
 Im
plem

entation and Scale U
p of Point of Care (PO

C) Diagnostics in Resource-Lim
ited Settings 

Tivani M
asham

ba-Thom
pson and Paul K. Drain

Implementation 
and Scale Up 
of Point of Care 
(POC) Diagnostics 
in Resource-
Limited Settings

Printed Edition of the Special Issue Published in Diagnostics

www.mdpi.com/journal/diagnostics

Tivani Mashamba-Thompson and Paul K. Drain
Edited by



Implementation and Scale Up of
Point of Care (POC) Diagnostics in
ResourceLimited Settings





Implementation and Scale Up of
Point of Care (POC) Diagnostics in
ResourceLimited Settings

Editors

Tivani Mashamba-Thompson

Paul K. Drain

MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade • Manchester • Tokyo • Cluj • Tianjin



Editors

Tivani Mashamba-Thompson

University of Limpopo

South Africa

Paul K. Drain

University of Washington

USA

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal

Diagnostics (ISSN 2075-4418) (available at: https://www.mdpi.com/journal/diagnostics/special

issues/poc diagnostics).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Article Number,

Page Range.

ISBN 978-3-03943-170-0 (Hbk) 
ISBN 978-3-03943-171-7 (PDF)

c© 2020 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license, which allows users to download, copy and build upon

published articles, as long as the author and publisher are properly credited, which ensures maximum

dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons

license CC BY-NC-ND.



Contents

About the Editors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Tivani P. Mashamba-Thompson and Paul K. Drain

Point-of-Care Diagnostic Services as an Integral Part of Health Services during the Novel
Coronavirus 2019 Era
Reprinted from: Diagnostics 2020, 10, 449, doi:10.3390/diagnostics10070449 . . . . . . . . . . . . . 1

Shabashini Reddy, Andrew Gibbs, Elizabeth Spooner, Noluthando Ngomane, Tarylee

Reddy, Nozipho —Luthuli, Gita Ramjee, Anna Coutsoudis and Photini Kiepiela

Assessment of the Impact of Rapid Point-of-Care CD4 Testing in Primary Healthcare Clinic
Settings: A Survey Study of Client and Provider Perspectives
Reprinted from: Diagnostics 2020, 10, 81, doi:10.3390/diagnostics10020081 . . . . . . . . . . . . . 5

Tivani P. Mashamba-Thompson, Paul K. Drain, Desmond Kuupiel and Benn Sartorius

Impact of Implementing Antenatal Syphilis Point-of-Care Testing on Maternal Mortality in
KwaZulu-Natal, South Africa: An Interrupted Time Series Analysis
Reprinted from: Diagnostics 2019, 9, 218, doi:10.3390/diagnostics9040218 . . . . . . . . . . . . . . 23

Desmond Kuupiel, Kwame M. Adu, Vitalis Bawontuo, Duncan A. Adogboba, Paul K. Drain,

Mosa Moshabela and Tivani P. Mashamba-Thompson

Geographical Accessibility to Glucose-6-Phosphate Dioxygenase Deficiency Point-of-Care
Testing for Antenatal Care in Ghana
Reprinted from: Diagnostics 2020, 10, 229, doi:10.3390/diagnostics10040229 . . . . . . . . . . . . . 33

Desmond Kuupiel, Kwame M. Adu, Vitalis Bawontuo, Duncan A. Adogboba and Tivani P.

Mashamba-Thompson

Estimating the Spatial Accessibility to Blood Group and Rhesus Type Point-of-Care Testing for
Maternal Healthcare in Ghana
Reprinted from: Diagnostics 2019, 9, 175, doi:10.3390/diagnostics9040175 . . . . . . . . . . . . . . 47

Anna M. Maw, Brittany Galvin, Ricardo Henri, Micheal Yao, Bruno Exame, Michelle

Fleshner, Meredith P. Fort and Megan A. Morris

Stakeholder Perceptions of Point-of-Care Ultrasound Implementation in
Resource-Limited Settings
Reprinted from: Diagnostics 2019, 9, 153, doi:10.3390/diagnostics9040153 . . . . . . . . . . . . . . 61

Davinder Ramsingh, Michael Ma, Danny Quy Le, Warren Davis, Mark Ringer, Briahnna

Austin and Cameron Ricks

Feasibility Evaluation of Commercially Available Video Conferencing Devices to Technically
Direct Untrained Nonmedical Personnel to Perform a Rapid Trauma Ultrasound Examination
Reprinted from: Diagnostics 2019, 9, 188, doi:10.3390/diagnostics9040188 . . . . . . . . . . . . . . 73

Nkosinothando Chamane, Desmond Kuupiel and Tivani Phosa Mashamba-Thompson

Stakeholders’ Perspectives for the Development of a Point-of-Care Diagnostics Curriculum in
Rural Primary Clinics in South Africa—Nominal Group Technique
Reprinted from: Diagnostics 2020, 10, 195, doi:10.3390/diagnostics10040195 . . . . . . . . . . . . . 83

Tafadzwa Dzinamarira, Collins Kamanzi and Tivani Phosa Mashamba-Thompson

Key Stakeholders’ Perspectives on Implementation and Scale up of HIV Self-Testing in Rwanda
Reprinted from: Diagnostics 2020, 10, 194, doi:10.3390/diagnostics10040194 . . . . . . . . . . . . . 95

v



Davinder Ramsingh, Cori Van Gorkom, Matthew Holsclaw, Scott Nelson, Martin De La

Huerta, Julian Hinson and Emilie Selleck

Use of a Smartphone-Based Augmented Reality Video Conference App to Remotely Guide a
Point of Care Ultrasound Examination
Reprinted from: Diagnostics 2019, 9, 159, doi:10.3390/diagnostics9040159 . . . . . . . . . . . . . . 107

Tivani P. Mashamba-Thompson and Ellen Debra Crayton

Blockchain and Artificial Intelligence Technology for Novel Coronavirus Disease
2019 Self-Testing
Reprinted from: Diagnostics 2020, 10, 198, doi:10.3390/diagnostics10040198 . . . . . . . . . . . . . 113

Thokozani Khubone, Boikhutso Tlou and Tivani Phosa Mashamba-Thompson

Electronic Health Information Systems to Improve Disease Diagnosis and Management at
Point-of-Care in Low and Middle Income Countries: A Narrative Review
Reprinted from: Diagnostics 2020, 10, 327, doi:10.3390/diagnostics10050327 . . . . . . . . . . . . . 117

G-Young Van, Adeola Onasanya, Jo van Engelen, Oladimeji Oladepo and Jan Carel Diehl

Improving Access to Diagnostics for Schistosomiasis Case Management in Oyo State, Nigeria:
Barriers and Opportunities
Reprinted from: Diagnostics 2020, 10, 328, doi:10.3390/diagnostics10050328 . . . . . . . . . . . . . 127

vi



About the Editors

Tivani Mashamba-Thompson is a full professor in the Faculty of Health Sciences, University

of Limpopo, South Africa. She is a medical scientist (Molecular Biology), and is registered with

the Health Profession Council South Africa. Mashamba-Thompson conducts research on the

implementation of point-of-care diagnostics for the underserved population in resource-limited

settings, and performs evaluation studies for new point-of-care diagnostics in these settings. She

completed her Honors Degree in Applied Biomedical Science at the University of Surrey, UK, and her

master’s in Pharmaceutical Science (summa cum laude) and PhD in Public Health at the University of

KwaZulu-Natal. Her postdoctoral training was completed with the Canadian HIV Clinical Research

Network. At the University of Limpopo, Mashamba-Thompson coordinates and teaches research

methods and program evaluation modules to Masters students in the Department of Public Health.

She also serves as a research chairperson for the Department of Public Health, and is a member of the

university senior management committee. Prior to joining the University of Limpopo, Tivani was an

academic leader and research and associate professor at the University of KwaZulu-Natal. She is the

author of more than 80 peer-reviewed articles in accredited journals, including high impact journals,

such as Lancet and Nature. To date, she has led and supersized five funded research projects, and

supervised 14 master’s students and two PhD students to completion. Tivani is a member of the

COVID-19 scientific advisory committee for the Limpopo Province, and she is one of the site primary

investigators for a national study aimed at the community-based validation of new COVID-19

point-of-care tests in South Africa. Prof. Mashamba-Thompson’s research work on point-of-care

diagnostics has been recognized nationally and internationally. She achieved her first NRF (National

Research Framework) rating in 2017, and she was invited to join the University College London

(UCL) Collaboration for the Advancement of Sustainable Medical Innovation (CASMI) fellowship.

Mashamba-Thompson is also a Harvard Medical School (HMS) alumna; she completed the HMS

2017/2018 Global Clinical Scholars Research Training (GCSRT) with commendation.

Paul K. Drain, MD, MPH, is an assistant professor in the Departments of Global Health,

Medicine (Infectious Diseases), and Epidemiology at the University of Washington, and a practicing

Infectious Disease physician at Harborview Medical Center and the University of Washington

Medical Center in Seattle. His research group focuses on the development, evaluation and

implementation of diagnostic testing and clinic-based screening, including novel point-of-care

technologies, to improve clinical care and patient-centered outcomes for tuberculosis and HIV in

resource-limited settings. He is Associate Director of the Tuberculosis Research and Training Center

at the University of Washington. He research has been supported by several institutes of the National

Institutes of Health, the Infectious Disease Society of America, the Bill and Melinda Gates Foundation,

Harvard Global Health Institute, both the UW’s and Harvard’s Center for AIDS Research, and the

AIDS Healthcare Foundation. He has authored several global health books and received awards

from the Infectious Disease Society of America, and a Faculty Teaching Award from Harvard Medical

School.

vii





diagnostics

Editorial

Point-of-Care Diagnostic Services as an Integral Part
of Health Services during the Novel Coronavirus
2019 Era

Tivani P. Mashamba-Thompson 1,* and Paul K. Drain 2,3,4,5

1 Department of Public Health, University of Limpopo, Polokwane, Limpopo Province 0727, South Africa
2 International Clinical Research Center, Department of Global Health, University of Washington,

Seattle, WA 98195-7965, USA; pkdrain@uw.edu
3 Division of Infectious Diseases, Department of Medicine, University of Washington,

Seattle, WA 98195-7965, USA
4 Department of Epidemiology, University of Washington, Seattle, WA 98195-7965, USA
5 Department of Surgery, Harvard University, Massachusetts General Hospital, Boston, MA 02114, USA
* Correspondence: tivani.mashamba@ul.ac.za

Received: 2 July 2020; Accepted: 2 July 2020; Published: 3 July 2020

Abstract: Point-of-care (POC) diagnostic services are commonly associated with pathology laboratory
services. This issue presents a holistic approach to POC diagnostics services from a variety of
disciplines including pathology, radiological and information technology as well as mobile technology
and artificial intelligence. This highlights the need for transdisciplinary collaboration to ensure
the efficient development and implementation of point-of-care diagnostics. The advent of the
novel coronavirus 2019 (COVID-19) pandemic has prompted rapid advances in the development
of new POC diagnostics. Global private and public sector agencies have significantly increased
their investment in the development of POC diagnostics. There is no longer a question about the
availability and accessibility of POC diagnostics. The question is “how can POC diagnostic services
be integrated into health services in way that is useful and acceptable in the COVID-19 era?”.

Keywords: point-of-care diagnostics; healthcare services; COVID-19 era

Point-of-care (POC) refers to the location where healthcare interventions are carried out. These
interventions can be carried out in a variety of settings including in the home, in the office, in the
community and at a healthcare facility. Disease diagnosis or testing is one of the healthcare interventions
that can be carried at POC and referred to as POC diagnostic services or POC testing. POC testing
is performed using various POC diagnostics to enable the near-patient detection and monitoring
of disease conditions in order to inform prognoses, guide treatment choices and predict treatment
responses [1]. The advent of POC diagnostics in resource-limited settings has enhanced diagnostic
capacity and helped to improve access to healthcare in areas where disease burden is high and diagnosis
remains a weak point in the healthcare system [2–4]. The most commonly used and accessible POC
diagnostics in most of these settings are pathology tests such as HIV and malaria tests [5,6]. This issue
has demonstrated the use of pathology, radiological and information technology systems as well as
mobile technology and artificial intelligence for POC diagnostic services. The advent of the novel
coronavirus 2019 (COVID-19) pandemic has put POC diagnostics in the spotlight and prompted
rapid advances in the development of POC diagnostics and their delivery approaches. Global private
and public sector agencies have significantly increased their investment in the development of POC
diagnostics. There is no longer a question about the availability, accessibility and acceptability of
point-of-care diagnostics services. The question is “how can point-of-care diagnostics services be
integrated into current health services in way that is useful and acceptable in the COVID-19 era?”.

Diagnostics 2020, 10, 449; doi:10.3390/diagnostics10070449 www.mdpi.com/journal/diagnostics1
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This issue presents translational research presenting evidence of the benefits of implementing POC
diagnostics and strategies to help integrate POC diagnostic services into current healthcare services.

The development of new evidence-based POC diagnostics and the replication of these diagnostics
to extend their reach is a global health priority. The appropriate integration of new POC diagnostics
approaches is crucial for ensuring desirable outcomes. The implementation of POC healthcare
interventions such as POC testing ought to be relevant to each specific context and sensitive to local
culture. Factors such as infrastructure, resources, values and the characteristics of the participants can
influence the implementation, scalability and sustainability of health interventions. A study conducted in
Nigeria calls for community education, screening for schistosomiasis, and the enhancement of diagnostic
capacity and strengthening of the capability of health workers through point-of-care diagnostics [2].
Our previous research demonstrates the need for improving the accessibility of Glucose-6-Phosphate
Dioxygenase Deficiency [7] and blood-group and rhesus-type tests [8] as part of antenatal care services in
malaria regions. These studies also highlight the need to update the World Health Organization (WHO)
essential diagnostics (EDL) and for the development of content specific for POC diagnostics lists during
the COVID-19 era. Following the implementation of recommended diagnostics at the POC, there is
a need for optimizing the development of POC diagnostics delivery approaches to ensure continual
quality service delivery, particularly among underserved populations and resource-limited settings.

Research suggests the need for training healthcare workers to improve POC diagnostic service
delivery in resource-limited settings [9–11]. Primary Healthcare (PHC) healthcare workers in rural
South Africa suggested an experiential learning approach using eLearning to help them maintain
their competence in terms of HIV POC diagnostics service delivery [12]. Despite the wide availability
of PHC-based HIV testing services, there are still substantial gaps. Access to these services is a
challenge to key populations such as men in sub-Saharan Africa. A study conducted in Rwanda
focusing on optimizing the implementation and scale up of HIV self-testing approaches for HIV to
help improve men’s engagement with HIV services has identified the following priority areas: the
creation of awareness; the training those involved in the implementation process; the regulation of
the selling of the self-test kits; the reduction of the costs of acquiring the self-test kits through the
provision of subsidies; and ensuring the consistent availability of the self-test kits were identified [13].
Previous research shows that the advancement of mobile technology and improved data affordability
has benefited the successful implementation of POC diagnostics approaches such as self-testing [14].
Smartphone technology and POC ultrasound (POCUS) devices have proven to be key examples of how
technological advances are poised to improve healthcare delivery in resource-limited settings [11,15].
POC diagnostics has the potential help with the much-needed rapid development of information
systems within the health sector through artificial intelligence and machine learning-linked POC
diagnostics [16]. The integration of POC diagnostics with existing Health Information Systems should
help to improve disease diagnostics and management [17].

The integration of available POC diagnostics into our current healthcare service needs to be prioritized
to aid the prevention and management of current pandemics and in preparation for future pandemics.
It is clear that the successful implementation of point-of-care diagnostics requires a transdisciplinary
approach. Investment in transdisciplinary research platforms for POC diagnostics is recommended.
These platforms can also foster improved awareness and recognition of POC diagnostics services as a
standalone healthcare service and development of POC diagnostics curricula for the training of a new
cadre of healthcare workers, dedicated to POC diagnostic services. The successful implementation of
such platforms requires multidisciplinary and multi-sectorial stakeholder involvement including higher
education institutions, diagnostics and information and mobile technology developers and providers as
well as implementers and users of POC diagnostic services.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Background: The high burden of disease in South Africa presents challenges to public
health services. Point-of-care (POC) technologies have the potential to address these gaps and
improve healthcare systems. This study ascertained the acceptability and impact of POC CD4 testing
on patients’ health and clinical management. Methods: We conducted a qualitative survey study
with patients (n = 642) and healthcare providers (n = 13) at the Lancers Road (experienced POC)
and Chesterville (non-experienced POC) primary healthcare (PHC) clinics from September 2015 to
June 2016. Results: Patients (99%) at Lancers and Chesterville PHCs were positive about POC CD4
testing, identifying benefits: No loss/delay of test results (6.4%), cost/time saving (19.5%), and no
anxiety (5.1%), and 58.2% were ready to initiate treatment. Significantly more patients at Chesterville
than Lancers Road PHC felt POC would provide rapid clinical decision making (64.7% vs. 48.1%;
p < 0.0001) and better clinic accessibility (40.4% vs. 24.7%; p < 0.0001) respectively. Healthcare
providers thought same-day CD4 results would impact: Clinical management (46.2%), patient
readiness (46.2%), and adherence (23.0%), and would reduce follow-up visits (7.7%), while 38.5%
were concerned that further tests and training (15.4%) were required before antiretroviral therapy
(ART) initiation. Conclusion: The high acceptability of POC CD4 testing and the immediate health,
structural, and clinical management benefits necessitates POC implementation studies.

Keywords: point-of-care CD4+ t testing; qualitative survey; acceptability; patients; healthcare
providers; primary healthcare clinics

1. Introduction

South Africa has an estimated population of 58.78 million with 7.97 million living with Human
Immunodeficiency Virus (HIV), of whom 20% are women of reproductive age (15–49 years) [1], while
the highest HIV prevalence ((27%) is in the province of KwaZulu Natal [1]. In September 2016, South
Africa [2] adopted the World Health Organization (WHO) recommendations of universal treatment to

Diagnostics 2020, 10, 81; doi:10.3390/diagnostics10020081 www.mdpi.com/journal/diagnostics5
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all adults living with HIV, regardless of CD4 count [3], resulting in more than 4.5 million people taking
antiretroviral therapy (ART), making it the largest ART programme globally [4].

Conventional HIV treatment and care services provided at primary healthcare (PHC) clinics in
the public service in South Africa are largely unable to cope with the volume of patients entering the
system, resulting in delayed and missed opportunities for treatment and ultimately unacceptably high
levels of morbidity and mortality [5].

Diagnostic CD4 testing performed by conventional flow cytometry is centralized and offsite,
provided by the National Health Laboratory Service (NHLS), serving >80% of the population [6]. There
are several drawbacks of conventional testing, both from the patient and laboratory perspective, viz:

• Risk of losing patients who may not return due to cost and distance; delays in diagnosis and
treatment initiation;

• Patients who seek healthcare elsewhere become nontraceable, giving wrong addresses to clinics
further away for eligibility resulting in unnecessary repeat testing and higher workloads in some
PHC clinics [7];

• Incomplete or incorrect completion of request forms or labelling of test tubes;
• The rejection of sample quality (insufficient or clotted specimen);
• Specimen damage or loss through transport;
• Misplacing of printed laboratory results at the clinic [7,8].

Instituting point-of-care (POC) CD4 testing in PHC clinics with the availability of same day
results has the potential to address a number of these challenges for both patients and the health
system. Additionally, POC testing brings with it greater patient satisfaction and helps with the
morale of healthcare providers doing away with the “frustration” associated with conventional
testing [9]. Daneau et al. (2016) [10] stated that the only objection to finger stick POC CD4 testing
was due to pain/soreness. Additionally, some patients may decline POC testing as they may not feel
emotionally/psychologically ready to receive same-day results [11].

Implementation of POC studies has demonstrated the reduction of pretreatment loss to follow-up
in Mozambique [12,13], acceleration of ART initiation, but not retention, in care at 12 months [14],
and reducing the time to diagnosis of multidrug resistance tuberculosis (TB) in South Africa [15].
In simulated cohort models of HIV-infected adults and pregnant women, the provision of same-day
CD4 results was shown to result in better clinical outcomes and cost savings over the long term
(five years) [16,17]. Another study focusing on POC processes across multiple diseases found that
other challenges and delays were created with respect to the continual interaction of patient and
healthcare [7].

Barriers to POC implementation have also been documented [7,18] where it was shown that POC
testing needs to be integrated efficiently into the clinical care pathways. Otherwise it can result in
increasing waiting time [19] and length of clinic visit [7,19–21].

Several studies have assessed the acceptability of POC assays, such as CD4 testing [10] and the POC
viral load (VL) early infant diagnosis (EID) [9] in patients, resulting in better clinical outcomes [22,23].
The weaknesses of prior qualitative research were the small sample size and self-selecting sample in
a study [24] or a project recruiting a specific population within the PHC or a hospital [9,10]. The strength
of our work offers an unbiased alternative perspective of the general patient population within the
PHC who was willing to give consent when referred for phlebotomy. The other advantage is the
comparison of two PHC clinics with differing POC testing experiences.

At the time of undertaking this qualitative survey study, several POC technologies (Alere PIMATM

CD4, [25] TB LAMP [26], and EID [9]), were being evaluated at the Lancers Road PHC clinic. It was
therefore an opportune time to explore the provision of same-day POC CD4 test result as patients could
relate these results to their health. Although guidelines have changed and CD4 tests have been replaced
with VL testing for treatment adherence, the data presented here remain relevant in understanding how
nurses and patients interpret and make sense of POC in PHC settings. We therefore sought to assess
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the acceptability, understanding, and perceptions in both client and healthcare provider perspective on
the usefulness and impact of rapid POC CD4 testing in a POC research “experienced” site (Lancers
Road PHC) compared to a research “naïve” site (Chesterville PHC).

2. Materials and Methods

2.1. Study Design

This was a qualitative survey study determining the acceptability, understanding, and perceptions
from the client and healthcare provider perspective of the impact of the provision of POC CD4 testing
in a PHC clinic setting. A qualitative survey utilises open-ended questions (rather than closed yes/no
or agree/disagree questions) and delivers this to a larger sample of participants than is typical in
a qualitative study [27]. This allows for the assessment and quantification of a variety of opinions
without providing a fixed set of opinions for responses.

2.2. Study Population

The study population consisted of a convenience sample of clients presenting at the Lancers Road
and Chesterville PHC clinics under the eThekwini Health Unit from 25 September 2015 to 30 June
2016. Individuals (>18 years old) who were referred to the “blood room” for phlebotomy (both HIV-1
negative and HIV-1 positive) and were willing to provide informed consent were included in the study.

2.3. Study Setting

Lancers Road PHC clinic is a busy primary health clinic (PHC) facility under the eThekwini Health
Unit, situated in the centre of the convergence of the taxi rank from all the outlying areas into the city
of Durban. Chesterville PHC is situated within the Chesterville community, serving a population of
15,840 [28] and situated 13.0 km from the centre of Durban.

Lancers Road PHC was considered a POC research “experienced” site as different studies were
being undertaken evaluating several POC tests including POC CD4, whereas Chesterville PHC was
a research “naïve” site as far as POC testing was concerned.

2.4. PHC Clinic Procedures

Both PHCs offered all PHC services seeing 250–400 patients per day. This included HIV Counselling
and Testing (HCT) for walk-in patients, with both clinics performing on average 600–700 HCT/month.
Both PHC clinics provided basic education sessions every morning in the waiting room covering
different topics:

Chronic care (diabetes; hypertension; cardiovascular diseases);
Antenatal (breastfeeding; pregnancy; immunisations for children);
Cancer (breast and ovarian);
HIV education.

The PHC clinic procedures with respect to HIV Counselling and Testing (HCT) are depicted in
Figure 1.
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Figure 1. Schematic flow of the PHC clinic procedures with respect to HIV Counselling and Testing
(HCT) [29].

2.5. Study Procedures

Patients’ requiring phlebotomy (both HIV-1 positive and HIV-1 negative) who were seen in
the “blood room” by the counsellor/phlebotomist were approached by a study research assistant to
participate in the study. Hence, there was no stigmatization for those that were HIV-1 infected as only
the counsellor/phlebotomist and the patient knew what blood draw/s were required. They provided
written informed consent, and then completed face-to-face questionnaires. If during enrollment
patients asked what a POC test was, they were told, “It is a test you get back on the same day”.

