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Abstract
Purpose – This paper aims to provide an estimation of the costs of the coronavirus (COVID-19) pandemic
with a special focus on Spain. Costs include macroeconomic costs of foregone gross domestic product (GDP)
attributable to the pandemic and the direct and indirect costs of prevention, treatment and lost productivity.
This study also analyzes the cost-effectiveness of the test-tracking-quarantine (TTQ) strategy in Spain.
Design/methodology/approach – The macroeconomic costs of foregone GDP attributable to the
pandemic are estimated for different countries and areas by comparing the present GDP forecasts for 2020
and 2021 with counterfactuals estimated before the COVID-19 crisis aftermath. The total cost of the COVID-19
for Spain in 2020 was obtained using the cost of illness approach with a bottom-up process. A cost-
effectiveness analysis of the TTQ strategy in Spain is based on the estimation of the total costs of TTQ and
the health gains and avoided health-care costs associated with the TTQ strategy. A sensitivity analysis
explores the consequences of uncertainty in key parameters.
Findings – The GDP cost of the COVID-19 is by far larger than all the other components of the cost.
The global cost of the Covid-19 crisis in 2020–2021 is estimated at 14% of 2019 GDP (around
12,206 mm$). In the specific case of Spain, it amounts to 24% of the 2019 GDP; which is 397.3 m e.
Spain is and will be by far the European country most economically affected by the pandemic. In
Spain 2020, the GDP cost accounts for 94.7% of the total cost of the COVID-19 and health-care direct
costs are only 2.14%. TTQ is a dominant strategy in Spain. For each euro spent on it, 7 euros will be
recovered only in terms of saved health-care resources.
Research limitations/implications – Given the large degree of uncertainty and the fast-evolving
nature of the epidemic, a number of assumptions are required to arrive at the estimates provided in this study.
The results were found to be robust to the assumptions applied.
Practical implications – TTQ is a key strategy for the contention of the epidemy and it is justified from
the economic perspective.
Originality/value – This is the first estimation of the cost of the COVID-19 and the cost-effectiveness of
the TTQ strategy for Spain.
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1. Introduction and conceptual framework
Studies of the cost of illness, which approximate the burden of disease, are a classic in health
economics (Akobundu et al., 2006). They account for direct health-care costs for a region or
country, indirect costs of lost productivity due to premature mortality and morbidity and costs
of informal care attributable to a particular disease or group of diseases. For example, for Spain
and other European countries, the costs of cardiovascular diseases (Leal et al., 2006), mental
diseases (Oliva-Moreno et al., 2009) and cancer (Luengo-Fernandez et al., 2013) have been
calculated using this methodology. These studies are based on the burden of disease (mortality,
quality-adjusted life years (QALYs) lost, disability-adjusted life years (DALYs) lost)
attributable to different risk factors and diseases. There is a global project called Global Burden
of Disease, whose results are regularly published by the Lancet (Vos et al., 2020) [1].

In the case of the coronavirus (COVID-19), as in other communicable diseases that
generate strong externalities, to approximate the cost of the disease, it is necessary to
include the economic cost of the drop in gross domestic product (GDP) as a result of the
infection itself and the measures taken to deal with it. For example, the macroeconomic costs
of AIDS in African countries are estimated at around an annual 1% loss of GDP and the
long-run economic costs are expected to be much higher (Bell et al., 2003). GDP falls through
three mechanisms (Carlsson-Szlezak et al., 2020):

� the reduction of consumption and increase in savings due to the expectations of
families;

� the loss of net wealth linked to the downwards evolution of the financial markets,
which ends up being transferred to the real economy; and

� the disruption of supply, supply chains, etc., that have a direct impact on
employment and productivity.

In a broad sense, the costs of COVID-19 include the drop in GDP, as well as the direct costs,
both health and non-health, of prevention and treatment. Direct health-care costs include
individual protection equipment, contact tracers, tests and vaccines. They also include the
treatment costs of the disease and its long-term physical and mental sequelae. The direct
costs that fall outside the health-care sector include a variety of components such as
quarantine facilities, the cost of organization changes in schools and nursing homes and the
special measures to protect any kind of facilities and buildings from COVID-19 infections.
There is also an opportunity cost of idle health-care resources that remain unused during the
pandemic, should the epidemic worsen, reserved for potential COVID-19. Indirect costs
account for the costs of morbidity, mortality and quarantines in terms of losses of
productivity. Some studies include as well the so-called “value of a statistical life” which
proxies the economic valuation of life for statistical purposes.

