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ABSTRACT

Objective To evaluate the use of antigen-based rapid
diagnostic tests (Ag-RDTs) alongside a digital tool to
deliver household-level COVID-19 testing by community
health workers (CHWs), in line with Rwanda’s ambition to
decentralise COVID-19 testing.

Design This was an operational pilot study to evaluate the
impact and operational characteristics of using the digital
e-ASCov tool combined with Ag-RDTs to support COVID-19
symptom screening and rapid testing by CHWs across
eight districts in Rwanda. A total of 800 CHWs selected
from both rural and urban areas were trained in delivering
Ag-RDTs for COVID-19 testing and using the e-ASCOV
application for data capture on a smartphone. Laboratory
technicians repeated a subset of Ag-RDTs to assess the
concordance of results obtained by CHWSs. The study also
assessed CHWs'’ experience of the intervention using a
mixed-methods approach.

Setting Eight rural, urban and semiurban districts in
Rwanda.

Participants A total of 19 544 individuals were enrolled
and screened for signs and symptoms of COVID-19.
Interventions Community-based screening for COVID-19
by CHWSs using the digital tool e-ASCov combined with
rapid testing using Ag-RDTs.

Main outcome measures Number of participants
screened and tested; concordance of Ag-RDT results
between CHWs and laboratory technicians; feasibility of
study procedures by CHWs and CHWs perceptions of the
digital tool and Ag-RDT testing.

Results From February to May 2022, CHWSs screened

19 544 participants, of whom 4575 (23.4%) had COVID-
19-related symptoms or a history of exposure to the
infection. Among them, 86 (1.9%) were positive on Ag-
RDTs. Concordance of Ag-RDT results between CHWs
and laboratory technicians was 100%. Of the 800 trained
CHWSs, 746 (93.3%) were independently able to conduct
household-based COVID-19 screening, perform the Ag-
RDTs and send data to the central server. Most CHWs
(>80%) found Ag-RDTs and e-ASCQV easy to use.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study was built on a well-established com-
munity health worker network, leveraging existing
personnel and operational structures to introduce
a new intervention with minimal disruption to the
health system.

= Digitisation of the study process helped to ensure
that standardised procedures were followed for
screening and data management despite the dis-
persed settings in which study activities took place
in the communities.

= The study used only Android smartphones; challeng-
es related to different phones were not assessed.
However, the application met the requirement for
installation and use in all smartphone versions.

= The study did not include control districts or other
comparators, as this was not feasible during the
emergency response to the pandemic.

Conclusions This study demonstrated the feasibility of
deploying a digital tool and Ag-RDTs for household-level
SARS-CoV-2 detection in Rwanda. The findings support
a broader roll-out of digitally supported rapid testing by
CHWSs to broaden access to testing for priority diseases.

INTRODUCTION

As of 9 February 2022, Rwanda had reported
129 210 cases of COVID-19, over 4.5 million
tests conducted and 1449 deaths." Of the
4.5 million tests, 73.3% were antigen-based
rapid diagnostic tests (Ag-RDTs), while 26.7%
were PCR tests. Most COVID-19 cases were
reported during three major waves in which
rapid surges of infection took place in a short
period of time,' underscoring the importance
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of widespread testing to enable the rapid detection of
SARS-CoV-2 and contain its transmission.”

While the epidemic was initially concentrated in urban
settings, with the capital city, Kigali, accounting for 29.1%
(28 267 of 97 190) of cumulative cases,” over time an
increasing number of cases were detected in more rural
areas of the country. Lower access to health facilities in
less urbanised settings highlighted the need to expand
community-based testing. Even outside of an emergency,
the opportunity costs associated with travel to health
facilities present significant barriers to care-seeking in
many settings,* which were further heightened by move-
ment restrictions and economic constraints during the
COVID-19 pandemic.’

