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Abstract 

Introduction 

Histoplasma capsulatum is an environmental dimorphic fungus.  

H. capsulatum infections are primarily acquired, and there is no 

person-to-person transmission with the rare exception of organ 

transplantation. The objective of this research is to identify a B-

cell and T-cell specific peptide vaccine for H. capsulatum by 

analyzing the outer membrane protein, predicting B-cell and T-

cell epitopes, and selecting a candidate peptide vaccine with high 

homology to the pathogen and strong MHC I-binding potential. 

Materials and Methods 

The protein database analysis identified the outer membrane 

protein of H. capsulatum as a suitable target for vaccine candidate 

identification. The amino acid sequence was retrieved from the 

NCBI database and used for B-cell and T-cell epitope prediction. 

Bepipred Linear Epitope Prediction 2.0 server was employed for 

B-cell epitope prediction, and the resulting epitopes were 

analyzed. The peptide "PLLSSNNRRPYTLSEALK" was selected 

as a candidate vaccine due to its homology to H. capsulatum and 
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appropriate length. MHC I-binding T-cell epitope prediction was 

performed using the IEDB online server with an HLA allele 

reference set, and the peptides were sorted based on prediction 

scores. 

Discussion 

The identification of B-cell and T-cell specific peptide epitopes 

for H. capsulatum is a crucial step towards the development of an 

effective vaccine. Peptide-based vaccines offer advantages such as 

specificity, reduced side effects, and ease of production compared 

to traditional vaccine approaches. The identified epitopes can be 

further evaluated in vivo to assess their immunogenicity, safety, 

and efficacy. 

Conclusion 

In this study, we successfully identified B-cell and T-cell specific 

peptide epitopes for H. capsulatum using bioinformatics tools and 

algorithms. These epitopes represent potential candidates for the 

development of a peptide-based vaccine against histoplasmosis. 

Keywords: Histoplasma capsulatum, peptide vaccine, B-cell 

epitopes, T-cell epitopes, bioinformatics, immunogenicity, 

vaccine development, universal heath, diseases, well being, health, 

International health policy, epitope prediction, MHC I-binding 

potential, histoplasmosis. 

 
 

Introduction 

Histoplasma capsulatum is a dimorphic fungus that causes histoplasmosis, a systemic mycosis 

with global distribution, particularly prevalent in regions with bird and bat droppings. The 

fungus exists as a mold in the environment, producing infectious conidia that, when inhaled, 

transform into yeast forms in host tissues. Histoplasmosis can range from asymptomatic to 

severe, disseminated disease, especially in immunocompromised individuals, making it a 

significant public health concern (1). Despite its impact, there is currently no licensed vaccine for 

histoplasmosis. Developing an effective vaccine is a complex task due to the intricate host-

fungus interactions and the ability of H. capsulatum to evade the host immune system. However, 

recent advances in immunoinformatics and computational biology offer promising avenues for 

identifying potential vaccine candidates (2). 

 

The immune response against H. capsulatum involves both innate and adaptive components. 

Antigen-presenting cells (APCs), such as dendritic cells and macrophages, recognize fungal 

antigens and present them to T cells. This process activates CD4+ T-helper cells, leading to the 

differentiation of B cells into antibody-secreting plasma cells and the activation of CD8+ 

cytotoxic T cells (3)(4). The delicate balance between pro-inflammatory and anti-inflammatory 

responses determines the outcome of infection (5). Understanding the immune response is 

crucial for vaccine development. An ideal vaccine should induce a robust and long-lasting 
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protective immune response, involving both humoral and cellular components. H. capsulatum 

has evolved various mechanisms to evade host immune surveillance, including antigenic 

variation and manipulation of host cell signaling pathways. These strategies pose challenges for 

vaccine development, necessitating the identification of conserved and immunogenic antigens 

(6). Advances in genomics and proteomics have facilitated the identification of potential vaccine 

candidates. Whole-genome sequencing of H. capsulatum strains has revealed a diverse array of 

antigens, and proteomic studies have highlighted proteins expressed during infection. These data 

provide a foundation for the computational prediction of B-cell and T-cell epitopes (2). 

 

Peptide vaccines offer several advantages, including safety, ease of production, and the ability to 

tailor the immune response. By selecting specific epitopes, peptide vaccines can focus the 

immune response on critical regions of the pathogen, minimizing the risk of undesirable side 

effects. Additionally, synthetic peptides can be designed to enhance immunogenicity and 

stability (7). The identification of B-cell and T-cell epitopes allows the construction of chimeric 

peptides that stimulate both arms of the immune system. This strategy enhances the vaccine's 

efficacy, promoting the production of neutralizing antibodies and the generation of memory T 

cells for long-term protection (8). The objective of this study is to develop a peptide vaccine 

specific to B-cells and T-cells against H. capsulatum. To achieve this, the outer membrane 

protein will be analyzed, B-cell and T-cell epitopes will be predicted, and a candidate peptide 

vaccine with strong MHC I-binding potential and high pathogen homology will be chosen. 

