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Abstract

Recent advances in molecular biology, nanotechnology, and immunology have been
accountable for the advent of next-generation preventive and therapeutic methodologies.
Prevention of infectious diseases is undergoing a revolution with updated and current molecular
approaches, enabling faster, safer, and more effective alternatives to conventional vaccines and
antivirals. This review work aimed to analyse the latest research on RNA therapeutics,
nanovaccines, and immunomodulation, and highlights translational potential, implementation
issues, and directions for the future in the context of a multidisciplinary, One Health-perspective
approach to driving infectious disease prevention on a global scale.

RNA therapeutics, including mRNA and self-amplifying RNA platforms, enable intracellular
antigen expression, which leads to effective cellular and humoral immune responses with high
ease to evolve against new pathogens. RNA therapies, nanovaccines, and immunomodulators
permit antigenic control, targeted delivery of pathogens, and strong immune,system-activation.
Nanovaccine platforms apply liposomes, polymeric nanoparticles, and virus-like particles to
improve antigen stability, targeted delivery, and dose efficiency with oral and intranasal
formulations for mass immunization and field deployment. Adjuvant, immunomodulatory
strategies, such as cytokine mimetics and TLR agonists, jmprove vaccine performance and
induce protection against a broad range of pathogens. Integration with computational biology,
omics, and systems immunology enables rational design, predictive modelling, and expediting
preclinical development. The most recent developments in nanotechnology and molecular
biology have transformed infectious disease prevention at its.foundations. Nanovaccines, RNA
therapeutics, and immunomodulation approaches offer targeted, scalable, and highly effective
tools that improve immunogenicity, reduce doses of antigen, and allow rapid adaptation against
emerging pathogens. The integration of Al with molecular approaches also offers paths for
precision and personalized vaccinology. As a result, in line with the purpose of our review
work, vaccines and treatments havedeen comprehensively evaluated in this context and scope,
taking into account current approaches inhe age of artificial intelligence.

Keywords: RNA therapeutics, Nanovaccines, Immunomodulation, Infectious diseases,
Technology.
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1. Context
1.1. Global Burden of Infectious Diseases

Infectious diseases continue demanding health, economic, and societal challenges on a global
scale. Epidemics of viral, bacterial, and parasitic diseases affect humans, animals, and the
environment as a demonstration of interconnectedness of health in the One Health concept (1).
New and re-emerging diseases, including zoonotic viruses, antimicrobial-resistant pathogens,
and opportunistic infections, pose continuous challenges to disease management. Climatic
change, urbanization, global trade, and intrusions into natural habitats enhance the danger of
epidemics and pandemics (2). The conventional preventive strategies, such as inactivated
vaccines and small-molecule antivirals, are generally incapable of respondingseffectively to
evolving pathogens, underlining the importance of new molecular platforms (3).

1.2. Limitations of Traditional Vaccines and Medicines

Conventional vaccines and drugs, though pillars in the treatment/of infectious diSeases, have
inherent limitations. Inactivated or weakened live-vacCines may require cold-chain storage,
booster injections, or safety hazards in immunocompromised hosts. Antiviral drugs are usually
plagued by rapid development of resistance, restricted pathogen, specificity, and suboptimal
delivery to target tissue (4). These restrictions are accountable for gaps.in protective cover, most
significantly within resource-scarce or high-risk settings. Quantitative data in Table 1 describes
significant pathogens, burden of disease, and the accompanying therapeutic gaps with standard
therapy (5).

1.3. Emergence of Molecular-Based Approaches

Recent advances in molecularsbiolegy, nanetechnology, and immunology have been
accountable for the advent of next-generation preventive and therapeutic methodologies. RNA
therapies, nanovaccines, and immunomodulators permit antigenic control, targeted delivery of
pathogens, and strong immune system.activation(6). The platforms enable rapid response to
new threats, augment safety profiles, and facilitate delivery across diverse settings. Integration
with cross-disciplinary methodology to bioinformatics, omics technologies, and computational
modeling‘accelerates candidate design, optimization, and evaluation (7).

