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A systematic review

Background Safe and effective vaccination is considered to be the most critical

strategy to fight coronavirus disease 2019 (COVID-19), leading to individual
and herd immunity protection. We aimed to systematically review the econom-
ic evaluation of COVID-19 vaccination globally.

Methods We performed a systematic search to identify relevant studies in two
major databases (MEDLINE/PubMed and EBSCO) published until September
8, 2022. After deduplication, two researchers independently screened the study
titles and abstracts according to pre-determined inclusion and exclusion cri-
teria. The remaining full-text studies were assessed for eligibility. We assessed
their quality of reporting using the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) 2022 checklist and summarized and narrative-
ly presented the results.

Results We identified 25 studies that assessed the economic evaluation of
COVID-19 vaccination worldwide by considering several input parameters, in-
cluding vaccine cost, vaccine efficacy, utility value, and the size of the targeted
population. All studies suggested that COVID-19 vaccination was a cost-effective
or cost-saving intervention for mitigating coronavirus transmission and its effect
in many countries within certain conditions. Most studies reported vaccine effi-
cacy values ranging from 65% to 75%.

Conclusions Given the favorable cost-effectiveness profile of COVID-19 vac-
cines and disparities in affordability across countries, considering prioritization
has become paramount. This review provides comprehensive insights into the
economic evaluation of COVID-19 vaccination that will be useful to policymak-
ers, particularly in highlighting preventive measures and preparedness plans for

- the next possible pandemic.

The pandemic of coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) is a significant public health
problem that has affected millions of people globally [1,2]. The virus first appeared
in a cluster of patients with pneumonia-like symptoms in Wuhan, China, near the
end of 2019 [3]. The disease has put public health systems under pressure [3,4] be-
cause of its rapid and intense transmission [3,5], while causing immense econom-
ic losses due to medical expenditures and decreased productivity. The estimation
of global economic costs of COVID-19 are varied, ranging from US$77 billion to
US$2.7 trillion [6], with estimated years of life lost (YLLs) as high as 4072 325 in
30 high-incidence countries in the first year of the pandemic [7]. Preventive con-
trol measures have become a priority due to the lack of an effective and clinically
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proven pharmacological treatment [5,8,9]. They include nonpharmacological interventions such as isola-
tion and quarantine, cleaning and disinfection, proper use of face masks, and physical distancing [8,10].
The most important strategy, however, is safe and effective vaccination, as it helps with achieving better
herd immunity faster [3,4,11].

By September 2022, various vaccines have been developed by many countries. According to the World Health
Organization (WHO), there were about 369 vaccine candidates in development, with around 40% in clinical
trials, and the remaining 60% in pre-clinical development stages [12]. After a series of efficacy and safety as-
sessments almost two years into the pandemic, numerous COVID-19 vaccines have received Emergency Use
Listing (EUL) or Emergency Use Authorization (EUA) by regulatory authorities worldwide, and vaccinations
have been conducted in many countries [13]. While some COVID-19 vaccines appear safe and effective, pro-
viding an adequate number of vaccines is frequently dependent on the countries’ resources [14]. Although the
WHO has published guidelines for vaccine prioritization, only a few include economic considerations [15].

A recent study that assessed the duration of effectiveness of COVID-19 vaccines found that, although the
COVID-19 vaccine’s immediate effectiveness in preventing severe disease symptoms remained high, its ef-
fectiveness may decrease in the six months following full vaccination [16]. These findings highlight that
further follow-up on COVID-19 vaccination policies is still required. Given the disease’s health and eco-
nomic burden, providing information on the effectiveness and cost of health interventions is essential for
informing decision-makers in optimizing the scarce healthcare resources, especially in countries with limit-
ed resources such as in low- and middle-income countries (LMICs). A previous study showed that nonphar-
macological interventions, vaccinations, and treatments can be cost-effective interventions to prevent and
control COVID-19 [17]. A most recent review also suggested that COVID-19 vaccination was cost-effective
and even cost-saving in LMICs [18]. However, studies that comprehensively assessed the cost-effectiveness
of COVID-19 vaccination are currently sparse. To address this, we aimed to conduct a systematic review to
assess and provide an up-to-date economic evaluation of COVID-19 vaccination globally.

METHODS

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 2020 guide-
lines in reporting this systematic review. The PRISMA checklists of this study are provided in Table S1 in
the Online Supplementary Document.

Search strategy

Three investigators (AMU, FR, and QAK) searched the MEDLINE/PubMed and EBSCO databases up to
September 8, 2022 to identify relevant studies on economic evaluations of COVID-19 vaccination. The fol-
lowing keywords were used for the search, combining mesh terms and text words: (“Costs and Cost Anal-
ysis”[Mesh] OR “economic evaluation” OR “cost minimization” OR “Cost-Effectiveness Analysis”[Mesh] OR
“cost utility” OR “Cost-Benefit Analysis”[Mesh] OR “willingness-to-pay”) AND (“COVID-19”[Mesh] OR
“Coronavirus”’[Mesh] OR “COVID-19 Vaccines”[Mesh]).

