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ABSTRACT

The World Health Organization (WHO) proposed a set of criteria to be considered for the prioritization of
COVID-19 candidate vaccines for further development of phase II/Ill clinical trials, thinking in a target
audience that includes vaccine scientists, product developers, manufacturers, regulators, and funding
agencies. In this paper, a knowledge-based or rational strategy is employed to perform a prioritization
matrix of approved COVID-19 vaccines: BBIBP-CorV, JANSSEN, CORONAVAC, SPUTNIK V, MODERNA,
PFIZER, and VAXZEVRIA, based on those proposed criteria by WHO, related to safety, efficacy, stability,
implementation, and availability. We found that JANSSEN vaccine is the one with the highest score in the

ARTICLE HISTORY
Received 4 April 2021
Accepted 20 April 2021

KEYWORDS
SARS-CoV-2; COVID-19
vaccines; formal concept
analysis; vaccine
prioritization

present study, but our analysis suggests that the WHO criteria could be more useful if they are considered
separately, taking into account the social, demographic and economic characteristics of each country.

Introduction

Vaccines are a critical new tool in the battle against COVID-19
and it is hugely encouraging to see so many vaccines proving
successful and going into development. At least seven different
vaccines across three platforms have been rolled out in coun-
tries. At the same time, more than 200 additional vaccine
candidates are in development, of which more than 60 are in
clinical development, speeding up the development of safe and
effective vaccines against COVID-19."

Vulnerable populations in all countries are the highest priority
for vaccination, with this goal in mind, WHO led the development
of a Fair Allocation Framework that aims to ensure that successful
COVID-19 vaccines and treatments are shared equitably across all
countries.” This framework a key part of the Access to COVID-19
Tools (ACT) Accelerator, a global collaboration to accelerate
development, production, and equitable access to COVID-19
tests, treatments, and vaccines. The framework advises that as
safe and effective COVID-19 vaccines are authorized for use, all
countries should receive doses in proportion to their population
size to immunize the highest-priority groups.

Thinking in a target audience includes vaccine scientists,
product developers, manufacturers, regulators, and funding
agencies, WHO proposed a set of attributes and criteria to be
considered for the evaluation and prioritization of COVID-19
candidate vaccines for further development of phase II/III
clinical trials.” This study aims to perform a comparative ana-
lysis of approved COVID-19 vaccines: BBIBP-CorV,* Ad26.
COVS-S of JANSSEN,” CORONAVAC, SPUTNIK V,”*
MODERNA,” PFIZER," and VAXZEVRIA,'""* building
a hierarchical model of them, based on those proposed criteria
by WHO, related with safety, efficacy, stability, implementa-
tion, and availability. To meet the proposed objective, the
Formal Concept Analysis (FCA) is used;'® this is a method

for knowledge representation and information management
that is widely known among information scientists all around
the world because of its broad range of applications outside
mathematics like economics, industry, chemistry, linguistics
and environmental sciences among others."*"'

Briefly, Knowledge representation incorporates findings
from psychology'’ about how humans solve problems and
represent knowledge to design formalisms that will make com-
plex systems easier to design and build, it is grounded on an
understanding of human thinking based on concepts, which
according to the main philosophical tradition, are constituted
by its extension, comprising all the objects, in this case, the set
of WHO complemented criteria, which belong to the concept;
and its intension, including all the approved COVID-19 vac-
cines, which applies to all objects of the extension.

From the application of those criteria developed by WHO
and the use of a rational approach based on Formal Concept
Analysis (FCA), we found that JANSSEN vaccine is the one
with the highest score in the present study; but we consider that
the WHO criteria could be more useful if they are considered
separately, taking into account the socioeconomic characteris-
tics of each country, ignoring, if possible, political considera-
tions that are causing dangerous delays in vaccination
campaigns in various parts of the world.