Patient questionnaires focused on their understanding and perceptions of a POC laboratory on-site
providing same-day results, their interpretation of a CD4 test, and whether they were ready to start
ART if eligible. For each question (5 in total), we initially asked participants a yes/no closed question.
We specifically asked five questions:
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1. Are you happy to receive a CD4 test result on the same day? (n = 642)
2. Would you rather wait for a CD4 test result or return to the clinic another day?
3. How long did it take to get your CD4 test result?
4. Do you know what a CD4 test result means?
5. Are you ready to start ART if eligible?

After each closed item, we asked a single open-ended question, probing their answer. Participants
had three lines to answer on, however most just recorded short answers.

For healthcare providers, we approached all within the PHC and requested their participation.
Questionnaires were also administered to the healthcare providers. Healthcare provider questionnaires
mainly focused on their perception of the usefulness of same-day CD4 results to patients and their
interpretation of the meaning of a CD4 test result, as well as the impact that same-day CD4 results
would have on their workload, patient clinical management, and administration of ART initiation.
Similarly, for each question (5 in total), we asked healthcare providers initially a yes/no closed question.
We specifically asked 5 questions:

1. Do you think it is beneficial for the patient to get their CD4 result on the same day?
2. What was the impact on your workload in giving CD4 results to the patient on the same day?
3. Does having a CD4 result on the same day help you with patient management?
4. Do you know what a CD4 test result means?
5. Were you able to administer antiretrovirals (ARVs) to the patient on the same day you had the

CD4 test result?

After each closed item, we asked a single open-ended question probing their answer. Nurses had
5 lines to answer on.

2.6. Data Handling and Recordkeeping

Study records were maintained safely in a locked cabinet on-site for the entire study period.
The risks of participation were minimal. Confidentiality was maintained by assigning each
patient/healthcare provider a unique study number and using the study number as the sole
patient/healthcare provider identifier. Patient responses were entered into a specific database, which
was secured using password-protected access systems.

2.7. Ethics

The study was approved by the Medical Research Council Research Ethics Committee
(EC017-6/2015) as well as the eThekwini Research Ethics Committee (No. M.1/1/2 2 September 2015).

2.8. Statistical Considerations

2.8.1. Sample Size

The study was powered on patient acceptance of POC testing, which was assessed from the
response to question 3.1 (Do you think it is a good idea to have a point of care laboratory in the clinic?).
To detect a 90% POC test acceptance rate within a 7% margin of error at an alpha of 5%, 71 consenting
patients were required. Assuming that 10% of HIV positive patients refused to consent to the study,
approximately 80 HIV positive patients were required to reach the required sample size. Under the
assumption that 25% of patients who were present for HIV testing were HIV positive, our sample size
target was 320 patients in total at each PHC clinic, to be screened for entry into the study.

2.8.2. Statistical Analysis

The analysis of categorical outcomes is presented as frequencies and percentages.
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As this was a qualitative survey study, data from the questionnaires from patients from each PHC
clinic and healthcare provider (all nursing staff at the Lancers Road and Chesterville PHC clinics)
were computed using coding. The binomial test with normal approximation was used to test whether
proportions observed differed significantly between clinics. A 5% level of significance was used.
Data were analyzed using Stata version 13.

To understand the variation qualitatively in people’s responses, we did an open coding on
participants’ written answers to each question. We then organized the different small codes into larger
themes, which connected codes together to understand the responses of participants. Once we had
done this, we allocated each participant a response code and calculated the percentage and number
who provided each reason for their answer.

3. Results

There were 642 patients interviewed, 322 at Lancers Road PHC and 320 at Chesterville PHC, of
whom 272/322 (85%) and 233/320 (72.8%) were women with a median age of 32 and 34 years at Lancers
Road and Chesterville PHC, respectively. No one refused to participate.

The overwhelming majority (99.5%) of patients in both the research “experienced” (Lancers
Road; 322/322 (100%)) and “naïve” (Chesterville; 318/320 (99.4%)) PHC clinics welcomed the receipt of
same-day CD4 test results ((a) in Table 1). Qualitatively, there were three reasons why patients were
happy to receive their results immediately: Three-quarters (73.8%) said it was so they could receive
medical care and help immediately, including starting ARVs if necessary. A fifth (19.5%) reported that
it would save them time and money, as they would not need to return to the clinic. Meanwhile, 6.4%
reported that it would mean there would be no delay or loss of CD4 test results. Only 0.30% (n = 2)
participants reported that they would not want this, because they needed time to consider the results.

Similarly, (b) in Table 1 presents participants’ responses to the question about whether they would
rather wait for their CD4 results or return another day. As with the first question ((a) in Table 1),
the vast majority (96.4%) would rather wait for their CD4 test result, rather than return another day.
There was some variation in reasons between the two clinics. Just over half (56.4%) of the sample
reported wanting to get their results quickly and being able to start treatment; however, significantly
less (48.1%) at Lancers than at Chesterville (64.7%) (p < 0.0001) reported this. Clinic accessibility was
also a challenge, but this varied by clinic with significantly more patients at the Lancers Road (40.4%)
than Chesterville PHC (24.7%) having difficulty with clinic accessibility (p < 0.0001). One in twenty
(5.9%) at Lancers clinic reported they would not have the anxiety of waiting for their results if they
received them within the day. An overall minority (3.4%) at both PHC clinics preferred CD4 test results
on a different day.

Responses to whether participants knew what CD4 results meant are presented in (c) of Table 1.
Over three-quarters (513/642 (79.9%)) had a good understanding of how a CD4 result would impact their
health. Almost half (44.1%) emphasized how it assessed the level of CD4 cells in their blood, with some
drawing on the language of “soldier cells” to describe CD4 cells. A quarter (23.5%) emphasized how the
CD4 count was used to assess whether you were eligible to start treatment or the impact of treatment
on health progression. A smaller group had a more general understanding around the CD4 count
being a marker of HIV, with almost one in ten (9.8%) linking it to HIV viral load, and an assessment of
health status. Just 2.5% emphasized that it assessed an HIV positive status. One-fifth (20.1%) reported
that they had no understanding of what a CD4 test result meant.
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Participants were asked if they had a CD4 test and were eligible for ART initiation, if they felt
they were ready ((d) in Table 1). Over half (374/642) (58.2%) of patients were ready to start ART if they
were eligible. Almost half (44.5%) of these responses were focused on living better and being healthier.
Many of these suggested a good understanding of the potential benefits of being on ART. A very small
group (1.1%) reported that it was so they could be healthier to look after their family, children, or baby,
recognizing the social impact of ART, while 7.3% of responses focused on the biological benefit of ART
and its impact on maintaining high levels of CD4. A small group (2.3%) reported that they would feel
pressured to take ART if it was necessary. Lastly, some wanted to live and not die (2.6%). Only a small
minority (3.6%) were not ready to take ARVs, giving reasons that the medication would make them
feel sicker, they would forget to take them, they would require counselling prior to taking ARVs, and of
stigma (anxious of what others would say).

There were 13 nurses interviewed, 5 at Lancers Road and 8 at Chesterville PHC, of whom 4/5
(80%) and 6/8 (80%) were females with a median age of 31 and 45.5 years, respectively. There were 3/5
(60%) and 1/8 (12.5%%) enrolled and 1/5 (20%) and 6/8 (75%) professional nurses at Lancers Road and
Chesterville PHC, respectively, while 1/5 (20%) and 1/8 (12.5%) were staff nurses at each site.

Almost half of the nurses (46.2%) ((a) in Table 2) felt that it was beneficial for patients to get their
CD4 result on the same day as it would facilitate knowing their disease progression, and this was felt
to help with patients’ management. Similarly, 7.7% of nurses felt it would enable patients to start
ART quickly, again improving outcomes. Two nurses (15.4%) in the Chesterville PHC recognized
the importance of being able to provide results on the same day for the convenience this provided
to patients who may struggle to get in. One-third (30.8%) did not agree this was a good idea as the
patient would have to take time offwork (15.4%), and some patients were not ready for their results
(15.4%). In particular, they raised the issue of being able to provide adequate counselling for patients
as a potential challenge in providing results the same day.

Nurses also reflected on the impact on their workload of providing the CD4 results on the same
day ((b) in Table 2). A third (30.8%) felt that it would reduce their workload as they could treat patients
early and not have to see the same patients time and time again, and 15.4% of nurses also felt that it
supported the patients and enabled them to start ART early by giving them clarity on their health.

In contrast, over half (53.8%) of nurses felt that it would increase the workload and not be
beneficial; 30.8% described how this would increase their workload, as it would entail major
administrative burdens, which would slow them down. Similarly, nearly a quarter (23.0%) were
concerned that the other procedures to be completed before starting a person on ART would also lead
to an increased workload.

Despite concerns about increased workload, the overwhelming majority of nurses emphasized
that providing the CD4 results on the same day would help with clinical management of patients ((c)
in Table 2). Almost half (46.2%) described how it would improve patient readiness, because patients
would be provided with the information that they needed to understand their health. Closely associated
with this would be how it may improve adherence (23.0%), with nurses being able to engage more
closely with adherence counselling, as well as supporting patients in understanding the importance of
adherence. One nurse (7.7%) emphasized how it would reduce follow-up visits by patients, therefore
meaning that patients would not drop out. Those who were concerned about this were framed around
the impact of immediate ART initiation, around requiring patients to have additional training and
education (15.4%) in the context of shock of being newly diagnosed, and also requiring additional
assistance from staff because of the additional tests that are needed before initiation.
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The majority of nurses (92.3%) correctly interpreted a CD4 test result either as an indication of
initiating treatment (46.2%), level of “soldier cells” (38.5%), or staging of HIV infection (7.7%), while
7.7% did not know the meaning of a CD4 test result ((d) in Table 2).

Nurses reported that they were able to administer ARVs. on the same day as giving a CD4 test
((e) in Table 2). Many (30.8%) reflected that this was because they had already done so for pregnant
women. In addition, one (7.7%) reported that it would assist in reducing a patient’s viral load. Finally,
one nurse (7.7%) also noted that the CD4 count guided the initiation of treatment. A number of nurses
raised concerns about initiation on the same day, and these were related to the need to have other
blood tests done before ART could be prescribed (30.8%), while one nurse (7.7%) emphasized the
importance of counselling. One nurse also highlighted that ART administration was not in their job
description (7.7%).

4. Discussion

Overall, patients and nurses were positive about the CD4 POC testing and receiving CD4 results
on the same day, with both practical benefits and medical benefits being described by both groups
of people. Concerns expressed about receiving CD4 results on the same day were related to worry
around the “shock” of tests results, and closely related to this, the need for counselling for new patients,
and further tests, before ART initiation. Understanding this more broadly, POC testing was about
providing important health information and enabling improved clinical management, as well as
patients being able to understand their own health and start to take charge of it.

The majority of patients were happy to receive a same-day CD4 result and would rather wait
for a short period of time for results. As they would receive medical intervention immediately, there
would be no loss or delay of test results, saving them time, money, and clinic accessibility, and reducing
anxiety. In the current study, among those who had received CD4 test results, the length of time
was from 4 days to 4 weeks, through normal laboratory systems. Two-thirds of patients had a good
understanding of the meaning of a CD4 test result and were ready to start ART if eligible.

Most nurses felt that a same-day CD4 test result was beneficial to the patient, would facilitate
better clinical management, and would have an impact on either reducing or increasing their workload,
including initiating ART, and most gave the correct explanation of the meaning of a CD4 test result.

Regardless of POC testing exposure or not, the high acceptability by patients and clinic staff
of a same-day CD4 test result confirms findings from a feasibility and acceptability study of POC
EID testing [9], finger-stick blood donation [10], and POC VL testing [24]. It suggests that currently
there is limited fear attached to HIV disease due to the availability of life-saving medication, and it is
considered a chronic condition with little stigma attached to it. The main motivation was receiving
immediate treatment due to the elimination of loss or delay of results. This study corroborates findings
of POC CD4 testing in South Africa and Zimbabwe where patients appreciated receiving rapid results
for quicker clinical decision-making [30,31]. Numerous studies in African cohorts [12,32–35] have
described poor rates of linkage to care for those eligible for ART due to several attrition challenges in
the continuum of care pathway [22,36], including the unavailability of a CD4 test result [22,37].

A small minority preferred CD4 test results on a different day, most of whom were from the
Chesterville PHC, reiterating that they were not ready to receive such information immediately. As has
been described [11], they wanted to internalize and come to terms with what the results of the test
meant in terms of implications for their health as well as not being able to wait due to a busy clinic and
work commitment. The importance of this is that POC testing needs to be combined with supportive
and effective counselling to ensure that it gives people space to adjust to the news they have just
received, rather than it being provided on its own.

In this study, patients expressed several practical benefits of same-day POC CD4 testing: It would
save time and days off work, cause less anxiety, and be a cost saver, which have been found to be
important factors resulting in loss of linkage to care if not addressed [11]. Again, these are important
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findings about POC, no matter what the test is for, and they highlight structural constraints within the
South African healthcare system and economy that POC testing may substantially overcome.

One of the barriers was clinic inaccessibility, particularly for patients attending the Lancers Road
PHC. A significantly higher percentage of patients from the Chesterville PHC clinic received routine
CD4 test results within 1–7 days due to the close proximity of the clinic facility, within walking distance
in the community, compared to Lancers Road of 1–4 weeks where transport was required (data not
shown).

Most (80%) patients correctly explained CD4 count results related to treatment initiation due to
their immune status and facilitating decrease in viral load, while 20% of patients still did not understand
the meaning of CD4 count results. Our study did not provide any education; however, in South Africa,
there is a long history of CD4 count testing [38], particularly through the Treatment Action Campaign,
which has encouraged treatment literacy focusing on CD4 testing. With the introduction of universal
coverage in South Africa and VL monitoring [2], it has been recently suggested [24] that it would be
important to increase awareness through education with respect to VL results. It is therefore important
to ensure that information is not just provided on health outcomes for patients, but is also provided in
understandable contexts with the meaning of it for their health.

The acceptability of ART initiation if eligible was high, with patients expressing the impact of
life-saving ARVs. on making them feel better in order to take care of their family, longevity, and their
action on their immune system and HIV virus, while a few gave no explanation. A minority felt they
had no choice and were not ready.

Both professional and enrolled nurses felt that a same-day CD4 count result was beneficial to
patients as it helped determine their disease progression in order to ascertain treatment initiation and
patient convenience. However, one-third felt that some patients were not ready for same-day results to
start treatment or would have to take time offwork due to the turnaround of results.

With respect to workload, the opinions were divided. Half of the healthcare professionals felt that
it would decrease their workload as patients would be treated early whereas the remainder felt this
would increase their workload as all other tests would have to be completed before ART initiation,
particularly at Lancers Road PHC, the reason being that it is an extremely busy clinic with a heavy
patient load [8].

With respect to clinical management, professional nurses felt that a same-day CD4 test result
would facilitate patient readiness, adherence to ART, and fewer follow-up visits. We concur with
findings from two qualitative studies, one from South Africa [39] and the other from Uganda [40],
where healthcare workers found that POC testing resulted in earlier interventions and reduced burden
of patient clinic visits. Only a minority in this study felt that they needed extra assistance and further
training and education. All but one nurse (staff nurse) did not correctly interpret the meaning of
a CD4 result, as this was not in her job description. Half of the nurses felt it was beneficial to have
a POC CD4 count as it would facilitate ART initiation in pregnant women, as was found in a study
from Zimbabwe [30]. Our findings are similar to Spooner et al. (2019) [9], in that the remainder were
concerned that other tests were still required before ART initiation.

Although current programmes could be enhanced by the introduction of POC testing [41,42]
to address some existing challenges [43], it has been suggested [44,45] that certain factors need to
be considered before POC implementation: Clinic flows, diagnostic accuracy, staff training, quality
control, and turnaround times. In South Africa, multiple strategies [46] have previously been used to
overcome high patient burden and staff shortages [7] with respect to rapid HIV testing. The United
Nations International Children’s Emergency Fund (UNICEF) have described the steps necessary for
the incorporation of POC diagnostic testing into national health laboratory systems [47].

The strength of this study is the large patient sample size, collection of both quantitative and
qualitative data from the general PHC population, its being undertaken in two different geographic
settings, and the POC testing experience.
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The limitations are the small sample size of healthcare professionals and the lack of inclusion of
other stakeholders for their insights into the advantages and disadvantages of POC testing from their
perspective. The qualitative data were from a closed-caption set of questions, and few respondents
wrote more than a short sentence as an answer to any question. While in-depth qualitative interviews
and focus-group discussions can generate more detailed information and understanding of a topic
under consideration, the qualitative survey did allow for a large number of views to be generated from
patients and some form of quantification to be done to describe the overall perceptions of patients.

5. Conclusions

The high patient and nurse acceptability of POC CD4 testing and their grasp of the immediate
health and structural benefits (time, cost savings, and time off work) in the former and clinical
management in the latter lends itself to undertaking implementation studies in the future in order to
address barriers [24]. This is particularly important for POC VL testing, which is used as the hallmark
for treatment success [48,49], so that the third 90 of The Joint United Nations Programme on HIV and
AIDS (UNAIDS) 2020 target [50] can be achieved. It also has implications for POC testing more widely,
suggesting that patients and healthcare providers recognize its wide-ranging benefit.
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Abstract: Background: Syphilis infection has been associated with an increased risk of HIV infection
during pregnancy which poses greater risk for maternal mortality, and antenatal syphilis point-of-care
(POC) testing has been introduced to improve maternal and child health outcomes. There is limited
evidence on the impact of syphilis POC testing on maternal outcomes in high HIV prevalent settings.
We used syphilis POC testing as a model to evaluate the impact of POC diagnostics on the improvement
of maternal mortality in KwaZulu-Natal, South Africa. Methods: We extracted 132 monthly data
points on the number of maternal deaths in facilities and number of live births in facilities for 12 tertiary
healthcare facilities in KwaZulu-Natal (KZN), South Africa from 2004 to 2014 from District Health
Information System (DHIS) health facility archived. We employed segmented Poisson regression
analysis of interrupted time series to assess the impact of the exposure on maternal mortality ratio
(MMR) before and after the implementation of antenatal syphilis POC testing. We processed and
analyzed data using Stata Statistical Software: Release 13. (Stata, Corp LP, College Station, TX, USA).
Results: The provincial average annual maternal mortality ratio (MMR) was estimated at 176.09
± 43.92 ranging from a minimum of 68.48 to maximum of 225.49 per 100,000 live births. The data
comprised 36 temporal points before the introduction of syphilis POC test exposure and 84 after
the introduction in primary health care clinics in KZN. The average annual MMR for KZN from
2004 to 2014 was estimated at 176.09 ± 43.92. A decrease in MMR level was observed during 2008
after syphilis POC test implementation, followed by a rise during 2009. Analysis of the MMR trend
estimates a significant 1.5% increase in MMR trends during the period before implementation and
1.3% increase after implementation of syphilis POC testing (p < 0.001). Conclusion: Although our
finding suggests a brief reduction in the MMR trend after the implementation of antenatal syphilis
POC testing, a continued increase in syphilis rates is seen in KwaZulu-Natal, South Africa. The
study used one of the most powerful quasi-experimental research methods, segmented Poisson
regression analysis of interrupted time series to model the impact of syphilis POC on maternal
outcome. The study finding requires confirmation by use of more rigorous primary study design.
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1. Background

South Africa accounts for 18% of global HIV infections, with approximately 6.7 million people
infected [1]. There are almost 1000 new HIV infections per day, the majority of which are heterosexually
transmitted [2]. The 2019 Statistics South Africa National Estimates report shows an ongoing increase
in total number of persons living with HIV in South Africa [3]. This number has increased from an
estimated 4.64 million in 2002 to 7.97 million by 2019 [3]. The report also shows that over a fifth of
South African women in their reproductive ages (15–49 years) are HIV positive [3]. A recent report on
maternal health indicates that non-pregnancy-related infections due to HIV/AIDS contribute to 43.7%
of the total maternal mortality in South Africa [4]. The 2014 Amnesty International report on maternal
health in KwaZulu-Natal (KZN) and Mpumalanga 2008–2010 highlights the barriers, such as poor
access to health care, resulting in women and girls delaying or avoiding antenatal care in and maternal
deaths [5].

Point-of-care (POC) testing is one innovation that has been proven to help improve healthcare
access by enabling early diagnosis and linkage to care [6]. Syphilis point-of-care (POC) testing
is provided as part of the routine antenatal services in South Africa. This was implemented to
help improve healthcare access and neonatal health outcomes [7–11]. The introduction of syphilis
POC testing has been shown to be effective in strengthening health systems by improving access
to quality-assured prenatal screening and saving new-born lives in resource-limited settings [12,13].
The results of our survey which was aimed at determining the availability and utility of POC diagnostics
in rural KZN has demonstrated that syphilis testing was available and used in all districts, but the
level of availability and use varied from clinic to clinic [14]. Overall 50% (CI: 60–40%) of the clinics
used syphilis tests [14].

Syphilis infection has been associated with HIV through facilitating HIV transmission and the
combination of syphilis, particularly during pregnancy [9,15]. Early detection of Treponema pallidum
and prompt penicillin treatment for pregnant women who test positive have been shown to be effective
in reducing adverse pregnancy outcomes [16–18]. Syphilis has also been demonstrated to increase
HIV viral load and decrease CD4 cell counts in HIV-infected patients with syphilis infections [19,20].
Atypical presentations of early syphilis, rapid progression to tertiary syphilis, treatment failures, and
more frequent cases of neurosyphilis have been reported amongst HIV-infected populations [15]. This
is a concern for low- and middle-income countries, such as South Africa, that have high rates of
HIV-related maternal mortality [5,21].

Despite this, little is known about the impact of syphilis POC testing on maternal mortality,
particularly in high HIV settings. The results of our systematic review revealed that there is limited
evidence on the impact of syphilis POC diagnostics on maternal outcomes of HIV-infected women [4].
The main aim of this study is to determine the impact of antenatal syphilis POC diagnostics on maternal
mortality in KwaZulu-Natal, South Africa, using a time series study design. Demonstrating the impact
of currently used syphilis POC testing on maternal mortality will enable us to determine whether or
not the introduction of syphilis POC diagnostics has had any tangible effect on key maternal outcomes
to enable justification of the need for syphilis POC diagnostic scale-up in settings that lack laboratory
infrastructure such as rural antenatal health clinics.

2. Methodology

This study was conducted as part of a large implementation research study aimed at evaluating
the accessibility and utility of POC diagnostics for maternal health in rural South Africa primary
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healthcare clinics (PHC) in order to generate a model framework of implementation of POC diagnostics
in rural South African clinics [22].

2.1. Study Design, Population, and Location

We conducted a retrospective study using monthly MMR data from all 11 districts in KZN
province, South Africa from 2004 to 2014. KZN province was purposively selected due to the high
prevalence of HIV and high maternal mortality. A quasi-experimental approach is a powerful approach
for evaluating effects of presence and absence of an exposure on outcomes [23,24].

2.2. Exposure

As reported by the KZN Department of Health, Rapid Plasma Reagin (RPR; Biotec Lab, Suffolk,
UK) syphilis POC testing was implemented as part of the routine diagnostic tests for antenatal care in
primary healthcare facilities during 2007. Syphilis POC test forms one the routine antenatal diagnostic
tests offered by nurses at PHC clinics. Prior to the introduction of syphilis POC testing in this region,
syphilis testing was performed at the laboratory associated with the health facility using Lovibond
(Orbeco-Hellige, FL, USA) and Rapid Plasma Reagin (RPR; Biotec Lab, Suffolk, UK), respectively.

2.3. Data Extraction

We extracted archived records on the number of annual live births and number of maternal deaths
in KZN from existing routine data from the District Health Information System (DHIS; Table S1). Earlier
studies of the DHIS system have reported that the quality of the data, including those used to track
prevention of mother to child transmission (PMTCT) care, is suboptimal [25]. Following these reports,
in 2008 the KwaZulu-Natal Department of Health, the University of KwaZulu-Natal, and the Institute
for Health care Improvement launched a large-scale effort, entitled the 20,000+ Partnership, to improve
the completeness and accuracy of the public health data routinely recorded in the DHIS implemented
between May 2008 and March 2009 [26]. This exposure has led to improved data reliability and
validity [26].

