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ABSTRACT

Introduction There is an absence of real-world evidence,
especially from low- and middle-income countries (LMICs),
on the implementation successes and challenges of
COVID-19 Test and Treat (T&T) programmes. In 2022,
nirmatrelvir/ritonavir was provided as standard of care

for mild to moderate COVID-19 treatment in eight LMICs
(Ghana, Kenya, Laos, Malawi, Nigeria, Rwanda, Uganda
and Zambia). This manuscript describes a research
protocol to study novel drug introduction during the
COVID-19 health emergency, with implications and
learnings for future pandemic preparedness. The goal of
the study is to provide simultaneous programme learnings
and improvements with programme rollout, to fill a gap

in real-world implementation data on T&T programmes

of oral antiviral treatment for COVID-19 and inform
programme implementation and scale-up in other LMICs.
Methods and analysis This multiple methods
implementation research study is divided into three
components to address key operational research
objectives: (1) programme learnings, monitoring and
evaluation; (2) patient-level programme impact; and (3)
key stakeholder perspectives. Data collection will occur for
a minimum of 6 months in each country up to the end of
grant. Quantitative data will be analysed using descriptive
statistics for each country and then aggregated across
the programme countries. Stakeholder perspectives

will be examined using the Consolidated Framework

for Implementation Research implementation science
framework and semistructured interviews.

Ethics and dissemination This study was approved

by the Duke University Institutional Review Board
(Pro00111388). The study was also approved by the local
institutional review boards in each country participating

in individual-level data collection (objectives 2 and 3):
Ghana, Malawi, Rwanda, Nigeria and Zambia. The study’s

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The knowledge generated through this study will
improve understanding of the key characteristics of
a strong Test and Treat (T&T) programme and may
translate to improved local T&T programme imple-
mentation and better patient outcomes.

= This study uses real-world routinely collected health
data and is not designed as a randomised trial;
therefore, data quality may be a challenge and the
study cannot be used to compare patient outcomes.

= This study protocol could be adapted to rapidly as-
sess rollout of T&T interventions to provide real-time
learnings in health emergencies.

= Lessons learnt from this study could be applied
to other T&T scenarios, particularly around new
product introduction, and provide reciprocal inno-
vations to other countries and contexts on the fea-
sibility, challenges and successes of programme
implementation.

= This study is designed to fill a gap in real-world im-
plementation data on T&T programmes of oral anti-
viral treatment for COVID-19 and inform programme
implementation and scale-up in low- and middle-
income countries.

findings will be published in peer-reviewed journals and
disseminated through dialogue events, national and
international conferences and through social media.
Trial registration number NCT06360783.

INTRODUCTION

The COVID-19 pandemic has been a harsh
reminder of the extensive harm a new
pathogen can cause globally. As of March
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2024, four years since its emergence, SARS-CoV-2 has
caused an estimated 774million cases and 7million
deaths globally,! exposing significant global inequities
in access to vaccines, therapeutics and other critical
response interventions.”” The estimated likelihood of
experiencing a pandemic similar to COVID-19 in one’s
lifetime is currently approximately 38% and is predicted
to double in the coming decades.’ The COVID-19
pandemic has demonstrated that therapeutics are a key
partner to vaccines and diagnostics in limiting mortality
among vulnerable individuals.

In December 2021, the US Food and Drug Adminis-
tration granted Emergency Use Authorization status to
two oral antiviral treatments for COVID-19: nirmatrelvir
boosted with ritonavir (Paxlovid) developed by Pfizer,
and molnupiravir (Lagevrio) developed by Merck. Nirma-
trelvir/ritonavir reduces mortality and decreases hospital-
isations in unvaccinated, non-hospitalised adult patients
at high risk of progression to severe COVID-19.”

Both nirmatrelvir/ritonavir and molnupiravir have
entered the marketin mosthigh-income countries (HICs).
The most recent data up to May 2023 show, however,
the majority of over 68 million courses purchased were
procured by HICs (70%) and global entities (27%), with
just 1% purchased by upper middle-income countries
and 2% by lower middle-income countries.® Low-income
countries have relied on global entities such as UNICEF,
Global Fund and the European Union Preparedness and
Response Authority for antiviral supply.

There is an absence of real-world evidence, especially
from low- and middle-income countries (LMICs), on
how oral antivirals perform outside of stringent clinical
trials settings—where patients may not receive treat-
ment within the recommended 5 days of symptom onset,
or patients have greater immunity from vaccination or
natural infection.

Despite these challenges, LMICs have been actively
working towards locally adapted COVID-19 Test and
Treat (T&T) solutions to protect those most vulnerable
to severe disease, older individuals and those with under-
lying health conditions. Local solutions using oral antivi-
rals may lower the burden of severe and critical COVID-19
management on health personnel and services, while
building capacity within primary care to respond to
future emerging infections.”"" T&T approaches are
familiar to many LMIC contexts due to HIV and malaria
programmes and are undergirded by two key founda-
tions: widely available, rapid and decentralised testing,
and affordable, accessible treatment that can be deployed
at a primary healthcare level.'*?

From late 2022 to 2023, nirmatrelvir/ritonavir was
introduced as standard of care in eight LMICs (Ghana,
Kenya, Laos, Malawi, Nigeria, Rwanda, Uganda and
Zambia) in partnership with the COVID Treatment
QuickStart Consortium. QuickStart brings together Duke
University, Americares, the Clinton Health Access Initia-
tive and the COVID Collaborative as implementing part-
ners, with support from the Open Society Foundations,

Pfizer and the Conrad N Hilton Foundation, to work in
partnership with LMICs in Africa and Asia. In partner-
ship with QuickStart, countries obtained local regulatory
approval for nirmatrelvir/ritonavir, procured treatment
for deployment to treatment sites and supported training
of health facility staff in T&T approaches. Treatment sites
were public health facilities providing COVID-19 testing
services (at the discretion of each country), and private
facilities and test locations that provide services free to
participants. These included community-level health
services (district hospital, health centres, health posts),
provincial hospitals and central hospitals.

