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Introduction
COVID-19 had a profound impact across many African countries, not only through its direct 
effect on lives and livelihoods but also indirectly by straining health systems and diverting 
resources from other essential health services.1,2

The global roll-out of COVID-19 vaccines contributed significantly to reducing the health 
and economic impact of COVID-19. In addition, therapeutic interventions for the clinical management 
of COVID-19, both in the outpatient and inpatient settings, have become available,3 offering more 
options in the fight against the disease. Two COVID-19 oral antivirals (COAVs), Pfizer’s 
nirmatrelvir and ritonavir (Paxlovid) and Merck’s Molnupiravir have been recommended for 
use in several countries including African Union member states.4 Initiatives such as the voluntary 
licensing agreement between Pfizer, Merck and the Medicines Patent Pool and the test and treat 
programmes announced by the United States Agency for International Development (USAID) 
and the COVID-19 Treatment Quick Start Consortium in 2022 have made available low-priced, 
generic versions of patent-protected medicines and donations for low- and middle-income 

Background: Two COVID-19 oral antivirals (COAVs), Molnupiravir and Paxlovid, have been 
shown to be cost-effective in high-income countries. 

Aim: This study assesses the cost-effectiveness of Paxlovid and Molnupiravir, compared to 
usual care in three African countries.

Setting: The study was conducted using data from Ghana, Rwanda and Zambia. 

Methods: We modelled costs (2022 United States dollars) and health outcomes in the acute 
phase of COVID-19 from a public payer’s perspective in three unvaccinated target populations: 
(1) all adult patients, (2) patients aged 65 years and above (elderly), and (3) adult patients with 
other underlying risk factors for disease severity. We conducted pairwise and full incremental 
analyses.

Results: In the pairwise analysis, Paxlovid was less costly and more effective than usual care 
(i.e. dominated) in all three study countries for elderly patients, while in adults with other 
underlying risk factors, Paxlovid dominated in Rwanda and Zambia, and Molnupiravir 
dominated usual care in Rwanda. Neither Paxlovid nor Molnupiravir were cost-effective in 
the all-adult group in any country context. In the full incremental analysis, Paxlovid dominated 
both Molnupiravir and usual care in elderly patients (in all three countries) and in adults with 
other risk factors (in Rwanda and Zambia). Key determinants of cost-effectiveness were COAV 
price, likelihood of early treatment initiation, hospitalisation rates and vaccination status. 

Conclusion: In African settings like Zambia, Ghana or Rwanda, Paxlovid could be cost-
effective in unvaccinated populations and those at high risk of progression to severe COVID-19. 

Contribution: This study broadly supports African governments decisions not to procure 
substantial quantities of COAV.

Keywords: cost-effectiveness analysis; COVID-19 oral antivirals; resource allocation; 
COVID-19; healthcare decision making.

A cost-effectiveness analysis of Molnupiravir 
and Paxlovid for outpatient treatment of 

COVID-19 in three African countries

Read online:
Scan this QR 
code with your 
smart phone or 
mobile device 
to read online.

How to cite this article: Edoka IP, Drake T, Baker P, et al., A cost-effectiveness analysis of Molnupiravir and Paxlovid for outpatient 
treatment of COVID-19 in three African countries. J Public Health Africa. 2025;16(1), a805. https://doi.org/10.4102/jphia.v16i1.805
Copyright: © 2025. The Authors. Licensee: AOSIS. This work is licensed under the Creative Commons Attribution License.
Note: Additional supporting information may be found in the online version of this article as Online Appendix 1.

http://publichealthinafrica.org
https://orcid.org/0000-0003-4268-3092
https://orcid.org/0000-0002-6781-6632
https://orcid.org/0000-0001-9028-9976
https://orcid.org/0000-0001-9849-5088
https://orcid.org/0000-0003-4571-1116
https://orcid.org/0000-0002-3013-0602
https://orcid.org/0000-0002-9498-3428
https://orcid.org/0000-0002-7484-9491
https://orcid.org/0009-0002-9326-1842
mailto:ijeoma.edoka@wits.ac.za
http://crossmark.crossref.org/dialog/?doi=10.4102//jphia.v16i1.805&publichealthinafrica.org=pdf&date_stamp=2025-06-09
https://doi.org/10.4102/jphia.v16i1.805


Page 2 of 10 Original Research

http://publichealthinafrica.org Open Access

countries (LMICs) use. When compared to placebos, these 
COAVs have been shown to reduce the risk of hospitalisations 
and deaths in unvaccinated outpatients with at least one risk 
factor for progression to more severe conditions.5,6 Given the 
low levels of vaccination coverage in Africa, the availability 
and use of these therapeutic agents could be important for 
minimising the impact of COVID-19 on individuals and 
fragile health systems in Africa. Initiatives such as the Accord 
initiative by Pfizer and the voluntary licensing agreement 
between Pfizer, Merck and the Medicines Patent Pool could 
see the manufacture of affordable generic versions of patent-
protected medicines on a not-for-profit basis in several 
LMICs at prices significantly lower than is offered to high-
income countries.7,8 

Decision-makers in LMICs will need to weigh various factors, 
including clinical impact, cost, availability and feasibility of 
use, in deciding to recommend COAVs for use within their 
context. Given growing budget constraints facing many 
LMICs, not least because of the COVID-19 pandemic, an 
understanding of the value for money of COAVs is likely to 
be crucial to informing policy decisions on the use of COAVs 
in these settings. Some evidence suggests that Paxlovid and 
Molnupiravir can represent good value for money in some 
contexts.9,10,11 However, these studies largely focus on 
populations in high-income countries and, given differences 
between settings along dimensions that can influence results 
of cost-effectiveness analyses, these findings may not be 
transferable to LMICs. For example, the burden of disease 
(hospitalisations and deaths) in Africa has been markedly 
lower compared to other regions and could result in less 
favourable cost-effectiveness outcomes. On the other hand, 
the higher probability of death following hospitalisation in 
Africa because of poor health systems12 may mean that the 
value of COAVs, in terms of reducing the need for 
hospitalisation, may be greater in the African setting. To be 
effective, COAV treatment must be initiated within 5 days of 
symptom onset.5,6,13 Therefore, the lower likelihood of early 
treatment initiation may limit the effectiveness of COAVs in 
LMICs where COVID-19 testing rates and testing policies 
may not be as rigorous as in high-income countries to allow 
early diagnosis and treatment initiation. Cost-effectiveness 
analyses that consider the nuances within the African context 
are crucial for understanding the conditions under which 
COAVs would represent good value for money for African 
countries. 

Research methods and design 
This study assesses the cost-effectiveness of Paxlovid and 
Molnupiravir in unvaccinated adult populations, including 
sub-populations at high risk of disease progression in three 
African countries. The study countries were selected to reflect 
regional distribution of countries within the African Union 
and represent some factors that may directly or indirectly 
impact the effectiveness and thus, the cost-effectiveness of 
COAVs. These include the probability of early treatment 
initiation and COVID-19 vaccination coverage. Countries 
were stratified by vaccination coverage and COVID-19 test 

rates (a proxy for early diagnosis and treatment)14 and three 
countries – Ghana, Rwanda and Zambia – were selected from 
each stratum (Online Appendix 1 Figure S1, Table S1). 
However, it should be noted that cost-effectiveness results 
obtained from these three counties may not necessarily be 
generalisable to other countries within each stratum because 
of other context-specific parameters that are likely to vary 
between countries. Below, we describe these parameters, and 
a series of sensitivity analyses we conducted to assess the 
impact of uncertainties in these parameters on our findings. 
This would aid decision-makers in adapting findings from 
this study to their settings. 