We extracted data from KZN tertiary facilities that contained data on number of maternal deaths
in the facility and number of live births in the facility from 2004 to 2014. Data prior to 2004, after 2014,
and other data that were not relevant to maternal health were excluded. The DHIS presents district
level data on all the maternal health indicators required to calculated MMR. We extracted district
level data on number of maternal deaths in facilities and number of live births in facilities to help us
calculate MMR.

2.4. Data analysis

We processed and analyzed data using Stata Statistical Software: Release 13. (College Station, TX:
StataCorp LP). The exposure (syphilis POC test) was implemented as part of the routine diagnostic tests
for antenatal care in primary healthcare facilities during 2007. Hence, we conducted a pre-post analysis
of this exposure. Estimation of the impact of syphilis POC diagnostics on overall MMR in all KZN
districts was conducted using the exposure time series approach [27]. We used the Poisson formulation
approach, given maternal death count (with live births as the exposure) to estimate changes in levels
and trends in maternal deaths during the period before and after implementation of syphilis POC
testing in KZN, using the following equation:

Ŷt = log (Lt) + β0 + β1 × time + β2 × exposure + β3 × time after exposure + et

Where Ŷt is the outcome (maternal deaths); Lt is the live birth count; time indicates the number
of months from the start of the series; exposure is the dummy variable taking the values 0 in the
pre-exposure segment and 1 in the post-exposure segment; time after exposure is 0 in the pre-exposure
segment and counts the months in the post-exposure segment at time t; the coefficient β0 estimates
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the base level of the outcome (MMR) at the beginning of the series; β1 estimates the base trend, i.e.,
the change in outcome per month in the pre-exposure segment; β2 estimates the change in level of
MMR on the post-exposure segment; β3 estimates the change in trend in MMR in the post-exposure
segment; and et estimates the error

We used line graphs to visually display the series over time namely, one curve represented the
observed MMR by year and month while a second line displayed the predicted line from the segmented
regression model. Model coefficients were exponentiated to represent relative risks (RR).

2.5. Ethics Statement

We received full ethical approval and permission to conduct this study from the KZN Department
of Heath (DoH) Ethics Committee (HRKM 40/15). We also received ethical approval for the current study
from the University of KwaZulu-Natal (UKZN) Biomedical Research Ethics Committee (BE484/14).
Data used in this study was extracted from the national database. Therefore, patient informed consent
was not required.

3. Results

Summary of the Study Population and Sample Size

A total of 132 consecutive monthly MMR data points from 12 tertiary healthcare facilities from all
11 KZN districts were assessed from 2004 to 2014. The data comprised of 36 temporal points before
the introduction of syphilis POC test exposure and 84 after the introduction in primary health care
clinics (Table S1). The average annual MMR for KZN from 2004 to 2014 was estimated at 176.09 ±
43.92 ranging from a minimum of 68.48 to a maximum of 225.49 (Table 1). Table 1 shows a drop in
MMR by 34.2% in 2008 followed by a 35.5% rise in 2009.

Table 1. Maternal mortality rate by year for all KwaZulu-Natal.

Year
Number of Maternal

Deaths in Facility
Number of Live
Births in Facility

Maternal Mortality Ratio
Per 100,000 Live Births

2004 208 159712 130.23
2005 259 145617 177.86
2006 371 171230 216.67
2007 337 168580 199.91
2008 120 175227 68.48
2009 324 167847 193.03
2010 291 167544 173.69
2011 378 167637 225.49
2012 312 164322 189.87
2013 256 163411 156.66
2014 254 159484 159.26

Figure 1 shows an annual increase in maternal mortality ratio (MMR) level from 2004 to 2014,
with a prominent drop in MMR level in 2008. Figure 2 shows the average and monthly fluctuations in
MMR levels. A 35% decrease in MMR level was estimated during implementation of the syphilis POC
test (p < 0.001; Table 2).
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Figure 1. Maternal mortality ratio (MMR) by year for all KwaZulu-Natal with trend line (and 95% CI)
excluding 2005 outlier (detected from raw data).

Figure 2. Maternal mortality ratio (MMR) by year for all KZN by month with 12 months moving
average line (black).

Table 2. Longitudinal analysis of monthly maternal mortality using a fully segmented Poisson
regression model.

Full Segmented Regression Model
RR 95% CI p Value

Lower Upper

A0—Intercept i (2007, introduction of POC testing) 0.001 0.001 0.001 —
A1—Baseline trend (before introduction of syphilis POC testing) 1.015 1.01 1.021 <0.001

A2—Level change after introduction of syphilis POC testing 0.653 0.567 0.752 <0.001
A3—Trend change introduction of syphilis POC testing 0.987 0.981 0.992 <0.001

Table 2 and Figure 3 depict results from the segmented Poisson regression (interrupted time series)
model. Based on the smoothed line plots and the reported relative risk (RR), there is a significant
decrease in the monthly MMR before and after the syphilis POC testing exposure in KZN (35%).
A significant 1.5% increase in MMR was observed (p < 0.001) before the introduction of syphilis POC
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testing exposure (2004–2006). MMR during the period after the introduction of syphilis POC testing
exposure (2008–2014) rose significantly by 1.3% every month (p < 0.001).

Figure 3. MMR by year for all KZN by month with fitted interrupted time series segmented regression
line (exposure implementation represented by vertical dotted line).

4. Discussion

Our study shows that implementation of antenatal syphilis POC tests has the potential to improve
maternal mortality in high HIV prevalence regions. A higher increase in MMR trend during the period
before implementation (2004–2006) and a relatively lower increase MMR trend after implementation of
antenatal syphilis POC test exposure (2008–2014) was demonstrated. The increase in MMR trends
before and after the exposure were significant.

To the best of our knowledge, this is the first study that has evaluated the impact of syphilis POC
testing on MMR in a high HIV prevalence resource-limited setting. Our recent systematic review
has shown a lack of evidence on the impact of syphilis POC diagnostics on maternal outcomes of
HIV-infected patients [4]. A quasi-experimental interrupted time series design was employed to
determine the impact of syphilis POC testing on maternal mortality ratio (MMR) in KZN. An interrupted
time series is the most powerful quasi-experimental approach for evaluating effects of presence and
absence of an exposure on outcomes [24,28]. This study design has enabled estimation of the change in
MMR levels during the period of implementation, before and after implementation of syphilis POC
test intervention, leading to determination of potential exposure effect on maternal mortality. This
sharp change in the MMR trend marked the beginning of the second segment of the interrupted time
series and does not reflect the immediate effect of discontinuation of syphilis POC testing intervention.
Therefore, the interruption will occur at this data point (2007). The trend changes after this data
point (2007) reflect the potential effect of introduction of syphilis POC testing in KZN. It is also worth
noting the sharp drop after 2007 and a sharp rise in MMR in 2009, which was caused by missing data
during 2008. The model used this data analysis included an omission command for the 2008 data
points. Therefore the 2008 missing data was disregarding during analysis to ensure reliability of the
model output.

DHIS data quality was a major limitation in this study [25]. Moreover, although syphilis
infections have been associated with an increased risk of HIV transmission among pregnant women,
the prevalence of syphilis is low in KZN. Therefore, in comparison to other disease conditions such as
HIV, which have a high prevalence among women in KZN [29], the introduction of syphilis POC testing
as a single exposure will not have a substantial impact on maternal mortality. However, due to the POC
implementation dates (1998) for HIV and syphilis (2007) and the lack of archived DHIS MMR records
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prior to 2004, syphilis POC testing was the most suitable exposure for this study. During the analysis
of monthly the MMR, data outliers which may have shifted the slope of the regression segments were
detected. The sudden drop (34.2%) in MMR from 2007 to 2008 demonstrates inconsistencies in the data
set. This finding is supported by a previous study which was aimed at introducing data improvement
exposure for indicators in selected clinics in KZN in May 2008 [26]. This study revealed a significant
improvement in data completeness from 26% before introduction of the exposure to 64% after the
exposure, and also demonstrated a significant increase in data accuracy from 37% to 65% (p < 0.0001)
after the exposure [26]. This was a retrospective study that used available routine DHIS data to answer
the research question. The DHIS data did not contain the number of patients who were exposed to
syphilis testing during each year. However, we are aware that all pregnant women are offered syphilis
tests as part of routine antenatal test. Another limitation of this study is that our model only used
DHIS data, which did not include data on pre-eclampsia cases. Pre-eclampsia is the leading cause of
maternal and fetal morbidity and mortality worldwide [30–32]. It is a pregnancy-induced disorder
reported to cause complications in approximately 5–7% of pregnancies.

The 2011 World Health Organization (WHO) global HIV/AIDS response has shown that up to
one-third of the women attending antenatal care clinics are not tested for syphilis [33]. Maternal
syphilis infections continue to affect large numbers of pregnant women, causing substantial perinatal
morbidity and mortality that could be prevented by early testing and treatment [34,35]. The use of
syphilis POC testing has been shown to result in health system strengthening and saving newborn
lives [12]. Bearing in mind the reported increase in HIV-related maternal mortality in KZN [36] and
the potential impact of syphilis POC testing on reducing MMR demonstrated in this study, there is a
need for scaling up of syphilis POC testing. Although the results show the potential impact of syphilis
POC testing on reducing maternal mortality, the level of MMR is still increasing. This demonstrates
the need for additional interventions to deduce maternal mortality post-intervention.

As POC tests are being increasingly designed for use in resource-limited settings [37,38], rigorous
assessment of the impact of current and future POC tests on key health outcomes is crucial in order to
justify scale up or test replacement. This is supported by De Schacht et al. studies which recommend
the need to identify optimal health delivery strategies to effectively bring the impact of technological
advances such as POC testing to patients that are most at need [13]. Due to the recently reported
increasing prevalence of HIV among women in KZN [29], detection of treatable infections that are
associated with HIV transmission is crucial for the reduction of HIV-related maternal mortality. Future
modelling studies on the impact of POC tests in KZN should exclude MMR data collected in 2008 to
improve the reliability of the results.

5. Conclusions

The results of this study show an increasing maternal mortality ratio in KZN, South Africa. It also
demonstrated the potential impact of antenatal syphilis POC test exposure on reducing the increase
in MMR. However, the impact was in consideration of confounding factors related to MMR in these
settings, thus the results require confirmation by use of a more rigorous study design. Bearing in mind
the high importance of improving maternal outcomes in high HIV prevalent regions, efforts to help in
the continual improvement of POC testing interventions aimed at improving maternal mortality are
essential, particularly in these settings.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/2075-4418/9/4/218/s1.
Table S1, Maternal deaths by year and month for all KZN.
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Abstract: Background: Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency screening test is
essential for malaria treatment, control, and elimination programs. G6PD deficient individuals are at
high risk of severe hemolysis when given anti-malarial drugs such as primaquine, quinine, other
sulphonamide-containing medicines, and chloroquine, which has recently been shown to be potent
for the treatment of coronavirus disease (COVID-19). We evaluated the geographical accessibility to
POC testing for G6PD deficiency in Ghana, a malaria-endemic country. Methods: We obtained the
geographic information of 100 randomly sampled clinics previously included in a cross-sectional
survey. We also obtained the geolocated data of all public hospitals providing G6PD deficiency testing
services in the region. Using ArcGIS 10.5, we quantified geographical access to G6PD deficiency
screening test and identified clinics as well as visualize locations with poor access for targeted
improvement. The travel time was estimated using an assumed speed of 20 km per hour. Findings:
Of the 100 clinics, 58% were Community-based Health Planning and Services facilities, and 42% were
sub-district health centers. The majority (92%) were Ghana Health Service facilities, and the remaining
8% were Christian Health Association of Ghana facilities. Access to G6PD deficiency screening test
was varied across the districts, and G6PD deficiency screening test was available in all eight public
hospitals. This implies that the health facility-to-population ratio for G6PD deficiency testing service
was approximately 1:159,210 (8/1,273,677) population. The spatial analysis quantified the current
mean distance to a G6PD deficiency testing service from all locations in the region to be 34 ± 14 km,
and travel time (68 ± 27 min). The estimated mean distance from a clinic to a district hospital
for G6PD deficiency testing services was 15 ± 11 km, and travel time (46 ± 33 min). Conclusion:
Access to POC testing for G6PD deficiency in Ghana was poor. Given the challenges associated
with G6PD deficiency, it would be essential to improve access to G6PD deficiency POC testing to
facilitate administration of sulphadoxine-pyrimethamine to pregnant women, full implementation
of the malaria control program in Ghana, and treatment of COVID-19 patients with chloroquine in
malaria-endemic countries. To enable the World Health Organization include appropriate G6PD
POC diagnostic tests in its list of essential in-vitro diagnostics for use in resource-limited settings, we
recommend a wider evaluation of available POC diagnostic tests for G6PD deficiency, particularly in
malaria-endemic countries.
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1. Introduction

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is a sex-link hereditary mutation on the
X-chromosome [1–3]. G6PD is an enzyme that helps protect red blood cells from damage and premature
destruction [2,3]. Although most G6PD deficiency patients do not show clinical signs and symptoms,
it is commonly characterized by abnormally low levels of G6PD, and some variants could be fatal due
to complete loss of enzyme activity [2,3]. Globally, G6PD deficiency affects approximately 400 million
people and its prevalence is highest particularly, in malaria-endemic countries ranging from 5 to
24% [4,5]. A systematic review in 2009 showed that Sub-Saharan African (SSA) countries accounted for
the highest G6PD prevalence before and after adjusting for the assessment method [4]. The meta-analysis
also showed a high degree of geographical heterogeneity of G6PD prevalence estimates, which seemed
to be due to differences in G6PD deficiency assessment and diagnostic procedures [4]. The magnitude
and geographical (global, regional, and country-level) heterogeneity of G6PD deficiency prevalence
rates have public health implications, especially in malaria control or elimination programs involving
the administration of antimalarial medicines for most malaria-endemic countries such as Ghana. G6PD
deficient individuals are at high risk of severe hemolysis when given anti-malarial drugs such as
primaquine, quinine, other sulphonamide-containing medicines [6–8], and chloroquine which has
been shown to be potent for the treatment of coronavirus disease (COVID-19) [6,9,10], These drugs
may cause an irreversible oxidative activity of the body’s metabolites on erythrocytes [7,8].

Ghana is at risk of malaria throughout the year with over 21% of malaria parasitemia of which
approximately 98% result from Plasmodium falciparum infection [11,12]. Ghana is ranked fourth
alongside Burkina Faso, Uganda, and accounted for 4% of the world’s 219 million malaria cases
in 2017 according to a World Health Organization (WHO) 2018 report [13,14]. Malaria infection
during pregnancy has substantial risk for the mother, her fetus and the newborn such as placental
malaria infection, low birth weight, and severe maternal anemia [15–20]. As part of the intermittent
preventive treatment during pregnancy (IPTp) in Ghana, a single of sulphadoxine-pyrimethamine (SP)
is administered to pregnant women at predefined intervals after quickening (16 gestational weeks) to
reduce malaria parasitemia and poor pregnancy outcomes as recommended by the WHO [15,21,22].
Although a low dose of SP has been reported to be highly effective in preventing malaria in pregnancy
and reducing the consequences of malaria infection such as reduce placental malaria infection, reduction
of low birth weight and severe maternal anemia [15–20], it contains sulphonamide, one of the groups
of oxidant drugs capable of inducing hemolysis [2,3,23,24].

To address this, the anti-malaria drug policy for Ghana recommends that pregnant women
be screened for G6PD deficiency and those with G6PD deficiency be excluded from IPTp with SP
administration [22,25]. G6PD deficiency prevalence in Ghana has been estimated to range from 6.5 to
19% [26–28]. In view of this, it a policy of the Ghanaian Ministry of Health that the G6PD deficiency
status of every pregnant woman should be checked during the first antenatal visit. However, G6PD
deficiency testing in Ghana is still a laboratory-based test (microscopy) and may not be accessible
to all pregnant women particularly, those accessing ANC in rural primary healthcare (PHC) clinics.
Although previous studies assessed the availability and supply chain management of point-of-care
(POC) test including G6PD deficiency tests [29–31], geographical accessibility to comprehensive ANC
POC testing [32], and evaluated a POC testing device for G6PD deficiency [5], to date, no study in
Ghana has assessed the geographical accessibility to POC testing for G6PD deficiency. To inform
national policy on G6PD deficiency screening test, support treatment decisions with anti-malarial
medicines and SP administration to pregnant women in rural PHC clinics, the national malaria control
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or elimination program, and to improve equity to healthcare, we mapped the geographical access
(distance and travel time) to POC testing for G6PD deficiency using geographical information systems.

2. Methods

2.1. Study Design and Setting

This is a follow-up study on a prior cross-sectional study conducted to assess the accessibility
of pregnancy-related POC diagnostic tests in the upper east region (UER) of Ghana [29]. Of the
100 participated PHC clinics in the earlier study, none was providing G6PD deficiency testing services
in the region [29]. This current study, therefore, mapped the geographical access to POC testing for
G6PD deficiency as part of ANC services. The study setting has been adequately described in the
earlier published cross-sectional survey and audit [29,30]. The 2019 project population of the region
is approximately 1,273,677 (51.6% females) and is considered largely (79%) rural and scattered in
dispersed settlements [33].

2.2. Data Collection

We previously collected data on 100 randomly selected PHC clinics from all the districts in the UER
as explained in the published cross-sectional survey [29]. We also collected data on all health facilities
(district hospitals) providing G6PD deficiency testing in the region. To map the geographic access to
G6PD deficiency testing services in UER, the geo-located data of the health facilities providing G6PD
deficiency testing and that of PHC clinics were obtained from the Regional Health Directorate, and the
use of global positioning system. Topographical data such as roads, rivers, and digital elevation models
were obtained and juxtaposed with data obtained from the University of Ghana Remote Sensing and
Geographic Information Systems laboratory to validate data accuracy. To allow for the results of
spatial processes in a chosen unit of ‘meters’, the world geodetic system zone 30◦ N coordinate system
was applied to all spatial data. PHC clinic information such as clinic type, ownership, availability of
G6PD deficiency testing services, and name of nearest district hospital providing G6PD POC testing
and location were obtained from the clinic managers using a questionnaire. The health facilities
mentioned as accessed points were cross-checked to be sure of the availability of the G6PD deficiency
testing service.

2.3. Variables and Operational Definitions

2.3.1. Availability

The availability of health facilities providing G6PD deficiency testing services.

2.3.2. Distance

The proximity from a PHC clinic/population to the nearest district hospital providing G6PD
deficiency testing at point-of-care.

2.3.3. Travel Time

Estimated time likely to be spent by a patient or pregnant woman traveling from a PHC clinic or
any location in UER to the entrance of a district hospital for a G6PD deficiency screening test.

2.4. Data Analysis and Mapping

We linked the data on PHC clinics, health facilities providing G6PD deficiency screening test,
area, and the geographic coordinates of the health facilities to ArcGIS 10.4 software and a base map.
All 100 PHC clinics from the earlier cross-sectional survey were used as inputs to quantify the distance
in kilometers (km) to their nearest health facilities providing a G6PD deficiency screening test in
the study area. The euclidean distance from the PHC clinic as well as from all areas of UER to the
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nearest health facility was calculated using the near function analysis tools in ArcGIS 10.5. We used
an assumed speed of 20 km per hour of the most available and generally utilized public transport in
the region known as “motor king” (a motorized tricycle) to estimate the travel time from all areas.
The model and technique used to guesstimate the travel time from all locations in UER to the closest
health facilities providing G6PD deficiency screening test in this current study are published in our
previous studies [32,34]. The estimated distances and travel times for each of the Districts to the
nearest health facility providing G6PD deficiency testing services from PHC clinics and all locations in
the UER were exported to Stata V 14.0 software for analysis and the mean and standard deviation
calculated and reported. A study showed that access to healthcare beyond 10 km has an association
with higher risks of poor health outcomes [35]. Therefore, this current study considered location less
≤10 km to the nearest district hospital providing G6PD deficiency screening test as zones with good
geographical access.

2.5. Ethics Approval

This study was approved by the Navrongo Health Research Centre Institutional Review
Board/Ghana Health Service (approval number: NHRCIRB291) on 8th January 2018 and the
University of KwaZulu-Natal Biomedical Research Ethics Committee (approval number: BE565/17) on
12 February 2018.

3. Results

3.1. Characteristics of the Participated PHC Clinics in the Study

One hundred PHC clinics were included in this study comprising of 58% Community-based Health
Planning and Services (CHPS) facilities, and 42 sub-district health centers. Of the 100 participated
PHC clinics, the majority (92%) were Ghana Health Service (GHS) facilities, and the remaining 8%
were Christian Health Association of Ghana (CHAG) facilities.

3.2. Geographical Distribution of Public Health Facilities Providing G6PD Deficiency Testing in UER

POC testing for G6PD deficiency was available in all eight hospitals. This implies that the health
facility-to-population ratio for G6PD deficiency POC testing in UER was approximately 1:159,210
(8/1,273,677) population, whilst the health facility-to-women of reproductive age (WORA) was about
1:38,210 (8/305683). Of these eight hospitals, six (6) were District Hospitals owned and managed by the
GHS, one (1) owned by a Church (a member of the CHAG), and one (1) Regional Hospital. Of the
thirteen administrative districts in the region, five districts (Binduri, Nabdam, Garu-Tempane, Pusiga,
and Builsa South) had no health facility providing G6PD deficiency POC testing, as shown in Figure 1.
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Figure 1. Map showing the geographic distribution of health facilities providing Glucose-6-Phosphate
Dehydrogenase (G6PD) deficiency screening test and sites within 10 km distance from the health facility.

3.3. Geographical Access to Health Facilities for G6PD Deficiency POC Testing in the UER

We mapped the 100 randomly selected PHC clinics to the nearest hospital in the region providing
G6PD deficiency testing and estimated the distance and travel time. Of the 100 PHC clinics, the majority
(52%) were located in areas greater than 10 km to the nearest health facility where G6PD deficiency
screening test. None of the participated clinics in three districts (Garu-Tempane, Nabdam, and Builsa
South) was within 10 km proximity to the nearest health facility providing a G6PD deficiency screening
test (Figure 2). The estimated mean distance from a PHC clinic to a hospital for G6PD deficiency
screening test in the region was 15 ± 11 km, and the mean travel time was 46 ± 33 min based on a
motorized tricycle speed of 20 km per hour.
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Figure 2. Map showing the distribution of the primary healthcare (PHC) clinics and distance within
10 km from the nearest health facility providing G6PD screening test.

Based on the 100 PHC clinics involved in this study, 3 districts (Bawku Municipal, Bolgatanga
Municipal, and Bongo District) out of the 13 in the region recorded good geographical access (mean
distance less than 10 km) to POC testing for G6PD deficiency in the region. Of the remaining ten
districts that recorded poor geographical access to POC testing for G6PD deficiency, PHC clinics in the
Builsa South and Garu-Tempane districts with mean distances of 30± 9 km (travel time; 89.6 ± 27.5 min)
and 28 ± 6 km (travel time; 85 ± 18 min) respectively were shown to have poorer geographical access
compared to the other districts.

We also quantified the distance and travel time from all locations in the region to the closest
health facility for G6PD deficiency screening test. The results show varied geographical access to
POC testing for G6PD deficiency in all 13 districts. The results show populations in the Bolgatanga
Municipality has better access to health facilities for G6PD deficiency testing [mean distance = 23 km;
SD = 9, mean travel time = 46 min; SD = 19] whilst Garu-Tempane District recorded the poorest [mean
distance = 50 km; SD = 17, mean travel time = 99 min; SD = 34]. The mean distance and traveling time
using all locations were 34 ± 14 km and 68 ± 26 min respectively. Figures 3 and 4 respectively present
the mean distance and travel time to POC testing for G6PD deficiency per district in the region.
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Figure 3. Mean distance and standard deviation from all locations to the nearest hospital providing
G6PD deficiency point-of-care (POC) testing services in the upper east region (UER) by districts.

Figure 4. Mean travel time and standard deviation from all locations to the nearest hospital providing
G6PD deficiency POC testing services in the UER by districts.

4. Discussion

This study revealed limited availability of health facilities offering G6PD deficiency screening test
in the region. All PHC clinics lacked a POC device for G6PD deficiency screening. G6PD deficiency
screening test was available in districts where a hospital was present and providing laboratory services.
Moreover, the geographical access to POC testing for G6PD deficiency in the region was poor and
varied across the districts.