This manuscript describes a research protocol to
study novel drug introduction during the COVID-19
health emergency, with implications and learning for
future pandemic preparedness. In this study, we will
aim to describe the implementation processes, patient
outcomes, stakeholder perspectives, successes and chal-
lenges of the COVID-19 oral antiviral T&T programme
in the eight LMICs partnered with QuickStart. The goal
of the study is to provide simultaneous programme
learnings and improvements with programme rollout,
to fill a gap in real-world implementation data on T&T
programmes of oral antiviral treatment for COVID-19
and inform programme implementation and scale-up
in other LMICs.

METHODS AND ANALYSIS

Conceptual framework and key research questions

Almost 80% of the world’s population live in LMICS,14

and age-stratified infection fatality rates from COVID-19

are estimated to be approximately two times higher in

LMICs compared with HICs."® Country and context-

specific factors such as gross domestic product, popu-

lation density, urbanisation, seasonality, interpersonal
and government trust, and access to vaccination have
driven different rates of infection and mortality.m_18

Country-based and context-based implementation

research is essential to develop innovative and tailored

approaches for a successful COVID-19 T&T programme
and to ultimately ensure successful scale-up.
The study seeks to answer the following questions:

1. What are the operational considerations for introduc-
ing COVID-19 T&T programmes in LMICs?

2. What high-risk populations and entry points are feasi-
ble to target for T&T implementation in LMICs?

3. What impact do COVID-19 T&T programmes have on
the number of high-risk patients identified, time to
treatment initiation and the total cost per case initi-
ated?

4. Are T&T programmes considered feasible and ac-
ceptable by key stakeholders including the Ministry
of Health (MoH), public sector personnel, healthcare
workers and patients?

Objectives
The COVID-19 T&T programme has been imple-
mented in eight LMICs (Ghana, Kenya, Laos, Malawi,
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Partner Countries

Program Learnings, Monitoring
and Evaluation, and Operations
Research (Objectives 1, 2 & 3)

W Program Learnings, Monitoring and
4 &5 1uation only (Objective 1)

Figure 1 Map of participating countries.

Nigeria, Rwanda, Uganda and Zambia), which will
contribute monitoring and evaluation (M&E) data and
programmatic data for a minimum of 6 months (objec-
tive 1). Additionally, a multiple methods implemen-
tation research study, conducted in partnership with
the MoH in five countries (Ghana, Malawi, Nigeria,
Rwanda and Zambia), will be conducted (figure 1).
The implementation research is divided into two
components to address the key operational research
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objectives: patient-level programme impact (objec-
tive 2) and key stakeholder perspectives (objective 3).
Each country (Ghana, Malawi, Nigeria, Rwanda and
Zambia) will collect data for a minimum of 6-month
period up to the end of the grant. The five countries
conducting implementation research opted in to this
part of the study based on the preference of local
MoHs. The implementation timeline of each compo-
nent is detailed in figure 2.

Year 2023

2024

Month Nov Dec

Feb Mar Apr May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Activity | Implementation
evaluation protocol
development

Academic IRB
review
Local IRB review
Final site selection
Preparation of study
data collection tools
and SOP

Training of facility
staff

Training of data
Collectors

Data collection

Final data analysis

Drafting of reports
and manuscripts

Dissemination of
results

Figure 2 Timeline of study implementation. IRB, Institutional Review Board; SOP, standard operating procedure.
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1. Programme learnings, monitoring and evaluation: to iden-
tify contextual factors impacting the implementation
and deployment of the COVID-19 T&T model and
the cost per case initiated under the T&T model (all
eight countries: Ghana, Kenya, Laos, Malawi, Nigeria,
Rwanda, Uganda and Zambia).

2. Patient-level programme impact: to measure key service
delivery metrics among those testing positive for SARS-
CoV-2 at high risk of severe COVID-19 illness (Ghana,
Malawi, Nigeria, Rwanda and Zambia).

3. Key stakeholder perspectives: to understand the perspec-
tives of key stakeholders, including MoH and public
sector personnel, healthcare workers and patients, on
the feasibility and acceptability of the COVID-19 T&T
programme (Ghana, Malawi, Nigeria, Rwanda and
Zambia).

Objective 1: programme learnings, monitoring and evaluation
This objective aims to identify contextual factors impacting
the implementation and deployment of the COVID-19
T&T model in eight LMICs (Ghana, Kenya, Laos, Malawi,
Nigeria, Rwanda, Uganda and Zambia). This objective
includes documentation of national COVID-19 T&T poli-
cies and guidelines, and identification of key aspects of
adoption and implementation of the T&T programme.
This objective will also describe country-level metrics
around distribution of COVID-19 treatment, provider
and administrator organisational readiness to implement
the programme and cost per case initiated under the
current model.

Study design

Study monitoring of the implementation of the T&T
programme will leverage existing national MoH routine
M&E programmatic data at the aggregate level. Data
collection will be retrospective on a monthly basis for a
minimum of the first 6months of the programme. Addi-
tionally, activities conducted to prepare for programme
implementation and to identify implementation gaps will
be documented.

