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ABSTRACT

KEY TAKEAWAYS
•	� The COVID-19 pandemic has imposed significant and far-reaching health and economic costs. 
•	� We model and monetize the health-related benefits of two hypothetical treatments administered 

either before or after hospitalization; both generate substantial value. 
•	� A hypothetical treatment administered outside the hospital that reduces hospitalization risk by 

50% results in 285,000 fewer hospitalizations, up to 71,000 fewer deaths, and up to $88 billion 
in value by the end of 2021.

•	� A hospital-based treatment that reduces mortality and length of stay by 30% saves 51,000  
to 85,000 lives, and generates up to $106 billion in value by the end of 2021.

The health impacts of the COVID-19 (C-19) pandemic are significant and far-reaching, 
including direct expenditures to care for those infected and losses from disease-related 
mortality and morbidity. C-19 has also imposed broader costs through the mitigation 
policies implemented to reduce disease transmission, which have dramatically reduced 
economic activity. We model and monetize the health-related benefits (health outcomes 
and costs) of two hypothetical C-19 treatments, assuming that each is introduced in the 
U.S. in Q3 2020, 5% of the population will be infected through June 2020 and 20% of the 
population will be infected through 2021. A hypothetical treatment for mild disease that 
reduces hospitalization risk by 50% results in 285,000 fewer hospitalizations, 43,000 to 
71,000 fewer deaths and $57 billion to $88 billion in value. A hospital-based treatment that 
reduces mortality and length of stay by 30% saves 51,000 to 85,000 lives and generates  
$68 billion to $106 billion in value, the majority of which is due to mortality effects. 
Although substantial, these gains may be a small share of the total value an effective 
treatment could generate if it enables the economy to reopen earlier or faster. Efforts to 
develop effective treatments should be prioritized alongside vaccine development, since 
treatments for both mild and severe disease can generate substantial value even after  
a vaccine becomes available. 

The COVID-19 (C-19) pandemic has created an urgent need 
for an effective vaccine or treatment. In the U.S. alone, the 
disease is responsible for more than 130,000 deaths in the six 
months since January 2020, with that number growing daily.1 
Patients with severe C-19, even if they eventually recover, 
often require extended hospitalizations, including long stays 
in intensive care where costs can exceed $10,000 per day.2 

Despite state and local efforts to slow the spread of the virus, 
transmission is likely to continue until a vaccine is developed, 
or until natural infection raises population seroprevalence to 
the herd immunity threshold of 50–70%.3 With serology tests 
suggesting that only 5–8% of the U.S. population currently has 
antibodies,4 herd immunity will only be achieved at enormous 
cost in terms of illness and death.

INTRODUCTION 
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	 Given the urgent and growing need for a therapeutic, drug 
developers have jumped quickly into the breach — 163 C-19 
vaccines were in development and 239 potential treatments 
under investigation as of mid-June 2020.5 Potential treatments 
under investigation include drugs that are already approved  
to treat other conditions and drugs still in development.  
Several classes of drugs are being investigated for potential 
treatments, including convalescent plasma, monoclonal 
antibodies, immune modulators and antivirals. To date, only 
two drugs have demonstrated a therapeutic effect against C-19 
in randomized clinical trials: the antiviral remdesivir, and the 
common steroid dexamethasone.6, 7 
	 The critical need for effective treatments and the volume  
of urgent activity to find them underscore the tremendous 
potential value of an effective therapeutic. This value 
predominantly comes from two sources: health-related benefits 
and economy-related impacts. Health-related benefits include 
increased quality-adjusted life years (QALYs) that result from 
reducing mortality, symptom severity and duration. Benefits 
also include savings in healthcare expenditures that result 
from shorter hospital stays and less intensive use of healthcare 
resources generally. 
	 The lockdowns, shelter-in-place orders and other social-
distancing policies that governments have implemented to 
constrain the spread of C-19 have also imposed enormous 
economic costs on society.8 If the availability of an effective 

treatment enabled earlier or faster relaxation of those policies, 
the resulting economic benefits could easily dominate the 
health-related benefits of treatment. 
	 In this paper, we model the health-related benefits to the  
U.S. population of two hypothetical treatments for C-19 —  
one that is effective in mild disease, and one that benefits 
hospitalized patients with more severe disease. While we 
do not model the size of the potential economic impact of 
effective therapy, we provide some rough calculations in the 
discussion section to show how these may compare with the 
health-related benefits. 

