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ABSTRACT

Pharmacovigilance, the process of monitoring and evaluating adverse
drug reactions, is a critical component of healthcare systems.
However, in resource-limited settings, the effective implementation
of pharmacovigilance faces numerous challenges, including
insufficient infrastructure, limited access to healthcare data, and a
shortage of trained personnel. The advent of artificial intelligence
(AD) offers promising solutions to these challenges by automating
data collection, enhancing signal detection, and improving the overall
efficiency of pharmacovigilance activities. This review explores the
potential of Al-driven pharmacovigilance in resource-limited
settings, examining current applications, potential benefits, and the
challenges that need to be addressed for successful implementation.
We highlight case studies where Al has been successfully integrated
into pharmacovigilance processes and discuss future directions for
research and development in this emerging field. Our findings
suggest that while AI has the potential to revolutionize
pharmacovigilance in resource-limited settings, careful consideration
of ethical, technical, and contextual factors is essential for its
sustainable and equitable deployment.
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Pharmacovigilance (PV) is a critical element of
healthcare systems worldwide, aimed at detecting,
assessing, understanding, and preventing adverse
effects or any other drug-related problems. It plays a
vital role in ensuring the safety and efficacy of
pharmaceuticals, thus safeguarding public health. PV
encompasses a wide range of activities, including the
collection and analysis of data on adverse drug
reactions (ADRSs), the identification and evaluation of
risks associated with pharmaceuticals, and the
implementation of measures to mitigate these risks.
Effective pharmacovigilance systems are essential for
maintaining public trust in healthcare systems and
ensuring that the benefits of medications outweigh
their risks. In resource-limited settings, the
implementation of effective pharmacovigilance
systems faces numerous challenges. These challenges

can be broadly categorized into infrastructural,
technological, regulatory, and human resource-related
issues.

In many resource-limited settings, the healthcare
infrastructure is underdeveloped, with limited access
to medical facilities, diagnostic tools, and
communication networks. This lack of infrastructure
makes it difficult to collect, store, and analyze
pharmacovigilance data effectively. For instance,
rural areas may have only a few healthcare facilities,
and these facilities may lack the necessary equipment
and technology to conduct thorough
pharmacovigilance activities. Additionally, the
absence of centralized databases and electronic health
records (EHRs) further complicates the collection and
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sharing of ADR information, leading to fragmented
and incomplete data.

The technological infrastructure necessary for
efficient pharmacovigilance, such as computer
systems, internet access, and software tools, is often
lacking in  resource-limited  settings.  This
technological gap limits the ability to implement and
utilize advanced pharmacovigilance systems,
including those based on AI and ML. Furthermore,
the interoperability of different healthcare systems
and databases is often a significant hurdle, preventing
seamless data integration and analysis. For example,
without reliable internet access, healthcare providers
may struggle to report ADRs in a timely manner or
access centralized pharmacovigilance databases to
check for known risks associated with certain
medications. Effective pharmacovigilance requires
robust regulatory frameworks and policies to ensure
the safe use of medications and the timely reporting
of ADRs. However, many resource-limited settings
have weak or underdeveloped regulatory systems,
leading to inadequate oversight and enforcement of
pharmacovigilance activities. This regulatory
weakness can result in delayed or incomplete ADR
reporting, insufficient post-marketing surveillance,
and limited public awareness of drug safety issues.
For instance, in some countries, the legal and
regulatory framework may not mandate the reporting
of ADRs, or there may be insufficient penalties for
non-compliance, leading to underreporting and gaps
in pharmacovigilance data.

A critical shortage of trained pharmacovigilance
professionals, including pharmacists, healthcare
providers, and regulatory personnel, is a common
issue in resource-limited settings. This shortage limits
the capacity to conduct thorough pharmacovigilance
activities, such as ADR monitoring, signal detection,
and risk assessment. Additionally, the lack of training
and education on pharmacovigilance among
healthcare providers often leads to underreporting and
misreporting of ADRs. In many cases, healthcare
providers may not be aware of the importance of
pharmacovigilance or may lack the skills to identify
and report ADRs accurately. The advent of artificial
intelligence (Al) offers promising solutions to these
challenges. Al and machine learning (ML)
technologies can automate and enhance various
aspects of the pharmacovigilance process, from data
collection and signal detection to risk assessment and
decision-making. By leveraging Al resource-limited
settings can potentially improve the efficiency,
accuracy, and timeliness of their pharmacovigilance
activities, ultimately enhancing patient safety and
public health outcomes. technologies can automate

