-Cousins & Michalak, 2017). There was a study in Denmark, that was constructed to study 

the root of transmission of GBV-C and the risk factors for it. In this study, children between ages 9 

and 15, blood donors, hospital employees, and prisoners injecting and not injecting drugs were tested 

by two methods: RT-PCR in-house for GBV-CRNA, and ELISA for anti-E2. Revealed that: 1.4% of the 

total (901) children, 2.2% of the total (5203) blood donors, 2.2% of the total (1432) hospital employees, 

12.5% of the total (407) non-injecting drug prisoners, and 34.9% of the total (407) drug injecting 

prisoners showed a positive for GBV-CRNA. In professions, independent risk factors of blood 

exposure and sexual patterns were confirmed. In prisoners, independent risk factors of injecting and 

sexual risk factors were ensured. In children, it is found that it occurs due to birth in childhood, 

causing chronic infection. In adulthood, the sexual route is more relevant to occur. (Christensen et 

al., 2003) 

Evolution of GBV-C: 

The viral composition of this virus differs from most known RNA viruses that lack the 

proofreading enzymes to assure the commitment of RNA genome replication as it is composed of 

enveloped positive-strand RNA with a genomic size of about 9.3 kilobases. It also contains a large 

open reading frame (ORF) that encodes a single polyprotein: structural proteins are (E1 and E2), and 

nonstructural ones are (NS2, NS3, NS4, NS5A, and NS5B) they are located at the N-terminal and C-

terminal respectively. A study was constructed to determine the history of this virus by making 

several phylogenic analyses of it. These analyses confirmed its ancient African evolutionary history. 
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By analyzing different isolates for the virus, it has found closely related Southeast Asian isolates 

related to those of African ones (Pavesi, 2001). 

 

Figure 1. shows three phylogenetic trees for GBV-C. 

Different Strains for GBV-C: 

Understanding different strains of any virus will help identify its effect on the human body. 

Hence, being aware of its impact on HIV. GBV-C is like any virus that includes different strains. In 

1997, a group of scientists decided to design a study to know different strains of the GBV-C. Thus, 

they constructed a phylogenetic analysis based on restriction fragment length polymorphism. The 5’-

untranslated region (5’-UTR) sequences of 33 GB Virus C(HGV), were obtained from different 

locations. These sequences were determined through reverse transcription polymerase chain reaction 

and dideoxy termination sequencing. GBV-C was from West Africa, and HGV was from US patients. 

Phylogenetic trees were constructed based on all three accepted methods: UPGMA, Nj, and PHYLIP. 

Based on all three strategies of trees, there was a phylogenetic relationship between them. The isolates 

were separated into three phylogenetic branches (or genotypes) of three strains: GB virus C, Hepatitis 

G virus, and an unknown strain that hasn’t been reported before. GB-type was obtained from Africa 

and Saudi Arabia, hepatitis G was obtained from isolates from the United States of America, 

Mongolia, and Japan, and the new strain was from Korea and Israel. As shown in figure (1), the three 

trees they constructed to illustrate their foundations were Af for Africa, Sa for Saudi Arabia, USA for 
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the United States of America, Mo for Mongolia, Ja for Japan, Kor for Korea, and  Is for Israel. 

However, there was a promising homology between isolates of one type, 87.4%-98.4% in GB, 88.0%-

98.9% for HGV, and 94%-99.5% in the new type. On the other hand, the homology between different 

types was lower,70.9%-84.1% between GBV and HGV, 83.1%-91.3% between HGV and the un-

covered type, and 79.1%-89.0% between GBV-C and the new type (Mukaide et al., 1997). 

Hepatitis G Virus (HGV) and Liver Disease: 

HGV can be considered another name for GBV-C, but it is one of its strains with 70.9%-84.1% 

homology as mentioned before. After studying the virus, it has been proven that it is non-A-E 

hepatitis and does not produce any immune reaction. In 1999, a study designed to investigate the 

effect of HGV. The study was conducted on fifty patients with cirrhosis who are non-alcoholic and 

on 50 healthy blood donors as a control group. It is done by reverse transcription and nested 

polymerase chain reaction (RT-PCR). HGV was detected in six (12%) of cirrhosis patients and 2 (4%) 

of healthy blood donors. Of six infected HGV, two were coinfected with HBV, 1 with HCV, and the 

remaining did not belong to the B or C category. No difference has been observed between HGV-

positive and HGV-negative individuals. Most studies haven’t found any relation between liver 

disease and HGV. However, it doesn’t mean that it isn’t a pathogenic virus. It may play a role in 

specific diseases that have not been discovered yet (Ramia& Al Faleh, 1999) & (Jain et al., 1999). 