Theoretical framework

The conceptual analysis of COVID-19 vaccines in phase 3
clinical trials was performed using the theoretical framework
of Formal Concept Analysis (FCA), a mathematical theory
oriented, in particular, at applications in knowledge represen-
tation, knowledge acquisition, and data analysis. Recently,
Burgos'® applied these analytic tools to study COVID-19
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Table 1. Context for the WHO prioritization criteria. For each criterion WHO proposed a numerical integer value, here placed under each criterion, which will be used to

construct the prioritization table for the approved vaccines.

CRITERIA VALUES BBIBP-CorV JANSSEN CORONAVAC SPUTNIK V MODERNA PFIZER VAXZEVRIA
Implementation 0d 0 1 0 0 0 0 0
15 points 0+ 14d 0 0 1 0 0 0 0
0+ 21d 1 0 0 1 0 1 0
0+ 28d 0 0 0 0 1 0 1
Stability -75C 0 0 0 0 0 1 0
10 points -20C 0 0 0 0 1 0 0
2-8C 1 1 1 1 0 0 1
Efficacy Eff 50-66% 0 1 1 0 0 0 1
25 points Eff +66-85% 1 0 0 0 0 0 0
Eff +85% 0 0 0 1 1 1 0
Availability 03-1bn 1 1 1 0 1 0 0
25 points +1-2bn 0 0 0 1 0 1 0
+2bn 0 1 0 0 0 0 1

vaccines in the phase III clinical-stage, where a detailed
description of the theoretical framework is provided.

Criteria for COVID-19 approved vaccines

To apply our theoretical framework, we must first construct the
Formal context'” for the WHO criteria for the vaccines con-

availability, and implementation, the last complemented with
cost by dose and also, giving a nominal value to each of them,
obtained from the literature.'*~**

Rational strategy by conceptual analysis

The rational strategy is based on a set-theoretical model for

sidered (Table 1). The 5 criteria are safety, stability, efficacy, conceptual hierarchies. This model mathematizes the
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Figure 1. Concept lattices of WHO prioritization criteria for COVID-19 vaccines. Insert (a) corresponds to efficacy criterion highlighting MODERNA, PFIZER and SPUTNIK
V vaccines. Insert (b) corresponds to stability criterion highlighting VAXZEVRIA of AstraZeneca, JANSSEN, CORONAVAC, BBIBP-CorV and SPUTNIK V. Insert (c) corresponds
to implementation profile standing out JENSSEN vaccine. Finally, insert (d) corresponds to availability highlighting ASTRAZENECA and JANSSEN vaccines.
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Table 2. Prioritization matrix. the qualification or punctuation for each criterion was assigned according to what was proposed by WHO. We give the highest score to
those vaccines that meet the criteria in an optimal way and lower scores are given, according to the values for each criterion, on a scale of 5, thus for the implementation
criterion, 15 points are assigned to JANSSEN, it is applied in a single dose, followed by CORONAVAC with 10 points, due to its dosage of 0 + 14 days. The other vaccines,

which are applied under a dosage of 0 + 21 days, are scored with 5 points.

APPROVED VACCINES
CRITERIA BBIBP-CorV JANSSEN CORONAVAC SPUTNIK V MODERNA PFIZER VAXZEVRIA
Safety profile 25 25 25 25 25 25 25
Potential for efficacy 20 15 15 25 25 25 15
Vaccine stability 10 10 10 10 5 5 10
Vaccine implementation 5 15 10 5 5 5 5
Vaccine availability 15 25 15 15 15 20 25
OVERALL SCORE 75 90 75 80 75 80 80

philosophical understanding of a concept, in this case, one of
the WHO criteria, as a unit of thoughts consisting of two parts:
the extension and the intension (comprehension). The exten-
sion covers all objects (criteria), while the intension comprises
all the approved vaccines sharing all the criteria under con-
sideration, which is denoted by a “1” in Table 1, defining
a binary relation between the sets of criteria and vaccines,
and creating the Formal Context for WHO prioritization
criteria.

Once elaborated the Formal context, we proceed to con-
struct the Concept lattices for each criterion (Figure 1). Those
vaccines who meet the criteria in the lattice were scored with
the highest rate and using 5-point scales, values are assigned to
vaccines that do not meet the criteria. Finally, a prioritization
matrix (Table 2) is constructed when all the values were con-
signed and an overall score can be assigned to each vaccine.

