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Abstract
Oral nirmatrelvir plus ritonavir  (Paxlovid™) is an effective treatment option for coronavirus disease 2019 (COVID-19), the 
illness caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Nirmatrelvir inhibits the main protease 
of SARS-CoV-2, with ritonavir acting as a pharmacokinetic booster. In the phase II/III EPIC-HR trial, nirmatrelvir plus 
ritonavir reduced the risk of progression to severe COVID-19 in symptomatic, unvaccinated, non-hospitalized adults with 
mild-to-moderate COVID-19 at high risk for progression to severe disease. The incidence of COVID-19-related hospitali-
zation or death through day 28 was significantly lower with nirmatrelvir plus ritonavir than with placebo. The efficacy of 
nirmatrelvir plus ritonavir has also been demonstrated in the real-world setting. Nirmatrelvir plus ritonavir is generally well 
tolerated, with most adverse events being of mild or moderate severity.

Plain Language Summary
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the cause of the coronavirus disease 2019 (COVID-19) 
global pandemic. Nirmatrelvir plus ritonavir  (Paxlovid™) is an oral antiviral treatment for COVID-19 that reduces the ability 
of SARS-CoV-2 to multiply in the body. The active substance nirmatrelvir blocks the activity of an enzyme needed by the 
virus to multiply, while ritonavir slows the breakdown of nirmatrelvir to increase its therapeutic benefit. Nirmatrelvir plus 
ritonavir reduces the risk of hospitalization or death in patients who are at increased risk for progression to severe COVID-
19. The drug is generally well tolerated; most adverse events were mild or moderate in severity. Drug–drug interactions are 
possible. Nirmatrelvir plus ritonavir is an important treatment option for COVID-19 in patients whose age or underlying 
health puts them at high risk for becoming severely ill.
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Adis evaluation of nirmatrelvir plus ritonavir in 
the treatment of COVID‑19 

Potent inhibitor of the main protease of SARS-CoV-2, 
co-packaged with a pharmacokinetic booster

Administered orally twice daily for 5 days

Reduces the risk of hospitalization or death in patients at 
high risk of progressing to severe COVID-19

Generally well tolerated

May be associated with significant drug–drug interactions

What is the rationale for developing 
nirmatrelvir plus ritonavir to treat 
COVID‑19?

Coronavirus disease 2019 (COVID-19), the illness 
caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), first appeared in late 2019 and was 
quickly declared a global pandemic [1]. Despite the rapid 
development and authorisation of numerous COVID-19 
vaccines, increasing rates of breakthrough infection due to 
waning vaccine efficacy and the emergence of new variants 
of concern have necessitated the use of further measures 
to control the pandemic, including booster doses and the 
development of several therapeutic agents [2]. Some treat-
ments are only recommended for use in patients who are 
at high risk of progression to severe COVID-19 (e.g. older 
age, immunodeficiencies, comorbidities, lack of vaccina-
tion) [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/s40267-022-00971-1&domain=pdf
https://doi.org/10.6084/m9.figshare.21554598
https://doi.org/10.6084/m9.figshare.21554598
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Nirmatrelvir plus ritonavir  (Paxlovid™) was one of the 
first orally available antiviral treatments for COVID-19 [4, 
5]. Nirmatrelvir is a peptidomimetic inhibitor of the main 
protease (Mpro) of SARS-CoV-2 [5]. The HIV-1 protease 
inhibitor ritonavir has no activity against SARS-CoV-2 
Mpro, but acts as a pharmacokinetic boosting agent [6, 7]. 
Nirmatrelvir plus ritonavir is available in several countries, 
including the USA [7] and those of the EU [6], for the 
treatment of COVID-19 in patients who are at increased 
risk for progression to severe disease. Table 1 provides a 
summary of the prescribing information for nirmatrelvir 
plus ritonavir in the aforementioned regions.

How does nirmatrelvir plus ritonavir work?

