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Abstract

The equitable global allocation of COVID-19 vaccines has received much attention
yet been poorly defined. Understanding equity requires assessing needs for vaccines
across countries. Making distinctions is especially challenging when countries per-
form similarly on traditional epidemiological metrics. This Viewpoint offers a novel
conceptual framework (COVID-NEEDS) based on empirical evidence and public
health guidance. It encompasses health, social, and economic impacts of COVID-
19 and associated non-pharmaceutical interventions. We intend this framework to
complement existing needs assessment methods to help identify countries most in
need of vaccines. We present factors to consider, but future work will be required
to understand how to weight the factors and to determine the practical utility of the
framework for supplementing existing COVID-19 vaccine allocation mechanisms.
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Equitable allocation of COVID-19 vaccines

Equity goes beyond equality to represent the notion that resources should be distrib-
uted based on need. Vaccine allocation should be prioritized for those with the great-
est needs, and to ensure that those with similar needs have comparable access. The
COVID-19 pandemic has affected populations differently, in terms of direct health
risks and the impact of non-pharmaceutical interventions (NPIs) such as lockdowns.
Assessing relative needs for vaccines across nations is therefore challenging. Based
on supply and manufacturing constraints, The Wellcome Trust previously estimated
that not everyone who needs a vaccine globally will receive one until at least 2023
[1]—notwithstanding the risk of future mutations and the potential need for novel
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vaccines and re-immunization. Equitable global allocation relies on an effective and
evidence-based priority-setting process to compare needs across countries fairly.
International decision-making about the distribution of vaccines globally (chiefly
under the remit of the WHO, Gavi and Coalition for Epidemic Preparedness Innova-
tions (CEPI) co-led partnership, COVAX) should be based on need and timely data.
To date there is no consensus on a comprehensive, evidence-based, global frame-
work to facilitate this crucial task of synthesizing relevant information.

This Viewpoint sets out a framework of factors to aid decision-makers in compar-
ing vaccine needs between countries. The COVID-19 pandemic has had far-reaching
impacts of across societies and at various points in time different populations have
yielded similar results using traditional disease burden metrics such as case numbers
[2] or reproduction numbers [3] (the pace of change in disease spread across a popu-
lation). Plans currently in use provide valuable but limited means for assessing vac-
cine needs across countries. Expanding the range of factors considered, when needs
appear to be very similar across countries based on current methods, can enable a
more equitable pandemic response.

Existing vaccine allocation plans

The COVAX Facility was set up to facilitate equitable access to vaccines world-
wide. COVAX aims to have allocated 2 billion doses, primarily for low- and middle-
income countries (LMICs), by the end of 2021. The COVAX system includes two
phases (Fig. 1) [4]. In the first, countries receive vaccine doses proportional to the
size of their population, to vaccinate up to 20% of citizens. Once countries reach
this threshold, in phase two, COVAX distributes doses to countries based on need.
Parameters used to assess need include the effective reproduction number (R num-
ber) and its trend, hemisphere location, universal health coverage (UHC) service
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Fig.1 COVAX allocation plan overview (WHO)
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coverage index, health system saturation, and groups at a high-risk of severe disease
or death [5]. Each country is scored based on the weighted averages of these param-
eters, accompanied by a qualitative assessment of country context. In addition to the
vaccine allocations in phases one and two, COVAX reserves up to 5% of vaccine
doses as part of a humanitarian buffer for populations such as refugees or asylum
seekers [6].

Given global heterogeneity in population demographics and disease profiles,
healthcare staffing, and vaccine acceptance, in some countries, providing vaccines
for 20% of the population may suffice to cover high-risk groups, but in other coun-
tries it may not. Across high-income country populations, 18% are aged 65 and
above, compared to just 3% in low-income countries [7]. There are also more than
ten times as many physicians per capita in high-income countries [8]. Although fac-
tors like these vary globally, where there are similarities between countries, COVAX
decisions can be aided by consideration of a wider range of factors, as we propose in
the COVID-NEEDS framework.

A model by researchers at Vanderbilt University suggests distributing vaccines to
countries based on their ability to distribute vaccines, to provide care, and whether
they have helped test and develop new interventions [9]. The Fair Priority Model
is another framework for equitable international allocation of COVID-19 vaccines
[10]. Vaccine allocation is based on three sequential objectives or phases. Phase one
uses standard expected years of life lost to calculate optimal distribution of vaccines.
Phase two uses the projected reduction in the size of the poverty gap (i.e. a measure
of how much the mean income of the poor falls below the poverty line) per dose of
vaccine, to prevent economic and social deprivations. Phase three prioritizes coun-
tries with higher disease transmission rates. While building on published COVAX
plans, these two models [9, 10] limit the range of factors considered to assess vac-
cine needs and fail to account for simultaneously overlapping objectives (health,
social, and economic).

