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Abstract 

Background The COVID-19 outbreak was defined as a pandemic on 11 March 2020 by the World Health Organiza-
tion. After that, COVID-19 has enormously influenced health systems around the world, and it has claimed more than 
4.2 million deaths until July 2021. The pandemic has led to global health, social and economic costs. This situation has 
prompted a crucial search for beneficial interventions and treatments, but little is known about their monetary value. 
This study is aimed at systematically reviewing the articles conducted on the economic evaluation of preventive, 
control and treatment strategies against COVID-19.

Material and method We searched PubMed, Web of Science, Scopus, and Google Scholar from December 2019 to 
October 2021 to find applicable literature to the economic evaluation of strategies against COVID-19. Two researchers 
screened potentially eligible titles and abstracts. The Consolidated Health Economic Evaluation Reporting Standards 
(CHEERS) checklist was used to quality assessment of studies.

Results Thirty-six studies were included in this review, and the average CHEERS score was 72. Cost-effectiveness 
analysis was the most common type of economic evaluation, used in 21 studies. And the quality-adjusted life year 
(QALY) was the main outcome applied to measure the effectiveness of interventions, which was used in 19 studies. 
In addition, articles were reported a wide range of incremental cost-effectiveness ratio (ICER), and the lowest cost per 
QALY ($321.14) was related to the use of vaccines.

Conclusion Based on the results of this systematic review, it seems that all strategies are likely to be more cost-
effective against COVID-19 than no intervention and vaccination was the most cost-effective strategy. This research 
provides insight for decision makers in choosing optimal interventions against the next waves of the current pan-
demic and possible future pandemics.
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Introduction
The Coronavirus disease was diagnosed in Decem-
ber 2019, and the World Health Organization (WHO) 
defined its outbreak as a pandemic on March 2020. Since 
then, COVID-19 has profoundly affected health systems 
worldwide, causing more than 4.2 million deaths by the 
end of July 2021 [1]. The pandemic has led to global 
health, social and economic crises [2].

The total cost of the coronavirus and its pandemic was 
estimated to be roughly equivalent to 90% of the annual 
GDP (gross domestic product) in the United States [3]. 
A one-month lockdown in Tokyo led to an 86.1% (or 1.25 
trillion yen) drop in daily production in Japan [4]. The 
average direct medical cost of an asymptomatic COVID-
19 patient was $3,045 during the infection in the United 
States [5], and the global costs of the disease have been 
estimated from $77 billion to $2.7 trillion [6].

In Korea, the total Disability Adjusted Life Years 
(DALYs) for Coronavirus were estimated at 2,531 and 
4.930 DALYs per 100,000 population; the Years Lost due 
to Disability (YLDs) and the Years of Life Lost (YLLs) 
constituted 10.3% and 89.7% of the DALYs, respec-
tively [7]. Available studies have found that the highest 
total number of YLLs attributable to COVID-19 was in 
the United States, and the highest number of YLLs and 
DALYs per 100,000 people was in Belgium [8]. A study of 
five countries (United States (US), United Kingdom (UK), 
Canada, Norway, and Israel) found that the per capita 
value of YLL in US and UK was the highest and almost 
equal [9].

In order to prevent and control COVID-19, various 
non-pharmacological interventions have been imple-
mented in different countries. Although these strategies 
can potentially lead to a significant reduction in produc-
tivity, the necessity of using them is unavoidable [2]. To 
date, treatment strategies to deal with corona disease 
are mainly supportive, such as oxygen supplementation 
and mechanical ventilation; unfortunately, there are no 
proven effective drugs against the coronavirus, and many 
drugs are used without conclusive evidence of their effec-
tiveness and safety [10]. For some time, different types of 
COVID-19 vaccines have been used worldwide. Vaccines 
appear to be the only short-term solution to combat the 
coronavirus pandemic and must be distributed quickly, 
evenly, and efficiently [11]. In general, several strategies 
have been used to deal with COVID-19, some of the most 
important of which are quarantine, travel restrictions, 
screening, wearing masks, vaccines and social distancing 
[12]. Governments’ response in choosing and applying 
these strategies is based on multiple economic, cultural, 
political, and ethical reasons [13]. For example, although 
the effectiveness of lockdown and restriction measures 
has been proven, they should be used cautiously due to 

their effects on individual freedoms and domestic vio-
lence [14].