METHODS 

Model Structure
We estimate the health outcomes and healthcare cost impacts 
of a hypothetical treatment for C-19 using a static model 
represented in Figure 1. In the model, a share of the total 
U.S. population is infected and patients fall into one of four 
categories: asymptomatic, symptomatic but not requiring 
hospitalization, symptomatic and hospitalized who recover, 
and symptomatic and hospitalized who die.i Asymptomatic 
patients incur no healthcare costs, while symptomatic patients 
incur healthcare costs that depend on their hospitalization 
status. We calculate the mortality costs associated with 
expected life years lost when an infected patient dies, stratified 
by patient age group.

Figure 1. Model Schematic

i  All cases that are not hospitalized recover (i.e. mortality is limited to hospitalized patients).
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PARAMETER VALUEa SOURCE

Uninfected population (January 2020) 324,356,000 Census

Uninfected population (July 2020) 308,138,200 Calculated

C-19 age distribution 0-17: 0.0435 18-64: 0.7410 65-74: 0.0988 75+: 0.1168 CDC1,b

Asymptomatic share 35% CDC9

Attack rate (2020–2021) 20% Assumed

Attack rate (January 2020–June 2020) 5% CDC4

Attack ratec (July 2020–December 2021) 15.8% Calculated

Symptomatic hospitalization rate 0-17: 0.0170 18-64: 0.0258 65+d: 0.0740 CDC9

Symptomatic case fatality  
rate — low mortality 0-17: 0.0005 18-64: 0.0010 65+: 0.0130 CDC9

Symptomatic case fatality  
rate — mid mortality 0-17: 0.0008 18-64: 0.0015 65+: 0.0195 Calculated based  

on CDC9

Symptomatic case fatality  
rate — high mortality 0-17: 0.0010 18-64: 0.0026 65+: 0.0320 CDC9

Hospital length of stay (days) 0-17: 5.13 18-64: 5.56 65+: 7.29 CDC9

Medical cost per case, mild  
(not hospitalized) ($) 0-17: 177 18-64: 160 65+: 160 Bartsch et al.28

Medical cost per day, hospitalized ($) 0-17: 7,831 18-64: 8,204 65+: 4,009 Fiedler and Song31

Mortality cost (discounted QALYs) 0-17: 26.61 18-64: 18.48 65-74: 9.72 75+: 5.89 Briggs32, e

Value of a QALY ($) 150,000 Assumed

Discount rate 3% Assumed

Table 1: Model Parameter Values and Sources

Model Parameters and Outcomes 
The model is parameterized with age-specific values (where 
available) taken from the scientific literature. Our model 
assumes a 20% attack rate (the share of the population that 
becomes infected over a specified period of time) over two 
years, and that 35% of these cases are asymptomatic.9 We  
use hospitalization and mortality values from the U.S.  
Centers for Disease Control and Prevention’s (CDC) 
Pandemic Planning Scenario 5, which represents their 
“current best estimate about viral transmission and disease 

severity.”9 Given current uncertainty surrounding the 
mortality effects of C-19, we present results using multiple 
mortality rates. Table 1 provides the model parameter values 
and their sources.
	 We model population outcomes, including the number 
of patients infected, symptomatic and hospitalized, and the 
number of C-19 deaths. Hospitalization and outpatient costs 
are calculated, as well as mortality costs associated with 
C-19, which are measured in terms of QALYs. QALYs are 
discounted at 3% and valued at $150,000.