Similarly to the present study findings, Adu-Gyasi and colleagues’ 2015 study in Ghana aimed
to evaluate a G6PD deficiency POC device revealed limited availability of health facilities providing
G6PD deficiency screening test [5]. Their study evidenced that no health facility except the research
institution was providing G6PD deficiency screening as an essential healthcare service in their study
area [5]. Elsewhere, Therrell and colleagues in 2015 reported that despite the highest prevalence
of G6PD deficiency in Africa and the Middle East, these regions have the poorest access to G6PD
deficiency screening tests [36]. Anderle and colleagues in their review also observed that G6PD
deficiency screening services are mostly accessible to urban populations close to health facilities that
provide the service [37]. Contrary to the current study findings, Ley and colleagues’ study in 2015
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evidenced the availability of G6PD deficiency microscopy screening and rapid diagnostic testing
(RDTs) services at all health facilities as well as community-level health facilities in Bangladesh [38].
Ley and colleagues further evinced the availability of G6PD deficiency microscopy screening and
RDTs service in all hospital and clinics, and the availability of RDTs only at community-level health
facilities in Cambodia [38]. Ley and colleagues study additionally showed that in the Philippines,
G6PD deficiency microscopy screening was found to be available in hospitals as well as municipal
health clinics [38]. Moreover, access to G6PD deficiency screening service was described to be high
in the Asia Pacific region where about six countries were reported to be providing the service to the
general population and sub-populations such as newborns [36].

Although we found no study reporting on the geographical access to POC testing for G6PD
deficiency either in Ghana or elsewhere, previous studies that assessed the geographical access to
health facilities for comprehensive ANC service, and tuberculosis POC testing in UER reported
similarly poor accessibility with district variation as well as random spatial distribution of the health
facilities providing the services [32,34,39]. The poor geographical accessibility to POC testing for G6PD
deficiency evidenced by this current study has potential implications on Ghana’s malaria control
program, screening of pregnant women prior to SP administration, and screening of newborns for
G6PD deficiency as recommended by the WHO. Healthcare providers in rural PHC clinics mostly
likely may be prescribing anti-malarial drugs to patients without knowledge of their G6PD deficiency
status. It is also possible pregnant women particularly primigravidas (first timers) receiving ANC
services in rural PHC clinics whose G6PD deficiency statuses were previously unknown may be denied
SP administration unjustifiably. Traveling long distances to access G6PD deficiency screening test
have financial implications, long waiting time for test results, and may result in patient dissatisfaction.
Hence, patients or pregnant women may fail to go for a G6PD screening test at the referral hospital
and this consequently may affect both maternal and newborn health outcomes.

To address disparities with regards to access to G6PD deficiency testing services, inform rural
healthcare providers decisions on SP or anti-malarial therapy, and improve malaria, maternal, and
newborn health outcomes, we recommend the implementation of G6PD POC testing at rural PHC
clinics in Ghana. For instance, locations in UER with poor geographical access to G6PD deficiency
testing services as visualized in Figure 5 should be prioritized for improvement. Although the WHO
has not included a G6PD deficiency screening test as one of the tests to be performed in PHC clinics in
the essential list of in vitro diagnostics, several G6PD deficiency POC testing devices and RDTs are
available in recent time and are have been used in countries such as Bangladesh and Cambodia [38] to
improve access to G6PD deficiency testing service. Implementation of appropriate POC diagnostic
tests for G6PD deficiency testing in rural and resource-limited health facilities in Ghana and other
malaria-endemic countries with poor access to G6PD deficiency testing can help resolve the dilemma
with the administration of SP and other antimalarial medicines health providers in those areas
experience. It will also reduce the potential catastrophic indirect cost associated with accessing the
service such as transportation cost, loss of man-hours at hospitals, and other unforeseen risks resulting
from traveling long distances with poor transportation systems.
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Figure 5. Map showing the distribution of distance (km) from all residential areas to health facilities
providing G6PD screening test in the UER.

An additional benefit for implementing POC testing for G6PD deficiency at rural PHC clinics in
UER will be a reduction of traveling time from all areas (Figure 6) and improve accessibility to the
service. This may lead to increase utilization of the service and improve health outcomes. Furthermore,
implementing G6PD deficiency screening tests at PHC clinics will help improve Ghana’s malaria
control program as well as contribute to Ghana’s quest to attain universal health coverage. Moreover,
the ability of health providers in resource-limited settings to test the G6PD deficiency status of pregnant
women potentially can help them report promptly hemolytic anemia cases caused by G6PD deficiency
may during pregnancy management to prevent hematological and several possible serious obstetrical
complications such as fetus malformations, infertility, bilirubin-induced neurological damage in
newborns, and death [6,40]. In view of these, we recommend a wider implementation of appropriate
diagnostic tests for G6PD deficiency testing in rural and resource-limited settings health facilities to
improve G6PD deficiency status testing of pregnant women and patients prior to the administration of
SP and other antimalaria medicines as well as, facilitate the malaria control/elimination programs with
primaquine in malaria-endemic countries.

Moreover, chloroquine has recently been shown to be a useful drug for the treatment of Coronavirus
Disease 2019 (COVID-19) [10]. which has so far infected over 1,200,000 million people with more
than 62,000 deaths [41]. Based on this, some countries are considering the use of chloroquine to
treat COVID-19 cases, despite the safety concerns raised regarding its use due to the possibility of
chloroquine causing hemolysis in patients with G6PD deficiency [9]. Considering this, checking the
G6PD deficiency status of a COVID-19 patient prior to treatment with chloroquine may be ideal,
particularly in malaria-endemic countries such as Ghana. Hence, it would be prudent to improve the
availability of and accessibility to POC testing for G6PD deficiency prior to the recommendation of the
use of chloroquine for treatment of COVID-19 patients in malaria-endemic countries such as Ghana.
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Figure 6. Map showing the distribution of travel time (mins) from all residential areas to health facilities
providing G6PD screening test in the UER.

Using GIS to inform the implementation of health services has been shown to be useful [42–44].
GIS effectively enables the implementation of POC testing in health networks to streamline decision
making at the POC [45]. Geospatial science has also been proven to be useful in creating solutions for
population access to POC testing during emergencies, outbreaks, and disasters such as the present
COVID-19 pandemic [46]. Hence, GIS helps improve patient outcomes, time and money, ensure that
the health networks are sufficiently resourced to deliver needed health services to the population [45].
Despite these strengths, there are several limitations worth noting such as our inability to include
non-spatial factors in the analysis. Non-spatial factors such as the income of a patient [47], age,
cultural practices, education, and others can also influence the utilization of a health service even if the
service is very close to the individual [48]. Although this study is recommending implementation of
POC testing for G6PD deficiency at rural PHC clinics, it did not assess the cost-benefit analysis of its
implementation. However, knowing the G6PD status of a patient is useful clinical information and the
cost of implementing POC for G6PD deficiency testing service at rural PHC clinics by the Government
of Ghana should not be a reason to deny a special sub-population such as pregnant women and
newborns access to G6PD deficiency testing because Ghana is a malaria-endemic country. It is also
possible some private hospitals and medical laboratories within the region may be providing G6PD
deficiency screening test and where not included in this study’s analysis. The travel time estimation
provided by this study was dependent on only one mode of public transport using an assumed speed
which might be inaccurate. Moreover, this study was only limited to only one region in Ghana and
therefore the findings may not necessarily apply to the remaining fifteen regions in the country. We,
therefore, recommend future researches to focus on areas such as the non-spatial factors, cost-benefit
analysis of implementing POC testing for G6PD deficiency at PHC clinics not captured by this study.
We also recommend a similar study in the other fifteen regions of Ghana. We further recommend
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future studies to included other modes of transportation such as walking, car, motorbike, bicycle,
and others where applicable in the analysis. Nonetheless, this study has provided evidence-based
information useful for policy decision making for targeted improvement of POC testing for G6PD
deficiency in the UER. This study also provides baseline information for future studies since it is the
first study to evaluate the geographical accessibility to POC testing for G6PD deficiency in Ghana and
perhaps, worldwide.

5. Conclusions

G6PD deficiency POC test permits clinical diagnostic decisions either to administer anti-malarial
drugs/SP or not in resource-limited settings and useful for improving health outcomes and the cost
of accessing G6PD testing services. Spatial analysis estimated current mean distance and travel to a
G6PD deficiency testing center from all locations in UER to be over 33 km and 60 min respectively
using a motorized tricycle. This could be reduced significantly with the implementation of POC
testing for G6PD deficiency at PHC clinics located more than 10 km away from a health facility.
Given the challenges associated with G6PD deficiency, it would be essential to improve access to
G6PD deficiency POC testing to facilitate administration of sulphadoxine-pyrimethamine to pregnant
women, full implementation of the malaria control program in Ghana, and treatment of COVID-19
patients with chloroquine in malaria-endemic countries. To enable the World Health Organization
include appropriate G6PD POC diagnostic tests in its list of essential in-vitro diagnostics for use in
resource-limited settings, we recommend a wider evaluation of available POC diagnostic tests for
G6PD deficiency, particularly in malaria endemic countries.
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Abstract: Background: In Ghana, a blood group and rhesus type test is one of the essential
recommended screening tests for women during antenatal care since blood transfusion is a key
intervention for haemorrhage. We estimated the spatial accessibility to health facilities for blood
group and type point-of-care (POC) testing in the Upper East Region (UER), Ghana. Methods:
We assembled the attributes and spatial data of hospitals, clinics, and medical laboratories providing
blood group and rhesus type POC testing in the UER. We also obtained the spatial data of all the 131
towns, and 94 health centres and community-based health planning and services (CHPS) compounds
providing maternal healthcare in the region. We further obtained the topographical data of the region,
and travel time estimated using an assumed tricycle speed of 20 km/h. We employed ArcGIS 10.5 to
estimate the distance and travel time and locations with poor spatial access identified for priority
improvement. Findings: In all, blood group and rhesus type POC testing was available in 18 health
facilities comprising eight public hospitals and six health centres, one private hospital, and three
medical laboratories used as referral points by neighbouring health centres and CHPS compounds
without the service. Of the 94 health centres and CHPS compounds, 51.1% (48/94) and 66.4% (87/131)
of the towns were within a 10 km range to a facility providing blood group and rhesus type testing
service. The estimated mean distance to a health facility for blood group and rhesus POC testing
was 8.9 ± 4.1 km, whilst the mean travel time was 17.8 ± 8.3 min. Builsa South district recorded the
longest mean distance (25.6 ± 7.4 km), whilst Bongo district recorded the shortest (3.1 ± 1.9 km).
The spatial autocorrelation results showed the health facilities providing blood group and rhesus type
POC testing were randomly distributed in the region (Moran Index = 0.29; z-score = 1.37; p = 0.17).
Conclusion: This study enabled the identification of district variations in spatial accessibility to blood
group and rhesus type POC testing in the region for policy decisions. We urge the health authorities
in Ghana to evaluate and implement recommended POC tests such as slide agglutination tests for
blood group and rhesus type testing in resource-limited settings.

Keywords: spatial accessibility; blood group; rhesus type; point-of-care testing; maternal healthcare;
Upper East Region; Ghana
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1. Introduction

Since 1990, the world has made significant progress in reducing maternal mortality [1]. Despite the
progress made, recent evidence shows that every eleven seconds a pregnant woman dies somewhere
in the world according to the World Health Organisation (WHO) [1]. In 2017, approximately 295,000
women died from mostly preventable causes during and subsequent to pregnancy and childbirth;
94% of these mortalities occurred in resource-limited settings [2]. Sub-Saharan Africa (SSA) and
Southern Asia alone accounted for 86% of all maternal deaths in the world [2]. The WHO estimates
show that in 2017, SSA countries including Ghana alone accounted for almost two-thirds (196,000) of
maternal deaths compared to Southern Asia which accounted for approximately one-fifth (58,000) [2].
Haemorrhage remains a major direct cause of maternal death and together with hypertensive disorders
and sepsis accounts for more than 50% maternal deaths globally [3]. A recent global systematic review
by Say and colleagues revealed that haemorrhage accounted for about 27.1% ahead of hypertensive
disorders with 14%, and sepsis (10.7%) of the total 60,799 maternal deaths retrieved from 23 eligible
studies published from 2003 to 2012 [3]. Blood transfusion service is one of the critical interventions
for the management of haemorrhage [4].

Blood transfusion saves lives and improves health, but many patients, including pregnant women
or women during delivery, requiring transfusion do not have timely access to safe blood [5]. A blood
transfusion may become crucial at any time in both urban and rural communities [5]. Improving
access to safe blood transfusion relies partly on the ability of the health facility to effectively perform
point-of-care (POC) testing for blood group and rhesus type. Generally, access to healthcare services
including blood group and rhesus type POC testing may also be influenced by several factors such as
the availability of laboratory services, human resource capacity, availability of POC tests and supply
chain management of the diagnostic tests, cost, wealth, quality of care, occupation, cultural practices,
education, and the location of the service [6–9]. The nature of the road and networks, type of transport
systems, topology, land use, building use, traffic condition and population density, and seasonal
variations may also influence travel time to healthcare facilities, particularly in rural areas [7,10].
In some settings, these factors may interact in a complex way and geographical access in terms of
distance and travel time may be insignificant [7]. Nonetheless, where the availability of POC testing
for blood group and rhesus type is poor and laboratory services are sparse, the geographical location
of the service becomes a key barrier to the service, particularly for the rural populations and, hence,
very essential [7,11–13].

In Ghana, evidence shows that the maternal mortality ratio presently stands at 319 per 100,000
live births [1,13–15]. Haemorrhage is one of the direct causes of maternal deaths in Ghana and among
the top five causes [16,17]. The Der et al. study in 2013 identified haemorrhage as the topmost cause of
maternal mortality in Ghana accounting for 21.8% of all deaths with abortion, hypertensive disorders,
infections, and ectopic gestation accounting for 20.7%, 19.4%, 9.1%, and 8.7%, respectively [17]. Many
interventions including the implementation of a free maternal healthcare policy since 2003, provision
of emergency obstetric care, expansions of health infrastructure, increased training of midwives and
posting them to underserved communities, and ongoing investment in primary healthcare (PHC)
facilities such as health centres and community-based health planning and service (CHPS) facilities
are meant to reduce maternal deaths in the country. Pregnant women in Ghana are also expected to
undertake a blood type screening test as part of the wide range of healthcare services rendered to
them during the first antenatal care (ANC) visit irrespective of the level of care [18,19]. Like most SSA
countries, Ghana’s PHC facilities often do not have laboratories to perform blood type screening tests
for patients and donors as well as facilities for safe storage of blood. In 2018, a cross-sectional study
was conducted aimed to investigate the availability and use of pregnancy-related point-of-care (POC)
tests in Ghana’s PHC clinics [20]. Of the 100 participating PHC clinics in the survey, blood group and
rhesus type testing was available in only six clinics with some form of laboratory services in the Upper
East Region (UER) [20]. Whilst the average ANC clinic attendance per month was shown to be 65
pregnant women with a minimum of 30 and a maximum of 360 [20]. The results of the survey also
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revealed that out of the 94 clinics without blood group and rhesus type testing, 89 demonstrated the
need for it in their clinics [20]. The findings of the survey revealed blood group and rhesus type testing
is still a laboratory-based test in Ghana performed by trained laboratory professionals and, hence,
may not be accessible to all who need it [20].

Despite this, to date, no study has measured the spatial accessibility in terms of distance and
travel time to health facilities providing blood type testing services in Ghana, especially in the UER.
Knowledge of the distance and travel time to the nearest health facility for a blood type screening
test is potentially essential to help the Government of Ghana implement POC testing services in rural
health facilities located in geographical settings with poor access as recommended by the WHO and
bring healthcare closer to where people live and work [21]. We, therefore, investigated the spatial
accessibility to blood group and rhesus type POC testing during ANC in the UER of Ghana.

2. Methods

2.1. Overview

This is a follow-up on our previously published cross-sectional study which investigated the
availability and use of pregnancy-related POC tests in the UER utilising a hundred PHC clinics (health
centres and CHPS compounds) randomly selected from a total of 356 clinics from all the districts in
the region [20]. The sampling strategy used to select the 100 PHC clinics as well as the study area
(UER) has been adequately described in the previously published survey [20]. The survey revealed
that of the 100 PHC clinics, blood type screening test was available only in six clinics, and all six were
health centres with some form of laboratory services [20]. To measure the spatial accessibility to health
facilities where blood type screening testing is available in the regions, the cost-distance algorithm was
applied using the ArcGIS desktop software. The flow diagram (Figure 1) illustrates the data, methods,
and models used. All the attributes and spatial data used for this study were obtained in 2018.

Figure 1. A flow diagram illustrating the data, methods, and models used. PHC—primary healthcare.
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We extracted the attribute data on all the 100 PHC clinics and health facilities where expectant
mothers (who require blood group and rhesus status testing) were referred for blood type screening
tests during ANC. These data which were obtained in text data format were loaded into the ArcGIS
10.5 software and transformed into a shapefile to allow for performing spatial analysis using ArcGIS.
The topographic data gathered for this current study included roads, rivers, and the slope obtained
as the digital elevation model (DEM). The topographical data were obtained for the whole of West
Africa and the UER processed as a subset of Ghana. Road data were obtained to inform travel routes
and, in view of this, types of roads were appended as attribute data to the spatial data to inform the
potential speed users are likely to experience on each road type which may as well greatly inform
travel distance and time. The DEM for the West Africa region was obtained to inform the slope of every
location in the UER. This was necessary because identifying valleys and hills was key to determining
which areas serve as barriers and are inaccessible to users. The DEM dataset was obtained from Adu
Manu Kwame (AMK) Consultancy and compared with the data obtained from the University of Ghana
Remote Sensing and Geographic Information Systems Laboratory for accuracy. We then reclassified
the slope data into highlands (more than 200 m high) and flatlands (between 119 and 200 m high) as
informed by the DEM data which showed that the highest point in the UER was about 470 m, and
119 m was the lowest point.

2.2. Spatial Data of Health Facilities

To realise the objectives of this study, the geo-location data of all the 100 PHC clinics and health
facilities such as public hospitals or clinics offering blood type testing services as well as private medical
laboratories or hospital/clinics being utilised as referral points for blood type testing services were
obtained from the Regional Health Directorate of the Ghana Health Service, UER. We also obtained
the spatial data of all the 131 towns in the region using the global positioning system. To accurately
map all the latitude and longitude to their relative location on the earth, the World Geodetic System 30
North coordinate system was applied to the entire dataset because Ghana falls within this zone.

2.3. Geospatial Analysis

Developing a Model for Estimating the Travel Time

As a key aspect of this study, the model for determining the travel time was carefully developed
taking into consideration all the datasets. Using the PyScripter integrated development environment
and relying on the Python capabilities of ArcGIS 5.0, a model was developed to calculate the travel
time and for data transformation. The cost distance model which calculates the shortest time to a
source based on a cost dataset was used to determine distance. A motorised tricycle was identified as
the commonly used public transport for travel within UER, hence, travel time was estimated via road
and via paths and tracks using an assumed motorised tricycle speed of 20 km per hour. We recalibrated
travel time per pixel (10 m × 10 m grid) for both roads and paths to enable estimation of travel time
from PHC clinics where blood type testing services are not available to the nearest hospital, clinic,
or medical laboratory for all the districts in the region. Although travel time can be influenced by
many factors, we chose to estimate travel time via roads and paths because they are the commonly
used routes in the region. Likewise, the motorised transport system was chosen because we found it
was the most used public mode of transport for journeys within the region. The model and procedure
used to approximate the travel time for this current study have been published in our previous studies
focusing on geographical access to tuberculosis diagnostic services and comprehensive ANC POC
diagnostic services [12,13]. Supplementary file 1 presents a detailed description of the procedure.

2.4. Buffer

We employed the geospatial analysis proximity tool (Buffer) to identify towns and PHC clinics
without a blood group and rhesus type testing service located within a 10 km radius, and those located
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beyond 10 km to a health facility providing the service. We additionally estimated the proximity
of all the 131 towns to the nearest health facility providing blood group and rhesus type testing
service. Evidence shows that access to healthcare elsewhere more than 10 km away is associated with
higher risks of poor health outcomes [22]. ‘Buffer’ in geographic information systems (GIS) refers
to a boundary defined by specific units that surround a source or feature. For the purposes of this
study, the point buffer was employed because the origin feature in this study which is health facilities
providing blood type testing service is a point feature (vector dataset).

To assess the accuracy, we created a set of random points from the ground truth data and
compared that to the classified data in a confusion matrix using three geoprocessing tools: create
accuracy assessment points, update accuracy assessment points, and compute confusion matrix.

2.5. Spatial Autocorrelation

We utilised the spatial autocorrelation tool in ArcMap 10.5 to determine the spatial distribution
of the health facilities providing blood type testing services in the region. Spatial autocorrelation
mirrors the first law of geography which states that “everything is related to everything else, but near
things are more related than distant things” [23]. In spatial autocorrelation, the null hypothesis of
the Moran’s Index statistic states that the feature being measured is distributed randomly, however,
when the p-value obtained from running the spatial analyst tool proves to be statistically significant,
then the null hypothesis can be rejected [24]. Guided by this, we considered a positive correlation to
mean similar values clustered together while negative correlation is representative of different values
clustered in a location, and zero means no correlation.

2.6. Ethics Approval

This study was approved by the Navrongo Health Research Centre Institutional Review
Board/Ghana Health Service (approval number: NHRCIRB291) on 8th January 2018 and the University
of KwaZulu-Natal Biomedical Research Ethics Committee (approval number: BE565/17) on 12th
February 2018

3. Results

3.1. Characteristics of the Health Facilities Providing Blood Group and Rhesus Type POC Testing

In all, blood group and rhesus type POC testing was available in 18 health facilities. Of the 18
health facilities, nine (50%) were hospitals and six (33.3%) health centres. The remaining three (16.7%)
health facilities were private medical laboratories which were used as referral points by some of the
PHC clinics without blood group and rhesus type POC testing service. Of the nine hospitals providing
blood group and rhesus type POC testing services, the majority (77.8%) are owned and managed by
the Ghana Health Service (GHS), 11.1% are owned and managed by the Christian Health Association
of Ghana (CHAG), and 11.1% by private individuals. Similarly, 83.3% (5/6) of the sub-district health
centres offering blood group and rhesus type POC testing are owned and managed by GHS, whilst
one (16.7%) is owned by CHAG. All the 18 health facilities offering blood group and rhesus type
POC testing services were distributed across nine out of the 13 districts in the region. Four (22.2%)
each were in the Bongo district and Bolgatanga municipality; meanwhile, there was no health facility
providing blood group and rhesus type POC testing services in Builsa South, Nabdam, Binduri, and
Pusiga districts (Figure 2).
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Figure 2. Map showing the geographical location, facility type, and ownership of health facilities
providing blood type testing services in the Upper East Region (UER). CHAG—Christian Health
Association of Ghana; GHS—Ghana Health Services.

3.2. Spatial Distribution of Health Facilities Providing Blood Grouping and Rhesus Type Testing Services in
the UER

To determine the spatial distribution of health facilities providing blood grouping and rhesus
type testing services in the region, spatial autocorrelation analysis was conducted. The results showed
a positive spatial autocorrelation (Moran Index = 0.29; z-score = 1.37; p = 0.17) suggesting that health
facilities providing blood group and rhesus type testing services were randomly distributed spatially
in the region (Figure 3).
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Figure 3. Spatial autocorrelation map showing the spatial distribution of health facilities providing
blood group and rhesus type testing in the UER.

3.3. Spatial Accessibility to Blood Group and Rhesus Type Testing in the UER

We estimated the proximity (distance) of the 94 PHC clinics without blood group and rhesus type
testing service from the previous cross-sectional study to the nearest health facility providing blood
group and rhesus type testing services in the region. The results showed that 48 (51.1%) of the PHC
clinics without blood group and rhesus type testing service were within 10 km reach to the nearest
health facility offering the services. All the participating PHC clinics without blood group and rhesus
type testing service from Bolgatanga Municipal and Bongo district were within 10 km range to the
closest facility providing the service. However, none of the PHC clinics included in this study from the
Builsa South district were within 10 km reach of any of the health facilities providing blood group and
rhesus type testing service (Figure 4).
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Figure 4. Map showing the distribution of the PHC clinics and distance within 10 km from the nearest
health facility providing blood group and rhesus type testing services in the UER.

