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Abstract

The increasing complexity of global disease burden demands comprehensive,
multidisciplinary strategies that integrate epidemiological insights with cutting-
edge therapeutic innovations. This review examines emerging strategies for disease

Keywords prevention and therapy, spanning epidemiology, natural product pharmacology,

nanotechnology, and computational medicine. Epidemiological investigations of
Epidemiology infectious diseases, including intestinal parasitic infections, helminthic infestations,
Natural, oral candidiasis, tinea capitis, urinary tract infections, and viral infections such as
product therapeutics, human papillomavirus and human immunodeficiency virus, provide foundational
Computational drug understanding essential for designing targeted prevention and intervention
discovery, programs. Natural product therapeutics, derived from medicinal plants including
Nanotechnology, Boerhaavia diffusa, Euphorbia hirta, Achyranthes aspera, Ficus carica, and
Antimicrobial Terminalia chebula, offer diverse pharmacological activities encompassing
resistance. antioxidant, antibacterial, antifungal, anti-inflammatory, and anticancer properties.

Nanotechnology-driven approaches, particularly biosynthesized silver nanoparticles
and advanced nanomaterials, have significantly enhanced drug delivery efficiency
and therapeutic outcomes. Computational medicine, encompassing molecular
docking, in silico peptide design, virtual screening, network pharmacology, and
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chemical repurposing strategies, has revolutionized drug discovery by enabling
rapid identification of novel therapeutic candidates against cancer, antimicrobial
resistance, and vector-borne diseases. The integration of these complementary
disciplines facilitates evidence-based, translational research, ultimately accelerating
the development of innovative, accessible, and effective therapeutic solutions for
complex multifactorial diseases affecting global populations.

1. Introduction

Understanding how diseases emerge, spread, and
respond to treatment has always been central to
medicine. For centuries, this understanding grew
slowly, built from careful observation and clinical
intuition. But the landscape has changed
dramatically. Today, researchers are combining
epidemiological data with molecular biology,
nanotechnology, and computational tools to
develop prevention and treatment strategies that
would have seemed impossible a generation ago
[1, 2]. The burden of infectious diseases,
particularly among vulnerable populations like
school-age children, has long demanded practical,
community-level responses. Intestinal parasitic
infections, for instance, remain a persistent public
health concern in many low- and middle-income
countries [3, 4].

At the same time, non-communicable diseases
like cancer are rising globally, demanding not just
better treatments but earlier, more targeted
prevention strategies [5, 6]. What makes
contemporary disease research genuinely exciting
is the convergence happening across disciplines.
Phytochemistry, bioinformatics, nanotechnology,
and clinical epidemiology are no longer isolated
silos. They increasingly speak to each other. A
plant extract studied for its antioxidant properties
in one lab might become the inspiration for a
computational peptide docking study in another
[7, 8]. That kind of cross-disciplinary momentum
is exactly what this review aims to explore.

2. Epidemiology of Infectious
Diseases: Community-Level
Observations

Epidemiology remains the foundation. Before any
therapeutic strategy can be developed, we need to
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know who is getting sick, where, and why.
Parasitic infections offer a compelling case study.
Studies conducted among school-going children
have consistently shown that intestinal helminthic
and protozoan infections are far more prevalent in
communities with poor sanitation and limited
access to clean water [9, 10]. These findings are
not just statistical abstractions. They reflect real
children missing school, falling behind
developmentally, and carrying parasitic burdens
that compromise their nutrition and immunity [11,
12].

The epidemiological picture drawn by these
community surveys directly informs public health
interventions like deworming programs and
hygiene education [13, 14]. Fungal infections also
deserve  attention in this  conversation.
Tineacapitis, a dermatophytic infection of the
scalp, has been documented extensively in school
children, particularly in tropical climates [15].
Oral thrush caused by Candida species presents

similar patterns, with antifungal resistance
becoming an emerging concern [16, 17]. Mapping
these infections across communities helps

prioritize resource allocation and guides treatment
guidelines at both local and national levels [18].