Inclusion criteria

All treatment sites followed established country proto-
cols for COVID-19 patient testing and treatment with
oral antivirals based on international guidelines (online
supplemental figure 1)." Patients who tested positive for
SARS-CoV-2 were offered oral antiviral treatment if they
met the following criteria: were >12 years old, had mild/
moderate COVID-19, were within 5days of symptom
onset, were at high risk of progressing to severe COVID-19
infection and had no contraindications to oral antiviral
treatment. The high-risk population included individuals
with any of the following: age >50 years, hypertension,
diabetes, cardiac disease, chronic lung disease, chronic
liver disease, cerebrovascular disease, dementia, mental
health disorders, chronic kidney disease, disability, immu-
nosuppression, obesity (body mass index >30kg/m?),
tuberculosis (TB), pregnancy, smoking and cancer. Small

variations in high-risk conditions were permitted between
countries due to local risk factors. High-risk conditions
were determined through self-report and review of
patient medical records. Antiviral treatment was provided
as standard of care and free to the patient at all treatment
sites across the eight countries.

Site selection and sample size

The number of treatment sites varies by country (table 1).
Treatment sites were determined by MoHs as existing
sites with the capacity to conduct COVID-19 testing
and prescribe oral treatment. All treatment sites in the
eight T&T countries will be included in objective 1 data
collection.

Data collection

Programmatic monitoring

Countries will initiate data collection when they activate

their T&T programmes, recognising start times will vary

within and between countries.
Countries will submit five types of data:

1. Aggregate service delivery data—data collected at the na-
tional level, and where possible, at the facility level.
Data will include the number of COVID-19 tests con-
ducted, the number of positive COVID-19 tests and the
number of nirmatrelvir/ritonavir prescriptions (on-
line supplemental file 2, Facility monthly summary).

2. Facility information data—data collected at the begin-
ning of the programme through a questionnaire.
These include descriptive information and key char-
acteristics of each participating facility (online supple-
mental figure 2). Data may also be collected from site
visits or supportive supervision reports to monitor the
progress of programme implementation.

3. Implementation progress data—data on preparation and
implementation activities for the COVID-19 T&T pro-
gramme, covering areas such as policy, supply chain,
training, quality assurance and data systems. These
data will be reported by each country at the beginning

Table 1 Estimated number of activated sites and study

sites for the COVID-19 T&T programme per country
Study sites

Country Treatment sites, n (objectives 2 and 3), n

Ghana 16 8

Laos 32 -

Kenya 48 -

Malawi 12 4

Nigeria 42 20

Rwanda 560 15

Uganda 17 -

Zambia 33 13

Green-shaded countries are planned for participation in objective
1 only.
T&T, Test and Treat.
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of the programme and again towards the end of im-
plementation. Additional data may also be gathered
through site visits or supportive supervision reports to
monitor implementation progress.

4. Cost data—data on programme costs, including com-
modities, training, staff time, printing of registers and
logbooks.

5. Adverse event data—data collected for severe adverse
events (SAE). Any SAE from a participant receiving
oral antiviral treatments for COVID will be report-
ed to the manufacturer within 24 hours of the study
team’s awareness of the event. Data will also be col-
lected about the presence and continuous function-
ing of a local recording and reporting system for
SAEs.

Organisational readiness for implementing change survey
administration

At baseline, we will administer the 12-item Organizational
Readiness for Implementing Change (ORIC) measure,
based on the ability of staff to initiate a programme, put
forth greater effort and be persistent and cooperate with
one another to implement the programme.”’ Before the
ORIC instrument is administered, we will collect a pre-
implementation survey including information about the
organisation, the role of the persons at the organisation
completing the survey and that person’s characteristics
(online supplemental figure 3). This survey will help
characterise organisational readiness and identify health
organisation change efforts that do not achieve desired
benefits.

Data analysis plan

All quantitative data will be analysed using descriptive
statistics for each country and then aggregated across
the programme countries. Site information will be
summarised, and key descriptors and themes will be
drawn out in summary reports. Implementation data will
be analysed by examining key themes and takeaway learn-
ings, and then summarising them by country and overall
programme. Data analysis will take place using Excel, SAS
(Version 9.4) and Stata software.

Objective 2: patient-level programme impact

The aim of this objective is to understand the impact
of the programme at the patient level in five countries
(Ghana, Malawi, Nigeria, Rwanda and Zambia). Country
MoHs opted to participate in objectives 2 and 3. The
following key metrics will be measured among patients
who test positive for SARS-CoV-2: the number of patients
at high risk of severe COVID-19; the number eligible
for oral antiviral treatment; the number testing positive
within 5days of symptom onset; oral antiviral treatment
uptake and completion among eligible patients; treat-
ment side effects; and reasons for not starting treatment
among those eligible or for not completing treatment
among those prescribed.

Study design

Facility registers or facility paper-based forms will be
introduced as part of the COVID-19 T&T programme at
study sites (online supplemental file 2, Patient register).
Data points will be collected uniformly from all objec-
tive 2 countries through these standardised registers/
forms. Patient-level data will be retrospectively collected
for a minimum of 6-month period, beginning at the
commencement of the T&T programme in each country
up to June 2024.

Site selection

From the treatment sites in each country, we will use
purposeful sampling to generate a list of ‘study sites’ to
implement objectives 2 and 3. Sites will be selected in
collaboration with MoHs in each country based on diver-
sity within the sample, for example, rural and metropol-
itan sites, geographical representation, case load and
representation of different patient populations. At a
minimum, four study sites will be selected per country
(table 1). This sample cannot be considered nationally
representative in a statistical or proportional sense, but
rather aims to represent a wide range of experiences
of implementing the COVID-19 T&T programme. In
assessing the diversity of the sample, the following charac-
teristics will be examined: the population being targeted,
case load, epidemic context, rural and metropolitan loca-
tions and geographical region.