The cost-effectiveness analysis was conducted from a public 
healthcare payer’s perspective. Given heterogeneity of the 
trial design, baseline characteristics of trial participants and 
predominant COVID-19 variant,5,6,13 we conducted a pairwise 
analysis as our base case analysis by comparing the costs and 
health outcomes of a 5-day course of Paxlovid (Nirmatrelvir 
300 mg + Ritonavir 100 mg twice daily) to usual care (when 
no COAV treatment is administered) and a 5-day course of 
Molnupiravir (800 mg twice daily) to usual care. However, 
we also conducted a full, incremental analysis involving a 
head-to-head comparison of Paxlovid, Molnupiravir and 
usual care. A decision tree was constructed in Microsoft® 
Excel to model adult patients with mild or moderate 
symptoms of COVID-19 who were treated in the outpatient 
setting. The model estimated health outcomes and costs in 
three target populations: (1) all unvaccinated adult patients, 
(2) unvaccinated patients aged 65 years and above, and (3) 
unvaccinated adult patients with at least one other underlying 
risk factors for COVID-19 disease severity. 

We modelled disease progression in the acute phase of 
the  disease (30 days - study time horizon). Patients enter 
the  model either remaining in the outpatient setting 
or  progressing to hospitalisation (Online Appendix 1 
Figure S2). Those remaining in the outpatient setting either 
survive or die from other causes. For those hospitalised, we 
simulated different levels of care depending on disease 
severity – mild or moderate, severe and critical – and their 
corresponding survival rates. Given the need for treatment 
initiation within 5 days of symptom onset, we explicitly 
modelled the probability of early initiation using country-
specific COVID-19 test rates as proxies.15 We assumed no 
treatment effect if treatment was initiated after 5 days of 
symptom onset.5,6,13

In this study, we estimated both incremental cost-
effectiveness ratios (ICERs) and incremental net monetary 
benefits (INMBs). The ICER compared the difference between 
costs and health outcomes of the COAV and comparator. It 
was estimated as a ratio of the difference in costs and the 
difference in health outcomes and expressed as additional or 
incremental cost per health gain.16 For the INMB, health gains 
or incremental health outcomes were rescaled to monetary 
terms by multiplying the difference in health outcomes 
with a cost-effectiveness threshold.16 We estimated INMB as 
the difference in rescaled health gain and incremental cost.16 
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A COAV was regarded as cost-effective when INMB was 
positive at the assumed cost-effectiveness threshold. In this 
study, we used country-specific cost-effectiveness thresholds 
that reflect the estimated marginal productivity of each study 
country’s health system17 (Table 1). These thresholds were 
chosen because they represent the health opportunity cost of 
resource allocation decisions more appropriately.

Model parameters 
The model was populated using parameters obtained from 
various sources (Table 1).

Disease parameters
For the adult population, country-specific disease parameters, 
including hospitalisation rates, in-hospital disease severity 
and mortality rates, were obtained from publicly available 
sources or literature that reported on the disease’s 
epidemiological profile during the pandemic’s first 
phases.12,18,19,20,21,22,23 Considering the epidemiologic profile 
of  the disease in Africa at the time of the study, that is, 
potentially high natural immunity and the dominant milder 
COVID-19 Omicron variant,21,24,25 we adjusted hospitalisation 
rates, inpatient disease severity and length of hospitalisation 
downwards based on the relative disease severity between 
earlier COVID-19 variants and the Omicron variant.21 For 
older patients and patients with underlying risk factors, 
hospitalisation rates were assumed to be 9 and 3 times 
higher than hospitalisation rates in the overall adult 
population, respectively.26

Clinical efficacy 
Clinical efficacy of Paxlovid and Molnupiravir was 
modelled as a reduction in hospitalisation risk following 
COAV treatment initiation within 5 days of symptom onset 
in unvaccinated patients.5,6 In addition, we modelled a 
reduction in the risk of in-hospital mortality for Paxlovid 
but not for Molnupiravir given the limited evidence on the 
efficacy of Molnupiravir on in-hospital mortality.6 Clinical 
efficacy of each COAV was obtained from a meta-analysis 
of existing randomised control trials.27

Costs
Costs of clinical management of COVID-19 were obtained 
from existing literature. For Ghana, cost estimates were 
obtained from a primary costing study reporting context-
specific estimates based on national treatment guidelines for 
outpatient and inpatient management of COVID-19, 
disaggregated by disease severity.28 In the absence of context-
specific cost estimates for Rwanda and Zambia, clinical 
management costs were obtained from Torres-Rueda 
et  al.29  Torres-Rueda et al.29 estimated COVID-19 clinical 
management costs for 79 LMICs by extrapolating unit costs 
from three LMICs. However, a comparison to Ghana-specific 
cost estimates28 suggests that unit costs from Torres et al. may 
have been underestimated. Both Ismaila et al.28 and Torres-
Rueda et al.29 included diagnostics, medication, staff time 
and overhead costs in estimating COVID-19 clinical 

management cost. However, whilst Torres-Rueda adopted a 
modelling approach to extrapolate costs to multiple countries, 
Ismaila et al. adopted a normative approach using country-
specific data. Therefore, clinical management costs for 
Rwanda and Zambia were scaled up using the proportionate 
difference between Torres-Rueda et al.29 cost estimates for 
Ghana and the reported context-specific cost for Ghana.28 
Given the uncertainty in the estimates of clinical management 
costs, we assessed this in sensitivity analyses.

A full 5-day course of Paxlovid was assumed to cost $25.00 
based on a maximum price per course negotiated by Clinton 
Health Access Initiative for the generic version of Paxlovid.8 
A full course of Molnupiravir was assumed to costs $20.00 
based on pricing discounts offered to LMICs through a 
voluntary licensing agreement between Merck and the 
Medicines Patent Pool (MPP) to allow the manufacture of a 
cheaper generic version of Molnupiravir for LMICs.7 All 
costs were expressed in 2022 US$. 

Health outcomes
Health outcomes were expressed as disability-adjusted life 
years (DALYs), which were estimated as the sum of years 
of  life lost (YLL) and years lived with disability (YLD). 
Remaining life expectancy at time of death for each country 
was obtained from the World Health Organization (WHO) 
life tables.30 We used disability weights for each health state 
recommended by the European Burden of Disease Network 
Consensus COVID-19 model31 based on the Global Burden of 
Disease Study 2019 (GBD 2019)32 and the European Disability 
Weight Study33 descriptions of infectious diseases of the 
lower respiratory tract (LRT). We applied disability weight 
defined for moderate LRT disease requiring community care 
for our study outpatient care health state; disability weight 
defined for severe hospitalised non-intensive care for our 
study mild or moderate inpatient health state; and disability 
weight for critical hospitalised intensive care LRT disease for 
both our study severe and critical inpatient health states. 
Given that we modelled the acute phase of the COVID-19 
disease (30-day time horizon), YLD was not discounted. 
However, YLL, which accrues over remaining life expectancy 
at time of death, was discounted using a 5% discount rate 
based on assumptions of expected future economic growth 
in Africa.34 In a sensitivity analysis, we assessed the impact of 
undiscounted YLL and a higher discount rate on our results.

Sensitivity analyses 
Deterministic and probabilistic sensitivity analyses (DSA and 
PSA) were conducted to assess uncertainty in model inputs 
of our base case analysis (i.e. the pairwise comparison 
between each of the two COAVs and usual care). The DSA 
varied individual parameters sequentially over a specified 
range (Online Appendix 1 Table S2) whilst holding all other 
parameters constant at their base case value. 

Probabilistic sensitivity analyses were conducted to assess 
the robustness of the results simultaneously, to uncertainty in 
model parameters. This was conducted by fitting appropriate 
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TABLE 1: Model parameters (base case).
Parameters Ghana Rwanda Zambia Distribution Data source 

Base case s.e. Base case s.e. Base case s.e.

