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ABSTRACT

This thesis presents a comprehensive analysis of regulatory requirements governing vaccine
development and approval across major global jurisdictions including the United States Food
and Drug Administration, European Medicines Agency, and World Health Organization
prequalification pathway. Through systematic literature review of 487 documents, comparative
regulatory analysis, three detailed case studies, and interviews with twenty-three expert
stakeholders, the research examined preclinical requirements, clinical development standards,
manufacturing and quality control expectations, accelerated approval pathways, and post-
market surveillance systems. Findings demonstrate very high harmonization in manufacturing
standards (90-95% convergence) and substantial alignment in clinical development
requirements (70-80%), while post-market surveillance exhibits moderate harmonization (50-
60%). Case studies illustrated traditional development requiring eight to twelve years versus
emergency pathways enabling authorization within twelve to eighteen months through
acceptance of smaller safety databases and continued post-authorization monitoring. Expert
interviews identified regulatory heterogeneity, post-market surveillance fragmentation, and
capacity gaps as primary challenges. Recommendations include establishing international
platform technology registries, enhancing surveillance coordination through standardized

systems, expanding regulatory reliance mechanisms, developing emergency preparedness
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frameworks, strengthening capacity in resource-limited settings, and modernizing approaches

for advanced manufacturing technologies.

Keywords: Vaccine regulation, regulatory harmonization, clinical development, manufacturing

standards, pharmacovigilance.
INTRODUCTION
Background and Context

Vaccine development and approval represents one of the most critical and complex processes
in modern pharmaceutical science and public health policy. The regulatory frameworks
governing vaccine development have evolved substantially over the past century, shaped by
both scientific advancements and tragic failures that underscored the necessity for rigorous
oversight [1]. Vaccines have been instrumental in preventing infectious diseases, saving
millions of lives annually, and contributing to the near-eradication of devastating illnesses such
as smallpox and polio [2]. However, the pathway from initial research to market authorization
involves navigating an intricate web of regulatory requirements designed to ensure safety,

efficacy, and quality standards are met before administration to populations [3].

The regulatory landscape for vaccine development differs significantly from that of
conventional pharmaceuticals due to the unique characteristics of vaccines as preventive
biologics administered primarily to healthy individuals, including vulnerable populations such
as infants, pregnant women, and immunocompromised patients [4]. This fundamental
distinction necessitates even more stringent safety standards and comprehensive risk-benefit
analyses than those applied to therapeutic drugs intended for diseased populations [5].
Regulatory authorities worldwide, including the United States Food and Drug Administration
(FDA), European Medicines Agency (EMA), and World Health Organization (WHO), have
established comprehensive guidelines that govern every stage of vaccine development from

preclinical research through post-market surveillance [6].

The contemporary regulatory environment emerged from historical lessons learned through
vaccine-related adverse events and manufacturing failures. The Cutter Incident of 1955, where
inadequately inactivated polio vaccine resulted in paralysis and death among vaccinated
children, fundamentally transformed regulatory oversight and established the precedent for

rigorous manufacturing standards and lot release protocols [7]. Similarly, the thalidomide
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tragedy of the early 1960s, though not vaccine-related, catalyzed the development of more
stringent preclinical testing requirements and formalized the role of regulatory agencies in
protecting public health [8]. These historical events demonstrated that the absence of robust
regulatory frameworks could result in catastrophic public health consequences and erosion of

public confidence in vaccination programs [9].
Evolution of Vaccine Regulatory Frameworks

The regulatory oversight of vaccines has undergone significant transformation since the early
twentieth century when minimal standards existed for biological products. The United States
Biologics Control Act of 1902, enacted following the deaths of thirteen children from
contaminated diphtheria antitoxin, represented the first federal legislation specifically
addressing vaccine safety and established the foundation for modern regulatory authority [10].
This legislation mandated that facilities manufacturing vaccines and antitoxins be licensed and

inspected, marking the beginning of systematic regulatory oversight in vaccine production [11].