Study selection

We exported the records into the Mendeley Reference Manager and checked for duplicates. Two researchers
(AMU and QAK) did the manual data extraction and independently performed screening on the articles’ ti-
tles and abstracts. We included English-language economic studies of COVID-19 vaccines in countries with
COVID-19 vaccination programmes, corresponding to the PICOS eligibility criteria (population — countries
providing COVID-19 vaccination, intervention — COVID-19 vaccination, comparison — none, outcome —
cost-effectiveness ratio, and study design — full economic evaluation studies, i.e., cost minimization analysis,
cost-benefit analysis (CBA), cost-effectiveness analysis (CEA), and cost-utility analysis (CUA)). We excluded
review articles, case reports, conference proceedings, non-peer-reviewed papers, opinion pieces, letters to the
editor, and commentaries. AMU and QAK retrieved and reviewed the full texts of potentially eligible articles.
FR and DN double-checked the results of the study selection. Any disagreements were resolved by discus-
sions with another reviewer (NZ). Figure 1 shows the PRISMA flow diagram for the study selection process.

Data collection and quality assessments

The data from the included studies were manually extracted in Microsoft Excel (Microsoft Inc, Seattle WA,
USA) using a predetermined format. From each included study, information regarding characteristics of

2023 -

VOL. 13 «

06001 2 www.jogh.org e doi: 10.7189/jogh.13.06001



Economic evaluation of COVID-19 vaccination

o
N
—_ . . a
Identification of studies via databases =
@
) =
o\
g Records removed before 8]
= Records identified from: scrgenll.ng:t g ’ =
= EBSCO (n = 160) (=861} . -
c Correction to article ®
§ [reference] (n = 2) =z
- f
= 2
Records excluded (n = 261):
1. Non-economic evaluation
(n=123)
Records screened 2. Non-COVID-19 (n = 81)
(n=294) ' 3. Review, brief communication,
letter to editor, commentaries
(n=55)
4. Non-English (n = 2)
o
£
= ;
3 (Fieg%r:tss) Songlht 16F Feinevl ——| Reports not retrieved (n = 2)
3
(/2]
Reports excluded (n = 6):
1. Only assessed unit cost
(n=1)
Reports assessed for 2. Did not assess vaccines
eligibility (n = 31) ' efficacy (n = 2)
3. Non-COVID-19 (n = 1)
4. Brief-communication (n = 1)
5. Not peer-reviewed yet (n = 1)
-/
)
©
[«F) . .
'g Studies included in
= review (n = 25)
=
N

Figure 1. PRISMA flow diagram of the study selection process.

the studies, i.e., information on authors, year of publication, title, country, study objectives, type of study,
data collection, and outcome measure, including incremental cost-effectiveness ratio (ICER), quality-adjust-
ed life years (QALYs), disability-adjusted life years (DALYs), life years gained (LYG), and other intermediate
measures, were extracted. Moreover, we also documented methodological characteristics, i.e., study per-
spectives, intervention, and comparator, time horizon, discount rate, choice of model, and sensitivity pa-
rameters. Vaccine information comprising vaccination strategy, duration of vaccine protection, vaccination
coverage, and vaccine effectiveness was also obtained. In addition, the following cost elements and primary
results from each study were documented. All costs were converted to reflect 2022 US$ using the Campbell
and Cochrane Economics Methods Group-the Evidence for Policy and Practice Information (https:/eppi.
ioe.ac.uk/costconversion/default.aspx) Centre Cost Converter Software.

The reporting quality of each included study was assessed using the recent version of the Consolidated
Health Economic Evaluation Reporting Standards (CHEERS) 2022 statement [19]. The checklist comprised
24 items classified into six categories, namely, title and abstract, introduction, methods, results, discussion,
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and others. We calculated a percentage score with the underlying assumption that all criteria were weighted
equally after excluding the criteria that were not applicable. Studies were assigned 1 point for reporting the
item, 0.5 for partially reporting, and O for not reporting. Studies were categorized as “high quality” if they
met at least 75% of these standards, “moderate” if they met between 50% and 75% of relevant standards,
and “low” if less than 50% [20]. Since this assessment only measures the quality of reporting, the fact of
unreported items does not imply poor study quality. This process involved a discussion by all researchers
to ensure the accuracy of the findings.

RESULTS

Study selection

Through the database search, we retrieved 203 records from MEDLINE/PubMed and 160 records from EB-
SCO. After eliminating 67 duplicates, we screened 296 records and selected 31 for full-text screening. We
further excluded six articles because they were not economic evaluation studies and did not explicitly in-
volve vaccine efficacy. Consequently, we identified 25 articles for the final review (Figure 1).

Study characteristics

Table 1 provides the characteristics of the 25 included studies, 23 of which were single-country studies, 11
were from LMICs [21-25,29,35,38-40,43,44], and 12 were studies from high-income countries (HICs) [26-
28,30-35,37,41,45]. The two remaining studies were conducted in multiple countries; the first one comprised
four analyses from LMICs and two analyses from HICs [36], while the other study comprised 12 analyses
in LMICs [42]. Sixteen studies were conducted in 2021 [21-28,30-33,35-37,41], while nine studies were con-
ducted in 2022 [29,34,38-40,42-45]. Most of the included studies (21/25) aimed to estimating the economic
evaluation of different vaccination strategies [21-30,32,33,35-38,40,42-45], while two studies were conduct-
ed with the goal of estimating the economic evaluation of vaccination vs no vaccination [34,41]. Only one
study assessed the economic impact of booster vaccination [31], while another compared the intradermal
vaccine with the intramuscular vaccine [39].