For the USA, the cost of the COVID-19 has been estimated at about $13tn (90% of the country’s
annual GDP) and about half of that figure corresponds to the 10-year decline in GDP attributable to
the pandemic (Cutler and Summers, 2020). Mulligan (2020) estimates a cost, also for the US, of $7bn
per year in terms of welfare loss. In another study for the US, Bethune (2020) estimates that the
marginal cost of an infection, in terms of the fall in economic activity, is $286,000.

In this study, we provide an estimation of the cost of the COVID-19 in Spain, including
macroeconomic costs of foregone GDP and direct and indirect costs of prevention, treatment
and health losses. In addition, we analyzed the cost-effectiveness of the test-tracking-
quarantine (TTQ) strategy conducted in Spain. This is the first study providing estimates
on both of the above issues for the Spanish context. The paper is structured as follows.
Section 2 describes methodological issues related to cost-of-illness studies and particularly

AEA
29,85

78



with respect to the quantification of the GDP fall attributable to the disease. In Section 3,
estimates of the macroeconomic costs of COVID-19 around the globe and in selected
countries are presented, alongside the first estimation of the total costs of COVID-19 in
Spain. The cost-effectiveness of the TTQ strategy conducted in Spain is presented in Section
4. Section 5 summarizes the findings of this study and provides some concluding remarks.

2. Methodological issues
Some methodological issues deserve attention in the cost of disease studies (Byford et al., 2000).
As for the perspective of the analysis, generally, it is adopted that of the society, which includes
the social costs in addition to the private ones. This distinction is important in the case of
diseases with externalities such as the COVID-19, whose social costs are much higher than the
private ones. Generally, only tangible costs are valued, that is, those associated with goods and
services that can be marketed or valued by the market, even if they do not pass through the
market such as informal care (which for COVID-19might not be very relevant). Intangible costs,
related to the suffering produced by the disease, are not incorporated. As for the estimates of
attributable mortality, they must be adjusted for confounding factors and take into account the
existence of comorbidities. For example, a patient with advanced cancer who gets COVID-19 on
the hospital’s palliative care floor will feature in the official mortality statistics for COVID-19.

To estimate the health costs of the disease there are two approaches, the first operates
top-down, the second bottom-up. The latter is the most appropriate approach for COVID-19.
It consists of aggregating the patient’smicro-data costs of prevention, treatment and follow-
up. Costs of community programs as contact tracing are also added. The time horizon varies
according to the uses to which the study is to serve.

2.1 Methodology for estimating the cost attributable to the COVID-19 in terms of the fall in
gross domestic product
To estimate themacroeconomic cost attributable to the COVID-19, in terms of the fall in a country’s
GDP, we compare the observed or predicted GDP with the counterfactual estimated under the
assumption that the epidemic would not have existed. The time horizon should not be long to avoid
alphabetical-like speculation on recovery patterns (in V, in W. . .). Given that effective vaccines are
likely to be available during 2021, we use a two-year horizon (2020 and 2021).

Macroeconomic forecasts are very uncertain and depend on assumptions on the availability of
effective vaccines, interpersonal behavior mobility and adherence to restrictions to economic
activity. For that reason, forecasts are regularly updated. Short term forecasts are more reliable.
For instance, even though the second wave of the pandemics is beating Europe, in the second
wave “lockdowns will be less stringent –schools, factories and construction will remain open–
while the initial disruption associated with switching to remote working is likely to be less than
six months ago” (May, 2020). Other than that, predictions about GDP, current and counterfactual,
must come from the same source. We used the figures provided by the International Monetary
Fund (IMF) in theWorld Economic Outlook of October 2020 (IMF, 2020c) with the counterfactual
pre-COVID-19 predictions of January 2020 (IMF, 2020a).

