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ABSTRACT

Introduction: Countries must employ the most efficient way
to vaccinate their population with the COVID-19 vaccines,
given the vaccines’ low availability compared to its demand.
This review aims to identify and compare the different
COVID-19 vaccine delivery strategies employed
internationally in the recent year based on the economic
evaluation findings and subsequently to recommend the
most cost-effective strategy among them.

Material and Methods: A systematic review was conducted
by examining online databases (Scopus, MEDLINE and
Science Direct) to identify health economic evaluation
studies of COVID-19 vaccines. Critical appraisal of studies
was conducted using the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS).

Results: A total of nine studies were selected for analysis.
Results show two strategies that were cost-effective
compared to its comparators: mass vaccination program
compared to no vaccination and universal vaccination
approach compared to a risk-stratified vaccination
approach. Several other strategies were found to increase
the cost-consequences in the COVID-19 vaccination
program: higher vaccine effectiveness, higher vaccination
pace, increased vaccination coverage, and vaccine
prioritisation for an at-risk population. The study findings
were restricted to analysis based on the current available
data.

Conclusion: COVID-19 vaccination policies should aim for
increased vaccine production as well as a rapid and
extensive vaccine delivery system to ensure the maximal
value of vaccination strategies. These results can aid
policymakers in opting for the most efficient approach to
vaccinating the population during this COVID-19 pandemic
and future pandemic.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic had
significantly affected the global community, infecting over
635 million people with over 6.6 million deaths as of 6
January 2023." To curb the spread of infections during early
stages of the pandemic, countries adopted non-
pharmacological approaches such as lockdowns and social

distancing policies. Unfortunately, these resulted in severe
economic repercussions. In essence, lockdowns and social
distancing policies resulted in reduced demand and supply of
goods?, increased unemployment as well as crisis in foreign
investment®, manufacturing, media and tourism industries.*
It was estimated that the global unemployment in 2020 was
114 million jobs® with the loss of global working hours at
around 8.8%, which was approximately four times greater
than during the global financial crisis in 2009.° The global
merchandise trade volume was expected to fall by 9.2% in
the year 2020.° Additionally, the world tourism lose up to
USD 1.2 trillion from the pandemic.” The projected loss of
revenue for the global sports industry in 2020 was estimated
around 57% from 2019 revenue, equivalent to USD 73.7
billion.® Consequently, the global gross domestic product
(GDP) in the year 2020 was estimated to contract by 5.2%.°
Worse still, the economic impact of COVID-19 was not
uniform across countries and population groups.? The
estimated GDP contraction from the pandemic varied
between countries as follows: for low-income countries GDP
contracted as by 5.2%, middle-income countries (8.7%) and
high-income countries (6.4%).” Across population groups,
women 10, people with low education®, low-skilled workers®
and the low-income population were severely impacted by
COVID-19."* Small-and medium-sized businesses were
severely affected.”

The COVID-19 pandemic and the non-pharmacological
approaches to controlling its spread also have serious impact
on health and wellbeing. The World Health Organization
(WHO) estimated that the total excess deaths from COVID-19
were 3 million people.” The COVID-19 pandemic was
expected to contribute towards undernourishment of up to
132 million people around the world in 2020.” Globally,
around 100 million people were expected to fall into extreme
poverty.'® The prevalence of depression during COVID-19 was
expected to be 25%, higher than the global estimate at
3.44%." School closures had forced 1.2 billion students to be
out of school.” Hence, the best way out of this calamity is to
vaccinate the world population.

COVID-19 Vaccines

COVID-19 vaccines are imperative to prevent serious illness®,
reduce hospitalisation, thus saving lives and costs.*® COVID-
19 vaccination is expected to ease social restriction
measures”, therefore people can resume near-normal daily
activities and revive the economy.”” Hence, vaccination is
critical for global economic recovery.® Revival of the
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economy is an important aim for the world population as
better economy is associated with higher life span, healthier
children, fewer disabilities and mortalities.* Thus, COVID-19
vaccination is expected to be of high value to society. For
instance, it was estimated that installed capacity for 3 billion
annual vaccine courses for COVID-19 is associated with a
global benefit of USD 17.4 trillion, equivalent to USD 5800
per course.”

