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Abstract

Background
Molnupiravir has been recently approved in the United Kingdom for the treatment of COVID-19 for showing promising survival
bene�ts in clinical trials. This analysis will estimate and compare potential generic minimum costs of molnupiravir as well as
observe countries eligible for pricing discounts as agreed by Merck and The Medicines Patent Pool (MPP).

Methods
Drug prices were searched for molnupiravir using active pharmaceutical ingredients (API) data extracted from global shipping
records. This was compared with national pricing data from a range of low, medium, and high-income countries. Annual API
export volumes from India were used to estimate the current availability. Trends of molnupiravir drugs prices were also evaluated
for the last 6-month period. Mean daily COVID-19 diagnosis rates were calculated for the countries eligible for voluntary licensing.

Results
Molnupiravir can be generically manufactured at the very low per-course cost of $9.00. Over the past 6 months, prices of
molnupiravir have fallen signi�cantly, and when comparing reported international prices, we found wide variations between
countries. Only 9% of diagnosed patients worldwide were in the countries eligible for voluntary licensing.

Conclusions
Prices of molnupiravir range from $20 to $750 per course. Only 9% of worldwide COVID-19 diagnoses are made in countries
covered by voluntary licenses. Middle income countries not eligible for voluntary licensing may need to issue compulsory licenses
to secure access to molnupiravir at affordable prices.

Introduction
Drug repurposing for treatment and prevention of COVID-19 remains a key approach alongside a successful vaccine rollout (1).
High levels of vaccination is important to slow transmission and minimizing risk of serious disease. However, manufacture and
distribution efforts have been hindered by vaccine hesitancy, inadequate supplies, and lack of healthcare infrastructure in
developing countries. There is also a serious risk of new emerging variants of concern which may contain mutations that enable
vaccine escape. Re-purposed drugs with antiviral properties are therefore necessary as a second-line defense to treat those
already infected.

Several repurposed drugs have received regulatory approval: dexamethasone, tocilizumab and sarilumab have been approved by
the WHO for hospitalized patients (2, 3, 4). Remdesivir showed no effect on survival in the SOLIDARITY trial but showed evidence
of shortening hospitalization times in other studies (5). Baricitinib has been granted emergency use authorization by the FDA and
is being trialed in 14 studies (2, 6). Other monoclonal antibodies - casirivimab and imdevimab – have received emergency
approval from the FDA and NICE approval for seronegative patients. Most recently, P�zer’s antiviral drug Paxlovid was reported to
reduce risk of hospitalization and death by 89% in vaccinated outpatients with mild disease. However, more randomized studies
are required to con�rm its effectiveness (7).

Molnupiravir is a prodrug for a nucleoside analogue, displacing cytidine to inhibit viral replication (8). In 2014, an Emory
University team dug up a drug developed by Russian and Polish scientists to defend against biological warfare in the 1970s (9).
Broad-spectrum antiviral activity was observed against diseases like Ebola and chikungunya, and human in�uenza in 2019 (16).
Molnupiravir speci�cally showed activity against SARS-CoV-2 in March 2020 and was licensed to Ridgeback Therapeutics to start
in-vivo human studies (11).
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The �rst important safety trials were run by the University of Liverpool’s AGILE team with UK government funding to inform
dosage for larger studies (12). Subsequently, Ridgeback agreed with Merck to complete later phase clinical trials and
manufacture the drug (13). Molnupiravir was approved by the UK Medicines and Healthcare Products Regulatory Agency (MHRA)
for treatment of patients either over 60 years old, or with risk factors for severe disease, having showed 50% reduction in
hospitalization for mild to moderate patients in the Merck MOVE-OUT trial (14). After this UK approval, however, data for
outpatients from the full analysis of the MOVe-OUT trial was released, which showed the reduction in risk of hospitalization
reduced from 50–30% (15, 16).