So far, many studies have been conducted in various 
fields related to COVID-19. Early studies were focused on 
the knowledge of this virus [15, 16]. Many other studies 
have also examined the complications and costs caused 
by this epidemic [3, 17]. Some studies have compared 
other strategies against COVID-19 [18, 19]. To compare 
the cost-effectiveness of these strategies, outcomes such 
as QALY, DALY, prevented COVID-19 cases, and net 
benefit are often considered. And the costs are usually 
extracted and analyzed from three perspectives, includ-
ing the payer, the health system, and the social [20–23]. 
Comparing the cost and outcome of interventions to deal 
with COVID-19 shows that an optimal response strat-
egy is a combination of all interventions, and the form 
of this combination is strongly dependent on the charac-
teristics of the growth of the epidemic; usually, the most 
cost-effective strategies included the four interventions 
of household contact tracing, isolation, mass symptom 
screening, and quarantine [24]. Understanding the ben-
efits and burdens of these interventions, both individu-
ally and in combination, is essential for policymakers, 
and they often use different methods of economic eval-
uation to achieve this understanding. There are many 
types of economic evaluation for COVID-19 policies and 
interventions that differ in their methods of quantifying 
results and their approaches to aggregation. In a gen-
eral classification, economic evaluations are divided into 
seven categories including cost, comparative effective-
ness, cost-consequence, cost-effectiveness, benefit-cost, 
developed cost-effectiveness, and distributional cost-
effectiveness [25].

Although many decision-makers use some kind of 
mental model to evaluate the advantages and disadvan-
tages of different policy options, a detailed economic 
evaluation formalizes the decision-making process and 
makes decision-making more systematic, comprehensive 
and transparent [25, 26]. On the other hand, policymak-
ers need to know which strategy has a positive effect on 
the control and prevention of COVID-19, or which types 
of medical and non-medical interventions are more nec-
essary to prevent this disease [27]. It seems that a com-
prehensive review of economic evaluation studies of 
solutions to deal with COVID-19 can clarify the path 
of optimal allocation of resources for decision-makers. 
Therefore, this research was conducted to summarize the 
cost-effectiveness of strategies to deal with COVID-19.

Method
Search methods for identification of studies
This systematic review followed the PRISMA (Pre-
ferred Reporting Items for Systematic reviews and 
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Meta-Analyses) flow diagram [28]. This study was con-
ducted to review published studies on the cost-effec-
tiveness of strategies against COVID-19 from December 
2019 to October 2021. We developed a search strategy 
to identify studies using the PICOS (Population/Prob-
lem-Intervention-Comparison-Outcome- Study Design) 
framework. The studies were extracted from the follow-
ing databases: PubMed, Scopus, Web of Science, and 
Google Scholar. Keywords based on MeSH (Medical 
Subject Headings) terms were placed into two categories 
("COVID-19" and "cost"). The logical operator "OR" was 
used between all synonymous keywords, and then the 
first and second-category keywords were merged with 
the logical operator "AND". Endnote X7.1 software was 
used to manage references. The selected studies focused 
on the economic evaluation of the response programs for 
COVID-19.

Selection of studies
We identified potentially eligible titles and abstracts 
based on inclusion/exclusion criteria. Then, two authors 
independently evaluated the text of the selected articles. 
Disagreements concerning including eligible studies were 
resolved by a third author. The inclusion and exclusion 
criteria are listed in Table 1.

Data extraction and analysis
The CHEERS checklist (with 24 items) was used to report 
the quality of the studies [29]. The items in this check-
list were evaluated and scored as “fully met = 1”, “not 
meet = 0”, “partially met = 0.5”, or “not applicable”. Then 
we determined the percentage of the score for each study. 
Articles were divided into four categories based on the 
percentage of points earned: poor quality (scoring < 55%), 

good quality (55–70%), very good quality (70–85%), 
excellent quality (scoring ≥ 85%); poor studies were 
excluded from the analysis.

The selected studies were fully reviewed, and the 
required data were extracted and summarized. We 
designed a data extraction form that included the follow-
ing information: study population, country, compared 
interventions, time horizon, perspective, type of eco-
nomic evaluation, outcomes, and costs.

In order to analyze and compare the results of different 
studies, we first converted all studies into the same cur-
rency (US dollar). Given that the studies were conducted 
in different years (2019 to 2021), we updated the results 
of the studies to 2021 according to the inflation rate of 
the countries. And finally, we compared the studies with 
the same outcomes.