For a given country, the cost in terms of GDP of the epidemic can be conceptually
separated into three causes:

(1) exogenous to the country, according to the global evolution of the pandemic and
specifically in the countries that are economically most interconnected with the one
being analyzed; for example, a high incidence in the major contributing countries
to Spain’s tourism would reduce the entry of tourists, as a result of travel
restrictions and due to peoples’ safety concerns about traveling abroad;
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(2) causes related to the evolution of the epidemic out of control by governments, that
is, if the optimal policy of the “social planner” were implemented, given the
knowledge about the disease and the impact of interventions; and

(3) fall in GDP caused by “avoidable” restrictions on economic activity, that is, beyond
the optimal ones. There is recent economic literature on the optimal restrictions by
a social planner –for a review, see (Brodeur et al., 2020).

Although conceptually the three causes are clear and well defined, in practice it is impossible to
separate them because there is enormous uncertainty about the epidemic and economic impact
of restrictions on human interaction, mobility and economic activity; in fact, there is a heated
debate between scientists positioned in “opposing sides” of the liberal – interventionist axis
(Kulldorff et al., 2020; Alwan et al., 2020). Therefore, we will calculate the total cost of the impact
on GDPwithout breaking it down by the three causes listed above.

There is huge heterogeneity among countries in anti-COVID-19 measures and
interventions [2], both in health protection and in the protection of the economic problems of
families and businesses arising from the pandemic; there is also enormous variety in the
application of restrictions (Cylus and van Ginneken, 2020). The COVID-19 health system
response monitor (HSRM) [3], a platform created by the WHO Regional Office for Europe,
the European Commission and the European Observatory on Health Systems and Policies,
tracks the responses of the countries to the COVID crisis.

This heterogeneity can also be seen in the fiscal effort and the discretionary fiscal
response to the COVID-19 crisis. Some countries provided large liquidity support, others
large amounts of additional spending and tax exemptions. The spending in Spain is small
compared to other countries, 3.5% of the GDP in public spending and foregone revenues.
Liquidity support amounts to 14% of the GDP and it is higher than in other countries but
small compared to Italy, Germany or Japan (IMF, 2020b).

3.What do we know so far about the macroeconomic costs of the COVID-19?
International perspective
This is the worst crisis since the [. . .] Great Depression at the end of the 1920s, to the extent
that “The pandemic will reverse the progress made since the 1990s in reducing global
poverty and will increase inequality” (IMF, 2020c). Table 1 contains estimates of the
macroeconomic global costs of the COVID-19 for 2020 and 2021 and also for the Eurozone
and a selection of developed countries, including the USA, UK, Germany, France, Spain,
Japan, Italy and Canada. The values are reported in thousandmillion USA dollars (mm$).

The global cost of the COVID-19 crisis is estimated at 14% of 2019 GDP (around
12,206mm$). In the specific case of Spain, it amounts to 24% of the 2019 GDP (around
336.7mm$, 200.8 of them in 2020 and 135.9 in 2021 [4]). Furthermore, Spain will be, by far,
the European economymost affected by the pandemic.

3.1 The specific case of Spain
There are no public data yet to approximate the total costs of the COVID-19 pandemic in
Spain according to the cost-of-illness methodology described in Section 2.1. It is worth
mentioning, however, that the opportunity costs of underusing resources such as keeping
hospital beds or surgical rooms free for possible COVID-19 patients are substantial. For
example, Ab�asolo Aless�on et al. (2020) estimated the extra costs attributable to COVID-19 in
the Canary Islands for the first half of 2020. Never have public hospitals been so empty as in
April 2020, with occupancy rates below 60%. COVID-19 caused an extra direct health-care
cost of almost 11% of the total public health expenditure in the archipelago and has

AEA
29,85

80



postponed health-care expenditures for patients with other diseases not treated during the
first wave of the pandemic, in addition to the costs associated with health losses and
productivity of these individuals.

To advance in the knowledge of the costs of COVID-19 in Spain, this paper contributes a
“back of the envelope” quantification to assess the order of magnitude of health costs compared
to economic costs and to approximate the return of public spending on prevention.