Methodological characteristics

CUA was conducted in 15 studies, 11 of which used QALYs as an outcome [22,29,30,32-34,36,37 41 44 ,45],
while four used DALYs [23,24,38,40]. Four studies conducted CBA, with most using net monetary value as
the outcome measure [26-28], while only one study used cost-benefit ratio as the outcome measure [43].
For studies using CEA, two articles used year of life saved (YLS) as the outcome [21,42] while another used
averted cases and deaths [25]. One study conducted CUA using QALYs as the outcome alongside budget
impact analysis (BIA) [31]. SARS-CoV-2 anti-RBD antibody response was chosen as the outcome in a study
using CEA, which also conducted a cost analysis [39]. One remaining study used two concurrent economic
analyses — CEA with quality-adjusted life days (QALD) as outcomes and CBA with cost-benefit ratios [35]
(Table 1).

Ten studies applied the dynamic transmission model [21-23,25,26,30,32,40,42 44], eight applied the Markov
model [29,31,33-35,38,41,45], and four studied the epidemiological model [24,27,28,43] for modeling the
evaluation. One study utilized a decision tree [36] and another used simplified mathematical modeling [37].
One study did not report the type of modeling used [39]. The short time horizon was reported in most stud-
ies, i.e., two, three, four, six, and nine months [24,27-30,32,34,35,43] and one year [21,22,25,31,33,36,38,40-
42,44,45], although a longer time horizon was also reported in three studies [23,26,37]. However, one
study did not report a time horizon [39]. For time horizons of more than one year, a discount rate must be
mentioned [46]. More than half of the studies (13/25) did not report the discount rate for costs and effects
[21,24,25,28,29,31,35,38,39,43-45]. Most studies set similar discount rates for costs and effects at 3.5% [37],
3% [22,23,32-34,36,401, 1.5% [271], 3%-5%[26], and 2%-4%[30]. While two studies reported 3% [42] and
3.5% [41] discount rates only for the effects.

Regarding perspectives, 12 studies used a healthcare perspective [25,27,29-31,33,34,36,38,41,45,47], four
used a societal perspective [36,37,40,44], two used a policymaker perspective [21,24], and one adopted the
payer perspective [42]. Additionally, the remaining studies used more than one perspective, i.e., health-
care and societal perspectives or societal and payer perspectives [22,23,28,32,35]. Only one study did not
report the perspective adopted [39] (Table 2). At least four studies specified a vaccination coverage of less
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Table 1. General characteristics of included studies

AUTHOR, YEAR COUNTRY MODEL TYPE TYPE OF STUDY VACCINATION COVERAGE TIME HORIZON OUTCOME MEASURE SENSITIVITY ANALYSIS
Dynamic state-transition Monte

Reddy et al., 2021 [21] South Africa Carlo microsimulation model CEA At least 40% 360 d YLS One-way and PSA
Age-structured deterministic o
Hagens et al., 2021 [22] Turkey dynamic compartmental model CUA 70% ly QALYs One-way
Pearson et al., 2021 [23] Pakistan Compartmental transmission model CUA NR 10 DALYs One-way
?fza:lm & Meysamie, 2021 Iran Epidemiological model CUA NR 2-3mo DALYs NR
. N . 24%-29% for low risk
Suphanchaimat et al., Thailand Deterministic system dynamics and CEA and 100% for high risk 365 d Case averted, death One-way
2021 [25] compartmental models . . averted
and special population
sandmann et al., 2021 United Kingdom Age-strpqured dynamic . CBA 75% 10y Net monetary value PSA
[26] transmission and economic model
Kirwin et al., 2021 [27] Canada Epidemiological model CBA 40% 4 mo Net monetary value NR
Lopez et al., 2021 [28] Catalonia Epidemiological model CBA NR 9 mo Net monetary value NR
Fernandes et al., 2022 [29] Brazil Markov model CUA NR 289 d QALYs PSA
Dynamic transition model using
Debrabant et al., 2021 [30] Denmark a SEIR (susceptible, exposed, CUA 15%, 25%, and 40% 6 mo QALYs One-way
infectious, recovered) structure
Padula et al., 2021 [31] us Markov model CUA and BIA NR ly QALYs PSA
Computational model (transmission
™ . 30%-50%; 50%-70%; 180d,270d
Bartesh et al., 2021 [32] us and age- stratified clinical and CUA o onos ’ ’ QALYs One-Way
economics outcome model) and 70%-90% and 360 d
34.9% for 18-49 y old;
Kohli et al., 2021 [33] us Markov model CUA 47.3% for 50-64 y old; ly QALYs DSA
and 68.1% for >65 y old
Lietal, 2022[34] UsS Markov model CUA 67.37% 6 mo QALYs PSA
Wangetal, 2021 [35]  Taiwan Markov model CUA, CBA 70% 180 d QALDs, benei-cost One-way
. Hongkong Indonesia China Phil- . N
Jiang et al., 2021 [36] ippines Singapore Thailand Decision tree CUA 70% ly QALYs One-way and PSA
Mathematical Modeling (Best
I[\g[%co—l:ranco etal, 2021 Spain Adjustment of Related Values CUA 70% S5y QALYs One-way
(BARV) method)
I;/gjglgg]Zamora etal, Colombia Markov discrete time CUA NR ly DALYs DSA
Mungmunpuntipantip and . Cost-Analysis SARS-CoV-2 Anti-RBD
Wiwanitkit, 2022[39] Thailand NR and CEA NR NR antibody response NR
Orangi et al., 2022 [40] Kenya Age-structured transmission model CUA 30% 15y DALYs One-way
Orlewska et al., 2021 [41]  Poland Markov model CUA 100% ly QALYs DSA
Bangladesh, Republic of Congo,
. . . i [V v 0,
Siedner et al, 2022 [42]  -YPU Ethiopia, Indonesia, Ken- -, 5 el CEA 15%, 30%, 45%, and 360d YLS One-way
ya, Myanmar, Nigeria, Pakistan, 60%
Philippines, Tanzania, Vietnam
Siquera et al., 2022 [43] Brazil Probabilistic epidemiological model CBA NR 6 mo Cost-benefit ratio NR
Wang et al., 2022 [44] Thailand Age-structured transmission CUA 60% ly QALYs One-way and PSA