The increased availability of point-of-care testing for
COVID-19, specifically Ag-RDTs, created new opportuni-
ties to bring testing closer to patients given the limited
laboratory infrastructure available to deliver the gold-
standard testing using PCR, especially in rural areas.
COVID-19 testing with Ag-RDTs in Rwanda was initially
delivered by trained clinicians or laboratory profes-
sionals and had not been formally offered by community
health workers (CHWSs) at the household level. However,
the country’s extensive network of CHWSs was already
involved in the diagnosis of other diseases, including
symptom screening and referral for tuberculosis (TB). For
example, between 2020 and 2021, 26.3% of the 5435 TB
cases in Rwanda were referred by CHWs.® Consequently,
there was a basis on which to review the COVID-19 testing
process and consider expanding Ag-RDT testing at the
community level through trained CHWs. Extending diag-
nostic ability using CHWs promises tremendous potential
for expanded access but also presents challenges in terms
of accurate and timely data reporting.

Accurate testing and timely data reporting are critical
for the effective management of the COVID-19 response,
particularly during periods of rapid transmission when
such data provide early alerts of impending waves and
hotspots to which intensified resources should be directed.
CHWs could thus play a role not only in expanding
access to diagnosis, but in supporting the development
of community health surveillance approaches, which
the WHO has highlighted as a core pillar of pandemic
preparedness.”

Digital tools play an important role in enabling the
rapid transmission of data to support real-time moni-
toring and epidemiological surveillance and ease CHWSs’
path to making decisions with clinical implications. Digital
solutions provide real-time guidance and standardisation
of processes at the point of care and at the management
level and enable visibility into procedures being imple-
mented at decentralised sites.®

Leveraging Rwanda’s widespread CHW network,
the ‘e-ASCov project’ was initiated and piloted by the
Rwanda Biomedical Centre (RBC) and partners to eval-
uate the use of digital tools and Ag-RDT testing by CHWs
in 2020. The pilot project was rolled out in two urban
and two rural districts in Rwanda, whereby CHWs were

trained and equipped with innovative digital technology
to support community-based screening and referral of
people with COVID-19 symptoms. The RBC-developed
e-ASCov mobile application was installed on the phones
of participating CHWs to support them with COVID-19
symptom screening and referral and ensure that related
data are systematically captured and rapidly transmitted
to national data servers to guide national surveillance and
response efforts.

This study sought to build on the original e-ASCov
pilot, and the opportunities offered by the expansion of
Ag-RDT testing, by expanding e-ASCov to include instruc-
tions and data capture for administration of Ag-RDTs,
and mechanisms for real-time reporting. At the time it
was designed, to the authors’ knowledge, this was the first
study that evaluated the ability of CHWs to perform SARS-
CoV-2 Ag-RDT testing, capture and transmit results in
Rwanda and the broader African region. Thus, the study
would provide grounds to review and update COVID-19
laboratory testing guiding principles in Rwanda vis-a-vis
the possibility to decentralise RDT-based diagnosis at the
community level by trained CHWs.

METHODS

This was an operational pilot study to evaluate the impact
and operational characteristics of using the digital tool
e-ASCov combined with Ag-RDTs to support symptom
screening and delivery of rapid testing by CHWs at the
household level.

Study setting and population
The study took place in eight districts in four provinces
in Rwanda, including the four districts selected in the
e-ASCov pilot. Four additional districts were selected
based on infection rates (those with the highest infection
rates at the time the study began) and geographical loca-
tion. In terms of geographical location, a spread of rural,
urban and semiurban districts was included, with priori-
tisation of rural districts as residents had restricted access
to health facilities in these areas compared with the rest
of the population. Districts with land borders were also
prioritised due to a greater risk of COVID-19 transmission
because of higher levels of movement between countries.
A total of 800 CHWs were selected for this study
across 34 health centres (100 per district), representing
around 5% of the total CHW workforce in the studied
districts. Villages were selected randomly depending on
the number of CHWSs required per health centre, with
all active CHWs included from selected villages. Online
supplemental table 1 provides an overview of the study
districts and CHWs included in the project by district.
Within these districts, the intervention was fully inte-
grated into the CHWS’ routine package of care, which is
accessible to all residents. As a result, the eligible popula-
tion for this project was any person resident in the study
districts.
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e-ASCov Algorithm

» Has the subject travelled to a country or region with community
transmission of COVID-19 prior to the onset of symptoms?

