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INTRODUCTION

Since the World Health Organization (WHO) declared the 
novel coronavirus disease 2019 (COVID-19) outbreak a pandem-
ic on March 11, 2020, various therapeutics have been tested to 
treat or prevent COVID-19 worldwide. The U.S. Food and Drug 
Administration recently authorized Pfizer’s nirmatrelvir and rito-
navir and Merck’s molnupiravir for emergency use in the treat-
ment of mild-to-moderate COVID-19 in adults who tested posi-
tive for direct severe acute respiratory syndrome-coronavirus-2 
(SARS-CoV-2) and those with a high-risk of developing severe 
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COVID-19 leading to possible hospitalization or death [1,2]. In 
clinical trials, these oral antiviral agents reduced the risk of hospi-
talization or all-cause mortality over a 29-day follow-up period 
among individuals with chronic medical conditions or an increased 
risk of SARS-CoV-2 infection and those who had not received a 
COVID-19 vaccine for other reasons [3,4]. Unlike other effective 
therapeutics, including remdesivir, dexamethasone, some immu-
nomodulators, and SARS-CoV-2 monoclonal antibodies, these 
novel agents are readily accessible in orally bioavailable form at 
home. However, these novel agents are expensive and their initial 
supply is too low to treat all individuals infected with SARS-CoV-2, 
most of whom have mild-to-moderate symptoms; approximately 
81% of ongoing SARS-CoV-2 cases are reportedly mild to mod-
erate, while 14% are severe and 5% are critical [5-7]. Therefore, 
the use of these antivirals should be prioritized for high-risk pa-
tients to achieve the best public health and treatment outcomes. 
Moreover, the effectiveness of these treatments in the real-world 
could look different from the results of well-designed clinical tri-
als; therefore, various factors must be considered. Since phase 3 
clinical trials of oral antiviral agents were conducted with non-
vaccinated patients, there is some uncertainty concerning their 
estimated effect on vaccinated patients at this point. This study 
aimed to examine the cost-effectiveness of using novel oral antivi-
ral agents to decrease the number of patients infected with severe 
COVID-19 and reduce the burden of SARS-CoV-2 on the medi-
cal system in terms of hospital/intensive care unit (ICU) admis-
sions and treatment costs based on the current capacity of the 
health system. 

MATERIALS AND METHODS

In Korea, there are an estimated 25,000 general hospital beds 
and 1,500 ICU beds available for COVID-19 patients as of January 
2022. Based on the existing COVID-19 epidemiology model 
(Supplementary Materials 1 and 2), we projected the peak num-
ber of hospital/ICU beds based on hospital/ICU prevalence and 
the number of people who would require hospital/ICU admission 
based on the incidence of hospital/ICU admission in Korea be-
tween January and December 2022. We assumed that the use of 
treatments (molnupiravir or nirmatrelvir/ritonavir) would reduce 
the admission rate based on the results of recent clinical trials, with 
a 30% efficacy rate for molnupiravir and an 87% efficacy rate for 
nirmatrelvir/ritonavir compared to standard care [3,4]. We also 
assumed these treatments would reduce the recovery time in the 
hospital/ICU by 4 days (from an average of 13 to 9 days), thus al-
lowing more patients to be admitted during months when the 
hospital/ICU capacity is exceeded [8]. Since there were no data 
estimating the decrease in the duration of patients’ hospital/ICU 
stays as a result of taking oral antiviral agents in clinical studies, 
we assumed a median reduced length of stay of 4 days as a result 
of taking oral antiviral agents based on a range from 1 day to 8 
days according to the results of other studies on antiviral agents, 
including on the effects of remdesivir on COVID-19 and oseltami-