�a  If sources provide parameters for age groups that do not match our model age groups, we calculate parameters for each model age group using the population 
weighted average based on population counts using 2019 census estimates. 
b  The CDC updates age distribution data regularly. Our parameter values were ccessed on June 10, 2020.
�c  Results for the treatment scenarios are estimated for July 2020 through December 2021. Using the 5% attack rate for January 2020 through June 2020, we derive
the implied attack rate (15.8%) for the remaining model period ( July 2020 through December 2021) such that the total number of cases for 2020–2021 correspond to 
our assumed attack rate of 20%.
d  While CDC reports statistics by age groups, including more granular categorization of the older population (65–74, 75–84 and 85+), these are combined in the 
CDC planning scenarios into one parameter for everyone 65 and older. 
e  Discounted QALYs were calculated using a standardized mortality ratio equal to one and discount rate of 0.03. 
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Treatment Scenarios
Our study considers the first two years of the pandemic, through 
the end of 2021, or the period before an effective vaccine 
becomes widely available.ii We assume that a hypothetical 
treatment becomes available in Q3 2020, and model alternative 
treatment scenarios (including a baseline with no treatment) 
for the 18 months from July 2020 to December 2021. Although 
widespread treatment availability by Q3 2020 is a simplifying 
assumption, remdesivir was being used to treat C-19 in the 
U.S. in early 2020,12 and availability has been increasing rapidly 
— 190,000 treatment courses of remdesivir were available by 
July 2020, with plans to produce more than 2 million treatment 
courses by December 2020.13 Dexamethasone is already a 
widely available generic drug that has been in use since the 
1960s.14 In August 2020, clinical trials will begin for an inhaled 
version of remdesivir that could be administered outside the 
hospital at earlier disease stages.15

	 We reduce the model starting population size to account for 
the number infected prior to July 2020. Based on widespread 
antibody testing, the CDC estimates that more than 20 million 
Americans had been infected with C-19 by late June 2020, 
roughly 10 times the number of confirmed cases.4 Using this 
estimate, we assume that 5% of the population was infected 
with C-19 prior to July 1. This leaves 95% of the population, 
or 308 million people, susceptible when treatment becomes 
available. We calculate the attack rate necessary over the 
18-month period from July 2020 to December 2021 to result 
in 20% of the total population having been infected since the 
start of the pandemic.

	 In addition to a baseline scenario in which no treatment 
is available, we estimate two scenarios in which patients are 
treated with hypothetical therapies. Scenario 1 is modeled 
loosely after flu antiviral therapies such as Tamiflu (oseltamivir 
phosphate) that are administered to patients early in the 
course of the disease and reduce disease severity and, in 
turn, mortality. Scenario 2 is modeled after therapies such 
as remdesivir and dexamethasone, which are administered in 
hospital settings and have demonstrated therapeutic effect in 
randomized clinical trials.6, 7 

SCENARIO 1: Among symptomatic patients, reduces the 
probability of hospitalization by 50%; available to 50% of 
non-hospitalized symptomatic patients

SCENARIO 2: Among all hospitalized patients, reduces 
both length of stay and mortality by 30%

Scenario 1 increases outpatient costs relative to no treatment, 
while both treatment scenarios involve hospital cost savings 
— Scenario 1 reduces the number of hospitalizations, and 
Scenario 2 shortens hospital stays, thereby reducing costs. Both 
scenarios also reduce deaths relative to no treatment, which 
translates into QALY gains. 

Sensitivity Analyses
We performed sensitivity analyses on key parameter values, 
including the share of asymptomatic patients, the attack rates 
for the full model time frame (2020–2021) and the six months 

Table 2: Population Outcomes Without Treatment Under Alternative Mortality Assumptions, 2020–2021

Notes: Assumes 20% attack rate for 2020–2021 and 35% of cases are asymptomatic. 