> Has the subject been in contact with a probable or suspect
COVID-19-positive person in the last 24 days before the onset of
symptoms?

» What is the temperature of the subject measured by the subject or
that you measure during the interview? > 38°C

» In the past 24 hours, has the subject noticed an unusual shortness

of breath when speaking or making a small effort?

Has the subject noticed a sharp decrease in his/her taste or smell in

recent days?

> Does the subject have any unusual muscle pain or aches in the
past few days?

Start

e-ASCov app
screening >
questionnaire

NOTE: It's not mandatory to have all the above TRUE for CASE 2

Data saved in a
phone's local
storage — algorithm

CASE 2
The situation may fall under
COVID-19. Please carry out the RDT to
confirm the result.

l Yes

Do all the

Do all the below

8 Does any of the Yes !
questions have an —No above questions R questions have an
. answer as NO? have an answer answer as YES?
as YES?
Yes
No

CASE 1
The situation

A

No

A

probably does not
fall under >
COVID-19. Ask
the subject to come
back to see you if
new symptoms
appear.

the interview? >38°C

3

Has the subject travelled to a country or region

with community transmission of COVID-19 prior

to the onset of symptoms?

» Has the subject been in the contact with a probable
or suspect COVID-19-positive person in the last
24 days before the onset of symptoms? Does the
subject say he/she had fever?

» What is the temperature of the subject measured

by the subject himself or that you measure during

» In the past 24 hours, has the subject noticed a
unusual shortness of breath when speaking or
making a small effort?

» Does the subject have a known respiratory illness?

NOTE: It's mandatory to have all the above for CASE

.

CASE 3
The situation may
fall under
COVID-19.
Urgently carry
out the RDT to
confirm the test
result.

> End

Figure 1

Digitally enabled screening and rapid testing
This study was built on the e-ASCov pilot, described previ-
ously,” in which CHWs identified individuals suspected
to have COVID-19 and referred them for testing. The
e-ASCov tool was an existing, field-tested mobile applica-
tion for symptom screening to identify possible COVID-19
cases. CHWs verbally administered a screening question-
naire to individuals in their communities, which focused
on signs and symptoms suggesting a risk of COVID-19,
recording individual’s response in the e-ASCov appli-
cation. Based on the responses, an algorithm built into
the application assigned participants to one of three risk
levels (low risk, suspected case and urgent case)—with the
latter two categories being referred for Ag-RDT testing.
The algorithm used for screening was updated to align
with the latest guidance from Rwanda’s Ministry of Health
(figure 1), with inbuilt skip logic determining which of
the case categories an individual fell into.

e-ASCov algorithm used in pilot study. RDT, rapid diagnostic test.

For this study, the RDT toolkit (developed by Dimagi) """
was integrated into e-ASCov, to provide instructions for
administering RDTs, a timer, and data capture for the test
and result (figure 2). Originally developed to support
rapid diagnostic testing for malaria, the toolkit is readily
customisable for different conditions for which RDTs are
used. It was thus adapted to support delivery of the SARS-
CoV-2 Ag-RDT5s and translated to make instructions avail-
able in Kinyarwanda.

When a CHW was prompted to conduct a test after the
e-ASCov questionnaire, the workflow automatically transi-
tioned into the RDT toolkit without the CHW having to
change applications. This presented a set of instructions
in Kinyarwanda. The CHW collected nasal samples for
the Ag-RDT using nasopharyngeal swabs and were there-
after instructed to start the timer after initiating the test.

Rapid testing by the CHWs was conducted according
to manufacturer’s instructions using a validated Ag-RDT
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Figure 2 Study workflow. HMIS, health management information system; RBC, Rwanda Biomedical Centre; RDT, rapid

diagnostic test.

(Panbio COVID-19 Ag Rapid Test Device, Abbott), which
was already recommended by Rwanda’s COVID-19 Labo-
ratory Testing Guiding Principles and routinely used.'
Using the timer on the application, CHWs read the
Ag-RDT result after the processing time and recorded the
result in the e-ASCov tool. There was also an option to
capture and transmit images of the test result to enable
validation of the result by the central team at RBC. As
e-ASCov was fully integrated within the broader Ministry
of Health digital system for reporting on COVID-19, data
were subsequently transmitted to RBC servers in real time.

