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SPECIAL COMMUNICATION

Biological composition, efficacy and primary efficacy endpoint of
SARS-CoV-2 vaccines: A special communication

Imran Ishaque?, Muhammad Muhib2, Omer Bin Khalid Jamil3

Abstract

Severe acute respiratory syndrome coronavirus 2 was first
reported in Wuhan, China, in late December 2019 and
rapidly spread out globally, affecting 130 million
individuals and starting a global pandemic. An efficacious
vaccine is considered an essential tool to reduce mortality
and morbidity rate related to the pandemic. Nine different
vaccine candidates announced the efficacy results of their
respective phase 3 trial testing up till January 2021. By the
end of June 2021, the administration of seven different
vaccines started under the supervision of the World Health
Organisation. The current article was planned to discuss the
biological composition, efficacy and primary efficacy
endpoint described in literature, and to identify the factors
that could affect vaccine efficacy and vaccine coverage.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was first reported from Wuhan City, China, in
December 2019. The global outbreak affected 130 million
individuals and was declared a pandemic.! This outbreak
resulted in thousands of lives lost, profound increase in the
burden on hospitals, a state of paralysing fear amongst
individuals, and a resulting decline in the global economy.
Efforts to contain and eradicate the virus lead to vaccine
development, which would be effective enough to render
some resistance to its lethal outcomes.

More than 200 SARS-CoV-2 vaccine candidates are under
way in various stages of development and nine different
SARS-CoV-2 vaccine candidates announced the interim
analysis of the safety and efficacy of their vaccines from
phase 3 trial testing till January, 2021.2 By the end of June
2021, the World Health Organization (WHO) had approved
seven vaccines under Emergency Use Listing (EUL) section

1Department of Anatomy, United Medical and Dental Collage, Jinnah Sindh
Medical University, Karachi, Pakistan; 23rd Year MBBS Student, United Medical
and Dental College, Karachi, Pakistan; 3Department of Surgery, United Medical
and Dental Collage, Karachi, Pakistan.

Correspondence: Muhammad Muhib. e-mail: muhibshah19@gmail.com

Vol. 72, No. 11, November 2022

to manage the rapid spread of the pandemic.3 In its target
product profile for the SARS-CoV-2 vaccine, the WHO
postulated that at least a minimum proportion of 50%
efficacy (on the population basis) was required for any
acceptable SARS-CoV-2 vaccine.4 The development of an
effective vaccine encouraged vaccine candidates to utilise
several vaccine platforms and methods that aid in attaining
the highest possible efficacy.> However, overall vaccine
effectiveness does not merely depend on its efficacy as it
represents the vaccine’s performance in an ideal controlled
clinical trial. The overall vaccine effectiveness represents a
decrease in the transmission rate of infection among
individuals in a vaccinated population at a particular
coverage rate compared to those of a non-vaccinated
population.6 Thus, overall vaccine effectiveness is the
product of both efficacy and vaccine coverage. As in the
case of the SARS-CoV-2, the computational model study,
simulating the spread of SARS-CoV-2 and its vaccination,
revealed that a successful vaccine should possess an
efficacy of at least 80% with 75% vaccine coverage. Only
then other precautionary measures, like social distancing,
face mask, etc,, can be lifted. If vaccine efficacy is lowered
to 60%, the coverage rate had to be at least 100% for
eradicating SARS-CoV-2, and vice versa.” Therefore, both
these variables have importance in determining the rate of
eradiation of infection by a particular vaccine in a given
population.

The current special communication was planned to discuss
and explore biological composition, efficacy and definition
of primary efficacy endpoint described in the available
literature of the current SARS-CoV-2 vaccines, and to
discuss the factors that can influence the efficacy and
coverage rate of the available vaccines.