NAME PARAMETER SET USED TOTAL CASES SYMPTOMATIC CASES HOSPITALIZATIONS DEATHS

Low-mortality 
baseline

CDC Planning Scenario 5 
(“Current Best Estimate”)
SCFR = 0.004

64,871,200 42,166,280 1,520,179 151,725

Mid-mortality 
baseline

CDC Planning Scenario 5 
scaled up by a factor of 1.5
SCFR = 0.006

64,871,200 42,166,280 1,520,179 227,600

High-mortality 
baseline

CDC Planning Scenarios 3/4 
SCFR = 0.010 64,871,200 42,166,280 1,520,179 378,343

ii	 While more than 160 C-19 vaccines were in development as of mid-June 2020, only two had begun Phase III trials,10 and an effective vaccine is unlikely to 
be widely available until 2021 or later.11
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Figure 2: Patients Treated, Hospitalized, and Dead in Baseline and Treatment Scenarios  
(July 2020–December 2021)

Notes: Scenario 1 assumes 50% of non-hospitalized symptomatic patients receive treatment, which reduces the probability of hospitalization by 50%. Scenario 2  
assumes all hospitalized patients receive treatment, which results in 30% length of stay reduction and 30% reduction in the probability of death. The high mortality case 
corresponds to the CDC’s worst pandemic mortality assumptions, as noted in Table 2.

n= ; %

n= ; %

No Treatment

Patients Treated = 

Hospitalized

Scenario Scenario 

Dead (Mid Mortality) Dead (High Mortality)

Patients Treated = Patients Treated =  

through June 2020, the value of a QALY, the number of 
QALYs gained when treated patients recover and the share of 
hospitalized patients who receive treatment. 

RESULTS
Table 2 presents population outcomes during the first two 
years of the pandemic (2020–2021), assuming no treatment 
is available for three different mortality parameters. For all 
mortality parameter values, 64.9 million people are infected and 
42.2 million are symptomatic. The first row shows outcomes 
when values from the CDC’s best estimates (Planning Scenario 
5) are used for hospitalization and mortality parameters, 
including an overall symptomatic case fatality rate (SCFR) of 
0.004. Other sources have suggested that this fatality rate may 

be too low: This parameter set results in an estimated 151,725 
total deaths by the end of 2021, while there were at least 
130,000 deaths as of early July 2020,1 and some are projecting 
200,000 deaths by the end of September 2020.16 
	 For this reason, we calculate results using higher SCFRs. 
The last row of Table 2 uses the highest SCFR among the 
CDC’s planning scenarios, 0.010 (from Planning Scenarios 3 
and 4), and predicts 378,343 deaths for 2020–2021. The second 
row uses an intermediate SCFR of 0.006 and predicts 227,600 
deaths. Both the mid- and high-mortality estimates are more 
consistent with the number of deaths to date. In the analyses 
that follow, we present results relative to no treatment using 
both mid- and high-mortality parameter values. 
	 Figure 2 illustrates the number of patients treated, hospitalized 
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Figure 3: Health-Related Value Generated, Relative to No Treatment, $ Billions (July 2020-December 2021)

Notes: Scenario 1 assumes 50% of non-hospitalized symptomatic patients receive treatment, which reduces the probability of hospitalization by 50%. Scenario 2 assumes 
all hospitalized patients receive treatment, which results in 30% length of stay reduction and 30% reduction in the probability of death. 

and dead between July 2020 and December 2021 across all 
scenarios. The number of patients treated varies widely because 
Scenario 1 administers therapy to symptomatic patients who 
are not hospitalized (who represent most of the symptomatic 
population), while the hypothetical treatment in Scenario 2 
is only administered to hospitalized patients. The number of 
patients hospitalized in Scenario 1 is lower than that in Scenario 
2 because the treatment is assumed to reduce hospitalization 
rates. The number of deaths in both scenarios is presented using 
both mid- and high-mortality rates, and is lowest in Scenario 2, 
where the treatment — given only to hospitalized patients — 
reduces mortality directly. 
	 Relative to no treatment, Scenario 1 reduces hospitalizations 
by 285,000 and deaths by 43,000 (mid-level mortality) to 71,000 
(high mortality). Scenario 2 does not reduce hospitalizations 
but results in 51,000 to 85,000 fewer deaths. 
	 Figure 3 shows the total savings under each treatment 
scenario compared to no treatment, with results presented for 
both mid- and high-mortality parameters. Outpatient cost 