Based on the PHC clinics included in this analysis, the mean (standard deviation (SD)) distance
from a PHC clinic without blood group and rhesus type testing service to the closest facility providing
the service in the UER was 12.6 ± 5.2 km. The longest mean distance was recorded in the Builsa South
(32.2 ± 13.2 km) district, whilst the shortest (3.3 ± 1.4 km) was in the Bongo district. The results also
show that the mean travel time from a PHC clinic without blood group and rhesus type testing service
to the closest facility providing the service in the UER was 37.7 ± 15.4 min. Again, Builsa South district
recorded the longest travel time (96 ± 39.4 min), whilst Bongo district recorded the shortest travel time
(9.9 ± 4.1 min) to the nearest facility offering blood group and rhesus type testing service (Figure 5).

This study also estimated the proximity of all the 131 towns to their nearest health facilities
providing blood group and rhesus type testing services. The results showed that 87 (66.4%) of the towns
were within a 10 km radius (less than 30 min travel time) to a health facility providing blood group
and rhesus type testing service. Twenty-five (19.1%) of the 131 towns were located between 10 and
15 km to a health facility offering blood group and rhesus type testing service, whilst 15 (11.5%) towns
were located at more than 15–25 km reach. Meanwhile, 4 (3.1%) towns in Builsa South district were
found to be located more than 25 km to the nearest health facility providing blood group and rhesus
type testing service (Figure 6). Supplementary file 2 provides the distance/travel time categorisation of
the towns and their names.
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Figure 5. A bar chart depicting the mean distance and travel time from PHC clinics to the nearest
health facility providing blood group and rhesus type testing services per district in the UER.

Figure 6. Map showing the distribution of distance (km) and travel time (minutes) from towns to
health facilities providing blood group and rhesus type testing services in the UER.

This study’s findings further showed that the mean distance and travel time ± SD from all
locations in the 131 towns of the UER to a health facility providing blood group and rhesus type testing
service in the region was 8.9 ± 4.1 km and the mean travel time was 17.8 ± 8.3 min. Builsa South
and Bongo districts once again recorded the longest mean distance (25.6 ± 7.4 km) and the shortest
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(3.1 ± 1.9 km), respectively, to a health facility providing blood group and rhesus testing service in the
region. Similarly, the mean travel time from all locations in the 131 towns of the UER to a health facility
providing blood group and rhesus type testing services in the region was estimated at 17.8 ± 8.3 min
with Builsa South district recording the longest travel time (51.3 ± 14.8 min) and the shortest time
recorded in Bongo district (6.2 ± 3.9 min) (Figure 7).

Figure 7. A bar chart depicting the mean distance and travel time from all 131 towns in the UER to a
health facility providing blood group and rhesus type testing services per district in the region.

4. Discussion

This study estimated the spatial accessibility (distance and travel time) to health facilities for blood
group and rhesus type testing during ANC in the UER of Ghana. The results showed the about 51.1%
of the PHC clinics without blood group and rhesus type testing and 66.4% of the towns in the region
were within 10 km range to a facility providing the service. The mean distance to a health facility
providing blood group and rhesus type testing service in the region was 8.9 ± 4.1 km, whilst the mean
travel time was 17.8 ± 8.3 min using a motorised tricycle speed of 20 km/hour. The results further
showed that the spatial autocorrelation of the health facilities providing blood group and rhesus type
testing services were randomly distributed in the region.

We found the majority of the PHC clinics without blood group and rhesus type testing and the
towns in the UER were within 10 km proximity to the nearest health facility providing the service.
Although this finding is fairly good, at the same time, it depicts that almost half (48.9%) of the PHC
clinics are without blood group and rhesus type testing facilities; moreover, about 33.6% of the towns
are still geo-located beyond 10 km to a facility providing the services. This could also result in low
utilisation of blood group and rhesus type testing services, overcrowding at the health facilities, and
increased waiting time for test results. Evidence shows that people tend to limit the use of health
services to facilities closer to them [25]. Ferguson and colleagues also demonstrated that having
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diagnostic technologies closer to populations streamlines critical care paths [26]. Hence, these results
have revealed the need to equip the PHC clinics to enable them to provide POC testing for blood group
and rhesus type tests in the region. Contrary to this current study finding, a previous study in the UER
reported fewer PHC clinics were within 10 km reach to either a hospital or medical laboratory for a
one-stop ANC POC diagnostic service [13].

We also found the mean distance to blood group and rhesus type POC testing in the region to be
8.9 ± 4.1 km and a mean travel time of 17.8 ± 8.3 min using a motorised tricycle speed of 20 km/hour.
These findings suggest moderate spatial accessibility to blood group and rhesus type testing. It is
possible that a substantial proportion of women of reproductive age live beyond 8.9 km from nearest
health facility providing the service. The distance of 8.9 km and can take several hours for a pregnant
woman to walk in the case where she is unable to afford the services of a motorised tricycle. Even when
a pregnant woman can afford the services of a motorised tricycle but considering the bad state of the
roads in the region, particularly in the rural areas, the speed of the tricycle may be less than the average
20 km/h used in our analysis. Therefore, the travel time to the nearest health facility may exceed the
estimated travel time we found in some cases. In this case, it is possible that a significant number of
referred pregnant women from PHC clinics may not go to the referral facilities for blood group and
rhesus type testing during ANC and this potentially could become problematic when the need arises
for urgent blood transfusion. Although we found no other study demonstrating evidence on spatial
accessibility to health facilities for blood group and rhesus type testing, Gething and colleagues’ study
on geographical access to care at birth in Ghana reported longer journey times to emergency obstetric
and neonatal care [7]. Likewise, a study in South Africa by Tanser and colleagues also demonstrated
poor physical accessibility (travel time of 170 min) to healthcare [10].

We further found the spatial autocorrelation findings also demonstrated the health facilities
providing blood group and rhesus type testing services were randomly distributed in the region.
This suggests the health facilities were neither clustered nor dispersed in the UER. However, our
analysis showed district-wise variation in spatial accessibility to public hospitals and clinics offering
blood group and rhesus type POC testing services in the region. Nonetheless, we have highlighted
worst-served areas for improvement by the health authorities to address the disparities revealed,
particularly, in the Builsa South district. Similarly, our previous studies in the UER which assessed the
geographical access to a comprehensive ANC and tuberculosis POC testing also found geographic
variations of the health facilities with moderate accessibility to diagnostic services [12,13].

Knowledge of blood group and rhesus type is of paramount importance to prevent transfusion-
related complications particularly among pregnant mothers [27]. However, the findings revealed a
low number of PHC facilities providing ABO and rhesus factor testing resulting in spatial variation
of the service provision. Possible solutions to the geographical access and/or knowledge gap of
pregnant mothers on ABO and rhesus factor type may include the implementation of POC testing for
blood group and rhesus type in Ghana’s PHC clinics in accordance with the WHO recommendation.
The WHO recommends a slide agglutination test using capillary whole blood or venous whole blood
to determine A, B, and O groups and Rh type in resource-limited settings to facilitate the screening of
patients, donors, safe blood transfusion, and improve access to healthcare and outcomes [21]. This will
enable every pregnant woman and blood donors to be screened during ANC services for safe blood
transfusion when needed urgently. The implementation of POC testing for blood group and rhesus
type in Ghana’s PHC clinics may well reduce the distance and travel time to help improve access to
healthcare generally and better maternal health outcomes in resource-limited settings. Additionally,
the cost and risks of traveling long distances to access blood group and rhesus type testing services
potentially will be reduced with a resultant increase in utilisation. Moreover, the implementation of
POC testing of blood grouping and rhesus type for maternal healthcare may lead to a reduction of
maternal deaths caused by haemorrhage, hence contributing to Ghana’s achievement of Sustainable
Development Goal 3.1 (less than 70 maternal deaths per 100,000 live births) by 2030. According to
WHO, countries such as Belarus, Bangladesh, Cambodia, Kazakhstan, Malawi, Morocco, Mongolia,
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Rwanda, Timor-Leste, and Zambia made substantial progress in reducing maternal mortality owing to
the implementation of several interventions including their focus on improving the quality of care at
the PHC level and universal health coverage [1].

Using geographical information systems (GIS) to inform the implementation of health services
has been shown to be useful [28–30]. GIS effectively enables implementation of POC testing in health
networks to streamline decision making at the POC [26]. Hence, GIS helps improve patient health
outcomes, save time and money, and ensure that the health networks are sufficiently resourced to deliver
needed health services to the population [26]. Despite these strengths, there are several limitations
worth noting such as our inability to include non-spatial factors in the analysis. Non-spatial factors
such as the income of patients [8], age, cultural practices, education, and others can also influence
the utilisation of health services even if the service is very close to the individual [7]. Although the
implementation of POC testing for blood group and rhesus type testing in PHC clinics has the potential
to improve maternal health outcomes, this study did not assess the cost–benefit analysis and other
challenges associated with the implementation. Nonetheless, knowledge of one’s blood group and
rhesus type and safe blood transfusion timely could save many lives including those of pregnant
women before, during, and after delivery. The travel time estimation provided by this study was
dependent on only one mode of transportation using an assumed speed which might be inaccurate.
Moreover, this study was limited to only one region in Ghana, and, therefore, the findings may not
necessarily apply to the remaining fifteen regions in the country. We therefore recommend future
research to focus on areas such as the non-spatial factors and cost–benefit analysis of implementing
POC testing for blood group and rhesus type in PHC clinics. We also recommend a similar study
in the other fifteen regions of Ghana. Notwithstanding these limitations, this study has provided
evidence-based information useful for policy decision-making for targeted improvement of POC
testing for blood group and rhesus type testing in the UER. Since this study is the first, it may possibly
stimulate more research using GIS to evaluate access to blood group and rhesus type testing services in
other similar settings for improving healthcare.

5. Conclusions

A blood group and rhesus type test are a prerequisite for both blood recipients and donors
prior to transfusion to prevent or reduce blood-transfusion-related complications. The current mean
distance and travel time to health facilities for blood group and rhesus type testing service in the
UER is estimated at 8.9 ± 4.1 km, whilst the mean travel time was 17.8 ± 8.3 min using a motorised
tricycle speed of 20 km/hour. This distance and travel time possibly may reduce substantially if
blood group and rhesus type POC testing services are implemented in PHC clinics, particularly in
those districts with poor spatial access evidenced by this study. We recommend the establishment
and implementation of an essential diagnostic list including POC tests for blood group and rhesus
type test in Ghana in line with the WHO recommendation to help address diagnostic challenges in
resource-limited settings.

Supplementary Materials: The following are available online at http://www.mdpi.com/2075-4418/9/4/175/s1,
Supplementary file 1: Procedure for estimating the travel time, Supplementary file 2: Distance/travel time
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Abstract: Background: Nearly half of the world lacks access to diagnostic imaging. Point of care
ultrasound (POCUS) is a versatile and relatively affordable imaging modality that offers promise as
a means of bridging the radiology gap and improving care in low resource settings. Methods: We
performed semi-structured interviews of key stakeholders at two diverse hospitals where POCUS
implementation programs had recently been conducted: one in a rural private hospital in Haiti and
the other in a public referral hospital in Malawi. Questions regarding the clinical utility of POCUS, as
well as barriers and facilitators of its implementation, were asked of study participants. Using the
Framework Method, analysis of interview transcripts was guided by the WHO ASSURED criteria for
point of care diagnostics. Results: Fifteen stakeholders with diverse roles in POCUS implementation
were interviewed. Interviewees from both sites considered POCUS a valuable diagnostic tool that
improved clinical decisions. They perceived barriers to adequate training as one of the most important
remaining barriers to POCUS implementation. Conclusions: In spite of the increasing affordability
and portability of ultrasounds devices, there are still important barriers to the implementation of
POCUS in resource-limited settings.

Keywords: point-of-care-ultrasound; ultrasound; implementation

1. Introduction

It has been estimated that approximately half of the world lacks access to even basic diagnostic
imaging [1]. Among the factors responsible for what is termed the “radiology gap” is the high cost
required to procure and maintain most radiology equipment and the specialized expertise of necessary
personnel such as radiologists and technicians [2].

Studies show that 80–90% of imaging needs can be addressed with X-ray and ultrasound alone [3,4].
Ultrasound is particularly versatile and is the least expensive of all imaging modalities [2]. Common
applications of ultrasound that routinely change management decisions in low resource settings [5,6]
include the diagnosis of pneumonia, extrapulmonary tuberculosis, parasitic infections, rheumatic heart
disease, and ectopic pregnancy [7–9]. In addition, as noncommunicable diseases such as heart disease
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become more prevalent in low- and middle-income countries, so too does the utility of ultrasound in
these settings [10].

Recognizing ultrasound as the most promising modality to bridge the radiology gap, the World
Health Organization (WHO) published a series of documents beginning in the 1990s designed to
facilitate the implementation of ultrasound more broadly [11,12]. At that time, the WHO warned that
operator training was one of the biggest barriers to appropriate implementation.

Over the last 20 years, ultrasound has become even more portable and much less costly, allowing
for the development of a new practice called point-of-care ultrasound (POCUS) [13], in which images
are acquired and interpreted by the treating clinician at the bedside. POCUS is a growing field in Europe
and the United States, with emerging evidence that it improves time to diagnosis and decreases cost in
high-resource settings [14,15]. In contrast to consultative ultrasound, which is technician-performed
and interpreted by a radiologist, POCUS answers focused diagnostic questions using easily performed
techniques that can be quickly interpreted at the bedside. Because POCUS addresses focused questions
and is not a comprehensive evaluation of an organ system, image acquisition and interpretation
are easier to master than traditional consultative ultrasound. This aspect of POCUS reduces one
of the remaining significant barriers to ultrasound’s widespread use in resource-limited settings:
extensive training.

The reduced price of hand-held ultrasound machines, which cost approximately 10,000 USD
in contrast to standard ultrasound machines which are about 50,000 USD [16], makes POCUS a
particularly good fit for resource-limited settings, as does its immediate availability of results and lack
of reliance on additional infrastructure and personnel (e.g., technicians, radiologists, and laboratories).
Continued improvements in cost, portability, and battery life all will all serve to reduce barriers to its
implementation over time. Given the dynamic nature of factors that influence the implementation of
POCUS and the expanding applications of its use, the purpose of this study is to determine the current
barriers and facilitators of its implementation in low-resource settings.

2. Materials and Methods

2.1. Study Sample and Setting

The Institutional Review Board at University of Colorado deemed this study not Human Subjects
research. We obtained written consent from all participants prior to their interview. We interviewed key
stakeholders from 2 diverse hospital settings in which POCUS implementation programs had recently
been conducted. One site was in a private rural 60 bed hospital in Haiti and the other was an 800 bed
referral hospital in Malawi. Key stakeholders from both sites were interviewed as part of the study. We
defined a key stakeholder as an individual who in some way influences the implementation of POCUS.
The following types of stakeholders were included in the study: program initiators (individuals
who established the POCUS implementation program), POCUS instructors, hospital administrators,
provider trainees, and local physician leaders.

2.2. Data Collection

Data for this study were collected between July 2019 and September 2019. The WHO ASSURED
criteria [17] (Table 1) were used to shape the interview guide, data coding and analysis. These criteria
were developed by the WHO Sexually Transmitted Diseases Diagnostics Initiative to describe the
characteristics of the perfect point-of-care diagnostic test in resource-limited settings. However, we feel
it outlines important considerations for any type of diagnostic test and highlights many of the reasons
why POCUS is uniquely positioned to be the most effective imaging modality for low-resource settings.
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Table 1. WHO ASSURED Criteria.

Affordable (Affordable to the Communities Who Need It)

Sensitive

Specific

User-Friendly (Simple to perform requiring minimal training)

Rapid and Robust (Quick results that enable treatment on the first visit)

Equipment-free (minimal reliance on technological infrastructure)

Delivered (Ability to be delivered to those who need it; portable)

Semistructured interviews were conducted with key stakeholders to assess their perspective
on point of care ultrasound implementation in their local setting and more broadly. Interviews
were conducted by phone and in person. Some interviews were conducted in English and some in
Creole, depending on the language spoken by the interviewee. Those conducted in English were
conducted by AMM. Those conducted in Creole were performed by BG, who both conducted the
interviews and translated answers into English during the interview. Interviews were conducted until
thematic saturation was reached: when no additional themes were immerging from the interviews.
All interviews were conducted using the same interview guide (see Supplementary Materials).

2.3. Data Entry and Analysis

The interviews were audio recorded and transcribed verbatim. We used a framework analysis [18]
and a largely deductive approach. Our coding framework was informed by the WHO ASSURED
criteria. We were also open to new themes that may have arisen inductively from the data. Our coding
process was guided by consensus qualitative research methods [19]. The consensus research approach
has the following features: data were collected through open-ended questions in semi-structured
interviews, interviews were analyzed to achieve consensus of at least 2 analysts, an outside auditor
(a qualitative expert not integrally involved in the study) supervised the process to help maximize
the validity of the findings, thematic content analysis was performed by AMM, study site leaders
BG (Haiti) and MF (Malawi) reviewed the categorization of themes obtained from stakeholders at
their respective sites to ensure the validity of the analysis, and MAM acted as the qualitative expert
supervising the analysis.

Patterns of POCUS implementation facilitators and barriers were identified from participants’
interviews. First, participants’ responses were coded into framework categories, which were then
grouped into themes.

3. Results

A total of 15 interviews were conducted by key stakeholders (Table 2) at two sites located in a
small private rural hospital in Haiti and a large public referral hospital in Malawi. Interview length
ranged from 20 to 45 min.

Table 2. Stakeholder interviewees and their role in POCUS implementation.

Type of Stakeholder Description of Stakeholders

2 Program Founders Both individuals were from the United States: 1 began the implementation
program in Haiti and the other initiated the program in Malawi.

3 Instructors All 3 were physicians from the United States with expertise in POCUS: 1
internist who taught in Haiti and 2 medical residents who taught in Malawi.

8 Trainees
All were local providers: 1 nurse practitioner, 2 residents, 1 internist, and 1
gynecologist who worked in Haiti, and 2 registrars and 1 intern who worked
in Malawi.

2 Hospital Administrators Both were associated with the site in Haiti.
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The study aimed to understand factors that may affect the implementation and sustainability of
POCUS in low-resource settings. Guided by the WHO ASSURED criteria for point-of-care diagnostics
in resource limited settings, core themes were identified (Table 3).

Table 3. Themes identified from interview data.

Framework Domain Subthemes Subtheme by Site

Affordability Cost and Cost Saving

cost of machines
Haiti and Malawi
it was much easier to obtain
machines by external funders than
in the past

cost of training Haiti and Malawi
local providers were unable to pay
the cost of classes

cost saving to patient

Haiti
availability of POCUS allowed
patients to be diagnosed locally
instead of having to travel to the
referral hospital
Malawi
POCUS exams did not affect cost
to the patient as all care was free

cost savings to hospital

Haiti
availability of POCUS allowed
patients who would normally be
referred to another hospital, to be
diagnosed locally which in turn
allowed them to purchase care and
medications locally
Malawi
POCUS did not affect cost or cost
savings to the hospital

Accuracy greatly improved diagnosis and
management

Haiti and Malawi
POCUS improved accuracy for
many diagnoses at both hospitals,
expediating appropriate treatment
and making procedures safer

User-friendly

language barrier

Haiti
language barrier between
instructors and local providers
was a barrier to training
Malawi
language was not a barrier in
Malawi as both instructors and
local providers spoke English

requires significant training Haiti and Malawi
the amount of time required for
training was considered an
important barrier at both sites

lack of continuity of staff

Haiti and Malawi
lack of clinician continuity at both
sites created a barrier to training as
there was no expert consistently
available to teach others
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Table 3. Cont.

Framework Domain Subthemes Subtheme by Site

Rapid and Robust greatly decreased time to imaging

Haiti
no consultative ultrasound was
available, therefore POCUS
improved time to diagnosis as
because patients did not have to
travel to a referral hospital for an
ultrasound
Malawi
POCUS allowed for more rapid
diagnosis as there was a long wait
for X-rays and consultative
ultrasound

Equipment-free no expertise to fix hand-held
ultrasound locally

Haiti and Malawi
concerns were expressed
regarding what to do if a machine
broke because there is no local
expert to fix a hand-held
ultrasound

loss of hand-held ultrasound.
Haiti and Malawi
concerns were expressed about the
likelihood of a hand-held
ultrasound being lost given its
small size

Delivered

diagnosis in rural locations. Haiti
POCUS allowed patients to be
diagnosed in a rural hospital
setting without requiring travel to
another larger hospital

diagnosis of patients too ill to
travel

Malawi
POCUS allowed patients that
could not physically be moved to
radiology department to be
diagnosed at referral hospital.
POCUS also allowed diagnosis via
home visits when patients were
not able to travel to the hospital

Inductive Themes development of local experts Haiti and Malawi
study participants recommended
focusing resources on the
development of local clinicians so
that they can assume the role of
local experts and can train other
local clinicians

remote learning technology Haiti and Malawi
the expense and unreliability of
the internet limited access to
remote learning

3.1. Affordability

The costs associated with several aspects of implementation were considered barriers.
Expenditures included costs related to adequate accessibility to machines and training.

In addition, interviewees in Haiti expressed the potential of cost-savings to both the patients and
hospital associated with ultrasound as it allowed for local diagnosis and treatment rather than referral
to a larger facility.
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3.1.1. Cost Related to Machines

Stakeholders expressed that although machines were more accessible than they had been previously,
this cost was still considered a barrier to implementation. This was the case in part because even if
providers had received training in the past, if there was no machine in their current practice setting
they would not be able to maintain their skill.

“After the people who are training the doctors leave, we need to be sure that there are ultrasound
machines available for everyone to practice. Even if there are ultrasounds at some hospitals, doctors
often take different jobs and if those ultrasounds aren’t available at all hospitals then everything
that the doctor learned they might forget because they don’t have the ultrasound available to them.
Therefore, they would lose this skill.”

3.1.2. Cost Related to Training

The cost related to training was also perceived as a significant barrier to implementation.

“It was the gynecologist we had on staff who said, ‘You know, I’ve always wanted to go to a more
formal ultrasound program, but when I looked at them, they were like 1,500, 2,500 U.S. dollars.’ He
goes, ‘I can’t afford that’.” (Haiti)

3.1.3. Cost to the Patient

Interviewees associated with the Haiti site felt POCUS improved cost from the perspective of the
patients because it allowed them to receive a diagnosis locally thereby avoiding both the expense of
travel to a referral hospital and the cost of a consultative ultrasound once there.

“Advantage was for patients because they used to have to travel and spend a lot of money to be able to
have ultrasound diagnostics in other locations. Now that we have the diagnosis here, they don’t have
to travel and they don’t have to pay a fee for the diagnostics.” (Haiti)

In contrast, in Malawi, because it was a public hospital, there was no additional cost to the patients
because all care was free.

“The hospital that I work at is a public hospital so everything is included. For things that are able to
be done at the public hospital it’s not an issue . . . . for the purposes of the ultrasounds, and the X-rays,
they’re not charged anything.” (Malawi)

3.1.4. Revenue Generation for the Hospital

Interviewees in Haiti also noted that being able to offer ultrasound may generate revenue for
the hospital because when they are able to receive a diagnosis locally, they can remain at the hospital
for treatment.

“If we could increase the utilization of the service in the hospital it would be a huge benefit because
we would become more competent in ultrasound and we could take on more patients . . . . therefore,
keeping more patients in the hospital. Not having to refer them. And also, the hospital would be able
to make more money because we are not having to send people away.” (Haiti)

3.2. Accuracy (Sensitivity and Specificity)

All interviewees from both sites believed POCUS improved diagnosis and management
decisions significantly.

“Actually I think that the Point of Care Ultrasound is very, very important in taking care of the
patient particularly in the resource limited settings. We don’t really have access to imaging modalities
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like MRI, CT. With ultrasound we can get a lot of information for most parts of the body. You can scan
the lungs, you can scan the heart, you can scan the abdomen, you can scan pretty much everywhere. I
think that this is actually a very helpful tool that would help improving healthcare in settings like
this.” (Haiti)

“We are looking at a lot of people being misdiagnosed. We kind of have a lot of deaths that may be
would have been averted if we’d have really known what was happening.” (Malawi)

“Most people here do paras and thoras completely blind. So training them to use POCUS to do
procedures more safely would be another big benefit.” (Malawi)

3.3. User-Friendly

Once proficient, trainees felt POCUS exams were quick and easy to perform. However, all
interviewees felt that adequate training was currently an important barrier to use. Subthemes included
(1) language barriers between trainees and instructors; (2) limited time for trainees to attend trainings
when offered because of clinical responsibilities; (3) lack of continuity of staffwho have been trained.

