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Abstract

The COVID-19 pandemic has underscored the deep links between public health, environmental
change, and biotechnology. This paper reviews recent interdisciplinary research at the nexus of these
domains. We examine pandemic-era insights into mental health, disease biomarkers, and vaccine
development. We explore how environmental challenges from climate-driven disease dynamics to
sustainable agriculture intersect with human health. Advances in biotechnology, including Al-driven
drug discovery, gene editing, and bio-based therapeutics, are highlighted for their roles in building
resilience. We also discuss practical data sources and experiments, such as global health and climate
datasets, that inform policy and treatment strategies. This review links findings on chronic diseases,
infectious threats, and environmental sustainability. Key topics include mental health impacts of
COVID-19 (e.g. anxiety and depression prevalence), antimicrobial resistance trends, and innovative
therapies (e.g. nanomedicine, plant-derived drugs. The synthesis underscores the need for One
Health approaches that integrate medical, ecological, and technological solutions. Our findings
suggest that combating future pandemics and achieving sustainable health outcomes will rely on
cross-disciplinary collaboration, data-driven policies, and green biotechnologies.

Keywords: COVID-19, climate change, biotechnology, mental health, sustainable agriculture,
antimicrobial resistance, vaccines, one health.
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INTRODUCTION

The COVID-19 crisis has shown that human health is deeply connected to environmental and
technological factors. Research has documented wide-ranging pandemic impacts: psychological stress
increased globally, especially among vulnerable groups [1], and routine healthcare (e.g. chronic disease
management) was disrupted. Many studies report a 25% surge in anxiety and depression during the first
pandemic year. At the same time, new technologies vaccines, Al-based diagnostics, and nanomedicines
emerged rapidly to address health needs [2]. These developments highlight the power of
interdisciplinary advances: combining medical science, environmental policy, and biotech can build
resilient health systems. This paper reviews current research linking pandemic insights with
environmental challenges and biotechnological innovations. We draw on public data (e.g. global health
metrics, satellite climate records) and numerous studies across fields. By integrating findings on
infection control, chronic diseases, ecosystem health, and sustainable therapeutics, we aim to present a
comprehensive picture of progress and priorities.

This is an open access article licensed under CC BY: (https://creativecommons.org/licenses/by/4.0)

Pandemic Health Insights

Psychological and Societal Impacts

The global pandemic severely affected mental health and well-being. A WHO report found anxiety and
depression rates rose by about 25% worldwide in 2020-2021. Young people, women, and those with
existing chronic illnesses (e.g. asthma, cancer) were hardest hit [1]. Medical staff faced burnout and
high suicide risk. Many individuals felt isolation and grief, compounding stress levels. In response,
some studies called for stronger mental health services and digital support tools [3]. Locally, surveys
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showed similar trends: for example, cancer patients on chemotherapy reported increased fatigue and
anxiety affecting quality of life [4]. These findings underscore the need to integrate mental health into
emergency preparedness [3].

Clinical Findings and Treatments

Clinically, the pandemic spurred rapid advances. Biomarkers like C-reactive protein (CRP) were
extensively studied to assess COVID-19 severity [5]. High CRP levels correlated with worse outcomes.
Dexamethasone and other repurposed drugs were evaluated: controlled studies confirmed that steroids
reduce mortality in severe cases [6]. Vaccination campaigns rolled out globally with record speed. Side-
effect monitoring research showed typical symptoms (fever, fatigue) were usually mild [7]. Studies of
antiviral and supportive therapies also advanced: for example, the comparative review of
anticoagulants (aspirin, heparin, etc.) informed treatment protocols [8]. The pandemic spurred use of
digital health: telemedicine and e-learning became widespread to maintain medical education and
patient care, with guidelines issued for remote teaching methods [9]. Overall, the crisis accelerated
medical innovation across diagnostics, therapeutics, and care delivery (Al triage, ventilator design, etc.)

12].

Vaccine Equity and Coverage

Global vaccine data reveal uneven coverage. High-income countries achieved rapid first-dose rollouts,
but many lower-income regions lagged. Data by income group show that by late 2022, richer countries
had vaccinated far more doses per capita than poorer ones. This disparity highlights the need for
equitable distribution efforts. On a positive note, booster campaigns and updated vaccines have
emerged to counter viral variants. Public trust in vaccines varied; misinformation sometimes hindered
uptake. Nonetheless, the overall immunization drive likely prevented many deaths. Studies stress that
vaccination remains a key pillar for pandemic control and should be coupled with surveillance of
variants via platforms like GISAID.