and streamline the collection and management of
pharmacovigilance data. Natural language processing
(NLP) algorithms can extract relevant information
from unstructured data sources, such as medical
records, social media, and scientific literature. This
automation reduces the burden on healthcare
providers and regulatory personnel, allowing them to
focus on more critical tasks. Additionally, Al can
facilitate the integration of disparate data sources,
creating comprehensive and centralized databases for
pharmacovigilance. For example, NLP can be used to
extract ADR information from handwritten medical
notes, making it easier to digitize and analyze this
data.

One of the primary functions of pharmacovigilance is
the detection of safety signals, which are potential
indicators of new or known ADRs. Al and ML
algorithms can analyze large volumes of data to
identify patterns and correlations that may indicate
safety signals. These algorithms can detect signals
more quickly and accurately than traditional methods,
enabling earlier intervention and risk mitigation.
Moreover, Al can continuously monitor data streams,
providing real-time signal detection and analysis. For
example, ML models can be trained to recognize
patterns in patient data that are indicative of ADRs,
allowing for faster and more accurate identification of
potential risks. Al can also enhance the risk
assessment process by predicting the likelihood and
severity of ADRs based on historical data and patient
characteristics. ML models can identify risk factors
and potential outcomes, assisting healthcare providers
and regulators in making informed decisions about
drug safety. Furthermore, Al can support decision-
making by providing evidence-based
recommendations for risk management and mitigation
strategies. For instance, predictive models can help
identify patients who are at higher risk of
experiencing ADRs, allowing healthcare providers to
take preventive measures or choose alternative
therapies. Resource-limited settings often face
financial constraints that limit their ability to
implement and maintain comprehensive
pharmacovigilance systems. Al-driven
pharmacovigilance can help reduce costs by
automating labor-intensive tasks, such as data
collection, analysis, and reporting. This automation
allows for more efficient use of limited resources,
enabling resource-limited settings to achieve better
pharmacovigilance outcomes with fewer financial
investments. For example, automated systems can
process large volumes of data quickly and accurately,
reducing the need for manual data entry and analysis.
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Challenges of Artificial Intelligence (AI)-Based
Pharmacovigilance in Resource-Limited Settings
Implementing Al-based pharmacovigilance systems
in resource-limited settings presents a unique set of
challenges. Two of the most significant challenges are
the limitations in data quality and availability, and the
technological and infrastructural constraints. These
challenges must be addressed to harness the full
potential of Al in enhancing pharmacovigilance
activities in these regions.

1. Data Quality and Availability

1.1. Incomplete and Inconsistent Data

One of the most pressing challenges in resource-
limited settings is the incomplete and inconsistent
nature of healthcare data. Effective Al-based
pharmacovigilance relies heavily on large, high-
quality datasets to train machine learning models and
ensure accurate predictions. However, in many
resource-limited settings, healthcare data is often
fragmented and incomplete due to various reasons
such as lack of standardized data collection processes,
limited use of electronic health records (EHRs), and
poor data management practices. For instance, patient
records may be kept in paper form, which is prone to
loss, damage, and inaccuracies during manual data
entry into digital systems. This lack of comprehensive
and consistent data makes it difficult to train Al
models effectively, resulting in reduced accuracy and
reliability of the pharmacovigilance system.

1.2. Limited Access to Relevant Data

Access to relevant and up-to-date healthcare data is
another major challenge. In many resource-limited
settings, there are significant barriers to accessing
data from different sources, including hospitals,
clinics, pharmacies, and regulatory agencies. Data
sharing between institutions is often limited due to
privacy concerns, lack of interoperability between
different healthcare information systems, and
inadequate infrastructure to support data exchange.
This fragmented data landscape hinders the ability to
compile comprehensive datasets necessary for
effective Al-based pharmacovigilance. Without
access to diverse data sources, Al algorithms may
miss important signals or fail to identify emerging
adverse drug reactions (ADRs), compromising patient
safety.