By the end of 2020, there were already COVID-19 vaccines
manufactured to be distributed to the world population.
However, the global demand for vaccine exceeded the
supply.” For some countries, despite vaccine availability in
global market, governments were facing issues with vaccine
costs27 and securing finances for vaccine purchase.” As a
result, these issues warranted countries to find the most
efficient way to achieve allocation efficiency. In general,
immunisation strategies selection depends on the goal of
vaccination; for example, routine vaccination given to a
specific population cohort aimed for elimination or
containment of certain disease®, mass vaccination strategies
targeted a large number of population, aimed for rapid
containment of a disease during an emerging or ongoing
epidemic, or specific immunisation campaign targeted for
any disease not included in routine immunisation or for
specific additional population groups.*®

Within the context of existing knowledge, several factors
influence the overall outcome of COVID-19 vaccination. The
fundamental factor is the vaccine efficacy. The recommended
efficacy of a COVID-19 vaccine was set at a minimum of 50%
in order to be licenced for use”, 70% efficacy for epidemic
prevention, and 80% to end an epidemic without any other
public health measures.” In addition, the benefits of any
COVID-19 vaccine will also depend on vaccination
coverage®®, and the pace of vaccination.” Within the
constraints in vaccine supply, obtaining an optimal
reduction in mortality and morbidity can be achieved by
prioritising vaccination for people at higher risk for severe
COVID-19 disease, in particular, the elderly.®* The
environmental condition also affects the outcome of COVID-
19 vaccination, in particular, introducing the vaccine at the
time of low COVID-19 community transmission rate will
produce more desirable outcome in disease and mortality
reduction.”

Vaccination strategies permit countries to provide effective
vaccination policies to produce the optimal output in terms
of reduction of disease and deaths from COVID-19.” The
selection of vaccination strategies to achieve allocative
efficlency requires careful planning and evidence-based
decision-making.”® Hence, evidence from economic
assessment is fundamental to make these informed
decisions.”

Health Economic Evaluation

An economic evaluation is a systematic approach to
compare the cost and consequences of two or more
alternative interventions to foster accountability and
transparency in decision-making.* Several types of economic
evaluation studies include cost-minimization analysis
(CMA), cost-effectiveness analysis (CEA), cost-utility analysis
(CUA), and cost-benefit analysis (CBA).*® In economic

412

evaluation, the main focus is on which alternative
intervention provides the best value for the resources spent?
Conducting economic evaluation studies in the COVID-19
vaccination program allows policymakers to determine the
value of different vaccination strategies for appropriate
program planning.

In economic evaluation, a perspective is the point of view
adopted when deciding the types of costs and health benefits
to be included.* For instance, the payer perspective usually
includes the cost of medical treatment and relevant social
and clinical services* while the societal perspective
encompasses all direct and indirect costs borne by the
provider, payer, and patients.**

The cost-consequences of an economic evaluation are
described in several ways. The results of a CEA are commonly
expressed as incremental cost-effectiveness ratio (ICER) using
the formula.
ICER= (Cost for intervention A - Cost for intervention B) /
(Effectiveness for Intervention A - Effectiveness for
intervention B)

In essence, the ICER describes the additional costs that an
intervention imposes over another compared to the
additional benefits it delivers.* If a new intervention
(intervention A) is less costly and more effective than the
comparator (intervention B), intervention A is described as
cost-saving or dominant.* However, if intervention A is more
costly yet more effective than B, then the ICER value can
objectively determine how much more costly intervention A
is from B compared to the extra benefits that intervention A
can give.* Ultimately, the decision to select the new
intervention will depend on how much value the provider,
patient, or society is willing to pay for additional effectiveness
obtained from a new intervention.” A similar concept is also
applied to the incremental cost-utility ratio (ICUR), except
that the measure of consequences in ICUR is the utilities -
either quality-adjusted life years (QALY) or disability-
adjusted life years (DALY).*

A CBA describes both cost and consequences of an
intervention in the form of monetary value.37 The results can
be described as a benefit-cost ratio (BCR) which is calculated
from this formula

Benefit-cost ratio (BCR) = (Total benefit) / (Total costs)

The BCR described the value of benefits obtained for every
unit of monetary value spent for the intervention costs.* A
BCR of more than one generally indicates that the total
benefit value of an intervention is more than its costs.*

Another measure of cost-consequences is the net monetary
benefit (NMB), calculated using the following formula
Net Monetary Benefit (NMB) = AE A - AC

where E refers to effectiveness measure, A refers to willingness-
to-pay and C refers to cost.*® The NMB result of greater than
zero indicates that the respective intervention is cost-
effective.”

As countries develop their COVID-19 immunisation
programs to alleviate the pandemic, there is a need to
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identify the strategies that provide maximum value by
means of the overall cost-consequences. Hence, this review’s
aims are two-fold: to identify the different strategies of
COVID-19 vaccination and compare them based on the
economic evaluation findings and to recommend the most
cost-effective strategies of COVID-19 vaccination available to
date. This review addresses the question, “What are the
strategies that facilitate the achievement of the optimal value
from COVID-19 vaccination programs?”