Nirmatrelvir is a potent inhibitor of the SARS-CoV-2 
Mpro, also known as 3C-like protease or nsp5 protease [7]. 
SARS-CoV-2 Mpro is responsible for processing two large 
polyprotein precursors (pp1a and pp1ab) into the smaller 
functional units required for viral replication [8]. Nir-
matrelvir binds directly to the SARS-CoV-2 Mpro active 
site, inhibiting the activity of SARS-CoV-2 Mpro and thus 
preventing viral replication [6, 7]. In a biochemical assay, 
nirmatrelvir inhibited the activity of SARS-CoV-2 Mpro 
with an inhibition constant of 3.1 nM and a half-maximal 
inhibitory concentration of 19.2 nM [7]. Ritonavir lacks 
activity against SARS-CoV-2 Mpro, but increases plasma 
concentrations of nirmatrelvir by inhibiting the CYP3A-
mediated metabolism of nirmatrelvir [6, 7].

Nirmatrelvir demonstrated antiviral activity against 
SARS-CoV-2 infection of differentiated normal human 
bronchial epithelial cells, with 50 and 90% maximal effec-
tive concentrations of 62 and 181 nM, respectively, after 
3 days of drug exposure [6, 7]. The potency of nirmatrel-
vir against current and emerging SARS-CoV-2 variants 
is similar to that against wild-type SARS-CoV-2 [9, 10]. 
In vitro, nirmatrelvir had potent cell culture antiviral activ-
ity against all isolates belonging to the Alpha (B.1.1.7), 
Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2) and Omi-
cron (B.1.1.529) SARS-CoV-2 variants of concern, and 
the Lambda (B.1.1.1.37) and Mu (B.1.621) SARS-CoV-2 
variants of interest [10, 11]. Nirmatrelvir also demon-
strated antiviral activity in a murine model of SARS-
CoV-2, reducing lung viral titres and improving disease 
indicators relative to placebo [7].

The impact of naturally occurring SARS-CoV-2 Mpro 
polymorphisms (of unknown clinical significance) on nir-
matrelvir activity was assessed in a biochemical assay 
using recombinant Mpro enzyme [6]. G15S, T135I, S144A, 
H164N, H172Y, Q189K and D248E amino acid substi-
tutions were associated with 3.5- to 233-fold reductions 
in the activity of nirmatrelvir. Of note, G15S is present in 

the Lambda variant of SARS-CoV-2, which did not have 
reduced susceptibility to nirmatrelvir in cell culture. In 
the phase  II/III EPIC-HR trial, a number of treatment- 
emergent substitutions in SARS-CoV-2 Mpro gene or cleav-
age regions were detected. However, none of these substitu-
tions occurred in hospitalized patients receiving nirmatrelvir 
plus ritonavir. The P132H/L/S, A260V and A266V substuti-
tions did not reduce the activity of nirmatrelvir in a biochem-
ical assay. Due to their different mechanisms of action, no 
cross-resistance is expected between nirmatrelvir and remde-
sivir or anti-SARS-CoV-2 monoclonal antibodies (mAbs) [6].

What are the pharmacokinetic properties 
of nirmatrelvir plus ritonavir?

Ritonavir is coadministered with nirmatrelvir and acts as 
a pharmacokinetic enhancer [6, 7]. In healthy volunteers, 
ritonavir increased systemic nirmatrelvir exposure and pro-
longed its half-life [6, 7, 12]. This supported the selection 
of a regimen of nirmatrelvir 300 mg plus ritonavir 100 mg 
twice daily for 5 days in subsequent phase II/III trials [12]. 
The increase in systemic exposure of nirmatrelvir at steady 
state appears to be less than dose proportional following 
repeated twice-daily oral administration of nirmatrelvir 
plus ritonavir (75 mg + 100 mg, 250 mg + 100 mg, and 
500 mg + 100 mg) [6]. Steady state is achieved on day 2, 
with ≈ 2-fold accumulation [6, 7]. Relative to fasting con-
ditions, administration of nirmatrelvir plus ritonavir with 
a high-fat meal modestly increased nirmatrelvir exposure; 
therefore, nirmatrelvir plus ritonavir can be administered 
with or without food (Table 1) [6, 7].