Cost and availability are crucial factors when discussing the approval and distribution of re-purposed drugs for COVID-19. In this
study, we analyzed the cost of active pharmaceutical ingredients (API) for the newly licensed molnupiravir to calculate the
potential cost of generic production. We also analyzed its potential pricing and cost-effectiveness by providing a current list of
prices in the countries, and information on global API availability where such data are available. The purpose of our analysis is to
apply established methods of calculating minimum cost of production for the promising COVID-19 treatment candidate,
molnupiravir.

Methods
The Panjiva database and national drug price sources listed in Appendix 1 were searched for available data (17). Our team
have previously published analysis of the costs of production for a wide range of repurposed drugs, in April 2020 (18) for the then
pipeline of drugs being evaluated in clinical trials, and in October 2021 (19) for the drugs which have received regulatory approval
for use or emergency use at the time of writing. 

 

In the current analysis, we have further selected molnupiravir based on new regulatory approvals and its inclusion in large, high
quality international clinical trials which would yield data suitable for regulatory decision making. 

 

Methodologies for estimating minimum costs of oral medication production have been previously published (18, 19). Costs of
Indian API exports were analysed (LE) and independently reviewed (TP) using the online tracking database Panjiva, which
showed API shipment details including quantities and costs per kilogram. All available API data from the past six months, May to
October 2021, were included. We excluded shipments <1kg in volume and the 15% highest and lowest priced shipments were
removed to exclude outliers. For molnupiravir, 5% API loss during tableting process, and a conversion cost of $0.01 USD per tablet
was factored into calculations, alongside a multiplier based on API mass to account for the expense of excipients (additional
substances needed to convert API into the �nished pharmaceutical product). Pro�t margins of 10% and Indian taxation of 27% on
pro�t were added. Indian production was assumed given the country’s leading role in global generic medicine manufacturing
(20). 

 

International list price comparison

Estimated minimum production costs were compared with published list prices in a range of countries across the economic
development spectrum to give a representative sample of prices globally. As the prices for molnupiravir were not available on any
country database site, prices for this drug were extracted from various news outlets, detailed in Appendix 1. Data was collected
and reviewed independently by LE, TP and JW.

 

Key assumptions
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The costs of regulatory �lings and approvals are often signi�cant add-ons to the initial use of drugs in any speci�c country. As
molnupiravir has been approved for treatment in the United Kingdom already, we did not include material or time cost associated
with regulatory approvals for its use. We assume that the WHO and other in�uential regulatory agencies will cooperate to de�ne a
pathway for use of molnupiravir which does not include additional �nancial outlays or �ling for marketing approvals.

 

Molnupiravir Voluntary License Country Selection: 

 

Worldometer is a reference site which provides real time statistics for COVID-19 updates (21). Using this database, we calculated
the mean daily diagnosis rates by country, which were divided into three categories. The �rst category was 72 high income
countries as de�ned by the World Bank. The second included 104 low and middle-income countries (LMICs) which qualify for
pricing discounts as agreed by Merck and The Medicines Patent Pool (MPP) for voluntary licensing, and the third was 26 middle
income countries which were judged too developed to bene�t from pricing discounts (22). To calculate mean daily diagnosis
rates, we observed the sum of total reported cases in each country divided by the daily average of diagnosed cases in the past
seven days on 18 November 2021. 

 

MPP and Merck agreed a voluntary license for molnupiravir in September 2021, making it the �rst COVID-19 technology in the
MPP and setting a precedent for pandemic licensing (23). Outsourcing production will be non-exclusive, and as long as WHO
Public Health Emergency status stands for COVID-19, Merck and Emory University will not receive royalties, and as a result of this
agreement, the 104 LMICs will be able to procure generic molnupiravir (23). However, several MICs with a high disease burden
were excluded from this deal, meaning huge overpayments in countries still to upscale vaccination (22). In Thailand, for example,
a treatment course of molnupiravir costs 10,000 baht or 300 USD, well beyond average monthly earnings (24, 25). Furthermore,
for countries able to secure generic versions of molnupiravir, its effectiveness must be weighed against vaccination costs.