Until the 8th of November 2020, 175,477 COVID-19 patients had been hospitalized in Spain, of
which 14,734 correspond to intensive care unit (ICU) stays. If the rate of the week fromNovember
the 2nd to November the 8th was to remain constant for the remainder of the year, by the end of
2020 almost 200,000 patients would have been admitted to a hospital ward and about 18,000 to an
ICU. The average cost of a COVID-19 patient treated in a hospital ward is about 8,500 e–
assuming an average stay of 11.5 days in the first wave and 7days in the second and the average
daily cost estimated by Osakidetza (2019). The average cost of a COVID-19 patient in an ICU is
about 33,400 e–assuming, in this case, an average stay of 22days for those who do not die and
10days for those who die and the average daily cost also estimated by Osakidetza (2019).
Therefore, in 2020 the direct cost of hospitalization in Spainmight be in the order of magnitude of
2,300m e. However, direct costs of COVID-19 include not only hospitalizations. To proxy total
direct costs, we used the amounts transferred from the central government to the Ministry of
Health and the Autonomous Communities to meet the costs of prevention and treatment of
COVID-19. They amount a total of 5,350m e, including 1,400m e to the Ministry of Health for
centralized purchases; 2,900m e to the Autonomous Communities to meet extraordinary health
expenses and 1,050m e for other health expenses, including research. Assuming that this figure
approximates the direct costs of COVID-19, these would be equivalent to one month of spending
on the temporary labor force adjustment plan (ERTES [5]) and the health-care costs of COVID-19
would barely represent 2.2%of the costs in terms of GDP loss in 2020 of Table 1.

On the other hand, until November 11th, 2020, 40,769 people have died from COVID-19 in
Spain according to official national statistics. The excess of mortality estimated by the

Table 1.
Macroeconomic costs

of the COVID-19

Area

% increase GDP
(forecast October

2020)

Counterfactual.
% increase
GDP (pre-
COVID-19
forecast,

January 2020) Cost of the GDP decrease attributable to COVID-19 (m $)

2020 2021 2020 2021 2020 2021 Total
Loss in 2020–21 as %

of GDP 2019

Global �4.4 5.2 3.3 3.4 6,741.5 5464.1 12,205.7 14
USA �4.3 3.1 2 1.7 1,350.3 1086.1 2,436.4 11
Euro
Area

�8.3 5.2 1.3 1.4 1,282.7 835.1 2,117.8 16

Germany �6 4.2 1.1 1.4 274.2 176.4 450.5 12
France �9.8 6 1.3 1.3 301.5 190.2 491.7 18
Italy �10.6 5.2 0.5 0.7 222.2 143.2 365.4 18
Spain �12.8 7.2 1.6 1.6 200.8 135.9 336.7 24
Japan �5.3 2.3 0.7 0.5 304.5 219.5 524.0 10
UK �9.8 5.9 1.4 1.5 317.0 209.5 526.5 19
Canada �7.1 5.2 1.8 1.8 154.5 102.5 257.0 15

Source: IMF(2020a, 2020c)
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ISCIII monitoring system (see MoMo reports), is much higher reaching 63,345 deaths [6]; this
figure might include those who died from other causes that have been neglected by the
health system during the COVID-19 crisis – the so-called invisible patients –, as well as
those not accounted for in official statistics because they were not tested for COVID-19.
Assuming a stationary rate for the remainder of 2020 of 160 daily deaths (in the 14 days
prior to the 11th November there was 210), the final figure of “official” deaths recorded in
2020 is estimated at 48,609. Given the age distribution of the deceased (since May 11th, when
the system switched to an individualized data system, 66% of the deceased are over 80 years
old and 26% between 60 and 80) and the life expectancy in Spain (84 years), we estimate an
average of five years of life lost due to premature mortality per fatality. This represents near
244,000 years of life lost in total in 2020. Using data from the National Health Survey for
Spain [7] in 2011–2012, we estimate that the average Quality-of-Life (QoL) weight among
individuals over 80 years of age in Spain is 0.618. Using a 3% discount rate, the number of
Quality-Adjusted Life Years (QALYs) lost due to premature mortality is estimated at
141,703.