3.3.1. Language

Interviewees in Haiti reported language as a barrier to training, in that the majority of instructors
spoke English but almost all of the trainees spoke Creole and French. Language was not reported as a
barrier by stakeholders from the hospital in Malawi where the instructors and trainees all spoke English.

“One challenge was for the foreigners who came to teach the lesson. We don’t speak the same language,
so there was a language difficulty.” (Haiti)

3.3.2. Time to Attend Trainings

Interviewees at both sites reported that clinical responsibilities were an important barrier to
attending training sessions when offered.

“The biggest challenge was that we were trying to take care of the patients at the same time as learning
because we still had a role at the hospital. We didn’t have time off.” (Haiti)

“In general, our medical department right now is super short-staffed and so the interns are really
overworked. So the time it takes to train is another big barrier.” (Malawi)

3.3.3. Lack of Clinician Continuity

Interviewees at both sites reported lack of clinician continuity was an important barrier to
implementation and sustainability.

“So it’s a little bit harder because if we were to train them, then they’re gone in three months. So
they’re not a sustainable part of the process.” (Malawi)

“They come and go now and then, and this is actually another challenge. Some of the doctors trained
have already left the hospital.” (Haiti)

3.4. Rapid and Robust

Interviewees expressed that one of the important benefits of POCUS is that results are immediately
available. This was an important advantage at the rural hospital in Haiti, where there was no
consultative ultrasound available and patients were often unable to return for test results. It was
important at the referral hospital in Malawi as well because there were such long waits for consultative
ultrasound performed by radiology.
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“The advantages are tremendous because so often our X-ray machine isn’t working, and/or it’s a
terrible X-ray machine, the images aren’t clear. Plus we’re so limited in referral, if you’re in the States,
if you have a patient who is injured, even if they’re not at one hospital, you can quickly transfer
them to another hospital. In Haiti it’s not so much the case. In addition to the cost of care can be
astronomical. So free point of care testing that can be rapid, on the spot is a huge advantage for
diagnosis and treatment.” (Haiti)

“If maybe most of the clinicians, can be trained on how to use an ultrasound, it’ll be far better, because
instead of sending the patient to radiology they can be doing it on their own. Because most of the time
it will be like, ‘Okay, it’ll be done like in the next three days, because there a lot of patients that are
waiting.’” (Malawi)

3.5. Equipment-Free

Interviewees expressed that the hand-held ultrasounds were easier to maintain than other forms
of radiology (X-ray, commuted tomography, and consultative ultrasound). Interestingly, interviewees
related times that POCUS findings were useful as surrogates for laboratory results because basic labs
were not reliably available at either site. Due to its small size, loss of the hand-held ultrasound was
more of a concern than need for repair or maintenance. However, although neither site reported an
instance in which a hand-held ultrasound had required maintenance or repair, interviewees expressed
concern that there was no local technician to repair it should the need arise.

“I think one of the biggest challenges with respect to the ultrasound and with respect to a lot of other
things is that equipment tends to walk off. And so I think in terms of buy-in, there needs to be
somebody who’s kind of the gatekeeper and keeps the device from disappearing.” (Malawi)

“And if there’s a problem with the equipment, who’s qualified to repair it or to troubleshoot? Because
we don’t have technicians of that nature available in Haiti.” (Haiti)

3.6. Delivered

Interviewees at both sites reported that POCUS was extremely portable, all but eliminating time
and resources spent on delivery and installation which are important barriers to implementation with
other radiologic modalities [2]. Stakeholders at the Haiti site reported having a hand-held device
available allowed for diagnosis locally instead of needing to refer patients to a larger hospital with
consultative ultrasound or other imaging modalities. Stakeholders at the site reported being able to
obtain imaging on patients too sick to come to the hospital via home visits and those in the hospital
but too sick to travel to radiology.

“For my other job . . . they do home visits. So there have been a couple times that there are people who
can’t come to clinic because of whatever, because they’ve had a stroke or et cetera. There’ve been a
couple times that I’ve gone out with residents and taken the ultrasound with me and that is really,
really useful. So I mean, I think that there would be a real benefit to that.” (Malawi)

“Now that it’s in the hospital, they don’t even have to leave the hospital. Therefore, they’re not having
to spend this money and have more money to buy the medicine that they need. Basically, they can get
all the care that they need in one place inside of the hospital.” (Haiti)

3.7. Inductive Themes

3.7.1. Development and Support of Local Experts

One inductive theme that emerged from stakeholders in both Haiti and Malawi was a
recommendation to support a few local providers to undergo significant training in POCUS and then
offer them support to train other local providers.
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“So would there have been a possibility of appointing one physician and maybe giving them an extra
stipend to encourage them, or sign a contract saying ‘Hey, we’re going to train you in this. This is
your three year contract and these are the objectives of hiring you as this. Not only are you going to
see patients, but you’re going to be the lead for this and you’re responsible to train other physicians as
they come in.’ So there is, even if we have turnover, there is a plan to engage new physicians as we
bring them aboard.” (Haiti)

“Getting the Registrars to be excited about POCUS because they’re the one who will really be doing it.
They’re the ones that teach the interns, they’re the ones who teach the med students. Getting a few of
them trained and then going from there would be the best strategy. . . . The barrier is that they get paid
virtually nothing so they all end up basically taking second jobs at private hospitals or private clinics
and then end up not being at work as much. . . . I think if we were able to provide one or two people
with extra money to do POCUS training and that was their incentive, I think that would be huge.”
(Malawi)

3.7.2. Remote Learning Technology

Another inductive theme that emerged was the potential but current limitations of the internet as
a means of providing remote learning opportunities and addressing the barrier of training without
local experts available.

“We did develop this way of uploading all of our images to Google Drive and then creating a log and a
spreadsheet of logging all of our images. Basically 250 images QA’d by people from the states. So, the
goal ultimately would be to do that with local providers and I think it would work but there’s a few big
barriers. The biggest of which is paying. We had to use data, straight phone data for it and it probably
cost like $100 over the course of two months. Which isn’t a lot here but it’s not a sustainable thing for
them to do. So that’s kind of a challenge.” (Malawi)

“Actually it is a challenge, in such limited settings, even the Internet, we had the devices, they had an
integrated software called ‘React’ that allows remote education, but we couldn’t use it properly because
of the Internet. We had Internet access at the hospital, but it was a very low speed. We couldn’t really
use it. Internet access as well is a barrier. Like with Internet we could have been able to do remote
education, it would have been much easier to do it.” (Haiti)

4. Discussion

To our knowledge, this is the first study to explore the barriers and facilitators of POCUS
implementation in resource-limited settings using qualitative methods. Our findings demonstrate
the perceived clinical utility of POCUS, as well as the remaining barriers to implementation and
sustainability. All stakeholders expressed the belief that POCUS had the potential to greatly improve
management decisions and patient care but felt that the cost and time required for training were
major barriers to implementation. Other barriers identified by study participants included the lack of
continuity of providers at each site that would allow retention of an institutional expert to provide
longitudinal mentorship as well as curriculum development and implementation which would be
required for trainees to attain competency. Additional barriers included equipment maintenance and
accessibility. This finding is consistent with other studies on this topic [20]. Interviewees also reported
the local internet services were currently too slow, unreliable, or expensive to use effectively for remote
learning. However, it is important to note that given the pace of advances in both remote learning
technology and artificial intelligence applications [21], the former allowing for accelerated training and
the later offering automated image interpretation, a swift decline in training as a barrier to POCUS
implementation is expected.

Stakeholders at both sites recommended focusing resources on the training of a small number of
local providers that could then become educators for their region, which would address many of the
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barriers expressed. This approach would provide: (1) longitudinal mentoring to other local providers;
(2) someone who would be accountable for maintaining equipment; (3) elimination of language barriers
between instructor and learner; and (4) reduce the cost related to providing training (e.g., resources
that would otherwise be invested in travel and time of nonlocal experts may instead be invested into
local champions).

Limitations

There are several important limitations to our study. The first is that we only interviewed
stakeholders associated with two POCUS implementation program sites. This may limit the
generalizability of our results. However, the sites were diverse clinical environments, one a small
rural private hospital and the other a large public referral hospital, located in different countries.
Additionally, the barriers that emerged as themes included the cost of the machines, language barriers,
and lack of continuity of experts which would be expected to apply to many low-resource settings,
suggesting many of our findings are to some extent generalizable. The study also would have been
improved by gaining a broader healthcare system perspective by interviewing people within the
Ministry of Health in each of the countries represented to determine whether they consider POCUS
implementation worth investing in. Additionally, because a third of the study participants and most
of research team is from the United States it is possible that we failed to capture all relevant themes
accurately due to cultural bias. Finally, some of our interviews were done by phone as opposed to
in-person which may have resulted in loss of contextual or nonverbal information. However, given the
subject matter, which is of a relatively concrete and unsensitive nature, we feel it is unlikely this greatly
influenced the themes that emerged.

5. Conclusions

POCUS is considered a highly effective diagnostic tool that improves patient care by all stakeholders
interviewed. Although more affordable, the cost of machines is still a barrier to implementation of
POCUS, though the expense and time required for optimal training of local providers seems to be the
most important current barrier. Our findings highlight the remaining barriers to implementation as
well as offer potential strategies to overcome them.
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Abstract: Introduction: Point-of-care ultrasound (POCUS) is a rapidly expanding discipline that has
proven to be a valuable modality in the hospital setting. Recent evidence has demonstrated the utility
of commercially available video conferencing technologies, namely, FaceTime (Apple Inc, Cupertino,
CA, USA) and Google Glass (Google Inc, Mountain View, CA, USA), to allow an expert POCUS
examiner to remotely guide a novice medical professional. However, few studies have evaluated the
ability to use these teleultrasound technologies to guide a nonmedical novice to perform an acute care
POCUS examination for cardiac, pulmonary, and abdominal assessments. Additionally, few studies
have shown the ability of a POCUS-trained cardiac anesthesiologist to perform the role of an expert
instructor. This study sought to evaluate the ability of a POCUS-trained anesthesiologist to remotely
guide a nonmedically trained participant to perform an acute care POCUS examination. Methods:

A total of 21 nonmedically trained undergraduate students who had no prior ultrasound experience
were recruited to perform a three-part ultrasound examination on a standardized patient with the
guidance of a remote expert who was a POCUS-trained cardiac anesthesiologist. The examination
included the following acute care POCUS topics: (1) cardiac function via parasternal long/short
axis views, (2) pneumothorax assessment via pleural sliding exam via anterior lung views, and (3)
abdominal free fluid exam via right upper quadrant abdominal view. Each examiner was given a
handout with static images of probe placement and actual ultrasound images for the three views.
After a brief 8 min tutorial on the teleultrasound technologies, a connection was established with
the expert, and they were guided through the acute care POCUS exam. Each view was deemed to
be complete when the expert sonographer was satisfied with the obtained image or if the expert
sonographer determined that the image could not be obtained after 5 min. Image quality was scored
on a previously validated 0 to 4 grading scale. The entire session was recorded, and the image quality
was scored during the exam by the remote expert instructor as well as by a separate POCUS-trained,
blinded expert anesthesiologist. Results: A total of 21 subjects completed the study. The average
total time for the exam was 8.5 min (standard deviation = 4.6). A comparison between the live
expert examiner and the blinded postexam reviewer showed a 100% agreement between image
interpretations. A review of the exams rated as three or higher demonstrated that 87% of abdominal,
90% of cardiac, and 95% of pulmonary exams achieved this level of image quality. A satisfaction
survey of the novice users demonstrated higher ease of following commands for the cardiac and
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pulmonary exams compared to the abdominal exam. Conclusions: The results from this pilot study
demonstrate that nonmedically trained individuals can be guided to complete a relevant ultrasound
examination within a short period. Further evaluation of using telemedicine technologies to promote
POCUS should be evaluated.

Keywords: point-of-care ultrasound; telemedicine; medical education

1. Introduction

Historically, the development of technology in medicine has more often been at the burden
of higher costs. Indeed, recent reports suggest that, despite its increasing use, the cost of medical
technology is not decreasing [1]. However, two areas in medicine in which this has been disproven are
the categories of telemedicine and portable ultrasound.

Early ultrasound devices were large and often confined to hospital facilities that support imaging
laboratories (cardiology, radiology, and obstetrics). With recent advances in ultrasound technology,
however, these devices have become more portable, smaller, cheaper, and usable at the patient’s
bedside [2]. Indeed, point-of-care ultrasound (POCUS) has been identified as the most rapidly growing
sector in medical ultrasound imaging, with handheld devices costing approximately 1/20th the price of
10 years ago (from $40,000 + to $2000) [3]. In addition, ultrasound provides the particular benefit of a
significantly lower level of harm compared to other medical imaging modalities [4].

Point-of-care ultrasound refers to the use of portable ultrasonography at the patient’s bedside
for diagnostic and therapeutic purposes [5]. POCUS has been proven to serve a vital role in
the rapid assessment of a patient’s cardiac, pulmonary, hemodynamic, vascular, neurologic, and
gastrointestinal status [4,6–8]. Additionally, the application of POCUS continues to broaden as its
usefulness and efficiency are shown to be greater than alternative imaging [4,9]. While the clinical
utility of POCUS is rapidly expanding, the majority of the evidence supports its utility by skilled
practitioners with advanced medical training. However, with innovations in POCUS devices described
above, the possibility of using this technology in settings where skilled practitioners are not available
becomes more feasible. Indeed, the barrier to using POCUS in resource-limited settings may be
secondary to a lack of education rather than the availability of equipment.

The area of telemedicine has also undergone a similar transformation to POCUS over recent
years. Telemedicine is defined as the use of medical information exchanged from one site to
another via electronic communications to improve patients’ health status. The incorporation of
consumer-level products has significantly reduced costs and has allowed this topic to become much
more mainstream [10]. Indeed, consumer devices are demonstrating adequate capability for performing
remote patient examinations, with continued improvements each year [10]. Furthermore, these
technologies have advanced to allow hands-free video communication, with the remote viewer having
a point-of-view (POV) perspective [11]. This innovation opens up new possibilities for application
toward patient care.

Recently, consumer-available wearable technologies, such as Google Glass (GG; Mountain View,
CA, USA), and routine video conferencing smartphone devices, such as Apple iPhone (Cupertino, CA,
USA), have demonstrated utility in healthcare. The GG POV technology has demonstrated utility for
improving intraoperative communication and documentation as well as surgical training [12]. The use
of the FaceTime (FT) video conferencing technology from iPhone has demonstrated utility across a wide
area of telemedicine applications. An abbreviated review demonstrated FT-supported telemedicine to
be useful for primary care patient evaluation [13], dermatology evaluation [14], and management in
the intensive care unit [15] as well as for improving the education of ultrasound-guided anesthetic
procedures [16] and even airway management [17].
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The integration of these two rapidly advancing areas (POCUS and telemedicine) has been explored.
Recent evidence has demonstrated the ability of a POCUS expert physician to guide a nonphysician
hospital staffmember to perform a POCUS exam via consumer-available teleconference equipment [9].
This same research group also demonstrated the ability of FT technology to transfer ultrasound images
without clinically significant quality degradation [18]. Moreover, the use of FT communication between
an intensivist team at a tertiary care center and nonphysician healthcare providers in a low-income
country demonstrated the ability to successfully educate about POCUS image acquisition techniques as
well allow appropriate image quality for remote clinical interpretation [10]. Additionally, Zennaro et al.
demonstrated a high degree of agreement between ultrasound exams performed by pediatricians who
were guided remotely by radiologists and ultrasound exams performed by radiologists in person [19].
Similar results were found for the use of ultrasound with telemedicine (teleultrasound) for remote
guidance between onsite resident physicians and remote expert mentors for the diagnosis of pediatric
acute appendicitis [20]. Recently, the incorporation of augmented reality has also demonstrated utility
for remote ultrasound guidance [21]. Finally, the development of a teleultrasound system that allows
an expert to perform an ultrasound exam remotely via a robotic system has also demonstrated clinical
utility [22].

While the utilization of teleultrasound has rapidly increased across many specialties for in-hospital
patient care, far less has been explored for the use of POCUS technology to facilitate the management
of patients in the out-of-hospital setting. Moreover, while the efficacy of teleultrasound between
medical personnel has demonstrated patient benefit, there is much less evidence on the utility of
implementing teleultrasound between a POCUS-trained physician and a person without medical
training. Given the advancements in teleultrasound technology, there may be a potential to use these
devices in resource-limited areas in which significant medical training is not available.

This scenario demonstrates the utility of evaluating the use of a low-cost teleultrasound system to
guide nonmedical personnel to perform POCUS exams remotely. This pilot study sought to evaluate
the ability of a POCUS-trained physician to remotely guide nonmedical personnel to perform an
acute cardiac, pulmonary, and abdominal POCUS exam using consumer-available communication
devices, namely, FT and GG. Specifically, this blinded study sought to evaluate the quality of images
captured by untrained, nonmedical, tele-ultrasound-guided sonographers in comparison to the quality
of images performed by an expert sonographer.

2. Methods

2.1. Study Design

This prospective, educational intervention study was approved by the Institutional Review Board
(IRB # # 2014-1014) at the University of California—Irvine, Orange CA on 21 February 2014.

2.2. Population and Setting

Subjects were undergraduate students at the University of California, Irvine, who voluntarily
consented to participate and who confirmed to having no medical ultrasound training.

2.3. Point-of-Care Ultrasound Exam

A previously validated point-of-care ultrasound was designed for the assessment of cardiovascular
trauma (ACT) and included (1) cardiac evaluation via parasternal long and short-axis views,
(2) pulmonary evaluation for pneumothorax via anterior lung sliding evaluation, and (3) abdominal
free fluid evaluation via right upper quadrant scan (Figure 1) [23]. A high-frequency transducer
(12 mHz) was used for pulmonary evaluation, and a low-frequency (2–5 mHz) transducer was used
for cardiac and abdominal evaluation.
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Figure 1. Focused ultrasound examination for assessment of cardiovascular trauma.

2.4. Experimental Protocol

After consent, participants received an 8 min tutorial on the following: ultrasound equipment
(how to switch ultrasound probes, adjust depth, adjust gain, and locate the probe indicator), Google
Glass (how to wear and connect audio), and iPhone FT video conferencing technology. The subjects
also received a one-page handout that showed an image of correct probe placement on the body as
well as an ideal ultrasound image for each of the three components of the ACT exam. No additional
instruction on the ultrasound exam, including probe orientation, anatomy, image quality, or image
interpretation, was performed as the study examined the ability to guide a true novice. After the
tutorial, the subject ultrasonographer donned the GG, and a connection was established with the
expert sonographer stationed in another room. FaceTime connection was also established; however,
this device was positioned to show only the ultrasound screen at all times. The expert anesthesiologist
visualized both the FT and GG streams on a notebook computer (MacBook Pro 2013). Goggle Glass
provided a one-way video and two-way audio communication. FaceTime provided two-way audio
and video communication. The expert instructed the ultrasonographer via the GG device.

A SonoSite (Bothell, WA) Edge I system with a 12 MHz linear transducer and a 2–5 MHz
phased-array transducer was used for all ultrasound exams. All exams were performed on the same
human model, who was a young, healthy male with normal body habitus. A research assistant was
present to support any technical issues with communication devices or the ultrasound equipment.
Each subject had up to 5 min to complete each of the three ultrasound exams. A five-point scale, as
described previously [24], was used, with the value of 3 representing the cut-off score for images
deemed suitable for interpretation. The remote expert examiner would stop the subject after an ideal
image was achieved (based on the remote examiner’s judgment for having an image score ≥3) or if the
5 min exam period elapsed. The expert examiner would score the live image quality for each of three
exams immediately after image acquisition.

Additionally, the audio and video feed on the expert examiner’s computer was recorded for offline
review by a blinded second expert examiner. Prior to study initiation, the blinded second examiner
and the expert study sonographer reviewed five complete ACT exam clips to validate inter-rater
scoring reliability. Additionally, the blinded reviewer reviewed the clips of the expert sonographer

76



Diagnostics 2019, 9, 188

performing an in-person exam on the model used for this study, taking them as the benchmark for the
highest-quality image (5/5). No participants were compensated in any way.

2.5. Primary Outcome Measure

For each of the three components of the ACT exam, the frequency of obtaining an adequate image
quality, defined as having a value of 3 or higher, was measured. The goal was to identify adequate
image quality for at least 80% of the exams.

2.6. Secondary Outcome Measures

All components of the exams were recorded and compared to the exam time of the expert
sonographer’s in-person examination. All subjects completed surveys on the ease of use of the
telecommunication system and the teleultrasound process. The model also completed surveys
regarding the level of comfort during the examination for all examiners. The experience surveys of the
model were compared between the subjects and the expert sonographer.

2.7. Sample Size and Statistics

Estimation of sample size was based on a priori assumption of a 40% image acquisition rate of
clinically interpretable images (>3/5) of the nonmedical participants without teleultrasound assistance.
A sample size of 20 subjects was calculated to increase the image acquisition rate to the target of
80%, assuming a power of 0.80 and alpha 0.05. Descriptive statistics were used to report the image
acquisition rate for each of the three components of the ACT exam.

3. Results

A total of 21 nonmedically trained undergraduate students without prior ultrasound experience
were recruited and completed the study. The average time to complete the specific exams was as
follows: cardiac exam, mean = 4.7 (standard deviation (SD) = 3.6 min); pulmonary exam, mean =
1.6 (SD = 1.2 min); abdominal exam, mean = 2.1 (SD = 1.6 min). The average total time for the exam
was 8.5 min (SD = 4.6). A comparison between the live expert examiner and the blinded postexam
reviewer showed a 100% agreement between image interpretations. A review of the exams rated as
three or greater demonstrated that 87% of abdominal, 90% of cardiac, and 95% of pulmonary exams
achieved this level of image quality (Figure 2). The complete distribution of the image quality results
for each exam type is shown in Figure 3. Standardized patient comfort survey results showed 5/5 scores
for all ultrasound examinations. Summary data from the satisfaction survey of the teleultrasound
communication by the novice users was as follows on a 5-point Likert scale: audio quality, median
= 3.0 (interquartile range (IQR) = 2); ease of following commands, median = 5 (IQR = 1); comfort in
obtaining cardiac view, median = 5 (IQR = 1); comfort in obtaining lung view, median = 5 (IQR = 1);
and comfort in obtaining abdominal view, median = 4 (IQR = 1).
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Figure 2. Box plot of image quality scores by ultrasound category.

Figure 3. Complete subject image quality scores.
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4. Discussion

This pilot study suggests that nonmedical individuals can be directed to complete an acute
care POCUS exam using the combination of a POV hands-free audio-visual device (GG) with a
commercially available smartphone video conferencing platform (FT). As the technology and cost of
medical ultrasound continue to improve, the expansion of its role in healthcare needs to be explored.
By combining POCUS technologies with commercially available video communication technologies,
one can evaluate new areas to implement portable ultrasound.

Multiple studies have demonstrated the ability to use teleultrasound to connect healthcare
providers across vast distances and between rural areas and those in larger medical centers [25].
For example, the ability to instruct paramedics to perform a trauma POCUS examination via real-time
physician guidance has been demonstrated [26]. Additionally, Sheehan et al. demonstrated the ability
to remotely guide inexperienced users through an ultrasound examination with the application of a
visual guidance system [27]. Indeed, the ability to perform POCUS exams in space via remote guidance
has also been proven [28]. Further efforts have continued to demonstrate that teleultrasound allows
end-users to perform ultrasound examinations with minimal training [25] and that these examinations
generate clinically useful ultrasound images for a variety of organ systems and pathologies [25].

As teleultrasound continues to grow, exploration of how this concept can be applied using
low-cost, commercially available products have recently been explored. Multiple studies have
demonstrated the utility of smartphone-based video conferencing platforms to remotely instruct
POCUS examinations [10,16,29]. Images obtained from these platforms are noninferior to those
obtained directly from the ultrasound device [18]. In addition, wearable video conferencing devices,
such as GG, have also been applied to POCUS applications. For example, the utility of GG for assistance
with central venous access has been demonstrated [30].