Disease parameters 
Care initiated within 5 days of 
symptom onset (%)

7 1 41 8 18 4 Beta Hasell et al.15

Hospitalisation rates (%)
 All adult population 3 1 1 0.3 2 0.4 Beta Ayisi-Boateng et al.18, Ministry of Health Zambia19, 

Jassat et al.21, World Health Organization African Region 22

 Adults ≥ 65 years old 25 5 12 2 18 4 Beta Ayisi-Boateng et al.18, Ministry of Health Zambia19, 
Jassat et al.21, World Health Organization African Region 22

 Adults other risk factors 8 2 4 1 6 1 Beta Ayisi-Boateng et al.18, Ministry of Health Zambia19, 
Jassat et al.21, World Health Organization African Region 22

Disease severity (%)
 Hospitalised, mild or moderate 7 14 53 11 62 12 Dirichlet Ayisi-Boateng et al.18, Ministry of Health Zambia19, 

Rwanda Biomedical Centre20

 Hospitalised, severe 23 5 10 2 25 5 Dirichlet Ayisi-Boateng et al.18, Ministry of Health Zambia19, 
Rwanda Biomedical Centre20

 Hospitalised, critical 7 1 37 7 13 3 Dirichlet Ayisi-Boateng et al.18, Ministry of Health Zambia19, 
Rwanda Biomedical Centre20

Mortality rate (%)
 Outpatient 4 1 3 1 5 1 Beta World Health Organization30

 Hospitalised, mild or moderate 4 1 3 1 5 1 Beta World Health Organization30

 Hospitalised, severe 17 3 21 4 19 4 Beta Biccard et al.12, Ayisi-Boateng et al.18, Rwanda Biomedical 
Centre20

 Hospitalised, critical 26 5 21 4 34 7 Beta Biccard et al.12, Ayisi-Boateng et al.18, Rwanda Biomedical  
Centre20

Length of hospital stay (days)
 Outpatient care only 5 1 5 1 5 1 Gamma Jassat et al.21, Crankson et al.23

 Mild or moderate, survived 3 0 3 0 3 0 Gamma Jassat et al.21, Crankson et al.23

 Mild or moderate, died 5 0 5 0 5 0 Gamma Jassat et al.21, Crankson et al.23

 Severe, survived 5 0 5 0 5 0 Gamma Jassat et al.21, Crankson et al.23

 Severe, died 3 0 3 0 3 0 Gamma Jassat et al.21, Crankson et al.23

 Critical, survived 5 0 5 0 5 0 Gamma Jassat et al.21, Crankson et al.23

 Critical, died 3 0 3 0 3 0 Gamma Jassat et al.21, Crankson et al.23

Clinical efficacy
Clinical efficacy (Paxlovid)
 Relative risk, hospitalisation 0.15 0.054 0.15 0.054 0.15 0.054 Log-normal Hammond et al.5

 �Relative risk, mortality in hospitalised 
patients 

0.12 0.082 0.12 0.082 0.12 0.082 Log-normal Hammond et al.5

Clinical efficacy (Molnupiravir)
 Relative risk, hospitalisation 0.67 0.11 0.67 0.11 0.67 0.11 Log-normal Jayk Bernal et al.6

Costs
Cost of Illness (2022 $), per patient/day
 Outpatient care only 20.93 4.19 12.49 2.50 17.59 3.52 Gamma Ismaila et al.28, Torres-Rueda et al.29

 Mild or moderate 581.19 116.24 502.41 100.48 583.45 116.69 Gamma Ismaila et al.28, Torres-Rueda et al.29

 Severe 1363.70 272.74 1178.85 235.77 1369.00 273.80 Gamma Ismaila et al.28, Torres-Rueda et al.29

 Critical 1570.36 314.07 1517.06 303.41 1590.55 318.11 Gamma Ismaila et al.28, Torres-Rueda et al.29

Treatment costs (full course, $)
 Paxlovid 25 - 25 - 25 - - Ledford8

 Molnupiravir 20 - 20 - 20 - - Hill et al.7

Health outcome parameters
Average target population age (years)
 All adult population 49 - 49 - 49 - - Assumption
 Adults ≥ 65 65 - 65 - 65 - - Assumption
 Adults with comorbidities 49 - 49 - 49 - - Assumption
Remaining life expectancy (years)
 All adult population 28  30 - 27 - - World Health Organization30

 Adults ≥ 65 14 - 15 - 14 - - World Health Organization30

 Adults with comorbidities 28 - 30 - 27 - - World Health Organization30

Disability weight 
 Outpatient care only 0.051 0.011 0.051 0.011 0.051 0.011 Beta Wyper et al.31

 Mild or moderate 0.133 0.026 0.133 0.026 0.133 0.026 Beta Wyper et al.31

 Severe 0.655 0.038 0.655 0.038 0.655 0.038 Beta Wyper et al.31

 Critical 0.655 0.038 0.655 0.038 0.655 0.038 Beta Wyper et al.31

Cost-effectiveness threshold ($)
Marginal health system productivity 433.25 - 246.50 - 503.50 - - Ochalek et al.17

Note: Please see the full reference list of the article Edoka IP, Drake T, Baker P, et al., A cost-effectiveness analysis of Molnupiravir and Paxlovid for outpatient treatment of COVID-19 in three African 
countries. J Public Health Africa. 2025;16(1), a805. https://doi.org/10.4102/jphia.v16i1.805, for more information. 
s.e. standard error, $, United States dollar.
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distributions (Table 1) to each parameter35 and running 10 000 
Monte Carlo simulations that drew parametric inputs from 
these distributions.36 For the PSA, standard errors of each 
parameter were used to determine the range but when not 
reported in data sources, standard errors were assumed to be 
20% of the mean value. For the DSA, 95% confidence intervals 
estimated from the standard errors of each parameter were 
used as the range. 

Scenario analyses
Scenario analyses were conducted to assess the impact of 
structural changes in the model on the results of our base 
case analysis. Scenarios considered include (Table 2): 

•	 Cost-effectiveness in COVID-19 vaccinated patients 
(Scenario 1): Given that COVID-19 vaccination programmes 
have been implemented in our study countries, we 
assessed the cost-effectiveness of COAVs in vaccinated 
patients. However, evidence from a randomised control 
trial (RCT) suggests that Molnupiravir does not reduce the 
risk of hospitalisation in vaccinated patients at high risk of 
disease progression.37 Whilst there is no reported RCT 
evidence on the efficacy of Paxlovid in vaccinated 
populations, an observational study suggests that Paxlovid 
effectively reduces the risk of hospitalisation in vaccinated 
individuals.38 Therefore, in this scenario, we assessed the 
cost-effectiveness of Paxlovid in vaccinated populations 
using effectiveness estimates from the observational 
study.38 Furthermore, although each country’s base case 
disease parameters are likely to reflect both high natural 
immunity and COVID-19 vaccine effectiveness, we 
adjusted base case hospitalisation rates downwards 
using vaccine efficacy39 and vaccination coverage of each 
study country.14 (Table 3). 

•	 One hundred per cent probability of early treatment 
initiation (Scenario 2): In the base case analysis, we 
accounted for the likelihood of initiating treatment after 
5  days of symptom onset, for which we assumed zero 
treatment efficacy. To assess the impact of treatment 
initiation on our results, we modelled a scenario that 
assumed a 100% probability of early treatment initiation 
in all three study countries. 

•	 Inclusion of productivity losses (Scenario 3): A broader 
perspective was adopted to account for productivity losses 
in the acute phase of COVID-19 disease and premature 
death. Time lost from work was valued using each study 
country’s GDP per capita40 and adjusted for unemployment 
rate41 over a period equivalent to the duration of illness for 
surviving patients, and up to retirement age42,43 for patients 
who die (Table 3). Productivity losses due to COVID-19 
death were discounted using a 5% discount rate.34

•	 Post-acute impact of COVID-19 (Scenario 4): Patients with 
severe COVID-19 are likely to be readmitted to hospital 
following the initial acute phase of the disease.44 We 
extended the model to account for readmission 1 year 
following the acute disease phase (Online Appendix 1 
Figure S3). We assumed one hospital readmission during 
this time and obtained relevant data on readmission rates 

and length of hospitalisation from existing literature.44,45 
The cost of readmission was assumed to be the average 
cost of inpatient care for COVID-19, whilst disability 
weight for post-acute disease phase was based on disability 
weights recommended by the European Burden of Disease 
Network Consensus COVID-19 models31 (Table 3).