GBV-C Effect on Immunity and Its Relationship with HIV: 

Several studies have proved the beneficial effect on HIV-infected individuals directly and 

indirectly. In 2009, a study demonstrated a comparison between co-infected patients with HIV and 

GBV-C As well as individuals with HIV only. They proved that people with GBV-C showed a lower 

percentage of T-cells positive for CD-38, CD-4, CD-8, and CCR-5 than patients who have HIV only. 

Furthermore, lower CD-38 on T-cells positive for CD-4 or CD-8 than infected individuals with HIV 

only, and lower CCR-5 on T-cells positive for CD-8 than patients with HIV only. In addition, they 

proved a total reduction in CD-4 and CD-8 positive T-cell activation (Maidana-Giret et al., 2009). In 

2012, a study showed that expression of Ki-67 proliferative marker coding protein was lower in 

individuals co-infected with GBV-C and HIV than in patients with HIV only. In the same year, 

another study showed the effect of GBV-C envelope glycoprotein E2 on IL-2 receptor signaling and 

T-cell receptor-mediated signaling. GBV-C does not affect non-simulated cells. However, it decreases 

activation in positive CD-4 and CD-8 T-cells. Therefore, it reduces immune activation without its 

blockage (Bhattarai et al., 2012). In 2013, a study investigating HIV stated that HIV increases global 

immune activation by increasing microbial translocation, which leads to exposure of these cells to 

endotoxin and other cytokines (Klatt et al., 2013). In the same year, a group of scientists proved that 

GBV-C reduces natural killer cells (NK) and monocytes and a trend toward B-cells activation. Hence, 

by decreasing HIV entrance to the cells, global immune reduction will happen in NK, monocytes, 

and in their study, they proved a reduction in B-cells associated with GBV-C (Stapleton et al., 2013). 

The investigators supported their study by a foundation in 2005 in which a study found GBV-C 

replicating in B-cells positive for CD-19, suggesting that GBV-C is a pan-lymphotropic virus (George 

et al., 2006). 

Challenges to Using GBV-C as a Vaccine for HIV:  

Several challenges face the usage of GBV-C as a vaccine and using any virus as a vaccine in 

general. When using a vaccine including a virus it faces ethical and regulatory issues. Ensuring 

vaccine safety involves many trials on many bodies before its public use. Moreover, the public 

acceptance of injecting a virus into their body is still a significant concern. Despite curing another 

virus, most people are afraid of viruses and microorganisms. These challenges face any potential for 

the safe use of a virus. However, there are more specific challenges with using GBV-C. Safety and 

efficiency must be ensured before injecting it into the human body. Even though no study has found 
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a harmful effect for the virus, it does not mean it's 100% safe because there is a lack of studies on its 

impact on the human body. In addition, most studies are old, the latest in 2012. Past studies indicated 

that the mechanism of action for GBV-C against HIV is not fully understood and needs further 

research. Also, the immunogenicity of the virus is significant. It must produce a strong effect and 

immune response specific to HIV only, not a general immune activation, as general immune 

activation can cause serious issues.  

Furthermore, there is a tremendous variability in HIV strains. HIV has two types: type 1 and 

type 2. Type 1 has six different strains and clades (Verma et al., 2012). Thus, GBV-C must protect the 

body against all these strains. Production and delivery of a vaccine containing a virus is also a 

concern. In addition, the logistic transportation of a vaccine containing a virus is a concern. 

Addressing these challenges requires comprehensive research, practical trials, and considering 

scientific and ethical issues. 

Role of Bioinformatics in Helping to Overcome Some of These Challenges: 

Bioinformatics can play a critical position in growing a secure and influential vaccine for HIV 

by leveraging the genomic and proteomic information of numerous viruses, inclusive of GBV-C (a 

virulent disease intently associated with HIV) through multiple methods (Mount, 2006). 

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 

range among those viruses. Such insights can manual the layout of vaccine antigens which are much 

more likely to elicit the most significant immune reaction (Setubal, Stadler, & Stoye, 2024). By Vaccine 

Target Identification bioinformatics gear can examine the protein sequences of GBV-C and HIV to 

pick out ability vaccine goals. This consists of figuring out epitopes that are shared among GBV-C 

and HIV. These goals may be used to lay out vaccines that initiate an immune reaction in opposition 

to HIV through leveraging cross-reactive immunity (Martini et al., 2019).  

The second technique is Epitope Mapping: advanced bioinformatics techniques, including 

peptide-MHC binding prediction gear, can assist in picking out epitopes that are probable to elicit a 

robust immune reaction. These gears anticipate which components of the GBV-C and HIV proteins 

are more likely to be identified through the immune system, helping in determining the satisfactory 

applicants for vaccine improvement (Martini et al., 2019). In addition, Modeling how the immune 

machine interacts with GBV-C and HIV on the molecular degree can offer insights into how an HIV 

vaccine might be designed to elicit a defensive immune reaction. This consists of; information on how 

viral proteins interact with immune cells and predicting how interactions might be inspired through 

vaccine-brought immunity (Martini et al., 2019). 