Current SARS-Cov-2 Vaccines

At present, the SARS-COV-2 vaccines can be classified
according to their biological composition into four
categories: Ribonucleic acid (RNA) vaccine (Pfizer,
Moderna), viral vector vaccine (AstraZeneca, Sputnik V,
Johnson & Johnson's Janssen), inactivated vaccine
(Sinopharm, Sinovec, CanSinoBio vaccine), and the protein-
based vaccine (Novavax).8 Each of the vaccines possesses
different efficacy against SARS-COV-2. All vaccines contain
full-length spike glycoprotein of SARS-CoV-2 or its
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Table-1: Biological composition of SARS-CoV-2 vaccines.3/9-16

1. Ishaque, M. Muhib, 0.B.K. Jamil

Manufacturing

Name of the Vaccine

Vaccine platform

TARGET MOLECULE

Date of approval for

Myriad Pro Cond (epitope) OFSARS-CoV-2 emergency use listing
Pfizer/BioNTech BNT162b2 mRNA (nucleoside- prefusion stabilized SARS- 31-Dec-20

modified RNA) CoV-2 full-length spike glycoprotein
Johnson & Johnson’s Ad26.C0V2.S human adenovirus prefusion stabilized SARS- 2-Mar-21
Janssen vaccines type 26 (Ad26) CoV-2 full-length spike glycoprotein
AstraZeneca &Covishield. ChAdOx1 nCoV-19 adenoviral vector ChAdOx1 Spike glycoprotein antigen 15-Feb-21

of the SARS-CoV-2

Moderna mRNA-1273 mRNA (nucleoside- prefusion-stabilized spike 30-Apr-21

modified RNA) covid-19 glycoprotein
Gamaleya national center Sputnik v (Gam-COVID-Vac) recombinant replication- SARS-CoV-2 full-length not approved for EUL
of epidemiology and deficient adenovirus type spike glycoprotein
microbiology 26 (rAd26) and type 5 (rAd5)
Sinopharm/BIBP Sinopharm Vero cell vaccine contain inactivated SARS-CoV-2 virus 7-May-21
Sinovec Sinovec (CoronaVac) Vero cell vaccine contain inactivated SARS-CoV-2 virus 1-Jun-21
Novavax NVX-CoV2373 1273 amino acid recombinant prefusion stabilized SARS-CoV-2 not approved for EUL

protein + matrix M

full-length spike glycoprotein

encoding gene (Table-1). Pfizer and Moderna vaccines
contain lipid messenger ribonucleic acid nanoparticle-
encapsulated (mRNA-LNP) platform encoding with the
receptor-binding domain (RBD) of SARS-CoV-2 (antigen).
The mRNA vaccine technology emerged as an
instantaneous and versatile platform to respond rapidly to
this situation because of its ability to stimulate both the
robust neutralising antibodies immunoglobulin g (IgG) and
a T Helper Cell Type 1 (Th1)-based cellular immune
response against SARS-CoV-2.5 As a result of mRNA
technology, the outcome efficacy of these vaccines (Pfizer
and Moderna) is more prominent than the other vaccines.

The platform of AstraZeneca, SputnikV, Johnson & Johnson
vaccines is based on a different strains of recombinant,
replication-deficient adenovirus type (rAd) vectors.3.9-16
However, AstraZeneca uses the chimpanzee type
adenoviral (adCs) vector rather than human type
adenovirus (adHus). The study showed that because of
non-reactivity of adCs vector to pre-existing adHus-
neutralising antibodies, adCs vector vaccines are capable
of eliciting a strong immune response in animals
preimmune to adHus.’® Sinovac and Sinopharm
traditionally are vero cell vaccine containing inactivated
(killed) SARS-CoV-2 virion. Novavax vaccine is a
recombinant protein nanoparticle encoded with a genetic
sequence of SARS-CoV-2 spike protein accompanied with
saponin-based Matrix-M that helps in enhancing immune
response and stimulating a high level of antibody titers.1”
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Vaccine Efficacy and Efficacy Endpoint