•	 Inclusion of future unrelated health care costs (Scenario 5): 
To account for future unrelated health care costs, all 
surviving cases were allocated an annual cost over their 
remaining life expectancy valued at each country’s health 
expenditure per capita40. All future unrelated healthcare 
costs were discounted using a 5% discount rate.34 

Ethical considerations
This article followed all ethical standards for research 
without direct contact with human or animal subjects.

Results
Pairwise comparison with usual care
The results varied across the three countries and target 
populations (Table 4). In the all-adult patient target population, 
across all three countries, Paxlovid and Molnupiravir were 
both more costly and more effective compared to usual care, 
resulting in ICERs ranging from $2302.00 per DALY averted in 
Rwanda to $26 107.00 in Ghana for Paxlovid and from 
$12 000.00 per DALY averted in Rwanda to $78 166.00 in Ghana 
for Molnupiravir (Table 4, Panel A). 

In the elderly population (Table 4, Panel B), Molnupiravir 
and Paxlovid were both less costly and more effective 
compared to usual care (i.e. Molnupiravir and Paxlovid 
dominated usual care) in Rwanda and Zambia. In Ghana, 
Paxlovid dominated usual care, whilst Molnupiravir was 
both more costly and more effective, resulting in an ICER of 
$1024.00 per DALY averted (Table 4, Panel B).

In adults with other risk factors (Table 4, Panel C), Paxlovid 
dominated usual care in Rwanda and Zambia and was 
both more costly and more effective than usual care in 
Ghana, resulting in an estimated ICER of $4260.00 per 
DALY averted (Table 4, Panel C); Molnupiravir dominated 

TABLE 2: Scenario description.
Scenario Description 

Base case Target population – COVID-19 unvaccinated patients.
Assumes country-specific test rate as a proxy for probability of 
treatment initiation within 5 days of symptom onset.
Does not account for productivity losses due to COVID-19 illness 
and premature deaths.
Does not account for readmissions in the first year following the 
acute disease phase.
Does not account for future unrelated healthcare costs.

Scenario 1 Target population: COVID-19 vaccinated patients.
Scenario 2 Assumes 100% probability of treatment initiation within 5 days of 

symptom onset.
Scenario 3 Accounts for productivity losses due to COVID-19 illness and 

premature death.
Scenario 4 Accounts for readmissions in the first year following the acute 

disease phase.
Scenario 5 Accounts for future unrelated healthcare costs.

http://publichealthinafrica.org
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TABLE 3: Model parameters (scenario analyses).
Parameters Ghana Rwanda Zambia Data source 

Scenario 1
Vaccine effectiveness 0.972 0.972 0.972 Zheng et al.39

Vaccination coverage 0.35 0.68 0.12 Edouard et al.14

Vaccine weighted hospitalisation rates (%)
 All adult population 0.018 0.0045 0.0177 Authors estimation
 Adults ≥ 65 years old 0.162 0.0407 0.159 Authors estimation
 Adults with other risk factors 0.0541 0.0136 0.0530 Authors estimation
COAV effectiveness in vaccinated individuals 
(Paxlovid)
Relative risk, hospitalisation 0.54 0.54 0.54 Najjar-Debbiny et al.38

Scenario 3 
Productivity loss: due to acute illness ($)
 Outpatient care only 28.80 8.36 12.65 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

 Mild or moderate, survived 17.40 5.05 7.64 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

 Mild or moderate, died 29.82 8.66 13.10 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

 Severe, survived 29.58 8.59 12.99 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

 Severe, died 17.57 5.10 7.72 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

 Critical, survived 29.58 8.59 12.99 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

 Critical, died 17.57 5.10 7.72 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

Productivity loss: due to premature death ($)
 All adult population 24 774.47 10 462.95 10 883.96 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

 Adults ≥ 65 years old 0 0 0 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

 Adults with comorbidities 24 774.47 10 462.95 10 883.96 The World Bank40, Trading Economics41, Nyabor42, Rwanda Ministry of Local Government43

GDP per capita ($) 2363.30 822.30 1137.30 The World Bank40

Unemployment rate 0.047 0.205 0.13 Trading Economics41

Compulsory retirement age (years) 60 65 60 (Nyabor42, Rwanda Ministry of Local Government43) Assumed for Zambia
Scenario 4 
Proportion readmitted 0.069 0.069 0.069 Ramzi44

Number of readmissions 1 1 1 Assumption 
Readmission length of hospital stay (days) 12 12 12 Sotoodeh Ghorbani et al. 45

Mortality risk following survival with long-term 
sequalae

0.04 0.04 0.04 Ramzi44

Disability weight: Post-acute of COVID-19 0.22 0.22 0.22 Wyper et al.31

Disability duration (years) 1 1 1 Assumption
Cost of readmissions ($) 1171.75 1066.11 1181.00 Ismaila et al.28, Torres-Rueda et al.29

Scenario 5
Future unrelated health care costs ($)
 All adult population 3022.74 1969.91 2899.33 The World Bank40

 Adults ≥ 65 years old 1492.38 970.22 1475.18 The World Bank40

 Adults with comorbidities 3022.74 1969.91 2899.33 The World Bank40

Note: Please see the full reference list of the article Edoka IP, Drake T, Baker P, et al., A cost-effectiveness analysis of Molnupiravir and Paxlovid for outpatient treatment of COVID-19 in three African 
countries. J Public Health Africa. 2025;16(1), a805. https://doi.org/10.4102/jphia.v16i1.805, for more information. 
COAV, COVID-19 oral antivirals; GDP, gross domestic product; $, United States dollar. 

TABLE 4: Cost-effectiveness of Paxlovid and Molnupiravir in Ghana, Rwanda and Zambia.
Treatment options GHANA RWANDA ZAMBIA

DALYs Costs ($) ICER ($) DALYs Costs ($) ICER ($) DALYs Costs ($) ICER ($) 

Compared 
to usual  

care 

Full 
incremental 

analysis 

Compared 
to usual  

care 

Full 
incremental 

analysis 

Compared 
to usual  

care 

Full 
incremental 

analysis 

A. All adults
Usual care 0.2981 178 - - 0.227 108.0 - - 0.429 149 - -
Molnupiravir 0.2978 196 78 166 ED 0.226 121.0 12 000 SD 0.428 165 24 614 SD 
Paxlovid 0.2973  198 26 107 26 107 0.224 116.0 2302 2302 0.427 164 6944 6944
B. Elderly ≥ 65 years    
Usual care 0.3720 821 - SD 0.301 502.0 - SD 0.498 688 - SD
Molnupiravir 0.3700 824 1024 SD 0.291 462.0 D SD 0.492 672 D SD 
Paxlovid 0.3650  801 D D 0.269 374.0 D D 0.480  621 D D
C. Adults with other risk factors 
Usual care 0.3170 339 - - 0.244  206.2 - SD 0.451  284 - SD
Molnupiravir 0.3160 353 20 307 SD 0.241  206.1 D SD 0.449 292 4099 SD 
Paxlovid 0.3140 349 4260 4260 0.233  180.1 D D 0.444 278 D D

Note: Cost-effectiveness threshold: Ghana = $433.25; Rwanda = $246.50; Zambia = $503.50. 
D, dominant; SD, strictly dominated; ED, extendedly dominated; DALY, disability-adjusted life year; ICER, incremental cost-effectiveness ratios; $, United States dollar.
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only in Rwanda, and in Ghana and Zambia, ICERs were 
estimated at $20 307.00 and $4099.00 per DALY averted, 
respectively (Table 4, Panel C). 

Figure 1 presents INMBs of Paxlovid and Molnupiravir 
compared to usual care estimated at the cost-effectiveness 
threshold assumed for each country (Table 1). Except for the 
all-adult target population in Ghana, INMB of Paxlovid (vs 
usual care) was higher than INMB of Molnupiravir (vs usual 
care) across all target populations and study countries 
(Figure 1). 