Results
Review profile
The PRISMA diagram is shown in Fig.  1. The search in 
all electronic databases identified a total of 4933 records. 
After removing duplicate records, 1397 articles were eli-
gible based on screening the titles and abstracts. After 
that, 124 records met the inclusion criteria and were 
selected for full-text evaluation. Finally, 36 studies were 
considered in our analysis, which has been presented in 
Table 2.

Study characteristics
The characteristics of the studies are summarized as fol-
lows: country setting and year of study, target population 
of the study, alternatives for comparison, type of eco-
nomic evaluation used for data analysis, outcome meas-
ure for effectiveness, time horizon, perspective of the 

Table 1 Eligibility criteria

CEA cost-effectiveness analysis, CUA  cost-utility analysis, CBA cost–benefit analysis, QALY quality-adjusted life years, DALY disability-adjusted life years, NA not 
applicable

Inclusion criteria Exclusion criteria

Population General population or targeted population NA

Intervention All strategies to deal with COVID-19 (preventive, control, or 
treatment)

Other interventions

Comparator Any other intervention, no intervention NA

Outcome Incremental cost per QALY, Incremental cost per DALY, Cost per 
case averted, Cost per death averted,

Cost analysis studies (i.e., studies which measured or compared 
costs without health outcomes) or outcomes related to effective-
ness only

Cost perspective No restriction NA

Study design Full economic evaluation studies (CEA, CUA or CBA), Partial 
economic evaluation studies (if both costs and outcomes of an 
intervention were included)

Conference abstracts, review articles, animal studies and is do not 
find the full text

Context No restrictions (all countries) NA

Language English language NA
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study, included cost, type of sensitivity analysis, the dis-
count rate for costs and outcomes, and the incremental 
cost-effectiveness ratio/net monetary benefit (Table 2).

In total, 36 studies were included in this review. The 
average score of CHEERS was 72. Five articles with excel-
lent quality (85 or higher), seventeen articles with good 
quality (70 to 85), and fourteen articles with average qual-
ity (55 to 70) were included in this review. Most of these 
studies were from the United States (n = 13) and China 
(n = 5). In more than half of the articles (n = 20), the tar-
get population of the study was the general population. 
In terms of the type of economic evaluation, most studies 
used cost-effectiveness analysis (n = 21). Except for seven 
articles, all of them had a study perspective. The findings 
of this review study show that 20 studies (55.55%) used 
the discount rate and in 14 studies (38.88%), as the period 
of the study was limited, the discount rate was not used; 
two studies did not report this. All studies clearly stated 
the time horizon of the study, except for three studies. 
The time horizon of most studies (n = 26) was one year 
or less.

The most common outcome used to measure the effec-
tiveness of interventions was QALY, which was used in 
19 studies (52.77%). One-way sensitivity analysis was the 
most common type of sensitivity analysis in the reviewed 
studies and was used in 12 studies (33.33%), the probabil-
istic sensitivity analysis was used in four studies (11.11%), 
and in four studies, both have been done simultaneously. 
Sensitivity analysis is used to investigate the effect of 

uncertainty in the results and the generalizability of the 
results [66]. The findings of this review also indicated that 
the studies included a wide range of direct (medical and 
non-medical) and indirect (especially lost production) 
costs. Thirteen articles (36.11%) generally studied direct 
and indirect costs. In 17 articles (47.22%), direct medi-
cal costs have been included, and in four of these articles, 
indirect costs have also been investigated simultaneously. 
Furthermore, the articles reported a wide range of incre-
mental cost-effectiveness ratios. The highest and lowest 
costs per QALY were observed in India ($6.33 million 
for N-95 respirator) and Taiwan ($321.14 for the Mod-
erna Vaccine), respectively. It was also found that China 
($-3,397.46 billion to implement movement restriction 
policies with a delay of four weeks) and the United States 
($5.44 trillion for the implementation of social distanc-
ing) had the lowest and highest net monetary benefit, 
respectively.

Summary of the economic evaluation of strategies 
against COVID‑19
The reviewed economic evaluation studies were different 
vastly based on type of interventions, setting, perspec-
tives, used methods, and populations. For this reason, 
direct comparing the results of studies was difficult. 
Complete information on these studies is provided in 
Table 2. In this section, the most important information 
of an economic evaluation study is presented separately 
for each study (this information includes: economic 

Fig. 1 PRISMA flow chart for study selection
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evaluation method, alternatives, country, and the result 
of the study in US dollars based on ICER / NMB (Net 
Monetary Benefit) / CBR (Benefit–Cost Ratio).