A complementary framework: COVID-NEEDS

We propose a framework (see Table 1) encompassing a broader range of health,
social, and economic factors (Clinical vulnerability, Outbreak response systems,
Virological features, Incidence and spread, Delivery and hesitancy, Net popula-
tion susceptibility, Economic vulnerability, Economic power, Demand on health
system, Social vulnerability (COVID-NEEDS)) to formulate a broad and standard-
ized assessment of vaccine needs across countries. We selected each domain in the
framework on the basis of 2020-2021 guidance on vaccine prioritization from public
health agencies [11-14], evidence of impact of COVID-19 and associated non-phar-
maceutical interventions [15, 16], and issues relating to the success of vaccination
programmes [17, 18]. We excluded factors if we did not consider them equally use-
ful across different country contexts. Given that this is an evolving area, the frame-
work is not without limitations, but facilitates a more in-depth analysis of needs for
vaccines across countries, which can support the existing COVAX Facility needs
assessment. We propose a list of sources from which to gather such information and
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an assessment of the availability of international data (as good, fair or poor) for each
COVID-NEEDS factor included. We considered data as ‘good’ if widely available
for all countries through recent objective assessment from a single source, ‘fair’ if
data exist at the international level but we found them to be of poor quality or miss-
ing for some countries, and ‘poor’ if the data do not exist in the public domain, at
the international level.

The COVID-NEEDS framework as we propose here does not weight or rank the
different domains. Depending on the core objectives of global and national vac-
cine programmes, some domains may be more important than others. Subsequent
research will be needed to explore preferences and rankings, where researchers will
ask public health experts and other stakeholders to weight each domain relative to
others to define a prioritization score to aid decision-making. In the absence of a
scoring tool, the framework is valuable because it makes explicit the many empiri-
cally grounded trade-offs involved in decisions on vaccine allocation.

The factors

Clinical vulnerability plays a key role in the severity of COVID-19, with the elderly
being at highest risk [19]. High-income countries like Belgium, Italy, and the United
Kingdom (UK), with relatively elderly populations, have experienced more deaths
from COVID-19 (as a proportion of their populations) compared to countries with
younger populations [20]. Medical conditions that increase vulnerability to COVID-
19, such as cardiovascular disease and diabetes, occur at younger ages and are less
well controlled in LMICs [21]. High-risk conditions may not be homogenous across
countries, with risk factors for COVID-19 severity like HIV and TB occurring more
commonly in some countries than in others. Despite weak information systems in
low-income countries, a 2020 descriptive study estimated the size of high-risk tar-
get groups across 194 WHO Member States, based on age and co-morbidities. Sup-
ported by longer-term efforts to improve disease surveillance and the accuracy of
such estimates, COVAX should include such risk factors for COVID-19 severity
when evaluating vaccine needs because distributions of age and health, and their
associated levels of risk with COVID-19, vary greatly between countries.

Outbreak response systems are vital in infectious disease control, and much
investment has gone into this during the pandemic. South Korean researchers cited
the quality of such systems as key reasons for the very limited impacts of COVID-19
in South Korea, despite presence of a relatively old and therefore high-risk popula-
tion [22]. Countries without effective contact tracing, testing, isolation and quaran-
tine measures, or where the need for these interventions outstrip capacity, are likely
to depend more on vaccines for disease control.

Virological features, related to mutations in the virus causing COVID-19, are
an important and changing feature of relative vaccine need. Novel variants such as
Delta, initially detected in India in late 2020, or the Gamma variant circulating in
much of South America since early 2021, are affecting some countries more than
others. In the UK, data show that the delta variant is not just more infectious, but
also more lethal than the previous variant [23]. Some vaccines may be less effective
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against new variants. The South African government suspended the rollout of the
Oxford-AstraZeneca vaccine in February 2021 due to concerns about the efficacy
of the vaccine against the dominant Beta variant [24]. The likelihood of vaccina-
tion programme failure in one country compared to another, due to lower vaccine
efficacy as well as increased viral transmission, or lethality, may further help to
determine relative needs. Quantitative data on variants will be insufficient to opera-
tionalize virologic characteristics as criteria because country level data vary greatly.
Thus, use of these criteria for prioritization should be supported by a qualitative
assessment to not unfairly disadvantage those countries with less effective systems
for genomic surveillance.

