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The World Health Organization currently recommends that governments scale up testing for
COVID-19 infection[1]. Large-scale testing is frequently pointed out as one of the reasons
behind South Korea success in dealing with COVID-19 infection[2]. Costs may be regarded
as an important barrier for scaling up testing. Nevertheless, earlier detection of cases
subsequent to large-scale testing may prevent new infections, prompting savings in
hospitalizations. Therefore, we performed health economic analyses aiming to assess

whether, in Portugal, scaling up testing could be cost-saving.

Portugal is a European country with 10.3 million inhabitants[3]. Until 22™ March 2020,
10,627 individuals had been tested for COVID-19, with 1600 (15.1%) positive resultg[4].
This corresponds to 1034.1 tests and 155.8 cases per million inhabitants. We calculated the
additional number of cases that would be detected if different testing rates and frequencies of
positive results would have been observed. In our base-case models, we considered that, by
earlier detection of such additional cases (a), we would be preventing a(1+0.29)"° new
infections over the following 10 days (considering an infection growth rate of 29.0%,
corresponding to the Portuguese average of the five previous days, and the exponential
growth formula). We considered the National Health Service (NHS) perspective for costs. In
our base-case models, we assumed testing costs of 150 Euro per patient (corresponding to
processing three samples with molecular tests at 50 Euro each[5]). Savings in additional

hospitalizations were estimated according to the inputs and assumptions displayed in Table 1.

We projected whether there would be net economic savings or losses if different testing rates
and frequencies of positive results would have been observed — severa combinations of
predefined values were analysed. For each combination, we performed probabilistic
sengitivity analyses via Monte Carlo simulations, estimating the percentage of simulations
identifying a change in testing as cost-saving. In addition, we performed sensitivity analyses

varying the costs of testing, to account for possible future decreases in testing costs. We
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compared the results of our models with the scenarios in other four countries by the date they

reported a similar number of cases per million inhabitants.

Model results are presented in Table 2 and Figures 1-2. Our results project that scaling up
COVID-19 tests would be net cost-saving (i.e., costs lower than savings with hospitalization
costs) in most scenarios, particularly when the frequency of positive tests does not reach

excessively low values.

To keep an adequate frequency of positive tests, there is need for data (i) to better define
testing criteria, and (ii) to understand the preanalytical and analytical vulnerabilities of

COVID-19 testing[6].

This study has important inherent limitations, as the built models are, necessarily,
oversimplifications of reality. Also, data is still scarce — for instance, the number of cases
that are currently undiagnosed cannot be yet known, and there are limited available accurate
numbers of performed COVID-19 tests in many countries. Nevertheless, we have chosen a
conservative approach, possibly underestimating hospitalizations costs — the daily costs of
COVID-19 admissions are probably higher than those established for pneumonia. In addition,
other relevant costs in the NHS perspective are not being considered, as they would be
difficult to measure — because hospitals are being directed to treat COVID-19 infections,
there can be postponed treatments, and drugs/technol ogies where COVID-19 patients may be
given priority over other patients. Thus, real savings subsequent to large scale testing may be
higher than those we presented, as we did not consider opportunity costs and indirect costs

(e.g., productivity losses subsequent to admissions or quarantines).

Although these are short-term models, the ever-changing nature of COVID-19 pandemic and
the dynamic nature of the variables of this study — for example the development of cheaper

and faster diagnostic kits — may prompt large-scale testing to become even more appealing.
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In fact, the cost COVID-19 tests is expected to vary, as companies are quickly bringing to the
market new technologies that promise automated processing and faster response rates. Of
note, we are only considering molecular tests, and not serological ones, which, being cheaper,
are not currently considered adequate for diagnostic purposes. Value of diagnostics usually
encompasses turnover time, and both regulators and industry promoters are addressing this
topic as well[7]. Therefore, test prices will likely be pressured downwards, mirroring more
offer coming into the market and the regulatory pathways that support this rapid market

entry[8].

In summary, this study, highlights the potential net cost-saving effects of scaling up COVID-
19 testing, supporting the importance of building up test capacity in the health system at the
earliest possible time so that more hospitalizations can be prevented, resulting in lower

pressure on the healthcare system and better outcomes for patients.
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Table 1. Modéel inputs and respective sour ces

Variable Mean Range Median Proportion Distribution Source
Number of tested patients per million inhabitants - 900-3000 - - a -
Frequency of positive test results - 0-0.25 - - a -
Daily COVID-19 infection growth rate 029  0.22-0.43 - - Triangular b
Costs of COVID-19 testing per patient (Euro) - 75-150 - - @ ¢
Frequency of hospitalized COVID-19 patients = : - 0.106 Beta d
Frequency of hospitalized COVID-19 patients - - - d
receiving carein ICU 0.243 Beta

Length of stay of COVID-19 hospitalizations 14 - 12 - Lognormal €
(days)

Daily costs of a COVID-19 admission (Euro) 338.9 - 209.5 - Lognormal !
Daily costs of an ICU admission (Euro) 1174.3 - 823.0 - Lognormal !