Following a single oral dose of nirmatrelvir 300 mg plus 
ritonavir 100 mg in healthy volunteers, maximum plasma 
concentrations of nirmatrelvir and ritonavir were reached in 
a median of 3.00 and 3.98 h, respectively [6, 7]. Nirmatrelvir 
is ≈ 69% bound to plasma proteins [6, 7], with a blood-to-
plasma ratio of 0.60 [7]. Ritonavir is highly protein-bound 
(≈ 98–99%) [6, 7], with a blood-to-plasma ratio of 0.14 [7]. 
The mean volume of distribution is 10.5 L for nirmatrelvir 
and 112.4 L for ritonavir [7].

Metabolism of nirmatrelvir is by CYP3A4 primarily, 
but this metabolism is inhibited by the coadministration of 
ritonavir [6, 7]. Ritonavir is metabolized predominantly by 
CYP3A4, with a minor contribution from CYP2D6 to form 
the oxidation metabolite M-2. Nirmatrelvir is excreted via 
the urine (≈ 50% of a 300 mg dose) and faeces (≈ 35%), 
mostly as unchanged drug. Ritonavir is eliminated primarily 
via the hepatobiliary system, with ≈ 86% of a radiolabeled 
dose excreted via the faeces [6, 7]. The mean oral clearance 
is 8.99 L/h for nirmatrelvir and 13.92 L/h for ritonavir [7]. 
The mean half-life of both nirmatrelvir and ritonavir is 6.1 h 
[6, 7].



43

Significant and clinically relevant pharmacokinetic 
drug–drug interactions may occur when nirmatrelvir plus 
ritonavir is coadministered with various other drugs (e.g. 
CYP3A substrates, inducers or inhibitors) [6, 7]. Some con-
traindications apply (Table 1) and dosage adjustments or 
additional monitoring may be required [6, 7]. Consult local 
prescribing information for further detailed information.

What is the efficacy of nirmatrelvir 
plus ritonavir in COVID‑19?

Nirmatrelvir plus ritonavir reduces the risk of progression  
to severe COVID-19 in symptomatic, unvaccinated,  
non-hospitalized adults with mild-to-moderate COVID-19 

at high risk for progression to severe disease, based on 
the results of a randomized, double-blind, multicentre,  
placebo-controlled, phase II/III trial (EPIC-HR) [13].

Participants in EPIC-HR were aged ≥ 18 years with con-
firmed SARS-CoV-2 infection, symptom onset ≤ 5 days 
prior to randomization, at least one sign or symptom of 
COVID-19 on the day of randomization, and at least one 
characteristic or co-existing condition associated with high 
risk of progression to severe COVID-19 [13]. Exclusion 
criteria included patients with previous SARS-CoV-2 infec-
tion or vaccination. Eligible patients were randomized to 
receive either nirmatrelvir 300 mg plus ritonavir 100 mg or 
placebo, administered orally every 12 h for 5 days. Rand-
omization was stratified by geographic region and by receipt 
or expected receipt of COVID-19 mAbs. At baseline, the 

Table 1  Summary of the prescribing information of nirmatrelvir plus ritonavir  (Paxlovid™) for the treatment of COVID-19 in the USA [7] and 
the EU [6]

Unless otherwise stated, information applies to both the USA and the EU. Consult local prescribing information for further details
COVID-19 coronavirus disease 2019; eGFR estimated glomerular filtration rate, EUA Emergency Use Authorization, pt(s) patient(s), SARS-
CoV-2 severe acute respiratory syndrome coronavirus 2