Delivery and hesitancy refer to the capacity of health systems to use allocated
vaccines, and population readiness for vaccination. Population readiness is affected
by perceived vulnerability to disease and the benefit of vaccination, public trust in
government institutions and processes, as well as clear and timely communication
of the scientific evidence underpinning vaccines [25]. For example, India rolled
out the country’s first indigenous vaccine, Covaxin, to healthcare workers early in
2021 before the publication of phase 3 trial results [26]. Consequently large num-
bers of health care workers hesitated, and uptake lagged compared to the Oxford-
AstraZeneca vaccine [27]. Some countries may have low levels of hesitancy but lack
the health system readiness to quickly distribute and administer vaccines locally.
The Fair Priority Model ignores this, as the authors acknowledge [10]. Distribut-
ing vaccines to countries where population hesitancy and health sector readiness
have not been adequately addressed may result in wasted doses and inefficiency. For
international decision-makers to know where vaccine allocation may have the most
impact, it will be important to consider both hesitancy and readiness. To not unfairly
penalize countries in need, multilateral or bilateral vaccine allocation mechanisms
should not use these as exclusionary criteria but rather as indicators for further sup-
port to accompany vaccine delivery.

Incidence and spread are standardized and accessible metrics that can aid in
national comparisons. Case numbers per 100,000 are available for all countries,
and most also publish test positivity rates, accounting for differing testing capacities
and providing a more comprehensive assessment of likely community transmission.
Both the Fair Priority Model and the COVAX Facility propose to use metrics of
transmissibility, or the effective reproductive numbers (i.e. the average number of
secondary cases per infectious case in a population that includes both susceptible
and non-susceptible individuals) as a measure of disease spread. Although this is
more difficult to estimate accurately, R numbers provide more timely measures of
disease transmission compared with estimates of case numbers. The latter offer lim-
ited value due to the long incubation period of COVID-19, the number of infected
people with mild or absent symptoms, and limited PCR testing. Unlike other fac-
tors with more complex methods of measurement, monitoring trends in cases, test
positivity, and transmissibility provide routine real-time information on the control
of an epidemic. It takes time for the benefits of vaccines to be seen; meaning that
real-time incidence and spread are relatively limited in utility. Despite the inclusion
of the R number in current global vaccine needs assessment methods, it must form
only part of a broader assessment of future vaccine needs.
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Net population susceptibility can be assessed through comparing levels of popu-
lation immunity with contact-related risks of acquiring infection. Experts believe
that high levels immunity could be responsible for declining rates of infection in
the absence of non-pharmaceutical interventions in some countries [28, 29]. As
vaccines are rolled out, populations will achieve varying levels of vaccine-derived
immunity against COVID-19, based on how quickly vaccinators deliver and admin-
ister them, vaccine efficacy, and duration of immunity. Calculating a ratio to com-
pare this estimated immunity with well-established risk factors for acquiring infec-
tion [30], including the size of dense, mobile, and socially active populations, can
provide an understanding of net population susceptibility, informing the overall
assessment of vaccine needs.

Economic vulnerability, particularly in terms of the impact of non-pharmaceuti-
cal interventions such as national or local lockdowns, is, for many, the defining fea-
ture of the pandemic. Lower resource countries and communities may be less able to
institute non-pharmaceutical interventions due to economic costs and logistical con-
straints. Even high-income countries have suffered economically. In the UK, which
has financially supported employers and workers using a furlough scheme, unem-
ployment reached over 5% of the working age population in September 2020, for
the first time since 2015 [31]. Vaccines can protect jobs and livelihoods and prevent
unemployment and rising levels of income inequality, which affect long-term health
behaviours, services, and outcomes.

Economic Power has emerged as a key determinant of national access to vac-
cines. As of June 2021, high- and upper-middle-income countries, representing one-
fifth of the world’s population of 7.8 billion people, bought approximately 6 billion
doses of COVID-19 vaccines; while others, representing four-fifths of the popula-
tion, secured only 2.6 billion [4]. To move towards an equitable distribution of vac-
cines, the global system must support those countries that would otherwise be una-
ble to compete financially. As part of COVAX, the Advance Market Commitment
(AMC) will support the purchase of vaccines for lower-income economies, under a
different set of terms and costs compared to high-income (or self-financing) econo-
mies [11]. For global vaccine allocation to align with needs, the ability for countries
to procure vaccines commercially (regardless of their needs relative to others) must
be accounted for.