dynamic model
Xiong et al., 2022 [45] Hongkong Markov model CUA 70% ly QALYs One-way and PSA

BIA — budget impact of analysis, CBA — cost-benefit analysis, CEA — cost-effectiveness analysis, CUA — cost-utility analysis, DALYs — disability-adjusted life years, DSA — deterministic sensitivity analysis, ICER — in-

cremental cost-effectiveness ratio, NR — not reported, PSA — probabilistic sensitivity analysis, QALYs — quality-adjusted life years, QALD — quality-adjusted life days, YLS — years of life saved, y — years, mo — months

RESEARCH THEME 2: COVID-19

uoneurIBA 6T-gIA0J JO UOLEN|EAS J|WIOU0]



L0090 « €1 TIOA « €202

T0090°€T"YS0l/68T£°0T :10p o 810°ySol-MMmm

RESEARCH THEME 2: COVID-19

Table 2. Cost elements and main findings of included studies

WILLINGNESS TO PAY PARAMETER IN SENSITIVITY
AUTHOR PERSPECTIVE DISCOUNT RATE COST DATA GNESSTO PRIMARY RESULT SENS
THRESHOLD ANALYSIS
Cost Outcome  Direct cost Indirect cost
Medical cost Non-medical

COVID-19 vaccination program would reduce One-way: prior
infections and deaths, and likely reduce overall | Y- P

Reddy etal., 2021 Heal[hcare Vaccination cost, hospital and ICU OH? GDP per healthcare costs (in ICERs of US$520/YLS) in ™Mt reproduction
(public and NA NA NR NR capita or published ) : . number, cost per person
[21] . cost : South Africa across a range of possible scenarios, . i . )
private) opportunity cost . . . vaccinated; multi-way:
even with conservative assumptions around vac- -
. . vaccination pace
cine effectiveness.
Vaccination is cost-effective if the vaccine’s effi-
Hagens et al Healtheare and Healthcare costs of hospitalisation, Productivity losses due ciency in preventing transmission is equal to or Total suscentible persons
202gl 2] N societal NA 3% the ICU stay, and pharmacotherapy NR to sickness leave and ~ One GDP per capita less than 50% of its effectiveness in preventing and vaccinftion czst
at home and vaccination premature death transmission with an ICER US$511/QALYs and
US$1045/QALYs.
At 1y distribution, US$3/dose vaccine yielded
Wastage 70% efficacy and 2.5-y duration of protection is
frei htg P;uman likely to avert around 0.9 (95% Cr1=0.9, 1.0) mil-
Health system Vaccine procurement price per dose resgurées er lion cases, 10.1 (95% Crl=10.1, 10.3) thousand
Pearson et al, (healtthre and 3% 3% syrin esF;nd safet bozes czld ) dose trans ort  NR NR deaths, and 70.1 (95% Crl=69.9, 70.6) thousand Vaccine price
2021 [23] Leare ° ° yring Y DOXES, ; LTanspo DALYs, with an ICER of US$27.9 per DALYs. P
partial societal) chain costs per dose, per dose, social : I .
e Covid 19 vaccination is highly cost-effective and
mobilization per S ! : ir
dose cost-saving in Sindh Province, Pakistan, if the vac-
cine prices<US$10/dose and the infection occurs
at short term (not more than 5 y or lifelong).
The ICER for a vaccination with COVID-19 vac-
Vaezi and Cost of hospitalisation. cost of cines was estimated at US$6.2 to US$121.2 to
Meysamie, 2021 Policy maker NR NR ; P ’ NR NR One GDP per capita avert one DALYs and US$566.8 to US$10957.7 NR
vaccine per dose . .
[24] per one death. All vaccines are cost-effective ex-
cept CoronaVac and Janssen.
The migrant-centric vaccination policy scenario
received the lowest incremental cost per one case
or one death averted compared with the other sce-
Treatment unit cost per, vaccination narios. The Thai-centric policy scenario yielded
Suphanchaimat, Provider NA NA cost, and vaccine administration NR NR NR an 1.ncrement>a\1 cost of US$2282 perone 11f§ saved, Values of Fhe
etal., 2021 [25] costs while the migrant-centric policy scenario pro- reproduction number
duced a comparable incremental cost of US$317.4.
A migrant-centric policy yielded the smallest vol-
ume of cumulative infections and deaths and was
the most cost-effective scenario.
Hospital admissions cost (ICU
and non-ICU), enhanced personal . L .
. . . Introducing vaccination leads to incremental net
protective equipment cost, visits to ! ing from US$17.6 billi
Sandmann et al. Lth o =0 o =0,  general practitioners cost, remote ICER threshold monetary ‘?ﬁ'l,es rgng?g brom o brton tg Vaccination vs no
2021 [26] Healthcare S%5% - 3%-5% helpline calls cost, adverse events NR NR <US$22476 US$4899 billion in the best-case scenario an Vaccination

from -US$1.61 billion to US$83.4 billion in the

following immunization cost, Worsl-case scenario

vaccine administrations cost, and
vaccine costs
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Table 2. Continued