 

 

Materials and methods  

 

The outer membrane protein of H. capsulatum emerged as a promising target for vaccine 

development following a thorough analysis of the protein database. To initiate the identification 

process, the amino acid sequence of this protein was retrieved from the National Center for 

Biotechnology Information (NCBI) database. Subsequently, both B-cell and T-cell epitopes were 

predicted using specialized tools. For B-cell epitope prediction, the Bepipred Linear Epitope 

Prediction 2.0 server was employed. This computational tool analyzes the protein sequence to 

identify regions likely to stimulate an immune response in B cells. The resulting epitopes were 

meticulously analyzed, leading to the selection of a specific peptide, 

"PLLSSNNRRPYTLSEALK," as a candidate for the vaccine. The choice was guided by its 

demonstrated homology to H. capsulatum and its optimal length, aligning with the criteria for an 

effective vaccine candidate. 

 

Moving on to T-cell epitope prediction, the IEDB online server was utilized, incorporating a 

reference set of HLA alleles. This step focused on predicting peptides that could bind to major 

histocompatibility complex class I (MHC I) molecules, crucial for activating cytotoxic T cells. 

The peptides generated from this analysis were then sorted based on prediction scores, 
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emphasizing those with the highest likelihood of eliciting a robust T-cell response. This 

integrated approach, utilizing both Bepipred for B-cell epitope prediction and IEDB for MHC I-

binding T-cell epitope prediction, strategically narrows down the pool of potential vaccine 

candidates. The peptide "PLLSSNNRRPYTLSEALK" emerges as a promising contender due to 

its predicted immunogenicity and its alignment with the unique characteristics of H. capsulatum. 

This systematic computational analysis sets the stage for further experimental validation and the 

eventual development of a targeted peptide vaccine against H. capsulatum infections. 

 

Results 

Peptide choice for Histoplasma capsulatum B cell epitope 

A promising B cell epitope for H. capsulatum has been pinpointed in the peptide 

PLLSSNNRRPYTLSEALK. Its 100% match with the pathogen and adherence to the optimal 

length range of 15 to 22 amino acids make it a robust contender for inclusion in a peptide 

vaccine. 

 

Prioritizing T cell epitopes 

Acknowledging the challenge posed by short peptides lacking T cell epitopes, our strategy 

concentrated on selecting the T cell epitope with the highest score, denoted by a score of 

0.992895. This deliberate choice enhances the effectiveness of the peptide vaccine by ensuring 

the incorporation of a potent T cell response. 

 

Holistic vaccine approach 

The amalgamation of the identified B cell epitope and the top-scoring T cell epitope lays the 

groundwork for a comprehensive peptide vaccine strategy. Tailored specifically for H. 

capsulatum, this approach addresses both humoral and cellular immune responses, essential for a 

successful defense against fungal infections. 

 

In the quest for an efficient peptide vaccination approach, the careful choice of an optimal B-cell 

epitope holds utmost importance. The peptide "PLLSSNNRRPYTLSEALK" has emerged as a 

promising candidate, demonstrating a perfect 100% match with H. capsulatum. Notably, its 

length, falling within the 15 to 22 amino acid range, aligns seamlessly with established criteria 

for an effective B-cell epitope. This meticulous selection, combining sequence specificity and 

appropriate length, heightens the potential of the peptide as a robust component for a successful 

vaccine against H. capsulatum infections (Table 1). 

No Start End Peptide Length 

1 5 45 LASDENIFELLQQQSADPKLLEEQQQAVNDRINAIYQKAQA 41 

2 69 75 ANNTRRG 7 

3 83 100 PLLSSNNRRPYTLSEALK 18 

4 112 136 FDIFEHPISVFLDKPSQVDPSTSPA 25 

5 147 150 KSRI 4 
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6 158 169 LGNAEGSAYTNF 12 