Efficacy of a vaccine is assessed on the basis of the
definition of efficacy endpoint, which allows the
comparison between vaccine candidates and within
differing populations, and to evaluate the frequency of
disease between vaccinated participant and control group
in randomised control trial (RCT).18 The primary efficacy
endpointin a clinical trial is defined as an outcome (clinical
or laboratory) measured after randomisation to evaluate
the hypothesis and to assess whether therapy is effective
compared to the control group. The definition of efficacy
endpoint proposed by various SARS-CoV-2 vaccine efficacy
trials can broadly be classified into two categories: 1) any
laboratory-confirmed SARS-CoV-2 symptomatic case
regardless of the severity of symptoms; and 2) any
laboratory-confirmed SARS-CoV-2 mild-to-severe
symptomatic case among seronegative participants
(Table-2).19 According to the definition, the analysis of the
primary efficacy endpoint in the second category of
efficacy trials has been aligned with the severity grading
scale based on the signs and symptoms of mild, moderate
and severe SARS-CoV-2 cases.20 A majority of second-
category SARS-CoV-2 vaccine efficacy trials use the United
States (US) Food and Drug Administration (FDA)
recommended severity grading scale to classify
symptomatic SARS-CoV-2 cases.%- 16 However, some studies
use self-developed severity grading scales that may cause
a slight variation in the grading of symptomatic SARS-
CoV-2 cases between the efficacy trials.>-16

To date, no phase 3 trial conducted on CanSinoBio vaccine
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Table-2: Efficacy testing in phase 3 trial of SARS-CoV-2 vaccines available for administration.9-16
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Name of the Efficacy against Timing of assessment | Primary Efficacy endpoint Criteria for primary endpoint analysis

Vaccine SARS-CoV-2 (95% CI)t of Efficacy

BNT162b2 94.6 (89.9-97.3) 7 days after second dose | any covid-19 disease diagnosed | Acc to FDA criteria of mild covid-19: fever; cough; sore throat;
in seronegative participants dyspnoea; loss taste and smell; diarrhoea.

Ad26.C0V2.5 66.9% (52:3-77-3) 14 days after single dose | any moderate to severe covid-19 | Any two symptoms. Moderate case: fever; heart rate >90BPM;
case diagnosed in seronegative rigors; loss taste; cough; sore throat; headache; abnormal
participants Sp02>93%; dyspnoea. Severe critical case: heart

rate>125BPM; respiratory failure; hepatic neurological
and renal failure.

ChAdOx1 70-4% (54-8 - 80-6) 14 days after the NAAT-confirmed Covid-19 case NAAT-Positive swab +Symptom: fever ?37-8°C; cough,

nCoV-19 second dose among seronegative participants | shortness of breath; anosmia or ageusia.

mRNA-1273 94.1% (89.3 - 96.8) 14 days after single dose | any covid-19 disease diagnosed | swab test covid-19 confirmed+ Symptoms: fever ?37-8°C;
in seronegative participant chills; myalgia; headache; sore throat; olfactory or taste

disorder; cough; shortness of breath; evidence of pneumonia.

Sputnik v 91-6% (85-6-95-2) 21 days after the first any covid-19 disease diagnosed any laboratory test confirmed participant before second

(Gam-COVID dose of vaccine in seronegative participant dose given.

-Vac) (day on 2nd dose)

Sinopharm 72878% (58.1- 14 days after the laboratory-confirmed RT-PCRTEST conformation + symptoms: fever; dry cough;

82.4864.8 86.3) second dose symptomatic COVID-19 cases fatigue; sore throat; myalgia or diarrhoea, sputum; lower
respiratory tract secretions.

Sinovec 83-5% (65-4-92-1) 14 days after the laboratory-confirmed RT-qPCRTEST conformation + at least one symptom: fever;

(CoronaVac) second dose symptomatic COVID-19 cases cough; sore throat, loss of smell and taste; dyspnoea; fatigue;

rhinorrhoea; vomiting; diarrhoea.

NVX-CoV2373 90% (80.2 - 94.6) 7 days after second dose | PCR- confirmed any mild to severe |  Any two symptoms acc to FDA criteria. Mild case: fever; cough;
covid-19 disease diagnosed headache; loss of taste or smell; sore throat; fatigue. Moderate
in seronegative participants case: fever; shortness of breath; tachypnoea 20 to 29 RR; Sp02

9410 95%. Severe case: tachypnoea 730 RR; heart rate 7 125 BPM,
Sp02: 793%; acute respiratory syndrome; multi organ failure.

has been published that may provide information about its
primary efficacy endpoint.