vir on influenza [9-12]. We used estimates of the peak number of 
hospital/ICU beds (by month) to identify months with peak ca-
pacity (“1” if hospital/ICU capacity was exceeded; “0” if hospital/
ICU capacity was not exceeded). We then used the months with 
peak capacity and the total number of people who required hos-
pital/ICU admission to identify the total number of likely hospi-
tal/ICU admissions during peak and non-peak months (same as 
the original estimate of the number of people who require hospi-
tal/ICU admission) (Supplementary Material 3). Using Korean 
COVID-19 hospitalization data and treatment guidelines, we es-
timated COVID-19-related hospital/ICU admissions and treat-
ment costs for 3 targeted risk groups: (1) all adult patients (aged 
20 years and older), (2) elderly patients (aged 60 years and older), 
and (3) adult patients with underlying diseases, all of which would 
be treated with molnupiravir or nirmatrelvir/ritonavir compared 
to standard care (without molnupiravir or nirmatrelvir/ritonavir). 
Based on the empirical data and published literature, we account-
ed for age and condition-specific (i.e., underlying disease-related) 
progression rates and hospital admission rates based on data from 
a non-publicly available Korea Disease Control and Prevention 
Agency database (Table 1) [13].

Based on the previously published literature, we assumed that 
33% of patients who tested positive would have underlying dis-
eases. One course of molnupiravir or nirmatrelvir/ritonavir (oral 
administration) was assumed to be 40 pills and 30 pills, respec-
tively, over 5 days (Table 1). Our primary outcome measures were 
the number of prevented severe cases (cases that required hospital/
ICU admission) and the net COVID-19-related hospital/ICU ad-
missions or prevented admissions based on the efficacy of treat-
ment for reducing the hospital admission rate and the inpatient 
recovery time according to the treatment scenarios for the respec-
tive target risk groups. In our study, the criteria for severity were 
cases that required hospital, general ward, or ICU admission in 
which the patient has an oxygen saturation level (SpO2) of < 94% 
in a room at sea level, a ratio of arterial partial pressure of oxygen 
to fraction of inspired oxygen (PaO2/FiO2) of < 300 mmHg, a res-
piratory rate of > 30 breaths/min, or lung infiltration of > 50% 
based on radiological imaging according to the severity of illness 
categories of the National Institute of Health [14].

We estimated the resource use for each scenario from the per-
spective of the Korean health system for all hospital/ICU person-
days accrued by COVID-19 patients between January and De-
cember 2022. We estimated the costs associated with 3 metrics: 
(1) the cost of monthly treatment for the health system during 
peak and non-peak months, (2) the cost of monthly treatment for 
the health system without oral antiviral treatment (status quo) 
during peak and non-peak months, and (3) the total treatment 
cost. During peak months, the health system costs were calculated 
based on the total number of admissions (83,333 patients in hos-
pitals and 5,000 patients in ICUs per month with treatment caused 
by treatment’s recovery time benefits; 57,692 patients in hospitals 
and 3,462 patients in ICUs per month without treatment) multi-
plied by the hospital/ICU cost per person. During non-peak months, 
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the health systems costs were calculated based on the total num-
ber of admissions (the number of patients requiring hospital/ICU 
admission) multiplied by the hospital/ICU cost per person. We 
used an average hospital cost of US$267 (range, 136 to 452) per 
person per day and an average ICU cost of US$825 (range, 550 to 
1,100) per person per day based on data from Central Disaster and 
Safety Countermeasure Headquarters [18]. We assumed the ad-
ditional cost for a full course of molnupiravir or nirmatrelvir/rito-
navir (US$700 per patient course) for each corresponding scenar-
io (Table 2). 

The costs were converted from Korean won to US dollars based 
on the December 2021 average exchange (1 US dollar= 1,100 Ko-
rean won) [19]. The incremental cost-effectiveness was calculated 
(as the incremental cost per prevented severe case and incremen-
tal cost per net admission) in 2021 US dollars for each therapeutic 
scenario across the risk groups compared to standard care. We as-
sessed a wide range of possible treatment efficacy rates (10-90%) 
for reducing the disease severity rate based on real-world efficacy 
scenarios such as the timing of drug intake with imperfect diag-
nostic sensitivity, treatment adherence with potential toxicity/side 
effects, the relative treatment efficacy according to vaccination 
status, and patient age or other comorbidities. We also performed 
1-way sensitivity analyses of the key model parameters to deter-
mine the robustness of the primary results, expressed as the in-
cremental cost per prevented severe case, to determine the uncer-
tainty of the individual model parameters. 