The percentage of COVID-19 patients that will suffer long-term health consequences
is unknown, but accumulating evidence demonstrates morbidity beyond acute infection
(Datta et al., 2020). The most common lasting consequences are related to respiratory
complications. A number of studies have found this to be the case in 39%, 44% and 47% of
COVID-19 patients (Mo et al., 2020; Wei et al., 2020; Yu et al., 2020). Neurological,
cardiovascular, musculoskeletal and skin-related complications have also been reported,
alongside persistent mental health problems (Ministerio de Sanidad, 2020). We assume a third
of COVID-19 cases that require hospitalization will suffer a long-term health complication and
estimate the associated QALYs lost due to long-term morbidity. To measure the disutility
associated with a potential COVID-19 persisting complication we compare the QoL weight of
individuals 65 years of age and over (as this is the mean age of cases requiring hospitalization)
with and without a long-term health impairment. These were found in the 2011–2012 Health
Survey for Spain to be 0.723 and 0.911, respectively. Therefore, we approximate the disutility of
a long-term complication at�0.188. Taking the remaining life expectancy of these individuals
and a 3% discount rate, the number of QALYs lost per patient with a long-term complication is
2.8 QALYs, amounting to 170,510 QALYs lost due to morbidity when considering the total
number of projected cases with a long-term complication expected in 2020 based on the above
assumptions (estimated in 60,896).

Productivity costs associated with mortality and/or long-term morbidity are not considered
as the mean age among the COVID-19 patients who died or had moderate to severe symptoms
is close to or above retirement age in Spain as shown above. Moreover, to assign a monetary
value to the mortality and morbidity-related health losses attributed to COVID-19, we depart
from the methodology used by Cutler and others (Cutler and Summers, 2020) of applying the
Value of a Statistical Life (VSL). The reason is the age profile of COVID-19 fatalities and severe
cases in Spain and the controversy regarding the appropriate VSL over the life cycle (Aldy and
Viscusi, 2007; Herrera-Araujo and Rochaix, 2020). Instead, we apply a monetary value of 25,000
e/QALY (Vallejo-Torres et al., 2018; Vallejo-Torres et al., 2020) to the estimated QALYs lost
attributed to COVID-19, which already accounts for the extent of the remaining life expectancy
and the QoL of the relevant individuals. The overall monetary value due to health losses is
estimated at 7,805m e, which corresponds to 3.1% of the overall total cost of the economic crisis
for Spain in 2020 attributable to COVID-19 (Table 2). The cost figure associated to lost GDP due
to COVID-19 in Table 2 corresponds to the value estimated for Spain in 2020 presented in Table 1
but expressed inmillion e.
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4. The cost-effectiveness of test, tracking and quarantine strategy
Economic analyzes that have evaluated COVID-19 testing strategies conclude that their
costs are largely offset by the health effects and/or the macroeconomic and fiscal benefits
associated with wide-scale testing. Cutler and Summers (2020) estimated the economic
returns of testing and tracing to be approximately 30 times the associated cost in the USA.
In their analysis, economic returns were measured by the monetized value of lives saved and
monetized avoidable long-term morbidity using an estimated VSL of 7m dollars. Atkeson et al.
(2020) estimated the benefit-to-cost ratio of COVID-19 screening testing programs to be in the
range of 2 to 15. Contrary to Cutler and Summers (2020), economic returns were measured by
the impact on GDP and on federal tax revenue resulting from the reduced number of COVID-19
cases, excluding themonetized value of lives saved.

These macroeconomic cost-benefit analyzes offer a clear picture of the extensive health
effects and externalities in all sectors of the economy of the COVID-19 pandemic and emphasize
the value of spread-containment interventions. However, these studies depart from the
conventional framework of the economic evaluation of health interventions. In this section, we
aim to provide an approximation of the cost-effectiveness of the TTQ strategy in Spain
following a similar approach to that used in standard cost-effectiveness analysis used in an
economic evaluation of health-care technologies (Drummond et al., 2005). To do so, we estimate
the total costs and health gains and associated avoided health-care costs, of a TTQ strategy.

Our application is for Spain. We consider a selective TTQ strategy, which undertakes 4
PCR tests per thousand people daily [8] targeted to high-risk individuals, including persons
with symptoms, contacts of identified cases, health workers, individuals living in retirement
or nursing homes or in local areas with high prevalence, etc. The strategy also assumes a
contact tracing capacity of one trained contact tracer per 5,000 inhabitants. The daily cost of
such a strategy is summarized in Table 3 and amounts to over 8.7m e. Table 3 also reports
the effect estimates and the cost-effectiveness analysis for the base case analysis.

The effectiveness of the strategy is measured by the number of avoided cases, which
depends on a series of assumptions regarding:

� the positive testing rate;
� the number and the positive testing rate among close contacts;
� the potential for transmission at the time of detection;
� the adherence rate to quarantine; and
� the basic reproductive number (R0).