Throughout the twentieth century, regulatory frameworks continued to evolve in response to
scientific advances and emerging challenges. The establishment of the FDA in 1906 and its
subsequent reorganization under the Food, Drug, and Cosmetic Act of 1938 expanded federal
authority over pharmaceutical products, including vaccines [12]. The Kefauver-Harris
Amendments of 1962 introduced the requirement for manufacturers to demonstrate both safety
and efficacy through controlled clinical trials, fundamentally altering the evidentiary standards
for vaccine approval [13]. These legislative milestones established the core principles that
continue to guide vaccine regulation today: pre-market demonstration of safety and efficacy,

adherence to good manufacturing practices, and post-market surveillance [14].
LITERATURE REVIEW

The latter half of the twentieth century witnessed the development of international
harmonization efforts aimed at standardizing regulatory requirements across different
jurisdictions. The International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH), established in 1990, brought together
regulatory authorities and pharmaceutical industries from Europe, Japan, and the United States
to develop unified technical standards [15]. While ICH guidelines primarily focused on
conventional pharmaceuticals, they established precedents for international regulatory

cooperation that would later extend to biological products including vaccines [16]. The WHO's
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prequalification program, initiated in 2001, further advanced global harmonization by
establishing standardized assessment procedures for vaccines intended for use in low- and

middle-income countries [17].
Contemporary Regulatory Architecture

Modern vaccine regulation operates within a multi-tiered architectural framework
encompassing international organizations, regional regulatory bodies, and national regulatory
authorities. At the international level, the WHO provides normative guidance through its
Technical Report Series and position papers, establishes international standards for biological
products, and coordinates global surveillance systems for vaccine safety [18]. The WHO's
recommendations, while not legally binding, exert substantial influence on national regulatory
decisions and vaccine policy development, particularly in resource-limited settings lacking

robust regulatory infrastructure [19].

Regional regulatory authorities, such as the EMA serving the European Union and the Pan
American Health Organization (PAHO) serving the Americas, provide coordinated oversight
within their respective jurisdictions and facilitate mutual recognition agreements that
streamline approval processes across member states [20]. The EMA's centralized authorization
procedure enables a single marketing authorization valid across all EU member states,
exemplifying regional harmonization efforts that balance sovereignty with regulatory
efficiency [21]. These regional mechanisms have proven particularly valuable in facilitating
rapid access to vaccines during public health emergencies while maintaining stringent safety

and efficacy standards [22].

National regulatory authorities retain primary responsibility for vaccine approval and oversight
within their territories, implementing international and regional guidance within country-
specific legal and administrative frameworks. The FDA's Center for Biologics Evaluation and
Research (CBER) exemplifies a mature national regulatory authority with comprehensive
capabilities spanning preclinical review, clinical trial oversight, manufacturing inspection, and
post-market surveillance [23]. In contrast, many developing countries possess limited
regulatory capacity and rely heavily on WHO prequalification or reference regulatory
authorities for approval decisions [24]. This global heterogeneity in regulatory capacity
presents significant challenges for vaccine manufacturers seeking to ensure equitable access

across diverse markets while navigating varying regulatory requirements [25].
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DRUG PROFILE
Overview of Vaccine Classifications
Vaccines represent a unique category of biological products designed to stimulate the immune
system and provide protection against infectious diseases. Unlike conventional
pharmaceuticals that treat existing conditions, vaccines function as prophylactic agents
administered to healthy individuals to prevent future disease occurrence. The fundamental
mechanism underlying all vaccines involves presenting antigenic material to the immune
system in a manner that elicits protective immunity without causing the disease itself. This
prophylactic nature distinguishes vaccines from therapeutic drugs and necessitates distinct

regulatory considerations, particularly regarding safety standards and risk-benefit assessments.

Vaccines can be broadly classified into several major categories based on their composition
and manufacturing methodology. Live-attenuated vaccines contain weakened forms of the
pathogen that retain the ability to replicate within the host but have lost their disease-causing
capability through laboratory adaptation or genetic modification. These vaccines typically elicit
robust and durable immune responses that closely mimic natural infection, often providing
lifelong protection after a limited number of doses. Examples include the measles-mumps-
rubella vaccine, varicella vaccine, and yellow fever vaccine. However, live-attenuated vaccines
carry theoretical risks of reversion to virulence or causing disease in immunocompromised

individuals, requiring careful monitoring and contraindications in certain populations.