Ethics statement
This study was approved by the Institutional Review Board of 

Gachon University College of Medicine, Incheon, Korea (IRB No. 
GFIRB2021-232), and participant consent was waived by the eth-
ics committee since the study examined routinely collected medi-
cal data that were processed anonymously at all stages. The study 
was conducted ethically according to the World Medical Associa-
tion’s Declaration of Helsinki. 

RESULTS

The estimated total number of severe COVID-19 cases requir-
ing hospital/ICU admission in Korea from January to December 
2022 was 236,510 without treatment using molnupiravir or nir-
matrelvir/ritonavir (standard care); 48,032 with treatment using 
nirmatrelvir/ritonavir targeting all adult patients; 95,658 with 
treatment using nirmatrelvir/ritonavir targeting elderly patients 
only; 179,963 with treatment using nirmatrelvir/ritonavir target-
ing adult patients with underlying diseases only; 176,543 with 
treatment using molnupiravir targeting all adult patients; 226,871 
with treatment using molnupiravir targeting elderly patients only; 
and 218,513 with treatment using molnupiravir targeting adults 
with underlying diseases only. Overall, nirmatrelvir/ritonavir, at 
87% efficacy, was estimated to reduce the number of severe COV-
ID-19 cases requiring hospital/ICU admission by 80%, 24%, and 
17% when targeting all adult patients, adult patients with under-
lying diseases only, and elderly patients only, respectively, com-

Table 1. Key input parameters

Health system and patient characteristics Value Reference

No. of hospital beds 25,000 KDCA
No. of ICU beds   1,500 KDCA
Percentage of test-positive patients with underlying diseases    33% [15-17]
Probability of symptoms given infection, % (age, yr) 66 (0-19); 74 (20-39); 68 (40-59); and 62 (≥60) KDCA
Hospital admission rate, % (age, yr)1 0.02 (0-19); 0.15 (20-39); 0.74 (40-59 ); and 7.96 (≥60) KDCA

Efficacy Base Low High Reference

Average length of hospitalization for COVID-19 patients (day) 13 10 16 CDSCH
Hospital admission rate reduction from molnupiravir (%) 30 10 50 [3]
Hospital admission rate reduction from nirmatrelvir/ritonavir (%) 87 66 95 [4]
Reduced length of hospitalization from molnupiravir/nirmatrelvir/

ritonavir (day)
  4   1   6 Based on assumption

Reduced length of ICU stay from molnupiravir/nirmatrelvir/ 
ritonavir (day)

  4   1   8 Based on assumption

Cost input (unit: USD) Base Low High Reference

Health system operating cost per hospital bed day 267 136 452 KDCA
Health system operating cost per ICU bed day 825 550 1,100 KDCA
Cost of molnupiravir regimen (40 pills total across 5 days) 700 500 900 KDCA
Cost of nirmatrelvir/ritonavir regimen (30 pills total across 5 days) 700 500 900 CDSCH

KDCA, Korea Disease Control and Prevention Agency; ICU, intensive care unit; COVID-19, coronavirus disease 2019; CDSCH, Central Disaster and 
Safety Countermeasure Headquarters; USD, US dollar.
1ICU admission rate was assumed to be 20% of hospital admission rate.
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pared to 25%, 8%, and 4% reductions resulting from treatment 
with molnupiravir, which has an efficacy rate of 30% (Table 2). 
Under the current health system capacity, hospital and ICU ca-
pacity are expected to be exceeded for 2-4 months, respectively, 
with standard treatment, with an anticipated 204,580 admissions. 
However, the number of months during which capacity is exceed-
ed will decrease to 0-4 months depending on treatment efficacy 
and target groups, with a predicted total of 51,029 admissions re-
sulting from treatment with nirmatrelvir/ritonavir targeting all 
adult patients; 197,159 admissions resulting from treatment with 
nirmatrelvir/ritonavir targeting elderly patients only; 163,346 ad-
missions resulting from treatment with nirmatrelvir/ritonavir tar-
geting adults with underlying diseases only, 160,575 admissions 
resulting from treatment with molnupiravir targeting all adult pa-
tients, 259,363 admissions resulting from treatment with mol-
nupiravir targeting elderly patients only, and 256,112 admissions 
resulting from treatment with molnupiravir targeting adult pa-
tients with underlying diseases only. These decreases are the re-
sults of the combined efficacy of treatment for reducing hospital 
admission rates and recovery time within the corresponding tar-
get populations (Supplementary Material 4). 