The values of these parameters and their sources taken in the base case analysis are summarized
in Table 4, which also provides a sensitivity analysis to changes in these and other parameters. In
addition, given the dynamic nature of the spread of the disease, the estimated number of cases
avoided will ultimately lead to even fewer cases. In the base case analysis, we consider the
number of cases avoided from the second week of November until the end of the year, i.e. three
fortnights and thus we consider that each avoided case will prevent a total number of cases equal

Table 2.
Estimate of the total
cost of the COVID-19

crisis for Spain in
2020

Cost component Cost in 2020 (million e) (%)

Direct health and non-health-care costs 5,350 2.1
Cost due to premature mortality and long-term morbidity consequences 7,805 3.1
Lost GPD due to COVID-19 outbreak and outbreak responses 236,914 94.8
Total 250,069 100
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to 3 times the value of R0 (e.g. at an R0=1, each avoided case will prevent 3 extra cases within a
month and a half).

The rates for hospitalization (5.5%), ICU stays (0.4%) and mortality (0.9%) associated with
COVID-19 cases are taken from the Ministry of Health data from May, 11th, 2020 to November
11th [9]; they, therefore, reflect the current situation excluding the significantly higher rates seen
during the first wave of the pandemic in Spain. As in Section 3.1, we assume a third of COVID-19
cases that require hospitalization will suffer from a long-term health complication and we vary
this in the sensitivity analysis. Health-care costs avoided due to fewer hospitalizations and ICU
stays are estimated using the same unit costs as in Section 3.1. Health-care costs associated with
long-term consequences are estimated considering an annual incremental cost of 1,000 e for the
remaining life expectancy of patients suffering long-term complications, discounted at a 3% rate.
This is similar to the incremental cost observed in the Basque Country for individuals with none
or one chronic condition compared to individuals with one of two chronic conditions,
respectively (Osakidetza, 2009). For COVID-19 cases not requiring hospitalization, we assume
the costs of 10 phone contacts with the Primary Care doctor at a unit cost of 28 e [10] each.

Our results show that, for every single day of testing, the estimated number of cases avoided
from November 15th until the end of December 2020 is 53,286 in the base case analysis (Table 3).
This leads to 2,931 fewer hospitalizations, 213 fewer individuals requiring intensive care unit
(ICU) stays, 1,048 avoided cases suffering from long-term morbidity and 480 fewer deaths.
Health-care costs saved from averting these cases amount to 61.1m e.

We follow the same approach as in the previous section to measure the QALY gains
associated with averted deaths and averted long-term morbidity cases associated with the
TTQ strategy. This yields a total of 1,398 QALYs gained from avoided mortality and 2,908
QALYs gained from averted cases with long-termmorbidity, i.e. 4,306 QALYs daily in total.

Table 3.
Economic and health
consequences of the
TTQ strategy in
Spain

Estimate Quantity Unit cost Total costs

TTQ strategy daily costs
Tests (unit cost per test) 187,760 40 e 7,510,400 e
Tracers (unit cost per day) 9,388 129 e 1,206,358 e

Health consequences prevented daily
COVID-19 total cases 53,286
COVID-19 cases treated at home 48,615 280 e 13,612,174 e
Hospitalizations 2,931 8,500 e 24,911,191 e
ICU stays 213 33,400 e 7,118,703 e
Cases suffering long-term morbidity 1,048 14,754 e 15,461,009 e
Deaths 480

QALY gains
QALY gain from avoided morbidity 2,908
QALY gain from avoided mortality 1,398

Total monetary costs 8,716,758 e
Total monetary savings 61,103,076 e
Incremental costs �52,386,318 e
Incremental QALYs 4,306

Cost per QALY gained Dominating
Benefit-to-cost ratio (excluding health and morbidity) 7.0
Benefit-to-cost ratio (including health and morbidity) 19.4
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Table 4.
Sensitivity analyzes

of the cost-
effectiveness of a

TTQ strategy

Scenario Incremental cost
Incremental
QALYs

Cost-
effectiveness

ratio

Benefit-to-
cost ratio (exc.

health)

Benefit-to
cost-ratio
(inc. health)