Patient selection

All patients testing positive for SARS-CoV-2 at the study
site during the data collection period will be included
in the study. Data collection will occur retrospectively
from the health facility and will not involve direct inter-
action with patients. As such, informed consent will not
be sought. Rather, we will not collect any personal identi-
fying information gathered from the facility data source
during the data extraction.

Sample size

The sample size of COVID-19-positive, high-risk individ-
uals targeted for this study is at least 200 per country. The
sample size was determined to ensure precision when
estimating the proportions for multiple binary endpoints,
for example, the proportion of treated patients who have
known high-risk factors. The sample size estimation
depends on the level of precision desired, as reflected in
the width of Cls. For estimation of a binary proportion,
a CI width of 0.10 would correspond to a CI from 0.85
to 0.95, for example. We determined that a sample size
of 200 would preserve a CI width of <0.15 for any true
proportion ranging from 0.6 to 0.9.

Data collection

Individual-level data will be collected retrospectively using
facility registers or facility paper-based forms, as described
above. These data include presenting symptoms, eligi-
bility for oral antiviral treatment and provision of treat-
ment. Healthcare workers are requested to follow-up with
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patients at 10 and 30 days post-treatment initiation, either
in person at the clinic or by phone; these follow-up data
will be collected. In addition, data from routine labora-
tory information management systems, District Health
Information Software 2 or electronic medical record
systems in use at sites or the national level will be reviewed
if they capture study indicators of interest.

All data collectors will receive training that includes the
objectives and design of the study, use of the data collection
tools and research ethics. Data will be collected electron-
ically using SurveyCTO by data collectors and uploaded
via encrypted forms to a secure, encrypted server. The
data access will be governed by local guidelines.

Data analysis plan

Patients’ demographic characteristics and baseline clin-
ical risk factors, severity of disease and other relevant
characteristics will be reported using descriptive statis-
tics. Continuous data will be summarised by measures
including the mean, SD, median, first and third quar-
tiles, minimum and maximum. Categorical data will be
presented by frequencies (number and percentage) or
contingency tables. Primary and secondary outcomes for
cases initiating treatment will be reported using similar
descriptive statistics. If applicable, multivariable analyses
will be conducted using regression models (eg, logistic
regression, general linear model, negative binomial)
based on the distribution of the measure. Practice vari-
ation and patient clustering may be examined using
modelling, and missing data will be handled with tech-
niques, such as single imputation or Markov chain Monte
Carlo data augmentation algorithm.

Unless otherwise noted, two-sided p values <0.05will be
considered statistically significant. Statistical analyses of
the aggregate, deidentified data will be performed using
SAS software (V.9.4 or later; SAS Institute) and R (R Core
Team, 2021).

Objective 3: key stakeholder perspectives

The aim of this objective is to understand the perspectives
of key stakeholders on the COVID-19 T&T programme.
Objective 3 will be assessed through qualitative inter-
views of key stakeholders in five countries (Ghana,
Malawi, Nigeria, Rwanda and Zambia). We will conduct
in-depth, semistructured interviews with individuals from
the following stakeholder groups: (1) MoH or public
sector personnel, (2) healthcare workers involved in
the COVID-19 T&T programmes and (3) patients who
received care from the COVID-19 T&T programme.

Study design

The Consolidated Framework for Implementation
Research (CFIR) is a meta-theoretical implementation
science framework used to describe heterogeneity in
implementation across settings, as well as the relative
effect of key determinants in influencing implementation
outcomes.”’ The CFIR has been widely used to examine
barriers and facilitators to programme implementation

and is the structural framework used to guide the qualita-
tive aspects of this study.

Sample selection and sample size

Healthcare workers and patients will be drawn from
study sites through convenience sampling. Healthcare
workers will be included if involved in administering
COVID-19 testing or treatment at their site. Patients will
be included if they are =18 years old, have tested posi-
tive for SARS-CoV-2 and have been offered oral antiviral
treatment (regardless of whether treatment was initi-
ated or completed). MoH/public sector personnel will
be purposively sampled within each country to identify
and select participants with a diversity of perspectives
and experiences and familiarity with the COVID-19
T&T programme.” MoH/public sector personnel will
be considered for participation if employed within the
MoH national, provincial, district or public sector and
involved in developing or implementing the COVID-19
T&T programme. A record will be maintained of how
many key stakeholders decline to participate and their
reason for declining in order to better understand poten-
tial biases. Participants are free to decline participation
without providing a reason.

The sample size will be driven by thematic saturation
and qualitative power.”” Based on previous work, our
target sample size for the number of completed inter-
views is approximately 10-12 per stakeholder group per
country (n=30-36 per country).** Prior research suggests
that a median of 8-16 in-depth interviews is needed to
reach 80% and 90% saturation, respectively.”’

Data collection

MoH/public sector personnel interview guides will
address policy considerations for implementation of the
programme (online supplemental figure 4). Healthcare
worker interview guides will address facility-based barriers
and challenges in implementation of the programme
(online supplemental figure 5). Patient interview guides
will explore the patient experience receiving care from
the COVID-19 T&T programme (online supplemental
figure 6).

Written or verbal informed consent will be sought prior
to conducting interviews. Interviews may be conducted
in person or remotely using programs such as Zoom
or WhatsApp. Interviews will begin within 3months of
the official launch of the programme in each country,
depending on the local implementation timelines.