Treatment efficacy and future epidemic scenarios together in-
fluence incremental costs and the demand for hospital/ICU ad-
mission. The number of prevented severe cases was the highest 
when treatment targeted all adult patients, at 188,478 cases with 
treatment using nirmatrelvir/ritonavir (ranging from 19,356 to 
205,442 cases corresponding to efficacy rates spanning 10-90%), 
followed by when treatment targeted patients with underlying 
diseases only, at 56,547 cases (ranging from 5,806 to 61,634 cases 
depending on the efficacy rate), and when treatment targeted el-
derly patients only, at 40,852 cases (ranging from 2,847 to 46,448 
according to the efficacy rate) (Table 2 and Supplementary Mate-
rial 4). The impact on reducing the total number of severe cases 
was estimated to be lower when treatment targeted elderly patients 
only or adult patients with underlying diseases only given the 
smaller size of the target populations compared to treatment tar-
geting all adult patients, but more patients could be admitted due 
to the recovery time benefit during months when the hospital/
ICU capacity is exceeded. If the efficacy for reducing the admis-
sion rate is higher than 30%, treatment targeting all adult patients 
can suppress the epidemic curve below the hospital capacity limit 
for all months and prevent nearly 44,005 admissions at 30% effi-
cacy and 173,512 admissions at 90% efficacy (Table 2 and Supple-
mentary Material 4). If treatment reduces the admission rate by 
10%, but still reduces the inpatient recovery time to 4 days during 
months when the hospital/ICU capacity is exceeded, treatment 
for all adult patients would result in an additional 51,051 admis-
sions. 

The total operating costs of COVID-19-related hospital/ICU 
care for the health system in Korea between January and Decem-
ber 2022, excluding the cost of drugs, would be US$66 million 
with standard care. The administration of nirmatrelvir/ritonavir 
targeting all adult patients, with an 87% efficacy rate for reducing 

hospital/ICU admission, may reduce the cost to US$21 million, 
as it could substantially reduce the total number of severe cases. 
However, the same strategy could increase the operating costs of 
the health system to US$67 million and US$58 million when tar-
geting only elderly patients and only adult patients with underly-
ing diseases, respectively. In terms of drug costs, we estimated that, 
in 2022, US$1.7 billion would be required to administer molnupira-
vir or nirmatrelvir/ritonavir targeting all adult patients, while 
US$58 million would be required to administer treatment target-
ing elderly patients only and US$515 million would be required 
to administer treatment targeting adult patients with underlying 
diseases only (Figure 1). 

Collectively, if targeting elderly patients, all adult patients, and 
adults with underlying diseases, treatment with nirmatrelvir/rito-
navir would result in cost-effective incremental ratios of US$1,454, 
US$8,878, and US$8,964, respectively, per prevented severe case. 
These strategies would result in an epidemic resurgence that over-
whelms the current health system capacity when targeting elderly 
patients only but would suppress the epidemic curve enough to 
remain below the current health system capacity when targeting 
all adult patients and adult patients with underlying diseases. This 
translates to US$8,006, US$10,898, and US$12,293, respectively, 
for every additional hospital/ICU admission that is prevented. On 
the contrary, treatment with molnupiravir targeting elderly patients, 
all adult patients, and adults with underlying diseases would result 
in incremental cost-effectiveness ratios of US$7,915, US$28,492, 
and US$29,575, respectively, for every severe case that is prevent-
ed, which translates to US$1,393, US$38,828, and US$10,329 for 
every additional hospital/ICU admission. Varied treatment effica-
cy rates for reducing the admission rate from 10-90% would re-
sult in a decreased cost per prevented severe case ranging from 
US$89,617 to US$8,101 and US$26,994 to US$1,263 if the treat-
ment targeted all adult patients and elderly patients only, respec-
tively. If the real-world treatment efficacy remains high (> 87%), 
oral treatment of symptomatic COVID-19 patients can be gener-
ally cost-effective and reduce the demand for hospital admission 
across all target group scenarios (Supplementary Material 4).