7 171 179 WRNIFGGAE 9 

8 188 193 GTRTKS 6 

9 202 208 PILSNPD 7 

10 218 229 SSTEKSWASHEE 12 

11 237 251 KLRWLSAHGHRHELG 15 

12 254 278 GFWRQVTGLSTNASPTVRGDAGDSV 25 

13 287 299 INDQRDNPFLPSQ 13 

14 310 324 AGWGPLKGDVSFWKS 15 

15 333 344 PIPIPGVKGNTG 12 

16 357 372 CPLGLDAARKPQLSRI 16 

17 384 401 VRGFRLSGIGPREGPDAL 18 

18 419 424 RVGAEK 6 

19 438 469 LSLKTQNGKLPSTQGEVIDSIFATVSELKNEL 32 

20 496 504 VTRKGEEGR 9 

Table 1:Predicted  B cell peptides of  outer membrane protein of H. capsulatum 

 

 

 
Figure 1: Graphical representation of predicted B cell epitopes 

 

The visual representation emphasizes immunogenic epitopes marked in yellow and non-

immunogenic segments in green (Figure 1). Utilizing this information, a peptide vaccine 

targeting H. capsulatum was developed, identifying distinct B and T cell epitopes within the 

immunogenic regions. This focused approach guarantees a customized response, augmenting the 

vaccine's accuracy in triggering potent immunity against H. capsulatum infections. 

 
allele   seq_num start end length peptide score    percentile_rank 

HLA-B*35:01 9 22 30 9 MAAGLGLVY 0.992895 0.01 

HLA-B*57:01 6 28 36 9 RTFNEMAGW 0.990603 0.01 
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HLA-B*07:02 8 1 9 9 GPREGPDAL 0.986395 0.01 

HLA-B*40:01 3 13 21 9 FEHPISVFL 0.982571 0.01 

HLA-B*07:02 2 47 55 9 RPYTLSEAL 0.981973 0.01 

HLA-A*68:01 9 40 48 9 NVSLPLVTR 0.978895 0.01 

HLA-B*58:01 6 28 36 9 RTFNEMAGW 0.975564 0.01 

HLA-A*68:02 9 3 12 10 EVIDSIFATV 0.972991 0.01 

HLA-B*40:01 2 4 13 10 AELIDQNSTL 0.969237 0.02 

HLA-B*57:01 6 1 10 10 SVKSSICHTW 0.961755 0.05 

HLA-A*68:02 3 11 19 9 DIFEHPISV 0.959621 0.01 

HLA-B*57:01 4 3 11 9 GSAYTNFMW 0.95692 0.06 

HLA-B*58:01 4 3 11 9 GSAYTNFMW 0.956276 0.03 

HLA-A*68:01 3 37 45 9 EVYLSVKEK 0.945196 0.04 

HLA-B*35:01 6 17 25 9 NPFLPSQGF 0.925905 0.03 

HLA-A*01:01 3 30 39 10 STSPADLEVY 0.91791 0.03 

HLA-A*11:01 9 41 49 9 VSLPLVTRK 0.914309 0.02 

HLA-B*44:03 8 30 39 10 AEKPLRLQAF 0.911541 0.03 

HLA-A*02:01 1 23 32 10 KLLEEQQQAV 0.908334 0.03 

HLA-B*40:01 4 18 27 10 AESLNINASL 0.908192 0.06 

HLA-B*44:03 5 9 17 9 HEEAVKGGW 0.905417 0.04 

HLA-A*02:03 3 10 19 10 FDIFEHPISV 0.905213 0.03 

HLA-A*02:01 3 10 19 10 FDIFEHPISV 0.900794 0.03 

HLA-B*44:02 8 30 39 10 AEKPLRLQAF 0.896296 0.03 

HLA-A*68:01 5 11 19 9 EAVKGGWAK 0.891452 0.08 

HLA-B*57:01 4 30 39 10 RTKSAYQATF 0.889594 0.13 

HLA-B*44:02 5 9 17 9 HEEAVKGGW 0.885099 0.03 

HLA-B*08:01 3 41 49 9 SVKEKSRIL 0.882889 0.02 

HLA-B*57:01 
6 27 36 10 MRTFNEMAGW 0.880987 0.14 

HLA-A*68:01 5 45 53 9 STNASPTVR 0.88036 0.1 

HLA-A*02:01 1 23 31 9 KLLEEQQQA 0.879769 0.04 

HLA-A*32:01 6 28 36 9 RTFNEMAGW 0.875849 0.01 

HLA-A*33:01 9 40 48 9 NVSLPLVTR 0.875 0.01 

HLA-A*68:01 7 28 37 10 DAARKPQLSR 0.874735 0.12 

HLA-A*68:01 9 28 36 9 LVYAHPAAR 0.870654 0.12 

Table 2: T cell peptide results 

 

The development of peptide vaccines faces challenges when short peptides lack T cell epitopes, 

crucial for MHC restriction. To address this, we identified the highest-scoring T cell epitope, 

marked by a score of 0.992895, as a prime candidate for our peptide vaccination (Table 2). This 

meticulous selection process ensures the integration of a potent T cell response, addressing a key 

consideration in the design of an effective and comprehensive peptide vaccine. 