However, few studies have examined the combination of a wearable video conferencing device
(GG) and a smartphone video conferencing platform (FT) to remotely guide nonmedical participants to
perform an acute care POCUS examination. This combination is novel and provides a hands-free strategy
to provide remote guidance. Additionally, this study demonstrates a cost-effective teleultrasound
system that can provide successful remote guidance as well as real-time remote image interpretation.
Moreover, our data supports that the time to perform these examinations is practical for acute care
management. Indeed, with the rapid cost reduction in teleultrasound technologies and the data
demonstrated in our study, further research should explore ways to apply POCUS in new patient care
settings. For instance, many public health and international medical mission trips include personnel
without medical training. Teleultrasound may increase the contribution of these individuals.

Additionally, this study is also one of the first demonstrating the ability of a perioperative
physician to facilitate the use of ultrasound technology outside of the hospital setting. Within the limits
of this small, simulation-based study, our results suggest that an appropriately trained anesthesiologist
can effectively provide guidance via the described teleultrasound system. This is relevant given the
continuous pressure on the specialty of anesthesiology to expand its role in the patient care continuum.

While this study did not assess the application of this system toward patient care, our positive
results support the need for additional studies in this area. Specifically, how these low-cost technologies
can be used to improve the quality of care in resource-limited environments should be evaluated.

This study has several limitations. It is a small pilot project designed to evaluate the feasibility of
a POCUS-trained anesthesiologist to use commercially available teleultrasound technologies. Future
studies should evaluate this utility over a larger sample size that is applied over a region more common
to traditional telemedicine platforms. In addition, all studies were performed on the same model (both
by the expert and participants) to remove the confounding variable of different acoustic windows in
patients. No evaluation of pathology was assessed in the study; rather, the focus was on the ability
to generate an image that was interpretable remotely with the described teleultrasound technology.
Finally, the participants were not tested on the anatomy or interpretation of the image.
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5. Conclusions

This pilot project demonstrated the utility of a novel teleultrasound system to guide nonmedically
trained adults to successfully acquire ultrasound images useful for acute cardiac, pulmonary,
and abdominal assessments. This novel system utilizes low-cost, commercially available technologies
and allows the examiner to communicate hands-free. Further studies should evaluate how this
described system can be utilized to expand the role of teleultrasound.
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Abstract: Poor knowledge and adherence to point-of-care (POC) HIV testing standards have been
reported in rural KwaZulu-Natal (KZN), a high HIV prevalent setting. Improving compliance to HIV
testing standards is critical, particularly during the gradual phasing out of lay counsellor providers
and the shifting of HIV testing and counselling duties to professional nurses. The main objective of
this study was to identify priority areas for development of POC diagnostics curriculum to improve
competence and adherence to POC diagnostics quality standards for primary healthcare (PHC) nurses
in rural South Africa. Method: PHC clinic stakeholders were invited to participate in a co-creation
workshop. Participants were purposely sampled from each of the 11 KwaZulu-Natal Districts.
Through the Nominal Group Technique (NGT), participants identified training related challenges
concerning delivery of quality point of care diagnostics and ranked them from highest to lowest
priority. An importance ranking score (scale 1–5) was calculated for each of the identified challenges.
Results: Study participants included three PHC professional nurses, one TB professional nurse, one
HIV lay councilor, one TB assistant and three POC diagnostics researchers, aged 23–50. Participants
identified ten POC diagnostics related challenges. Amongst the highest ranked challenges were the
following:absence of POC testing Curriculum for nurses, absence of training of staff on HIV testing
and counselling as lay counsellor providers are gradually being phased out,. absence of Continuous
Professional Development opportunities and lack of Staff involvement in POC Management programs.
Conclusion: Key stakeholders perceived training of PHC nurses as the highest priority for the delivery
of quality POC diagnostic testing at PHC level. We recommend continual collaboration among all
POC diagnostics stakeholders in the development of an accessible curriculum to improve providers’
competence and ensure sustainable quality delivery of POC diagnostic services in rural PHC clinics.

Keywords: quality HIV point-of-care-diagnostics; nominal group technique; stakeholder engagement

1. Introduction

Point-of-care (POC) diagnostic testing is defined as timely clinical testing performed during
patient consultation when the result will be used to take appropriate action, which will lead to an
improved health outcome [1]. POC diagnostic testing plays a critical role in healthcare access in settings
with limited laboratory infrastructure. Early diagnosis and rapid initiation of treatment is key to
controlling infectious diseases including HIV/AIDS [1,2]. Improving the quality of diagnostic services
is therefore essential for improved access to quality primary healthcare (PHC) services. In South Africa
an HIV Counselling and Testing (HCT) campaign was first launched in April 2010. During this time in
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PHC clinics HIV/AIDS testing was done by lay counselors, who were permanently employed staff sent
for training specific to performing HIV/AIDS rapid testing and counselling. Their role was solely to
provide HIV testing and counselling services. In 2014 the South African Department of Health then
announced the gradual phasing out of lay councilors and adding HIV testing duties to professional
nurse consultation duties. This shift of duties may lead to added pressure on clinics who already suffer
because of staff shortages. Moreover, poor knowledge and adherence to quality assurance as well as
HIV testing standards remain a challenge especially in resource limited areas [3]. This is a concern
because quality assurance programs, which include regular calibration of instruments, participation to
external quality assessment schemes, adherence to standard operating procedures and test operator
competency as well as running of internal quality control samples on every test day have been shown
to ensure accuracy of POC diagnostic testing [4,5]. Factors contributing to this problem include poor
access to laboratory infrastructure, training resources and institutions due to clinics being situated in
deep rural areas, time constraints and lack of motivation to engage in new interventions [3,6,7].

Various initiatives have been introduced towards addressing this challenge. They include the
Rapid HIV testing quality improvement initiative (RTQII) introduced to seven countries in 2013,
including Tanzania, Ethiopia and Kenya [8]. The goal of RTQII was to scale up coverage of HIV
rapid testing quality improvement (QI) and assurance activities as well as to improve the quality and
safety of rapid testing services [8]. The RTQII findings emphasized provision of standard operating
procedures (SOPs), onsite supervision, job aiders and orientation of providers on the importance of
compliance to HIV rapid testing standards as the main tactics which led to quality improvement [9].

In this study, we involved PHC clinic-based POC diagnostics stakeholders in a co-creation
workshop to identify priority areas for the development of point-of-care (POC) diagnostics curriculum
to improve competence and adherence to POC diagnostics quality standards for PHC nurses in rural
South Africa. The findings of this study have the potential to inform policy making concerning
Continuous Professional Development (CPD) interventions aimed at improving the competency of
PHC health workers on POC diagnostics services. This will further contribute towards healthcare
systems strengthening, through improving and ensuring provision of quality, reliable and sustainable
POC diagnostic services.

2. Materials and Methods

2.1. Study Design

The Nominal Group Technique (NGT) was employed to enable engagement with representative
key stakeholders from 11 districts of KwaZulu Natal (KZN). We defined key stakeholders as PHC
workers with experience in performing POC diagnostic services in rural KZN PHC clinics and
researchers in the field of POC diagnostics. NGT is defined as a process to identify strategic problems
and to develop appropriate and innovative interventions to address them [10]. The NGT processes is
commonly applied to homogenous groups and it involves four main phases—(i) Nominal or silent
phase, where participants individually consider their personal responses to a presented question and
write them down; (ii) Item generation phase, where individual participants take turns to share their
responses with the group. The items generated are recorded without being discussed; (iii) Discussion
and clarification phase, where group members discuss and ask questions in order to clarify items on
the list and elaborate on their responses. During this phase, items with similar meanings are combined
and duplicate items can be removed; (iv) Voting phase, here each participant is asked to prioritize the
listed items by assigning ranks to them. The ranking results are then collated to produce a single list of
priorities for the wider group [11,12]. Application of this process in this study is discussed below.

2.1.1. Study Participants

We invited key stakeholders of PHC-based POC diagnostics to participate in a Nominal group
co-creation workshop. The NGT team comprised of three Professional nurses, one TB professional nurse,
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one TB assistant, one HIV/AIDS lay councilor, two experienced researchers, the primary researcher
(as facilitator) and one research assistant. Detailed characteristics of participants are presented in the
next section.

2.1.2. Sampling Strategy

A purposeful sampling strategy was used to select representative clinics to participate in this study.
This sampling technique involves identifying and selecting participants with practical knowledge
and experience of PHC-based POC diagnostics. This study was conducted as a follow up to the
cross-sectional survey of 100 randomly selected clinics in KZN rural PHC clinics [3,13]. The survey was
aimed at demining the accessibility, availability and utility of POC diagnostic services in rural PHC
clinics [13]. Clinics identified to have the highest availability and usage of POC diagnostics following
the survey were selected to participate in this study. We thus included one PHC clinic from each of
the 11 KZN districts with the highest availability and usage of POC tests. Clinics with low HIV POC
diagnostics availability and usage were excluded due to minimal experience in HIV testing as reported
in a previous audit [3].

2.1.3. NGT Process

The PI (NC) facilitated the workshop with the help of a trained research assistant (PS). The
four phase NGT was performed to achieve the objective of this study. Prior to the meeting of all
key stakeholders, a pre-elicitation technique [14] was employed, where collaborators were sent an
invitation together with a brief on the program of the day. The brief included the purpose to create a
platform for key stakeholders to come together and determine training-related challenges affecting
delivery of quality point of care diagnostics services in PHC clinics and to identify priority areas to be
addressed in order to overcome the challenges. The main aim of the NGT was to bring together key
stakeholders to identify priority areas for the development of a POC diagnostics curriculum.

At the opening of the session all participants were given an opportunity to introduce themselves,
sharing their current positions as well as the number of years of experience in the field of HIV/AIDS
testing. Following this, the PI (NC) provided a background to the workshop and presented the program
of the day as illustrated in Figure 1. The participants were then separated into two sub-groups of four.
The sub-groups were provided with a set of sticky notes, pens, markers and a flip chart sheet.

 

Figure 1. Nominal Group Technique (NGT) session to identify training related challenges with the
delivery of quality point of care diagnostics.

The PI (NC) posed the following question to participants, to start the workshop: what training
related challenges do you encounter with regards to the delivery of quality HIV/AIDS Rapid tests?
The following steps were followed to answer this question:

85



Diagnostics 2020, 10, 195

2.1.4. Silent Brainstorming

Participants were given up to 10 min to consider the question and note down all the relevant ideas
that came to mind. Discussions were prohibited during this period, however the participants could
raise their hands for the attention of the facilitator if in need of clarity on the above question.

2.1.5. Group Discussion

Group members were given another 10 min to share their ideas within their groups, group them
into themes as they emerged and then stick them on the flip chart sheet to be presented to the whole
workshop group.

2.1.6. Group Presentations and Clarification

Each sub-group selected one representative to present their ideas according to the themes they
had agreed upon. The facilitator encouraged questions and discussions during the discussion sessions.
This process was also used as an opportunity to probe the presenters for further explanations as
well as for the wider team to discuss and clarify presented ideas. During this process the research
assistant collated all the ideas and together with the facilitator highlighted similar themes and removed
duplicates. The collated results were presented to the wider group as priority areas to be ranked during
the ranking session.

2.1.7. Ranking of Ideas

The ranking process followed the strategy suggested by Delbecq et al. [15] of ranking ideas
through assigning a value to an idea according to its priority. Ranking is usually preferred by many
researchers, because scores can be quickly tallied and the results can be interpreted and discussed
within the same session [16]. Participants were given a break, while the facilitator through the use of
an online form software (Google® Forms, Google LLC, Mountain View, CA, USA) with the help of a
trained research assistant created a ranking questionnaire. The questionnaire consisted of 1l challenges
presented by the two groups combined.

The questionnaire was handed to each participant for ranking ideas using a Likert scale of
1–5 scores with 1 representing very low priority and 5 representing highest priority. The ranking
process was conducted independently and without discussion. The results were collated and analyzed
using a spreadsheet as explained in the data analysis section below.

2.1.8. Data Management

During the nominal group discussions, two types of data were collected; qualitative and
quantitative data. Each type of data obtained was first managed individually and then the findings
were combined to fully address the main aim of this study. Qualitative data was recorded in chart
sheets as well as through a recorder to be analyzed at a later stage. Quantitative data obtained from
the ranking tool was entered onto a google spreadsheet for further analysis as explained in the section
below. This enabled us to immediately report the results back to the participants and more qualitative
data was obtained during clarification to elaborate on the ranking data

2.2. Data Analysis

Two nominal groups consisting of four participants each were conducted. Data analysis was
ongoing and an overview of the process followed is provided in Figure 2. This involved ranking of
ideas and thematic analysis of the qualitative data. All stages are described in detail below, where
analysis will be discussed in the context of three terms: ideas, priorities and themes [12].
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Raw Data (Ideas generated by groups)

Emerging Themes (Fomulated and presented by individual 
groups )

List of Priorities (Clarified by the wider group and 
free of duplicates)

Top Five Priorities (analysed further)

Figure 2. Overview of the NGT Data analysis Process.

2.2.1. Raw Data Analysis

Ideas raised by participants in the silent brainstorming of each nominal group were presented to
the wider group. All the ideas were put up for participants to view simultaneously and the facilitator
went on to facilitate grouping of all the ideas according to emerging themes agreed upon by the wider
group. Similar ideas were grouped together and duplicates were removed. The themes then became
priorities to be voted upon in the ranking stage.

2.2.2. Quantitative Data Analysis

The most common technique to analyze and describe nominal group data is summing the votes
allocated to each idea to determine the overall priority score [17–19]. This method was employed in
this study, where quantitative data obtained from the participants ranking of ideas on a scale of 1–5
was analyzed through the summing of votes allocated to each idea. The overall priority score for each
theme was then calculated. This was done through capturing ranking responses into google forms and
calculating overall priority scores. A priority list of responses was then drawn and presented to the
wider group.

2.2.3. Qualitative Data Analysis

We conducted qualitative analysis of the first five highest overall priority scores. The recorded
qualitative data were collected from the participant’s presentations, where the rationale for selecting
these themes was provided. More qualitative data collected during the discussion and clarification of
the priority list was also utilized to elaborate more on the selected themes.

3. Results

3.1. Characteristics of Study Participants

In total the NGT team comprised of 8 participants from ages 23–50, with each group comprising
of four participants. The attendance rate was 72% since 11 participants were expected. Reasons
for nonattendance included other work commitments, inability to organise transportation, other
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appointments and protest actions on the road. All the stakeholders in attendance reported involvement
in POC diagnostics and their specific roles are reported in Table 1.

Table 1. Key stakeholder characteristics and involvement in point-of-care (POC) diagnostic services.

District/Institution Occupation POC Diagnostics Involvement

Umgungundlovu Professional Nurse Testing and HIV Program co-Ordinator
Harry Gwala Professional Nurse Full patient consultations, including HIV testing

Uthukela Professional Nurse Full patient consultations, including HIV testing
Umzinyathi TB Professional Nurse TB and HIV testing

Ilembe HIV/AIDS lay councillor HIV Testing
Ethekwini TB assistant Previous HIV lay counsellor

University of KZN Academic Leader
Medical Scientist, Public Health Professor with
expertise on implementation research for POC

diagnostics

University of KZN Postdoctoral Fellow Researcher in implementation and supply chain
management of POC diagnostic tests

3.2. Nominal Group Ranking

Stakeholders identified a combined total of 18 challenges (Appendix A), which were then
categorised into 10 themes. Ranking results of these themes from highest priority to lowest are
presented in Table 2.

Table 2. Ranking results in descending order.

Item Summing by Votes Scores Total%

5 4 3 2 1 100

No POC Testing Curriculum for nurses 7 2 0 1 0 90

No training of staff on HIV testing and counselling as lay counsellors are being phased out. 7 0 2 1 0 86

Continuous Professional Development 6 1 3 0 0 84

HPIC Tracking and registering patients before testing: Correct Record Keeping 6 2 0 1 1 82

Staff involvement in POC Management program 5 2 2 0 1 80

Pressure on lay councillors due to staff shortage and having to meet targets 4 3 1 1 1 76

Supply Chain Management for POC diagnostics testing 4 3 1 1 1 76

Confidentiality-Stigma 4 2 2 1 1 74

Research Study Process control: Better informed participants to ensure adherence to
study timelines 2 1 5 1 1 64

Client Attitude to testing 2 1 5 1 1 64

3.3. Thematic Analysis of Top Five Priorities

The study was aimed at determining priority areas for development of a POC diagnostics
curriculum for PHC nurses in rural South Africa. From the ten priority areas determined by key
stakeholders during the workshop, the top five ranked priorities were: Absence of POC testing
curriculum for nurses (90%); absence of training of staff on HIV testing and counselling as lay
counsellors are being phased out (86%); absence of Continuous Professional Development (84%); HPIC
Tracking and registering patients before testing: Correct Record Keeping (82%) and Staff involvement
in POC Management program (80%). Each theme is presented below with supporting quotes.

3.3.1. Absence of POC Testing Curriculum for Nurses

Stakeholders ranked the absence of a curriculum specific to POC diagnostic services for PHC
nurses as the highest challenge to be addressed urgently. The main reasons they highlighted were that
personnel who performed HIV testing relied on the knowledge they obtained in their past training,
each other’s experiences as well as the internet accessed through personal phones. Furthermore, they
reported that there were no structured follow-ups to validate what they were doing. Priority is more
on getting tests done and meeting targets. When asked about standard operating procedures they
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responded that these were not available in their clinics and one participant who worked at a clinic
that did have one said that SOPs were not readily available and not easily accessible: “not having
a standard training is very unfair because we do not even have internet to search when we do not
understand something.”

3.3.2. Absence of Training of Staff on HIV Testing and Counselling as Lay Counsellors Are Being
Phased Out

Stakeholders reported that they were concerned that no formal training was provided to
professional nurses in order to gain skills needed for the provision of quality POC testing, particularly
during this period of phasing out of lay counsellors. Participants highlighted that lay councillors were
well trained to provide high quality HIV testing and counselling services. In addition, the main duty
for lay counsellors was HIV testing, therefore all their attention was on providing this service to the
best of their ability: “there is a great need to motivate, encourage and re-train Professional nurses to
take over the quality duties of phased out HIV/AIDS lay-councillors, because lay councillors provided
more quality testing than professional nurses who have other priorities.”

3.3.3. Absence of Continuous Professional Development

In addition to not having a POC curriculum, stakeholders reported lack of financial support to
enrol on additional courses. Stakeholders reported that the shortage of staff in clinics prevented them
from securing leave days to attend workshops. They also reported a lack of such opportunities and that
they rarely receive invitations to attend workshops. As a result, PHC professionals rely on secondary
information from senior nurses who are usually invited to attend workshops: “majority of Professional
nurses obtained their qualifications many years ago, having them just be given HIV testing duties on
top of their current workload without some form of training is not right”

“From time to time nurses need to be updated or retrained as new technologies change all the time”

3.3.4. HPRS Tracking and Registering Patients before Testing: Correct Record Keeping

Health Patient Registration System (HPRS) is a tracking system that works via the Health Patient
Registration Number (HPRN) with a purpose to track and keep a unique record for each patient.
Stakeholders ranked the utility of this system for correct record keeping amongst high priority
challenges because there are shortages of HPRS registers and there are no other means to support
this system to ensure that correct information is captured. Moreover, this system is not linked across
different health centres in the country, which then largely affects the reliability of HIV statistics reported
for South Africa.

3.3.5. Lack of Staff Involvement in POC Management Programs

Stakeholders who were still on their lay-counsellor duties expressed their disappointment by
the lack of interest of professional nurses on POC Management programs. Amongst these programs
they highlighted procurement, quality assurance and proficiency testing: “professional nurses always
complain about how overworked they are as it is, adding HIV testing on top of all that they have to do
is really worrying”; “POC management programs will suffer even more with having no one whose
main focus is HIV testing”

4. Discussion

This study has identified priority areas for the development of a POC diagnostics curriculum
to improve competence and adherence to POC diagnostics quality standards for primary healthcare
(PHC) nurses in rural South Africa. From the five highest ranked priorities, four concern the absence
of training, Continuing Professional development (CPD) opportunities for PHC professionals and
poor staff involvement in HIV programs. The fourth highest ranked priority (HPRS Tracking and
registering patients before testing: Correct Record Keeping) is the only priority addressing a different
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issue. However, this particular priority is a significant and very interesting finding to be looked
at further, as it touches issues of record keeping and HIV statistics in the country. The findings of
this study also identified gaps in the management and proper implementation of HIV diagnostics
in South Africa. This is particularly due to the phasing out of HIV lay counsellors and adding HIV
testing to professional nurse duties without a structured training in place to ensure proper transition
as well as the sustainability of quality testing services. The findings of this study also demonstrate
that identifying of priority areas towards improving the quality of POC diagnostic services has an
impact on the achievement of the 90:90:90 goal by 2020, which is a local health priority. In recent years
South Africa has made great progress in getting more people tested for HIV; where in 2017 the first
of the 90-90-90 targets was met, with 90% of people living with HIV being aware of their status up
from 66.2% in 2014 [20,21]. The statistics look impressive, however achieving these targets may lead to
increased pressure on nurses performing HIV rapid tests, which could compromise the quality of tests
performed as highlighted by the stake holders in this study.

The findings of this study support the wider literature in emphasizing that incompetency of health
professionals, lack of CPD, training resources and time constraints remain as barriers to the provision
of quality POC services in resource limited settings [3,4,22]. Furthermore, participants in a study
conducted in a resource limited setting in India also highlighted high workloads, lack of willingness to
participate in POC testing programs, missing support (including training) and pressure to meet targets
as contributors to poor quality testing [23]. A report focusing the spotlight on the full achievement
of the 90:90:90 goal highlighted healthcare workers attitudes as one of the barriers for patients who
want to know their HIV status as well as those who want to return to care [24]. Stakeholder who
participated in our study also raised concerns about poor health worker attitudes and lack of staff
involvement in HIV management programs as a result of lack of training or too much work pressure,
as lay counsellors are being phased out.

In comparison to other research approaches like focus group discussions and in-depth interviews,
Stakeholder engagements through the NGT were shown to be effective in identifying priority areas for
the development of a POC diagnostics Curriculum. Furthermore, the findings of this study support
findings of recent studies conducted in a similar setting [2,3,21,22]. These studies also highlighted
lack of support, training opportunities, high workloads and lack of staff involvement as challenges
or priority arears to be addressed towards ensuring the provision of quality POC diagnostic services.
Stakeholder engagements were further recommended for ensuring effectiveness of future diagnostics
as well as for the true potential of POC testing to be realized [4,23].

Strengths of this study include that healthcare users’ views and priorities are increasingly being
recognized by policy makers in contributing towards improvement of current policies and practices [12].
A limitation to this study in comparison to other NGT studies may be due to poor availability of
stakeholders from four KZN districts, however the participating stakeholders represented a wide
variety of relevant role players in the implementation of POC diagnostic services. Moreover, since there
were only two groups, all the participants had a fair opportunity to express their views and more time
was available for probing and clarifying of ideas. Furthermore, there were no challenges in terms of
comparing and presenting larger data sets, which is normally the case for multiple group NGTs [12,25].