One-way sensitivity analysis revealed uncertainty concerning 
the cost per prevented severe case in each scenario for the risk 
groups compared to standard care. Under an expected high epi-
demic resurgence that could exceed the health system capacity, 
the treatment efficacy for reducing the severity rate was the key 
determinant of the incremental cost-effectiveness ratio associated 
with every scenario since it can substantially change the demand 
for hospital/ICU admission. If treatment targets a large popula-
tion and has a high efficacy rate (e.g., if treatment with nirmatrel-
vir/ritonavir targets all adult patients or adult patients with under-
lying diseases only, which could reduce the total demand for hos-
pital/ICU admission below the capacity of the health system), the 
cost of treatment would have the second-highest impact on the 
incremental cost-effectiveness ratio. However, if treatment targets 
a relatively small, high-risk population (e.g., if treatment with nir-
matrelvir/ritonavir targets elderly patients, which may have a 
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marginal impact on reducing the total demand for hospital/ICU 
admission), the reduction in the average length of patients’ hospi-
tal stays would have the second-highest impact on the incremen-
tal cost-effectiveness ratio with the benefit of reducing the average 
recovery time (Figure 2).

DISCUSSION

Our study showed that the epidemic impact and cost-effective-
ness of COVID-19 oral treatment may vary substantially depend-
ing on the magnitude of the real-world treatment efficacy for re-
ducing the severity (or admission) rate and the size and charac-
teristics of the target groups. In Korea, if a high epidemic resur-
gence is expected in 2022 that could exceed the capacity of the 
current health system, oral nirmatrelvir/ritonavir treatment for 
symptomatic COVID-19 patients can be considered highly cost-
effective if targeted to elderly patients only (US$1,454 per pre-
vented severe case) and can substantially reduce the demand for 
hospital/ICU admission (80%, 188,478 cases) to below the capac-
ity of health system if targeted to all adult patients compared to 

these metrics with standard care. Given the capacity of the cur-
rent health system, nirmatrelvir/ritonavir is moderately cost-ef-
fective, with costs of US$8,006, US$10,898, and US$12,293 for 
every hospital/ICU admission that is prevented if targeted to el-
derly patients only, all adult patients, and adult patients with un-
derlying diseases only, respectively, compared to standard care. 

Due to the consistent emergence of new SARS-CoV-2 variants, 
the burden of breakthrough infection or reinfection is growing 
despite increased vaccination uptake. Moreover, countries that 
have effectively controlled this unprecedented pandemic and have 
maintained a low prevalence rate are likely to experience a high 
epidemic resurgence in the future due to their large susceptible 
populations of COVID-19 infections. In this context, if treatment 
efficacy is as low as 10%, the treatment’s impact on the demand 
for hospital/ICU admission would be marginal, and a recovery 
time benefit that allows hospitals to receive additional patients 
would be the major value of oral antiviral treatment for all target 
group scenarios. In contrast, if treatment efficacy is as high as 
90%, its impact on the demand for hospital/ICU admission would 
be substantial in all target groups, and it would be highly cost-ef-

Figure 1. Number of hospitalized COVID-19 infected patients for each treatment scenario (standard care, molnupiravir, and nirmatrelvir/
ritonavir). Treatment targeting all adult patients (A) elderly patients (B), and  adults patients with underlying diseases (C). eff, efficacy; ICU, 
intensive care unit.
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fective, with costs of US$628, US$9,591, and US$11,169 for every 
hospital/ICU admission that is prevented by targeting elderly pa-
tients only, all adult patients, and adults with underlying diseases 
only, respectively. Targeting adult patients with underlying diseas-
es only may achieve a similar incremental cost-effectiveness ratio 
but with only about 30% of the total costs (as well as health out-
comes) of treatment targeting all adult patients. 