Inactivated vaccines contain pathogens that have been killed through chemical or physical
treatment, rendering them incapable of replication while preserving immunogenic epitopes.
These vaccines generally require multiple doses and booster immunizations to achieve and
maintain protective immunity, as the immune response tends to be less robust than that elicited
by live-attenuated vaccines. Inactivated vaccines offer superior safety profiles compared to live
vaccines, particularly for immunocompromised individuals, but may require adjuvants to
enhance immunogenicity. The inactivated polio vaccine, hepatitis A vaccine, and rabies vaccine

exemplify this category.

Subunit vaccines represent a more refined approach, containing only specific antigenic
components of the pathogen rather than whole organisms. These vaccines may consist of
purified proteins, polysaccharides, or conjugated polysaccharide-protein complexes designed

to elicit antibody responses against critical virulence factors. Subunit vaccines offer excellent
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safety profiles due to the absence of replicating organisms or unnecessary pathogen
components, though they typically require adjuvants and multiple doses to achieve adequate
immunogenicity. The hepatitis B vaccine, human papillomavirus vaccine, and pneumococcal

conjugate vaccines represent successful applications of subunit vaccine technology.

Novel Vaccine Platforms and Technologies

Recent advances in molecular biology and immunology have enabled development of
innovative vaccine platforms that expand the repertoire of available approaches. Viral vector
vaccines employ modified viruses as delivery vehicles to introduce genetic material encoding
pathogen antigens into host cells, where the antigens are expressed and presented to the
immune system. These vectors can be replication-competent or replication-defective, with each
approach offering distinct advantages regarding immunogenicity and safety. Adenoviral
vectors, modified vaccinia Ankara, and vesicular stomatitis virus represent commonly
employed viral vector systems that have been applied to vaccine development against various

infectious diseases.

Nucleic acid vaccines, including DNA and messenger RNA platforms, represent revolutionary
approaches that deliver genetic instructions for antigen production directly to host cells. DNA
vaccines consist of plasmid DNA encoding pathogen antigens, which is taken up by cells and
transcribed to produce the antigen locally. While DNA vaccines have demonstrated promise in
veterinary applications, their immunogenicity in humans has generally been modest, requiring
electroporation or other enhancement strategies to achieve adequate responses. In contrast,
mRNA vaccines have emerged as highly effective platforms, particularly following their
successful deployment against COVID-19. These vaccines encapsulate modified mRNA
encoding viral antigens within lipid nanoparticles, enabling efficient cellular uptake and

transient expression of the antigen without genomic integration.

Virus-like particle vaccines represent another innovative approach, consisting of self-
assembling protein structures that mimic the architecture of viruses but lack genetic material
and thus cannot replicate. These particles present antigens in their native conformational state
and in repetitive arrays that potently stimulate B-cell responses. The hepatitis B vaccine and
human papillomavirus vaccines utilize virus-like particle technology, demonstrating the

effectiveness of this approach in eliciting protective antibody responses. The structural stability
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and safety profile of virus-like particles make them attractive platforms for vaccine

development.

Adjuvant technology has advanced substantially, moving beyond traditional aluminum salts to
include novel immunostimulatory compounds that enhance and shape immune responses.
Modern adjuvants may contain toll-like receptor agonists, oil-in-water emulsions, saponin
derivatives, or combinations of immunostimulatory molecules designed to activate specific
innate immune pathways. These adjuvants can enhance antibody titers, promote T-cell
responses, enable dose-sparing, and potentially extend protection duration. The inclusion of
adjuvants in vaccine formulations requires careful evaluation of both enhanced

immunogenicity and potential increases in reactogenicity.
Vaccine Components and Formulation Characteristics

Vaccine formulations contain multiple components beyond the active immunogenic ingredient,
each serving specific functional roles in maintaining product stability, enhancing
immunogenicity, or ensuring patient safety. Understanding these components and their
rationale is essential for comprehensive vaccine characterization and regulatory assessment.
The antigenic component represents the active ingredient responsible for eliciting the
protective immune response and may consist of whole organisms, purified proteins,

polysaccharides, nucleic acids, or recombinant antigens depending on the vaccine type.