3. Sexually Transmitted Infections
and Viral Co-Infections

Among adult populations, co-infections between
viruses present particularly complex clinical
challenges. The relationship between Human
Papillomavirus and HIV is one such example.
Women living with HIV are significantly more
likely to acquire HPV, and more likely to develop
persistent, high-risk infections that progress
toward cervical cancer [19, 20](Table 1). The
immunosuppression caused by HIV likely impairs
the body's ability to clear HPV naturally, allowing



Int. J. Adv. Multidiscip. Res. (2026). 13(4): 99-115

persistent infection and increasing the risk of
malignant transformation [21, 22].HPV type 16,
one of the most oncogenic strains, has been found
at elevated prevalence in HIV-positive women in
multiple studies [23, 24]. These patterns
underscore the urgent need for integrated

screening programs that address both infections
simultaneously. Cervical cancer screening in HIV
clinics, HPV vaccination campaigns, and antiviral
therapies are all pieces of a connected prevention
puzzle [25, 26].

Table 1: Prevalence of HPV Types in HIV-Positive Women Across Different Studies

Study Population HPV Type | Prevalence Key Observation
(Y0)
Venkatajothi &Vinod | HIV+ women HPV 68.4 Strong HIV-HPV co-
Kumar [19] general infection link
Venkatajothi &Vinod | AIDS women HPV-16 54.2 High-risk strain dominant
Kumar [23]
Venkatajothi et al. [24] HIV+ women HPV-16 61.7 Persistent infection pattern
Palefsky[21] HIV+ women Multiple 72.0 Immunosuppression as
types driver
De Vuyst et al. [22] Sub-Saharan HPV-16/18 | 58.9 Geographic variation noted
Africa

4. Antimicrobial Resistance:
A Growing Clinical Crisis

Antimicrobial resistance is arguably one of the
most serious threats to global health security
today. Bacteria that were once easily managed
with standard antibiotics are now surviving
treatment, creating clinical scenarios that require
both empirical wisdom and molecular insight [27,
28]. Pseudomonas aeruginosa is a particularly
troublesome pathogen in this regard. Studies
examining its antibiotic resistance patterns have
revealed worrying trends, especially regarding
fluoroquinolone resistance [29] (Table 2). This
genus has remarkable genetic plasticity, and its
ability to acquire resistance genes through

horizontal transfer makes it a persistent problem
in hospital environments [30, 31].

Urinary tract infections caused by resistant
bacteria add another layer of concern. Clinical
isolates from diverse geographic settings have
shown multi-drug resistant profiles that seriously
complicate treatment decisions [32, 33]. Dental
caries microbiomes have also emerged as
underexplored reservoirs of pathogenic and
resistant organisms [34, 35]. The situation calls
for both better surveillance and novel therapeutic
strategies. Drug repurposing, natural compound-
based therapies, and peptide medicines are all
being explored as alternatives or adjuncts to
conventional antibiotics [36, 37].

Table 2: Antimicrobial Resistance Patterns in Key Bacterial Pathogens

Pathogen Antibiotic Class | Resistance Rate (%) | Clinical Setting
P. aeruginosa Fluoroquinolones | 43.6 Hospital

K. pneumoniae | B-Lactams 67.2 ICU

S. aureus Methicillin 38.1 Surgical wards
E. coli Cephalosporins | 52.4 Urinary tract
Mixed oral flora | Broad-spectrum | 29.8 Dental clinics
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5. Phytomedicine: Plants as
Sources of Therapeutic
Compounds

Plants have always been a rich source of bioactive
compounds. What has changed is our ability to
characterize these compounds with precision and
test them rigorously against specific disease
targets [40, 41]. Several medicinal plants have
shown genuine promise across antioxidant, anti-
inflammatory, antibacterial, and anticancer assays
[42, 43]. Boerhaaviadiffusa, a common herb in
traditional medicine, has attracted considerable
research attention(Figure 1). Its extracts have
demonstrated in vitro anticancer activity and
cytotoxic effects against cancer cell lines [44, 45].

