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Dear Editor,

The safety and efficacy of coronavirus disease 2019 (COVID-19)
vaccine in older adults have been eagerly anticipated owing to the 23-
fold greater risk of death due to COVID-19 in adults over 65 years of
age [1]. Maheshi Ramasamy and colleagues [2] have recently presented
the safety and immunogenicity of AZD1222 (previously ChAdOx1
nCoV-19), the COVID-19 vaccine candidate of AstraZeneca/Oxford,
including adults aged 70 years and more. The vaccine seems to be better
tolerated in older adults, exhibiting similar immunogenicity, irre-
spective of age, following the booster dose [2]. The inclusion of older
adult populations in the vaccine trials help to understand how health
status and frailty can influence vaccine efficacy, safety, immunogenicity,
and reactogenicity in older adults [3]. The plan of AstraZeneca to
expand their manufacturing capacity to 3 billion doses in 2021 is a major
step in attaining 100% global vaccination coverage [4]. This corre-
spondence aims to analyze the major COVID-19 vaccines developed by
AstraZeneca/Oxford, Pfizer/BioNTech, and Moderna, in terms of safety,
efficacy, cost, storage, and transportation.

1. Vaccine efficacy and safety

The replication-defective viral vector (adenovirus) vaccine of
AstraZeneca/Oxford has exhibited an average efficacy of 70.4% [4,5],
whereas that of the mRNA vaccine candidate developed by Pfi-
zer/BioNTech (BNT162b2) was estimated at 95%, following the
conclusion of phase IlI trial [6]. The latter team have already applied to
US-FDA for emergency-use authorization [7,8]. Almost similar efficacy
was also exhibited (94.1%) by mRNA-1273, the mRNA vaccine candi-
date developed by the US biotech company Moderna [9,10]. The effi-
cacy of AstraZeneca/Oxford vaccine was evaluated in participants aged
18 years and older. The randomized controlled trial conducted across
Brazil, UK, and South Africa, confirmed the safety and efficacy of
AZD1222 against symptomatic COVID-19 [5]. The AstraZeneca/Oxford
COVID-19 vaccine was found to possess similar immunogenicity across
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all age groups following the booster dose [2]. Similarly, the randomized
controlled trial conducted to evaluate the efficacy of Pfizer/BioNTech
vaccine (BNT162b2) enrolled 43,548 participants having 16 years of age
or more [6]. The studies conducted among the younger and older adults
have already established the immunogenicity and safety profile of the
Pfizer/BioNTech vaccine [11,12]. The randomized controlled trial that
confirmed the efficacy of Moderna vaccine (mRNA-1273) enrolled 30,
420 participants aged 18 years and older [10]. Furthermore, the phase 2
trial that evaluated the safety and immunogenicity confirmed robust
immune responses without any adverse effects in healthy adults vacci-
nated with the mRNA-1273 vaccine. The vaccine also exhibited similar
immunogenicity in younger (18-55 years) and older (>55 years) adults
[13].

2. Storage and logistics

Although the average efficacy of AstraZeneca/Oxford COVID-19
vaccine candidate, AZD1222, is lower than those produced by Mod-
erna and Pfizer/BioNTech, its recommended storage conditions are
worth consideration (Fig. 1) [4,8,14]. Pfizer/BioNTech requires
temperature-controlled shippers for transporting vaccines at the rec-
ommended storage temperature of —70 °C + 10 °C for up to 15 days.
After thawing, the vaccine can only be stored at refrigerated conditions
(2-8 °C) for up to 5 days [8]. The mRNA vaccine candidate of Moderna
can remain stable at refrigerated conditions (2-8 °C) for 30 days; it can
be stored for 6 months at —20 °C [14]. However, AZD1222 nCoV-19 can
be transported, stored, and distributed at refrigerated conditions
(2-8 °C) for a minimum of six months using existing healthcare settings
[4]. Pfizer, the manufacturer of BNT162b2, has recently submitted data
to the FDA that supports the use of their vaccine under more flexible
conditions. The proposed alternative temperature requirements for the
transportation and storage (—25 °C to —15 °C for up to 2 weeks) will
allow the undiluted vials to be stored without the need for ultra-low cold
storage equipments [15].
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Fig. 1. Comparison of COVID-19 vaccine candidates manufactured by AstraZeneca/Oxford, Moderna, and Pfizer/BioNTech. The figure is created using Biorender

.com.