AUTHOR PERSPECTIVE

Kirwin et al.,

2021 [27] Healthcare

DISCOUNT RATE

Cost

1.50%

Outcome

1.50%

COST DATA

Direct cost Indirect cost

Medical cost Non-medical

Vaccination cost NR NR

WILLINGNESS TO PAY
THRESHOLD

NR

PRIMARY RESULT

Using prioritisation of those over the age of 60 y
at high risk of poor outcomes, active cases are re-
duced by 17% and net monetary benefit dollars,
relative to no vaccine increased by US$263 million
dollars, relative to no vaccine

PARAMETER IN SENSITIVITY
LU

NA

Lopezetal., 2021 Societal and
[28] healthcare

NA

NA

- Vaccination
Vaccination cost . NR
campaign cost

NR

The benefit/cost ratio is estimated at 3.4 from a so-
cial perspective and 1.4 from a health system per-
spective. The social benefits of vaccination are es-
timated at US$152.99 per vaccine dose (US$26.14
from the perspective of the health system).

NA

Public health
system

Fernandes et al.,
2022 [29]

NA

NA

Medical visits, diagnostic tests,

hospital stay (ward NR NR

US$3436.38

The vaccines showed incremental cost-utility ra-
tios ranging from US$4525.81/QALYs (Oxford) to
US$3469.79/QALYs (CoronaVac) and considered
cost-effective.

Vaccine efficacy

Healthcare
sector
perspective

Debrabant et al.,
2021 [30]

2%-4%

2%-4%

ICU cost hemodialysis, laboratory NR

A ) Productivity loss
tests, imaging tests

NR

Inclusion of the elderly population aged 260 y was
more cost-effective than a vaccination strategy that
targeted a population aged <60 y old only, when
productivity losses were not included.

Vaccine efficacy

Healthcare
sector
perspective

Padula et al., 2021
(31]

NR

NR

Unit cost of each vaccine dose. NR Productivity loss

US$100000/QALYs

Vaccination compared to do nothing has a dom-
inant ICER value with a program cost of $13042
and a budget impact cost of $40 so that it can be
stated that vaccination is cost-effective.

Vaccine cost; vaccination

rate; and vaccine efficacy.

The third-

party payer
and societal
perspective

Bartcsh et al.,
2021 [32]

3%

Productivity losses
Vaccination cost and hospitalisation NR due to absenteeism
cost resulting from

COVID-19 illness

ICER below
US$50000

1. Achieving 50% coverage in 180 d with a 70%
efficacious vaccine resulted in a decrease of 20.9
million cases, 775980 hospitalisations, and
91660 deaths and a gain of 977730 QALYs.; 2.
Shortening to 180 d (vs 270 d) decreased cases by
2.6 million and deaths by 11300, saving by $5.3
billion in total costs.

Vaccine efficacy and
vaccine's reproduction
number

Kohliet al., 2021

33] Healthcare

3%

3%

Vaccine cost, vaccine administration
cost, COVID-19 treatment cost, and NR NR
hospitalisation cost

US$50000 to
US$150000 per
QALYs gained

1. The incremental cost per QALYs gained for the
US adult population was US$8200 vs no vacci-
nation; 2. For the tiers at highest risk of compli-
cations from COVID-19, such as those ages 65 y
and older, vaccination was cost-saving compared
to no vaccination; 3. The cost per QALYs gained
increased to over $94 000 for those with a low risk
of hospitalisation and death following infection.

Infection incidence,
vaccine price, the cost of
treating COVID-19, and
vaccine efficacy

Lietal., 2022 [34] Healthcare

3%

3%

Hospital administration cost,

vaccines cost, and PCR test cost NR NR

ICER bellow
US$50000

The booster strategy is a cost-saving strategy. The
strategy would prevent 3.8 COVID-19 deaths, in-
dicating a requirement of US$904 382 to prevent
1 COVID-19 death.

Population incidence of
COVID-19 at one time

Wangetal., 2021 Healthcare and
[35] societal

NR

NR

Confirmatory diagnosis cost,
vaccine price per dose, vaccine
administration per dose,
hospitalisation cost per day, vaccine
jab cost per half-day

Adverse effect due to
vaccination

ICER below
US$50000

1. Cost-utility analysis result: Moder-
na=-US$321.14/QALD, Pfizer=-US$356.75/
QALD, AstraZeneca=-US$341.44.;2. Cost-benefit
analysis result: Moderna=US$13, Pfizer=US$23,
and AstraZeneca=US$28.

