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Mass vaccination against COVID-19 is consid-
ered to be the most effective strategy to bring 
the SARS-COV-2/COVID-19 pandemic under 
control. In an unprecedented global scientific 
effort, 11 vaccines have already been autho-
rised for full or emergency use in at least one 
country, and 84 countries or locations have 
begun their roll-out to priority populations.1

However, despite the advanced health-
care infrastructure and logistical capacity in 
high-income countries (HIC), implemen-
tation has been slow.2 In the United States, 
by 2 March, 23.7 doses/100 population had 
been administered, less than 80% of those 
distributed. Countries in Europe have also 
faced delays - France and Italy have admin-
istered 7 doses/100 and 7.6/100 population 
respectively.2 Recognition is growing that 
vaccinating the global population against 
COVID-19, particularly those in low and 
middle-income countries (LMIC), will be 
the largest global peacetime logistical effort 
ever undertaken, requiring unprecedented 
government/industry collaboration across 
distinct administrative, business, medical and 
information infrastructures. In fact, cost may 
be the least daunting hurdle to accomplishing 
this Herculean task.

Existing vaccine supply chains are carefully 
coordinated orchestrations involving multiple 
parties and parts. To provide global coverage 
of an estimated 15 billion doses, up to 200 000 
pallet shipments and 15 million deliveries, 
as well as 15 000 freighter flights will be 
required across the various supply chains.3 
Pfizer (Pfizer-BioNTech COVID-19 vaccine) 
expects an average of 20 daily cargo flights 
worldwide which will need to be coordinated 
with regional and local transport sources to 
minimise product delays. In LMICs, particu-
larly in rural areas, transport links are slower 
and medical facilities are less equipped. The 
development of a COVID-19 vaccine-specific 
supply chain may adversely affect other supply 

chains. For example, air cargo carriers may 
favour the distribution of the new vaccines 
because of more secure payment guarantees. 
A concerted effort to avoid causing delays in 
the availability of other potentially life-saving 
products (eg, routine childhood vaccines 
and essential medicines) will be needed to 
advance public health and prevent excess 
mortality from other diseases throughout this 
pandemic.

Of the currently available vaccines, two 
require extreme storage temperatures. The 
Moderna vaccine requires a temperature of 
−20°C, but can be stored for up to 1 month in 
a regular refrigerator. Pfizer vaccine requires 
storage at −70°C which makes transport and 
distribution a logistical and cost challenge for 
existing medical supply chains that conven-
tionally distribute vaccines at 2°C–8°C.4 5 
Getting a frozen vaccine to tens of millions of 
people is likely to be a far greater problem 
for poorer countries. For example, Peru has 
30 ultracold freezers but none are available 
outside of Lima. These specialised freezers 
can take 4–6 weeks to manufacture and are 
expensive to procure (US$10 000–US$25 
000). In addition, electricity sources in LMICs 
are often unreliable and even regular freezers 
like those needed to store Moderna vaccine 
may be scarce, potentially requiring trade-offs 
with storage of other vaccines.

Pfizer has developed a reusable suitcase-
sized container with Global Positioning 
System technology that can keep between 
1000 and 5000 doses at ultracold tempera-
tures for up to 10 days and an additional 5 
days using regular refrigeration. This means 
that officials have 15 days to distribute the 
vaccine once it is allocated. Although vaccine 
containers can be topped off with dry ice 
every 5 days to maintain temperatures, this 
may be scarce in rural areas and the cost 
and hazards of shipping dry ice, which subli-
mates and turns into carbon dioxide gas, is 
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a challenge. Any breach in storage temperatures could 
compromise the quality of precious vaccine doses. In 
2011, up to 2.8 million doses of childhood vaccines were 
lost in five countries including Nigeria and Ethiopia due 
to a break in the cold chain.6 Although new technolo-
gies such as solar refrigerators are available, they have not 
been rolled out widely.

The ‘warp speed’ development and production of 
COVID-specific vaccine has been rightly hailed as a 
historic success of molecular biology, but translating 
this into a public health victory requires a panoply of 
products, the scarcity of any one of which could lead to 
production backlogs. From the sterile glass vials needed 
to turn bulk vaccine into filled and finished doses, to the 
calibrated needles and syringes, as well as alcohol pads 
and personal protective equipment (PPE) required at 
dispensing sites, getting jabs into arms will stress global 
medical staff and supply chains on which COVID-19 
has already exerted unparalleled strain. Protecting the 
global front-line healthcare workforce, through early 
vaccination and provision of adequate PPE, is a critical 
aspect of this endeavour, especially in LMICs where any 
staff depletion risks jeopardising existing public health 
programmes (eg, other non-COVID-related vaccination 
campaigns).