Discussion 

The identification of B-cell and T-cell specific peptide vaccines for H. capsulatum represents a 

critical step towards developing effective immunotherapeutic strategies against histoplasmosis. 

This fungal infection, caused by the inhalation of spores from the soil-dwelling fungus, poses a 

significant public health threat, especially in endemic regions. Peptide vaccines offer a promising 
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avenue for targeted immune responses, leveraging the specificity of B-cell and T-cell recognition 

to enhance protection. 

 

Our investigation identified the peptide PLLSSNNRRPYTLSEALK as a promising B cell 

epitope for H. capsulatum. Its 100% homology to the pathogen is a noteworthy feature, as 

specificity is paramount in eliciting a targeted immune response. Equally important is the 

adherence of this peptide to the optimal length range of 15 to 22 amino acids. B-cell epitopes 

play a pivotal role in humoral immunity by eliciting the production of antibodies. Identification 

of B-cell specific peptide vaccines involves the mapping of epitopes that induce a robust 

antibody response against H. capsulatum (9). Such computational approaches streamline the 

identification process, enabling the selection of candidates with high immunogenicity. 

Furthermore, experimental validation is essential to confirm the immunogenicity of predicted B-

cell epitopes (10). Techniques like enzyme-linked immunosorbent assay (ELISA) and Western 

blotting have been employed to assess the antibody response against selected peptides (11). By 

combining computational predictions with experimental validation, researchers can identify B-

cell specific peptide vaccines that induce a robust and targeted humoral immune response against 

H. capsulatum. 

 

 

On the other hand, T-cell epitopes are crucial for cellular immunity, orchestrating the activation 

of cytotoxic T lymphocytes (CTLs) and helper T cells. The identification of T-cell specific 

peptide vaccines involves predicting epitopes that bind to major histocompatibility complex 

(MHC) molecules, facilitating their recognition by T cells (12). Recognizing the challenges 

posed by short peptides lacking T cell epitopes, our strategy focused on the selection of a T cell 

epitope with the highest score, denoted by a score of 0.992895. This strategic decision is rooted 

in the understanding that an effective vaccine should not only stimulate B cell responses but also 

induce a potent T cell response (13). T cells play a crucial role in coordinating and enhancing the 

overall immune response, providing long-lasting immunity against pathogens. Validation of T-

cell epitopes involves assessing their ability to stimulate T-cell responses. In vitro assays, such as 

interferon-gamma (IFN-γ) release assays, can be employed to measure T-cell activation in 

response to the identified peptides (14). These assays provide valuable insights into the cellular 

immune response induced by T-cell specific peptide vaccines.  

 

The integration of B-cell and T-cell specific peptide vaccines is crucial for developing a 

comprehensive immunotherapeutic approach against H. capsulatum. Co-administration of both 

types of peptides ensures the activation of both humoral and cellular arms of the immune system, 

providing a multi-faceted defense against the pathogen. Studies have demonstrated the 

synergistic effects of combining B-cell and T-cell epitopes in enhancing vaccine efficacy (15). 

Recent advancements in peptide vaccine development emphasize the importance of a multi-

epitope approach. By incorporating both B and T cell epitopes, our vaccine strategy aims to 
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stimulate a diverse and potent immune response. This is particularly crucial in the context of 

fungal infections, where the immune system often requires a multifaceted response to effectively 

neutralize the pathogen (16). Moreover, the careful selection of these epitopes is guided by not 

only their immunogenicity but also their potential to bind to specific HLA alleles. This 

consideration is essential for ensuring compatibility and effectiveness across diverse populations. 

 

Conclusion 

This study has achieved the successful identification of B-cell and T-cell specific peptide 

epitopes for H. capsulatum through the utilization of advanced bioinformatics tools and 

algorithms. The pinpointing of these epitopes signifies a significant milestone in the pursuit of 

developing a peptide-based vaccine to combat histoplasmosis. By harnessing the power of 

bioinformatics, this study not only advances our understanding of the immunogenic features of 

H. capsulatum but also lays a solid foundation for the development of a targeted and effective 

peptide-based vaccine against histoplasmosis. The identified epitopes serve as promising 

candidates for further experimental validation, marking a critical step toward the realization of a 

much-needed preventive measure against this fungal infection. 
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