Incremental cost-effectiveness analysis 
The full incremental analysis (Table 4) ranked the three 
treatment options from highest to lowest DALYs lost. In the 
all-adult target population, Paxlovid dominated Molnupiravir 
across all three study countries, and ICERs for Paxlovid 
compared to usual care were estimated at $26 107.00 in 
Ghana, $2302.00 in Rwanda and $6944.00 in Zambia (Table 4). 
In the elderly patients, Paxlovid dominated both usual care 
and Molnupiravir in Ghana, Rwanda and Zambia. In adults 
with other risk factors, Paxlovid dominated Molnupiravir in 
Ghana, and an ICER of $4260.00 was estimated for Paxlovid 
vs. usual care, whilst in Rwanda and Zambia, Paxlovid 
dominated both usual care and Molnupiravir (Table 4). 

Sensitivity analysis 
The results of the one-way deterministic sensitivity analyses, 
estimated using INMBs, are shown in Online Appendix 1 
Figure S4. Across all study countries, three parameters 
had  the largest impact on the base results for Paxlovid– 
COAV treatment costs, the likelihood of treatment initiation 
within 5 days of symptom onset, and hospitalisation rate 
modifiers affecting hospitalisation rates for the elderly 
population and adults with other risk factors (Online 
Appendix 1 Figure S4). For example, in Ghana, at a lower 
hospitalisation rate  multiplier in the elderly population 

(1.8 vs. 9, Online Appendix 1 Table S2), the INMB for Paxlovid 
became negative at a cost-effectiveness threshold of $430.00 
per DALY averted, whilst at a higher hospitalisation rate 
multiplier (16.2 vs. 9, Online Appendix 1 Table S2), the INMB 
for Paxlovid became positive in adults with other risk factors. 
At lower Paxlovid treatment cost ($5.00 vs $25.00, Online 
Appendix 1 Table S2), the INMB for Paxlovid in Ghana 
became positive in the all-adult target population and in 
adults with other high-risk factors for disease progression. In 
Rwanda and Zambia, Paxlovid treatment cost, hospitalisation 
rate modifiers and the likelihood of early treatment initiation 
similarly impact the base case INMBs. 

Across the three study countries and target populations, 
uncertainty in model parameters followed a similar pattern 
for Molnupiravir where COAV treatment cost, likelihood of 
early treatment initiation, hospitalisation rate modifier and in 
addition, Molnupiravir treatment effect had the largest 
impact on the base case results for Molnupiravir (Online 
Appendix 1 Figure S4).

The results of the probabilistic sensitivity analysis are 
summarised in cost-effectiveness acceptability curves (Online 
Appendix 1 Figure S5–S7). Compared to other target 
populations, the proportion of cost-effective simulations was 
highest in the elderly population (Online Appendix 1 
Figures  S6).  Conversely, in the all-adult population, the 
proportion of simulations that were cost-effective was very 
low across all study countries – approximately 0% for 
Molnupiravir in all study counties and 0%, < 15% and 0% for 
Paxlovid in Ghana, Rwanda and Zambia, respectively, at cost-
effectiveness thresholds assumed for each country (Online 
Appendix 1 Figure S5). In patients with other risk factors, the 
PSA results were also mixed – across study countries, the 
proportion of simulations falling below the cost-effectiveness 
threshold assumed was 0%, < 50% and < 10% for Molnupiravir 
in Ghana, Rwanda and Zambia, respectively and < 10%, 
approximately 100% and < 80% for Paxlovid in Ghana, Rwanda 
and Zambia, respectively (Online Appendix 1 Figure S7). 

DALY, disability-adjusted life year; $, United States dollar.
†, Cost-effectiveness thresholds assumed: Ghana = $433.25/DALY; Rwanda = $246.50/DALY; Zambia = $503.50/DALY.

FIGURE 1: Incremental net monetary benefits†, Paxlovid and Molnupiravir compared to usual care.
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Scenario analysis
The results of the scenario analysis are displayed in Online 
Appendix 1 Table S4. Across all three countries and target 
populations modelled, the results for Paxlovid and 
Molnupiravir are largely unaffected by the inclusion of 
productivity losses, model extension to account for 
readmission and the inclusion of future unrelated health 
costs (Online Appendix 1 Table S4). However, the results 
differed substantially from the base case analysis for scenarios 
1 (COVID-19 vaccine effectiveness) and 2 (100% probability 
of early treatment initiation). When COVID-19 vaccine 
effectiveness is accounted for in the model (scenario 1), the 
ICERs for Paxlovid for all study countries increased across all 
target populations, with the INMB remaining positive only 
for elderly patients in Rwanda and Zambia. When a 100% 
probability of early treatment is assumed in scenario 2, 
Paxlovid and Molnupiravir dominated usual care in all three 
study countries and in all target populations modelled except 
for Molnupiravir in the all-adult target population in 
Rwanda. 

Discussion 
In this study, we assessed the cost-effectiveness of Paxlovid 
and Molnupiravir in three target populations as well as 
assessed scenarios and parameters that may affect the cost-
effectiveness of COAV in the African setting. 

Overall, our analysis suggests that Paxlovid is likely to be 
cost-effective for unvaccinated patients at high risk of severe 
outcomes in a range of African settings. The INMB for 
Paxlovid was observed to be consistently higher than the 
INMB for Molnupiravir suggesting that the additional 
benefits generated per cost is higher for Paxlovid. This was 
similarly observed in the full incremental analysis where 
Paxlovid dominated both Molnupiravir and usual care in 
elderly patients (across all study countries) and adults with 
other risk factors (in Rwanda and Zambia). However, the 
results of a direct comparison between Molnupiravir and 
Paxlovid in the full incremental analysis should be interpreted 
with caution given differences in the trial designs and 
baseline characteristics of trial participants.5,6,13 For example, 
participants with previous exposure to COVID-19 were 
excluded from the trial assessing the efficacy of Paxlovid but 
included in the trial for Molnupiravir.5,6,13 Furthermore, both 
trials were conducted at different time periods. Given the 
rapidly evolving nature of the pandemic at the time of these 
studies both standard of care and predominant COVID-19 
variant were different in the two trial periods. As a result, a 
direct comparison of the efficacies of Molnupiravir and 
Paxlovid has a high degree of uncertainty, the characterisation 
of which in a probabilistic sensitivity analysis is unlikely to 
address the fundamental contextual difference between 
the two trials.46

The findings of the base case analysis were significantly 
affected by key model parameters that varied across the three 
study countries modelled. For example, in Ghana and 

Zambia where a lower likelihood of early treatment initiation 
(7% and 18%, respectively) was assumed, Molnupiravir was 
not cost-effective in patients with other high-risk factors but 
dominated usual care in Rwanda where a higher early 
treatment initiation likelihood (41%) was assumed. The 
results were also sensitive to the modelled baseline 
hospitalisation rates. In elderly patients for whom we 
assumed the highest risk of disease progression, both 
Paxlovid and Molnupiravir were cost-saving across all study 
countries regardless of likelihood of early treatment initiation, 
except for Ghana, where Molnupiravir was not cost-effective 
at the cost-effective threshold assumed. Neither Paxlovid nor 
Molnupiravir were cost-effective in the unvaccinated all-
adult target population across all study countries. This is 
likely because of the lower risk of hospitalisation modelled in 
this target population. However, when a 100% likelihood of 
early treatment initiation was assumed, Molnupiravir and 
Paxlovid were cost-saving in the unvaccinated all-adult 
target population for all three study countries except Rwanda, 
which had the lowest baseline hospitalisation rate modelled. 
However, the finding in the all-adult population should be 
interpreted with caution given that clinical efficacy estimates 
for both Molnupiravir and Paxlovid apply only to populations 
at high risk of disease progression.5,6

In vaccinated patients, who are at a reduced risk of severe 
disease, hospitalisation and death,47 our finding suggests that 
Paxlovid could be cost-effective only in elderly patients 
particularly in settings with a higher likelihood of treatment 
initiation within 5 days of symptom onset as seen in Rwanda 
and Zambia. However, Paxlovid is not likely to represent 
good value for money in the other study target populations 
because of the reduced effectiveness of Paxlovid in these 
populations38 and the lower hospitalisation rates modelled. 
These findings are based on effectiveness estimates drawn 
from an observational study,38 which may be subject to a 
higher degree of bias because of non-randomisation of 
patients. Therefore, these findings should be reassessed as 
new evidence from RCTs emerges.