METHODOLOGY

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline was used to conduct and
report this systematic review.® Published articles were
collected from three databases: Scopus, Ebscohost/Medline
and Science Direct with data search dated up to 23 June 2021.
A key term search strategy was employed using the
combination of the following keywords:

(cost-effectiveness OR cost-utility OR cost-benefit OR
'economic evaluation’) AND (COVID-19 OR SARS-CoV-2 OR
coronavirus) AND (vaccine OR vaccination OR
immunisation)

Articles were selected using the following inclusion criteria: (i)
conduct any economic evaluation study in the form of cost-
effectiveness, cost-utility, or CBA, and (ii) available in the
English language. We excluded CMA studies as CMA studies
emphasise only on costs while assuming similar outcome for
interventions under comparison. A reviewer (K.S) conducted
the screening and selection process. All the articles in selected
databases were screened, duplicates were removed and titles
and abstracts were scanned for relevancy of the research
questions and objectives. Articles not meeting the inclusion
criteria were removed, and reasons for exclusion were noted.
In the event of uncertainty, the reviewer (K.S) discussed with
another reviewer (A.M) to reach a consensus related to the
article selection. Study qualities were appraised using The
Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) statement.*

The systematic review was based on the PICO themes -
Population, Intervention (vaccination strategy), comparator
and outcome (consequences)® when data were extracted
from the studies.

Key information was collected from the selected articles using
a data extraction table. The studies were then categorised
into groups of strategies with similar characteristics (themes),
namely i) comparing vaccination vs no vaccination, ii)
vaccine efficacy/effectiveness, iii) comparison of different
population strategies, iv) strategy based on anaphylaxis
reaction, v) vaccine coverage and vi) pace of vaccination. In
each of these themes, the studies were evaluated based on
their outcome measures to determine if they are efficient or
otherwise. The cost-consequences measure selected for this
review can be presented as any of the following: cost-
effectiveness (measured in cost-effectiveness ratio (CER),
incremental cost-effectiveness ratio (ICER) or net monetary
benefit (NMB), or benefit-cost ratio (BCR) and were measured
at any time horizon of interest depending on the specific
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study. These measures were obtained from texts, tables or
appendices within the selected articles.

RESULTS

A total of nine studies met the selection criteria and
requirements for our review. Figure 1 shows the search
strategy process. Six studies were conducted in high-income
countries.** while three were conducted within the context of
middle and low-income countries.”* For the cost-
consequences analysis, four studies adopted provider
perspective*#***, two studies used societal perspective** and
two studies applied both.**  Additionally, one study
specifically adopted donor perspective to demonstrate the
cost-consequences of vaccination strategies in low- and
middle-income countries.”

All studies utilised various modelling methods for the
estimation of cost-consequences, in particular decision tree
model*, Markov model****, microsimulation model**,
continuous-time model” or transmission model.** All
studies analysed estimated direct costs, referring to the costs
of vaccine purchase and delivery system as well as the costs
from managing COVID-19 infections (including
hospitalisations and critical care). On the other hand, some
studies also include indirect costs, referring to productivity
loss from loss of work days from attending vaccination and
experiencing vaccine side effects* or COVID-19
infections****” and productivity loss from premature deaths.”
The time horizon of selected studies ranges from 180 days or
6 months**, 1 year*>***** and 10 years.*

The studies included in this review have modelled different
strategies to gain the optimal value from COVID-19
vaccination programs. These strategies include having a
vaccination program versus no vaccination****, comparing
different vaccine efficacy****¢, strategies linked to
prioritisation of population at-risk for COVID-19*'*, having a
universal program versus risk-stratified program (based on
anaphylaxis reaction) **, as well as comparing different pace*
and coverage** of a vaccination programme.

These studies have demonstrated several key findings: (i)
having a vaccination policy is cost-saving or cost-effective as
compared to having no vaccination programme, (ii)
vaccination strategy by utilising a higher vaccine efficacy is
more cost-effective, (iii) prioritising vaccination for at-risk
population is cost-effective, (iv) a mass vaccination strategy is
cost-effective even with the risk of anaphylaxis reaction, (v)
the pace of vaccination roll-out affects cost-effectiveness and
(vi) providing higher vaccination coverage is more cost-
effective. The summary of studies characteristics and results
are included in Table I.

