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The emergence of a novel coronavirus, designated as severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
in Wuhan (China) at the end of 2019 is a worldwide public 
health challenge [1]. Several pandemic and potentially pan-
demic pathogens have emerged in the last 30 years, includ-
ing coronaviruses SARS-CoV and MERS-CoV, influenza 
viruses H1N1 and H7N9 and Ebola viruses.

The emergence of the novel COVID-19 pandemic raises 
two questions: What are available measures or resources 
for pandemic preparedness? What is the best pandemic 
preparedness strategy to prevent and mitigate pandemic 
effects from a cost-effectiveness point of view? Pandemic 
preparedness strategies include four types of measures: (1) 
measures to detect infected individuals, (2) measures to treat 
patients, (3) measures to prevent infections and (4) meas-
ures to prevent transmission of pandemic pathogens. Meas-
ures to detect infected patients include laboratory detection 
tests, from enzyme-linked immunosorbent assays (ELISA) 
to polymerase chain reaction tests (PCR). Measures to treat 
patients include hospital beds, intensive care unit (ICU) 
beds, drugs for treating infected patients and ventilators 
for respiratory diseases. Measures for preventing infections 
include vaccines and prophylactic drugs. Measures for pre-
venting transmission of pandemic pathogens include per-
sonal protection equipment (PPE) and masks.

Pandemic preparedness plans must indicate required 
national stockpiles of measures against future pandemics, 
including drugs, vaccines, prevention equipment and other 
health resources. In the United States, the National Pan-
demic Plan [2] considered it necessary to allocate resources 
to stockpile 81 million treatment courses of approved antivi-
ral drugs and 40 million doses of vaccines against influenza 
virus subtypes considered to pose a substantial pandemic 

risk (currently avian H5N1). In Europe, many countries 
have developed pandemic preparedness plans. An evalua-
tion of pandemic preparedness plans in European countries 
carried out by the WHO’s Regional Office for Europe [3], 
after the influenza pandemic of 2009, found the following 
weaknesses: poor seasonal influenza vaccination coverage, 
inequitable access to vaccines across Europe, lack of capac-
ity in intensive care and paediatric services, poor use of anti-
virals to treat influenza patients and lack of effectiveness of 
new interventions introduced during the pandemic. These 
weaknesses are explained by insufficient investments to 
increase the capacity in intensive care services, insufficient 
stockpiling of antiviral drugs, insufficient production and 
distribution of influenza vaccines and insufficient research 
on treatments against potential new pathogens.

The COVID-19 pandemic has caused a shortage of hospi-
tal beds, ICU beds, antiviral drugs, PPE, masks, ventilators 
and other health resources in many countries [4]. Why did 
pandemic preparedness measures receive insufficient invest-
ments? The answer is that investments in pandemic prepar-
edness plans, including different types of measures, must be 
done now and their return will come in the future. For this 
reason, it is necessary to develop consistent evaluative stud-
ies comparing costs and effects of different pandemic pre-
paredness measures, including stockpiling of drugs against 
potential pandemic pathogens, stockpiling of personal pro-
tection equipment (PPE) and masks and stockpiling of ven-
tilators for treating respiratory diseases.

Health economics methods can be used to decide the opti-
mal pandemic preparedness strategy based on cost effec-
tiveness because different stockpiling of available measures 
can be implemented. The economic evaluation of pandemic 
preparedness strategies and pandemic preparedness meas-
ures is based on methods developed for health technology 
assessment. Nevertheless, this assessment differs from the 
traditional economic evaluations. The cost-effectiveness 
evaluation of a new drug compares healthcare costs and 
health effects for patients treated and not treated with the 
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drug. The cost effectiveness of the drug will depend on the 
effectiveness of the drug in reducing clinical outcomes and 
healthcare costs. The drug will be used by the health sys-
tem in patients with certainty. In contrast to this, the cost-
effectiveness evaluation of pandemic preparedness measures 
and interventions is affected by several facts. First, pandemic 
preparedness measures are costly because they must be used 
to prevent and treat pandemic infections in a great number 
of persons. Second, investments in pandemic preparedness 
measures could be made many years before the emergence 
of the pandemic pathogen. Third, the health and economic 
benefits generated by pandemic preparedness measures will 
depend on the virulence and infectiousness of the pandemic 
pathogen. Fourth, pandemic preparedness measures can be 
associated with large costs and benefits outside the health 
system and great macroeconomics effects. There is a risk 
that an unknown pandemic agent will emerge and cause high 
morbidity and mortality, but we do not know when this will 
happen or how virulent and infectious a new pandemic agent 
will be. Although a new pandemic can be similar to previous 
pandemics, it can be also very different.

Several evaluative studies have found that stockpiling of 
antiviral drugs against influenza is a cost-effective interven-
tion. Milne et al. [5] assessed the cost effectiveness in terms 
of cost per life-year saved (LYS) of interventions against 
influenza pandemics including school closure, antiviral 
drugs for treatment and prophylaxis, workplace non-attend-
ance and community contact reduction in the United States 
in 2012. Three antiviral drug strategies were examined: (1) 
antiviral treatment of influenza cases, (2) antiviral treatment 
of influenza cases and antiviral prophylaxis of household 
contacts of influenza cases and (3) antiviral treatment of 
influenza cases, antiviral prophylaxis of household contacts 
of influenza cases and antiviral prophylaxis of school or 
workplace contacts of influenza cases. The study assumed 
that influenza pandemics were associated with clinical 
attack rates (percentage of the population contracting the 
clinical disease) of 32% and infection transmissibility in 
terms of secondary cases per infected case (basic reproduc-
tion number, Ro) of 1.8. The most cost-effective interven-
tion against severe influenza pandemics (0.75–2.5% case 
fatality rate) included continuous school closure, antiviral 
treatment of symptomatic patients, prophylaxis of house-
hold contacts of influenza cases and 50% community con-
tact reduction. The cost effectiveness of this intervention 
was US$8550 per LYS in very high severity pandemics and 
US$13,447 per LYS in moderate severity pandemics. The 
most cost-effective intervention against low-severity influ-
enza pandemics (0.03–0.25% case fatality rate) included the 
same combined intervention plus antiviral prophylaxis of 
school or workplace contacts of influenza cases. The cost-
effectiveness ratio for this intervention was US$26,726 per 
LYS in low-severity pandemics and US$154,908 per LYS 