The results showed that the strategies to deal with 
COVID-19 were included in eight general categories. The 
three common strategies in the studies were screening 
and diagnostic tests  (nS1 = 11), quarantine and isolation 
 (nS2 = 8), and therapeutic interventions  (nS6 = 9). A hand-
ful of articles evaluated social distancing  (nS4 = 6), per-
sonal protective equipment  (nS5 = 7), lockdowns  (nS3 = 7), 
vaccination  (nS7 = 5), and travel restriction  (nS8 = 4).

Screening and diagnostic tests strategy (S1)
In 11 articles, the strategy of "screening and diagnostic 
tests" has been studied in combination with other inter-
ventions or individually. Although there was limited evi-
dence that this strategy was less cost-effective than social 
distancing with masks [67], paid sick leave for treatment 
[68], and cleaning surfaces as a protective measure [69], 
in eight studies, different forms of this strategy were 
clearly introduced as the dominant and cost-effective 
option compared to the competing option (other strate-
gies, non-intervention, or another form of this strategy).

Four studies in the United States studied different 
forms of screening and diagnostic tests strategy using the 
CEA method. In one of these studies, home-based SARS-
CoV-2 antigen testing was found to be superior to no 
intervention; the ICER per death prevented and infection 
prevented were $1,497,210 and $8,260.83, respectively 
[23]. Also, RT-PCR (Reverse Transcription Polymerase 
Chain Reaction) pool tests were the dominant option 
compared to individual tests with an ICER of $36,785.30 
per diagnosed case [70]. Additionally, PCR for all was 
found to be superior compared to PCR for symptomatic 
individuals, with an ICER of $34,551 per QALY [71]. It 
was also found that the combined strategy of screening 
(every other day) with isolation is a more cost-effective 
option compared to daily and weekly screenings and 
saves $8,271.30 per infection prevented [72]. A CBA 
study from Spain showed that the use of diagnostic tests 
in the combined TTQ (Test-Tracking-Quarantine) strat-
egy is the dominant option compared to no interven-
tion, and the benefit–cost ratio for it was $22.26 [73]. 
And another study from this country with the same 
method showed that for mass screening of asymptomatic 
population for COVID-19, rapid antigen test was supe-
rior to PCR test with a benefit–cost ratio of 1.63 versus 
1.20 [74]. A CEA study in China found that performing 
three RT-PCR tests compared to two tests was the supe-
rior option for diagnosing and discharging people with 
COVID-19, with a net monetary benefit of $16.52 mil-
lion in 43 days [75]. A study from Israel using the CEA 
method showed that national lockdown was inferior to 

an alternative combined strategy of testing, tracing, and 
isolation; regarding national lockdown, the ICER was 
$45,776,207.92 per death averted, which was higher than 
the willingness-to-pay threshold [20].

Quarantine and isolation strategy (S2)
Eight studies investigated the "quarantine and isolation" 
strategy in combination with other interventions or sepa-
rately. Although this strategy was mentioned as a less 
cost-effective option than paid sick leave for treatment 
[68] and cleaning surfaces [69], different forms of this 
strategy were superior to other alternatives in 6 articles.

A study from China using CEA showed that the iso-
lation-and-quarantine strategy was superior to the per-
sonal protection and community containment strategies 
(ICER per case averted = $1,278.43). The joint strategy 
of personal protection and isolation-and-quarantine 
was also introduced as a more cost-effective option than 
personal protection and community containment (ICER 
per case avoided = $1,000) [76]. Another study using the 
same method in Australia found that home isolation was 
a more cost-effective option than hotel isolation, and 
the net monetary benefit per person was estimated at 
$1,455.19 in New South Wales and $1,169.91 in West-
ern Australia [77]. Also, a CBA article from New Zealand 
showed that the combined mitigation strategy, which 
included isolation and quarantine, was a more cost-
effective option than the lockdown strategy; with the 
implementation of the lockdown strategy, the cost per 
QALY was $960,405.60, which was much higher than the 
willingness-to-pay threshold [78]. In three other studies, 
which were also mentioned in the previous section, the 
combined strategies of screening (every other day) with 
isolation [72] and TTQ [20, 73] were dominant compared 
to other alternatives.