The third technique is structural bioinformatics: structural bioinformatics can provide 

information on the 3-D systems of GBV-C and HIV proteins. By reading those systems, 

conformational epitopes and the ability for vaccine improvement may be identified. This information 

may be used to lay out vaccines that mimic those systems, thereby improving the probability of an 

emphatic immune reaction (Mohan, 2019). Combining information from numerous sources, which 

includes genomic, proteomic, and medical information, can offer a complete view of the way GBV-C 

and HIV interact with the host. This incorporated method facilitates figuring out styles and 

correlations that may be used to lay out more secure and extra-powerful vaccines. Moreover, 

bioinformatics methods may be used to predict how distinct vaccine applicants would possibly carry 

out primarily based totally on ancient information and simulations. This can consist of predicting 

ability aspect effects, efficacy, and the probability of cross-reactivity with HIV.  

The fourth technique is Vaccine Design and Optimization: Using bioinformatics, artificial 

vaccines primarily based totally on GBV-C sequences and checking out their efficacy in silico earlier 

than shifting to moist lab experiments may be designed. This method can assist in optimizing vaccine 

constructs and lowering the time and value of vaccine improvement (Thomas, 2022). So, integrating 

those bioinformatics approaches, advancing the refinement of HIV vaccines, and making them more 
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secure and extra powerful through leveraging insights received from GBV-C studies should be of 

great attention for research. 

Conclusions: 

GBV-C is a pan-lymphotropic virus. It presents (1.7-2%) of the world population and 39% of 

HIV-infected persons. GBV-C has three different strains: GBV-C, HGV, and non-studied ones. Each 

strain presents with a higher percentage in certain places of the world. Thus, hepatitis G virus (HGV) 

is a misleading name because it isn’t related to any hepatitis viruses. Its evolutionary history confirms 

a major route for migration for ancient humans from Africa to Southeast Asia. Because of its 

significant effect on the immune system, it has a counter-effect to HIV as it reduces the global 

immunity activation in HIV-infected patients. Hence, it may be advantageous in patients with HIV. 

It does not treat HIV, or there are no studies stating that it treats HIV, but it may prolong the survival 

of infected individuals. Thus, more studies could be able to use this virus in a certain way. Even its 

protein envelope, because the virus is not well studied yet and may cause harmful effects on the body. 

Its glycoprotein, E2, has a role in interfering with IL-2 signaling and T-cell receptor-mediated 

signaling. Hence, by further studies investigating all possible effects on the body, the viral protein 

envelope may be used as a vaccine against HIV or a drug that enhances survival against it. However, 

there are significant issues with using this virus in a vaccine for HIV. Moreover, there is a lack of 

information about the virus and the most updated study was in 2013. Nevertheless, bioinformatics 

principles could be applied to solve these issues. Techniques that could be used are comparative 

genomics, epitope mapping, structural bioinformatics, and vaccine design and optimization. The 

most crucial conclusion is to use bioinformatics to overcome vaccine design problems. Further 

research on how to apply these methods to GBV-C and HIV will be valuable. 
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List of Abbreviations: 

1- GBV-C - GB virus C 

2- HCV - Hepatitis C virus 

3- HBV - Hepatitis B Virus 

4- RNA - Ribonucleic acid 

5- HIV - Human immunodeficiency virus 

6- AIDS - Acquired immune deficiency syndrome 

7- ORF - Open reading frame 

8- ELISA - Enzyme-linked immunosorbent assay 

9- RT-PCR - Reverse transcription polymerase chain reaction 

10- CD - Cluster of differentiation (e.g., CD-4, CD-8) 

11- UPGMA - Unweighted Pair Group Method with Arithmetic mean 

12- NJ - Neighbor-joining 

13- PHYLIP - Phylogeny Inference Package 
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14- USA - United States of America 

15- Mo - Mongolia 

16- Ja – Japan 

17- Kor – Korea 

18- Is – Israel 

19- IL-2 - Interleukin-2 

20- NK - Natural killer cells 

21- B-cells - B lymphocytes 

22- ART - Antiretroviral Therapy 

23- CNS - Central Nervous System 

24- CD - Cluster of Differentiation 

25- HGV - Hepatitis G Virus 

26- LIP - Lymphoid Interstitial Pneumonitis 

27- RT-PCR - Reverse Transcription Polymerase Chain Reaction 

28- TB - Tuberculosis 

29- UTR - Untranslated Region 
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