Patients who tested positive on the Ag-RDTs were
referred to a nearby facility if their risk was classified
as ‘urgent’ (case 3 in figure 1) or would otherwise be
referred to the existing home-based care programme,
which includes guidance on isolation and self-monitoring
of symptoms. In addition, their contacts were registered
and tested using the same procedure.

Evaluation of the concordance and performance of Ag-RDT

To assess the concordance of Ag-RDT results between
CHWSs and the laboratory technician, 499 CHWSs were
randomly selected and shadowed by a laboratory techni-
cian for a period of time. During that time, the CHWs
administered Ag-RDTs and read the result independently,
then re-read by the field trainer (observer). The result
interpreted by the CHW was blinded to the laboratory
technician as an operator. The laboratory technician
then repeated the Ag-RDT and reported their result inde-
pendently. The results from the tests performed by the
laboratory technician were considered final and commu-
nicated to clients.

Assessment of the experience

The study assessed CHWSs’ experience of the interven-
tion using a mixed methods approach. First, a self-
administered questionnaire with close-ended questions
was provided to CHWs. Second, qualitative data were
collected using focus group discussions with CHWs in
four districts (Rubavu, Huye, Nyagatare and Gasabo). The
questions focused on e-ASCov and the administration of
Ag-RDTs, in terms of usability, satisfaction, enablers and

barriers, and the perceived continuity of the intervention.
Interviews were conducted in Kinyarwanda and recorded
with the aid of smartphones and tablet devices, then later
transcribed and translated into English. Copies of ques-
tions asked as part of the focus group discussions are
available in online supplemental methods.

Training and mentorship

CHWs and supervising staff at participating facilities
underwent 1-2 days of theory and practical training at
the district level. A refresher training was conducted
on general COVID-19 information including the use of
personal protective equipment (PPE), detecting symp-
toms of COVID-19 and follow-up of COVID-19 cases.
CHWs were then further trained on screening and data
capture using e-ASCov. Finally, qualified staff from the
NRL provided training on how to conduct Ag-RDTs.
This included a demonstration with the aid of a practical
video, following which the CHWs conducted Ag-RDT
testing under the supervision of facilitators. The commu-
nity health supervisor and the training facilitators at the
respective health centres were responsible for ensuring
the distribution of materials to the CHWs and account-
ability in the use of these materials.

Pretraining and post-training tests were conducted to
confirm participants’ level of knowledge. Trainees’ feed-
back on the digital tool also informed further refinement
of the application during the training process. During
implementation, ongoing mentorship was provided
through existing supervisors at facilities, with additional
support from RBC, particularly for resolving any oper-
ational and technological issues that arose during the
study. Refresher training and technical support around
using the digital tool were provided as needed, and
the proportion of CHWs who needed such support was
monitored.

Data management and analysis

Sample size and sampling techniques

The target sample size for Ag-RDT testing was determined
by feasibility considerations, with a target of delivering
up to 6816 tests to symptomatic individuals plus direct
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contacts of confirmed cases. Based on data from the first
pilot phase of e-ASCov, in which 30% of all individuals
screened were eligible for testing based on symptoms, it
was estimated that close to 20 000 individuals would need
to be screened to achieve the testing target. Each CHW,
therefore, aimed to screen 20-25 individuals during the
study period.

Data collection and sharing

Participants were given a unique number, which was
used to identify the collected data. Demographic and
clinical data, test results and images linked to these data
were stored in e-ASCov and transmitted to the local RBC
servers for integration into the national COVID-19 data
system. The e-ASCov app included validation rules that
prevented the skipping of mandatory questions and
therefore prevented missing data.

All the information obtained in this study was kept and
handled in accordance with applicable laws and/or regu-
lations. Data were stored and archived to the RBC server
in compliance with national data security guidelines per
the Rwanda Information Security Authority,"” with only
authorised personnel processing the information. Data
encryption and anonymisation principles were applied
to safeguard confidentiality. Any access to and use of the
data was subjected to the approved data-sharing agree-
ments between different institutions that formed the
study team.