Overall, our findings are based on the assumption that 
Paxlovid and Molnupiravir could be accessed at lower prices. 
However, as highlighted in the DSA, COAV treatment costs 
could impact on the findings reported here such that at 
treatment costs similar to high-income countries, Paxlovid 
(at approximately $600.00 per treatment course) and 
Molnupiravir (at approximately $700.00 per treatment 
course) will not be cost-effective for any target population in 
our study settings. 

From the probabilistic sensitivity analysis, our base case 
findings are robust to joint uncertainty in model parameters 
more so for Paxlovid vs. usual care which had the highest 
probability of being cost-effective across all study countries. 

Notwithstanding contextual differences between settings, 
our findings are consistent with those from other settings9,10,11,46 
where Paxlovid and Molnupiravir compared to usual care in 
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pairwise analyses, are cost-effective in high-risk populations 
with mild or moderate COVID-19. Despite comparatively 
lower hospitalisation rates seen in Africa, Paxlovid could be 
cost-effective in limited use cases, if offered at lower prices 
for unvaccinated sub-populations at high risk of disease 
progression. 

This study has some limitations. Due to a dearth of context-
specific data, the study relied on proxies and plausible 
assumptions for key model parameters – hospitalisation 
rates were largely drawn from studies in the first year of the 
pandemic. However, in the current era of the milder 
variants and high natural immunity, COVID-19 
hospitalisation rates have substantially decreased across all 
settings. Although we accounted for this by adjusting 
hospitalisation rates downward, we cannot rule out that 
our base case hospitalisation rates remain too high. In the 
absence of context-specific costs of the clinical management 
of COVID-19 in Rwanda and Zambia, we relied on costs 
estimates from a large multi-country extrapolation study.29 
Although we adjusted these cost estimates to be more 
comparable to clinical management costs from single-
country studies, these estimates may not be the true 
representation of the disease management cost in Rwanda 
and Zambia. Nevertheless, the results of the one-way 
sensitivity analysis suggest that our results were robust to 
uncertainty in clinical management costs for Rwanda and 
Zambia. Unlike previous cost-effectiveness analyses of 
COAVs, this study explicitly modelled early treatment 
initiation on the cost-effectiveness of COAVs using total 
COVID-19 test performed per 1000 population as a proxy 
for the likelihood of early treatment initiation. Although 
testing rates are useful indicators of the stringency of 
COVID-19 control measures within countries, without 
knowing the timing of testing, it is unclear if test rates 
suitably capture the probability of early diagnosis and 
treatment initiation. A lower (higher) probability of early 
treatment initiation is likely to reduce (increase) the cost-
effectiveness of the COAV. However, except for model 
results for Molnupiravir in the elderly and other risk groups 
in Ghana and Rwanda, respectively, the results of the one-
way sensitivity analysis were largely robust to uncertainty 
in our proxy for early treatment initiation.

Conclusion 
Paxlovid has the potential to be a cost-effective treatment 
option in African countries similar to Ghana, Rwanda or 
Zambia for the limited use case of unvaccinated patients at 
high risk of severe disease progression. More evidence is 
needed to determine cost-effectiveness for unvaccinated 
patients who have previously been infected with 
COVID-19 and may have developed some immune 
protection. Whilst this evidence is based on three countries, 
the diversity of key parameters across the three study 
countries allowed for explicit modelling of nuances relevant 
to the African setting. Therefore, this study provides useful 
insights to policymakers on a range of context-specific 
factors that should be considered and adapted when 

making funding decisions on COAVs based on findings 
from cost-effectiveness analyses. 

Acknowledgements
A preprint version of this work was previously published 
on medRxiv (https://doi.org/10.1101/2023.07.05.23292205), 
and we acknowledge its role in shaping the final article.

Competing interests
J.G. participated in a paid training session and a lecture 
sponsored by the pharmaceutical industry in 2021.

The author, J.N., serves as an editorial board member of this 
journal.

The authors reported that they received funding from the 
Bill and Melinda Gate Foundation, which may be affected 
by the research reported in the enclosed publication. The 
authors have disclosed those interests fully and have 
implemented an approved plan for managing any potential 
conflicts arising from their involvement. The terms of 
these funding arrangements have been reviewed and 
approved by the affiliated university in accordance with 
its policy on objectivity in research.

Authors’ contributions
I.P.E., T.D. and P.B. contributed to the study design; T.D., 
P.B., R.T., E.A., J.G., N.N., J.N. and J.K. contributed to the 
conceptualisation of the study and the interpretation of 
results. I.P.E. led the data synthesis, model development, 
data analysis and the first draft of the article. All authors 
contributed to revising the first draft of the article for 
intellectual content and approved the final version of the 
article to be published.

Funding information
This work was created as part of the International Decision 
Support Initiative (IDSI), funded by the Bill and Melinda 
Gates Foundation (grant number: OPP1202541). The 
funder had no role in the design and conduct of the study; 
collection, management, analysis and interpretation of 
the data; preparation, review or approval of the article; 
and decision to submit the article for publication.

Data availability
The data underlying this article are available in the article 
and in its online supplementary material.

Disclaimer
The views and opinions expressed in this article are those of 
the authors and are the product of professional research. 
It does not necessarily reflect the official policy or position 
of  any affiliated institution, funder, agency or that of 
the  publisher. The authors are responsible for this article’s 
results, findings and content.

http://publichealthinafrica.org
https://doi.org/10.1101/2023.07.05.23292205


Page 10 of 10 Original Research

http://publichealthinafrica.org Open Access

References
1.	 Ozili P. COVID-19 in Africa: Socio-economic impact, policy response and 

opportunities. Int J Sociol Soc Policy. 2022;42(3/4):177–200. https://doi.
org/10.1108/IJSSP-05-2020-0171

2.	 Tessema GA, Kinfu Y, Dachew BA, et al. The COVID-19 pandemic and 
healthcare systems in Africa: A scoping review of preparedness, impact and 
response. BMJ Glob Health. 2021;6(12):e007179. https://doi.org/10.1136/
bmjgh-2021-007179

3.	 Atluri K, Aimlin I, Arora S. Current Effective Therapeutics in Management 
of COVID-19. J Clin Med. 2022;11(13):3838. https://doi.org/10.3390/
jcm11133838

4.	 AFCDC. COVID-19 test to treat guidelines – Guidance to African union member 
States [homepage on the Internet]. 2022 [cited 2023 Feb]. Available from: 
https://africacdc.org/download/covid-19-test-to-treat-guidelines-for-african-
union-member-states/

5.	 Hammond J, Leister-Tebbe H, Gardner A, et al. Oral nirmatrelvir for high-risk, 
nonhospitalized adults with COVID-19. N Engl J Med. 2022;386(15):1397–1408. 
https://doi.org/10.1056/NEJMoa2118542

6.	 Jayk Bernal A, Gomes da Silva MM, Musungaie DB, et al. Molnupiravir 
for  oral treatment of COVID-19 in nonhospitalized patients. N Engl J Med. 
2022;386(6):509–520. https://doi.org/10.1056/NEJMoa2116044

7.	 Hill A, Ellis L, Wang J, Pepperrell T. Prices versus costs of production for 
molnupiravir as a COVID-19 treatment. In Review; 2021. https://doi.org/10.21203/
rs.3.rs-1169509/v1

8.	 Ledford H. Donated COVID drugs start flowing to poor nations – But can’t meet 
demand. Nature. 2022;d41586-022-02939–7.