increases are negligible in Scenario 1, and zero in Scenario 
2. Gains from reduced mortality account for the majority of 
the total savings from both scenarios. Scenario 1, which treats 
non-hospitalized patients, generates $10.9 billion in hospital 
cost savings from reduced admissions and $46.1 billion to  
$77.1 billion in monetized gains from reduced mortality, 
depending on the mortality rate assumed. The total savings 
relative to no treatment from Scenario 1 range from $56.9 
billion to $87.9 billion. Scenario 2, in which all hospitalized 
patients receive a treatment that reduces both average length 
of stay and mortality risk, generates $13.1 billion in hospital 
cost reductions and $55.3 billion to $92.5 billion in monetized 
gains from reduced mortality, for a total of $68.4 billion to 
$105.6 billion in gains, depending on the underlying mortality 
rate assumed. 

DISCUSSION
We find large benefits from the direct health impacts of a new 
treatment for C-19. The value depends on the characteristics 
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of the therapy, but treatments for both mild and serious disease 
deliver tens of billions in gains, assuming 20% of the population 
is infected with C-19 by the end of 2021. Regardless of 
whether the treatment is administered before or after patients 
are hospitalized, most gains come from a dollar value placed 
on reduced mortality, although reduced hospitalization costs 
still account for over $10 billion in savings in either treatment 
scenario. Gains from reduced mortality range from $46.1 
billion to $77.1 billion for a treatment administered to non-
hospitalized patients that reduces the risk of hospitalization, 
and from $55.3 billion to $92.5 billion for a treatment that 
reduces mortality and length of stay for hospitalized patients. 
	 Although large, the estimated health benefits exclude 
an important element of value from an effective treatment 
for C-19 if it hastens an economic recovery.iii In May 
2020, the Congressional Budget Office (CBO) released 
a revised set of interim economic projections for 2020 
and 202117 that accounted for the economic impact of the 
pandemic and related mitigation policies. The May projections  
were substantially lower than those from January,18 which  
did not account for the impact of C-19 on the U.S. economy.  
On June 1, 2020, the CBO projected that the cumulative  
real output (in 2019 dollars) over 10 years would be  
$7.9 trillion, or 3.0% of cumulative real GDP, less than what it 
had projected in January.8 
	 If an effective treatment had been available at the beginning 
of the pandemic, it is possible that strict mitigation policies 
like lockdowns — which aimed to slow C-19 transmission 
and manage the flow of cases requiring hospitalization to 
avoid overwhelming the healthcare system — would have 
been unnecessary. While most states have already relaxed 
or lifted restrictions,19 hospital capacity remains a concern 
as cases continue to rise in some states,20 and mitigation is 
being reimposed in certain areas.21 If a treatment reduces 
hospitalizations or shortens hospital stays, it would effectively 
expand existing hospital capacity. As a result, states could 
potentially manage the C-19 pandemic with less strict 
mitigation policies, resulting in smaller negative impact on 
economic activity. 
	 Even as states continue to loosen restrictions on economic 
activity and some resume their usual activities, others may be 
reluctant to return to their “normal” behavior, which would 
contribute to a sluggish economic recovery. Several recent 
surveys suggest that a large segment of the population (65–