Adjuvants are incorporated into many vaccine formulations to enhance, accelerate, or prolong
immune responses to the antigenic component. Aluminum salts, including aluminum
hydroxide, aluminum phosphate, and aluminum potassium sulfate, remain the most widely
used adjuvants despite decades of use. These aluminum-based adjuvants form depot effects at
injection sites, activate innate immune pathways, and promote antibody production, though
their mechanisms of action are not fully elucidated. Newer adjuvants such as ASO1, AS03,
AS04, and MF59 incorporate additional immunostimulatory molecules or emulsion systems
designed to activate specific immune pathways and generate more robust or appropriately

polarized immune responses.

Preservatives may be included in multi-dose vaccine vials to prevent microbial contamination
following initial puncture of the container. Thimerosal, an organomercury compound, has been
the most commonly employed preservative in vaccines, though its use has declined in many

countries due to theoretical concerns regarding mercury exposure despite extensive evidence
90



History of Medicine, 2026, 12(1): 84-101
DOI: 10.48047/HM. V12.11.2026.84-101
supporting its safety at the concentrations used in vaccines. Alternative preservatives such as
2-phenoxyethanol are employed in some formulations. Single-dose presentations eliminate the
need for preservatives but increase packaging complexity and cost.
AIM AND OBJECTIVE

Primary Aim
The primary aim of this thesis is to conduct a comprehensive analysis of the regulatory

requirements governing vaccine development and approval across major global jurisdictions,
with particular emphasis on understanding the scientific, legal, and public health frameworks
that ensure vaccine safety, efficacy, and quality. This research seeks to provide an integrated
examination of the entire regulatory lifecycle from preclinical development through post-
market surveillance, identifying key regulatory principles, procedural requirements, and
decision-making criteria that shape vaccine availability and public confidence in immunization

programs.

This study aims to elucidate the complex interplay between scientific evidence generation,
regulatory assessment processes, and public health imperatives that collectively determine
whether vaccine candidates progress from laboratory concepts to widely deployed preventive
interventions. By systematically analyzing regulatory requirements across different
development phases and jurisdictions, this research endeavors to create a comprehensive
resource for stakeholders including regulatory scientists, vaccine developers, public health

officials, and policy makers who navigate the intricate landscape of vaccine regulation.

Furthermore, this thesis aims to examine how regulatory frameworks have evolved in response
to scientific advances, public health challenges, and historical safety incidents, providing
context for understanding current requirements and anticipating future adaptations. The
analysis will consider both traditional vaccine platforms and emerging technologies, exploring
how regulatory authorities adapt established frameworks to address novel modalities while

maintaining rigorous safety and efficacy standards.
Specific Objectives
Objective One: Comprehensive Documentation of Regulatory Requirements

The first objective is to systematically document and analyze the regulatory requirements

governing each phase of vaccine development across major regulatory authorities including the

United States Food and Drug Administration, European Medicines Agency, and World Health
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Organization prequalification pathway. This documentation will encompass preclinical
requirements including animal model selection, toxicology study designs, and challenge study
protocols; clinical development requirements spanning Phase I through Phase III trials
including participant selection criteria, safety monitoring protocols, and efficacy endpoint
specifications; and chemistry, manufacturing, and controls requirements governing production

facility standards, process validation, quality control testing, and lot release procedures.

This objective will produce detailed comparative analyses identifying areas of harmonization
where regulatory requirements align across jurisdictions, as well as persistent differences
reflecting varying risk tolerance, public health priorities, or historical regulatory traditions. The
analysis will examine both the explicit requirements specified in regulatory guidance
documents and the implicit expectations that emerge through regulatory precedent and
application review practices. By creating a comprehensive mapping of regulatory
requirements, this research will enable stakeholders to understand the full scope of evidence

and documentation necessary to support vaccine approval applications.
PLAN OF WORK
Research Methodology and Approach

This research will employ a comprehensive mixed-methods approach combining systematic
literature review, comparative regulatory analysis, case study examination, and expert
consultation to achieve the stated objectives. The methodology is designed to provide both
breadth and depth in understanding vaccine regulatory requirements across jurisdictions and

development phases.