Ethical Declaration

Ethical approval and consent to participate

Ethical clearance to conduct this study was obtained from
the Rwanda National Ethics Committee (RNEC) No0.920/
RNEC/2021. As this intervention was integrated into
routine Ministry of Health programming included in the
CHWs’ package of services, RBC secured a formal waiver of
informed consent for community members to take partin
the household-level COVID-19 testing through the RBC’s
CHWs. Thus, no additional informed consent forms were
required from individuals. However, the CHWs taking

part in the interviews or focus group discussions signed
an informed consent form before participation.

Regulatory
This study was conducted in accordance with the protocol
and with consensus ethical principles derived from
international guidelines, particularly the Declaration
of Helsinki and Good Clinical Practice Guidelines: ICH
GCP E6 (R2). Several measures were taken to minimise
the risk of infection for CHWs or other members of the
household during community-based testing, including
previously described training and provision of PPE to
CHWs. In addition, CHWs were trained on how to assess
the households of individuals who were eligible for
testing, to determine whether an appropriate space was
available (in terms of size, distance from other household
members and adequate ventilation). If the household did
not contain such a space, testing was conducted outside
of the house, in the household compound.

An author reflexivity statement is provided in online
supplemental methods.

Patient and public involvement

Patients and the community were involved in the pilot,
with the experience and findings used to inform the
design of this study.

RESULTS

Number tested and screened

A total of 19 544 individuals were enrolled in the study
and screened for signs and symptoms of COVID-19
(table 1). Of these, 4575 (23.4%) had signs and symptoms
suggestive of COVID-19 infection and were thus eligible
for testing with Ag-RDTs (table 1).

The proportion of those screened who reported symp-
toms of COVID-19 was highest in urban areas, with the
highest rates observed around the capital city, Kigali, in
Gasabo (35.0%) and Nyarugenge (31.2%) (table 1).

Table 1 Number of participants screened and tested

Number with Percentage

symptoms (eligible screened eligible Positivity
District All screened for testing) for testing Negative Positive Invalid rate (%)
Gasabo 1708 598 35.0 558 14 26 2.3
Huye 1625 435 26.8 414 4 17 0.9
Kirehe 3009 787 26.2 717 8 62 1
Musanze 2549 563 22.1 513 13 37 2.3
Nyagatare 2498 465 18.6 443 1 21 0.2
Nyarugenge 2226 694 31.2 621 21 52 3
Rusizi 3254 359 11.0 345 1 13 0.3
Rubavu 2675 674 252 634 24 16 3.6
Total 19 544 4575 23.4 4245 86 244 1.9
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Table 2 Concordance of COVID-19 testing between
community health workers and laboratory technicians

Retesting by laboratory

Testing by community _technicians

health worker Positive Negative
Positive 3 0
Negative* 0 496
Invalid 0 0

Total 3 496
Observed agreement (%) 100

Expected agreement (%) 98.78

Cohen’s kappa 1.0

The Cohen’s kappa agreement was assessed beyond the
agreement by chance and considered the observed agreement
and the expected agreement by chance, their value >0.8 show a
perfect agreement or very good agreement.

*The test were administered using rapid test Ag-RDT by both
CHWs and laboratory technicians.

Ag-RDT, antigen-based rapid diagnostic test; CHWs, community
health workers; NRL, National Reference Laboratory.

The overall positivity rate in the study was 1.9%, and
by district, was highest in the border district of Rubavu
(3.6%) and Nyarungenge district (3.0%), which forms
part of the capital city. A total of 244 tests, representing
5.3% of all tests conducted, were automatically flagged
by e-ASCov as ‘Invalid: Control Failed’, as over 20 min
elapsed with no result being entered in the application.
The test was repeated for individuals with invalid results.
There were no missing data (table 1).

Contribution to case-finding in districts

During the study period, a total of 378 COVID-19 cases
were diagnosed in the eight districts. Of these, 86 were
diagnosed through the study intervention, with CHWs
thus accounting for 22.8% of all diagnosed COVID-19
cases during the study period (online supplemental
table).