Vaccine is Cost-Saving or Cost-Effective as Compared to
No-Vaccination Strategy

Several studies have documented that adopting a
vaccination policy was cost-saving as compared to the
absence of any vaccination strategy. In the USA, a
vaccination programme was estimated to be able to reduce
health costs by 90% and reduce disease burden by 50%.*
Additionally, from societal perspective, the COVID-19
vaccination program in the USA was estimated to reduce
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Fig. 1: The PRISMA flowchart for the selection of EBSCOhost

societal costs to only USD 9.9 billion, a 98% cost reduction
compared with no intervention.® Within the societal
perspective, immunisation not only reduces the cost of
treating COVID-19 but allows people to be healthy and able
to work to provide for society in general. Therefore, as the
societal perspective considered the costs related to the loss of
productivity from COVID-19 infections, a vaccination
strategy provides significant benefits to society.* Within the
context of South Africa, an immunisation program targeted
to cover 67% of the population was also determined as cost-
saving as compared to no vaccination.”® In the United
Kingdom, an effective vaccination was expected to minimise
community transmission without the need for long-term
physical distancing policies, therefore, estimated to yield
incremental net monetary values ranging from £12 billion to
£334.7 billion for 10 years.*

Meanwhile other studies demonstrated that a vaccination
policy was cost-effective compared to no vaccination.”** For
example, a vaccination program for low- and middle-income
countries (LMIC) with donor investment of USD 6.4 billion to
achieve 20% coverage would be highly cost-effective resulting
in an incremental cost-effectiveness ratio (ICER) of USD 20 for
every infection prevented and USD 250 per year of life saved
(YLS) compared with no vaccination.” Hence, highlighting
the need for the global community to support LMIC with the
necessary resources to vaccinate large proportions of their
populations and ensure equity in vaccine distribution.*

416

Vaccination Strategy by Utilising a Higher Vaccine
Efficacy is More Cost-Effective

As COVID-19 vaccines prevent COVID-19 infections and
reduce the severity of COVID-19 disease, studies had
demonstrated consistent findings, whereby a higher vaccine
efficacy resulted in better cost-effectiveness. A Turkish study
demonstrated that for vaccines with 45% effectiveness in
disease transmission and 90% effectiveness in disease
reduction, the incremental cost-effectiveness ratio (ICER) was
USD 1045 per QALY saved, which was considered cost-
effective.”” However, if the vaccine had higher effectiveness in
disease transmission (90%) with similar effectiveness in
disease reduction (90%), the ICER reduced to an even better
value of USD 511 per QALY ¥, which demonstrates that the
selection of a vaccine with higher effectiveness gives more
value for a vaccination programme. Similarly, the model
from the UK demonstrated that with higher vaccine
effectiveness and a long duration of induced immunity, the
net monetary benefit of a vaccination program will
increase.*

From the societal perspective, despite variability in the
effectiveness of available vaccines, having a vaccination
strategy was cost-saving as compared to no vaccination.” A
study from Israel concluded that despite variable vaccine
effectiveness, the benefit-cost ratio (BCR) of mass vaccination
against COVID-19 with three current available vaccines was
cost-saving for gaining more lives and less costs incurred.* In
addition, when the global economy and education losses
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were taken into consideration, the benefit-cost ratio for the
three vaccines was inflated.*

Prioritising Vaccination for At-Risk Population is Cost-
Effective

Studies had found that a vaccination strategy by prioritising
vaccine provision is cost-effective. For example, in Denmark,
the inclusion of the elderly population 60 years of age or
older was more cost-effective than a vaccination strategy
targeting only those younger than 60 years old.* A study
from the USA demonstrated that in the event of vaccine
supply constraint, prioritising vaccination of persons over
age 65 appears to be cost-saving because of the high cost
from higher incidence of intensive care and ventilation.* For
similar reason, a prioritisation scheme to high-risk groups
defined by a residency in nursing homes (without
consideration of age) was also found to be cost-saving as
compared to no vaccination strategy.*” Finally, prioritising
vaccination based on occupation, whereby those considered
to have a priority occupation i.e., healthcare personnel and
emergency care workers are given vaccination priority was
estimated to be cost-effective compared to no vaccination, as
demonstrated by the value of ICER of USD 20,000 for every
quality-adjusted life year (QALY) saved.*

Even with Risk of Anaphylaxis Reaction: A Mass
Vaccination Strategy is Cost-Effective

The occurrence of anaphylaxis cases after COVID-19
vaccination had prompted health authorities in some
countries to issue a precaution for vaccination in those with
a history of a severe drug or vaccine reaction or severe food
allergy.” As a result, a model was constructed to compare
between a universal vaccination policy (no restriction of
vaccination) and a risk-stratified approach (person with a
history of anaphylaxis contraindicated from vaccination).*
From a healthcare perspective, a universal vaccination
strategy dominates risk-stratification. However, when the risk
of vaccine-associated anaphylaxis exceeded 0.8%, the risk-
stratified approach was the most cost-effective strategy.” The
findings of this study suggested that a universal vaccination
strategy gives more value to healthcare providers and overall
society. However, if the risk of vaccine anaphylaxis is more
than 0.8%, a risk-stratified approach should be considered.*

The Pace of Vaccination Affects Cost-Effectiveness

Studies have documented that having a faster vaccination
pace produces maximal benefits in reducing the number of
populations affected by COVID-19. In the case of South
Africa, it was demonstrated that an immunisation
programme with the highest vaccination pace (300,000
vaccinations daily) dominates the lower vaccination pace
(200,000 and 150,000 vaccinations per day).* In other words,
a higher pace of vaccine roll-out resulted in the most
favourable clinical outcomes and lowest total costs incurred
to the healthcare provider.

