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Vaccinology - defined

* |tis a multi-faceted field that encompasses a
range of disciplines

* Encompasses diverse issues relating to vaccine
development and immunization practices from
discovery to delivery — “from bench to bush”

* Vaccinology can best be understood as the
scientific and strategic discipline that guides the
development, evaluation and implementation of
vaccines to protect population health.



Overview

Vaccine introduction decisions require evidence from
many scientific fields.
These disciplines ensure that new vaccines are:

— Needed (epidemiology, biostatistics),

— Safe and effective (immunology, biotechnology),

— Economically viable (health economics),

— Impactful on mortality and inform policy choices
(mathematical modelling, )

— Deliverable and equitable (health systems, public health).

Integration enables rational prioritisation and optimal
implementation.



The essential disciplines underpinning vaccinology *

Immunology Biotechnology
Does the vaccine Can we make the
work in the body? vaccine safely and
at scale?
Public Health Epidemiology

Is the vaccine needed
and what impact will

Vaccine it have?

Decision
Health Systems Making Biostatistics

Can we deliver it

How do we maxim-
ise population ben-

What does the evidence

equitably and sustainab- really show?
Health Economics Mathematical Modelling
Is it affordable and the What will happen if we act

best use of resources? (or don't)?

* Note that the list of disciplines is not exhaustive



Epidemiology:
Defining the Need

e Quantifies disease burden and identifies
populations at risk.

* Tracks disease trends and outbreak potential.

* Guides which diseases are most urgent for
Intervention.

Example: High rotavirus morbidity in African infants
justified vaccine introduction.

Armah GE, Mingle JA, Dodoo AK, Antwi-Agyei KO, et al. Seasonality of rotavirus infection
in Ghana. Pediatr Infect Dis J. 1994;13(6):495-499.



Biostatistics:
Ensuring Reliable Evidence

Validates findings through statistical analysis of
surveillance and trials.

Provides precision (confidence intervals, p-values) for
policymakers.

Supports credible, data-driven prioritisation.

Example: Statistical evidence confirmed Hib vaccine
effectiveness, supporting rollout.

Cowgill KD, Ndiritu M, Nyiro et al. Effectiveness of Haemophilus influenzae type b Conjugate

vaccine introduction into routine childhood immunization in Kenya. JAMA. 2006 Aug
9,296(6):671-8



Biotechnology:
Enabling Safe and Feasible Products

* Develops and refines vaccine platforms (mRNA,
conjugates, viral vectors).

* Improves stability, delivery methods, and
manufacturing scalability.

* Ensures vaccine availability for low-resource settings.

Example: Conjugate technology made Hib and PCV
suitable for infants.

Madhi SA, Levine OS, Hajjeh R, Mansoor OD, Cherian T. Vaccines to prevent pneumonia and
improve child survival. Bull World Health Organ. 2008 May,;86(5):365-72.



Immunology:
Defining Optimal Schedules

* Determines immune correlates of protection.
* Establishes dosage and booster needs.

e Supports combined or simplified schedules to
increase coverage.

Example: Single dose HPV schedule optimised

adolescent coverage and cost.

Barnabas RV, Brown ER, Onono M, et al. Single-dose HPV vaccination efficacy in Kenya (KEN
SHE trial). NEJM Evidence. 2022;1(4).



Mathematical Modelling:
Predicting Impact

* Projects disease reduction and herd immunity
effects.

 Compares introduction timing and coverage
scenarios.

* Informs policy choices under resource
constraints.

Example: Modelling evidence for HPV rollout in
LMICs

Bruni L, Saura-Lazaro A, Montoliu A, et al. HPV vaccination rollout and equity.: modelling
evidence for Kenya and other LMICs. Vaccine. 2021;39(Suppl 1):A48-A55.



Health Economics:
Assessing Affordability and Value

e Calculates cost per DALY averted and long-term
savings.

* Assists in ranking vaccines by economic and
health impact.

e Supports sustainable financing and advocacy for
iInvestment.

Example: Economic models justified rotavirus
vaccine adoption in low-income countries.

Sinha A, Clark A, Cutts F. Cost-effectiveness of rotavirus vaccination in low-income countries.
Vaccine. 2009;27(Suppl 7):F61-F69.



Health Systems:
Ensuring Feasibility and Readiness

* Evaluates cold chain, logistics, and workforce
readiness.

* |dentifies system gaps before vaccine rollout.
* Supports phased and scalable introduction.

Example: Pneumococcal vaccine rollout guided by
health system readiness assessments.

Olayinka F, Ewald L, Steinglass R. Beyond new vaccine introduction: the uptake of pneumococcal
conjugate vaccine in the African Region. Pan Afr Med J. 2017 Jun 21;27(Suppl 3):3.



Public Health:
Ensuring Equity and Acceptance

* Promotes community engagement and public
trust.

* Focuses on equitable access and ethical rollout.
* Monitors uptake and manages misinformation.

Example: School-based strategies promote HPV
vaccine acceptance.

Ledibane TD, Ledibane NR, Matlala M. Performance of the school-based human papillomavirus
vaccine uptake in Tshwane, South Africa. S Afr J Infect Dis. 2023 Jan 31,;38(1):492.



Summary

* Vaccine decision making is not the product of a
single discipline, but the outcome of
a multidisciplinary ecosystem.

* Each field answers a different question—from
“Can we make it?” to “Will it work?” to “Should
we invest in it?” to “How do we deliver it?”

 Together, they ensure that vaccines are not only
scientifically effective, but also socially
acceptable, economically justified, and
operationally feasible.



Conclusion

* Each discipline contributes distinct but
complementary evidence.

* Integration ensures vaccines are scientifically

justified, economically viable, and socially
acceptable.

* This multidisciplinary approach drives effective

prioritisation and optimal introduction of new
vaccines.