Results and discussion

By WHO guide, the first criteria are safety. Taking into account
the reported results of the 7 vaccines, we can conclude that all
of them are safe, so we can assign the maximal punctuation, 25
points, to each vaccine. This is a very important issue because
any of these vaccines has been rigorously evaluated in extensive
clinical trials, whose results demonstrate a safety level where
the incidence of adverse reactions was limited in general, to
local and temporary symptoms.

However, recently some reports related to signals of blood
clots in people vaccinated with VAXZEVRIA causes some
concern about this vaccine, but EMA** declares after an extra-
ordinary committee held on 18 March 2021, that “the benefits
of the vaccine in combating the still widespread threat of
COVID-19 (which itself results in clotting problems and
maybe fatal) continue to outweigh the risk of side effects”
and that “the vaccine is not associated with an increase in the
overall risk of blood clots (thromboembolic events) in those
who receive it”. This case shows the need to implement
a unified global surveillance system for careful monitoring of
the adverse effects of COVID-19 vaccines around the world.

The efficacy concept (Figure 1(a)), defined as evidence that
the selected dose induces adequate immune responses in humans
that might, at least, confer an 85% protection against SARS-CoV
-2 infection in vaccinated individuals, contains three biologicals,
MODERNA, PFIZER, and SPUTNIK V vaccines. MODERNA
and PFIZER encompassing sub-concepts related to scalability
levels ranging between 1 and 2 bn doses for 2021 and stability

conditions of —20°C and —-80° C, respectively. Following WHO’s
criteria for prioritization of COVID-19 vaccine candidates, we
assign 25 points to each of these three vaccines. But it is impor-
tant to point out that all the considered vaccines induce protec-
tive neutralizing antibodies against SARS-CoV-2; however,
seems to be that more reactogenic vaccines'® led to a strong
immune status which could be useful to control the new variants
of the coronavirus, how the PFIZER vaccine is showing. Based
on our results, we suggest that the other two vaccines belonging
to this concept of higher efficacy could be considered to be used
in those countries where new variants of the virus are increasing.

Regarding stability (Figure 1(b)), having defined as opti-
mal storage temperature those between 2°C to 8°C, the
FCA analysis shows a set of 5 vaccines belonging to this
concept, VAXZEVRIA, JANSSEN, CORONAVAC, BBIBP-
CorV, and SPUTNIK V; thus, following WHO guidelines,
we assign 10 points to each of them. Taking into account
the implementation criterion (Figure 1(c)), FCA analysis
demonstrated that of this set of 7 approved vaccines, just
one, JANSSEN, meets the optimal value of 1 dose which
enables us to assign it 15 points. This stability concept
could be important for LMIC where usually there are no
facilities devoted to freezing conditions of —20°C and even
less —70°C, especially in remote regions.

Finally, regarding the availability criterion (Figure 1(d)) or the
capacity to scale up the production of the vaccines, VAXZEVRIA
and SPUTNIK meet the optimal criterium of a production capa-
city higher than 2 billion doses for 2021, thus we assign 25 points
to each of them. Currently, all pharmaceutical companies that
produce the vaccines considered in this study have expressed
their intention to expand their production capacity to meet the
growing demand for SARS-CoV-2 vaccines around the world, so
availability will be greater for all short-term approved vaccines.

As can be observed in the prioritization matrix (Table 2),
the overall score for the seven approved COVID-19 vaccines,
using the WHO criteria, led to a scale with JANSSEN vaccine in
the first place, followed by VAXZEVRIA, PFIZER, and
SPUTNIK V vaccines in second place, and in BBIBP-CorV,
CORONAVAC and MODERNA in third place. Moreover,
even when the overall score indicates that JANSSEN vaccine
is the one with the highest value in the present study, we
consider that the WHO criteria could be more useful if they
are considered separately, taking into account the socioeco-
nomic characteristics of each country, ignoring, if possible,
political considerations that are causing dangerous delays in
vaccination campaigns in various parts of the world.
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