in very-low-severity pandemics. The sensitivity analyses 
found that the results of the study hold for variations in key 
parameters. Varying the reproduction number from 1.8 to 
1.5 and from 1.8 to 2.5 resulted in higher and lower cost-
effectiveness ratios for assessed interventions, respectively, 
but it did not change the relative cost effectiveness of the 
assessed intervention.

Siddiqui and Edmunds [6] assessed the cost effective-
ness of stockpiling the neuraminidase inhibitor oseltamivir 
for a potential influenza pandemic in the UK in 2004. The 
study selected oseltamivir because it was cheaper and easier 
to stockpile than zanamivir, an alternative neuraminidase 
inhibitor, and it dominated zanimavir in cost-utility analy-
sis. Cyclic amines (amantadine and rimantadine) were not 
included in the analysis because influenza viruses can be 
resistant to cyclic amines. The study assessed the cost effec-
tiveness of three pandemic strategies: (1) do not treat with 
antiviral drugs (no intervention), (2) treat all influenza-like 
patients with antiviral drugs (treat only intervention) and (3) 
test all influenza-like patients for influenza and treat only 
individuals with a positive test result (test–treat interven-
tion). The study assumed 25% for the clinical attack rate over 
one influenza wave lasting 15 weeks, case fatality rates of 
0.3% (1957/69 pandemic) and 2.3% (1918 pandemic), 70% 
of influenza-like patients received antiviral drugs within 
48 h of symptomatic onset, and shelf-life of 5 years for anti-
viral drugs. The test–treatment strategy assumed values of 
89.5% sensitivity and 99.8% specificity and 2 years’ shelf 
life. The study found that stockpiling 14.6 million courses 
over 30 years (to treat 87% of influenza-like patients) was a 
cost-effective pandemic preparedness intervention because 
it was associated with an incremental cost-effectiveness 
ratio (compared with do not treat) < ₤30,000 per QALY. 
The test–treat strategy was not a cost-effective intervention 
because it was associated with an incremental cost-effective 
ratio (compared with treat only) > ₤30,000 per QALY. The 
univariate sensitivity analysis showed that the cost effective-
ness of stockpiling antiviral drugs depended on the timing of 
the pandemic and the pandemic case death rate. The incre-
mental cost-effectiveness ratio increased when the timing 
of the pandemic was in < 30 years and decreased when it 
was in > 30 years, but stockpiling antiviral drugs was also 
a cost-effective intervention when the pandemic occurred 
in 45 years: ₤3800 per QALY and ₤28,000 per QALY for 
the 1918 and 1957/69 pandemic scenarios, respectively. 
Stockpiling antiviral drugs would remain cost effective 
if the probability of receiving antiviral drugs within 48 h 
was not < 35%. Varying the clinical attack rate from 28 to 
10–40% did not significantly change the cost effectiveness of 
stockpiling antiviral drugs. The probability sensitivity analy-
sis, where all model parameters were varied, showed that 
stockpiling antiviral drugs was a cost-effective pandemic 
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preparedness intervention with a high probability, irrespec-
tive of the case fatality scenario.

In pandemics due to air-transmitted infections, such as 
influenza and coronavirus, ventilators in intensive care 
units are of critical necessity to reduce mortality in infected 
patients. Ventilators are costly but can reduce deaths from 
COVID-19 infections [2, 3]. In the United States, in 2010, 
there were 62,000 full-featured ventilators in hospitals; 
10,000–20,000 were available from the Strategic National 
Stockpile, a federal cache of supplies and medicines held in 
case of emergencies; and 98,000 not fully featured ventila-
tors could be used during a crisis [7]. However, the National 
Pandemic Plan of the United States considered that a severe 
influenza pandemic would require mechanical ventilators 
for 740,000 critically ill people [2]. Ventilator support and 
intensive care for acute respiratory failure due to acute 
respiratory distress syndrome is a cost-effective interven-
tion [8], but the cost effectiveness of stockpiling ventila-
tors depends on the number of stockpiled ventilators and 
the severity of a future pandemic. The cost effectiveness of 
ventilator support and intensive care ranges from US$29,000 
per QALY in low-risk patients (≥ 70% probability of surviv-
ing at least 2 months from the time of ventilator support) 
to US$110,000 per QALY in high-risk patients (prognostic 
estimate ≤ 50%) [7]. The question about the optimal num-
ber of stockpiling ventilators for pandemic preparedness 
depends on intervention costs and uncertainty about when 
the pandemic will happen and how virulent and infectious 
the pandemic pathogen will be.

Evaluative studies assessing the cost effectiveness of pan-
demic preparedness measures and strategies are necessary 
to demonstrate their effectiveness and efficiency in reducing 
pandemic effects.
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