Table 1: Chiefdnfectious Agents and Gap in Conventional Therapeutics (8, 9)

Patho Affected Current Disease
Example : . Key . Notes/Researc
gen Population/Sp  Preventive/Thera Lo Burden/Inciden
Pathogens . . . Limitations h Gaps
Type ecies peutic Options ce
Seasonal
Cold-chain  epidemics, ~3—
. . L Need for
Influenza Inactivated/live  dependency, 5 million severe broad-
A/B, Humans (all vaccines, strain cases/year spectrum
Viral SARS- age groups) monoclonal variability, (influenza); vgccines
CoV-2, ge grotp antibodies, rapid COVID-19 / '
- - ; rapid-response
RSV antivirals mutation, pandemic
. - platforms
resistance  caused millions
of deaths
Foot-and- Livestock . . Short-lived High economic Improved
. Mouth . Inactivated/live immunity, .
Viral - (cattle, pigs, : . losses in thermostable
Disease vaccines strain . .
. sheep) . livestock (~$6.5 vaccines,
Virus mismatch,
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(FMDV), cold-chain  hillion annually multivalent
African logistics for FMD) formulations
Swine
Fever
Virus
(ASFV)
Salmonella Antimicrobi
. Foodborne
enterica, al . .
. illness and Nanovaccine
Mycobacte resistance, X
. S - zoonotic or RNA-based
Bacter rium Humans, Antibiotics, limited o
ial tuberculosi livestock subunit vaccines  immunogeni transmission; - approaches for
s City. poor MDR-TB > better
: y, poor 400,000 protection
Staphyloco cross-strain
cases/year
Ccus aureus coverage
Plasmodiu Toxicity, Malaria ~240 . Need for novel
m spp., Humans, poor Ccross- million RNA or
Parasit Toxoplasm companion Chemotherapy, species cases/year; nanovaccine
ic a gondii, animals, limited vaccines  protection,  Toxoplasmosis platforms,
Leishmania livestock short-term widespread.in»,  immunomodul
spp. efficacy cats ation strategies
. Limited . Oppgrtunlgt!c Exploration of
Candida hvlacti infections,rising” . h
Funga Spp Humans _ prophylactic e immunotherap
. ' Antifungals options, . eutics and
| Aspergillus livestock . immunocompro ;
resistance, . nanodelivery
spp. > mised
toxicity . systems
populations

2. Data Acquisition

2.1. Literature Search Strategy and Selection Criteria

Systematic review of literature wasseenducted.to-identify the recent advances in molecular
technologies for prevention of infectious diseases with the help of nanovaccines, RNA
therapeutics, and immunomodulation. Electronic databases like PubMed, Scopus, Web of
Science, and Google Scholar were browsed for articles between the years 2000-2025.
Keywords and Boolean operators were carefully selected to ensure maximum specificity and
sensitivity. Search terms were: "nanovaccine,” "mRNA therapeutics,” "RNA-based vaccines,"”
"immunomodulators,” "hest=pathogen interactions," and "infectious disease prevention."
Articles were sifted through three consecutive steps: title, abstract, and full-text evaluation.
Eligible inclusion criteria were: peer-reviewed original research papers, systematic reviews,
meta-analyses, and technical reports published by international health agencies such as WHO,
CDC, and FAO: Exclusion criteria were: studies involving exclusively in vitro models of no
translational significance, exclusively theoretical studies with no experimental evidence, and
non-English language papers with no verified translations. The selected studies were stratified
by disease type (parasitic, viral, bacterial, fungal), molecular strategy (protein subunit, mMRNA,
siRNA, nanovaccine), and target species/population (companion animals, livestock, wildlife,
human). Furthermore, each study was coded with respect to study design, sample size,
immunogenic results, delivery systems, and regulatory issues. The systematic procedure
allowed inclusion of high-quality, relevant, and translationally relevant studies (10).
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2.2. Sources of Technological and Market Data
To complement peer-reviewed publications, additional data were taken from:

Patent databases: WIPO Patentscope, USPTO, EPO Espacenet

Industry reports: Research & Markets, GlobalData, Animal Health Institute

Regulatory and technical reports: WHO, FDA, EMA

Trade magazines and firm white papers: including leading biotech and pharma firms
working on RNA therapeutics and nanovaccines (10).