What is the authorized indication for nirmatrelvir plus ritonavir?
USA Treatment of mild-to-moderate COVID-19 in adults and paediatric pts (aged ≥ 12 years weighing ≥ 40 kg) 

with positive results of direct SARS-CoV-2 viral testing, and who are at high risk for progression to 
severe COVID-19, including hospitalization or death (EUA)

EU Treatment of COVID-19 in adults who do not require supplemental oxygen and who are at increased risk 
for progression to severe COVID-19

What is the recommended dosage of nirmatrelvir plus ritonavir?
Nirmatrelvir 300 mg (two 150 mg tablets) with ritonavir 100 mg (one 100 mg tablet) all taken together orally twice daily for 5 days
How should nirmatrelvir plus ritonavir be administered?
Take with or without food; swallow tablets whole (do not chew, break or crush)
Initiate treatment as soon as possible after COVID-19 diagnosis and within 5 days of symptom onset
Complete full 5-day treatment course even if pt requires hospitalization due to severe or critical COVID-19 after starting treatment
What are the contraindications to the use of nirmatrelvir plus ritonavir?
Pts with a history of clinically significant hypersensitivity reactions to nirmatrelvir, ritonavir, or any other components of the product
Pts receiving drugs that are highly dependent on CYP3A for clearance and for which elevated concentrations are associated with serious and/

or life-threatening reactions
Pts receiving drugs that are potent CYP3A inducers where significantly reduced nirmatrelvir or ritonavir plasma concentrations may be asso-

ciated with the potential for loss of virological response and possible resistance
How should nirmatrelvir plus ritonavir be used in special populations?
Kidney impairment Mild: no dosage adjustment required

Moderate (eGFR ≥ 30 to < 60 mL/min): reduce dosage of nirmatrelvir to 150 mg twice daily
Severe (eGFR < 30 mL/min): not recommended for use

Hepatic impairment Mild or moderate (Child-Pugh Class A or B): no dosage adjustment required
Severe (Child-Pugh Class C): not recommended for use

Pts receiving other products  
containing ritonavir or cobicistat

No dosage adjustment required

What other special warnings/precautions pertain to the use of nirmatrelvir plus ritonavir?
Hepatotoxicity May cause hepatic transaminase elevations, clinical hepatitis and jaundice; exercise caution in pts with 

pre-existing liver disease, liver enzyme abnormalities or hepatitis
HIV-1 resistance May increase risk of HIV-1 developing resistance to HIV protease inhibitors in pts with uncontrolled or 

undiagnosed HIV-1 infection
Allergic reactions/hypersensitivity May cause hypersensitivity reactions; discontinue immediately if signs/symptoms of clinically significant 

hypersensitivity or anaphylaxis occur and initiate appropriate medications and/or supportive care (USA)
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median age of patients was 46 years and the median time 
since first symptom was 3 days (range 0–9 days). Most 
(71.5%) patients were white and 51.1% of patients were 
male. The most common risk factors for progression to 
severe COVID-19 were body mass index (BMI) ≥ 25 kg/m2  
(80.5%), current smoking (39.0%) and hypertension 
(32.9%). The primary endpoint was the proportion of 
patients with COVID-19-related hospitalization or death 
from any cause through day 28, assessed in the modified 
intention-to-treat (mITT) population (i.e. patients whose 
treatment began within 3 days of symptom onset, who did 
not receive nor were expected to receive COVID-19 mAbs) 
[13].

In a planned interim analysis of data from 774 patients in 
the mITT population, the incidence of COVID-19-related 
hospitalization or death through day 28 was significantly 
lower with nirmatrelvir plus ritonavir than with placebo, 
corresponding to a relative risk reduction (RRR) of 89.1% 
(Table 2) [13]. Consistent results were seen in the final 
analysis of data from 1379 patients in the mITT population 
(Table 2). The efficacy of nirmatrelvir plus ritonavir was 
also consistent across subgroups based on age (< 65 and 
≥ 65 years), sex, BMI (< 25, 25 to > 30 and ≥ 30 kg/m2), 
diabetes, time since symptom onset (≤ 3 and > 3 days), base-
line SARS-CoV-2 serology status (negative and positive) 
and receipt or expected receipt of COVID-19 mAbs [13].