Providing Higher Vaccine Coverage is More Cost-Effective
Studies showed that increasing the vaccination coverage does
not only have a significant reduction in morbidity and
mortality but was more cost-effective.®* Within the context
of South Africa, a 67% population vaccination coverage
resulted in ICER of USD 9,960 per life years as compared to
40% of vaccine coverage which was considered cost-effective.
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However, increasing the vaccination coverage to 80% will
reduce the ICER value (USD 4,270 per life years), meaning
that higher vaccination coverage is more cost-effective.48
Interestingly, within the context of the LMIC, with
vaccination coverage increasing from 20% to 50%, the ICER
value persistently increased, albeit the results were still cost-
effective.” However, beyond 50% vaccination coverage, the
ICER continued to increase, suggesting that the reductions in
infections and deaths continued, despite its diminishing
efficiency.” In essence, having better vaccination coverage of
provides value much value to the health provider as well as
the society.

DISCUSSION

Within the context of this review, economic evaluation
studies had consistently provided compelling evidence that
nationwide vaccination policies for COVID-19 provide
massive value for the healthcare providers and overall
society. Given the severity of the pandemic and the number
of lives lost due to COVID-19, the resource investment for a
vaccination strategy was expected to be lower than the costs
for treating COVID-19 diseases. Even with the high cost of
vaccination programme, it is still considered as cost-effective
to provide COVID-19 vaccination to the population.

The limited supply of COVID-19 vaccines during the early
phase of the pandemic had forced countries to select different
strategies of vaccine distribution and roll-out. Hence, not only
is it valuable to have a vaccination policy in a country during
the pandemic, it is also vital to ensure that the vaccination
policies are designed to ensure optimal outcomes in terms of
prevention of mortality and morbidity as well as improving
quality of life of the population. Therefore, different
vaccination strategies should be planned for different
population context. In the scenario of a limited vaccine
supply, a strategy concentrated on prioritised vaccination of
the pockets of the population which were at the most risk of
hospitalisation and death is crucial and gives the most
benefit. Therefore, countries are recommended to prioritise
vaccination for people at risk and subsequently extend
vaccine roll-out to populations at lower risk. For countries
and international bodies, this review also highlights the
importance of concentrating efforts to accelerate vaccine roll-
out to improve the pace and coverage of COVID-19
vaccination. This is possible by establishing effective vaccine
distribution and administration systems to ensure prompt
vaccine delivery to the community to gain the most benefit
from COVID-19 vaccination. As concerns of vaccine
hesitancy hamper the efforts to introduce new vaccines and
achieve adequate population coverage *, the value of
COVID-19 vaccination not only rely on the ability to provide
sufficient vaccine access *, but also depends on countries’
ability to address vaccine hesitancy in the community.
Higher vaccine hesitancy is expected to decrease demand for
vaccine®*, subsequently reducing the value of COVID-19
vaccination strategies, which necessitates strategic measures
to investigate and address COVID-19 vaccine hesitancy
within the context of respective countries.

Within the global community, strategies to improve global

vaccine production, addressing the bottlenecks of vaccine
production as well as ensuring equity in vaccine distribution
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is fundamental to ensure that the global population will
benefit from the COVID-19 vaccines. Hence, the
collaboration of various stakeholders is necessary to achieve
vaccine equity.

LIMITATIONS

There are several limitations to this review. First, the cost-
effectiveness or cost-consequences value was bounded by the
various parameters and assumptions included in the
economic evaluation studies. At this point, as much
information is still unknown related to vaccine effectiveness,
namely the duration of induced immunity and effectiveness
against different COVID-19 variants, interpretation of the
findings should be taken within the context of current,
available data. Secondly, most studies conducted simulations
for a brief time horizon of one year or less and based on the
current pandemic situation. Hence, these studies did not
provide information related to the value of COVID-19
vaccination in the long run. With the introduction of booster
doses and the possibility of COVID-19 vaccination activities
become seasonal or regular in the future, cost-effectiveness
measures should be investigated depending on the future
available data and context. Third, the outcomes selected for
these studies (for example, QALY, life years, or death
prevented) were mainly based on the direct impact of COVID-
19 infections, hence the cost-effectiveness value is expected to
be a conservative estimation. Although some studies
included societal perspective and took into consideration the
productivity loss from COVID-19 and economic gain from
vaccination, there is still a multitude of health and social
impact of prevention of COVID-19 morbidity and mortality
(such as the resumption of health services towards pre-
pandemic level, improved physical and mental health as
community return to work and school) as well as the return
of international travel norm. Therefore, taking these factors
into consideration, the value of COVID-19 vaccination is
expected to be higher. Fourth, studies often did not consider
issues related to COVID-19 vaccination hesitancy that may
impair COVID-19 vaccination effectiveness in the
population. Finally, as COVID-19 vaccination is a relatively
new intervention with potential rapid publications of more
economic evaluations, there is a need to revisit this review in
future.