Factors that Affect the Efficacy of SARS-Cov-2 Vaccines
Factors such as characteristic of population, altered virus
variants, presence of difference medical co-morbidities and
other social determinants of health may affect and
contribute to differences in the efficacy of a vaccine.

Genomic sequencing of SARS-CoV-2 mutates with the
evolutionary rate of roughly 1x10-3 nucleotide
substitutions per year, which causes it to produce its
distinct evolving variants.2! To date, six SARS-CoV-2 current
variants of concerns and majority of other variants have
been identified in various countries around the world.22The
vaccines will likely function differently against a
heterogeneous variant of SARS-CoV-2. The efficacy yielded
by the designed trial of Ad26.COV2.S (Johnson & Johnson)
vaccine performed on South African moderate-to-severe
critical cases was 52% after 14 days of vaccine single
dosage(10). During the trial, B.351 (20H/501Y.V2) variant
was found predominantly in South African SARS-CoV-2
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cases. In contrast, the ChAdOx1nCoV-19 (AstraZeneca &
Covishield) vaccine did not have significant efficacy (21%)
in providing protection against the B1.351 SARS-CoV-2
variant.23 In comparison, the ChAdOx1nCoV-19 vaccine
provides 70% efficacy against B 1.1.17 variant that was
common in the United Kingdom (UK).24 The variation in
efficacy of an individual vaccine against different SARS-
CoV-2 variants is due to the particular sequence mutation
to the RBD of SARS-CoV-2 variants.25 Because of that, there
is reduced but detectable binding of vaccine-elicited
antibodies to mutant RBD protein of SARS-CoV-2 variants.25
Nevertheless, most RBD mutant variants easily escape from
vaccine-induced neutralisation and lead to a decreased
efficacy of vaccines25 Another kind of mutation
represented by B 1.1.17 variant arises under selection
pressure on the virus, which facilitates it to infect human
cells more effectively and maximise the replication of its
genome.26 However, B 1.1.17 is not a neutralisation escape
variant and is not more concerning than the B1.351 and P.1
variants that exhibit RBD mutation.25.26 The time duration
of assessment of efficacy after vaccination also impacts the
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efficacy result.’819 As the efficacy assessment of SARS-CoV-
2 vaccines merely lies in the current transmission of
SARS-CoV-2, the early follow-up of the participants in the
efficacy trial will decrease the exposure phase of SARS-CoV-
2, and, hence, ultimately lead to less accurate higher
efficacy results. The inclusion of asymptomatic SARS-CoV-
2 infection in the efficacy endpoint inversely affects the
efficacy outcome.’ If a vaccine illustrates an impressive
reduction in SARS-CoV-2 symptomatic infection, as a net
result, there will be an increase in asymptomatic SARS-
CoV-2 casesin a pool. In such a scenario, the vaccine would
likely meet success criteria if the efficacy endpoint is based
on the detection of symptomatic SARS-CoV-2 cases.!?
However, a modest efficacy outcome would be observed
in the same vaccine if the endpoint includes asymptomatic
SARS-CoV-2 infection.19

The characteristics of a population, such as age, gender and
race, may also impact the effectiveness of SARS-CoV-2
vaccines. However, the effect is less profound and not
significant in contrast to heterogeneous virus variant
factor.® Moreover, it has been suggested by previous
studies that expanding sleep duration after vaccination
causes additional increases in efficacy by boosting up the
person’s immune response against the respective
vaccine.2’ Antibody titers are found to carry less than half
deficit in individuals with sleep deprivation than individuals
with average sleep duration after four consecutive nights
of vaccination.2? Patients with immunocompromised
disease will not respond competently to vaccination, and
the presence of immunosuppressed disease within the
population could lead to lowerimmunogenicity and lower
efficacy overall.28