Results
Figure 1 shows cost/kg of molnupiravir over time in the past six months reported by Panjiva, which has signi�cantly fallen from
around $2000/kg in June 2021 to around $1000/kg at the end of September 2021. 

 

Our analysis used a �ve day, 800mg twice a day course, as re�ected in the MOVe-Out trial (26). The weighted mean API cost
between May-October 2021 was estimated to be $934/kg; after factoring in the costs of excipients, formulation, tax, and pro�t, a
�ve day oral course could be manufactured for an estimated $9.00 per patient (Figure 2). Comparatively, current list prices for oral
molnupiravir were found to range from around $750 per course in Japan to only $20 in India (Figure 3).

 

According to the Worldometers database, there were 503,566 new COVID-19 diagnoses made per day worldwide in November
2021 (21). Of these, only 45,320, or 9% of diagnoses in the world come from the 104 LICs on Merck’s discounted list. However,
152,183 daily diagnoses [30%] were made in Merck’s list of middle-income countries which are ineligible for pricing discounts. For
example, Thailand, a middle-income country is currently paying over $300 per patient for molnupiravir (Figure 3). Thailand is not
eligible for minimum prices (Figure 4). A total of 306,063, or 61% of diagnoses come from high-income countries (Figure 4). Table
1 illustrates all current ongoing and completed trials for of molnupiravir for the treatment of COVID-19. 
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There are currently seven trials in a total of 4,924 patients awaiting full results (27-33). One of these recruiting studies includes
AGILE, the double-blind University of Liverpool trial in 600 patients, observing molnupiravir versus placebo (28). The MOVe-Out
trial run by Merk originally showed a 50% reduction in hospitalization in an interim analysis, however, this was later reduced to
30% once full data was collected and released (14-16)  Merck has made the decision to not proceed with phase three of the
MOVe-IN study in 16 countries, due to data showing no clinical bene�t of molnupiravir in hospitalized patients (34). Additionally,
two late-stage trials of molnupiravir based in India have been discontinued due to lack of signi�cant e�cacy in treating moderate
patients (35, 36). A trial by Ridgeback Therapeutics (29) has been completed and awaiting result release. 

 

Regarding upcoming studies, The University of Oxford has recently received funding from the National Institute for Health
Research (NIHR) for the national UK-wide PANORAMIC trial which will test multiple novel antiviral treatments for COVID-19,
including molnupiravir (37, 38) (Table 1). 

Discussion
This analysis shows that molnupiravir could be mass produced as a generic for $9 per treatment course. The price of API is
falling rapidly over time, so even lower generic prices may be possible. Currently, molnupiravir prices varies from $750 in Japan,
to $20 in India. However, the lowest prices may only be available in 104 countries were rates of diagnosis of COVID-19 are very
low.

We assumed a 10% pro�t margin in our calculations, similar to mass-produced medications for HIV, TB and malaria. While we
provide a current best estimate for production costs, molnupiravir may become cheaper to produce as more companies upscale
API usage. List prices noted for comparison are based on media news outlets. Prices may become cheaper as the pandemic
proceeds. However, some nations are currently paying around 80-times the cost of production, despite Merck’s ‘strategy to
accelerate broad, affordable access’ (23).

Cost-effectiveness must be considered for L/MICs included in the deal, despite access to generics. These countries are struggling
to test symptomatic patients due to the high cost of point-of-care testing, with only 9% of worldwide diagnoses coming from LICs,
meaning di�culty diagnosing patients within the evidenced e�cacious time period of �ve days from symptom onset (21).
Vaccine acquisition should be prioritized considering molnupiravir’s limited use in these settings. Competition to secure vaccine
doses is so �erce that many countries overpay for an inadequate supply (39). A real shift in the pandemic will come from
releasing patents on vaccines, rather than voluntarily licensing a drug that may only be effective in countries with good testing
and primary care capacities.