Lockdown strategy (S3)
Lockdown strategy was investigated in seven studies in 
combination with other interventions or individually. 
For analysis, the CBA method was used in six studies 
and CEA method was used in one. In these studies, dif-
ferent forms of this strategy were compared with other 
strategies or no intervention, and the results in one study 
showed that this strategy was the dominant option.

One study from the United States showed that the 
implementation of suppression policies, which included 
lockdown, had a net benefit of about $298.70 billion 
compared to no intervention [79]. Six studies identified 
this strategy as a dominated alternative. In two articles, 
mitigation strategy [78] and paid sick leave for treatment 
[68] were introduced as dominant alternatives compared 
to this strategy. And in another article, lockdown under 
three alternative scenarios (income growth of 6%, 7% 
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and 8%) was investigated and in all three scenarios the 
net benefit was less than zero [80]. In two studies, it was 
found that in implementing this strategy, the value of 
ICER was much higher than the threshold of willingness 
to pay [20, 81]. Another study evaluated the lockdown 
strategy in two conservative and generous scenarios and 
showed that the total cost per QALY was $32,489.78 and 
$18,049.23, respectively. In general, it was found that the 
cost of quarantine is 25 times higher than its benefit and 
none of the scenarios were cost-effective [82].

Social distancing strategy (S4)
The strategy of social distancing in combination with 
other interventions or individually was investigated in 
six articles. By comparing different forms of this strat-
egy with other strategies or no intervention, it was found 
that although it was less cost-effective than vaccine [83], 
cleaning surfaces [69], and a combined mitigation strat-
egy [78], this strategy was expressed as the dominant 
option in three studies in the United States.

A study with the CBA method showed that implement-
ing social distancing compared to not implementing this 
intervention leads to $5.44 trillion in net monetary ben-
efit [22]. Also, the results of a CEA study indicated that 
social distancing with masks was a more cost-effective 
solution than using masks alone or laboratory screen-
ing; this combined strategy saved $177.99 per infection 
averted and $51,512.4 per QALY, compared to these 
two alternatives [67]. Another study with CBA method 
showed that the combined strategy of limited reopening 
with social distancing was the superior option compared 
to the full reopening strategy to achieve herd immunity, 
and the ICER was $130,875 per QALY [84].

Personal protective equipment strategy (S5)
Different forms of personal protective equipment strat-
egy (individually or in combination with other inter-
ventions) were investigated in seven articles. The single 
strategy of isolation and quarantine [76], the combined 
strategy of social distancing with masks [67], hand 
hygiene [85], and cleaning surfaces [69], were introduced 
as more cost-effective solutions than PPE. As a result of 
comparing the cost-effectiveness of personal protective 
equipment strategy with other strategies, or no inter-
vention, or comparing its different forms together, this 
strategy was introduced as the dominant strategy in four 
studies.

In the study that was conducted with the CEA method, 
it was shown that adequate provision of personal protec-
tive equipment compared to inadequate provision of it 
in health workers, led to a saving of $61.01 per COVID-
19 case prevented and $4,456.36 per life saved [86]. In 
another similar study with the same method in Kenya, it 

was shown that adequate supply compared to inadequate 
supply of PPE in health workers resulted in savings of 
$54.11 per case prevented and $393.66 per death pre-
vented [87]. Also, a CBA study in New Zealand found that 
the implementation of the combined mitigation strategy, 
which included the use of PPE on public transportation, 
was more cost-effective than the lockdown strategy; with 
the implementation of the lockdown strategy, the cost per 
QALY was $960,405.60, which was much higher than the 
willingness-to-pay threshold [78]. A study from China, 
which was conducted with the CEA method, showed that 
the joint strategy of personal protection and isolation-
and-quarantine was the superior option compared to the 
strategy of personal protection and community contain-
ment and no intervention. And this combined strategy 
saved $1,000 per case prevented [76].

Therapeutic intervention strategy (S6)
The strategy of therapeutic interventions in combination 
with other interventions or individually was investigated 
in 9 studies. Only one study found that the therapeutic 
intervention was less cost-effective than the compet-
ing option. In this study, the vaccine for COVID-19 was 
shown to be superior to the treatment for it [83]. In eight 
other studies, different forms of therapeutic intervention 
strategies were compared together, with no intervention, 
or with standard care.