CONCLUSION

In summary, the vaccination programme is a valuable tool
to combat the COVID-19 pandemic across the world. Various
strategies affect the cost consequences of COVID-19
vaccination programme, namely the prioritisation of high-
risk population, vaccine effectiveness as well as the pace and
coverage of vaccination. Hence, it is recommended that the
international and national actors involved in the global
vaccination effort to take these factors into consideration for
future COVID-19 vaccination policies.

The COVID-19 pandemic has demonstrated a unique case of
providing global vaccination to achieve the most benefit
within a short duration of time. Within this context, it is
recommended that all countries should strive for a rapid and
effective vaccine distribution by providing an effective
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delivery system and addressing vaccine hesitancy among the
population. The future directions recommended include
having more economic evaluations done at various levels of
population-based  vaccination programs to  help
policymakers in efficiently allocating scarce resources
especially for COVID-19 and other vaccine-preventable
diseases. Economic evaluation for vaccination programs
should be done early on such as at the start of a pandemic,
and this can be done using disease or mathematical
modelling approaches so that the findings of these
evaluations can be used in a timely manner when policies
are drafted for the implementation of the vaccination
programs.

For countries with issues related to COVID-19 vaccine supply
and distribution, the focus is on providing early vaccine
distribution to at-risk population while strengthening effort
to achieve access to vaccine supply and improving the
healthcare system to provide efficient vaccine delivery.
Additionally, collaborative international efforts should be
employed to assist countries with severe COVID-19 vaccine
supply problems. This can be done by offering either
financial assistance, technology advancements or the
technical expertise to ensure that these countries are able to
receive adequate vaccine supply as well as designing their
effective vaccine delivery and distribution system.

ACKNOWLEDGEMENT
The authors would like to thank everyone who provided their
opinions in order to improve this article.

REFERENCES

1. WHO. WHO Coronavirus (COVID-19) Dashboard [Cited March
2022]. Accessed from: https://covid19.who.int/

2. Tanaka S. Economic Impacts of SARS/MERS/COVID-19 in Asian
Countries. Asian Econ Policy Rev 2021;17: 41-61

3. Khan A, Khan N, Shafiq M. The Economic Impact of COVID-19
from a Global Perspective. Contemporary Economics. 2021;15(1):
64-76.

4. Zaman KT, Islam H, Khan AN, Shweta DS, Rahman A, Masud ],
et al. COVID-19 pandemic burden on global economy: a
paradigm  shift. Preprints.org 2020, 2020050461.
https://doi.org/10.20944/preprints202005.0461.v1.

5. International Labour Organization. ILO Monitor: COVID-19 and
the world of work. Seventh edition 25 January 2021. [Cited
March 2022] Accessed from
https://www.ilo.org/global/topics/coronavirus/impacts-and-
responses/WCMS_767028/lang--en/index.htm

6. World Trade Organization. Press Release :Trade shows signs of
rebound from COVID-19, recovery still uncertain., 2020. [Cited
March 2022] Accessed from
https://www.wto.org/english/news_e/pres20_e/pr862_e.htm

7. United Nations World Tourism Organization. The Impact of
COVID-19 on Tourism. August 2020. [Cited March 2022]
Accessed from https://webunwto.s3.eu-west-
1.amazonaws.com/s3fs-public/2020-08/UN-Tourism-Policy-Brief-
Visuals.pdf

8. Statista. Effect of the coronavirus (COVID-19) pandemic on sports
industry revenue worldwide in 2020, [Cited December 2021]
Accessed from https://www.statista.com/statistics/
269797 /worldwide-revenue-from-sports-merchandising/

9. Sanchez JM. COVID-19’s Economic Impact around the World.
2021. Federal Reserve Bank of St Louis. [Cited March 2022]
Accessed from https://www.stlouisfed.org/publications/regional-

Med ] Malaysia Vol 78 No 3 May 2023



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

COVID-19 vaccination: a systematic review of vaccination strategies based on economic evaluation studies

economist/third-quarter-2021/covid19s-economic-impact-world#
World Trade Organization. The Economic Impact of COVID-19
on Women in Vulnerable Sectors and Economies, August 3, 2020.
[Cited December 2021]. Accessed from
https://www.wto.org/english/news_e/news20_e/info_note_covid_
05aug20_e.pdf

Dingel JI, Neiman B. How many jobs can be done at home? |
Public Econom 2020; 189: 104235.