However, even in high-income countries with good testing and primary care structures, the cost-effectiveness of molnupiravir
should still be investigated as health systems face high vaccine costs, overcrowding, and full intensive care units. As we’ve
reported, selected high-and-middle-income countries are paying in the range of $300-$750 per treatment course. For an antiviral
medication which could be manufactured for an estimated $9.00 per patient per treatment course, the question arises of why this
increase in price exists when the research required for drug development was completed by government bodies. With funding
from the United States Defense Threat Reduction Agency, Molnupiravir was adapted from this molecule as a treatment for equine
encephalitis (9). Currently, further public funding is being provided for University of Manchester studies on cheapening
manufacturing methods so that the drug can be distributed as widely as possible (40).

There is still relatively little clinical data to inform safety of molnupiravir. A phase one trial observing safety and optimal dosing
showed no severe adverse events, however, thus far, women of reproductive age have been required to take contraception due to
the drug’s mutagenic mechanism of action, which affects mammalian cells as well as viral (41-43). In an April 2021 press release,
Merck refuted this risk, stating no evidence of in vivo mutagenicity from early phase research (23). In the FDA Antimicrobial Drugs
Advisory Committee Meeting in November 2021, embryo-fetal developmental toxicity was reported in an EFD study in which
molnupiravir was administered to pregnant rabbits which included incomplete ossi�cation of the fetus when administered at
doses of 400 and 750 mg/kg/day (44). Reduced fetal body weight was reported when administered at 750 mg/kg/day. When
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administered to pregnant rats, decreased fetal body weights, and delayed ossi�cation was displayed with doses of ≥500
mg/kg/day, or 3x the human N-hydroxycytidine (NHC) exposure. In these pregnant rats, post-implantation losses, malformations
of the eye, kidney, and axial skeleton, and rib variations were displayed with doses of 1,000 mg/kg/day, or 8x the human N-
hydroxycytidine (NHC) exposure. Abnormal growth plate formation was also reported following three months of daily dosing in
rats. These �ndings, however, were thought to be irrelevant relevant to adult human patients. The small scale of trials compared
to potential roll-out means that adverse effects may not emerge until too late; they must not be overlooked until that point.

Current available data for molnupiravir is limited and is provided through press reports, rather than published studies. Data for
outpatients from the full analysis of the MOVe-OUT trial released on 30 November 2021 and presented in the FDA Antimicrobial
Advisory Committee

Meeting shows molnupiravir reducing the risk of hospitalization by 30%, down from the original estimate of 50% (15,16). In the
MOVE-OUT trial there were 48/709 (6.8%) patients with hospitalization or death in the molnupiravir arm, versus 68/699 (9.7%) in
the placebo arm. This difference is at borderline signi�cance by a standard Fisher’s Exact test. In this trial, one patient in the
placebo arm was lost to follow up but was classi�ed as hospitalized or dead in the Merck analysis, using a “missing equals
failure” approach (16). However, in a sensitivity analysis where this missing data was removed, the difference between the arms
was no longer statistically signi�cant. The comparison was then 68/699 versus 47/708, with a p value of 0.065 from a Fisher’s
Exact Test. Three clinical trials of molnupiravir in hospitalized patients have shown no clinical bene�t: MOVE-IN and two trials
conducted in India (3, 35, 36). Importantly, none of the main clinical trials of molnupiravir has been published in a peer reviewed
journal and none of the patient-level databases is available for independent checks on the risk of bias or medical fraud. Another
example of this is the Hetero interim trial results from India released by press report with no corresponding publication (45).

In addition to fair and equitable access of molnupiravir, it is important to consider two main points when observing the available
trial data for this antiviral for the treatment of COVID-19. The eligibility criteria for patients in the Merck run MOVe-Out study
required participants to be unvaccinated and treated within a �ve day window from symptom onset (26). Worldwide, 55.2% of
individuals have received at least one vaccine dose, therefore, an accurate depiction of the effect this drug in vaccinated
individuals is needed (46). Additionally, despite recent UK approval, molnupiravir has only shows a clinical bene�t if taken within
�ve days of infection. The effectiveness of molnupiravir in real-world settings could be less if patients cannot be diagnosed and
treated within �ve days of symptom onset (47). Logistical di�culties such as lack of access to tests, testing hesitancy, and
delays in accessing healthcare in already strained medical systems can all easily lead to the �ve day window being missed.