This triangulated approach provided an expansive view of scientific advancement,
commercialization, and global innovation trends. Data were structured by geegraphy to chart
innovation hotspots, translational gaps, and future investment possibilities (11).

2.3. Data Extraction and Classification

A standardized data extraction protocol was adopteds: author,/year, geographic location,
pathogen, molecular approach, delivery vehicle, results on immunagenicity,/and clinical or
preclinical status were coded. Studies were categorized by molecular platferm, pathogen type,
and target population. Data were independently extracted by two, researchers for consistency
and reproducibility. Differences were resolved by consensus. Statistical analysis and trend
visualization were performed using Microsoft Excel and R.

Table 2. Selected Studies on Molecular Strategiesifor Prevention of Infectious Diseases (2000—
2025) (12-14)

Molecular

Platform Target Pathogen___ Target Population  Delivery System Key Findings
Enhanced
Liposomes / humoral &
Nanovaccine Influenza ' A/B Humans Polymer cellular
nanoparticles immunity;
reduced dose
Rapid antigen
Lipid expression;
mRNA\Vaccine SARS-CoV-2 Humans nanoparticles strong
(LNP) neutralizing
antibodies
Human airwa Inhibition of viral
SiRNA Therapy RSV y Nanocarriers replication; low
models O
cytotoxicity
. Significant
. . Tuberculosis . Recor_nbm_a nt plrgorjulacltiil/r;
Protein Subunit Mice, Cattle protein with . o
(Mtb) ; immunity; good
adjuvant .
safety profile
Full protection in
RNA - Ebola Virus Non_-human LNP cha_llenge studies;
Therapeutics primates rapid deployment

potential
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3. Results and Discussion
3.1. Nanovaccines: Enhanced Immunogenicity and Targeted Delivery

Nanoparticle-based vaccine platforms are now powerful tools to improve vaccine stability,
delivery, and immune response. Lipid nanoparticles, polymeric nanoparticles, and virus-like
particles (VLPs) are employed in general to package antigens and adjuvants in a safe and
protected form from degradation and enhanced uptake by antigen-presenting cells. Evidence
indicates that nanovaccines can reduce the doses of antigens required, elicit both humoral and
cellular immunity, and provide multivalent vaccine formulations. Applications include
influenza, tuberculosis, and viral hemorrhagic disease. Observe that such platforms are
extremely versatile across species or patient populations, including humansgs/animals, and
wildlife models (15-17). The major nanovaccine applications with target pathogens, delivery
systems, and observed immunogenic effects are summarized in Table 3.

Table 3. Nanovaccine Applications for Infectious Disease Prevention (18-20)

Target Pathogen Nanoplatform Delivery System ~ Target Population ~ Key Outcomes
High antibody

Influenza A/B Lipid NP Intramuscular Humans titers; reduced
antigen dose
Strong Th1/Th17
Tuberculosis . responses;
(Mth) PLGA NP Subcutaneous Mice, Cattle enhanced
protection
Mucosal
RSV Chitosan NP Intranasal Human alrway |mmun|t_y;
models reduced viral
replication
Ebola Virus PEGylated LNP Intravenous Non_-human Full protection in
primates challenge studies
Durable
Zika Virus Lipid NP Subcutaneous Mice r_1eutr_alllzmg
antibodies; safety
confirmed

3.2 RNA-Based Therapeutics and Vaccines

RNA-based" therapeutics like mRNA vaccines and small interfering RNA (siRNA) hold
promise for rapid development, specificity, and high immunogenicity (21). mRNA vaccines
express pathogen antigens in host cells to induce adaptive immunity without the need for live
pathogens (22). Self-amplifying mRNA (saRNA) platforms optimize antigen expression at
lower doses, decreasing production costs. Clinical and preclinical studies highlight their
application in influenza, SARS-CoV-2, and Ebola with the possibility of strong neutralizing
antibody responses and T-cell activation. sSiRNA therapeutics target viral replication directly by
degrading viral mRNA transcripts of particular sequences, with prophylactic or therapeutic
effects (23). Delivery has proved challenging, and nanocarrier systems have been instrumental
in promoting stability, bioavailability, and targeted tissue delivery (24).
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Table 4. RNA-Based Therapeutics and Vaccines (23-25)

