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I, Institute OF Public Health, Lahore quantitative PCR (qPCR) allow for the Rapid and
quantitative identification of pathogens often well
Introduction: before symptoms appear. High sensitivity of the

The major aim of public health is to protect and molecular biology techniques is critical for effectively
improve the health of society through preventive care, containing the outbreaks. During Covid 19 pandemic
disease surveillance, policy development and molecular diagnostics enabled large scale testing and
education. Molecular Biology is concerned with the variants tracking through qPCR. The nanopore whole
study of molecular mechanisms and underlying genome sequencing of SARS CoV 2 genome provided
biological processes in living systems. Molecular real time insight into the viral evolution and
biology has emerged as a powerful ally in this mission transmission dynamics thus helping Public Health
of public health to protect the health of masses. experts all over the world to respond quickly and
Technology derived from molecular biology includes efficiently.'

DNA Sequencing and advances in whole genome Molecular diagnostics also revolutionized tuberculosis
sequencing (WGS), Polymerase Chain reaction (PCR), (TB) detection and control. The Gene Expert MTV/RIF
CRISPER CAS system: a powerful gene editing tool essay detects Mycobacterium  Tuberculosis and
and use of biosensors. Discovery and use of new Multidrug resistance in under two hours as against the
biomarkers are now indispensable in the fight against weeks required by conventional methods.” Development
infectious diseases, genetic disorders and chronic of modern instruments like thermocyclers with
illnesses. The synergy between molecular biology and advanced programing and use of artificial intelligence
public health has opened new avenues for early has enabled scientist to test large number of samples in
diagnosis, epidemiological forecasting and targeted less time so disease surveillance has become much
interventions. Some of the molecular biology €asier and faster.

applications are discussed below to highlight its Molecular epidemiology - pathogen tracking
importance. Genomic epidemiology integrates genome sequencing
Precision diagnostics and disease surveillance with epidemiological methods to track the spread of
One of the most impactful applications of Molecular diseases and identify source of infection. This approach
Biology in public health is in disease surveillance and has been instrumental in understanding the transmission
diagnostics. Techniques like PCR, real time ofinfectious diseases like Ebola, Zika and Covid-19 and

Cholera.



By Sequencing Whole genome of pathogens isolated understanding and managing diseases such as cancer,
from different patients and geographical regions, diabetes, and cardiovascular disease. The Techniques
researchers can reconstruct transmission chains and which help in identification of genetic mutations, Single
monitor the emergence of drug resistance. Sach nucleotide polymorphisms (SNP), epigenetic changes
Molecular capabilities are crucial for designing and molecular biomarkers have led to early detection,
targeted interventions and allocating resources improve risk assessment, and personalized therapies.
effectively. Public Health agencies are increasingly For instance, BRCA1 and BRCA2 gene testing helps
relying on genomic data bases and Bioinformatics tools identify individuals at high risk of breast and ovarian
for real time surveillance and outbreak response. cancers allowing for preventive measures.” Molecular
Global initiative on sharing all influenza data profiling in cancers like colorectal or lung cancer
(GISAID) and Nextstrain are examples of platforms provide information for targeted therapy decisions
that have transform the global landscape of pathogen improving patient outcomes and reducing healthcare
tracking. cost.  Public health programs are now increasingly
Vaccine production and immunogenetics incorporate  genetic counselling and population
Vaccines production through rational vaccine design, screening for high-risk groups illustrating the integration
reverse vaccinology and the development of mRNA of molecular insights into preventive care.’

vaccines has been tremendously aided by Environment and occupational health

advancements in molecular biology techniques. The Biomarkers of exposure to pollutants, carcinogens and
covid-19 mRNA vaccine such as those developed by infectious agents can be detected by molecular essays.
Pfizer-BioNTech and Moderna are products of decade These assays can identify early biological responses to
of research in molecular immunology.’ These harmful exposures, enabling timely interventions.
vaccines were designed and deployed in very short Biomonitoring of lead exposure using molecular
time showcasing the potential of molecular tools in markers such as Delta aminolevulinic acid dehydratase
emergency public health responses. (ALAD) genotyping provides insight into individual
Additionally, immunogenetics, the study of genetic susceptibility>.  Similarly, microbial source tracking
basis of immune responses has enabled the using DNA- Based tools helps identify sources of water
identification of population specific vaccine targets and contamination, hence helping in public health
the personalization of immunization strategies. This is interventions in sanitation and hygiene.

particularly important for diseases like malaria and Ethical legal and social implication

HIV, where vaccine development has been challenging The application of molecular biology principles on
due to antigenic variability.* public health practices raises important ethical, legal and
Molecular epidemiology of non-communicable social concerns as well. Issues such as data privacy,
diseases (NCD) genetic discrimination, informed consent and equitable

Molecular Biology is also playing a critical role in accessed to molecular techniques must be addressed.



Public health policies must balance technological phages targeting drug-resistant biofilms or gene drives
advances with ethical standards to ensure trust and suppressing malaria vectors promise transformative
equity. Global cooperation, regulatory oversight and solutions. However, equitable access and ethical
community engagement are essential to the responsible governance must remain central to this molecular
application of molecular biology in public health. revolution.

Challenges and future directions and future
“Molecular epidemiology is not merely a tool - it is a
directions
o . o new epistemology of disease, revealing the hidden
Despite its promise, several challenges still hinder the
. o _ _ _ narratives written in nucleotides that shape our
widespread application of molecular biology in public . o
health health.” (- Adapted from Columbia University
ealth:

Molecular Epidemiology Certificate Program)
Data management: Data generated by molecular
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