Among patients whose treatment began within 5 days 
of symptom onset (n = 2085), eight (0.77%) nirmatrelvir 
plus ritonavir recipients were hospitalized for COVID-19 
or died from any cause through day 28 compared with 66 
(6.31%) placebo recipients (difference − 5.62%; 95% CI 
− 7.21, − 4.03; p < 0.001), corresponding to an 87.8% RRR 
(key secondary endpoint) [13]. When data from all patients 
(n = 2224) were analysed, including those who received or 
were expected to receive mAbs, COVID-19 hospitalization 
or death from any cause occurred in nine (0.81%) patients in 
the nirmatrelvir plus ritonavir group and 68 (6.10%) patients 

in the placebo group (difference − 5.36%; 95% CI − 6.88, 
− 3.84; p < 0.0001) [13].

At day 5 of treatment, the viral load was significantly 
(p < 0.001) lower with nirmatrelvir plus ritonavir than with 
placebo [13]. After adjusting for baseline viral load, serol-
ogy status and geographic region, the mean difference was 
− 0.868  log10 copies/mL when treatment was initiated within 
3 days of symptom onset and − 0.695  log10 copies/mL when 
treatment was initiated within 5 days of symptom onset. 
Similar results were seen when patients who received or 
were expected to receive mAbs were included in the analy-
sis. Results from subgroup analyses were consistent with 
those in the overall population, regardless of baseline serol-
ogy status and viral load [13].

Real-world experience with nirmatrelvir plus ritonavir 
supports the efficacy results observed during the EPIC-HR 
trial [14–20]. Reductions in the risk of severe COVID-19 
[17], mortality [15–19], hospitalization [14–16, 19, 20] and 
disease progression (mortality, invasive mechanical ventila-
tion or intensive care unit admission) [15, 18] were reported 
across studies in Hong Kong [15, 18, 19], Israel [16, 17] and 
the USA [14, 20] that each included ≥ 1000 patients treated 
with nirmatrelvir plus ritonavir.

What is the tolerability profile 
of nirmatrelvir plus ritonavir?

Nirmatrelvir plus ritonavir is generally well tolerated in 
adult patients with symptomatic SARS-CoV-2 infec-
tion, based on data from the EPIC-HR trial [13]. Adverse 
events (AEs) reported during or after the treatment period 
occurred in 22.6% of nirmatrelvir plus ritonavir recipients 
and 23.9% of placebo recipients. The most common (inci-
dence ≥ 2%) AEs with nirmatrelvir plus ritonavir were 
dysgeusia (5.6% vs 0.3% with placebo), diarrhoea (3.1 vs 
1.6%), increased fibrin D-dimer (1.9 vs 2.8%) and increased 

Table 2  Efficacy of nirmatrelvir plus ritonavir in the phase II/III EPIC-HR trial [13]

COVID-19 coronavirus disease 2019, pts patients, RRR  relative risk reduction
*p < 0.001 vs placebo
a Modified intention-to-treat population
b Primary endpoint

Endpoint [no. of pts (%)]a Nirmatrelvir + 
ritonavir

Placebo Difference [% (95% CI)] RRR (%)