Concordance of results between CHW and laboratory
technician

A total of 499 participants were tested for COVID-19
using Ag-RDT by CHWs and laboratory professionals for
the concordance evaluation. Of these, three positive cases
and 496 negative cases were identified by both CHWs and
laboratory professionals. All the Ag-RDT results obtained
by CHWs were confirmed by professional laboratory tech-
nicians, with a perfect agreement of 100% between results
from the CHWSs and the laboratory technicians (Cohen’s
kappa of 1.0) (table 2).

Feasibility

Overall, 746 out of 800 CHWs (93.3%) were able to inde-
pendently conduct all study procedures without support
from supervisors. This included screening using the
e-ASCov application, administering nasal swabs for the

Ag-RDTs and conducting the test, reporting results and
sending data to the national RBC server. The remaining
proportion (6.7%) of CHWs required substantive support
to implement one or more of the above steps.

Qualitative assessment: satisfaction, usability and
acceptability

Respondent profiles

A total of 349 CHWs participated in qualitative assess-
ments of the testing experience. The mean age of these
participants was 44 years with a range of 20-72 years.
Of these, 42.1% had completed primary education and
44.1% had completed secondary education. Only 4.3%
had received a university education, while 9.5% had
undergone vocational training.

CHW perceptions of e-ASCov

Respondents were asked a number of questions related to

their experiences with using the digital tool, with findings

summarised in online supplemental table 2. The majority
reported positive feedback on the experience, with main
areas identified for improvement including:

» Duration of training: 28.7% of participants believed
the length of training was only partly sufficient, while
16.3% believed that it was not sufficient to cover all
the skills they needed to learn.

> Access to internet: close to half (48.7%) of the partic-
ipants reported only partial satisfaction with internet
access during the study.

» Time taken to enter data: one in five respondents
stated that the time required for data entry was long,
while one in three did not believe that it was short
enough.

Despite these challenges, all respondents expressed
the need for future use of e-ASCov, with 99.7% recom-
mending thatitshould be scaled up to other disease areas.

CHW perceptions of CHW-led Ag-RDT testing

A small proportion of respondents (0.9%) expressed
challenges with administering tests, although the majority
(89.6%) still believed this was easy and 9.5% indicated
it was slightly easy. While only 57.8% responded that the
training was sufficient, 93.9% still found it easy to read
Ag-RDT results, while 84.8% found it easy to report results
through e-ASCov (online supplemental table 3).

DISCUSSION

This study successfully leveraged previous investments in
a screen-and-refer model to enable CHWs to deliver near-
patient, high-quality screening and testing for COVID-19
in Rwanda using Ag-RDTs and a mobile application.
Although implementation took place during a period of
low COVID-19 transmission in Rwanda, nearly a quarter
of the 19 544 participants screened had signs and symp-
toms of COVID-19. Rates of COVID-19 were particularly
high in the Kigali metropolis, where over 30% of screened
individuals were identified as potential COVID-19 cases.
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This indicated a higher frequency of respiratory and
other symptoms in urban areas, highlighting a need for
expanded and more targeted COVID-19 case finding in
communities. Overall, 1.9% of tested individuals were
positive for SARS-CoV-2—a significant decline from the
earlier screen-and-refer e-ASCov pilot where the positivity
rate was 7.5% preceding scale-up of Rwanda’s COVID-19
vaccination programme.

The CHWs demonstrated an excellent capacity to
perform the COVID-19 Ag-RDT. There was full concor-
dance (100%) between the Ag-RDTs run by CHWs and
those performed by laboratory professionals, which
demonstrates that trained CHWs are capable of deliv-
ering Ag-RDTs with comparable quality to laboratory
personnel, making the case for task-shifting of rapid diag-
nostic testing to the lowest levels of care providers. While
PCR testing is known to be more sensitive than antigen-
based rapid testing, Ag-RDTs still have a valuable role
to play in detecting cases especially in resource-limited
settings.'*

Wide variations were observed in the Ag-RDT positivity
rate in the study, with the highest rate found in Rubavu,
a district at the border with the Democratic Republic
of Congo. Across multiple disease areas, cross-border
mobility has often been associated with increased spread
of disease.'” '® While this prompted widespread restric-
tions on international movement, especially in the earlier
stages of the pandemic response, there is a lack of conclu-
sive evidence on the effect of these restrictions on the
incidence of COVID-19."” Nevertheless, our study high-
lights the role of enhanced testing to better identify high
transmission areas and evaluate what measures can most
effectively reduce disease transmission. Expanding access
to testing through CHW-led diagnosis, as was conducted
in this study, is one such way to intensify testing, particu-
larly in environments where there is a higher risk of trans-
mission such as densely populated urban settings and
border districts.