1.3. Data Privacy and Security Concerns

Data privacy and security are critical concerns in the
implementation of Al-based pharmacovigilance.
Protecting patient confidentiality and ensuring
compliance with data protection regulations is
essential. In resource-limited settings, there may be
inadequate legal frameworks and enforcement
mechanisms to safeguard patient data. Additionally,

the infrastructure to protect data from breaches or
unauthorized access may be lacking. These issues can
lead to reluctance in data sharing among healthcare
providers and institutions, further limiting the
availability of data for Al-based pharmacovigilance
systems. Ensuring robust data privacy and security
measures is essential to build trust and encourage data
sharing, which is crucial for the success of Al-based
pharmacovigilance.

2. Technological and Infrastructural Constraints
2.1. Limited Technological Infrastructure

The technological infrastructure required for Al-
based pharmacovigilance is often inadequate in
resource-limited settings. This includes the
availability of reliable internet connectivity, modern
computer systems, and sufficient computational
power to run Al algorithms. Many healthcare
facilities in these settings operate with outdated or
insufficient technology, making it challenging to
implement advanced Al solutions. For instance, slow
internet speeds or frequent connectivity issues can
hinder the real-time data exchange needed for
effective pharmacovigilance. Additionally, the lack of
modern computer systems capable of handling large
datasets and complex Al algorithms can impede the
development and deployment of Al-based
pharmacovigilance systems.

2.2. High Costs of Technology Implementation

Implementing Al-based pharmacovigilance systems
involves significant financial investments in
technology infrastructure, including hardware,
software, and network upgrades. Resource-limited
settings often face financial constraints, making it
difficult to allocate the necessary funds for such
investments. Moreover, the costs associated with
maintaining and updating technology infrastructure
over time can be prohibitive. This financial burden
can limit the adoption of Al-based pharmacovigilance
systems, despite their potential to improve patient
safety and healthcare outcomes.

2.3. Lack of Technical Expertise

The successful implementation and maintenance of
Al-based pharmacovigilance systems require skilled
personnel with expertise in Al, machine learning, and
data science. Resource-limited settings often face a
shortage of such technical expertise due to limited
access to advanced education and training programs.
The existing healthcare workforce may lack the
necessary skills to develop, deploy, and maintain Al
systems, resulting in a reliance on external experts or
vendors. This dependency can be costly and may not
be sustainable in the long term. Furthermore, the lack
of local expertise can hinder the customization of Al
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systems to address specific needs and challenges
unique to resource-limited settings.

2.4. Interoperability Issues

Interoperability between different healthcare
information systems is essential for effective data
exchange and integration. In resource-limited
settings, healthcare facilities often use disparate
systems that are not designed to work together. This
lack of interoperability creates silos of information,
making it difficult to compile comprehensive datasets
for Al-based pharmacovigilance. Standardizing data
formats and ensuring compatibility between different
systems are crucial steps to overcome this challenge.
However, achieving interoperability requires
significant coordination and investment, which can be
challenging in resource-limited settings with limited
resources and fragmented healthcare systems.

3. Recommended Solutions

To overcome the challenges of Al-based
pharmacovigilance in resource-limited settings, it is
crucial to focus on three key areas: improving
Electronic Health Records (EHR) systems,
establishing comprehensive databases, and fostering
collaboration among stakeholders. These solutions
aim to address the core issues of data quality,
availability, and technological infrastructure, thus
enabling the effective implementation of Al-driven
pharmacovigilance.

3.1. Electronic Health Record (EHR)
Improvement and Establishing a Database

3.1.1. Enhancing EHR Systems

Electronic Health Records (EHRs) are fundamental to
modern healthcare systems, serving as a centralized
repository for patient data. However, in many
resource-limited settings, EHR systems are either
nonexistent or inadequately implemented. Improving
EHR systems involves several steps:

Standardization and Interoperability: Developing
standardized = EHR  systems that ensure
interoperability across different healthcare facilities is
critical. This can be achieved by adopting
international standards for data formats and
communication protocols, such as HL7 (Health Level
Seven) and FHIR (Fast Healthcare Interoperability
Resources). Standardization facilitates seamless data
exchange, enabling comprehensive patient records
and more accurate pharmacovigilance.

Training and Capacity Building: Implementing robust
EHR systems requires healthcare providers to be
adequately trained in their use. Training programs
should focus on the technical aspects of EHRs, data

development can help maintain high data quality and
ensure that healthcare workers are proficient in using
EHR systems.

