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Pharmacovigilance, which includes the identification, evaluation, comprehension, and
avoidance of adverseor other drug-related issues, is essential to public health since it guarantees
the safety, effectiveness, and responsible use of medications and vaccines. This article explores
the various dimensions and applications of pharmacovigilance in public health, highlighting
its role in drug safety monitoring, policy integration, pandemic preparedness, maternal and
child health, chronic disease management, immunization programs, and its intersection with
technological innovations. It operates at the intersection of clinical care, epidemiology, and
public health policy, aiming to minimize harm while maximizing therapeutic benefits. The
complexity of medication therapy and the rising demands for safety in healthcare systems
are reflected in the development of pharmacovigilance. Its foundation lies in the Thalidomide
disaster of the 1960s, which highlighted the catastrophic effects of inadequate drug safety
monitoring. Over the past five years (2020-2025), pharmacovigilance has undergone significant
advancements, enhancing drug safety and public health outcomes like adoption of artificial
intelligence, utilisation of real world data, emphasising patient centric reporting, addressing
emerging challenges etc.Today, pharmacovigilance is an essential component of regulatory
frameworks and healthcare practices worldwide, integrating real-world evidence to address
emerging challenges in drug safety. A key component of public health is pharmacovigilance,
which guarantees the safe and efficient use of medications and vaccines. Its applications
span drug safety monitoring, policy integration, pandemic preparedness, maternal and child
health, chronic disease management, immunization programs, and technological innovations.
By prioritizing pharmacovigilance, public health authorities can build safer, more resilient
healthcare systems, ultimately improving outcomes for populations worldwide.
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Public health greatly benefits from
pharmacovigilance (PV), the research and practices
pertaining to the identification, evaluation,
comprehension, and avoidance of side effects or other
drug-related issues. By systematically monitoring
the safety of medicines, pharmacovigilance ensures
that public health policies are based on accurate

data, ultimately protecting populations from
preventable drug-related harm.! Its integration
into healthcare systems has transformed drug
safety management and facilitated informed
decision-making. Pharmacovigilance (PV) is a
vital scientific discipline focused on the detection,
assessment, understanding, and prevention of
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adverse effects or any other drug-related problems.
It represents an integral part of modern healthcare
systems, aiming to ensure the safety, efficacy, and
rational use of medicines, ultimately contributing to
improved patient and public health outcomes. The
term originates from the Greek word “pharmakon”
(meaning drug) and the Latin word “vigilare”
(meaning to keep watch), reflecting its core mission
of safeguarding public health through vigilant
monitoring of medicinal products.

Pharmacovigilance emerged as a response
to significant public health crises caused by
unsafe medicines. The most notable example is
the thalidomide tragedy of the late 1950s and
early 1960s, which resulted in thousands of birth
defects worldwide due to inadequate drug safety
monitoring. This catastrophic event spurred global
efforts to establish robust pharmacovigilance
systems and regulatory frameworks. Today,
pharmacovigilance is central to healthcare policy,
bridging clinical practice, regulatory science, and
public health strategies.

In public health, pharmacovigilance plays
a critical role by providing the evidence needed to
address both individual and population-level health
challenges.? Its activities encompass not only the
detection of adverse drug reactions (ADRs) but also
the identification of drug interactions, prescription
mistakes, and off-label use concerns. By ensuring
the safe use of medicines, pharmacovigilance
supports the broader goals of public health, such
as reducing morbidity and mortality, optimizing
healthcare resource allocation, and fostering trust
in health systems.?

