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Abstract
Vaccines have been recognized as major and effective tools for the control and eventual elimination of
infectious diseases and cancer. This brief review examines vaccine classification and  development
pipeline as well as recent innovations driving the vaccine development process. Using COVID-19 as an
example recent innovation in vaccine development are highlighted. The review ends with a call for

intensified efforts to build vaccine production capacity in Cameroon and other other African countries.

Resumé
Les vaccins ont été reconnus comme des outils majeurs et efficaces pour le contréle et élimination
éventuelle des maladies infectieuses et du cancer. Cette breve revue examine la classification et le
pipeline de développement de vaccins ainsi que les innovations récentes a l'origine du processus de

développement de vaccins. En utilisant COVID-19 comme exemple, les innovations récentes dans le
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développement de vaccins sont mises en évidence.
La revue se termine par un appel a intensifier les
efforts pour renforcer les capacités de production
de vaccins au Cameroun et dans d’autres pays
africains.

Introduction

Vaccines have emerged as major tools for the
control of infectious diseases and cancer
(Plotkin,2003;Hussein,2015) Currently vaccines
are known to save at least 2-3 million lives
annually worldwide. The eradication of small pox
in 1980 and the recent elimination of polio in
2020 are monumental landmark achievements
attributed to vaccines in the history of Medicine.
(Razum et al, 2019).

However, endemic diseases such as malaria, HIV/
AIDS and cancer still do not have effective and
safe vaccines. Through concerted international
efforts across the globe vaccines against the
COVID-19 pandemic, which were in the
advanced stages of development in 2020 have
been approved are in the process of being
deployed as from January 2021 (WHO, 2021).
Predictably, the countries that developed the
COVID-19 vaccines (China, United Kingdom,
Russia and United States of America) are being
served first followed by the rich countries of
Europe with the vast majority of developing
countries, waiting impatiently to receive the
COVID-19 vaccines through bilateral agreements
and/or through the WHO/COVAX platforms.
(WHO, 2021).

By all accounts the development of COVID-19
vaccines took about a year as compared to the
10 or more years that it usually takes to develop
a vaccine. These extraordinary advances have

been attributed, not only to the strides made in
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the science of vaccinology, but also to the
mobilisation of resources and the availability in
the public domain of crucial scientific
information, notably the genome sequence of
SARS-CoV-2 the causative agent of COVID-19
by Chinese scientists (Wang, et al ; 2020)
Advances in Recombinant DNA technology,
Immunology and Bioinformatics have
considerably accelerated vaccine development in
advanced countries, while the developing
countries are still lagging behind in these domains.
The need to build capacity to design, manufacture,
test and deploy vaccines is a priority in African

counttries.

This paper briefly examines some new approaches
to vaccine development and suggests some key
points in the adaptation of these approaches to
resource limited countries, including Cameroon.
Thus, sections that follow will briefly cover the
classification of vaccines, vaccine development
pipeline, new approaches to vaccine development,
COVID-19 Vaccines, a call for capacity building
for vaccine development and production in Africa.
Vaccine Classification. Vaccines can be
classified based on criteria such as structure/
platform, function, route of administration etc.
For the purpose of this article, we will focus on
classification based on biological/biochemical
structure and platform (Kaur and Gupta,2020)
Following this system, vaccines can be classified
into two main categories: whole pathogen
vaccines comprising of live attenuated vaccines
inactivated vaccines and sub-unit vaccines
composed of isolated components (molecules)
from the pathogen. The sub-unit vaccines are
composed of proteins, nucleic acids (DNA and
RNA), complex carbohydrates or combinations
of these (Table 1)
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Table 1.