Infrastructure Investment: Adequate infrastructure,
including reliable internet connectivity and modern
computer systems, is essential for the successful
implementation of EHR systems. Investments in
infrastructure should prioritize healthcare facilities in
rural and underserved areas to ensure equitable access
to advanced healthcare technologies.

3.1.2. Establishing Comprehensive Databases
To support Al-based pharmacovigilance, it is crucial
to establish comprehensive databases that integrate
data from various sources. These databases should be
designed to handle large volumes of data and support
advanced analytics.

Centralized Data Repositories: Creating centralized
data repositories can streamline data collection and
analysis. These repositories should integrate data
from EHRs, pharmacy records, laboratory results, and
other relevant sources. Centralized databases facilitate
the aggregation of comprehensive datasets necessary
for AI algorithms to detect ADR signals accurately.

Data Quality Assurance: Ensuring high data quality is
essential  for  effective  pharmacovigilance.
Implementing data validation and cleaning processes
can help identify and rectify errors in the data.
Regular audits and feedback mechanisms can further
improve data quality by highlighting areas for
improvement.

Data Privacy and Security: Protecting patient data is
paramount. Establishing robust data privacy and
security measures, such as encryption, access
controls, and compliance with data protection
regulations, can help build trust among stakeholders.
Ensuring data security also involves regular updates
to software and systems to protect against cyber
threats.

Integration with Al Systems: Comprehensive
databases should be designed to integrate seamlessly
with Al-based pharmacovigilance systems. This
includes providing standardized APIs (Application
Programming Interfaces) that allow Al algorithms to
access and analyze data efficiently. Integration
enables real-time monitoring and analysis of ADRs,
improving the timeliness and accuracy of
pharmacovigilance activities.

3.2. Strengthening Collaboration
Stakeholders

Effective Al-based pharmacovigilance in resource-

among

entry accuracy, and the importance of limited settings requires collaboration among various
pharmacovigilance. ~ Continuous  professional ~ stakeholders, including healthcare providers,
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regulatory agencies, academic institutions, and
international organizations. Strengthening these
collaborations can help address the challenges of data
quality, availability, and technological infrastructure.

3.2.1. Multi-Stakeholder Partnerships

Building partnerships among stakeholders is crucial
for the successful implementation of Al-based
pharmacovigilance systems. These partnerships can
facilitate resource sharing, knowledge transfer, and
coordinated efforts to improve pharmacovigilance.

Public-Private Partnerships: Collaborations between
public health authorities and private sector companies
can leverage the strengths of both sectors. The private
sector can provide technical expertise, financial
resources, and innovative solutions, while public
health authorities can offer regulatory support and
access to healthcare data. Public-private partnerships
can enhance the scalability and sustainability of Al-
based pharmacovigilance systems.

International ~ Collaboration:  Engaging  with
international organizations, such as the World Health
Organization (WHO) and the International Council
for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH), can provide
access to global expertise, best practices, and funding
opportunities. International collaboration can also
facilitate the harmonization of pharmacovigilance
standards and protocols, improving data consistency
and comparability across different settings.

Academic and Research Partnerships: Collaborating
with academic institutions and research organizations
can drive innovation in Al-based pharmacovigilance.
Academic partners can contribute to the development
of advanced Al algorithms, conduct pilot studies, and
evaluate the effectiveness of pharmacovigilance
systems. Research collaborations can also help
generate evidence on the feasibility and impact of Al-
driven pharmacovigilance in resource-limited
settings.

3.2.2. Capacity Building and Knowledge Sharing
Capacity building and knowledge sharing are
essential components of effective collaboration.
Training programs, workshops, and conferences can
help stakeholders develop the skills and knowledge
needed to implement and maintain Al-based
pharmacovigilance systems.

Training Healthcare Providers: Healthcare providers
play a critical role in pharmacovigilance. Training
programs should focus on improving their
understanding of pharmacovigilance, data collection
techniques, and the use of Al-based systems.
Providing healthcare providers with the tools and
knowledge to identify and report ADRs accurately

can enhance the overall effectiveness of

pharmacovigilance systems.

Workshops and Conferences: Organizing workshops
and conferences can facilitate knowledge sharing and
collaboration among stakeholders. These events
provide opportunities for stakeholders to discuss
challenges, share best practices, and explore
innovative solutions. Workshops can also focus on
hands-on training in Al technologies, data analysis,
and pharmacovigilance practices.