RNA Platform Target Pathogen  Delivery System  Population/Model Key Findings
Rapid induction
of neutralizing

antibodies; strong
T-cell responses

Enhanced antigen

expression at
lower doses;
durable immunity
Significant
Lipid/Chitosan Human airway reduction in viral
NP models load; minimal
cytotoxicity
Full protection
Non-human post-challenge;
primates sealable
production
Effective viral
suppression;
transient systemic
response

mMRNA Vaccine SARS-CoV-2 LNP Humans

saRNA Influenza A LNP Mice, Ferrets

siRNA RSV

mRNA Vaccine Ebola Virus PEGylated LNP

SiRNA Zika Virus Polymer NP Mice

3.3 Immunomodulatory Strategies

Next-generation approaches are also focusing on immune modulation by combining vaccines
or RNA therapeutics with adjuvants or molecular modulators to maximally stimulate immune
responses (26). Examples include“the use of Tall-like receptor agonists, cytokine delivery, and
nanoparticle co-encapsulation of immunostimulatory.molecules (27). These strategies increase
both quantity and quality of adaptive responses, provide cross-protection against pathogen
variants, and reduce antigen requirements. These immunomodulatory therapies have also been
tested on various platforms and species and demonstrated enhanced protection in preclinical
evaluation.and have opened.avenues for combination regimens and precision vaccinology (28-
32).

3.4 Artificial Intelligence in the Design of Nanovaccines and RNA Therapies

Artificial intelligence (Al) is transforming the nanovaccine and RNA therapeutic development
pipeline at a rapid rate through precision design, predictive modeling, and quicker candidate
selection. Machine learning algorithms can process the vast amounts of omics analysis data,
structural biology data, and immunogenicity screening data to select top antigen epitopes,
nanoparticle formulations, and RNA sequences for optimal immune response (6, 7, 12).
Artificial intelligence-guided computational modeling allows for the discovery of molecular
interactions of antigens with host immune receptors and the rational vaccine design to elicit
humoral and cellular immunity. These have proven very valuable in the rapid development of
MRNA vaccines against SARS-CoV-2, for instance, where predictive modeling maximized
antigen choice and codon optimization and accelerated preclinical development timelines (21,
22).
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Moreover, Al is aiding optimization of delivery systems for nanovaccines as well as for RNA
therapeutics. Algorithms can replicate nanoparticle size, charge, and surface modifications to
enhance cellular uptake, antigen stability, and targeted delivery in various species and tissues
(15, 16). Beyond design, Al facilitates monitoring of vaccine efficacy and safety in real-world
settings through integration of clinical trial data, adverse event reporting, and post-marketing
surveillance, enabling continuous optimization of formulations and dosing regimens.
Therefore, Al not only accelerates early vaccine development but also enables adaptive
optimization in deployment, bridging translational gaps between laboratory research and field
deployment (6, 7, 31). The integration of Al with molecular approaches also offers paths for
precision and personalized vaccinology. Host genetics, immune signatures, and pathogen
diversity could be employed by predictive models to design individualized RNA-based
therapies or nanovaccines for high-risk individuals, including immunocompromised patients
and livestock with emergent zoonotic potential (7, 31). The union of Al, nanoteehnology, and
immunology is a paradigm shift, from one-size-fits-all strategies to extremely flexible} data-
driven platforms for infectious disease prevention (32-35).

3.5. Nanovaccine and Therapeutic Preparation Storage and Cold Chain Strategies

One of the biggest challenges to global use of RNA therapeutics and nanovaccines is stability
and activity in a wide range of storage and transport conditions. Traditional RNA vaccines and
nanoparticle preparations are temperature-reliant, requiring ultra-cold.ehain logistics to prevent
degradation and loss of immunogenicity (4, 18, 19)..Cold chain requirements present enormous
logistics problems, particularly in low-resource settings, remote populations, and regions with
poor infrastructure, restricting universal access to'advanced molecular therapeutics (5, 18).