Our study has some limitations. First, the size of the target pop-
ulation and treatment impact may be subject to future epidemic 
trends (e.g., the influence of new variants) and policy choices (e.g., 
social distancing policies). For example, the influence of the Omi-
cron variant, which has a faster transmission rate [20,21] but a 
lower risk of severe illness than other variants [22-24], may reduce 
the cost-effectiveness of treatment since it is likely to increase the 
size of the target population and treatment costs but reduce the 
severity/admission rate and, thus, the demand for hospital/ICU 
admission. Second, we examined treatment efficacy based on re-
ductions in severity/admission and did not account for the treat-
ment efficacy according to the number of prevented deaths. If we 
consider prevented deaths, the value of treatment may be even 
higher, especially for high-risk patients such as seniors or adults 
with underlying diseases. Third, several factors may influence re-
al-world treatment efficacy and cost-effectiveness. Studies have 
shown that treatment may be less effective when administered 
later in the course of the disease, particularly after patients have 
experienced symptoms for more than 5 days or after hospitaliza-
tion [25]. Thus, early testing and monitoring are critical for achiev-
ing the maximum benefits of treatment and can further improve 
their cost-effectiveness. Fourth, our cost data did not include ad-
ditional costs associated with drug prescriptions/administration 
and adverse events management, which may especially affect el-
derly patients or adult patients with underlying diseases. While 
our study was based on the highly cost-effective Korean medical 
system, if we consider these cost implications, the cost of treat-
ment may be greater than the estimates in this study, and treat-
ment may be less cost-effective in other countries with health sys-
tems that entail higher costs or where access is lower than in Korea. 
In addition, while an increasing number of patients within the ca-
pacity of a given hospital/ICU may achieve potential economies 
of scale, additional costs may also be required for medical facili-
ties and medical personnel, especially if the demand for hospitali-
zation nears or exceeds full capacity. While this may change the 
exact estimates in our results, it is unlikely to alter our conclusion 
that treatment is likely to have the greatest epidemic impact when 
targeting all adult patients but is most cost-effective when target-
ing elderly patients only. In addition, our study did not compare 
the 2 oral antiviral treatments but rather compared both antiviral 
treatments to standard care. A formal indirect treatment compar-
ison was not performed, and the relative effectiveness and cost-ef-
fectiveness of each treatment should, therefore, not be inferred. 
Finally, in the clinical trials during which the oral therapeutics 
were tested, the end-point was measured as a composite outcome 
including both hospitalization and death. In our study, we took a 

more conservative approach by focusing such efficacy measures 
into reduced severity/admission rate. It is also because we consid-
ered death is a rather distant outcome measure and can be influ-
enced by other recommended treatment regimes such as remdesi-
vir, tocilizumab, dexamethasone to severely ill patients which is 
beyond our scope of analysis.

Nonetheless, this study has several strengths. First, to our knowl-
edge, this is the first cost-effectiveness analysis of antiviral drugs 
based on real-world data and future trend prediction simulations 
from Korea. Our epidemiology model incorporated detailed dis-
ease progression and population dynamics such as age-specific 
contact patterns, testing performance, and vaccination uptake 
based on detailed empirical data that allowed us to estimate the 
relative total population impact by targeting specific risk groups 
(Supplementary Materials 1 and 2). Second, in addition to the 
overall population impact (i.e., decrease in the total number of se-
vere cases by treatment), we considered the capacity of the health 
system to identify potential admission trade-offs according to the 
efficacy of each treatment, one of which would increase necessary 
admissions by reducing the recovery time benefit and the other one 
of which would decrease the demand for admission by reducing 
severity. This enabled a more accurate assessment of the implica-
tions for the health system concerning the demand for hospitali-
zation and the cost of treatment related to each target scenario. 

In conclusion, given the expected high epidemic resurgence  
in 2022 that could exceed the current capacity of Korea’s health 
system, oral nirmatrelvir/ritonavir treatment of symptomatic 
COVID-19 patients would be highly cost-effective if targeted to 
elderly patients (US$1,454 per prevented severe case) and could 
substantially reduce the demand for hospital/ICU admission (80%, 
188,478 cases) below the capacity of the health system if targeted 
to all adult patients compared to standard care. The active intro-
duction, prioritization, and administration of oral therapeutics 
can be a cost-effective strategy for reducing the burden of SARS-
CoV-2 infection on medical systems, such as intensive care units 
when treating severe COVID-19 patients. 
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