Base case �52,386,318 e 4,306 Dominating 7.0 19.4
Positive testing rate (base case = 10%a)
5% �21,834,780 e 2,153 Dominating 3.5 9.7
15% �82,937,857 e 6,460 Dominating 10.5 29.0
Number of close contacts
(base case = 3b)
1 �35,334,297 e 3,105 Dominating 5.1 14.0
5 �69,438,340 e 5,508 Dominating 9.0 24.8
Positive testing rate among close
contacts (base case = 24%)
10% �37,465,800 e 3,255 Dominating 5.3 14.6
40% �69,438,340 e 5,508 Dominating 9.0 22.9
% with potential for transmission
by the time of detection (base case = 80%c)
60% �30,167,018 e 2,740 Dominating 4.5 12.3
90% �63,495,969 e 5,089 Dominating 8.3 22.9
Adherence rate to isolation
(base case = 75%c)
60% �35,721,843 e 3,132 Dominating 5.1 14.1
90% �69,050,794 e 5,481 Dominating 8.9 24.6
Basic reproductive ratio (base case = 1d)
0.8 �40,165,703 e 3,445 Dominating 5.6 15.5
1.2 �64,606,934 e 5,168 Dominating 8.4 23.2
Number of subsequent fortnights
of transmissions (base case = 3e)
1 � 11,650,934 e 1,435 Dominating 2.3 6.5
5 �93,121,703 e 7,177 Dominating 11.7 32.3
Cost per PCR test (base case = 40 ee)
20 e �56,141,518 e 4,306 Dominating 12.3 34.0
60 e �48,631,118 e 4,306 Dominating 4.9 13.5
% of COVID-19 hospitalized cases
suffering long-term consequences (base case = 33%e)
10% �41,769,011 e 2,271 Dominating 5.8 12.3
40% �55,419,835 e 4,888 Dominating 7.4 21.4

Notes: aThis is an assumption based on positive testing rates between 9% and 12% in the first
weeks of November 2020 as published daily by the Ministry of Health reports: www.mscbs.gob.es/
profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/Actualizacion_254_COVID-19.
pdf; bThis is an assumption based on the median number of two contacts in the first weeks of
November 2020 as published by the ISCIII weekly reports: www.isciii.es/QueHacemos/Servicios/
VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/Documents/INFORMES/Informes%
20COVID-19/Informe%20COVID-19.%20N%C2%BA%2053_18%20de%20noviembre%20de%
202020.pdf; c This is an assumption based on the same value used by Cutler and Summers (2020).
dThis is an assumption based on the R0 numbers of the first weeks of November 2020 as published
daily by the ISCIII: https://coronadatos.es/Evolucion/NumeroReproductivo/ESPA%C3%91A; eThis
is an assumption
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Table 3 presents the incremental cost of the TTQ strategy considering testing and tracing
and avoided health-care costs, which are estimated at a saving of 52.4m e per day. The TTQ
is a dominating strategy; in simpler words, it leads to lower overall costs and better health
outcomes. The benefit-to-cost ratio is 7.0 when only avoided health-care costs are considered
on the benefit side and 19.4 when health and morbidity are monetized at a 25,000 e/QALY
value and included as a benefit of the program.

Table 4 shows the cost-effectiveness results and benefit-to-cost ratios when the values of
the parameters used in our estimations are varied. The results are robust to the assumptions
applied. In every scenario considered, the TTQ strategy is found to be dominating
(associated with lower costs and better health outcomes). The benefit-to-cost ratio excluding
health and morbidity effects ranges from 2.3 to 12.3, while it is in the range of 6.5 to 34.0
when monetized health gains are included.

Our estimates emphasize that the TTQ strategy as implemented in Spain at the end
of 2020 is a highly cost-effective use of resources. This is so even when a narrower
health-care system perspective, which only includes prevented health-care costs due to
avoidable causes, is taken. If other broader avoidable costs such as non-health-care
direct costs or indirect costs, including GDP effect, were taken into account the cost-
effectiveness of the TTQ strategy would be even much more favorable.