Existing methods aim to improve heat/stability and simplify storage requirements. Freeze-
drying (lyophilization) of RNA and‘nanoparticle ,vaccines has proved to be effective in
preserving the antigen integrity and bioactivity-at refrigerated or even room temperatures,
reducing dependence on ultraflow storage (19, 20, 34-36). Formulation additives, such as
stabilizing sugars, polymers, or lipid moigties, also enhance heat tolerance and facilitate field
use (15, 16). Further, packaging innovations such as thermostable single-dose vials and modular
storage systems are under consideration to optimize transport, optimize shelf life, and minimize
cold chain_disruption.“Along with technological advancements, planning and monitoring
systemsare critical to" maintaining effectiveness throughout distribution. Real-time
temperature, humidity, and handling condition tracking is possible through digital tracking
systems and artificial intelligence, and vaccines and therapeutics are distributed to targeted
populations without compromising integrity (11). Overall, formulation and logistics
technologies collectively promote the scalability of large-scale vaccination campaigns as well
as facilitate equitable access to next-generation molecular platforms in diverse geographic and
socioeconomic.environments (18, 19, 34-36).

4. Conclusion and Future Outlook

The most recent developments in nanotechnology and molecular biology have transformed
infectious disease prevention at its foundations. Nanovaccines, RNA therapeutics, and
immunomodulation approaches offer targeted, scalable, and highly effective tools that improve
immunogenicity, reduce doses of antigen, and allow rapid adaptation against emerging
pathogens. Targeted delivery and release are facilitated by nanoparticle-based vaccines,
accelerated cycles of development and potent immune responses are enabled by RNA-based
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platforms (MRNA and saRNA), and immune modulation approaches promote humoral and
cellular immunity.

While there have been such advances, their translation from research to application in a
practical way needs close attention to safety, regulatory clearance, scalability of manufacturing,
and fair access. Interdisciplinary coordination among molecular biologists, immunologists,
clinicians, and public health professionals is imperative in order to ensure that these inventions
can reach human as well as animal populations.

Future priorities are:

* Investment in the development of thermostable and field-deployable vaccine preparations to
overcome cold-chain constraints.

« Triangulation of Al, systems biology, and omics technologies to facilitate antigen selection,
epitope mapping, and predictive immunogenicity modeling.

» Simplification of oral, intranasal, or minimally invasive delivery systems for, improved
compliance and accessibility.

* Broad-spectrum and long-term combination approaches that synergize nanevaccines, RNA
platforms, and immune modulators.

By overcoming such challenges and employing cutting-edge molecular platforms, infectious
disease prevention in the future will be faster, adaptable, and“mere equitable interventions—
strengthening global health security and preparedness againsti,endemic and emerging
pathogens.

Acknowledgment: The authors would like tothank all authors included in this systematic
review.

Author Contributions:

A.G.E and Z.S. Conceptualization, Data curation, Formal analysis, Investigation.

B.S and M.S. Data curation;, Writing — review & editing.

S.A and Z.S. Supervisor, Writing —original draft.

Data Availability: The datasupporting the findings of this study are available upon reasonable
request from the corresponding author.

Funding: There is no any funding for this work.

Conflicts of Interest: The authors declare no conflict of interests.

Ethical Statement: This review article adheres to ethical guidelines for scholarly writing. All
sources and references used in the preparation of this manuscript have been properly cited to

give credit to the original authors.



308

309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354

References

1.

10.

11.

12.

13.

14.

15.

16.

Li XC, Zhang YY, Zhang QY, Liu JS, Ran JJ, Han LF, Zhang XX. Global burden of viral
infectious diseases of poverty based on Global Burden of Diseases Study 2021. Infectious
Diseases of Poverty. 2024;13(05):53-67.

Zhang C, Fu X, Liu Y, Zhao H, Wang G. Burden of infectious diseases and bacterial
antimicrobial resistance in China: a systematic analysis for the global burden of disease
study 2019. The Lancet Regional Health—Western Pacific. 2024;43.