ICU=Intensive care unit; ® Fixed values; ° Input values chosen based on the Portuguse average, minimum and maximum daily infection
growth rates of the five previous days as according to official sources (Direccdo Geral da Saude - https: //www.dgs.pt/); © The base case
value assumed a cost of 150 Euro for testing one patient (corresponding to three samples costing 50 Euro each); ¢ Communication of the
Health General Direction (Direcgdo Geral da Saude) as noticed in https://www.publico.pt/2020/03/22/soci edade/noti ci &/ portugal - 1600-
casos-coronavirus-1908904 ; © Open data from Xu B et al. Lancet Infectious Diseases. 2020 (doi.org/10.1016/S1473-3099(20)30119-5); |
Portuguese database of hospital admissions — we considered the daily costs of hospitaizations by pneumonia as indicative of the daily costs
of COVID-19 admissions (DRG=139 as defined by the Portuguese Ministry of Health in http://www2.acss.min-
saude.pt/Default.aspx 7T abl d=922& language=pt-PT). Costs of pneumonia hospitalizations requiring ventilator use >96 hours were used to
estimate daily costs of COVID-19 admissions in intensive care units (DRG=130 as defined by the Portuguese Ministry of Health in
http://www2.acss.min-saude.pt/Default.aspx 7T abl d=922& | anguage=pt-PT).
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Table 2. Projected economic savings or losses that would be observed under different
combinations of number of COVID-19 tests per million inhabitants and frequency of
positive test results. Results are presented in million Euro, along with the per centage of
probabilistic sensitivity analyses identifying changes in testing strategies as cost-saving

(in squar e br ackets)

Costsof N testsper million Freguency of positive results

testing inhabitants 5% 7.5% 10% 12.5% 15%
1500 -9.21 [0] -5.27[0] -1.32[0] 2.63[86.5] 6.58[96.9]
150 2000 -7.35[0] -2.09[0] 3.17[775] 844[929] 13.70[96.5]
Euro 2500 -5.49 [0] 1.09[52.7] 7.67[86.1] 14.2[93.8] 20.83[96.6]
3000 -3.63[0] 427[69.2] 1216[88.2] 20.06[94.3] 27.95[96.7]
1500 -8.98 [O] -5.03 [0] -1.08 [Q] 2.87[929] 6.82[98.9]
100 2000 -6.86 [O] -1.59 [Q] 3.67[87.0] 894[96.5 14.20[98.7]
Euro 2500 -4.74[0] 184[65.7] 8.42[925 15.00[97.2] 21.58[98.6]
3000 -2.62[0] 528[814] 1317[94.2] 21.07[97.6] 28.96[98.6]
1500 -8.86 [O] -4.91 (0] -0.96 [O] 299[96.1] 6.94[99.5]
75 Euro 2000 -6.61 [O] -1.34[0] 392[91.9] 9.18[98.0] 14.45[99.4]
2500 -4.36 [O] 222[756] 8.80[955 1538[98.3] 21.96[99.3]
3000 -2.12[0] 578[87.4] 13.68[96.8] 21.57[98.6] 29.47[99.2]

Vaues lower than O (red cells) indicate net economic losses, while values higher than O (blue cells) indicate net economic savings.
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Figure 1. Results of the models assessing whether a changein COVID-19 test performance would result be cost-saving (i.e., whether the

costs of testing would be lower than savings with hospitalization costs), and assuming that testing each patient costs 150 Euro (A), 100

Euro (B), or 75 Euro (C).
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AT=Austria (data until 17" March 2020 — 149.6 cases per million inhabitants); IT=Italy (data until 10" March 2020 — 168.3 cases per million inhabitants); KO=South Korea
(data until 5™ March 2020 — 111.7 cases per million inhabitants); NO=Norway (data until 13" March 2020 — 139.7 cases per million inhabitants); PT=Portugal (data until 22™

March 2020 — 155.8 cases per million inhabitants)
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Figure 2. Results of sensitivity analysis models assessing whether a changein COVID-19
test performance would result in lower costs, assuming (1) a daily infection growth rate

of 22%, and (2) a daily infection growth rate of 43%. Costs of testing each patient are

1A. 1B. 1C.
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being assumed as corresponding to 150 Euro (A), 100 Euro (B), and 75 Euro (C).

AT=Austria (data until 17" March 2020 — 149.6 cases per million inhabitants); IT=Italy (data until 10" March
2020 — 168.3 cases per million inhabitants); KO=South Korea (data until 5" March 2020 — 111.7 cases per
million inhabitants); NO=Norway (data until 13" March 2020 — 139.7 cases per million inhabitants);
PT=Portugal (datauntil 22™ March 2020 — 155.8 cases per million inhabitants)
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