Quualitative data collectors will be trained by experi-
enced qualitative researchers either directly or in a ‘train-
the-trainer’ model. In this model, qualitative researchers
will train local data collectors and/or trainers on qual-
itative research methodology, interviewing skills, note-
taking skills, audio recording and obtaining informed
consent. These trainers, in turn, will train local data
collectors prior to data collection, with the support and
feedback of the qualitative researchers. Trained data
collectors will administer the interview guides and audio
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record the interviews using SurveyCTO. Following each
interview, note-taking forms will be completed by the
data collectors, recording and summarising the interview.
Note-taking forms and audio interviews will be uploaded
to a secure, encrypted server for analysis.

Data analysis plan

We will analyse the qualitative interview data following
a rapid content analysis technique*™ using Microsoft
Excel V.2019 to support coding and analysis. At least two
researchers will review all note-taking forms to develop
interview summary templates or debrief notes using
content analysis guided by CFIR. Rigour and validity will
be established by independently coding and summarising
the data, discussing emerging codes and thematic group-
ings during meetings and receiving input from a third
researcher to resolve any discrepancies. Following a
systematic assessment of context, barriers and facilita-
tors identified from the qualitative interviews, we will use
the CFIR-Expert Recommendations for Implementing
Change implementation strategy match tool, which will
provide us with a list of implementation strategies (eg,
facilitation, audit and feedback; develop quality moni-
toring systems, etc) to consider for each country. These
strategies will be shared with programme administrators
and local MoHs in each country. This feedback loop will
allow for real-time programmatic change to better suit
local populations and needs.

In addition to within-country analyses, we will conduct
comparative analyses across the study countries to identify
commonalities and differences in the setting and context,
country-specific barriers and facilitators, and local advo-
cacy and implementation strategies. These comparisons
will also consider key sociodemographic factors, such as
gender, and location factors, such as urban or rural resi-
dence, to provide a more nuanced understanding of how
implementation processes may vary across and within
settings.

DISCUSSION
The system improvement learnings generated by this
research have the potential to strengthen and solidify
the standard of care for mild to moderate COVID-19
through T&T programmes in the eight LMICs, where the
programme is being implemented (Ghana, Kenya, Laos,
Malawi, Nigeria, Rwanda, Uganda and Zambia). The
knowledge generated through this study will improve
understanding of the key characteristics of a strong
T&T programme and may translate to improved local
T&T programme implementation and better patient
outcomes. These direct patientlevel impacts include
decreased hospitalisation and mortality from COVID-
19 and improved uptake of COVID-19 testing through
demand generated by treatment availability.

The evaluation approach of the three study objec-
tives works synergistically such that the overall impact
of the study may support partner MoH countries to be

able to apply lessons learnt during implementation of
this programme to other T&T programmes, supporting
evaluation of future products/programmes for emerging
diseases. Through programme learnings and feed-
back from stakeholders, the study also has the poten-
tial to support the integration of the COVID-19 T&T
programme into existing health programmes, such as
HIV and TB, as a path to sustainability, and encourage
pandemic preparedness through syndromic diagnosis
and management that may be rapidly pivoted to future
novel pathogens.

A challenge of this study design, which includes retro-
spective analysis of observational patient data, is that
programme implementation will change over time,
including a reduced perceived threat of the virus. These
shifts may influence both the relevance of the programme
and the implementation processes. Therefore, it will be
important to carefully document and analyse changes in
the programme, as well as contextual, policy and polit-
ical shifts that may be relevant. We will ensure that study
teams document relevant contextual and policy changes
that may impede or promote SARS-CoV-2 testing and
treatment and programme implementation through our
existing qualitative and survey tools.

Another limitation of the study is the variable quality
of data in activated and study sites, especially for a new
disease programme. The variability in quality of data
will be somewhat mitigated through site supervision and
support, as well as providing support for improvements
in data management solutions. We will make attempts to
standardise data collection procedures in facility registers
or paper-based forms where possible.

This study protocol provides investigators with a
template that can be rapidly adapted to assess the
implementation of other T&T interventions, with the
potential to provide real-time learnings in future health
emergencies.

Patient and public involvement

No patients or members of the public were involved in
the design or development of this protocol. The study
was developed during a phase of the COVID-19 pandemic
where morbidity and mortality from COVID-19 were high,
and urgent provision of oral treatment to LMICs was a
priority. As a result, full community and patient consulta-
tion was not undertaken. However, the study was designed
to provide rapid learnings and feedback at a country level
to better adapt the programme to local needs.

ETHICS AND DISSEMINATION

This study was approved by the Duke University Insti-
tutional Review Board (Pro00111388). The study was
also approved by the local institutional review boards
in each country participating in individual-level data
collection (objectives 2 and 3): the Ghana Health
Services Ethics Review Committee (017/11/22), the
National Health Sciences Research Committee of Malawi
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(23/03/4025), the Rwanda National Research Ethics
Committee (105/RNEC/2023), the ERES Converge Insti-
tutional Review Board (Zambia) (23-Jan-023) and the
National Health Research Ethics Committee in Nigeria
(NHREC/01/01/2007-11/01/2024). The study findings
will be published in peerreviewed journals and dissem-
inated through dialogue events, national and interna-
tional conferences and social media.