Demands placed on health systems are of paramount importance in preventing
direct morbidity and mortality from COVID-19. Resource pressures from COVID-
19 also have indirect effects on other health services and health-seeking behaviours.
A WHO survey of all countries revealed that almost every country (90%) experi-
enced some disruption, with greater disruptions reported in low- and middle-income
than in high-income countries. The most frequently disrupted services included
routine immunization [outreach services (70%) and facility-based services (61%)],
noncommunicable disease diagnosis and treatment (69%), family planning and con-
traception (68%), treatment for mental health disorders (61%), antenatal care (56%),
and cancer diagnosis and treatment (55%). Given the centrality of COVID-19 health
services and routine non-COVID-19 services in preventing morbidity and mortality,
the assessment of national vaccine needs should include the real-time and predicted
future capacity of health systems.
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Social vulnerability is the final domain in the framework. The distribution of
COVID-19 disease burden and the impact of non-pharmaceutical interventions
have exacerbated social inequalities. In the UK, those from ethnic minority back-
grounds and those living in less well-resourced areas have been affected most
adversely in terms of risk of disease acquisition and severity [34], Some popula-
tion groups such as refugees, the homeless, and the incarcerated, have high risks
of disease acquisition and severe disease or death [35]. In addition, there has been
wide variation in social protection responses to the pandemic [36]. Some coun-
tries provide little or no social safety net to ensure food, housing, income, and
healthcare during periods of COVID-19 restrictions. In populations with large
socially or economically vulnerable groups, where social protection mechanisms
are weak, COVID-19 vaccines may be more urgently needed to protect public
health.

Remaining challenges

Data for some domains may be more readily available than for others due to limited
data collection and reporting mechanisms in many LMICs. The available quantita-
tive data (including its quality) must be considered alongside qualitative information
from stakeholders within countries and familiar with real-time on-the-ground reali-
ties. More research will be required to better understand how to use these different
sources of information together in a complementary way to best inform decision-
making. Note that the current COVAX plans propose using both qualitative and
quantitative data for the same purpose, therefore we anticipate that the process to
operationalize the COVID-NEEDS framework will require few additional inputs
beyond those already present in WHO processes.

We acknowledge that, as with any attempt to consolidate data on equitable vac-
cine allocation into a single model, populating this framework for different coun-
tries will be challenging. The collection and use of data has proliferated during the
pandemic and proven fundamental for the assessment of and response to COVID-
19 outbreaks [38]. Data about most factors in the framework are already routinely
collected and readily available. Using such frameworks could also incentivize
the development of data collection and reporting mechanisms in some countries,
with long-term benefits for wider public health objectives.

The use of such a framework will be limited by political buy-in and complex-
ity. For domestic allocation of COVID-19 vaccines, countries such as the UK and
the United States (US) have opted for relatively simple frameworks to increase
the speed at which populations get immunized [39, 40]. For international alloca-
tion, speed, logistics, and acceptability have been similarly important, as reflected
in COVAX plans. COVID-NEEDS is therefore not an off-the-shelf methodology to
compare country needs, but a framework for informing discussions along with other
methods such as those currently used by COVAX. It will be particularly valuable for
expanding discussions to better consider needs across countries, which the COAX
risk assessment has deemed to be similar.
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Conclusions

Estimating needs for COVID-19 vaccines is challenging. But given the broad impact
of the pandemic across societies, and similarities in some traditional epidemiologi-
cal metrics across countries, the narrow approaches currently in use have limitations.
The COVID-NEEDS framework offers additional factors to supplement current
methods and facilitate a more comprehensive assessment of vaccine needs across
countries. The framework presents an opportunity to ensure that global decision-
makers prioritize vaccines in accordance with need, rather than desire, convenience,
or ability to pay. This will be of interest for governments supplying other countries
with vaccines through bilateral deals, as well as for international mechanisms such
as COVAX, pursuing the equitable global allocation of COVID-19 vaccines. To
weight factors in the framework and to evaluate its practical utility for better align-
ing global vaccine allocation with population needs, further research is needed.
Given the threat of future pandemics, and the limited evidence for assessing public
health needs for emergency countermeasures across countries, this framework may
also inform plans for future global health emergency responses.
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