Hospitalisation fee
and proportion of
asymptomatic cases

RESEARCH THEME 2: COVID-19
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Table 2. Continued

AUTHOR

Jiang et al., 2021
[36]

PERSPECTIVE

Societal

DISCOUNT RATE

Cost

3%

Outcome

3%

WILLINGNESS TO PAY
THRESHOLD

COST DATA

Direct cost Indirect cost
Medical cost Non-medical

One time GDP per

Vaccination cost and medical cost ~ NR Productivity loss capita

RESEARCH THEME 2: COVID-19

PARAMETER IN SENSITIVITY
ANALYSIS

PRIMARY RESULT

Population immunization programs using inacti-

vated COVID-19 vaccines may be not only cost-ef-

fective but also cost- saving in Hong Kong SAR,

Indonesia, mainland China, Philippines, Singa- Vaccine efficacy against
pore, and Thailand with US$105.18, US$98.15, COVID-19 cases by
US$99.70, US$60.48, US$112.00, and US$103.47 severity

QALYs compared with no vaccination in Hong

Kong SAR, Indonesia, mainland China, Philip-

pines, Singapore, and Thailand, respectively.

Marco-Franco et
al., 2021 [37]

Buyer

3.50%

3.50%

Hospital administration, Transportation o One to three times
Hospitalisation, vaccine cost cost to hospital GDP per capita

Vaccination of about 70% of the Spanish popu-

lation, with a conservative 70% ratio of efficacy Discount rate and

and two shots, will result in US$5042.42 per QA- mortality of COVID-19
LYs gained.

Morales-Zamora
etal., 2022 [38]

Healthcare
system

NR

NR

Treatment of the patients and NR NR One time GDP per
vaccine acquisition capita

Prioritization of high-risk population reduces
symptomatic cases by 3,4% and deaths by 20,1%
compared with no vaccination with ICER value is Ivi it ]
US$3339 per DALYs yearly immunity foss

Probability of having
symptom for age 70+ and

Mungmunpun-
tipantip and Wi-
wanitkit, 2022
391

NR

NR

Vaccine administration NR NR NR

Cost-utility and cost-safety analysis also show that

the cost per utility and cost per safety values for
intradermal vaccination are lower than those of NR
intramuscular vaccination with utility value 0.207

and safety value 9.67

Orangi et al.,
2022 [40]

Societal

3%

3%

Freight, wastage, Productivity loss due

Vaccination cost, treatment cost K .
transport to illness and mortality

US$919.11

Slow roll-out at 30% coverage largely tar-

gets those over 50 y and resulted in 54% fewer

deaths (8132 (7914 to 8373)) than no vaccina-

tion and was cost saving (incremental cost-ef- Vaccine procurement
fectiveness ratio, ICER=-US$1343 (-US$1345 to (in 50% coverage, both
-US$1341) per DALYs averted). Rapid roll-out rapid and non-rapid
with 30% coverage averted 63% more deaths vaccination pace)

and was more cost-saving (ICER=-US$1607

(-US$1609 to -US$1604) per DALYS averted) com-

pared with slow roll-out at the same coverage level

Orlewska et al.,
2021 [41]

Public
healthcare

NR

3.50%

Vaccine cost, vaccine administration
cost, COVID-19 treatment cost, and NR NR
hospitalisation cost

Three times GDP
per capita

In the base case analysis, the incremental cost per
QALYs gained associated with vaccinating the
whole population is US$3688.71. For individuals
aged 60-69 y and >80 y vaccination is less costly
and more effective than no vaccination. The incre-
mental cost per QALYs gained when vaccinating
individuals aged 40-49 and 30-39 y is US$16517
and US$39500, respectively. In the general pop-
ulation and in younger subpopulations the incre-
mental cost-effectiveness ratio is most sensitive
to the vaccine effectiveness, vaccine price, and
SARS-CoV-2 infection rates.

Vaccine effectiveness,
vaccine price, and SARS-
CoV-2 infection rates (in
general population and
younger subpopulation)

‘39 1wein
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Table 2. Continued

WILLINGNESS TO PAY

PARAMETER IN SENSITIVITY

AUTHOR PERSPECTIVE DISCOUNT RATE COST DATA PRIMARY RESULT
THRESHOLD ANALYSIS
Cost  Outcome Direct cost Indirect cost
Medical cost Non-medical
;ﬁiﬁ&g%m ICER In the omicron-like scenario, increasing current
could be in the vaccination coverage to achieve at least 15% in
range USS670/YLS 13 each of the 91 LMICs would prevent 11 mil-
for fchieving al lion new infections and 120000 deaths, at a cost
Siedner et al., Donor 0% 3% Vaccine cost Program cost NR least 15% coverage of 1“} US$0.95 b}lhon, for an incremental cost-‘ef— Vaccination program
2022 [42] 10 USST820/YLS fectiveness ratio (ICER) of US$670/y-of-life costs
for 16 achieving at saved 15 (YLS). Increases in vaccination cover-
least 60% covefa o ageto 60% would additionally prevent up to 68
inan om?cron-lilfe million 16 infections and 160000 deaths, with
. ICERs<US$8000/YLS
scenario
Acquisition herd AstraZeneca has the best cost-benefit when prior-
Siquera et al., Public health o immunity cost, Achieve 70% herd  itizing acquisition costs, while Pfizer is the most
2022 [43] authorities NR NR Cost of vaccination cost of number of immunity cost-beneficial when prioritizing the number of NR
death deaths.
1. COVID-19 vaccines that block infection com-
Cost of vaccine bined with social distancing were cost-saving
supply chain, regardless of the target population compared to
. L cost of mask, social distancing alone (with no vaccination); 2.
Medical cost, cost of vaccination, ) o
; L : cost of hand COVID-19 vaccines that reduces severity (includ-
Wang et al., 2022 Societal cost of vaccine Administration, cost sanytizer, cost ing hospitalisation and mortality) were cost-ef-
” . NR NR of vaccine acquisition cost, cost K NR Below US$17499 ) . .1 Vaccine efficacy
[44] perspectives . of contact fective when the elderly were vaccinated, while
of COVID-19 screening, cost of ) L S
) tracing, cost vaccinating the high incidence group was not
vaccine-related adverse event ) : ; . ) )
of quarantine, cost-effective with this vaccine type; 3. Regard-
cost of social less of vaccine type, higher vaccination coverage,
distancing, higher efficacy, and longer protection duration
were always preferred.
1. The ICER of the vaccination program be-
fore Omicron period was found to have a cost of
Xiong et al. 2022 Healthcare Polvmerase chain reaction tests US$5383060 per QALYs (not cost-effective in the
[43] 8 ” sector NR NR hosy italisation care. and ICU ca{re NR Productivity loss Below US$240963  context before the Omicron wave); 2. The ICER Vaccination rate
perspective P ’ of the vaccination program in Omicron period