Environmental and One Health Perspectives

Climate Change and Disease

Climate factors interplay with infectious disease dynamics and health. Rising global CO. and
temperatures affect habitat ranges for vectors (e.g. mosquitoes) and increase respiratory illness.
Atmospheric CO: is now higher than at any time in the last 420,000 years. Figure 1 illustrates this
“relentless rise” in CO2 over millennia (data: Scripps CO- Program). Such changes can drive extreme
weather and influence disease patterns. For example, warmer winters may allow viruses or bacteria to
overwinter in new regions. One study predicts that climate shifts will expand zones for vector-borne
diseases, urging integrated climate-health surveillance [10]. Moreover, pollution and habitat loss
(deforestation) can force wildlife-human contacts, raising zoonotic spillover risk. Thus, climate
mitigation and ecosystem conservation are also preventive medicine.
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Figure 1 Atmospheric CO- concentration over the past 420,000 years, showing present levels well
above historical range (source: Scripps CO- Program).

Sustainable Agriculture and Pollution

Agriculture links environment and health. Overuse of chemical fertilizers has caused soil degradation
and water pollution. Studies emphasize biofertilizers (microbial soil amendments) as eco-friendly
alternatives that boost plant growth while reducing chemical runoff [11]. For instance, Alnaass et al.
[11] showed that biofertilizer application improved crop yield and soil quality, mitigating pollution
from synthetic inputs. Similarly, optimizing fertilizer use (NPK management) is crucial for sustainable
food systems [12]. Agricultural practices also affect antibiotic resistance: the use of antibiotics in
livestock can spread resistant bacteria to soil and water. Reports of “nightmare bacteria” stress
monitoring antimicrobial use in farming [13, 14]. Our review of Open Data indicates that regions with
intensive farming see faster rises in antibiotic resistance. Reducing chemical and antibiotic load in the
environment is therefore a public health priority.
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Figure 2 Decadal global deforestation (hectares per year) over the last 300 years, showing a peak in
forest loss in the late 20th century. (Source: Our World in Data).
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Wildlife and Zoonoses

Agricultural systems and wildlife interactions are key in “One Health.” Bird-borne viruses, for
example, affected poultry during COVID-19. Khan et al. [15] reported major economic losses in the
poultry industry due to COVID-19 disruptions and suspected avian influenza cases. Separately, Hamza
et al. [16] noted avian coronavirus circulation with unknown spillover potential. These studies (and
similar livestock surveys) highlight how animal health can loop back to human health. Hepatitis
transmission also has an environmental/social aspect: Gubran et al. [17] documented household
transmission of Hepatitis B in Yemen, showing how living conditions and medical practices (e.g. blood
safety) affect disease spread. In Libya and nearby regions, studies found viral hepatitis and HIV
infections among migrant workers and locals, emphasizing screening and hygiene [18]. These findings
support One Health approaches that integrate veterinary, medical, and ecological monitoring.

Pollution and Public Health

Industrial and urban pollution remain critical issues. Heavy metals in soil and water can lead to toxic
exposures. For instance, studies of Libyan environments found elevated lead and cadmium in soils and
fish near ports [19, 20]. Exposure to industrial noise and chemicals is also a concern; one field study
measured high noise levels in oil and gas facilities, linking them to worker stress [21]. Urban
environments pose infection risks too: Ali et al. [22] used ATP bioluminescence to detect microbial
contamination on playground surfaces, indicating need for sanitation in public spaces. In health
facilities and communities, raising awareness of environmental hazards is needed. Collectively, these
studies illustrate that controlling pollution and enhancing environmental quality are vital components
of public health strategies.

Advances in Biotechnology and Therapeutics

Cutting-Edge Technologies in Medicine

The future of healthcare is being shaped by innovations in biotechnology. Ibrahim [2] reviewed how
nanotechnology and artificial intelligence are revolutionizing diagnostics and treatments. Al is being
used to design novel drug candidates and personalize patient care, while nanomaterials enable targeted
drug delivery. For example, lipid nanoparticle mRNA vaccines (e.g. for COVID-19) were an
unprecedented success of biotech. Gene editing tools like CRISPR also hold promise for treating
genetic diseases, although ethical and safety issues remain. In oncology, targeted therapies and
immunotherapies have seen breakthroughs: Akram et al. [23] discuss new monoclonal antibodies and
CAR-T cell therapies for metastatic cancer. These strategies exemplify how biological engineering can
create sustainable, precise treatments with fewer side effects [23].

Sustainable Therapeutics and Natural Products

Sustainability also enters drug discovery. Researchers are mining traditional medicines and plants to
find new drugs. Akram et al. [24] conducted an ethnobotanical survey in Pakistan, documenting
common medicinal plants used during COVID-19 and suggesting candidates for further study. Moringa
(M. oleifera) is one example; molecular docking studies show it has compounds with potential
analgesic and anti-inflammatory effects [25]. Salem et al. [26] explored Taraxacum officinale
(dandelion) extracts and confirmed antibacterial activity against E. coli and S. aureus, pointing to its
therapeutic potential. These plant-based approaches can complement synthetic drugs, potentially with
lower environmental impact. Biotechnology also enables production of compounds through
fermentation or plant cell culture, reducing reliance on wild harvesting. The combination of genomics
and ethnobotany accelerates discovery of sustainable therapeutics.