Ipomoea obscura, though less studied, has shown
antioxidant and anti-inflammatory properties that
make it a candidate for further pharmaceutical
development [46]. Similarly, Ficuscarica extracts
tested against MCF-7 breast cancer cells showed

meaningful cytotoxic activity [47].
Achyranthesaspera methanol extracts
demonstrated  antioxidant and  anticancer

properties in SiHa cervical cancer cells [48].
Euphorbia hirta has also been explored through
GC-MS and FT-IR profiling alongside cytotoxic
evaluation on SiHa cells [49]. Moving from
promising in vitro results to clinically validated
therapies remains the central challenge, requiring
rigorous toxicology and pharmacokinetic studies
[50, 51].

Figure 1: Schematic Overview of Phytochemical Extraction and Bioactivity Testing Pipeline
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6. Nanotechnology and
Biosynthesized Nanoparticles in
Biomedicine

Nanotechnology has opened new frontiers in drug
delivery, diagnostics, and antimicrobial therapy.
Silver nanoparticles, in particular, have attracted
enormous research interest because of their broad-
spectrum antimicrobial properties [52, 53]. When
biosynthesized using plant extracts such as
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Terminalia chebula, these nanoparticles carry
both the inherent bioactivity of the plant and the
physicochemical advantages of nanoscale
materials [54]. The antifungal activity of
biosynthesized silver nanoparticles is particularly
relevant given the rising incidence of drug-
resistant fungal infections [55, 56].

Beyond antimicrobial applications, nanomaterials
are being studied for their potential in

environmental  remediation and  pollution
management [57]. Addressing environmental
contamination is itself a form of disease
prevention since many pathogens thrive in
polluted water and soil [58, 59]. The intersection
of nanotechnology and environmental science
thus carries genuine public health implications
that extend well beyond the laboratory(Figure 2).

Figure 2: Mechanisms of Action of Biosynthesized Silver Nanoparticles Against Microbial Targets

Mechanisms of Action of Biosynthesized Silver Nanoparticles
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7. Computational Medicine: In
Silico  Approaches to Drug
Discovery

Perhaps the most transformative development in
recent years has been the rise of computational
medicine. In silico tools now allow researchers to
screen thousands of potential drug candidates
virtually, predict binding affinities, and model
protein-ligand interactions before a single
experiment is run in a laboratory [60]. Molecular
docking studies have become especially valuable
in identifying novel therapeutic leads(Table 3).
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A compelling example is the in silico
investigation of a peptide derived from
Boerhaviadiffusa docked against Transmembrane
Protein 50A, a protein implicated in cervical
cancer [61].

Similarly, researchers have used computational
protocols to identify novel peptides targeting
Anopheles gambiae, the primary malaria vector,
and to develop de novo peptide medicines against

Culexquinquefasciatus [62, 63]. Drug repurposing
through computational platforms is gaining
significant momentum. Linezolid and
ciprofloxacin  have been  computationally
evaluated for their potential to target mutant
ESR1 protein in breast cancer [64]. Tramadol
hydrochloride was also assessed against MepA,
the multidrug export protein of Staphylococcus
aureus, with promising in silico outcomes [65].

Table 3: Summary of Key InSilico Studies and Their Molecular Targets

Study Compound/Peptide Target Key Finding

Peptide docking B. diffusa peptide TMEMS0A (cervical | Strong binding
cancer) affinity

Drug repurposing | Linezolid, Mutant ESR1  (breast | Favorable docking

Ciprofloxacin cancer) scores
Vector targeting Novel peptide Anopheles gambiae Disrupted key
proteins

Antibacterial B. diffusa peptide B-Lactamase TEM (K. | Active site binding

peptide pneumoniae)

Repurposing Tramadol HCI MepA (S. aureus) Inhibitory potential

analgesic

8. Cancer Biology: From Cell Lines
to Computational Targets

Cancer remains one of humanity's most
formidable challenges. Understanding it requires
both bench-level cellular biology and systems-
level computational analysis. The two approaches
are genuinely complementary, and the best
research today weaves them together naturally
[67, 68]. In vitro cytotoxicity studies using human
cancer cell lines such as MCF-7, SiHa, and HeLa
have been central to evaluating plant-derived
compounds. These assays offer controlled
conditions to measure cell viability, apoptosis
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induction, and dose-response relationships [69,
70].