was US$74 721 (cost-effective in the context of
the Omicron)

NA —not available, NR — not reported, QALYs — quality-adjusted life years, QALD — quality-adjusted life days, ICER — incremental cost-effectivens ratio, YLS — years of life saved, DALYs — disability-adjusted life years,

QALD - quality-adjusted life days, ICU — intensive care unit, Crl — credible interval, GDP — gross domestic product, y — year, mo — months

RESEARCH THEME 2: COVID-19
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than 50% [21,27,30,40], eight had a vaccination coverage of 50%-75% [22,26,34-37,44,45], and one speci-
fied a vaccination coverage of 100% [41]. Moreover, three studies presented a range of two to three catego-
ries of vaccination coverage each [25,32 42]. Eight studies, however, did not report on vaccination coverage
[23,24,28,29,31,38,39,43].

Regarding the possibilities of uncertainty, five studies did not conduct sensitivity analyses [24,27,28,39,43].
Those that did commonly used deterministic sensitivity analyses, particularly one-way sensitivity anal-
yses [22,23,25,30,32,33,35,37,38,40-42]. Four studies performed probabilistic sensitivity analysis (PSA)
[26,29,31,34]. The remaining included studies used more than one sensitivity analysis, i.e., PSA and one-
way sensitivity analysis [21,36,44,45].

Cost estimation

Regarding cost components, the direct medical costs were mostly vaccination costs and hospitalisation or
ICU treatment costs related to COVID-19 infection [21-24,26-28,32-38 40,42]. Three studies considered di-
agnostic testing costs in direct medical costs [29-31]. Only eight studies reported direct non-medical costs,
including vaccine wastage, freight, human resources, transportation, social mobilization, contact tracing,
quarantine, social distancing, and vaccination campaigns [23,28,35,37,40,42-44]. The indirect costs con-
sidered were those associated with economic productivity loss because of COVID-19 [22,30-32,36,40,45].
Table 2 summarizes the detailed information about the cost elements of the included studies.

Primary results

The value of the willingness-to-pay (WTP) threshold differed depending on the study. Several studies
used their own thresholds [26,33-35,40,42,43,45,48-50]; some referred to one to three times the gross do-
mestic product (GDP) per capita as the threshold value [21,22,24,36-38,41] while others did not define it
[23,25,28,30,39,41] Overall, all studies suggested that vaccination to prevent the COVID-19 pandemic was
a cost-effective strategy. Each analysis used a different evaluation to determine whether the use of vaccina-
tions was considered cost-effective, e.g. by considering the procurement of the vaccine program compared
with the absence of a vaccination program [21,26,33,36,39,41,45,48,50], the coverage of the vaccine used
[37,40,42,49], the existence of priority vaccines for specific populations [25,30,33,34,38,41], the efficacy of
many vaccines on the market [23,24,29,35,41,43], and the provision of boosters following vaccination [34].

Several studies did not conduct sensitivity analysis to determine the uncertainty of the analysis
[24,28,39,41,43], but most did. Reproduction number [21,25,49], vaccine price/cost [22,23,33,41,48], vac-
cination program [26,4245], vaccine efficacy [29,30,33,36,40,41,48-50], population/infection incidence
[33,34,38], hospitalisation fee [35], and discount rate and mortality [37] were the most reported sensitive
parameters in the sensitivity analysis. Vaccine cost was one of the most essential factors in determining
cost-effectiveness. All the included studies reported vaccine prices, and most of them calculated the aver-
age price to obtain the effectiveness of vaccination. Additionally, the vaccine administration cost was also
considered, varying from US$0.50 to US$20.16 [25,30,33-36,47]. According to the CHEERS 2022 check-
list, 14 studies were classified as high quality [21-23,25-28,30,31,36,38,40,42] while 10 were classified as
moderate quality [24,29,32,34,35,37,41,43-45]. Only one study was categorized as low in quality of report-
ing [39]. The abstract and results sections were almost entirely reported in all studies. Most studies have
discussed vaccination perspectives and time horizons, but justifications have rarely been mentioned. All
studies provided the currency used, but the years of costing and conversion were not fully reported. Re-
garding heterogeneity, only a few studies described techniques for estimating how the study’s results dif-
fer for subgroups. The role of the study’s funder was also underreported, even though almost all studies
reported the source of funding.