Two of these studies were conducted in the United 
States using the CEA method. It was found that oxy-
gen support with a ventilator was superior to no oxy-
gen support, with an ICER of $8,508.70 per QALY [88]. 
It was also observed that the use of statin was a more 
cost-effective solution compared to not using it. Patients 
who received statin had lower costs ($33,109.28 vs. 
$34,779.24) and greater effectiveness (1.73 vs. 1.71). 
[89] In another study from this country, using the CUA 
method, it was shown that the choice of "Dexametha-
sone for all patients" was a superior option compared to 
its alternatives (Remdesivir to all patients, Remdesivir in 
only moderate and only severe infections, Remdesivir in 
moderate/Dexamethasone in severe infections, Dexa-
methasone in severe infections) [90]. Similarly, a study 
in Africa used the CEA method and reported an ICER 
of $241.64 per death prevented. The results of this study 
indicated that choosing Dexamethasone alone was more 
cost-effective than competing options for both non-ven-
tilated and ventilated patients . Also, another study from 
the United Kingdom using the CEA method showed 
that if the patient meets the criteria for treatment with 
Dexamethasone, drug therapy with Dexamethasone is 
a more cost-effective option than not using it, and the 
ICER value is lower than the willingness-to-pay thresh-
old per QALY ($27,768.56) [91]. A study from China 
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with a similar methodology reported an ICER value of 
$2,239.86 per QALY and stated that the Remdesivir regi-
men was the dominant option compared to the stand-
ard of care [75]. A study from the Philippines, using the 
CBA method, found that using paid sick leave for treat-
ment was superior to the two options of closing face-to-
face schools and a combined TTQ strategy (benefit–cost 
ratio of 10 vs. 0.011 and 1.20, respectively) [68]. A study 
in Germany also using the CEA method, expressed the 
ICER value of $29,109.55 per life year gained, and stated 
that providing additional capacity by increasing ICU 
(Intensive Care Units) beds is more cost-effective than no 
intervention [92].

Vaccination strategy (S7)
Vaccination strategy has been studied in five articles in 
comparison with other strategies or no intervention. And 
in all these studies, various forms of this strategy have 
been described as cost-effective.

Two of the studies were conducted in the United States 
using the CEA method. In one of these, vaccination was 
found to be more cost-effective compared to no vacci-
nation, with an ICER of $8,585.40 per QALY [93]. And 
in another study from this country, vaccination was 
presented as the superior option compared to no vac-
cination, therapeutic interventions, and social distanc-
ing (ICER8 = $837.60 per QALY) [83]. Similarly, a study 
in Turkey with the same methodology reported that the 
ICER was $686.20 per QALY and stated vaccination was a 
better option than no vaccination [11]. Also, a study from 
the United Kingdom, using the CBA method, showed 
that the net monetary value of vaccination compared to 
no vaccination ranged from $464.70 billion to $1.52 bil-
lion (in two scenarios, best-case scenario and worst-case 
scenario), and vaccination was introduced as a more 
cost-effective option [94]. In a study from China, using 
the CUA method, Moderna, Pfizer, AstraZeneca vaccines 
and no interventions were compared. The results of this 
study showed that the ICUR per QALY ($) was -321.14, 
-356.75, and -341.43, respectively [21].

Travel restriction strategy (S8)
The travel restriction strategy was compared with other 
strategies or no intervention in four studies. Although 
in one study the combined form of this strategy was less 
cost-effective than the joint strategy of personal protec-
tion and isolation and quarantine [76], it was expressed 
as the dominant strategy compared to the alternatives in 
three studies.

A study from China using the CUA method showed 
that the net monetary benefit (billion/$) for no-delayed 
implementation of movement restriction policies com-
pared to one-week, two-week, and four-week delayed 

implementation was -394.04, -680.52, -941.15, and 
-3,397.46, respectively [95]. Another study from the 
United States, using the CBA method, stated that the 
implementation of state suppression policies, which 
include severe travel restrictions, resulted in a net ben-
efit of $298.70 to $385.61 compared to no intervention 
[79]. Also, a study with the CBA method in New Zea-
land showed that the implementation of the mitigation 
strategy, which included transportation restrictions, was 
more cost-effective compared to the lockdown strategy. 
In implementing the lockdown strategy, the cost per 
QALY was $960,405.60, which was much higher than the 
willingness-to-pay threshold [78].