The systematic literature review will encompass regulatory guidance documents, scientific
publications, policy analyses, and historical accounts of vaccine development and regulation.
Primary sources will include official guidance documents published by the FDA, EMA, and
WHO; regulatory submission templates and requirements; scientific literature addressing
vaccine development, clinical trial design, and regulatory science; and policy documents
addressing regulatory harmonization and global access. Secondary sources will include expert
commentary, historical analyses of regulatory evolution, and stakeholder perspectives on
regulatory processes. A structured search strategy will be employed using relevant databases

including PubMed, regulatory agency websites, and specialized regulatory science resources.
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Comparative regulatory analysis will systematically examine requirements across major
jurisdictions, creating detailed matrices comparing preclinical requirements, clinical trial
design expectations, manufacturing standards, and post-market surveillance obligations. This
analysis will identify areas of harmonization where requirements align across jurisdictions as
well as significant differences reflecting varied regulatory philosophies or public health
priorities. The comparison will extend beyond explicit written requirements to consider
practical implementation through examination of regulatory precedent and application review

outcomes.
Timeline and Milestones

The research will be conducted over a period of eighteen months, organized into distinct phases

with defined milestones ensuring systematic progress toward completion.

Phase One: Literature Review and Framework Development (Months 1-4) - This initial
phase will involve comprehensive literature review, development of analytical frameworks for
comparative analysis, and identification of case studies for detailed examination. Key
milestones include completion of systematic literature search, creation of comparative
regulatory matrices, and selection of representative vaccine development programs for case

study analysis.

Phase Two: Comparative Regulatory Analysis (Months 5-9) - The second phase will focus
on detailed comparative analysis of regulatory requirements across jurisdictions and
development phases. This phase will produce comprehensive documentation of preclinical
requirements, clinical development standards, manufacturing and quality control expectations,
and approval processes. Milestones include completion of preclinical requirement analysis,

clinical trial design requirement documentation, and manufacturing standards comparison.

Phase Three: Case Study Analysis and Expert Consultation (Months 10-13) - The third
phase will involve detailed examination of selected vaccine development case studies
illustrating regulatory processes in practice, supplemented by expert interviews with regulatory
scientists, vaccine developers, and public health officials. Milestones include completion of
case study analyses for traditional and novel vaccine platforms, and completion of expert

consultation interviews.
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Phase Four: Synthesis and Manuscript Preparation (Months 14-18) - The final phase will
synthesize findings across all analytical components, identify key themes and conclusions, and
prepare the thesis manuscript. This phase includes analysis of global harmonization challenges,
evaluation of accelerated pathways, assessment of post-market surveillance systems, and
preparation of recommendations for regulatory policy and practice. Key milestones include

completion of data synthesis, drafting of all thesis chapters, and final manuscript revision.

EXPERIMENTAL WORK AND RESULTS

Systematic Literature Review Outcomes

The systematic literature review encompassed comprehensive examination of regulatory
guidance documents, scientific publications, and policy analyses related to vaccine
development and approval processes. A structured search strategy was employed across
multiple databases including PubMed, Embase, regulatory agency repositories, and specialized
regulatory science databases. The search covered the period from 2000 to 2024, focusing on
contemporary regulatory frameworks while incorporating historical context where relevant to

understanding regulatory evolution.

The literature search yielded a total of 2,847 potentially relevant documents, which underwent
systematic screening based on predefined inclusion and exclusion criteria. After removing
duplicates and applying initial relevance screening, 1,236 documents proceeded to full-text
review. The final analytical corpus comprised 487 documents including 142 official regulatory
guidance documents, 218 peer-reviewed scientific publications, 73 policy analyses and
commentary pieces, 34 regulatory decision summaries, and 20 historical analyses of regulatory

development.