The applications of pharmacovigilance
in public health are vast and multifaceted. At
the heart of these applications is post-marketing
surveillance, a process that monitors the safety
of medicines after they have been approved for
public use. This stage of a drug’s lifecycle is
critical, as clinical trials often cannot capture the
full spectrum of potential adverse effects due to
limitations in sample size, duration, and diversity
of the study population. Pharmacovigilance
addresses these gaps by gathering and analyzing
real-world data, enabling early detection of safety
signals and guiding regulatory actions such as drug
recalls, labeling changes, or market withdrawals.
Furthermore, pharmacovigilance is indispensable
in addressing emerging public health challenges.*
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Defining Pharmacovigilance
Pharmacovigilance (PV) is the
scientific discipline concerned with the safety
of medicines, encompassing actions pertaining
to the identification, evaluation, comprehension,
and avoidance of side effects or other issues
associated with drugs. It is essential to healthcare
since it guarantees the safe and efficient use of
medications., thus reducing the risk of harm
to individuals and populations.’ The need for
pharmacovigilance was underscored by historical
events where inadequate monitoring of drug safety
led to widespread harm. The thalidomide disaster
of the late 1950s and early 1960s remains one of
the most significant milestones in the evolution
of pharmacovigilance. Thalidomide, prescribed
as a sedative and anti-nausea medication caused
serious birth abnormalities in hundreds of babies
born to pregnant women. This tragedy catalyzed
the establishment of more rigorous drug safety
regulations worldwide, including the formation
of pharmacovigilance systems. Subsequently,
the World Health Organization (WHO) initiated
global efforts to standardize and strengthen
pharmacovigilance practices. ¢ The establishment
of the WHO Programme for International Drug
Monitoring in 1968, and its associated database,
VigiBase, marked significant progress in the
systematic collection and analysis of adverse drug
reaction (ADR) data. These developments laid the
foundation for modern pharmacovigilance systems
that operate at national, regional, and global levels.’
Pharmacovigilance is guided by several
core objectives, all of which align with the broader
goal of safeguarding public health. These include:
8 9
a. Detection of Adverse Drug Reactions (ADRs):
Identifying and documenting unexpected or
harmful effects of medications, especially those
that were not evident during clinical trials.
b. Assessment of Drug Safety: Assessing the risk-
benefit profile of medications using empirical
data, considering individual and population-level
factors.
c. Understanding Drug Risks: Investigating the
mechanisms of adverse effects, potential drug
interactions, and risk factors that contribute to
harmful outcomes.
d. Prevention of Drug-Related Harm: Implementing
strategies to minimize risks associated with
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medicine use, including regulatory actions, public
awareness campaigns, and healthcare professional
training.'
Pharmacovigilance and Public Health

Pharmacovigilance is deeply intertwined
with public health. It serves as a critical tool for
protecting populations from preventable harm
related to medicines, thereby contributing to the
overall safety, efficacy, and rational use of drugs.
This relationship can be understood through several
key aspects:*
a. Evidence Generation for Public Health Policy:
Pharmacovigilance generates data on drug
safety and effectiveness, which informs public
health decisions. Regulatory bodies rely on
pharmacovigilance findings to approve new drugs,
modify existing ones, or withdraw unsafe products
from the market.
b. Support for Safe Medication Practices: By
identifying patterns of adverse effects or misuse,
pharmacovigilance helps healthcare professionals
and patients make informed choices about
medication use, ultimately promoting better health
outcomes.
c. Response to Public Health Crises: During health
emergencies, pharmacovigilance systems are
instrumental in monitoring the safety of treatments
or vaccines, ensuring that risks are promptly
identified and mitigated.
Scope of Pharmacovigilance Activities

The scope of pharmacovigilance has
expanded significantly since its inception. Initially
focused on detecting and reporting ADRs, it now
encompasses a wide range of activities which are
depicted in Figure 1.
a. Monitoring the Safety of All Medical Products:
Pharmacovigilance extends beyond traditional
medicines to include biologics, vaccines, herbal
remedies, medical devices, and even cosmetic
products.'?
b. Signal Detection and Risk Assessment: Advanced
methods, like machine learning and data mining,
enable the identification of safety signals from
large datasets, facilitating early intervention to
prevent harm.'
c. Medication Error Prevention: Pharmacovigilance
systems track and analyze medication errors,
helping to design safer prescribing practices and
reduce errors in healthcare settings.'
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d. Global Collaboration: The interconnected nature
of modern healthcare has led to the globalization
of pharmacovigilance. International collaboration
ensures that safety signals are shared across
borders, benefiting patients worldwide.'

The diverse field of pharmacovigilance has
developed to meet the demands of contemporary
public health and medicine. Pharmacovigilance
guarantees that medications continue to be a vital
component of efficient and secure healthcare
delivery by methodically assessing the safety of
pharmaceuticals and mitigating possible hazards.
Its alignment with public health goals makes it
indispensable for reducing drug-related harm,
improving treatment outcomes, and fostering trust
in healthcare systems. The subsequent sections of
this article will explore the diverse applications of
pharmacovigilance in public health, highlighting
its critical role in ensuring the safety and efficacy
of medicines on a global scale.'
Pharmacovigilance and Drug Safety Monitoring

Drug safety monitoring lies at the heart
of pharmacovigilance, ensuring that medicines
remain safe and effective throughout their lifecycle.
Although pre-approval clinical trials are necessary
to prove a drug’s safety and effectiveness, they
are inherently limited in scope, duration, and
participant diversity. Pharmacovigilance addresses
these limitations by monitoring drug safety in real-
world settings, identifying adverse drug reactions
(ADRs), and providing data to guide regulatory
decisions and clinical practice. This section delves
into the mechanisms, tools, and significance of
drug safety monitoring in the broader context of
pharmacovigilance.'”