Author affiliations

'Duke University, Durham, North Carolina, USA

2Department of Infectious Diseases and Immunology, Austin Health, Melbourne,
Victoria, Australia

SClinton Health Access Initiative, Boston, Massachusetts, USA

“Duke Global Health Innovation Center, Duke University, Durham, North Carolina,
USA

SDuke Clinical Research Institute, Duke University, Durham, North Carolina, USA
5Division of Infectious Disease, Duke University, Durham, North Carolina, USA
"Clinton Health Access Initiative, Abuja, Nigeria

%Clinton Health Access Initiative, Accra, Ghana

Department of Healthcare and Rehabilitation, Lao Ministry of Health, Vientiane, Lao
People’s Democratic Republic

'%Clinton Health Access Initiative, Nairobi, Kenya

"Clinton Health Access Initiative, Kampala, Uganda

'2Acute Respiratory Infection Unit, Ministry of Health, Lilongwe, Malawi
"University of Zambia/University Teaching Hospital, Lusaka, Zambia

"Clinton Health Access Initiative, Lusaka, Zambia

"SRepublic of Uganda Ministry of Health, Kampala, Uganda

"SClinton Health Access Initiative, Lilongwe, Malawi

Institutional Care Division, Ghana Health Service, Accra, Ghana

'8Ga East Municipal Hospital, Ghana Health Service, Accra, Ghana

"*Nigeria Federal Ministry of Health, Abuja, Federal Capital Territory, Nigeria
XClinton Health Access Initiative, Vientiane, Lao People’s Democratic Republic
Z'Rwanda Biomedical Center, Rwanda Ministry of Health, Kigali, Rwanda

22TB Division, Kenya Ministry of Health, Nairobi, Kenya

ZClinton Health Access Initiative, Kigali, Rwanda

Acknowledgements We acknowledge all members of the COVID Treatment
QuickStart Consortium.

Collaborators Members of the COVID Treatment QuickStart Consortium: Krishna
Udayakumar (Duke Global Health Innovation Center), Elina Urli Hodges (Duke Global
Health Innovation Center), Ellen (Nellie) Bristol (Duke Global Health Innovation
Center), Emily Macharia (Duke Global Health Innovation Center), Wenhui Mao
(Duke Global Health Innovation Center), Katharine Olson (Duke Global Health
Innovation Center), Cameron Wolfe (Duke University School of Medicine), Megan
Oakes (Duke University School of Medicine), Sarah Gonzales (Duke University
School of Medicine), Julie Miller (Duke University School of Medicine), Carl Mhina
(Duke University School of Medicine), Hayden Bosworth (Duke University School of
Medicine), Jason Blevins (Duke Clinical Research Institute), Laine Thomas (Duke
Clinical Research Institute), Monica Leyva (Duke Clinical Research Institute), Maria
Grau-Sepulveda (Duke Clinical Research Institute), Michael Merson (Duke Global
Health Institute), Shanti Narayanasamy (Duke Global Health Institute), Gary Edson
(COVID Collaborative), Elizabeth McCarthy (Clinton Health Access Initiative), Sean
Regan (Clinton Health Access Initiative), Jessica Tebor (Clinton Health Access
Initiative), Jessica Joseph (Clinton Health Access Initiative), Caroline Boeke (Clinton
Health Access Initiative), Nervine Hamza (Clinton Health Access Initiative), Bridget
Griffith (Clinton Health Access Initiative), Alan Staple (Clinton Health Access
Initiative), Fiona Gambanga (Clinton Health Access Initiative), Hilda Shakwelele
(Clinton Health Access Initiative), Alexander Martin-Odoom (Clinton Health Access
Initiative), Alida Ngwije (Clinton Health Access Initiative), Chukwuemeka Agwuocha
(Clinton Health Access Initiative), Ciru Wanjiru Ndichu (Clinton Health Access
Initiative), Lorraine Kabunga (Clinton Health Access Initiative), Maame Nkansaa
Asamoa-Amoakohene (Clinton Health Access Initiative), Mwaba Mulenga (Clinton
Health Access Initiative), Philip Kimani (Clinton Health Access Initiative), Phyllis
Chituku (Clinton Health Access Initiative), Prudence Haimbe (Clinton Health Access
Initiative), Sompasong Phongphila (Clinton Health Access Initiative), Garrett Young
(Clinton Health Access Initiative), Davis Karambi (Clinton Health Access Initiative),
Tamara Mwenifumbo (Clinton Health Access Initiative), Vennie Nabitaka (Clinton

Health Access Initiative), Vishal Brijlal (Clinton Health Access Initiative), Yamikani
Gumulira (Clinton Health Access Initiative), Jonathan Mtaula (Clinton Health Access
Initiative), Folu Lufadeju (Clinton Health Access Initiative), Brenda Kateera (Clinton
Health Access Initiative), Alexio Mangwiro (Clinton Health Access Initiative), Leslie
Emegbuonye (Clinton Health Access Initiative), Christian Ramers (Clinton Health
Access Initiative), Michelle Gao (Clinton Health Access Initiative), Okechukwu Amako
(Clinton Health Access Initiative), Devan Dumas (Clinton Health Access Initiative),
Megan Knox (Clinton Health Access Initiative), Maria Corcorran (Clinton Health
Access Initiative), Anthony Bless Dogbedo (Clinton Health Access Initiative), Faustina
Ofosua Mintah (Clinton Health Access Initiative), Somsy Dongpadith (Clinton Health
Access Initiative), Sabine Umuraza (Clinton Health Access Initiative), Rodrigue
Ndayishimiye (Clinton Health Access Initiative), Joseph Kalua (Clinton Health Access
Initiative), Nere Otubu (Clinton Health Access Initiative), Simene Sangha (Clinton
Health Access Initiative), Oluwatosin Akinwande (Clinton Health Access Initiative),
Opeyemi Abudiore (Clinton Health Access Initiative), Evarist Twinomuijuni (Clinton
Health Access Initiative), Robert Kirungi (Clinton Health Access Initiative), Milimo
Mweemba (Clinton Health Access Initiative), Dyson Telela (Clinton Health Access
Initiative), Khamsay Detleuxay (Department of Healthcare and Rehabilitation

(DHR), Ministry of Health (MoH), Lao PDR), Bounxou Keohavong (Food and Drug
Department (FDD), Ministry of Health (MoH), Lao PDR), Viengsakhone Louangpradith
(Department of Healthcare and Rehabilitation (DHR), Ministry of Health (MoH), Lao
PDR), Edson Rwagasore (Rwanda Biomedical Center), Pax Axell Karamage (Rwanda
Biomedical Center), Lawrence Ofori-Boadu (Ghana Health Service), Moses Mukiibi
(Uganda Ministry of Health), Wesley Tomnos (Kenya Ministry of Health), Lioyd
Mulenga (Zambia Ministry of Health), Nyuma Mbewe (Zambia National Public Health
Institute), lieoma Okoli (Federal Ministry of Health, Nigeria), Norman Lufesi (Malawi
Ministry of Health).