The cervical cancer-HPV connection also has
direct implications for cancer biology research.
Since HPV-16 encodes oncoproteins like E6 and
E7 that inactivate p53 and Rb respectively,
therapies targeting these interactions are actively
being explored computationally [71, 72]. The
pipeline from epidemiological observation to
molecular target identification to computational
drug design is, in this sense, a complete scientific
story that requires collaborative, multidisciplinary
thinking [73, 74](Figure 3).



Int. J. Adv. Multidiscip. Res. (2026). 13(4): 99-115

Figure 3: Cancer Research Pipeline from Epidemiology to Computational Drug Design
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screening; Stage 5 represents lead compound
identification and proposed preclinical validation.
Bidirectional feedback arrows between stages
indicate iterative scientific refinement.
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9. Vector-Borne Diseases and
Innovative Control Strategies

Mosquito-borne diseases including malaria,
dengue, filariasis, and Zika collectively affect
hundreds of millions of people annually.
Traditional control strategies have relied heavily
on insecticides and environmental management,
but both face growing limitations [75, 76].
Resistance to pyrethroids and organophosphates is
now widespread in Anopheles and Aedes
populations across Asia, Africa, and Latin
America [77]. Peptide-based approaches represent
a genuinely novel alternative. Computational
identification of peptides derived from natural
sources, targeting essential proteins in mosquito
vectors, offers a highly specific and potentially
resistance-resistant strategy [62, 63].

Human African trypanosomiasis adds another
dimension to this vector-borne  disease
conversation. Studies from Zambia have
documented seizure prevalence in stage-2
rhodesiensetrypanosomiasis,  highlighting the
neurological severity of late-stage infection and
the urgent need for better staging and treatment
protocols [78, 79]. These conditions remind us
that neglected tropical diseases still carry
devastating human costs, even as research
attention tends to concentrate on higher-profile
illnesses [80].

10. Aging, Comorbidities, and
Multidisciplinary Clinical
Research

Disease prevention cannot focus solely on
infectious pathogens. The aging global population
brings a different set of challenges, particularly
around cardiovascular regulation and mental
health.  Orthostatic =~ hypotension  becomes
increasingly prevalent with age and is associated
with falls, cognitive decline, and reduced quality
of life [81, 82]. A cross-sectional study examining
the impact of aging on orthostatic hypotension
and mental health outcomes found significant
associations that deserve broader clinical attention
[83]. These findings remind us that disease
prevention is as much about managing the
consequences of aging as it is about fighting
pathogens [84] (Table 4).

Integrating geriatric assessments into routine
clinical care, and using epidemiological tools to
identify at-risk populations early, is a prevention
strategy in its own right [85, 86]. The interplay
between physical and mental health in older
adults is particularly complex, and research that
captures both dimensions simultaneously provides
richer, more actionable insights for clinical
practice [87].

Table 4: Disease Categories, Populations, and Emerging Prevention Strategies

Disease Population at  Traditional Emerging Strategy
Category Risk Approach
Parasitic School children | Deworming Targeted drug
infections campaigns delivery
HPV/Cervical HIV+women | PAP smear, | In  silico  peptide
cancer vaccination therapy
AMR infections | Hospitalized Antibiotic Peptide = medicines,
patients stewardship nanoparticles
Cancer  (breast, | Adult women | Chemotherapy, Phytomedicine, drug
cervical) surgery repurposing
Vector-borne Tropical Insecticides, bed | Computational
diseases populations nets peptide design
Orthostatic Elderly Lifestyle Clinical risk
hypotension modification stratification
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11. Oleic Acid, Biotechnology, and
Sustainable Medicine

Biotechnology 1is increasingly contributing to
medicine in indirect but meaningful ways. The
production of oleic acid from mango kernel waste
using probiotic bacteria isolated from marine fish
is one such example of creative biotechnological
thinking [88]. Oleic acid is a monounsaturated
fatty acid with demonstrated anti-inflammatory
properties, and its sustainable production from
food waste aligns with the broader goals of green
medicine and circular economy principles [89,
90]. Probiotic microorganisms have long been
studied for their gut health benefits, but their
potential as biocatalysts in pharmaceutical
compound production is a relatively newer
frontier [91, 92].