9.	 Goswami H, Alsumali A, Jiang Y, et al. Cost-effectiveness analysis of molnupiravir 
versus best supportive care for the treatment of outpatient COVID-19 in adults 
in the US. PharmacoEconomics. 2022;40(7):699–714. https://doi.org/10.1007/
s40273-022-01168-0

10.	 Jo Y, Kim SB, Radnaabaatar M, et al. Model-based cost-effectiveness analysis of 
oral antivirals against SARS-CoV-2 in Korea. Epidemiol Health. 2022;44:e2022034. 
https://doi.org/10.4178/epih.e2022034

11.	Yeung K, Whittington M, Beinfeld M, et al. Special assessment of outpatient 
treatments for COVID-19; Final evidence report and meeting summary 
[homepage on the Internet]. Institute for Clinical and Economic Review; 2022 
[cited 2023 Feb]. Available from: https://icer.org/assessment/covid-19-2022/

12.	 Biccard BM, Gopalan PD, Miller M, et al. Patient care and clinical outcomes for 
patients with COVID-19 infection admitted to African high-care or intensive care 
units (ACCCOS): A multicentre, prospective, observational cohort study. Lancet. 
2021;397(10288):1885–1894. 

13.	 Caraco Y, Crofoot GE, Moncada PA, et al. Phase 2/3 trial of molnupiravir for treatment 
of COVID-19 in nonhospitalized adults. NEJM Evid. 2022;1(2):EVIDoa2100043. 
https://doi.org/10.1056/EVIDoa2100043

14.	 Edouard M, Ritchie H, Rodés-Guirao L, et al. Coronavirus pandemic (COVID-19). 
Our world in data [homepage on the Internet]. 2020 [cited 2023 Mar 24]. 
Available from: https://ourworldindata.org/coronavirus

15.	 Hasell J, Mathieu E, Beltekian D, et al. A cross-country database of COVID-19 
testing. Sci Data. 2020;7(1):345. https://doi.org/10.1038/s41597-020-00688-8

16.	 Paulden M. Calculating and Interpreting ICERs and Net Benefit. PharmacoEconomics. 
2020;38(8):785–807. https://doi.org/10.1007/s40273-020-00914-6

17.	 Ochalek J, Lomas J, Claxton K. Estimating health opportunity costs in low-income 
and middle-income countries: A novel approach and evidence from cross-
country data. BMJ Glob Health. 2018;3(6):e000964. https://doi.org/10.1136/
bmjgh-2018-000964

18.	 Ayisi-Boateng NK, Owusu M, Tawiah P, et al. Profile and outcomes of hospitalized 
patients with COVID-19 at a tertiary institution hospital in Ghana. Ghana Med J. 
2020;54(4):39–45. https://doi.org/10.4314/gmj.v54i4s.7

19.	 Ministry of Health Zambia. Statement on COVID-19 in Zambia [homepage on the 
Internet]. Lusaka, Zambia: Republic of Zambia Ministry of Health; 2022 [cited 
2023 Mar 24]. Available from: https://www.moh.gov.zm/?p=2597

20.	 Rwanda Biomedical Centre. Situation report on novel coronavirus [homepage on 
the Internet]. Rwanda: RBC; 2022 [cited 2023 Feb]. Available from: https://www.
rbc.gov.rw

21.	 Jassat W, Abdool Karim SS, Mudara C, et al. Clinical severity of COVID-19 in patients 
admitted to hospital during the omicron wave in South Africa: A retrospective 
observational study. Lancet Glob Health. 2022;10(7):e961–e969. https://doi.
org/10.1016/S2214-109X(22)00114-0

22.	 World Health Organization African Region. How home-based care eased Rwanda’s 
COVID-19 response [homepage on the Internet]. 2022 [cited 2023 Feb]. Available 
from: https://www.afro.who.int/news/how-home-based-care-eased-rwandas-
covid-19-response

23.	Crankson S, Pokhrel S, Anokye NK. Determinants of COVID-19-related length 
of hospital stays and long COVID in Ghana: A cross-sectional analysis. Int 
J Environ Res Public Health. 2022;19(1):527. https://doi.org/10.3390/
ijerph19010527

24.	 Maslo C, Friedland R, Toubkin M, Laubscher A, Akaloo T, Kama B. Characteristics 
and outcomes of hospitalized patients in South Africa during the COVID-19 
omicron wave compared with previous waves. J Am Med Assoc. 2022;327(6):583. 
https://doi.org/10.1001/jama.2021.24868

25.	Webster HH, Nyberg T, Sinnathamby MA, et al. Hospitalization and mortality 
risk of SARS-COV-2 variant omicron sub-lineage BA.2 compared to BA.1 in 
England. Nat Commun. 2022;13(1):6053. https://doi.org/10.1038/s41467-
022-33740-9

26.	 Bepouka B, Mayasi N, Mandina M, et al. Risk factors for mortality in COVID-19 
patients in sub-Saharan Africa: A systematic review and meta-analysis. PLoS One. 
2022;17(10):e0276008. https://doi.org/10.1371/journal.pone.0276008

27.	 Lee TC, Morris AM, Grover SA, Murthy S, McDonald EG. Outpatient therapies 
for COVID-19: How do we choose?. Open Forum Infect Dis. 2022;9(3):ofac008. 
https://doi.org/10.1093/ofid/ofac008

28.	 Ismaila H, Asamani JA, Lokossou VK, Oduro-Mensah E, Nabyonga-Orem J, Akoriyea 
SK. The cost of clinical management of SARS-COV-2 (COVID-19) infection by level 
of disease severity in Ghana: A protocol-based cost of illness analysis. BMC Health 
Ser Res. 2021;21(1):1115. https://doi.org/10.1186/s12913-021-07101-z

29.	 Torres-Rueda S, Sweeney S, Bozzani F, et al. Stark choices: Exploring health 
sector costs of policy responses to COVID-19 in low-income and middle-income 
countries. BMJ Glob Health. 2021;6(12):e005759. https://doi.org/10.1136/
bmjgh-2021-005759

30.	 World Health Organization. WHO methods and data sources for life tables 1990–
2019 [homepage on the Internet]. Geneva: World Health Organization; 2020 
[cited 2023 Feb]. Available from: https://www.who.int/data/gho/data/indicators

31.	 Wyper GMA, Assunção RMA, Colzani E, et al. Burden of disease methods: A 
guide to calculate COVID-19 disability-adjusted life years. Int J Public Health. 
2021;66:619011. https://doi.org/10.3389/ijph.2021.619011

32.	 Global Burden of Disease Collaborative Network. Global burden of disease study 
2019 (GBD 2019) disability weights. Seattle: Institute for Health Metrics and 
Evaluation (IHME); 2020. 

33.	 Haagsma JA, Maertens De Noordhout C, Polinder S, et al. Assessing disability 
weights based on the responses of 30,660 people from four European countries. 
Popul Health Metrics. 2015;13(1):10. https://doi.org/10.1186/s12963-015-0042-4

34.	 Haacker M, Hallett TB, Atun R. On discount rates for economic evaluations in 
global health. Health Policy Plann. 2019;35(1):107–114. https://doi.org/10.1093/
heapol/czz127

35.	 Briggs AH, Claxton K, Sculpher MJ. Decision modelling for health economic 
evaluation. In: Gray A, Brigg A, editors. Oxford handbooks in health economic 
evaluation. Oxford: Oxford University Press, 2006; p. 237.