Contributors SN and FG contributed equally to this paper. Conception and design
of the study: KU, CRW, HBB, CEB, LB, SN, EM, BCG, JJ, JT, NH and FG. First draft
of the manuscript: SN and FG. Critical revision of the manuscript for important
intellectual content: all authors. All authors take responsibility for the accuracy of
the discussion and had authority over manuscript preparation and the decision to
submit the manuscript for publication. SN is the guarantor of this manuscript.

Funding This work was supported by Open Society Foundations, the Conrad N
Hilton Foundation and Pfizer.

Disclaimer The donors have no role in the design or analysis of this
implementation research study.

Map disclaimer The depiction of boundaries on this map does not imply the
expression of any opinion whatsoever on the part of BMJ (or any member of its
group) concerning the legal status of any country, territory, jurisdiction or area or
of its authorities. This map is provided without any warranty of any kind, either
express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability
and responsibility arising from any reliance placed on the content. Where the
content includes any translated material, BMJ does not warrant the accuracy and
reliability of the translations (including but not limited to local regulations, clinical
guidelines, terminology, drug names and drug dosages), and is not responsible
for any error and/or omissions arising from translation and adaptation or
otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Shanti Narayanasamy http://orcid.org/0000-0002-6667-2868
Jessica Joseph http://orcid.org/0000-0002-3860-4673
Nyuma Mbewe http://orcid.org/0000-0002-3309-0538

8 Narayanasamy S, et al. BMJ Open 2025;15:€088465. doi:10.1136/bmjopen-2024-088465


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6667-2868
http://orcid.org/0000-0002-3860-4673
http://orcid.org/0000-0002-3309-0538

REF
1

ERENCES

World Health Organisation. WHO COVID-19 Dashboard 2024.
Available: https://data.who.int/dashboards/covid19/deaths?n=c
[Accessed 19 Feb 2024].

Abedi V, Olulana O, Avula V, et al. Racial, Economic, and Health
Inequality and COVID-19 Infection in the United States. J Racial Ethn
Health Disparities 2021;8:732-42.

Bowleg L. We’re Not All in This Together: On COVID-19,
Intersectionality, and Structural Inequality. Am J Public Health
2020;110:917-17.

Khazanchi R, Evans CT, Marcelin JR. Racism, Not Race, Drives
Inequity Across the COVID-19 Continuum. JAMA Netw Open
2020;3:¢2019933.

Paremoer L, Nandi S, Serag H, et al. Covid-19 pandemic and the
social determinants of health. BMJ 2021;372:n129.

Marani M, Katul GG, Pan WK, et al. Intensity and frequency

of extreme novel epidemics. Proc Natl Acad Sci U S A
2021;118:2105482118.

Reis S, Metzendorf M-I, Kuehn R, et al. Nirmatrelvir combined with
ritonavir for preventing and treating COVID-19. Cochrane Database
Syst Rev 2022;9:CD015395.

Duke Global Health Innovation Center. COVID-19 therapeutics.
Launch and Scale Speedometer. Available: https://
launchandscalefaster.org/covid-19/therapeutics [Accessed 2 Oct
2023].

Africa CDC. COVID-19 test to treat guidelines: guidance to African
unition member states. 2022.

Rutayisire R, Boeke CE, Joseph J, et al. Implementing SARS-
CoV-2 antigen testing scale-up in Rwanda: retrospective analysis
of national programme data and qualitative findings. BMJ Open
2023;13:e066776.

Han AX, Girdwood SJ, Khan S, et al. Strategies for Using Antigen
Rapid Diagnostic Tests to Reduce Transmission of Severe Acute
Respiratory Syndrome Coronavirus 2 in Low- and Middle-Income
Countries: A Mathematical Modelling Study Applied to Zambia. Clin
Infect Dis 2023;76:620-30.

Wroe EB, Seung KJ, Baker BK, et al. Test and treat: a missing

link in the global fight against COVID-19. Lancet Glob Health
2022;10:e181-2.

Han AX, Hannay E, Carmona S, et al. Estimating the potential
impact and diagnostic requirements for SARS-CoV-2 test-and-treat
programs. medRxiv [Preprint] 2023.

World Bank. Population, total - middle income, low income 2023.
Available: https://data.worldbank.org/indicator/SP.POP.TOTL?
locations=XP-XM [Accessed 9 Dec 2023].

Levin AT, Owusu-Boaitey N, Pugh S, et al. Assessing the burden of
COVID-19 in developing countries: systematic review, meta-analysis
and public policy implications. BMJ Glob Health 2022;7:€008477.

16

17

20

21

22

23

24

25

26

27

28

29

Chang D, Chang X, He Y, et al. The determinants of COVID-19
morbidity and mortality across countries. Sci Rep 2022;12:5888.
Bollyky TJ, Hulland EN, Barber RM, et al. Pandemic preparedness
and COVID-19: an exploratory analysis of infection and fatality
rates, and contextual factors associated with preparedness

in 177 countries, from Jan 1, 2020, to Sept 30, 2021. Lancet
2022;399:1489-512.