The urban districts, Nyarugenge and Gasabo, also
reported high COVID-19 positivity rates of 3.0% and
2.3%, respectively, at the time when the national posi-
tivity rate was below 1%. Community-based testing
methods supported by digital tools, as deployed in this
study, could be a useful approach for earlier identifica-
tion of high-transmission areas such as these, by facili-
tating near-patient access to testing. Disaggregated data
on vaccination status and previous infection per district
were not collected by this study; these would be useful
in interpreting the symptoms and positivity rates seen in
the different districts. Towards the end of the study, there
was a reduction in COVID-19 incidence and people with
COVID-19 symptoms, which was also observed nation-
wide in both urban and rural areas.

During the study, the testing conducted by CHWs
accounted for 22.8% of all cases identified in the study
districts, although only 5% of the overall CHWs in the
study districts were involved in the study. The dispro-
portionately high contribution of CHWs to identifying

COVID-19 cases illustrates the significant potential of
this cadre of health workers to expand case finding for
COVID-19 and other diseases if engaged at a larger scale.

The use of a digital tool played an important role in
enabling CHWs to carry out COVID-19 testing in the
community, by providing decision support and facili-
tating data entry. The FGDs with CHWs provided insights
into this experience.

Was understandable and didn’t take much time, the
way that tools were made makes everything easy, so we
were 100% confident. — An FGD participant.

While some CHWs interviewed in the FGDs acknowl-
edged that they initially faced difficulties with using the
digital tool and indicated the need for a longer period of
training, most were comfortable with the tool by the end
of the study. The training was delivered in most study sites
within 2 days, but the speed of learning differed across
the sites and between participants. Across CHWs, training
first-time users of smartphones on how to navigate the
telephone took the longest time.

It was observed that younger CHWs were the fastest
learners due to strong digital literacy, while CHWs with
more advanced age (60 years and above) faced more chal-
lenges and required closer support from the facilitators
and supf:rvisors.18

At first time the phones were going to be hard for
us. Saving the information obtained from the peo-
ple failed to work completely. They helped us and
showed it to us how to proceed. We continued to try
and end up by becoming familiar with the system. I
am 90% confident. — An FGD respondent.

In addition to expanding access to testing, the process
used in this study—Ag-RDTs combined with a digital
tool—strengthened surveillance systems, and decon-
gested health facilities and laboratories in study areas.
The ability of CHWs to report directly to the national
database, using unique patient codes, which has been
part of Rwanda’s testing architecture since the start of
the pandemic, greatly enhanced the benefit of this inter-
vention. Together the findings demonstrate the value of
investing in strong digital health systems that can easily be
built on to improve services.

CHWs involved in the study agreed, almost unani-
mously, on the need for continued delivery of Ag-RDTs
by CHWs, and use of e-ASCov to support this process.
Some pointed out that they were building on their experi-
ence with delivering other RDTs such as for malaria, and
that expanding the range of diseases for which testing is
offered would enhance quality of life for the people in
their communities.

This method of COVID testing I found is not a diffi-
cult thing, because otherwise we as CHW usually do
malaria treatment...although performing malaria
test and COVID-19 tests seems to be different, it is
not difficult...If you know that you're going to help
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a patient who comes to you to get better life, that’s
something I found possible and we do, it’s not too
difficult. — An FGD CHW respondend.

I suggest to introduce the diseases that we are nor-
mally treating in the [e-ASCov] system...it will be
helpful and delivering information will be so quick.
An FGD CHW respondent.