A dangerous or unexpected reaction to a
medication that happens at standard dosages used
for prevention, diagnosis, or treatment is known
as an adverse drug reaction (ADR). Worldwide,
ADRs constitute a major contributor to morbidity
and mortality, making their identification and
mitigation a public health priority. Clinical trials,
though essential, may fail to detect rare or long-term
ADRs due to the limited number of participants and
controlled settings. Real-world pharmacovigilance
systems extend surveillance to larger, more diverse
populations, capturing ADRSs that only emerge after
widespread use. Post-marketing surveillance is
crucial for detecting delayed or cumulative adverse
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effects, as seen in drugs like rofecoxib (Vioxx),
which was withdrawn after widespread reports of
cardiovascular events.'®

Types of ADRs Monitored:"

* Type A (Augmented): Predictable reactions
related to a drug’s known pharmacological
properties, such as bleeding with anticoagulants.
* Type B (Bizarre): Unpredictable and rare
reactions, such as severe allergic reactions to
vaccines or biologics.

* Type C (Chronic): Reactions associated with long-
term use, such as nephrotoxicity from analgesics.
* Type D (Delayed): Reactions occurring long

Monitoring the
safety of all
Medical products

Medication error
prevention
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after treatment, such as secondary cancers from
chemotherapy.
* Type E (End-of-Use): Reactions due to withdrawal,
such as withdrawal syndromes from opioids.
Importance of Drug Safety Monitoring for
Public Health

Drug safety monitoring is essential not
only for individual patient care but also for broader
public health objectives: 4
Protecting Population Health
* Early detection of ADRs prevents widespread
harm and ensures safer therapeutic options for
patients.

Signal detection
and risk
assessment

Globalisation

Fig. 1. Range of activities covered by Pharmacovigilance

Table 1. Application of Pharmacovigilance in Public health programmes

Public health programme

Application of Pharmacovigilance

Immunization Programs?

Monitoring vaccine safety through pharmacovigilance prevents adverse

events from undermining public trust in immunization efforts.
Example: The COVID-19 vaccination rollout relied on pharmacovigilance
systems to monitor rare but serious adverse events like myocarditis and

thrombosis.
Disease Management and
Control*

Pharmacovigilance ensures the safety of drugs used in public health programs
targeting diseases such as tuberculosis, malaria, and HIV/AIDS.

Example: Safety monitoring of antiretroviral therapy (ART) in HIV programs
has guided treatment protocols to minimize toxicity.

Maternal and Child Health?

Monitoring the safety of drugs used during pregnancy and in pediatric

populations helps address unique risks in these vulnerable groups.

Chronic Disease Management*

Pharmacovigilance supports safe long-term use of medications for chronic

conditions like diabetes, hypertension, and mental health disorders,
addressing risks such as cumulative toxicity or drug-drug interactions.
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Enhancing Healthcare Quality
* Reducing medication-related adverse events leads
to better treatment outcomes and lower healthcare
costs.
Supporting Regulatory Confidence
* Transparent pharmacovigilance practices build
trust in regulatory systems, fostering public
confidence in medicines and vaccines.

Pharmacovigilance and drug safety
monitoring are indispensable components of
healthcare systems. They ensure that medicines
remain safe and effective throughout their lifecycle,
protecting individual patients and promoting public
health. By leveraging advanced technologies,
global collaboration, and proactive surveillance,
pharmacovigilance systems can address current
and emerging challenges in drug safety, paving the
way for a healthier and more informed society. 2
Key developments
Integration of Advanced Technologies

The adoption of artificial intelligence
(AI) and machine learning (ML) has transformed
pharmacovigilance by enabling real-time
monitoring and efficient analysis of vast datasets.
These technologies assist in early detection of
adverse drug reactions (ADRs), improving patient
safety.
Utilization of Real-World Data

The use of electronic health records and
social media monitoring has expanded the scope
of pharmacovigilance. Real-world data provides
valuable insights into long-term drug safety and
effectiveness, complementing traditional clinical
trial data.
Strengthening Regulatory Frameworks

Regulatory agencies have enhanced
pharmacovigilance systems to ensure
comprehensive monitoring of pharmaceutical
products. For instance, the European Medicines
Agency (EMA) played a pivotal role during
the COVID-19 pandemic by expediting the
development and approval of vaccines, while
also addressing challenges such as cyberattacks
that exposed internal concerns about vaccine
production quality.
Emphasis on Patient-Centric Reporting

Digital health tools, including mobile
applications and electronic patient-reported
outcomes (ePRO) platforms, have empowered
patients to directly report ADRs. This approach
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has led to real-time safety data collection,
enhancing data accuracy and patient engagement
in pharmacovigilance processes.

Addressing Emerging Challenges

The rise of innovative therapeutics,
such as advanced therapy medicinal products and
digital therapeutics, has necessitated specialized
pharmacovigilance monitoring. Additionally, the
COVID-19 pandemic highlighted the importance
of effective risk communication and the need to
adapt pharmacovigilance strategies during public
health emergencies.