Watson OJ, Barnsley G, Toor J, et al. Global impact of the first year
of COVID-19 vaccination: a mathematical modelling study. Lancet
Infect Dis 2022;22:1293-302.

World Health Organisation. Therapeutics and COVID-19: a living
guideline (version 10, 4/44/2022). 2022. Available: https://app.
magicapp.org/#/guideline/6141 [Accessed 6 Feb 2023].

Shea CM, Jacobs SR, Esserman DA, et al. Organizational readiness
for implementing change: a psychometric assessment of a new
measure. Implementation Sci 2014;9:7.

Damschroder LJ, Aron DC, Keith RE, et al. Fostering implementation
of health services research findings into practice: a consolidated
framework for advancing implementation science. Implement Sci
2009;4:50.

Palinkas LA, Horwitz SM, Green CA, et al. Purposeful Sampling

for Qualitative Data Collection and Analysis in Mixed Method
Implementation Research. Adm Policy Ment Health 2015;42:533-44.
Saunders B, Sim J, Kingstone T, et al. Saturation in qualitative
research: exploring its conceptualization and operationalization. Qual
Quant 2018;52:1893-907.

Guest G, Namey E, Chen M. A simple method to assess and

report thematic saturation in qualitative research. PLoS One
2020;15:€0232076.

Namey E, Guest G, McKenna K, et al. Evaluating Bang for the Buck:A
Cost-Effectiveness Comparison Between Individual Interviews and
Focus Groups Based on Thematic Saturation Levels. Am J Eval
2016;37:425-40.

Watkins DC. Rapid and Rigorous Qualitative Data Analysis:The
“RADaR” Technique for Applied Research. Int J Qual Methods
2017;16:1609406917712131.

Taylor B, Henshall C, Kenyon S, et al. Can rapid approaches to
qualitative analysis deliver timely, valid findings to clinical leaders? A
mixed methods study comparing rapid and thematic analysis. BMJ
Open 2018;8:e019993.

Gale RC, Wu J, Erhardt T, et al. Comparison of rapid vs in-depth
qualitative analytic methods from a process evaluation of academic
detailing in the Veterans Health Administration. Implement Sci
2019;14:11.

Brown-Johnson C, Safaeinili N, Zionts D, et al. The Stanford
Lightning Report Method: A comparison of rapid qualitative synthesis
results across four implementation evaluations. Learn Health Syst
2020;4:e10210.

Narayanasamy S, et al. BMJ Open 2025;15:€088465. doi:10.1136/bmjopen-2024-088465


https://data.who.int/dashboards/covid19/deaths?n=c
http://dx.doi.org/10.1007/s40615-020-00833-4
http://dx.doi.org/10.1007/s40615-020-00833-4
http://dx.doi.org/10.2105/AJPH.2020.305766
http://dx.doi.org/10.1001/jamanetworkopen.2020.19933
http://dx.doi.org/10.1136/bmj.n129
http://dx.doi.org/10.1073/pnas.2105482118
http://dx.doi.org/10.1002/14651858.CD015395.pub2
http://dx.doi.org/10.1002/14651858.CD015395.pub2
https://launchandscalefaster.org/covid-19/therapeutics
https://launchandscalefaster.org/covid-19/therapeutics
http://dx.doi.org/10.1136/bmjopen-2022-066776
http://dx.doi.org/10.1093/cid/ciac814
http://dx.doi.org/10.1093/cid/ciac814
http://dx.doi.org/10.1016/S2214-109X(21)00568-4
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=XP-XM
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=XP-XM
http://dx.doi.org/10.1136/bmjgh-2022-008477
http://dx.doi.org/10.1038/s41598-022-09783-9
http://dx.doi.org/10.1016/S0140-6736(22)00172-6
http://dx.doi.org/10.1016/S1473-3099(22)00320-6
http://dx.doi.org/10.1016/S1473-3099(22)00320-6
https://app.magicapp.org/#/guideline/6141
https://app.magicapp.org/#/guideline/6141
http://dx.doi.org/10.1186/1748-5908-9-7
http://dx.doi.org/10.1186/1748-5908-4-50
http://dx.doi.org/10.1007/s10488-013-0528-y
http://dx.doi.org/10.1007/s11135-017-0574-8
http://dx.doi.org/10.1007/s11135-017-0574-8
http://dx.doi.org/10.1371/journal.pone.0232076
http://dx.doi.org/10.1177/1098214016630406
http://dx.doi.org/10.1177/1609406917712131
http://dx.doi.org/10.1136/bmjopen-2017-019993
http://dx.doi.org/10.1136/bmjopen-2017-019993
http://dx.doi.org/10.1186/s13012-019-0853-y
http://dx.doi.org/10.1002/lrh2.10210

	Mixed methods implementation research of oral antiviral treatment for COVID-­19 in low- and middle-­income countries: a study protocol
	Abstract
	Introduction﻿﻿
	Methods and analysis
	Conceptual framework and key research questions
	Objectives
	Objective 1: ﻿﻿programme﻿﻿ learnings, monitoring and evaluation
	Study design
	Inclusion criteria
	Site selection and sample size
	Data collection
	Programmatic monitoring
	Organisational readiness for implementing change survey administration

	Data analysis plan

	Objective 2: patient-level ﻿﻿programme﻿﻿ impact
	Study design
	Site selection
	Patient selection
	Sample size
	Data collection
	Data analysis plan

	Objective 3: key stakeholder perspectives
	Study design
	Sample selection and sample size
	Data collection
	Data analysis plan


	Discussion
	Patient and public involvement

	Ethics and dissemination
	References