In other settings, the use of digital tools in community-
based testing has demonstrated several benefits,
including improving the assessment of disease risk based
on embedded algorithms to guide appropriate triage
of patients' and improve diagnostic accuracy. The
COVID-19 pandemic response also led to an unprec-
edented surge in the use of digital solutions to support
healthcare delivery and decision-making.® *' However,
the proliferation of different tools can increase fragmen-
tation of the digital health architecture and contribute
to misalignment between data systems,* limiting full visi-
bility into patient data across different disease areas.”
Hence, it is important to consider the fit and interoper-
ability of digital tools within the existing digital health
architecture before implementing new approaches.

Inclusion of other diseases into e-ASCov to accelerate
community-based testing would help to avoid the frag-
mentation of the digital health architecture and enable
more efficient use of resources by facilitating the diag-
nosis of other diseases. Increasing the ease of differential
diagnosis is particularly important, given that over one
in five patients in this study had illness-related symptoms
that were not diagnosed as COVID-19. Such people could
benefit from point-of-care testing for other diseases that
may be causing symptoms similar to COVID-19, particu-
larly febrile and respiratory illnesses. Based on the find-
ings of this study, and the national plan to digitise the
CHWs services, we are jointly developing a robust inte-
grated community health information system that will
also incorporate the contents of e-ASCov. We intend to
evaluate the effectiveness and impact of the planned inte-
grated system once developed, particularly on conditions
with overlapping clinical presentations such as TB, pneu-
monia, COVID-19 and malaria. Demonstrating the value
of an integrated community health system in Rwanda can
set a precedent for other nations in Africa and in other
regions to implement similar systems.

Limitations of the study include that it did not evaluate
the cost-effectiveness of the evaluation, as its primary
objective was to investigate if non-conventional medical
staff can perform Ag-RDT testing for COVID-19, to bring
testing closer to the community. Future studies would be
valuable to assess the cost-effectiveness of the intervention.
Although the study provides a general demonstration of
the value of using CHWs to deliver community-based
testing, the specifics of the intervention (eg, the number
of CHWs, training required) would need to be tailored to
the specific setting if rolled out more broadly.

Point-of-care diagnostics, such as Ag-RDTs, are also crit-
ical to expand access to testing and have been successfully

applied as part of testing approaches for other diseases,
including HIV. Evidence from systematic reviews of HIV
point-of-care testing by non-laboratory workers and lay
workers have demonstrated the value of point-of-care
diagnostics in expanding access to health services,?* *
reducing diagnosis delays, allowing timely treatment initi-
ation and facilitating linkage to care.”

Beyond its immediate benefits for detecting diseases
like COVID-19, improved community surveillance could
also be used to predict and potentially avert epidemic
outbreaks in the future. For example, in India’s early
COVID-19 response, regular analysis of syndromic data
deepened the precision of hotspot predictions.”” Estab-
lishing systems for routine collection of such data could
thus be beneficial for overall pandemic preparedness.

In summary, this study demonstrated the value of a
digital tool combined with Ag-RDT testing to support
household-level SARS-CoV-2 detection and contact
tracing by CHWs in Rwanda. The study fed into Rwanda’s
vision for decentralising COVID-19 services and health-
care more broadly. It also provides evidence to support
the inclusion of COVID-19 rapid testing within the port-
folio of diagnostic services that are already provided by
CHWs in the country. The operational model—namely,
point-of-care tests by CHWs, supported by digital tools for
real-time clinical guidance, process management and data
capture and transmission—could be scaled up nation-
ally to enable greater access to decentralised testing for
COVID-19 and other diseases across the rest of the country.
Together, the findings indicate an opportunity to roll out
digitally supported rapid testing for COVID-19 and other
diseases to support healthcare service delivery closer to
the community and evidence-based decision-making.
Although this study was conducted during the COVID-19
pandemic, when Rwanda needed urgent solutions to
maximise early detection and control of the disease and
COVID-19 is currently endemic,” the lessons from this
study can also be adapted for early warning of outbreaks
and surveillance of other diseases. As an example, the
digital approaches used in this study have subsequently
been applied in the development of a national community
health information system, by designing digital symptom
screening and decision support integrated across the full
package of services delivered by CHWs. This system has
been piloted in Rwanda since 2023.
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