Interim analysis (n = 389) (n = 385)
COVID-19-related hospitalization or death through day  28b 3 (0.77)* 27 (7.01) − 6.32 (− 9.04, − 3.59) 89.1
Final analysis (n = 697) (n = 682)
COVID-19-related hospitalization or death through day  28b 5 (0.72)* 44 (6.45) − 5.81 (− 7.78, − 3.84) 88.9
COVID-19-related hospitalization by day 28 5 (0.72) 44 (6.45)
Death from any cause by day 28 0 9 (1.32)
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alanine aminotransferase (1.5 vs 2.4%). Most AEs were 
of mild or moderate severity. Serious AEs occurred at a 
lower incidence with nirmatrelvir plus ritonavir than with 
placebo (1.6 vs 6.6%). AEs led to discontinuation of study 
medication in 2.1% of nirmatrelvir plus ritonavir recipi-
ents and 4.2% of placebo recipients. AEs considered to be 
related to study medication occurred in 7.8% of nirmatrel-
vir plus ritonavir recipients and 3.8% of placebo recipients 
and, in nirmatrelvir plus ritonavir recipients, were most 
commonly dysgeusia (4.5 vs 0.2%) and diarrhoea (1.3 vs 
0.2%) [13].

What is the current clinical role 
of nirmatrelvir plus ritonavir in COVID‑19?

Nirmatrelvir plus ritonavir is an effective treatment option 
for COVID-19 in patients who are at increased risk for pro-
gression to severe disease. Administered orally for 5 days 
as soon as possible after COVID-19 diagnosis, nirmatrelvir 
plus ritonavir reduces the risk of hospitalization or death 
in symptomatic, unvaccinated, non-hospitalized adults 
with mild-to-moderate disease. The efficacy of nirmatrelvir 
plus ritonavir has also been demonstrated in the real-world 

setting. Nirmatrelvir plus ritonavir is generally well toler-
ated, with most AEs being mild or moderate in severity.

Despite the proven efficacy of nirmatrelvir plus ritonavir, 
there have been reports of virological rebound (i.e. recurrent 
COVID-19 symptoms and/or increased viral load) following 
treatment [21–25]. In a longitudinal cohort study (POSI-
TIVES), virological rebound after treatment with nirmatrel-
vir plus ritonavir was associated with high viral load and, in 
some patients, culturable virus [21]. In the EPIC-HR trial, 
viral load rebound occurred in 2.3% of nirmatrelvir plus rito-
navir recipients and 1.7% of placebo recipients, but was not 
associated with recurrence of severe COVID-19 symptoms 
[24]. The occurrence of viral load rebound in the placebo 
group suggests that some patients with COVID-19 may 
experience the phenomenon as part of the disease’s natural 
progression [24]. Virological rebound has also been reported 
after other COVID-19 treatments such as molnupiravir, indi-
cating that the phenomenon is not unique to nirmatrelvir plus 
ritonavir [25]. Further studies are required to determine the 
mechanisms, incidence and clinical implications of virologi-
cal rebound with COVID-19 antivirals, including nirmatrel-
vir plus ritonavir [21, 22, 25].

A number of treatment options are currently available for 
patients with non-severe COVID-19 who are at the highest risk 

Patient care guidelines

STOP• Test confirms COVID-19 infection
• High risk for progression to severe COVID-19 illness

• COVID-19 symptom onset within 5 days
• Mild to moderate COVID-19 symptoms (not hospitalized)

No

No

Yes

Exclusion criteria
• Cannot swallow pills
• eGFR < 30 mL/min

• Severe hepatic impairment (Child-Pugh Class C)
• Hypersensitivity to nirmatrelvir or ritonavir 