Discussion
The focal point of this systematic review was the eco-
nomic evaluation of strategies against COVID-19, and 
for this purpose, 36 articles were reviewed. In general, 
the solutions to deal with COVID-19 were placed in eight 
general categories (screening and diagnostic tests, quar-
antine and isolation, therapeutic interventions, social 
distancing, personal protective equipment, lockdowns, 
vaccination, and travel restriction). Screening and diag-
nostic tests, quarantine and isolation, therapeutic inter-
ventions were the most common strategies investigated 
in the studies.

In the comparison between different strategies against 
COVID-19, the evidence showed that the strategy of 
screening and diagnostic tests has a clear advantage over 
no intervention. One study compared this strategy with 
no intervention in the general population and found that 
the ICER per infection averted and per death averted 
were $8,260.83 and $1,497,210, respectively. It was found 
that even the use of high-frequency rapid home testing as 
an inexpensive and imperfect test can significantly help 
control the epidemic and be considered as part of the 
national containment strategy [23]. Similarly, a massive 
and rapid antigen testing program in Slovakia appears to 
have helped to a reduction in COVID-19 cases beyond 
what would have been expected through standard infec-
tion control measures [96]. In another study in Spain, 
it was shown that the use of a combined TTQ strategy 
in high-risk individuals is a preferable option compared 
to no intervention. In this study, it was found that in 
the long term, for each unit of cost spent on using this 
strategy, including and excluding the monetary benefit 
of health and morbidity, 19 and 7 times the benefit is 
obtained, respectively [73]. And the results of this study 
in Spain were closer to the values reported by Cutler and 
Summers, when monetary health gains were included [3].

Regarding the strategy of quarantine and isolation, it 
was found that using this strategy is a superior option 
compared to no intervention, especially when it is used 
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in combination with the form of TTQ strategy [72, 73]. 
Evidence reveals that this combined strategy has been 
19 times more profitable than its cost [73]. One study 
showed that the implementation of the isolation program 
after screening in the university community is essential 
and saves $8,271.30 per infection prevented [72]. In line 
with these results, a study in Colombia also stated that 
the use of Test-Trace-Isolate programs, compared to no 
intervention, reduced mortality by 67% and saved 1045 
dollars per case from a social perspective [97]. Other 
findings showed that the use of quarantine and isolation 
strategy in the general population in certain conditions 
can be superior to the use of personal protective equip-
ment. In sporadic and cluster outbreaks, isolation of 
infectious cases and quarantine of exposed people with 
infection was the most cost-effective measure (compared 
to PPE). However, when this strategy was used in combi-
nation with personal protective equipment, it was more 
cost-effective than using it alone. It was found that the 
cost-effectiveness of the quarantine and isolation strategy 
was very sensitive to the quarantine delay time, and when 
the quarantine delay time was more than 5  days, other 
alternatives (including personal protection and commu-
nity containment) were preferable [76]. Similarly, other 
evidence has shown that the combined strategy of mask 
use with quarantine has been an effective strategy for 
controlling COVID-19 [67, 98].

Although the lockdown strategy as part of govern-
ment repression policies, has been introduced as supe-
rior compared to non-intervention [79], it was stated as 
a non-cost-effective strategy in most studies [20, 80–82]. 
In a study, the cost of its implementation was estimated 
to be 25 times higher than its benefit [82]. And in another 
study, the net benefit of its implementation was stated to 
be less than zero [80]. Similar studies have shown that the 
implementation of a three-month lockdown in the UK is 
likely to result in a loss of 68 billion pounds to 547 billion 
pounds [99, 100]. It should be noted that none of these 
two studies considered the potential health consequences 
of the collapse of the health care system. Comparison 
between studies is challenging and should be done with 
caution, not only because of differences in context, but 
also because of methodological variation, such as the use 
of different health outcomes and variation in costs [101].

The results clearly showed that the implementation of 
social distancing is cost-effective compared to not imple-
menting it and leads to $5.44 trillion in net monetary 
benefits [22]. Similar to these results, a study from Indo-
nesia showed that social distancing could potentially save 
$415 billion to $699 billion and lead to a reduction in 
the total number of outpatients, non-ICU and ICU hos-
pitalizations, and deaths due to COVID-19 [102]. Also, 
the results showed that the implementation of the social 

distancing strategy along with personal protective equip-
ment (wearing a mask) was preferable to using personal 
protective equipment alone [67]. Similarly, in one study, 
it was noted that wearing a mask is a strong complement 
to social distancing; using computational fluid dynamics 
(CFD) technology, it was shown that social distancing 
can be reduced to 0.5 m if a mask is used [103].