Kikuchi S, Kitao S, Mikoshiba M. Who suffers from the COVID-19
shocks? Labour market heterogeneity and welfare consequences
in Japan. | Jpn Int Econ 2021; 59: 101117.

Kawaguchi K, Kodama N, Tanaka M. Small business under the
COVID-19 crisis: expected short- and medium-run effects of anti-
contagion and economic policies. ] Jpn Int Econ 2021;61:101138.
World Health Organization. COVID-19 responsible for at least 3
million excess deaths in 2020, [Cited December 2021]. Accessed
from https://www.who.int/news-room/spotlight/the-impact-of-
covid-19-on-global-health-goals

Food and Agriculture Organization of The United Nations,
International Fund for Agricultural Development, United
nation's Children Fund, World Food Programme, World Health
Organization. The State of Food Security and Nutrition in the
World 2020. Transforming food systems for affordable healthy
diets. 2020 [Cited December 2021]. Accessed from
https://docs.wfp.org/api/documents/WFEFP-
0000117811/download/?_ga=2.55972015.509020310.164031319
5-97267627.1640313195

World Bank. Global Economic Prospects. June 2021 [Cited
December 2021]. Accessed from
https://openknowledge.worldbank.org/bitstream/handle/10986/
35647/9781464816659.pdf

Bueno-Notivol ], Gracia-Garcia P, Olaya B, Lasheras I, Lépez-
Antén R, Santabdrbara J. Prevalence of depression during the
COVID-19 outbreak: A meta-analysis of community-based
studies. International journal of clinical and health psychology.
2021 Jan 1; 21(1): 100196.

United Nations Development Programme. Putting the UN
framework for socio-economic response to COVID-19 into action:
Insights. 2020. [Cited December 2021] Accessed from
https://www.undp.org/coronavirus/socio-economic-impact-
covid-19

Dutta AK. Vaccine against Covid-19 disease — present status of
development. Indian | Paediatr 2020; 87: 810-16.

Bartsch SM, O'Shea K], Ferguson MC, Bottazzi ME, Wedlock PT,
Strych U, et al. Vaccine efficacy needed for a COVID-19
coronavirus vaccine to prevent or stop an epidemic as the sole
intervention. American journal of preventive medicine. 2020;
59(4): 493-503.

Bloom DE, Cadarette D, Ferranna M. The societal value of
vaccination in the age of COVID-19. Am | Public Health 2021;
111: 1049-54.

Ito T. Comment on “Economic Impacts of SARS/MERS/COVID-19
in Asian Countries”. Asian Economic Policy Rev 2022; 17:62-3.
ILO. ILO Monitor: COVID-19 and the world of work. Eighth
Edition.Updated estimates and analysis. October 2021. [Cited
December 2021] Accessed from
https://www.ilo.org/wcmsp5/groups/public/---dgreports/---
dcomm/documents/briefingnote/wcms_824092.pdf
Frakt AB. How the economy affects health.
2018;319:1187-88.

Castillo JC, Ahuja A, Athey S, Baker A, Budish E, Chipty T, et al.
Market design to accelerate COVID-19 vaccine supply. Science.
2021 Mar 12; 371(6534): 1107-9.

Alam ST, Ahmed S, Ali SM, Sarker S, Kabir G. Challenges to
COVID-19 vaccine supply chain: Implications for sustainable
development goals. International Journal of Production
Economics. 2021 Sep 1; 239: 108193.

Plotkin S, Robinson JM, Cunningham G, Igbal R, Larsen S. The
complexity and cost of vaccine manufacturing-an overview.
Vaccine. 2017 Jul 24; 35(33): 4064-71.

JAMA

Med ] Malaysia Vol 78 No 3 May 2023

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Hardt K, Bonanni P, King S, Santos JI, El-Hodhod M, Zimet GD, et
al. Vaccine strategies: Optimising outcomes. Vaccine. 2016;
34(52):6691-6699. doi: 10.1016/j.vaccine.2016.10.078.

World Health Organisation. WHO Target Product Profiles for
COVID-19 Vaccines Version 3, 29 April 2020. [Cited December
2021] Accessed from https://www.who.int/publications/m/item/
who-target-product-profiles-for-covid-19-vaccines.

Paltiel AD, Schwartz JL, Zheng A, Walensky RP. Clinical
Outcomes Of A COVID-19 Vaccine: Implementation Over
Efficacy: Study examines how definitions and thresholds of
vaccine efficacy, coupled with different levels of implementation
effectiveness and background epidemic severity, translate into
outcomes. Health Affairs. 2021; 40(1): 42-52.