12. Oral Microbiology, Disability,
and Preventive Care

Oral health is often an afterthought in disease
prevention conversations, but it carries significant
systemic implications. Dental caries microbiomes
are complex communities where pathogens
interact to create acidic, destructive environments

[34, 35]. For individuals with mental, physical, or
social disabilities, maintaining oral hygiene is
particularly challenging, and the consequences of
neglect extend beyond the mouth [93].
Community dental programs, caregiver training,
and accessible fluoride treatments are prevention
tools that can make real differences in these
populations [94, 95].

13. Agricultural-Medical Overlaps
and One Health Frameworks

The boundaries between agricultural science and
medicine are not as firm as they might appear.
Tephrosia purpurea, studied for its antibacterial
activity against tomato spoilage pathogens, also
carries implications for human health [96]. The
same bioactive compounds that protect crops
from bacterial spoilage may have therapeutic
potential against human pathogens, and
understanding this overlap could accelerate
pharmaceutical discovery [97]. This kind of dual-
application research reflects a broader intellectual
movement toward One Health frameworks, which
recognize that animal, plant, and human health are
profoundly interconnected [98, 99](Figure 4).

Figure 4: One Health Framework Connecting Environmental, Agricultural, and Human Disease
Research
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A circular Venn-style diagram with three
interlocking domains labeled Human Health,
Animal and Vector Health, and Environmental
and Agricultural Health. Connecting arrows
indicate shared disease burden pathways.
Annotated examples include Tephrosiapurpurea
connecting agricultural pathogens to human

antibacterial research, nanomaterials linking
environmental pollution to biomedical
applications, mosquito  vectors connecting
ecological health to human infectious disease, and
probiotic  biotechnology  linking  marine
ecosystems to  pharmaceutical = compound
production.

14. Discussion

Looking across all these domains, what emerges
most clearly is the value of integration. No single
discipline owns the solutions to global disease
challenges. Epidemiology tells us where and
among whom diseases occur. Microbiology and
clinical medicine tell us what is happening at
cellular and patient levels. Phytochemistry and
nanotechnology offer new therapeutic tools.
Computational medicine provides the analytical
power to model, predict, and prioritize. Together,
they form something genuinely greater than any
of their individual parts [60, 100].

The transition from observational epidemiology to
computational drug discovery is not a linear
progression but rather a spiral. Each cycle of
research informs and enriches the next. An
epidemiological finding about HPV prevalence in
HIV-positive women leads to cancer biology
research, which informs computational peptide
design, which circles back to clinical prevention
strategies [19, 7, 25]. Challenges remain, of
course. Translating promising in vitro and in
silico findings into clinically validated therapies
requires substantial investment, rigorous testing,
and regulatory navigation [67, 68]. Many plant-
derived compounds with exciting biological
activity never make it through the preclinical
pipeline, and computational predictions must
ultimately be validated in living systems.
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15. Conclusion

The arc of disease prevention and therapy is
bending, slowly but perceptibly, toward precision,
integration, and innovation. From counting
parasites in children's stool samples to docking
peptides against oncogenic proteins, the research
community has traveled an extraordinary
distance. What drives this progress is not just
technology but curiosity, collaboration, and a
genuine commitment to reducing human
suffering. The studies reviewed here, spanning
epidemiology, clinical microbiology,
phytomedicine, nanotechnology, and
computational biology, collectively tell a story of
a field in productive motion. Understanding
disease at every scale, from population patterns to
molecular interactions, is the only way to build
truly effective prevention and therapy strategies
for the decades ahead.
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