Regarding the strategy of personal protective equip-
ment, the results showed that an adequate supply of this 
equipment, especially for health workers, was very cost-
effective compared to no intervention or, in other words, 
inadequate supply [86, 87]. Also, other results indicated 
that using this strategy in combination with other inter-
ventions such as wearing masks and travel restrictions 
for high-risk groups can be a better option than lock-
down [78]. Evidence shows that the use of personal pro-
tective equipment can be cost-effective depending on 
the context. In a study that was conducted to investigate 
the level of protection of health workers in the deliv-
ery department, it was shown that for planned cesarean 
delivery, the implementation of universal PPE is a prefer-
able option to screening [104]. Another study was con-
ducted to determine the level of protection of health care 
workers in the endoscopy department and found that the 
cost-effectiveness of the PPE strategy decreased with an 
increasing prevalence rate [105].

In the review of studies related to therapeutic interven-
tion strategy, it was found that often different forms of this 
strategy were compared with each other and not with other 
strategies. The results showed that the use of oxygen sup-
port with a ventilator [88], prescription of the statin [89], 
and Remdesivir regimen [75] were preferable options com-
pared to routine care standards, provided that the patient 
had the necessary clinical conditions for prescription. Evi-
dence has revealed that the price of Remdesivir is too high 
for its expected health gains, and if it leads to a reduction in 
mortality in patients with COVID-19, it may be considered 
a cost-effective intervention [106]. In addition, the results 
indicated that prescribing Dexamethasone for all patients 
(patients with low, moderate or severe infection and 
patients requiring ventilation or not requiring ventilation), 
provided that the indications for Dexamethasone therapy 
are followed, is probably a cost-effective option [90, 91]. 
Also, the results revealed that providing infrastructure to 
facilitate receiving medical services during the Corona pan-
demic was a cost-effective measure [68, 92]. A study found 
that the administration of Dexamethasone reduced mortal-
ity among people receiving invasive mechanical ventilation 
or oxygen alone [107]. In another study, it was mentioned 
that treatment with Dexamethasone in moderate-to-severe 
pneumonia reduces mortality, and since this drug is cheap 
and widely available, it can have a significant effect on 
patients with COVID-19 [108].
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Reviewing studies on vaccination strategies, the results 
clearly revealed that vaccination is more cost-effective 
than no vaccination [11, 21, 93, 94]. Also, the results 
indicated the superiority of vaccination over therapeutic 
interventions, social distancing and no intervention [83]. 
Similarly, other evidence indicates the clinical efficacy 
and economic value of COVID-19 vaccination not only 
in high-income countries but also in middle- and low-
income countries [109, 110]. A study showed that there 
was a strong interaction between social distancing and 
vaccination so that the right combination of these two 
effectively reduces hospitalization. In particular, prior-
itizing vaccines to the elderly (60 +) before adults (20–
59) is more effective when social distancing is applied to 
adults or uniformly [111].

Regarding the travel restriction strategy, the results 
showed that its implementation as one of the measures 
of state suppression policies was cost-effective com-
pared to no intervention [79]. Also, it was found that its 
delayed implementation greatly reduces its cost-effec-
tiveness [95]. There was also evidence of its superior-
ity over the lockdown strategy [78]. In line with these 
results, a study has shown that national and interna-
tional travel restrictions in China have been effective 
in curbing the spread of COVID-19. And it was found 
that these restrictions are most effective when they are 
implemented early in the outbreak [112]. Similarly, in 
another study, it has been stated that due to the severe 
consequences of national lockdown, this interven-
tion should be reduced and other non-pharmacological 
interventions should be used [113].

This research had limitations. The study results were 
limited to articles published in English, which indicates 
a potential limitation. In the different studies, the analy-
sis method, cost type, time horizons and information 
sources were very different, so it was difficult to general-
ize the results to other settings.

Conclusion
This systematic review aimed to summarize the eco-
nomic evaluation evidence related to strategies against 
COVID-19. Based on the results of this systematic 
review, it seems that all strategies are likely to be more 
cost-effective against COVID-19 than no interven-
tion. Vaccination was the most cost-effective, and deci-
sions about lockdown strategy should be made with 
more caution, as there was conflicting evidence of its 
cost-effectiveness.

This useful evidence can potentially provide insight to 
policy-makers to decide on the introduction of optimal 
containment measures both in subsequent waves of the 
current epidemic and in handling possible future health 
crises.
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