As reported by Worldometer, high-income countries have signi�cantly higher reported rates of COVID-19 testing. There are
currently over 40,000,000 more cases reported in high-income countries compared to low-income countries. This is due to
signi�cantly higher testing rates in the high-income category. For example, the highest testing rate is shown in Denmark, with the
average person having been tested 15 times. The lowest testing rates are shown in the Democratic Republic of Congo with 1 in
300 people ever being tested since the start of the pandemic. The countries in our low-income category will struggle to diagnose
and treat infections, if testing is not widely available. However, once countries reach the middle-income category, and therefore
have the capacity to test and diagnose, they will never reach treatment as they will be removed from the list of eligible countries
to receive a discount for this drug.

The current data shows that only 9% of diagnoses in the world come from low-income countries on Merck’s discounted list. With
30% of diagnoses arising from Merck’s list of ineligible middle-income countries, there is a need to extend these pricing discounts
to these countries in need.

Conclusion
Massive pricing disparities currently exist for molnupiravir ($20-750). While its licensing to the MPP is a positive step in the
pandemic, the deal needs review for excluded MICs. Health agencies at all income levels should consider the cost-effectiveness
of molnupiravir compared to vaccines, as LICs lack testing capacity to inform use, and there are fewer patients at risk of
hospitalization in nations with high vaccination rates. Middle-income countries may need to issue compulsory license for
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molnupiravir to ensure access at affordable prices. Overall, licensing vaccines to the MPP will be the most effective way of
ensuring fair progress out of the pandemic.
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Tables
Table 1: Ongoing and completed RCTs for molnupiravir 
y Country Sample

Size
Daily Dose Durations Patients  Trial Status 

wczyk et al [1] USA 96 Dose N/A x2 day/5
days

Confirmed
Infection
(Hospitalized)

Ongoing 

eback Therapeutics USA  204 Dose N/A  x2 day/5
days

Confirmed
Infection
(Outpatient)

Completed 

ck Sharp & Dohme
p (MOVE-IN) [3]

USA 304 200mg,
400mg, &
600mg 

x2 day/5
days

Severe
(Hospitalized)

Terminated
(Business
Reasons)

nolds et al [4] UK 600 Dose N/A x2 day/5-
6days

Confirmed
Infection

Ongoing 

h et al [5]  India 1218 800mg x2 day/5
days

Confirmed
Infection
(Outpatient)

Interim
Analysis
Completed

uza et al [6]  India  1220 800 mg 5 days  Mild (Outpatient) Ongoing 
ry et al [7]  India  1282 800 mg x2 day/5

days
Moderate  Ongoing

 
*References in Appendix 3

Appendix
Appendix 1 – Drug pricing sources for molnupiravir 

 

USA -  https://www.openaccessgovernment.org/merck-covid-pill-2/121962/  

 

Thailand -  https://www.bangkokpost.com/thailand/general/2212563/cabinet-approves-purchase-of-molnupiravir 

 

Bangladesh -  https://www.reuters.com/business/healthcare-pharmaceuticals/asian-�rm-beximco-sell-generic-version-merck-
covid-19-pill-2021-11-09/  

 

Japan - https://www.japantimes.co.jp/news/2021/11/10/national/science-health/japan-covid-pill/

 

Philippines - https://www.reuters.com/world/asia-paci�c/philippines-receive-300000-courses-mercks-covid-19-pill-2021-10-27/ 

 

India - https://www.ndtv.com/india-news/game-changing-made-in-india-anti-covid-pills-could-be-cleared-for-use-in-days-2606341 

 

Appendix 3: 
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Figure 1

Cost per kilogram over time for past 6 months as reported by Panjiva for molnupiravir
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Figure 2

Flowchart showing cost estimations for molnupiravir
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Figure 3

Graph of national treatment course prices compared to generic estimates of molnupiravir

Figure 4
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World Map of Merck Voluntary Licensing of Molnupiravir