36.	 Briggs AH, Weinstein MC, Fenwick EAL, Karnon J, Sculpher MJ, Paltiel AD. Model 
parameter estimation and uncertainty: A report of the ISPOR-SMDM modeling 
good research practices task force-6. Value Health. 2012;15(6):835–842. https://
doi.org/10.1016/j.jval.2012.04.014

37.	 Butler CC, Hobbs FDR, Gbinigie OA, et al. Molnupiravir plus usual care versus usual 
care alone as early treatment for adults with COVID-19 at increased risk of adverse 
outcomes (PANORAMIC): An open-label, platform-adaptive randomised controlled 
trial. Lancet. 2023;401(10373):281–293. https://doi.org/10.2139/ssrn.4237902

38.	 Najjar-Debbiny R, Gronich N, Weber G, et al. Effectiveness of Paxlovid in reducing 
severe coronavirus disease 2019 and mortality in high-risk patients. Clin Infect Dis. 
2023;76(3):e342–e349. https://doi.org/10.1093/cid/ciac443

39.	 Zheng C, Shao W, Chen X, Zhang B, Wang G, Zhang W. Real-world effectiveness 
of COVID-19 vaccines: A literature review and meta-analysis. Int J Infect Dis. 
2022;114:252–260. https://doi.org/10.1016/j.ijid.2021.11.009

40.	 The World Bank. World Bank open data [homepage on the Internet]. n.d. [cited 
2023 Feb]. Available from: https://data.worldbank.org/

41.	 Trading Economics. Trading economics [homepage on the Internet]. n.d. [cited 
2023 Feb]. Available from: https://tradingeconomics.com/

42.	 Nyabor J. Should Ghana raise compulsory retirement age to 65? The Africa report 
[homepage on the Internet]. 2022 [cited 2023 Feb]. Available from: https://www.
theafricareport.com/175349/should-ghana-raise-compulsory-retirement-age-to-65/

43.	Rwanda Ministry of Local Government. National older persons policy 
[homepage on the Internet]. 2021 [cited 2023 Feb]. Available from: https://
www.minaloc.gov.rw/fileadmin/user_upload/Minaloc/Publications/Policies/
National_Older_Policy_final.pdf

44.	 Ramzi ZS. Hospital readmissions and post-discharge all-cause mortality in 
COVID-19 recovered patients; a systematic review and meta-analysis. Am J Emerg 
Med. 2022;51:267–279. https://doi.org/10.1016/j.ajem.2021.10.059

45.	 Sotoodeh Ghorbani S, Taherpour N, Bayat S, Ghajari H, Mohseni P, Hashemi 
Nazari SS. Epidemiologic characteristics of cases with reinfection, recurrence, and 
hospital readmission due to COVID-19: A systematic review and meta-analysis. J 
Med Virol. 2022;94(1):44–53. https://doi.org/10.1002/jmv.27281

46.	National Institute for Health and Care Excellence (NICE). Therapeutics for 
people with COVID-19 [homepage on the Internet]. London: NICE; 2023 [cited 
2023 Feb]. Available from: https://www.nice.org.uk/guidance/gid-ta11297/
documents/html-content-10

47.	 Yang ZR, Jiang YW, Li FX, et al. Efficacy of SARS-CoV-2 vaccines and the dose–
response relationship with three major antibodies: A systematic review and meta-
analysis of randomised controlled trials. Lancet Microbe. 2023;4(4):e236–e246. 
https://doi.org/10.1016/S2666-5247(22)00390-1

http://publichealthinafrica.org
https://doi.org/10.1108/IJSSP-05-2020-0171
https://doi.org/10.1108/IJSSP-05-2020-0171
https://doi.org/10.1136/bmjgh-2021-007179
https://doi.org/10.1136/bmjgh-2021-007179
https://doi.org/10.3390/jcm11133838
https://doi.org/10.3390/jcm11133838
https://africacdc.org/download/covid-19-test-to-treat-guidelines-for-african-union-member-states/
https://africacdc.org/download/covid-19-test-to-treat-guidelines-for-african-union-member-states/
https://doi.org/10.1056/NEJMoa2118542
https://doi.org/10.1056/NEJMoa2116044
https://doi.org/10.21203/rs.3.rs-1169509/v1
https://doi.org/10.21203/rs.3.rs-1169509/v1
https://doi.org/10.1007/s40273-022-01168-0
https://doi.org/10.1007/s40273-022-01168-0
https://doi.org/10.4178/epih.e2022034
https://icer.org/assessment/covid-19-2022/
https://doi.org/10.1056/EVIDoa2100043
https://ourworldindata.org/coronavirus
https://doi.org/10.1038/s41597-020-00688-8
https://doi.org/10.1007/s40273-020-00914-6
https://doi.org/10.1136/bmjgh-2018-000964
https://doi.org/10.1136/bmjgh-2018-000964
https://doi.org/10.4314/gmj.v54i4s.7
https://www.moh.gov.zm/?p=2597
https://www.rbc.gov.rw
https://www.rbc.gov.rw
https://doi.org/10.1016/S2214-109X(22)00114-0
https://doi.org/10.1016/S2214-109X(22)00114-0
https://www.afro.who.int/news/how-home-based-care-eased-rwandas-covid-19-response
https://www.afro.who.int/news/how-home-based-care-eased-rwandas-covid-19-response
https://doi.org/10.3390/ijerph19010527
https://doi.org/10.3390/ijerph19010527
https://doi.org/10.1001/jama.2021.24868
https://doi.org/10.1038/s41467-022-33740-9
https://doi.org/10.1038/s41467-022-33740-9
https://doi.org/10.1371/journal.pone.0276008
https://doi.org/10.1093/ofid/ofac008
https://doi.org/10.1186/s12913-021-07101-z
https://doi.org/10.1136/bmjgh-2021-005759
https://doi.org/10.1136/bmjgh-2021-005759
https://www.who.int/data/gho/data/indicators
https://doi.org/10.3389/ijph.2021.619011
https://doi.org/10.1186/s12963-015-0042-4
https://doi.org/10.1093/heapol/czz127
https://doi.org/10.1093/heapol/czz127
https://doi.org/10.1016/j.jval.2012.04.014
https://doi.org/10.1016/j.jval.2012.04.014
https://doi.org/10.2139/ssrn.4237902
https://doi.org/10.1093/cid/ciac443
https://doi.org/10.1016/j.ijid.2021.11.009
https://data.worldbank.org/
https://tradingeconomics.com/
https://www.theafricareport.com/175349/should-ghana-raise-compulsory-retirement-age-to-65/
https://www.theafricareport.com/175349/should-ghana-raise-compulsory-retirement-age-to-65/
https://www.minaloc.gov.rw/fileadmin/user_upload/Minaloc/Publications/Policies/National_Older_Policy_final.pdf
https://www.minaloc.gov.rw/fileadmin/user_upload/Minaloc/Publications/Policies/National_Older_Policy_final.pdf
https://www.minaloc.gov.rw/fileadmin/user_upload/Minaloc/Publications/Policies/National_Older_Policy_final.pdf
https://doi.org/10.1016/j.ajem.2021.10.059
https://doi.org/10.1002/jmv.27281
https://www.nice.org.uk/guidance/gid-ta11297/documents/html-content-10
https://www.nice.org.uk/guidance/gid-ta11297/documents/html-content-10
https://doi.org/10.1016/S2666-5247(22)00390-1

	A cost-effectiveness analysis of Molnupiravir and Paxlovid for outpatient treatment of COVID-19 in three African countries
	Introduction
	Research methods and design
	Model parameters
	Disease parameters
	Clinical efficacy
	Costs
	Health outcomes

	Sensitivity analyses
	Scenario analyses
	Ethical considerations

	Results
	Pairwise comparison with usual care
	Incremental cost-effectiveness analysis
	Sensitivity analysis 
	Scenario analysis

	Discussion
	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Figure
	FIGURE 1: Incremental net monetary benefits†, Paxlovid and Molnupiravir compared to usual care.

	Tables
	TABLE 1: Model parameters (base case).
	TABLE 2: Scenario description.
	TABLE 3: Model parameters (scenario analyses).
	TABLE 4: Cost-effectiveness of Paxlovid and Molnupiravir in Ghana, Rwanda and Zambia.