Classification of Vaccines according to platform

Type Platforms

Examples of Vaccines

1.Whole pathogen
Vaccines

1.1 Live attenuated Vaccine
1.2 Killed Inactivated Vaccine

1.1Polio, Yellow Fever
1.2 BCG

2. Sub-Unit Vaccine | 2.1 Protein Antigen

2.2Carbohydrate Antigen

2.4 mRNA

2.3 DNA vectored vaccine

2.1 Hepatitis B Sutface antigen
2.2 Meningitis Vaccine
2.3 Oxford/Astra/
COVID-19 Vaccine

2.4 Pfizer/ BioNtech COVID-19
Moderna  COVID-19

Zaneca

Vaccine;

Vaccine

Each Type of vaccine has both its advantages
and limitations or disadvantages as discussed
extensively by (Kaur and Gupta, 2020). During
the past two decades the tendency has been to
move from whole pathogen vaccines to sub-unit
vaccines, because the latter are easier to
manufacture and standardize than the former. In
this regard a lot of attention has been placed on
protein sub-unit vaccines, which can be cloned,
expressed and purified to obtain sufficient
quantities for large scale distribution. The entire
process can be sophisticated requiring well-
equipped laboratories and state- of- the- art

factories.

In the early 1990’ it was shown that direct
injection of DNA coding for an antigen into the
skeletal muscles of could provoke an immune
response to the antigen concerned (Wang, et al,
2014). Similar experiments by Wolf et al (1990)
also showed that the messenger RNA transcript
of an antigen injected into the skeletal muscle
could induce both protective humoral and cellular
immune responses in the host. These seminal
observations laid the foundations for nucleic acid
sub-unit vaccines (Pardi et al; 2018)

Although a lot of work has been done on DNA
vaccines in experimental animals there have been

objections on ethical grounds for the use of DNA
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vaccines in humans (KAUR and Gupta,2020).
However, these objections are being circumvented
by engineering the genes coding for the relevant
protein antigen into a harmless virus (eg
Chimpanzee Adenovirus) and using the
recombinant construct as the vaccine (Sayedamed
et al 2020)

History will retain that in the year 2020, the first

mRNA vaccines were tested on a large scale in
humans and shown to be both efficacious and safe,
thereby opening the way for their use in 2021 to
stem off the devastation caused by the COVID-
19 pandemic (WHO, 2021; CDC ;2021).
Thus, all three biomolecules involved in the
Molecular Biology Dogma, which states that
genetic information flows from DNA through
RNA to proteins ie:

(DNA-2>RNA-->Proteins)
can be employed as sub-unit vaccines. The detailed
mechanisms on how sub-unit vaccines work has
been reviewed extensively (KKaur and Gupta, 2020;
Tahir ul Qamar e a/, 2020) and fall out of the

scope of this mini review.

The Vaccine Development Pipeline.
Vaccine/ drug development proceeds in five
distinct stages namely, Discovery; Non-Clinical
Studies; Clinical Trials, Registration; Marketing
and Pharmaco-vigilance (WHO, 2001).
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(Table2) Drug /Vaccine Discovery pipeline

STAGE | NAME QUALITY STANDARDS LEGAL
STATUS
I DISCOVERY Quality Standards in Basic Biomedical Research (QSBR) Non-regulated
11 NON-CLINICAL | Good Laboratory Practice (GLP) Regulated
STUDIES Good Manufacturing Practice (GMP) in later stages
111 CLINICAL Good Clinical Practice (GCP) Regulated
Good manufacturing Practice (GMP)
v REGISTRATION | The Regulatory authority reviews data from the stage II before | Regulated
authorising stage II; data from stage III before authorising stage IV
Y% DISTRIBUTION/ | Good Clinical Practice (GCP) Regulated
MARKETING/
PHARMACO-
VIGILANCE

The first two stages are not regulated, whilst the
remaining three are. However, Good Practice
principles (QSBMS; GLP, GCP, GMP) apply to
the respective stages. Normally this process takes
about 10 years, but in extreme cases this can be
accelerated without compromising on safety and
efficacy.