Factors that may Impede Vaccination Coverage

An increase in misinformation susceptibility regarding
SARS-CoV-2 and its vaccines could mislead people's beliefs
and knowledge about it. Such misinformation negatively
impacts people's self-compliance with SARS-CoV-2
precautionary measures and the willingness to get
vaccinated against SARS-CoV-2 themselves or their family
and friends.29 The acceptance rate of SARS-CoV-2 vaccines
in a general population of different countries around the
globe is >70%. However, the SARS-CoV-2 vaccine
acceptance level is reported further low in middle and low-
income countries.30 Another impeding factor is waiting for
the availability of vaccines with higher efficacy. When an
initial vaccine is available with low efficacy early in a
pandemic, waiting until the higher efficacy vaccine is
available could cause the pandemic to progress and
decrease vaccine coverage rate. Furthermore, the
additional rising cases offset the potential gain of higher
efficacy vaccines.3!
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The production cost of vaccines could be an indirect factor
that can impede the vaccination process. An estimated
expense of around $2.8-3.7 billion is reported for a single
vaccine development and its progression through to the
end of phase 2 trail.32 To increase vaccine coverage,
vaccination against SARS-CoV-2, despite its expensive
production, should be expedited at no or low cost,
especially for lower-income countries. Due to their
insufficiency of recourses, middle and low-income
countries depend on the assistance of world superpowers
and global institutions, such as the WHO, to advance the
campaign against SARS-CoV-2 outbreak. However,
sometimes the priorities of major donors may align with
self-interest rather than global wellbeing, and, as a result,
necessitous and vulnerable may be left to endure.33
Another problem is a deficiency of governance and
scrutiny systems for coronavirus diseas-2019 (COVID-19)
prevention and vaccination progression in lower and
middle-income countries worldwide, like lack of
epidemiological data, surveillance system to monitor
vaccinated and non-vaccinated individuals, diagnostic
screening of SARS-CoV-2 and effective platform that
provide intervention in communities about SARS-CoV-2
and its vaccine. It often takes years, and sometimes
decades, for such countries to attain the same frequency
of vaccination process in their population as in high-
income countries.34

Despite their high efficacy rate and cost-effectiveness,
mRNA vaccines need to be stored at temperatures varying
from about -20°C to -70°C for a duration between 2 weeks
and 6 months, respectively. Therefore, the problem may
arise in the practical implementation of these vaccines in
most locations because of supply challenges.34 On the
other hand, vero cell vaccines with their moderate efficacy
rate (80-60%) are feasible for using in middle and low-
income countries and could help alleviate the burden
induced by COVID-19, but, still, such vaccines require a high
coverage rate of around 100-75%.”

Conclusion

The diversity in vaccine platforms and technology results
in variations in efficacy endpoint. Due to the novelty of
SARS-CoV-2 and understanding of its clinical spectrum, this
heterogeneity in efficacy endpoint analysis can be
appreciated. However, it is essential to adopt a single
standard set of clinical efficacy endpoints across all vaccine
efficacy trials to provide a uniform evaluation of different
SARS-CoV-2 vaccines. Also, the application of a single set
of clinical efficacy endpoints will assist in comparing the
efficacy of SARS-CoV-2 vaccines to select an effective
vaccine for the community. Efficacy determination is a
complicated process, especially for COVID-19, as its vaccine
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efficacy evaluation relies on current SARS-CoV-2
transmission and biological make-up. Nonclinical public
health interventions to reduce infection rates may lead to
nonconformity in exact efficacy. Maintenance of cold chain
for mRNA vaccine requires resources, which for larger
population segment is challenging and may not be
feasible. The problem has risen regarding the mutation
rates of SARS-CoV-2. The presence of distinct variants in a
population could diminish the vaccine's strength and lead
to immune evasion. The stakeholders and healthcare
providers should ensure the selection of vaccines for the
community, according to representative efficacy against
the virus variant prevailing in that region.

The involvement of major vaccine manufacturers from
middle and low-income countries in primary vaccine
development will increase the production rate and fulfill
the rapidly evolving demand for vaccines across the globe
during pandemics. Furthermore, it may reduce the
shortage and supply cost of vaccines in LMICs. Productive
vaccine administration scrutiny and surveillance system
could aid in the assessment of vaccine coverage rates.

Deliverance of Community-level public health intervention
regarding COVID-19 can aid in reducing vaccine hesitancy
and increasing coverage rate.
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