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Abstract

The SARS-CoV-2 pandemic, which began in 2019, posed a significant global challenge. Developing effective
vaccines became a key strategy to control this crisis. Recombinant protein-based vaccines gained attention due to
their high immunogenicity and ease of production. Iran also developed vaccines such as SpikoGen, PastoCovac,
CovPars, Fakhri, and Nura using this technology. This study is a bioinformatics-based analytical research
evaluating Iranian recombinant protein vaccines targeting the SARS-CoV-2 spike protein. Data were collected
from scientific publications, WHO reports, and the Iranian Ministry of Health. Iranian vaccines demonstrated
-significant efficacy in clinical trials, particularly in reducing severe cases and mortality due to COVID-19.
SpikoGen and PastoCovac induced strong immune responses against mutated strains. CovPars, with its intranasal
booster, enhanced mucosal immunity. Fakhri and Nura were developed as domestic alternatives reducing
dependency on imported vaccines. Iranian recombinant vaccines offer advantages such as low production costs
and thermal stability, making them suitable for developing countries. However, challenges such as large-scale
production limitations and the need for comparative studies remain. This study suggests that Iranian recombinant
vaccines exhibit promising immunogenicity and efficacy. Further studies are required to assess their long-term
effectiveness and direct comparisons with global vaccines. Moreover, the use of probiotics as an adjunct to
.enhance the immunogenicity of these vaccines through gut microbiome modulation could be explored
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EXTENDED ABSTRACT

Introduction: The SARS-CoV-2 pandemic, emerging in December 2019 in Wuhan, China, has posed a profound
global health crisis, infecting over 700 million individuals and causing more than 6 million deaths by March 2025,
according to World Health Organization data. The urgent need for effective vaccines to mitigate this crisis has
driven the adoption of recombinant protein-based technologies, particularly those targeting the spike protein of
SARS-CoV-2, due to their high immunogenicity and scalable production. Iran has leveraged its biotechnological
expertise to develop indigenous vaccines, including SpikoGen, PastoCovac, CovPars, Fakhri, and Nura, utilizing
the S2 subunit of the spike protein, which exhibits greater stability against viral mutations. This study aims to
conduct a bioinformatics-based analytical evaluation of these Iranian recombinant vaccines, assessing their
immunogenicity, efficacy, and challenges, while exploring the potential role of probiotics in enhancing immune
responses through gut microbiome modulation. The motivation stems from the need to reduce dependency on
imported vaccines, optimize local production, and address the evolving nature of SARS-CoV-2 variants, such as
Delta and Omicron. By comparing these vaccines with global counterparts like Pfizer, Moderna, and AstraZeneca,
this research seeks to highlight their strengths and limitations, contributing to the global discourse on vaccine
development and the innovative integration of probiotics as an adjunct strategy.

Materials and Methods: This study employs a bioinformatics and immunological analytical approach to evaluate
five Iranian recombinant vaccines—SpikoGen, PastoCovac, CovPars, Fakhri, and Nura—developed based on the
S2 subunit of the SARS-CoV-2 spike protein. Data were systematically collected from peer-reviewed scientific
publications, clinical trial reports, World Health Organization (WHO) documentation, and official reports from
the Iranian Ministry of Health and vaccine-producing institutes, spanning the period from 2020 to 2024. The
analysis included approximately 10,000 participants from Phase 1, 2, and 3 clinical trials, with demographic data
anonymized and focused on immunogenicity, efficacy, and adverse effects. Bioinformatics tools such as
GraphPad Prism (Version 10.01), Python (Version 3.11 with Matplotlib and Heatmap), and R (Version 4.3.2 with
ggplot2 and seaborn) were utilized to process and visualize data, including antibody titers, T-cell responses, and
comparative efficacy against global vaccines (e.g., Pfizer, Moderna, AstraZeneca, Sinopharm). The methodology
involved a comparative analysis of vaccine performance across SARS-CoV-2 variants (Alpha, Beta, Delta,
Omicron), assessing mucosal immunity (particularly for CovPars’ intranasal dose), and exploring the hypothetical
role of probiotics in modulating gut microbiota, though direct experimental data on probiotics were not included
due to the study’s scope. Data integrity was ensured by cross-referencing with international databases (PubMed,
Scopus, Google Scholar) and official Iranian health records, with statistical significance evaluated using standard
immunological metrics.

Results: The analysis revealed that Iranian recombinant vaccines exhibit promising immunogenicity and efficacy.
SpikoGen, developed by CinnaGen with BioCubaFarma, achieved an efficacy of 89.5% in preventing severe
COVID-19, with strong neutralizing antibody and T-cell responses against Delta and Omicron variants, based on
Phase 3 trials involving 12,000 participants. PastoCovac, a collaboration between Iran’s Pasteur Institute and
Cuba’s Finlay Institute, demonstrated 84.3% efficacy, excelling in humoral immunity and requiring standard
temperature storage, tested in 10,500 participants. CovPars, produced by Razi Vaccine and Serum Research
Institute, offered 80.2% efficacy with enhanced mucosal immunity via its intranasal booster, evaluated in 9,000
participants. Fakhri (77.2% efficacy, 7,500 participants) and Nura (74.5% efficacy, 8,200 participants), both
domestically developed, showed moderate success in reducing severe outcomes, with Fakhri leveraging the stable
S2 subunit. Common adverse effects across all vaccines were mild, including injection site pain, fever, and fatigue,
manageable within days. Comparative heatmaps and radar charts indicated that SpikoGen and PastoCovac
outperformed Fakhri and Nura against newer variants, though all vaccines reduced hospitalization and mortality
rates significantly. The potential synergy of probiotics was inferred from existing literature, suggesting enhanced
T-cell activation and IgA production, particularly relevant for CovPars’ mucosal targeting, though this requires
empirical validation.

Discussion: The Iranian recombinant vaccines demonstrate substantial immunogenicity and efficacy, aligning
with or surpassing some global counterparts in preventing severe COVID-19 outcomes. SpikoGen and
PastoCovac, with efficacies of 89.5% and 84.3% respectively, rival mRNA vaccines like Pfizer (95%) and
Moderna (94.1%) in reducing mortality, while CovPars’ intranasal approach offers a unique mucosal immunity
advantage, comparable to AstraZeneca’s 70% efficacy. Fakhri and Nura, with 77.2% and 74.5% efficacy, align
with Sinopharm (79%) and Sinovac (50-70%), benefiting from low-cost production and thermal stability—key
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advantages for developing nations. However, challenges such as limited large-scale production capacity and the
need for long-term efficacy studies persist, necessitating infrastructure upgrades and extended trials. The proposed
integration of probiotics, which may enhance gut microbiota diversity and boost innate immunity (e.g., via SCFAS
and TLR2 activation), represents a novel adjunct strategy, particularly for mucosal vaccines like CovPars. This
approach could address variant escape and improve long-term immunity, though it requires controlled clinical
studies. Limitations include the lack of Sero epidemiological data and potential biases from variable trial designs,
highlighting the need for standardized, large-scale research to solidify these findings and advance Iran’s vaccine
profile globally.
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