COVID-19 Vaccines: More than 100 COVID-
19 vaccines were under development in
(November 2020 when CAS held its Symposium)
with perhaps a dozen of them in advanced stage
III clinical trials. COVID 19 vaccines fall in the
four of the five categories described above (Table

1). In mid- 2020, the Chinese Russian
governments announced the registration of
COVID-19 vaccines, which were initially not
available outside the respective countries, but
which have subsequently been made available to
other countries. The US authorised the use of
three vaccines in less than three months, namely
the Pfizer BioNTech, Moderna and Johnson &
Johnson COVID-19 Vaccines. The UK developed
the Oxford/Astra Zeneca vaccine shortly after
the registration of the Pfizer and Moderna

vaccines (Table 3)

Table 3. World Health Organization (WHO)-approved COVID-19 vaccines

No. | Name Description/ Country of Origin
Platform

1. Moderna Messenger RNA USA
mRNA-1273

2. Pfeizer BioNtech Messenger RNA USA with Germany
BNT162B2

3. Janssen (Johnson Adenovirus USA
& Johnson) (non-replicating viral vector)
Ad26CoV2.S

4. Oxford/ ASTRA/ Non-replicating viral vector | UK with Sweden
Zeneca
AZD1222

5. Serum Institute of India Non-replicating Viral Vector | UK/India
Covisheld (Astra Zeneca Formulation)

6 Sinopharm (Beijing) Inactivated virus China
BB1Bp-CorV

7. Sinovac Inactivated virus China
(Corona Vac)

Source: https:

covid19.trackvaccine.org/agency/who/. Accessed 6 August 2021
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As pointed out above, the rapid development of
these vaccines and many others in the pipeline
has been aided by the publication of SARS-CoV-
2 genome by the Chinese Government barely 2
months after the emergence of the COVID-19
pandemic. The main challenges faced by
developing countries is, not only the eventual
availability of the vaccines, but also vaccine
hesitancy fuelled by social media disinformation
(Dinga et al, 2021). Solutions to these challenges
include building indigenous capacity in the
developing countries to manufacture and verify
the vaccines for safety and efficacy as well as
strengthening international collaboration to
facilitate access to available vaccines. Obviously,
the timing of these actions will depend on the
local context in each country, which is why we
cannot be prescriptive. This not withstanding we
cannot simply set aside the experiences of other
countries but examine them to avoid pitfalls and

learn from good practices.

Innovative Vaccine design and delivery:
Innovative design approaches include the use
reverse vaccinology, targeting multiple rather than
one target, use of nano-particles to deliver
vaccines; creating therapeutic vaccines and ring
vaccination. Brief explanations of these
approaches follow in the next sections where

references are given to more elaborate treatments.

Reverse vaccinology as the name implies short-
circuits the traditional vaccine discovery process
by starting with the whole genome sequence to
predict potential vaccine candidates followed by
molecular cloning, expression, purification and
immunogenicity testing (Rappuoli;2000; Tahir ul
Qamar,2020). The crucial step of vaccine
discovery starts not with the pathogen as is
traditionally done but with genome information
which is analysed iz silico using a variety of
software. The new disciplines of Bioinformatics,

Computational Biology facilitate candidate
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vaccine discovery and characterization once the

genome information is available (Ong et al,2021)

From Univariate to multivariate sub-unit vaccines. A
vaccine candidate target can be defined as
structural unit in the pathogen, which when
blocked by an immune effector mechanism
neutralises the pathogen or the pathogens
pathogenic effects. Thus, a vaccine target can be
a protein, a complex polysaccharide, lipoprotein,
or an epitope (i.e., a small part of the larger antigen
capable of eliciting an immune response).
According to a what I have described as the Hz/
of Achilles Hypothesis, it was thought that in the
pathogen there existed a single target, a weak spot,
crucial for the pathogen’s survival, which if
blocked would compromise and eventually
eliminate the pathogen. As indicated elsewhere
(Titanji et al,2017 and 2020) this hypothesis may
work well for simple organisms with a well
conserved vaccine target, but it may not be valid
for parasites which typically have multiple stages
in their life cycles or for some viruses which mutate
frequently. Vaccine designers are turning more
often to multivariate rather than univariate
vaccines to cope with the challenges of frequent
mutations and diversity of host responses to
specific antigen (De Souza and Doolan , 2016;
Titanji et al, 2017).

The use of nanoparticles in vaccine design.