Online Learning Platforms: Online learning platforms
can provide accessible and flexible training
opportunities for healthcare providers and other
stakeholders. These platforms can offer courses on
Al, pharmacovigilance, data management, and
regulatory requirements. Online learning can help
address the shortage of trained personnel in resource-
limited settings by reaching a wider audience and
providing continuous learning opportunities.

3.3. Leveraging Alternative Data Sources

In resource-limited settings, traditional healthcare
data sources may be inadequate for effective
pharmacovigilance. Leveraging alternative data
sources, such as social media, patient forums, and
wearable devices, can supplement traditional data and
provide valuable insights into ADRs.

3.3.1. Social Media and Patient Forums

Social media platforms and patient forums are
valuable sources of real-time information on ADRs.
Patients often share their experiences with
medications on these platforms, providing insights
that may not be captured through traditional
pharmacovigilance channels.

Monitoring Social Media: Al algorithms can be used
to monitor social media platforms for mentions of
ADRs. Natural language processing (NLP) techniques
can analyze text data to identify potential ADRs and
classify them based on severity and causality.
Monitoring social media can provide early signals of
ADRs, enabling quicker interventions.

Analyzing Patient Forums: Patient forums are online
communities where individuals discuss their health
conditions and treatment experiences. Analyzing
these forums can provide qualitative data on ADRs
and patient perspectives on medication safety. Al
tools can help extract and analyze relevant
information from patient forums, contributing to a
more comprehensive understanding of ADRs.

3.3.2. Wearable Devices and Mobile Health Apps
Wearable devices and mobile health apps are
increasingly used to monitor patients' health and
collect real-time data. These technologies can provide
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continuous monitoring of patients' physiological
parameters, activity levels, and medication adherence.

Integrating Wearable Data: Wearable devices, such as
smartwatches and fitness trackers, can collect data on
vital signs, physical activity, and sleep patterns.
Integrating data from wearable devices with EHR
systems can provide a more holistic view of patients'
health and detect potential ADRs early. For example,
changes in heart rate or sleep patterns may indicate an
ADR, prompting further investigation.

Mobile Health Apps: Mobile health apps can be used
to track medication adherence, record symptoms, and
report ADRs. Patients can use these apps to log their
medication use and report any adverse effects they
experience. Al algorithms can analyze data from
mobile health apps to identify trends and patterns in
ADRs,  providing  valuable insights  for
pharmacovigilance.

3.3.3. Remote Monitoring and Telemedicine
Remote monitoring and telemedicine are valuable
tools for pharmacovigilance in resource-limited
settings. These technologies can facilitate real-time
monitoring and reporting of ADRs, especially in
remote and underserved areas.

Telemedicine Consultations: Telemedicine enables
healthcare providers to consult with patients
remotely, providing timely medical advice and
monitoring. Telemedicine platforms can be integrated
with EHR systems to ensure that ADRs reported
during consultations are documented and analyzed.
This approach can improve access to healthcare and
enhance pharmacovigilance in areas with limited
healthcare facilities.

Remote Monitoring Programs: Remote monitoring
programs can use Al-based tools to track patients'
health status and detect potential ADRs. For example,
remote monitoring devices can collect data on blood
pressure, glucose levels, and other health indicators.
Al algorithms can analyze this data to identify
anomalies that may indicate an ADR, prompting
further investigation and intervention.

Conclusion

Improving Electronic Health Records (EHR) systems,
establishing comprehensive databases, and fostering
collaboration among stakeholders are essential
strategies for overcoming the challenges of Al-based
pharmacovigilance in resource-limited settings.
Enhancing EHR systems involves standardization,
training, and infrastructure investment, while
establishing comprehensive databases requires
centralized repositories, data quality assurance, and
robust data privacy measures. Strengthening
collaboration among stakeholders through multi-

stakeholder partnerships, capacity building, and
knowledge sharing can drive the successful
implementation of Al-based pharmacovigilance
systems. Leveraging alternative data sources, such as
social media, patient forums, wearable devices, and
telemedicine, can supplement traditional data and
provide valuable insights into ADRs. By addressing
these challenges and implementing these solutions,
resource-limited settings can enhance their
pharmacovigilance systems, improve patient safety,
and build resilient healthcare
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