These developments underscore a dynamic
and evolving pharmacovigilance landscape, where
technological innovations and strengthened
regulatory frameworks collaboratively enhance
drug safety and public health.

Integration into Public Health Policy

A crucial first step in guaranteeing the
safety, effectiveness, and prudent use of medications
on a population-wide basis is the incorporation of
pharmacovigilance into public health policy. By
incorporating pharmacovigilance systems into
public health frameworks, governments and health
organizations can proactively address drug-related
risks, reduce morbidity and mortality, and enhance
overall healthcare quality. Pharmacovigilance
aligns closely with public health goals, as both
disciplines aim to protect and promote population
health. By monitoring drug safety and addressing
potential risks, pharmacovigilance contributes to
several public health objectives:'

1. Reducing Preventable Harm: Adverse drug
reactions (ADRs) are a leading cause of preventable
morbidity and mortality. Pharmacovigilance
identifies and mitigates these risks, ensuring safer
therapeutic options.

2. Enhancing Drug Access and Equity: Public
health policies informed by pharmacovigilance
data help prioritize the accessibility of secure and
efficient medications, particularly for marginalised
groups.

3. Promoting Rational Drug Use: Pharmacovigilance
provides evidence to guide appropriate prescribing,
dispensing, and consumption of medicines,
reducing the risk of misuse or overuse.

4. Improving Health Outcomes: By minimizing
drug-related harm and optimizing therapy,
pharmacovigilance improves patient outcomes and
supports broader public health initiatives.
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Pharmacovigilance plays distinct yet
complementary roles for clinicians and the general
population, each contributing to drug safety and
public health from different perspectives.

Role of Pharmacovigilance for Clinicians

Clinicians are responsible for ensuring
patient safety when prescribing medications,
and pharmacovigilance helps them in several
key ways.Clinicians are often the first to observe
and report ADRs in patients. Pharmacovigilance
systems allow them to monitor drug safety
continuously and identify potential risks early.
Pharmacovigilance provides clinicians with
updated safety information about the drugs they
prescribe. This allows for adjustments in treatment
plans based on the latest data, such as avoiding
certain drugs that have been associated with serious
ADRs. Risk Communication and Management:
Pharmacovigilance helps clinicians communicate
the potential risks of medications to patients,
enhancing informed consent processes. This is
especially important when prescribing new or
high-risk medications. Evidence-Based Practice:
Data from pharmacovigilance systems support
evidence-based practices, giving clinicians access
to real-world safety data that may not have been
evident in pre-market clinical trials.?'

Role of Pharmacovigilance for the General
Population

For the general population,
pharmacovigilance plays a crucial role in ensuring
drug safety at a broader level.Pharmacovigilance
protects the general population by monitoring drugs
inuse, detecting widespread safety issues that may
not have been apparent during clinical trials (due
to limited sample sizes or trial conditions).In many
systems, individuals can report ADRs, contributing
to real-time surveillance. This provides essential
data to regulatory bodies and pharmaceutical
companies, influencing safety guidelines and
product labelling. Pharmacovigilance initiatives
help educate the public about the potential risks
associated with medications, empowering people
to report adverse effects and make informed
choices about their health care. When new risks
are detected, pharmacovigilance systems may
trigger regulatory actions such as drug recalls,
safety warnings, or changes to drug labeling, which
directly protects the population from harm.?
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Applications in Public Health Programs

Pharmacovigilance is integral to several
public health programs, ensuring the safe and
effective implementation of health interventions.
The implementation of Pharmacovigilance across
various disciplines of Public health is given in Table
1.

CONCLUSION

Pharmacovigilance serves as a cornerstone
of public health by ensuring the safe use of
medicines and promoting informed healthcare
decisions. Through its diverse applications,
pharmacovigilance addresses both immediate
and long-term challenges in global health,
contributing to improved population outcomes.
Ongoing advancements in technology, regulatory
frameworks, and international collaboration will
further enhance its role in safeguarding public
health. In summary, pharmacovigilance is an
essential yet under-recognised component of
public health, contributing significantly to the
creation of efficient health policy and the safe
use of medications .By continuously monitoring
the safety of drugs, pharmacovigilance provides
clinicians with updated data to inform their
prescribing decisions and helps protect the general
public from unforeseen drug risks. Effective
pharmacovigilance requires a collaborative
effort between clinicians, regulatory agencies,
pharmaceutical companies, and the public, with
each stakeholder contributing to the collection and
analysis of safety data. As new therapies and health
challenges emerge, pharmacovigilance practices
are evolving, incorporating advanced technologies
such as Al and real-world data. This adaptability
ensures that pharmacovigilance remains a dynamic
and essential part of modern healthcare, helping
to address complex medical issues and continue
protecting public health. Its applications extend
from individual patient care to large-scale public
health initiatives, highlighting its importance in
addressing the complex and evolving challenges
of global health.
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