STOP

Pharmacy consult order pended

Low risk DDI

Yes

Put BPA into place

High or moderate risk DDI

Patient is a candidate for nirmatrelvir + ritonavir

No pharmacy consult advised
Prescription pended

Fig. 1  BPA workflow for prescription of nirmatrelvir plus ritonavir to treat COVID-19, as suggested by Millstein et al. [31]. BPA best practice 
advisory, COVID-19 coronavirus disease 2019, DDI drug–drug interaction, eGFR estimated glomerular filtration rate
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of hospitalization, with the choice of treatment depending on 
factors such as drug availability, route of administration, duration 
of treatment and time from symptom onset [3]. The most recent 
update of the living WHO guideline for the treatment of COVID-
19 strongly recommends nirmatrelvir plus ritonavir as an option 
for patients with non-severe COVID-19 at highest risk of hospi-
talization. The guideline also conditionally recommends against 
the use of nirmatrelvir plus ritonavir for patients with non-severe 
COVID-19 at low risk of hospitalization [3]. The European Soci-
ety of Clinical Microbiology and Infectious Diseases (ESCMID) 
recommends the use of nirmatrelvir plus ritonavir in adult, unvac-
cinated, ambulatory patients with mild-to-moderate COVID-19 
at high risk of progression to severe disease within 5 days of 
symptom onset [26]. Draft guidance from the UK National Insti-
tute for Health and Care Excellence (NICE) recommends the use 
of nirmatrelvir plus ritonavir in the non-hospital setting to treat 
adults with COVID-19 who do not need supplemental oxygen, 
but who are at risk of progression to severe disease [27].

To date, no randomized clinical trials have directly 
compared the efficacy of nirmatrelvir plus ritonavir with 
other oral antivirals for COVID-19, such as remdesivir and 
molnupiravir. A recent meta-analysis found that nirmatrel-
vir plus ritonavir, molnupiravir and fluvoxamine were all 
effective in reducing the risk of death or hospitalization 
in patients with COVID-19, with odds ratios of 0.05 (95% 
CI 0.28–0.72), 0.22 (95% CI 0.10–0.48) and 0.45 (95% CI 
0.28–0.72), respectively [28]. However, results of such indi-
rect comparisons should be interpreted with caution. Data 
evaluating the efficacy and tolerability of nirmatrelvir plus 
ritonavir relative to other agents in head-to-head clinical tri-
als would be of interest.

High epidemic resurgence of COVID-19 is expected 
to have a considerable burden on health system capacity 
[29]. In Hong Kong, both nirmatrelvir plus ritonavir and 
molnupiravir were associated with significant cost savings 
[19]. In the outpatient setting, nirmatrelvir plus ritonavir cost 
$US331,105 to prevent one death, but saved $US5,503 to 
prevent one death relative to standard care [19]. In Korea, 
treatment of symptomatic COVID-19 with oral nirmatrelvir 
plus ritonavir is likely to be cost effective, with incremen-
tal cost-effectiveness ratios (ICERs) of $US8878, $US8964 
and $US1454 per prevented severe case when targeting all 
adults, adults with underlying diseases and elderly patients, 
respectively [29]. Oral molnupiravir is likely to be less 
cost effective, with ICERs of US$28,492, $US29,575 and 
$US7915, respectively [29]. According to NICE, nirmatrel-
vir plus ritonavir is likely a cost-effective use of National 
Health Service (NHS) resources in the non-hospital setting 
compared with standard care [27].

‘Test-and-treat’ approaches to COVID-19 and equitable 
access to effective oral antivirals are crucial, particularly 
for high-risk populations [30]. Although affordable generic 
versions of nirmatrelvir plus ritonavir and molnupiravir are 

available in ≈ 100 low- and middle-income countries, some 
middle-income countries (e.g. Argentina, Brazil, Malaysia, 
Thailand) are excluded from the agreements. Moreover, access 
to nirmatrelvir plus ritonavir, which must be started within 
5 days of symptom onset, will remain limited in low-income 
countries due to reduced testing availability. Conversely, high-
income countries with good access to testing and nirmatrelvir 
plus ritonavir have very small high-risk populations due to 
high vaccination rates [30]. Clinical decision support systems 
have been shown to improve prescribing practice and patient 
outcomes [31]. For example, in a US academic health sys-
tem, a best practice advisory model was developed to facili-
tate equitable access to nirmatrelvir plus ritonavir for patients 
with COVID-19 who are at high risk of clinical deterioration 
(Fig. 1) [31].
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