Table 6.1: Literature Review Results by Document Category

Document Category | Initial After Final Percentage of
Identification Screening Inclusion Final Corpus

Regulatory Guidance | 356 198 142 29.2%

Documents

Peer-Reviewed 1,842 524 218 44.8%

Publications
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Policy Analyses and | 389 142 73 15.0%

Commentary

Regulatory Decision | 156 67 34 7.0%

Summaries

Historical 104 38 20 4.1%

Regulatory Analyses

Total 2,847 969 487 100.0%
Screening funnel by category Final corpus composition
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Fig 6.1: Literature Review Results by Document Category

The thematic analysis of included documents identified seven major categories of regulatory

requirements addressed in the literature: preclinical development requirements, Phase I clinical

trial standards, Phase II optimization studies, Phase I1I pivotal trials, manufacturing and quality
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control, accelerated approval pathways, and post-market surveillance. Each category was

further subdivided into specific regulatory domains enabling detailed comparative analysis

across jurisdictions.
Comparative Regulatory Requirements Analysis

The comparative analysis examined regulatory requirements across three major regulatory
authorities: the United States Food and Drug Administration, the European Medicines Agency,
and the World Health Organization prequalification pathway. The analysis focused on
identifying both harmonized requirements where regulatory expectations align and areas of

divergence reflecting different regulatory philosophies or risk assessment frameworks.
Preclinical Development Requirements

The comparative analysis of preclinical requirements revealed substantial harmonization in
fundamental expectations regarding animal studies, toxicology assessments, and
immunogenicity characterization, with variations primarily in documentation formats and

review procedures rather than core scientific requirements.

Table 6.2: Comparative Preclinical Requirements Across Regulatory Authorities

Requirement FDA (CBER) | EMA WHO Harmonization
Domain Prequalification | Level
Animal Model | Required; Required; Required; High
Selection species scientific appropriate
rationale must | justification species selection

be provided needed

Immunogenicity | Minimum 2 | Minimum 1 | Minimum 1 | Moderate
Studies species; dose- | relevant appropriate

response species  with | species

evaluation rationale
General Repeat-dose Repeated Standard High
Toxicology toxicity in | administration | toxicology

relevant species | toxicity studies | battery
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Reproductive Required  for | Required per | Required for | High
Toxicology vaccines ICH guidelines | relevant

targeting populations

reproductive-

age populations
Challenge Recommended | Encouraged; Recommended Moderate
Studies when feasible; | not always | for efficacy

required for | mandatory prediction

some

indications
Biodistribution | Required  for | Required for | Required for new | High
Studies novel platforms | gene therapy- | technology

(e.g., mRNA, | based vaccines | platforms

viral vectors)
Integration Site | Required  for | Required for | Required for | High
Analysis integrating viral | DNA/RNA relevant

vectors vaccines with | platforms

integration
potential

Pharmacokinetic | Platform- Required for | Recommended Moderate
Studies dependent; systemically for new platforms

required for | distributed

novel components

technologies

The analysis revealed that while core scientific requirements show high harmonization,
procedural aspects including submission formats, interaction opportunities during preclinical
development, and timelines for regulatory feedback exhibit more variation across authorities.
The FDA provides more structured opportunities for early engagement through pre-IND
meetings, while the EMA offers scientific advice procedures that can be accessed at various

development stages.

CONCLUSION
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The comprehensive examination of regulatory requirements for vaccine development and
approval undertaken in this thesis reveals a global regulatory landscape that has achieved
substantial progress toward harmonization in technical standards while facing persistent
challenges in procedural coordination, capacity distribution, and adaptation to emerging
technologies. The research demonstrates that decades of international collaboration have
successfully aligned core scientific requirements, particularly in manufacturing quality
standards and clinical development fundamentals, enabling vaccine developers to conduct

global development programs within reasonably consistent regulatory frameworks.

The very high harmonization achieved in manufacturing standards, with convergence
exceeding ninety percent across major regulatory authorities, represents a signal achievement
demonstrating that international regulatory alignment is achievable when authorities commit
to collaborative standard-setting. This success provides a model for enhancing harmonization
in other domains currently exhibiting lower alignment, particularly post-market surveillance
where fragmented systems create inefficiencies in safety monitoring. The universal adoption
of pharmacopeial standards and ICH guidelines has facilitated global vaccine manufacturing
and distribution, reducing complexity and enabling consistent quality assurance across

markets.
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