Flanagan KL, Best E, Crawford NW, Giles M, Koirala A,
Macartney K, et al. Progress and pitfalls in the quest for effective
SARS-CoV-2 (COVID-19) vaccines. Frontiers in immunology.
2020:2410.

Kaslow DC. Certainty of success: three critical parameters in
coronavirus vaccine development. NPJ Vaccine 2020; 5: 42.
Drummond MF, Sculpher M], Claxton K, Stoddart GL, Torrance
GW. Methods for the economic evaluation of health care
programmes. Oxford university press; 2015 Sep 25.

Muennig P and Bounthavong M. Working with costs. In: Sons
JW, Editor. Cost-effectiveness analysis in health. 3rd ed. San
Franscisco: Jossey-Bass, 2016, 73-103.

McIntosh E, Clarke P, Frew E, Louviere |, editors. Applied methods
of cost-benefit analysis in health care. Oxford University Press;
2010 Jun 24.

Sanders GD, Maciejewski ML and Basu A. Overview of cost-
effectiveness analysis. JAMA 2019; 321: 1400-1.

Drummond MF, Sculpher M], Claxton K, Stoddart GL, Torrance
GW. Methods for the economic evaluation of health care
programmes. Oxford university press; 2015 Sep 25.

Page M], McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. International journal
of surgery. 2021; 88: 105906.

Husereau D, Drummond M, Petrou S, Carswell C, Moher D,
Greenberg D, et al. ISPOR Health Economic Evaluation
Publication Guidelines-CHEERS Good Reporting Practices Task
Force. Consolidated health economic evaluation reporting
standards (CHEERS)—explanation and elaboration: a report of
the ISPOR health economic evaluation publication guidelines
good reporting practices task force. Value in health. 2013; 16(2):
231-50.

Palaskar J. Framing the research question using PICO strategy. |
Dental Allied Sci 2017;6:55

Debrabant K, Gronbaek L and Kronborg C. The cost-effectiveness
of a COVID-19 vaccine in a Danish context. 2021. Discussion
Papers on Business and Economics, University of Southern
Denmark. [Cited December 2021] Accessed from SSRN:
https://ssrn.com/abstract=3773381 or
http://dx.doi.org/10.2139/ssrn.3773381

Kohli M, Maschio M, Becker D, Weinstein MC. The potential
public health and economic value of a hypothetical COVID-19
vaccine in the United States: Use of cost-effectiveness modeling to
inform vaccination prioritization. Vaccine. 2021; 39(7): 1157-64.
Padula WV, Malaviya S, Reid NM, Tierce |, Alexander G.
Economic value of treatment and vaccine to address the COVID-
19 pandemic: a US cost-effectiveness and budget impact analysis.
Available at SSRN 3586694. 2020 Apr 22.

Sandmann FG, Davies NG, Vassall A, Edmunds W], Jit M, Sun FY,
et al. The potential health and economic value of SARS-CoV-2
vaccination alongside physical distancing in the UK: a
transmission model-based future scenario analysis and economic
evaluation. The Lancet Infectious Diseases. 2021; 21(7): 962-74.
Shaker M, Abrams EM, Greenhawt M. A cost-effectiveness
evaluation of hospitalisations, fatalities, and economic outcomes
associated with universal versus anaphylaxis risk-stratified
COVID-19 vaccination strategies. ] Allergy Clin Immunol Pract
2021; 9 (7): 2658-68.

419



Systematic / Narrative Review Article

46. Wang WC, Fann JC, Chang RE, Jeng YC, Hsu CY, Chen HH, et al. 49. Siedner M]J, Alba C, Fitzmaurice KP, Gilbert RF, Scott JA, Shebl
Economic evaluation for mass vaccination against COVID-19. FM, et al. Cost-effectiveness of Coronavirus Disease 2019
Journal of the Formosan Medical Association. 2021; 120: S95- Vaccination in Low- and Middle-Income Countries. | Infect Dis.
105. 2022;226(11):1887-1896. doi: 10.1093/infdis/jiac243. PMID:

47. Hagens A, inkaya AC, Yildirak K, Sancar M, Van Der Schans J, 35696544; PMCID: PM(C9214172.

Acar Sancar A, et al. COVID-19 vaccination scenarios: a cost- 50. Trogen B and Pirofski L-A. Understanding vaccine hesitancy in
effectiveness analysis for Turkey. Vaccines. 2021; 9(4): 399. COVID-19. Medicine (N Y) 2021; 2: 498-501.

48. Reddy KP, Fitzmaurice KP, Scott JA, Harling G, Lessells R], Panella
C, et al. Clinical outcomes and cost-effectiveness of COVID-19
vaccination in South Africa. Nat Commun. 2021;12(1):6238.
PMID: 34013291; PMCID: PMC8132265.

420 Med ] Malaysia Vol 78 No 3 May 2023