5. Summary and conclusions
Globally, the macroeconomic cost of the Covid-19 in terms of lost GDP in two years, 2020
and 2021, is 14%. For Europe, it is even higher, 16% for the Eurozone, 19% for the UK.
Within Europe, Spain is and probably will be, the country hardest hit by the crisis, with a
macroeconomic cost attributable to the Covid-19 accumulated in December 2021 equivalent
to 24% of GDP in 2019. Compared to such an order of magnitude, the direct health cost is
only a small part of the total cost attributable to COVID-19. In this article, we have applied
the methodology of the cost of the disease to the COVID-19 for Spain. The purpose was to
approximate the importance of the different components of the cost.

Moreover, once the direct and indirect health and non-health costs of COVID-19 have been
calculated, we have made a cost-effectiveness analysis of the current strategy of TTQ used in
Spain. Although there is great uncertainty about many parameters of the epidemic, we have
obtained an approach robust enough to say that the actual strategy of TTQ is cost-effective and
it gets net savings in the long term, i.e. it is dominant. For every euro spent on TTQ, 7 euros will
be recovered via saved health-care resources in the base case analysis, which is based on a set
of parameter values that proxies the real situation in Spain by the time of the analysis.

In sensitivity analyzes we have altered the parameters for which there is most uncertainty: the
positive testing ratio (between 5% and 15%), the number of close contacts of each case (between 1
and 5), the%with potential for transmission by the time of detection (between 60% and 90%), the
adherence rate to isolation (between 60%and 90%), the basic reproductive number R0 (between 0.8
and 1.2), the number of subsequent fortnights of transmissions (i.e. the follow-up horizon, from 1 to
5), the unit cost of PCR testing (between 20 e and 60 e) and the percent of hospitalized cases
suffering long-term consequences (between 10% and 40%). Accounting for the economic costs/
savings of health andmorbidity, the TTQ strategy is dominant in every scenario considered.

In the cost-effectiveness calculations, the GDP cost of the epidemy has not been
accounted for. The TTQ strategy may contribute to avoid extreme restrictions as strict
home lockdowns, which would harm more seriously the economy. By maintaining the R0
below the level that eventually would collapse hospitals and force strict lockdowns, the TTQ
strategy could also contribute to alleviating the GDP cost of the epidemic. In our cost-
effectiveness analysis, we did not include these macroeconomic costs and savings and even
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so we found that for every euro spent on TTQ in Spain, in the base case analysis, seven are
recovered, not countingmonetized health gains.

The benefit-to-cost ratios we have calculated for Spain are similar to those published for
the USA by Atkeson et al. (2020) when only saved health-care resources are considered in
our analysis. Furthermore, our results get closer to the values reported in Cutler and
Summers (2020) when monetized health gains are included.

In conclusion, the costs of COVID-19 to the global economy are enormous and the estimates
presented here place Spain as the European economy most affected by the pandemic. The TTQ
strategy conducted in Spain offers a cost-saving measure of spread containment. However, it is
worth mentioning that the success of the TTQ strategy strongly depends on its implementation.
If there are systematic delays in the detection of cases so that many individuals have already
infected other people when diagnosed and isolated, the strategy loses part of its effectiveness.
TTQ should, therefore, be well executed, with trained personnel and agility in the times, strictly
following the protocols (Rajan et al., 2020).

Notes

1 Available at: http://ghdx.healthdata.org/gbd-results-tool

2 EuroHealth special issue on Health system responses to COVID-19. Vol 26(2) 2020.

3 www.covid19healthsystem.org/mainpage.aspx

4 Or 397.3m e, 236.9m e of them in 2020 and 160.4m e in 2121, considering an exchange of 1.18 e per $.

5 www.expansion.com/economia/2020/09/15/5f60d2a5e5fdea87108b4613.html

6 https://momo.isciii.es/public/momo/dashboard/momo_dashboard.html

7 www.mscbs.gob.es/estadEstudios/estadisticas/encuestaNacional/encuesta2011.htm

8 In the week of 9th November, the number of test performed per thousand people in Spain was 3.5.
https://ourworldindata.org/coronavirus-testing#how-many-tests-are-performed-each-day

9 www.isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/EnfermedadesTransmisibles/
Documents/INFORMES/Informes%20COVID-19/Informe%20COVID-19.%20N%C2%BA%
2052_12%20de%20noviembre%20de%202020.pdf

10 www.osakidetza.euskadi.eus/contenidos/informacion/osk_servic_para_empresas/es_def/
adjuntos/LIBRO-DE-TARIFAS_2020_osakidetza.pdf
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