DISCUSSION

We identified 25 studies on the economic evaluation studies of COVID-19 vaccination globally. The results
showed that the vaccination programs would be cost-effective and even cost-saving compared to no vacci-
nation at all, even when the efficacy of vaccines largely varied, was assumed to be relatively low, and when
only a specific age cohort was targeted. Moreover, vaccine effectiveness, costs, and coverage were among the
most influential parameters for estimating the cost-effectiveness. We also found variability regarding input
parameters in all included studies, eg, the choice of modeling, perspectives, cost components, vaccine cov-
erage, target population, and discount rate.
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Economic evaluation of COVID-19 vaccination

Vaccination is considered the most cost-effective intervention to fight the COVID-19 pandemic. Most eco-
nomic evaluation studies on COVID-19 vaccination were from HICs and middle-income countries (MICs),
while studies in low-income countries (LICs) were very limited. Most evaluation studies used a decision
analytic modeling approach to predict the cost-effectiveness of COVID-19 vaccination. Approximately half
of the studies using modeling used dynamic models in the evaluation, which may consider herd immunity
and dynamic shifts in the age distribution of the population, thus providing a representation of infectious
disease transmission. The models’ assumptions and parameters relating to the direct and indirect costs and
vaccine efficacy varied. COVID-19-related costs were determined by the perspectives used in the studies.
Societal perspectives could give more comprehensive data in the decision-making process because both di-
rect and indirect costs, such as productivity loss, were considered in the analysis. In contrast, the healthcare
only considers direct costs. However, as the data were limited during the COVID-19 pandemic, the health-
care perspective was mostly used, as indicated in most included studies. Most studies used a one-year time
horizon or less, considering the viral infection’s nature and the expected effects of vaccination. Vaccination
is supposed to be more cost-effective in a shorter time horizon than other interventions such as social dis-
tancing [51]. A study that used a short time horizon (<1 year) did not have to consider a discount rate in
the analysis [406]. A longer time horizon was used to determine a longer effect, as done, for example, in the
study by Pearson et al. [23], which considered campaign duration and duration of natural immunity for 10
years. Thus, discounting the costs and effects became necessary [46].
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Most studies reported vaccine efficacy to be around 60%-95%. These findings are correlated with the fact that
vaccination could decrease hospitalisation rate, disease severity, and mortality [13,52]. A previous study also
reported that a COVID-19 vaccination could minimize adverse outcomes [52]. Although vaccination could
prevent coronavirus transmission, not all countries can afford the same type of vaccines (different types
may result in different efficacy) and the number of rounds or doses to be administered. Thus, the econom-
ic evaluation becomes important for policymakers to decide on the implementation strategies. Our results
indicated that COVID-19 vaccination can be considered a cost-effective or cost-saving intervention, even
in LMICs. Combined with lockdown and physical distancing, vaccination is estimated to have decreased
148 million cases and 3.1 million deaths [26]. Vaccines can reduce community transmission without do-
ing physical distancing in the future [26]. The analysis also summarized that mass vaccination campaigns
against COVID-19 are cost-saving [28]. From an economic perspective, vaccination campaigns have high
social returns [28]. Regarding benefits, the speeding up of vaccination coverage could decrease the number
of cases and deaths [32].

Many aspects can influence the priority of conducting COVID-19 vaccination during the beginning of pan-
demic eg, prioritization criteria, vaccine effectiveness and coverage, and implemented policies [27]. For in-
stance, in Thailand, prioritizing persons at risk of contracting COVID-19 exhibited a more cost-effective
effect [25]. In the USA, if the analysis did not consider the productivity loss, prioritizing vaccines for peo-
ple older than 60 years was more cost-effective [33]. However, the analysis in Denmark suggested that even
when the loss of productivity is considered, the scenario to prioritize vaccination for people younger than
60 years can still be considered cost-effective [30].

Because of limited resources, cost is an essential aspect of estimation in any economic evaluation study.
Costs are calculated to estimate resource scarcity, which occurs when resources used for one purpose are no
longer available for use in another. Decision-makers must choose appropriate WTP thresholds in economic
evaluations. Making accurate estimations in WTP would assist policymakers in making informed decisions
regarding the healthcare allocation [53]. If a specific WTP is not available, a threshold of less than three
times the country’s annual GDP per capita is recommended by the World Health Organization’s Choosing
Interventions that are Cost-effective (WHO-CHOICE) project, with interventions that cost less than one
time the country’s annual GDP per capita being considered highly cost-effective [54]. The WTP research
is predicated on the notion that societal preferences should be considered when making choices on how to
distribute resources in the health system [55].

Previous studies also suggested that vaccination against COVID-19 was more cost-effective than no vacci-
nation at all. The COVID-19 vaccine is superior in LMICs in terms of clinical effectiveness and economic
value. Vaccination programs have shown to be the most cost-effective strategy to stop the COVID-19 pan-
demic under any circumstances or situation. The efficacy of the vaccine, the priority of administration in
a certain group, and vaccination coverage are the three primary factors for deciding whether a vaccine is
cost-effective or not. Herd immunity, which lowers mortality in COVID-19 patients, is influenced by vac-
cine efficacy and vaccination coverage, whereas population priorities have an effect, since vaccines might
be useless if not administered to the correct populations [22-25,29,30,33,35,38,40,41,43,49].
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