Another significant innovation in the field of
vaccinology is the wuse of nanoparticles for vaccine
packaging and delivery (Kheirollhpour, et al,2020).
Nanoparticles are materials with the dimensions
of 1-100 nanometers, one nano meter being equal
to one -billionth of a meter. These particles, which
are composed of a few hundred atoms have
unique physico-chemical properties and have
found applications in wide range of fields
including engineering, pharmaceutical industry,

new materials and vaccinology.
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The designers of the successful mRNA vaccines
Pfeizer/BioNTech and Moderna have taken
advantage of nanotechnology and their successes
are likely to lead other vaccine designers to use

the same approaches.

Therapentic vaccines.

The concept of therapeutic vaccines once viewed
with skepticism is now gaining traction thanks to
advances in vaccine science (Ngu et al,1979;
Melero,2014). While classical vaccines are
preventive in that they prime and prepare the host
to fight the pathogen in a subsequent infection;
therapeutic vaccines are curative and act by
stimulating the host immune system to attack on
ongoing disease like a drug. The concept of
therapeutic vaccination should not be confused
with the passive transfer of acquired immunity,
which is the use of convalescent plasma for the
treatment of COVID-19. Whereas pooled
convalescent plasma from one group of donors
can be used on a different group of patients, a
therapeutic vaccine is individualized ie developed
for each patient’s leucocytes in vitro and re-
injected into the same patient. In this way the
therapeutic vaccine is expected to short-circuit
the elaborate vaccine development pipeline
described above. However, it may be challenging
for mass treatments in resource poor
environments with inadequate supportive

infrastructure and personnel.

Ring Vaccination.

To stop the spread of COVID19 pandemic it has
been recommended that at least 70 % of the
population should be vaccinated in order to attain
herd immunity which will eventually eliminate the
virus from circulation. However, this is not
feasible in developing countries of Africa where
there is a paucity of vaccines and hesitancy is
effectively stalling vaccine uptake (Dinga et al,
2020). In such circumstances, ring vaccination

could be envisaged.
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Ring vaccination is indicated in situations where
the infection is localised and deadly. The patients
are isolated and any person likely to have come
in contact with a patient is quarantined and
vaccinated. In this way the infection is localised
and can be contained. This was the strategy used
to contain the recent Ebola outbreak in DR
Congo. Ring vaccination, however, requires
efficient and wide scale testing, patient-tracing
capacity and greater acceptance of vaccines by
the target

Seiden,2018).

population (Deen and von

The Urgent Need to develop and Produce required
Vaccines.

The ongoing COVID19 has highlighted the need
for developing countries in general and African
countries in particular to set up and produce as a
priority the vaccines the need to fight the COVID
pandemic, and ultimately the lifesaving vaccines
such as are mentioned in the WHO Expanded
Program for Immunization (EPI). The vaccine
development process is highly complicated and
various countries of Africa will have different
needs should they wish to set up for vaccine
production. Currently a few countries (South
Africa, Senegal, Morocco, Nigeria, Kenya have
the capacity to produce vaccines (Otto,2021). The
current thinking is favour of a pan-African
approach facilitated by the African Union to set
up COVID vaccine production facilities in Africa
with the collaboration of international overseas
partners. South Africa is reported to be in
negotiations to produce the Oxford/AstraZeneca
Covid vaccine locally, while Morocco is reported
to poised to produce the Chinese Sinopharm
COVID 19 vaccine in the respective African
counties. While such initiatives might be
approptiate as a short-term measure to curb the
ongoing pandemic, they do not absolve African
countries collectively and individually from
building the capacity to produce essential

vaccines and drugs in Africa.
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The Cameroon Academy of Sciences has made
recommendations to the Government on the need
to strengthen laboratories in the country in the

crucial domains of drug and vaccine production.

Conclusion. There is an urgent need to develop
the capacity to carry out all the stages of the
vaccine pipeline locally. The Cameroon Academy
of Sciences has recommended the creation of
Levels 3 and 4 containment laboratories and
training of personnel to work safely with
infectious agents such as SARS-CoV-2 as well as
to verify the safety and efficacy of imported

vaccines and drugs.
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