3. Cost of vaccine per dose

Since AstraZeneca/Oxford used a less expensive technology for the
production of AZD1222, the total price per dose is less; it is the cheapest,
at just 3-4 USD per dose, compared to the rest (Moderna, 32-37 USD
and Pfizer/BioNTech, 19.50 USD) [16]. Fig. 1 illustrates the comparison
of COVID-19 vaccine candidates manufactured by AstraZeneca/Oxford,
Moderna, and Pfizer/BioNTech in terms of efficacy, storage re-
quirements, and cost.

4. Vaccination in low- and middle-income countries

Following the reports of high efficacy, several countries, especially
the wealthier ones, have already started pre-order/purchase of billions
of COVID-19 vaccine doses triggering a “global vaccine race”. The UK
government has already pre-ordered five million doses of mRNA-1273
vaccine from Moderna, this being its seventh deal with different phar-
maceutical companies for securing early doses of the vaccine [9]. The
total number of COVID-19 vaccine doses administered by different
countries is illustrated in Fig. 2 (Updated on March 18, 2021). Among
the countries, the USA occupies the top position with the administration
of 118.31 million doses, followed by China (64.98 million), India (42.06
million), the US (28.27 million), and Brazil (13.34 million). However, in
terms of the population that has received at least one dose, Israel tops
the list with 59.6%, followed by UK (38.7%), Chile (29.1%), Bahrain
(23.3%), and the USA (23.1%) [17]. Although India occupies the third
position in terms of the total dose administered, it constitutes only about
2.5% of the total population [17].

Several governments and research institutes have already invested
both efforts and finances into developing vaccines that can protect their
citizens from the virus. Although the process of vaccine development
and evaluation seems to be rapid, very little is known about the logistics
and implementation strategies required for vaccinating billions of peo-
ple worldwide, especially in low- and middle-income countries. Success
of a vaccine depends on the global vaccination coverage and its efficacy
in inducing protective immunity. With limited access to advanced
storage and logistic facilities, along with dearth of funds, attaining

successful vaccine-induced heard immunity is obviously a challenge for
low- and middle-income countries. COVAX is a global alliance initiated
to provide such countries equitable access to effective and safe vaccines.
However, they could only secure vaccines for 250 million people, much
less than the actual requirement, thereby limiting the accessibility of
poor countries to the vaccines [18]. COVAX intends to purchase two
billion doses of COVID-19 vaccine by the end of 2021. This vaccine dose
will only cover about 20% of the participating country’s population.
Therefore, the doses available with COVAX will be sufficient to vacci-
nate healthcare workers and the elderly [19].

Although Moderna and Pfizer have not announced the supply of
vaccines to COVAX, AstraZeneca has already committed to providing
vaccines to this cause [19]. The requirement of specific cold chain
conditions for the storage and transport of vaccines manufactured by
Moderna and Pfizer/BioNTech might prevent the low- and
middle-income countries from using these vaccines through COVAX
[19]. Achieving global vaccination coverage will be a challenge as it
involves manufacturing billions of doses, coordinating storage, logistics,
and equitable distribution of vaccines. Therefore, the low- and
middle-income countries should focus on vaccinating the priority pop-
ulation (key workers/clinically vulnerable groups/elderly groups), since
the available doses of vaccines will be insufficient to vaccinate the whole
population.

5. Conclusion

The choice of vaccine for the immunization program depends on the
availability, cost, efficacy, storage, and logistic requirements [20,21].
Despite their high efficacy, the recommended storage conditions of
vaccines from Moderna and Pfizer/BioNTech make it difficult for the
low- and middle-income countries to store, transport, and distribute
them. On the contrary, AstraZeneca/Oxford offers an effective
COVID-19 vaccine candidate for resource-constrained countries that is
safe, immunogenic, cost-effective, and can be transported, stored, and
distributed at refrigerated conditions. Furthermore, the governments
have to establish policies on COVID-19 vaccination depending on their
ability to procure vaccine doses. The low- and middle-income countries
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COVID-19 vaccine doses administered, Mar 18, 2021

Total number of vaccination doses administered. This is counted as a single dose, and may not equal the total number of people
vaccinated, depending on the specific dose regime (e.g. people receive multiple doses).
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Fig. 2. Total number of COVID-19 vaccine dose administered as on March 18, 2021. Reproduced from Our World in Data (https://ourworldindata.org/covid-vacc

inations) under CC BY license.

should focus on vaccinating the key workers/clinically vulnerable
groups/elderly. This will enable them to protect the older adults who are
at greater risk of death due to COVID-19. It is also recommended that the
vaccination should be offered initially to the essential workers, espe-
cially frontline healthcare workers. Therefore, the low- and
middle-income countries should attempt to use the available resources
(vaccines) in the existing healthcare settings (storage and logistics) to
the best.
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