Diagnostics and Drug Delivery

Innovations in diagnostics complement therapy. Point-of-care tests for infectious diseases (COVID,
TB, malaria) have proliferated during the pandemic. Khalifa et al. [27] reviewed oral drug formulations
for biologic medicines, highlighting efforts to make biologic therapies (like insulin or antibodies) more
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accessible via non-injectable routes. Such advances can improve patient compliance and reduce waste
(e.g. sharps disposal). Antibiotic stewardship is another biotech focus: Al-Awkally et al. [28] reported
antibiotic sensitivity patterns in urinary tract infections, informing guidelines to reduce misuse. New
diagnostics (e.g. rapid CRP tests [5], genomic sequencing of pathogens) allow faster, tailored
treatments and better surveillance of antimicrobial resistance. Advances in biomanufacturing also
support vaccine production and green chemistry, for example using yeast and algae to produce complex
drugs sustainably.

Public Data, Experiments, and Case Studies

This field benefits from open data and reproducible experiments. For instance, the Our World in Data
COVID-19 database provides real-time global case and vaccine charts. Epidemiologists use such
datasets to model trends and evaluate interventions. Similarly, WHO health statistics and climate
monitoring (NOAA, NASA) give publicly available data on disease burden and
environmentclimate.nasa.gov. Many referenced studies are systematic reviews or meta-analyses
synthesizing hundreds of trials. For example, Muthanna et al. [4] conducted a meta-analysis on cancer
patient fatigue and quality of life, pooling data from many cohorts. These cumulative analyses (from
open sources and published trials) strengthen evidence and guide practice. Case studies also illustrate
cross-sector learning: a Libyan review of healthcare exposures used electronic health records to study
adverse drug reactions in polypharmacy [29], demonstrating real-world pharmacovigilance. Using
public datasets and standardized methods (e.g. meta-analysis, randomized trials, cohort studies) is key
to generating robust, actionable knowledge.

DISCUSSION

The interdisciplinary advances we reviewed point to several trends. First, integration is essential:
pandemic response combined epidemiology, psychology, and technology to save lives [2]. Effective
policy must similarly bridge health and environment; for example, combating obesity and malnutrition
requires addressing food systems and pollution. Second, sustainability is a core concern. As Wal et al.
[30] note, managing chronic conditions like cancer or anemia must consider resource use and pollution
(e.g. chemotherapy waste) [30]. Likewise, antibiotic overuse in agriculture and medicine is a shared
threat; Yousuf et al. [13] highlight global resistance trends and advocate collective solutions. Third,
technology for all: while Al and nanotech are advancing, equitable access is critical. The digital divide
and patent issues must be addressed so that innovations benefit low-resource regions as well as wealthy
ones [2, 23]. For example, mobile health (mHealth) apps and telemedicine have spread during COVID-
19, but need inclusive design and data privacy safeguards.

Finally, environmental feedback loops require attention. Human health threats (zoonoses, pollution)
often stem from environmental degradation. Sustainable therapeutic innovation should go hand-in-hand
with ecological restoration. Encouragingly, bio-based solutions like biofertilizers and plant-derived
drugs exemplify this synergy [11, 26]. Interdisciplinary research — merging biology, engineering, public
health, and ecology — will be the engine of progress. As Alloush et al. [31] observe, Al’s role in
education and research can accelerate this collaboration, by enabling large-scale data analysis and
global knowledge sharing.

CONCLUSIONS

The intersection of pandemics, environment, and biotechnology is a frontier with profound
implications. We have shown that lessons from COVID-19 span mental health, immunology, and
healthcare delivery, while environmental challenges like climate change and pollution directly affect
disease patterns and sustainable living. Biotechnology is responding with innovative therapeutics and
diagnostics, but must align with ecological stewardship. The future of medicine will likely see more
integrative approaches: using Al to predict outbreaks from climate data, engineering vaccines quickly
against new strains, and developing drugs that are effective yet gentle on ecosystems.
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Key recommendations include: (1) Strengthen One Health surveillance linking animal, human, and
environmental data; (2) Invest in green biotech (e.g. biofertilizers, plant-based treatments) to
simultaneously boost health and reduce pollution; (3) Expand mental health resources as part of
emergency response; (4) Ensure equitable access to new technologies worldwide. By citing diverse
experiments and data sources, we emphasize that no single field holds the solution. Interdisciplinary
collaboration, backed by robust data and sustainable thinking, is our best strategy to turn pandemic
insights into healthier futures for people and the planet.
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