80%) is uncomfortable engaging in activities such as eating 
out or going to the mall.22, 23 In addition to boosting hospital 
capacity, an effective treatment could also increase people’s 
willingness to return to more normal levels of economic 
activity. Moreover, a treatment could provide a psychological 
benefit to workers: Approximately 45% report an effective 
treatment would make them feel safe in returning to work.23 
Determining the exact size of the economic benefit from 
treatment would require a model incorporating the interactions 
between treatment, social mitigation policies and consumer 
behavior. However, given the $7.9 trillion impact C-19 has had 
on the U.S. economy, the combined effects that a treatment 
could have on easing social mitigation policies and boosting 
citizens’ confidence in engaging in economic activities could 
easily be as large or larger than the health impacts we model. 
For example, if a treatment could offset the economic losses by 
even 5% (or almost $400 billion), the economic benefit from 
treatment would be nearly four to seven times larger than the 
health benefits we model. 
	 The federal Biomedical Advanced Research and 
Development Authority has committed $359 million to 
developing treatments for C-19, compared to more than  
$2.2 billion to manufacture vaccines that are not yet proven 
safe or effective.24 While developing a vaccine is undoubtedly a 
high priority, international efforts to develop and manufacture 
a vaccine that can meet worldwide demand quickly have 
generated expectations that may be hard to meet. Even after 
a vaccine for C-19 is widely available, people will continue  
to contract the virus because some will not get vaccinated,  
and the vaccine may not be effective in all cases, particularly 
among older populations at the highest risk for serious disease 
and mortality.iv For example, the annual flu vaccine reduces 
the risk of flu illness by only 40–60%, even in years when 
the vaccine is well matched to the circulating virus strain.27 
As such, an effective treatment for C-19 should be part of 
our public health strategy to help manage this and future 
pandemics. Efforts to develop effective treatments should be 
prioritized alongside vaccine development, since treatments for 
both mild and severe disease will continue to generate value 
even after a vaccine is developed. 
	 One important limitation of our work involves the significant 
uncertainty surrounding the parameter values used to describe 
the behavior of the virus. We rely on respected sources such 
as the CDC for our parameter values, but given the rapidly 

iii	 A treatment may also create value if it reduces the indirect costs that result when healthcare is delayed or foregone. With the advent of C-19, U.S. health-
care utilization dropped abruptly in categories such as dental visits, inpatient and outpatient services, physician services and cancer screenings. If postponing or 
forgoing these services causes adverse health outcomes, then a treatment that ameliorates these care delays could reduce these indirect healthcare costs.
iv	 Aging is associated with immunosenescence, a weakening of the immune system, which renders older populations more susceptible to infection, cancer, auto-
immune disease and vaccine failure.25, 26
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evolving nature of the data and scientists’ understanding of 
this virus, parameter estimates can vary widely across sources 
and change substantially as the pandemic progresses.v The 
magnitudes of our estimated effects depend particularly on the 
mortality rate of the virus, and sources differ widely on its true 
value. For this reason, we explore multiple parameter values 
and present our main results using different but plausible 
alternatives for mortality rates. Other important parameters 
are subject to similar uncertainty, including prevalence of 
asymptomatic infection and the disease attack rate. In our 
main analysis, we assume a Q1–Q2 attack rate of 5%, the 
lower bound of CDC seroprevalence estimates of 5–8% by  
late June,4 and that 20% of the population will be infected by 
the end of 2021. We deliberately chose conservative values 
here but explore the impact of alternative parameter values 
for six- and 24-month attack rates in sensitivity analyses in an 
online appendix. 
	 A second limitation is that we use a stylized, static model 
to estimate results. For example, disease mortality is limited 
to hospitalized patients only, and treatments are assumed 
to be widely available as of July 2020. Our model also does 

not capture transmission dynamics and their relationship to 
possible mitigation policies. Recently, new cases in the U.S. 
have been increasing, while the number of deaths is falling, 
suggesting shifting infection toward younger populations or 
improved treatment as providers learn more about how to treat 
the virus, or both. Indeed, the precise relationships between 
disease transmission, mitigation policies, hospital capacity 
and economic activity pose an interesting question for future 
research, but go beyond the scope of the current study. 
	 Given these limitations, the precision of our estimated 
effects should not be over-emphasized. Nevertheless, they 
suggest that a treatment could deliver significant value and 
should inform the urgency with which treatments are pursued. 
Our results also demonstrate what an important role mortality 
effects play in the overall value of a treatment, and that even 
if the health impact of such a treatment is very large, it may 
account for a relatively modest share of the total value of a 
treatment when potential economic effects are included. In 
fact, with the U.S. not pursuing a strategy of “crushing the 
virus” like Europe and Asia,30 a treatment to manage the virus's 
impact becomes even more valuable. 
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