Bao Y, Li Y, Zhou Y, Qiang N, Li T, Zhang Y, Chong MK, Zhao S, Deng X, Zhang X, Han
L. Global burden associated with rare infectious diseases of poverty in 2021: findings from
the Global Burden of Disease Study 2021. Infectious Diseases of Poverty. 2024;13(1):85.
Li XL, Zhang JQ, Shen XJ, Zhang Y, Guo DA. Overview and limitations/0f database in
global traditional medicines: A narrative review. Acta Pharmacologica Sinica.
2025;46(2):235-63.

Jeyachandran S, Pusam Y. Tuberculosis vaccine-A timely analysis of the drawbacks for the
development of novel vaccines. Indian Journal of Tuberculosis, 2024;71(4):453-9.

Tang H, Zhang Y, Wu Y, Fu T, Cui C, Wang Z, XiesS, Wu Q,/Tan W. The emerging era of
molecular medicine. ACS Nano. 2024;18(45):30911-8.

Aththanayaka AM, Dayananda BS, Ranasinghe HA,/ Amarasinghe»sLD. Evolution of
dirofilariasis diagnostic techniques from traditionalimorphological analysis to molecular-
based techniques: a comprehensive review. Frontiers in Parasitolegy. 2024;3:1427449.
Rampedi PN, Ogunrombi MO, Adeleke OA. /Leading Paediatric Infectious Diseases—
Current Trends, Gaps, and Future Prospects in Orah,Pharmacotherapeutic Interventions.
Pharmaceutics. 2024;16(6):712.

Singha B, Singh V, Soni V. Alternative therapeutics to control antimicrobial resistance: a
general perspective. Frontiers in Drug Discovery. 2024;4:1385460.

Bambo TL, Pouris A. Analysis of patents and citations for selected areas of the bioeconomy
in South Africa. African Journal of Science,”Technology, Innovation and Development.
2024;16(1):79-98.

Zhang X, Xie Q. Acknowledgment analysis: insight into biopharmaceutical company-
funded papers and patents. Scientometrics. 2025:1-46.

Dominic Terkimbi'S,; Aja Maduabuchi P, Chans Mwandah D, Danchal Vandu C, A. B A,
Paul-Chima'O,/Samsen Dangana R, Mujinya R. Molecular Mechanisms of Antimicrobial
Resistance m Infectious Piseases: Advances in Therapeutic Strategies and Public Health
Interventions. F1000Research. 2025;14:783.

Omar RF, Boissinot M, Huletsky A, Bergeron MG. Tackling infectious diseases with rapid
molecular,, diagnosis and innovative prevention. Infectious Disease Reports.
2024;16(2):216-27.

Musawi S, Zalah A, Ageel A, Ibrahim AM, Maha S, Abutawail M, Garn FA, Wasili E,
Shageri O, Shrefan Z, Hifthi RY. Molecular epidemiology and clinical patterns of Epstein—
Barr virus infection in Southwestern Saudi Arabia: a 2020-2023 retrospective study. BMC
Infectious Diseases. 2025;25(1):1066.

Jahanafrooz Z, Oroojalian F, Mokhtarzadeh A, Rahdar A, Diez-Pascual AM. Nanovaccines:
Immunogenic tumor antigens, targeted delivery, and combination therapy to enhance cancer
immunotherapy. Drug Development Research. 2024;85(5):e22244.

Wu J, Liang J, Li S, Lu J, Zhou J, Gao M, Zhang Y, Chen J. DNA nanovaccines derived
from ferritin-modified glycogens for targeted delivery to immature dendritic cells and for
promotion of Thl cell differentiation. Acta Biomaterialia. 2025;196:436-52.

10



355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chheda D, Shete S, Tanisha T, Bahadure SD, Sampathi S, Junnuthula V, Dyawanapelly S.
Multifaceted therapeutic applications of biomimetic nanovaccines. Drug Discovery Today.
2024;29(6):103991.

Sontakke S, Sharma P, Worsham R, Kadur K, Bhargavi C, Morebise O. Vaccine
Nanotechnology for the Prevention of Infectious Diseases. Applications of Nanotechnology
in Microbiology. 2024:77-95.

Garg A, Agrawal R, Chopra H, Singh T, Chaudhary R, Tankara A. A Glance on
Nanovaccine: A Potential Approach for Disease Prevention. Current Pharmaceutical
Biotechnology. 2024;25(11):1406-18.