After a vial has been punctured to take out the first 
dose, it must be thrown away within 6 hours. Because 
vaccine will be in short supply, especially at first, clinical 
sites will need to schedule patients so that none is wasted. 
This is nearly impossible in LMICs without functioning 
telephones and internet. In addition, many vaccines are 
likely to require two doses of the same vaccine, therefore 
the whole process must be repeated within weeks. Medical 
staff will need to ensure that they have enough stocks to 
allow the administration of booster doses, with flexibility 
to allow people to get their second dose in a different 
location if desired. This requires reliable databases to 
keep track of who has received what vaccine, where and 
when people are due for a booster. Most LMICs lack 
digital databases to manage patient data or reliably track 
vaccine inventories. Corruption, contamination and 
even accidental duplication will waste precious supply. In 
addition, about 1 billion people in the world lack formal 
identities and many are mobile. This presents a massive 
challenge for governments trying to reach a critical mass 
of people. Without reliable identification, it is difficult to 
know who has received vaccines. Biometric digital IDs are 
one way of overcoming this challenge but are not widely 
available. People getting vaccinated will therefore have 
to carry a COVID-19 vaccination record card that will tell 
them which vaccine they got, when they got it and when 
they should obtain their booster dose. However, this 
places onus in the hands of the patients with no recourse 
should cards get lost. Dedicated investments in a func-
tional record-keeping and verification system will be 
critical to track progress, informing allocation, tailoring 
strategies to generate demand and provide end-to-end 
visibility.

In the face of these obstacles, scientific bodies such 
as WHO have estimated that 70%–80% of the popula-
tion in a country will need to be vaccinated to achieve 
herd immunity.7 Since surveys in the USA and Hong 
Kong have estimated vaccine acceptance rates to be only 
40%–70%, even among healthcare providers,8–10 govern-
ments will need to develop strategic communication 
plans for public messaging to overcome this public scep-
ticism. Given the level of public scrutiny for COVID-19 
vaccines, even rare adverse events during roll-out could 
affect vaccine demand. Robust postmarketing surveil-
lance is needed with adverse event reporting systems to 
monitor vaccine safety and efficacy during roll-out.

Even if demand is strong, most countries do not have 
robust existing adult vaccination programmes (except 
in rare cases, for example, tetanus for pregnant women 
administered through antenatal care units in Bangla-
desh). Mass vaccination drives will require the creation 
of multiple vaccination centres and new infrastructure 
to deliver and monitor vaccine doses. The recruitment 
and enrolment of vaccinators is a critical part of the 
process and relies on extensive collaboration between 
the national and local health departments, immunisation 
coalitions and other associations. An optimistic projec-
tion of the workforce required to administer 1 million 
doses daily over 100 days (the new US goal) estimated that 
100 000 staff—of whom 17 000 are qualified to administer 
vaccines—would be needed.11 However, this estimate 
assumed what could be termed ‘magical supply chain 
thinking’ such that the underlying vaccine allocation and 
prioritisation strategy permitted accurate demand fore-
casts coordinated with the arrival of supplies at different 
times. Add to this is the complexity of delivery and 
tracking of multiple vaccines with different storage and 
dosing requirements, and it is easy to see how the true 
staffing requirements could be double or more of the 
modelled figures. Failure to adhere to and use existing 
supply chain best practices will lead to imbalances in 
supply and demand in specific locations and over time 
result in both vaccine wastage and delay in protection, 
causing increased morbidity and mortality, programme 
costs and more general economic and social losses.

In the face of such infrastructure requirements, the 
costs of vaccines may appear minimal, but they are not. 
The Pfizer and Moderna vaccines are being provided to 
governments at a price of US$20–US$37 per dose. The 
Oxford/AstraZeneca product is priced at US$4 with a 
pledge to provide the product at a cost price to all during 
the pandemic, and to maintain this price for LMICs after 
the pandemic. Nevertheless, even this price represents a 
huge financial burden to many countries. Once prices 
start to rise, the poorest countries will be even less able 
to pay than they are now and there is little discussion on 
the use of other sources of financing, for example, from 
the World Bank. Without a strategic approach, coverage 
disparities will widen the equity gaps between HICs and 
LMICs. Such disparities will threaten health security and 
the resumption of civil society everywhere.
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To address the problem of equity, WHO, Gavi and the 
Coalition for Epidemic Preparedness Innovations estab-
lished COVAX, a global alliance of 189 countries that 
have pledged to pool investment, allocate and distribute 
the vaccines equitably particularly in LMICs.12 13 However, 
the facility is currently under-resourced and they have 
only been able to secure vaccines for about 250 million 
people. Wealthy countries are fuelling a gap in access 
around the world, laying claim to more than half the 
doses that could come to the market by the end of the 
year; some of the world’s richest countries have even 
reserved enough doses to immunise their own popula-
tions multiple times over.14

Protecting the global community from the COVID-19 
pandemic is not ‘rocket science’, it is much harder 
than that. Timely delivering the COVID-19 vaccine 
to the global population will require a strategic all-of-
government approach, and an unprecedented all-of-
society approach that spans government and the private 
sector, crossing entrenched economic divisions between 
the Global North and South, as well as burgeoning anti-
scientific movements that threaten to scuttle dramatic 
advances before they can even be brought to market. 
Basic and applied biological science has given the world 
the means to tame this pandemic. To succeed now, 
a new set of sciences—of supply chain engineering, 
behavioural psychology and information management, 
to name only the most prominent—must be given equal 
representation.
Twitter Rima Shretta @rimashretta
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