Orosco F. Recent advances in peptide-based nanovaccines for re-emerging and emerging
infectious diseases. J. Adv. Biotechnol. Exp. Ther. 2024;7(1):106-17.

Ferreira D, Rodrigues LR. RNA-Based Therapeutics: Cutting-Edge Advanees in Clinical
Research. Advanced Therapeutics. 2025;8(8):e00082.

Kola NS, Patel D, Thakur A. RNA-based vaccines and therapeutics against intracellular
pathogens. Intracellular Pathogens: Methods and Protocols. 2024:321-70.

Srivastava SP, Rai V, Shukla A, Trivedi A, Gupta Y, Khan S. The Rise,.of RNA-Based
Therapeutics: Recent Advances and Therapeutic Potential. J./Res. Appl. Sciv"Biotechnol.
2024;2:216-26.

Magoola M, Niazi SK. Current Progress and Future Perspectives of RNA-Based Cancer
Vaccines: A 2025 Update. Cancers. 2025;17(11):1882.

Khan SA, Usman A, Islam Z, Fatima R, Sajid 1, Sadiq ‘MAy Saleem A, Aziz I. A
Comprehensive Review of Immunomodulatory/Drugs in Preventing Secondary Infections
in Immunocompromised Patients: A Narrative Review. Insights-Journal of Health and
Rehabilitation. 2024;2(2 (Health & Allied)):580-6.

Rana MM, Demirkaya C, De la Hoz/Siegler H. Beyond Needles: Immunomodulatory
Hydrogel-Guided Vaccine DeliverySystems. Gels. 2024;11(1):7.

Yap RX, Lai YW, Wei C, Ng JJ; Xu D, Feng'S, Mu R, Thong BY, Xu C. Impact of
immunomodulatory therapy on"COVID-19 vaccine response in patients with autoimmune
inflammatory rheumatic diseases: VVaceines.2024;12(3):274.

Sangeetha Vijayan P, Xavier J, Valappil MP.” A review of immune modulators and
immunotherapy in /£ infectious__diseases. “Molecular and Cellular Biochemistry.
2024;479(8):1937455.

Li M, WangY, SunY, Cui H, Zhu SJ, Qiu HJ. Mucosal vaccines: Strategies and challenges.
Immunol Lett. 2020;217:116--25.

Abbas S, Selamoglu Z, Sevindik M, Naqvi MR, Abbas M, Bashir S, Khan IA, Tahir MS,
Orogj H, Muller M, Batool A. Enhanced Heterologous Immuno-Boost (EHIB) Covid-19
Vaccines: A Novel Concept. Eurasian J Med Biol Sci. 2023;3(2):67-79.

Ebadi AG, Selamoglu Z, Issa HY, Alp Arici EC, Abbas S. Next-Generation Vaccines and
Antiviral Platforms: Molecular Advancements in the Struggle against Emerging Zoonotic
and Viral Diseases. Arch Razi Inst. 2025;80(3):655-68.

Shahid A, Selamoglu M. Heterologus Covid-19 Vaccines Using Alternate Vaccine
Modalities as Immune Booster to Overcome the Social Challenges and Problems in the
Covid-19 Pandemic. Vaccines Vacccination. 2022;7(1):152.

Selamoglu Z, Naeem MY, Selamoglu B, Danebekovna KG, Selamoglu M. The use and
importance of artificial intelligence in vaccine research, development and production. Arch.
Razi Inst. 2025; 10.22092/ARI1.2025.367895.3442.

Selamoglu M & Memon AR. Transportation of food by cold chain methods: one of the
causes of reoccurrence of COVID-19 infection during its pandemic. Turk. J. Agric.-Food
Sci. Technol. 2021;9(12):2376-2378.

11



404
405
406
407
408

409

35. Uysal 1, Mohammed FS, Selamoglu M, Sevindik M. Microbial spoilage in food and its
agents, cold chain and measures to prolong microbial spoilage. J. Food Sci. Technol. (Iran).
2023;20(140):16-27.

36. Selamoglu M. The importance of the cold chain logistics in the pandemic: the transport of
COVID-19 vaccines. OpAcc J. BioSci & Res. 2021;10(1).

N

12