Recommendations
Based on the success of the NGT in identifying and ranking priority areas with supporting reasons

for the development of a POC curriculum for nurses in rural clinics, we recommend more stakeholder
involvement in the development of a context specific POC diagnostic services curriculum for onsite
training. This curriculum must be supported by the availability of quality assures in each clinic and
regular meetings for staffmembers to review SOPs and discuss POC diagnostics related issues with
management to ensure sustainability.
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5. Conclusions

This study has presented key stakeholders’ views on the development of a POC diagnostics
curriculum to improve competence and adherence to POC diagnostics quality standards for primary
healthcare (PHC) nurses in rural South Africa. Phasing out of HIV lay counsellors without a POC
curriculum in place, continuous professional development and lack of staff involvement in HIV testing
programs were ranked as the highest priority areas that need more focus to ensure delivery of quality
POC diagnostic testing at the PHC level. We recommend continuous collaborations between all POC
diagnostics stakeholders for the development of an effective and accessible curriculum to ensure
quality and sustainable POC diagnostic services in rural PHC clinics.
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Appendix A

Identified list of Priorities for the development of a POC diagnostics Curriculum

1. Continuous Professional Development
2. POC Testing Curriculum for nurses
3. Staff involvement in POC Management program
4. Understaffing
5. Client Attitude to testing
6. Grand mothering phenomenon
7. Consent for testing children
8. Supply Chain Management for POC diagnostics testing
9. Shortage of equipment
10. Shortage of test kits
11. Research Study Process control: Better informed participants to ensure adherence to study timelines
12. Confidentiality
13. Stigma
14. Pressure on lay councilors due to staff shortage and having to meet targets
15. No training of staff on HIV testing and counselling as lay counsellors are being phased out.
16. HPIC Tracking and registering patients before testing: Correct Record Keeping.
17. Incorrect demographic data
18. Non regular System update
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Abstract: Introduction: The World Health Organisation recommends HIV self-testing as an alternative
testing method to help reach underserved populations, such as men in sub-Saharan Africa. Successful
implementation and scale-up of HIV self-testing (HIVST) in Rwanda relies heavily on relevant
stakeholders’ involvement. We sought to explore HIVST key stakeholders’ perceptions of the
implementation and scale-up of HIVST in Rwanda. Method: We conducted in-depth interviews
with personnel involved in HIV response projects in Rwanda between September and November
2019. We purposively sampled and interviewed 13 national-level key stakeholders from the Ministry
of Health, Rwanda Biomedical Center, non-governmental organizations and HIV clinics at tertiary
health facilities in Kigali. We used a thematic approach to analysis with a coding framework guided
by Consolidated Framework for Implementation Research (intervention characteristics, inner setting,
outer setting, characteristics of individuals involved in the implementation and the implementation
process). Results: Key stakeholders perceived HIVST as a potentially effective initiative, which can
be used in order to ensure that there is an improvement in uptake of testing services, especially for
underserved populations in Rwanda. The following challenges for implementation and scale-up of
HIVST were revealed: lack of awareness of the kits, high cost of the self-test kits, and concerns on
results interpretation. Key stakeholders identified the following as prerequisites to the successful
implementation and scale-up of HIVST in Rwanda; creation of awareness, training those involved in
the implementation process, regulation of the selling of the self-test kits, reduction of the costs of
acquiring the self-test kits through the provision of subsidies, and ensuring consistent availability of
the self-test kits. Conclusions: Key stakeholders expressed confidence in HIVST’s ability to improve
the uptake of HIV testing services. However, they reported challenges, which need to be addressed
to ensure successful implementation and scale-up of the HIVST. There is a need for further research
incorporating lower level stakeholders to fully understand HIVST implementation and scale-up
challenges and strategies to inform policy.

Keywords: HIV self-testing; implementation; scale-up; key stakeholder

1. Introduction

Globally, it is approximated that only 79% of individuals who live with HIV are aware of their
HIV status [1]. In Rwanda, the findings of a 2018–2019 national HIV survey in Rwanda indicated that
17% of adults living with HIV were unaware of their status [2]. By sex; 15% of HIV-positive women
and 20% of HIV-positive men did not know their HIV status [2]. Improving the uptake of HIV testing
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services (HTS) remains one of the main strategies to combating HIV [3,4]. In 2016, the World Health
Organization (WHO) provided the first global guidelines on HIV self-testing (HIVST), as an additional
model for improving uptake of HTS [5]. Based on statistics from the WHO, 77 nations have adopted
HIV self-testing policies, whereas several others are presently developing them [1]. WHO guidelines
have been aimed at supporting the implementation and scale-up of ethical, effective, acceptable, as
well as evidence-based approaches to HIVST [1]. Along with other sub-Saharan African countries,
the Rwanda Ministry of Health in 2017 recommended the use of HIVST as an additional strategy [6].

HIVST refers to the process where an individual collects his own specimen, which could be
blood or oral fluid, and thereafter carries out HIV testing and decodes the result, in most cases in
a private setting [5]. HIVST has the potential to overcome some of the main barriers which are
associated with the current testing models [7–11]. The notable barriers include stigma, discrimination,
as well as non-confidential testing environments [7,8]. Acceptability studies have provided mixed
findings. In South Africa, a very low rate of acceptability of HIVST (22%) was reported among
conveniently-sampled adults [12]. Similarly, low acceptability (44%) was reported in China among men
who have sex with men [13]. High acceptability rates have been reported among university students in
the Democratic Republic of Congo (82%) [14]; men who have sex with men in Peru and Brazil (87%) [9]
and a general adult population in western Kenya (94%) [11]. Globally, it has been documented in
various studies that HIVST is acceptable in general populations [9,10,15–17]. A systematic review
by Krause et al. presents evidence that HIVST is highly acceptable among key populations [8]. In
Rwanda, a qualitative study on men’s perspectives towards HIVST revealed that men found HIVST
acceptable; however, lack of awareness, cost of the kits, and concerns over potential social harm and
possible adverse events were reported as potential barriers to uptake [18].

With a goal to end AIDS by 2030 [19,20]; this goal calls for strategic implementation and scale-up
strategies that result in increased uptake HTS. Within SSA Africa, Kenya has effectively implemented
guidelines on programmatic approaches to HIVST. The Kenyan guidelines for HIVST describe the
package of support services, commodity management systems, the coordination mechanisms, quality
assurance measures, and describing some of the monitoring and evaluation strategies [21]. These
guidelines played a key role in ensuring effective implementation and scale-up of HIVST in Kenya.
The relevance of stakeholders in the implementation of policies in every healthcare delivery cannot be
over-emphasized. Evidence has demonstrated the important role of stakeholders in the successful
implementation of health policies [22,23]. The implementation and scale-up efforts for HIVST in Rwanda
will rely largely on informed strategies that ensure improved uptake [24]. Adequate involvement
of all the relevant stakeholders is crucial for the overall success of the implementation and scale-up
efforts. This study therefore sought to explore the perspectives of key stakeholders concerning the
implementation and scale-up of HIVST in Rwanda.

2. Materials and Methods

This study was conducted as part of a large study entitled: Adaptation of a Health Education
Program for Improving Uptake of HIV Self-Testing among Men in Rwanda. The protocol for the main
study is under consideration for publication elsewhere.

2.1. Ethics

This study has been ethically reviewed and approved by four institutional review boards:
the Rwanda National Ethics Committee (Approval number: 332/RNEC/201; May 29th 2019), University
Teaching Hospital of Kigali Ethics Committee (Approval number: EC/CHUK/0111/2019; June 17th
2019), Rwanda Military Hospital Institutional Review Board (Approval number: RMH IRB/036/2019;
July 12th 2019) and the University of KwaZulu Natal Biomedical Research Ethics Committee (Approval
number: BE/280/19; June 24th 2019). Study participants were provided with an information sheet
explaining the objectives of the study, and all participants signed informed consent forms prior
to participation.
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2.2. Study Setting

Kigali Province is the capital city of Rwanda. It consists of three Districts, namely Gasabo,
Kicukiro and Nyarugenge, 35 sectors, 161 cells, and 1183 villages in Kigali [25]. Kigali City houses
all national-level stakeholders in the HIV program in Rwanda [26]. The overall HIV prevalence
among adults in Rwanda is 3.0% [2]. Annual incidence of HIV among adults (defined as those aged
15–64 years) in Rwanda was 0.08% [2]. This corresponds to approximately 5,400 new cases of HIV
annually among adults in Rwanda [2]. With a goal to end AIDS by 2030 [26], Rwanda is intensifying
evidence-based interventions such as HIVST to further reduce HIV incidence.

2.3. Study Sample

In the study, the sample consisted of 13 purposively-selected key stakeholders. In particular,
the sample was drawn from the Ministry of Health, Rwanda Biomedical Center, non-governmental
organizations and HIV clinics at tertiary health facilities in Kigali.

2.4. Data Collection

We collected qualitative data from the key stakeholders using in-depth interviews. Interviews were
conducted by trained researchers using an interview guide (Supplementary File 1), which contained
open-ended questions. Interviews were conducted between September 2019 and November 2019 in
different settings where the stakeholders or public health officials serve. Interviews were conducted
in English and in Kinyarwanda languages and continued until saturation was reached; when no
additional information was emerging from the interviews [27]. Interviews conducted in Kinyarwanda
were translated by a professional translator with back translation to ensure no loss of data.

2.5. Data Entry and Analysis

The interviews conducted were audio-recorded and transcribed verbatim in Microsoft Word
2016. Verbatim transcription of all interviews, with study participant’s checking [27] to seek points of
clarification in relation to issues arising from interviews, was performed to ensure the validity of the
interviews. All interview transcripts were uploaded into NVivo v12 software (QSR International Pty
Ltd., Melbourne, Australia) for analysis. Framework-based thematic analysis was performed by TD
and CK, in parallel guided by the Consolidated Framework for Implementation Research (CFIR) [28].
The framework-based synthesis approach followed these steps: familiarization; identifying a thematic
framework; indexing; charting; and mapping and interpretation. This approach has been applied
in policy-related research questions [29]. This approach enabled domains identified in advance in
the CFIR to be explicitly and systematically considered in the analysis, while also facilitating enough
flexibility to detect and characterise issues that emerged from the transcripts [30]. First, the authors
familiarized themselves with the content of the transcripts. Secondly, participants’ responses were
coded into categories based on the CFIR domains, which were then grouped into nodes. Using
the relationships module of NVivo, the nodes were grouped into similar concepts that reflect key
stakeholders’ perspectives on implementation and scale-up of HIVST in Rwanda. Finally, mapping
and interpretation of the themes and sub-themes was done.

3. Results

In total, we interviewed 13 participants, including HIVST key stakeholders in Rwanda’s HIV
programs. In this study, we defined HIVST stakeholders as professionals working within the
Rwanda Ministry of Health and its partners responsible for the implementation of HIVST in
Rwanda. The individuals formed part of the national-level technical working group for HIVST
implementation with oversight of implementation and scale-up efforts nationally. The characteristics
of study participants are outlined in Table 1.
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Table 1. The presentation of key stakeholders by age, gender, highest qualification, number of years’
experience in the HIV response and role in HIVST implementation in Rwanda.

Participant
ID

Age Gender
Education

Level

Years’ Experience in
the HIV Response

in Rwanda

Role in HIVST
Implementation

#1 40 Female Undergraduate 13 Program Manager,
Policy maker

#2 30 Male Undergraduate 5 Health care provider,
policy maker

#3 41 Male Undergraduate 10 Program Manager,
Policy maker

#4 45 Male Post-graduate 15 Program Manager,
Policy maker

#5 42 Female Post-graduate 15 Program Manager,
Policy maker

#6 33 Male Undergraduate 11
Supply Chain

Specialist, Policy
advisor

#7 29 Female Undergraduate 5 Health care provider,
policy maker

#8 44 Male Doctorate 15 Researcher,
Stakeholder

#9 50 Male Doctorate 25 Researcher,
Stakeholder

#10 48 Male Undergraduate 15 Health care provider,
policy maker

#11 49 Male Post-graduate 15 Health care provider,
policy maker

#12 37 Male Doctorate 8 Laboratory Specialist,
Policy maker

#13 39 Male Doctorate 16 Researcher,
Stakeholder

Key stakeholders were all well-aware of HIVST intervention and perceived HIVST as
a potentially-effective initiative which can be used in order to ensure that there is improvement
in uptake of testing services, especially for underserved populations in Rwanda.

3.1. Researcher, Stakeholder

“HIV self-testing basically refers to the process through which an individual who is interested in
knowing their HIV status carry out the HIV test by themselves. They also interpret the result in private.
It is just one of the ways through which individuals can get to know their HIV status after buying
the self-test kits. It was introduced in order to address the challenges of stigma and confidentiality
associated with routine provider initiated or voluntary counseling and testing. It offers the potential
for HIV testing to reach more people than previously possible, including those who do not seek testing
in our health facilities here”.

3.2. Supply Chain Specialist, Policy Advisor

“It is an additional or a new approach in Rwanda to boost the existing HIV testing services that
we currently have. It is a screening test which detects HIV antibodies. Currently in our country, it is in
the pilot phase, not yet well implemented in the whole country. We have kits distributed in different
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pharmacies in Kigali and those vendors explain to those who come to buy it on how they can use it
accordingly”.

4. Emerging Themes

Three main themes emerged: HIVST is a potentially effective initiative to improve uptake of
HIV testing services; challenges hindering effective implementation; and potential strategies which
can be adopted to ensure effective implementation and scale-up of HIVST. The emerging themes and
sub-themes are presented in Table 2.

Table 2. Themes and sub-themes.

THEMES SUB-THEME(S)

Theme 1: Potentially effective initiative to improve
uptake of HIV testing services

• Target people unwilling to use facility-based
testing services

Theme 2: Challenges hindering implementation and
scale up of HIVST

• Poor awareness
• High cost of the kits
• Concerns on results interpretation

Theme 3: Strategies to improve implementation and
scale up

• Creation of awareness/knowledge of
the intervention

• Training those involved in implementation
• Regulation of sell of self-test kits
• Reducing the costs of the kits through the

provision of subsidies
• Ensure consistent availability of the self-test kits.

A detailed framework analysis of key stakeholders’ responses guided by the CFIR is presented on
Supplemental File 2.

4.1. Theme 1

Key stakeholders perceived HIVST as an acceptable intervention with the potential to bridge the
gap in the uptake of HTS. In addition to the general population, most stakeholders listed men, female
sex workers, men who have sex with men, and the rick/famous people as potential groups that could
benefit from HIVST initiative in Rwanda.

4.1.1. Program Manager, Policy Maker

“Thank you, so (HIV) self-testing is one of the approaches that we are using to make sure that
people know their HIV status. It was started as an additional option for people who want to know
their HIV status and especially those who are not willing to use conventional HIV testing methods
which are facility-based. This was chosen as an approach that will be increasing the number of people
who are aware of their HIV status”.

4.1.2. Researcher, Stakeholder

“I think it (HIVST) is a noble intervention, which will play a key role in ensuring that there is
an improvement in the uptake of HIV testing services, more so among the people who are otherwise
normally hard to reach. It comes with a number of advantages, which generally include privacy,
convenience, confidentiality, and ease of use”.
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4.1.3. Program Manager, Policy Maker

“HIV testing services are available, free of charge, and available to all public health facilities, but
we have some groups who don’t reach those services for their own reasons, maybe self-stigma in the
case of sex workers, maybe being too busy like men, or they are rich and famous. All these groups can
now access [HIV] self-testing”.

4.1.4. Laboratory Specialist, Policy Maker

“Currently, we have only one kit available on the local market and at health facilities. OraQuick
(manufactured) by Orasure Technologies. We performed in-house validations here at the reference lab.
We obtained over 90% sensitivity for oral fluid. So as (HIV) program, we are confident this test can
help improve our numbers on the first 90. More people can now get tested and interpret their own
results. The only caveat is those results are not final; patients would still need to visit a health facility
for retesting and confirmation”.

4.2. Theme 2: Challenges Hindering Implementation and Scale up of HIVST

Key stakeholders alluded to challenges that were impeding the implementation and scale-up of
HIVST in Rwanda. The participants presented a mix of intervention characteristics, outer and inner
settings challenges. Most participants strongly felt the need to prioritize addressing these challenges
before efforts to implement and scale-up HIVST are commenced in Rwanda.

4.2.1. Sub Theme 1: Lack of Awareness

A general lack of awareness among the users of the kits emerged as a sub-theme. Stakeholders
noted some concerns relating to lack of awareness of/on HIVST among the general population. Further,
stakeholders noted that HIVST is still inaccessible to rural populations that are also resource-limited in
terms of health facilities. Key stakeholders perceived that not much awareness has been created. They
also noted that some of the people with access to the kits do not have adequate levels of education and
knowledge on how to use them.

4.2.2. Researcher, Stakeholder

“Before the government decides to ensure that it is rolled up on a large scale, I think they need to
ensure that people are aware of the kits. At the moment I think that not so many people know about
them. Again, the government should work on the costs that are associated with the acquisition of the
kits. At the moment, it is beyond the reach of most of the people who are the main targets.”

4.2.3. Sub Theme 2: Cost of the Kits

Key informants perceived the costs of purchasing the kits as one of the main barriers to the
effective implementation and scale-up of HIVST in Rwanda.

4.2.4. Health Care Provider, Policy Maker

“I think that the ministry of health is still facing different kinds of challenges, which needs to
be addressed to ensure effective implementation of self-testing. For instance, the general lack of the
guidance on HIV self-testing, and the lack of low-cost test kits and the systems to assess and regulate
them, have been a key barrier to implementation. They need to be addressed effectively. The ministry
of health should also adopt policy guidelines that inform the adoption of suitable HIVST test kits,
taking into consideration who exactly we want to get tested.”

4.2.5. Sub Theme 3: Results Interpretation

Key stakeholders noted their concerns on the interpretation of results following HIVST testing.
Key stakeholders were of the perspective that reported cases of discordant results between the HIV
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self-test and repeat testing at a health facility were mainly user-based. Issues with the interpretation of
results were revealed as key in these discrepancies.

4.2.6. Program Manager, Policy Maker

“HIV self-testing is very new in Rwanda. So far, I only can think of two challenges. For instance,
we have received cases of false positives and negatives. This creates a problem. Even though the cases
are few, it is enough to raise concern as it may affect uptake. Once a bad message is passed about HIV
self-testing giving incorrect results, it may lower uptake significantly. And we don’t want that. ( . . . )
Basically, it comes down to ensuring those that are selling in private pharmacies or distributing at our
(government) facilities are trained so they can train the users and the issue of regulation of sale of these
self-test kits.”

4.3. Theme 3: Strategies to Improve Implementation and Scale-up of HIVST in Rwanda

Key stakeholders presented their views on strategies which can be used to ensure successful
implementation and scale-up of HIVST. These include the following: the creation of awareness; training
those involved in the implementation process; regulation of the selling of the self-test kits; reduction
of the costs of acquiring the self-test kits through the provision of subsidies; and ensuring consistent
availability of the self-test kits.

4.3.1. Sub Theme 1: Creation of Awareness

The need for the creation of awareness on HIVST in order to ensure uptake was noted by
most key stakeholders. Community mobilization strategies proposed by some stakeholders include
decentralized campaigns, community-led advocacy through the monthly umuganda community
meetings, and radio jingles.

4.3.2. Supply Chain Specialist, Policy Advisor

“The uptake of HIV self-testing is still very low, and as you may be aware, not much has been
done to ensure that it is available to all the people in Rwanda, including those in the remote areas.
So far, the focus has been only in Kigali City. There are also people who are still not aware of HIV
self-testing. The government, therefore, needs to do much more to ensure that more people are made
to be aware of HIV self-testing”.

4.3.3. Program Manager, Policy Maker

“I recommend improving awareness, to encourage those groups who don’t get HIV testing and
then to make availability of test kits at a low price.”

4.3.4. Sub Theme 2: Training of the People Involved in the Implementation Process

Key stakeholders emphasized the need for providing training to all parties involved in the
implementation of the HIVST intervention in order to ensure successful implementation.

4.3.5. Health Care Provider, Stakeholder

“The government should just ensure that it (implementation) is done in the right manner by
training all the people involved, doing mass campaigns to ensure that more people are aware of the
existence of the programs, and ensuring that there are proper distribution channels of the HIV (self)
test kits”.

4.3.6. Sub Theme 3: Proper Regulation of the Kits

A common theme, on the strategies to ensure effective implementation and scale-up of HIVST
implementation, was the need to ensure proper regulation of the self-test kits. Stakeholders noted that
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currently in Rwanda HIV self-test kits are available for purchase online. Stakeholders perceived the
need for ensuring guidelines are followed with regard to certification for use of these kits.

4.3.7. Laboratory Specialist, Policy Maker

“I also believe that proper regulation can play a key role in ensuring that some of the key challenges
I have discussed earlier are addressed. We validated for use in Rwanda the test kits currently in
circulation. We are also involved in ensuring quality assurance for new kit lots and surveillance for
cases of false positive or negative results. We monitor those as well.”

4.3.8. Sub Theme 4: Reducing the Costs of the Kits

Most of the stakeholders were of the viewpoint that the kits are currently going for 5000 RWF for
one test, which is not within the reach of most of the people who are targeted. As a result, effective
implementation and scale-up of the kits needs measures to be put in place to subsidize the costs of
acquiring the kits. This will make the kits to be within the reach of the users.

4.3.9. Researcher, Stakeholder

“I think the ministry should look at the processes that are currently being charged. The kit
currently costs 5000 Rwandan Francs in pharmacies in Rwanda and I think this is too expensive. While
the government is working to ensure that the kits are available in the entire country, they need to ensure
that there are measures aimed at lowering the prices of the kits. For such an important intervention, it
is reasonable to provide subsidies to cushion users”.

4.3.10. Sub Theme 5: Ensuring Availability of the Kits

When it comes to effective implementation and scale-up of HIVST, key stakeholders perceived
the need for the government of Rwanda to ensure that there are measures in place to ensure constant
availability of kits. This means ensuring the availability of stock and proper distribution channels to
improve uptake.

4.3.11. Program Manager, Policy Maker

“I think here the most important point is to see how we can increase kit availability by ensuring
adequate stock levels at MPPD always, and appropriate space where the kits will be distributed. So far,
we have them limited at pharmacies, a few health facilities and online purchases. To improve uptake
when we scale-up, there is a need to have a wider range of distribution channels”.

5. Discussion

This study presents perceptions of HIVST key stakeholders on the implementation and scale-up of
HIVST in Rwanda. Key stakeholders perceive HIVST to be a highly effective intervention for helping
the underserved populations access HTS. This corroborates well with WHO recommendations on
HIVST as an additional strategy to improve uptake of HTS [5]. Interventions aimed at improving
uptake of HTS as an important step to attaining the UNAIDS 90-90-90 target of 2020 have been
underscored in the Rwanda 2019–2024 Fourth Health Sector Strategic Plan [26]. Our findings reveal
that key stakeholders perceive HIVST as an important gateway to realization of the UNAIDS 90-90-90
targets. Theme two identified key stakeholders’ perceived challenges for implementation and scale-up
of HIVST; lack of awareness of the kits, high cost of the self-test kits, and concerns over results
interpretation. Low awareness was mainly attributed to the intervention being relatively new in
Rwanda and still in pilot phases. Theme three: key stakeholders’ perceived measures of what is
necessary for the successful implementation and scale-up of HIVST in Rwanda included the creation
of awareness, training those involved in the implementation process, regulation of the selling of the
self-test kits, reduction of the costs of acquiring the self-test kits, and ensuring consistent availability of
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the self-test kits. Health education programs, community mobilization, development of HIVST country
guidelines and provision of subsidies to cushion the cost of test kits would strengthen implementation
and scale-up efforts for HIVST in Rwanda.

In the current study, key stakeholders’ perceived HIVST as an auspicious intervention with
the potential to bridge the current gap in uptake of HTS in Rwanda. This corroborates well with
findings from a similar study conducted in South Africa, which demonstrated key stakeholders’
confidence in HIVST improving uptake of HTS in underserved population [31]. A recently published
systematic review and meta-synthesis on men’s perspectives on HIV self-testing in sub-Saharan
Africa recommended presented evidence of poor awareness but high acceptability of HIVST among
men [32]. While this is the case; stakeholders expressed concerns that need to be addressed before
effective implementation and scale-up can be achieved. Concerns cited by key stakeholders in
the current study on the regulation of the sale of test-kits and results interpretation have been
reported elsewhere [7,33–35]. Healthcare workers in Kenya concerned with challenges with test
results interpretation recommended proper regulatory measures to be put in place prior to scale of
HIVST intervention [7]. Similarly, healthcare providers in Kwa-Zulu Natal province in South Africa
perceived issues with results interpretation as a potential challenge with HIVST implementation in
South Africa [33]. A cross-sectional study on participants without prior experience with the HIV
self-test revealed the most common interpretation error was incorrectly identifying a negative result as
invalid [10]. Raising public awareness levels emerged as a key strategy to effective implementation
and overall success of scale-up efforts in this study. Similar recommendations have been made
elsewhere [31,32,36,37]. Key stakeholders in South Africa [31], researchers, academics, journalists,
community advocates, policy makers and other key stakeholders in Nigeria [36] and reviews by
Hlongwa et al. [32], Johnson et al. [37] all recommend need the improve public awareness on HIVST.
Similar to the findings of the current study, ensuring that kits are affordable has been recommended by
key stakeholders in South Africa [31,33] and potential users in Singapore [10].

The study has demonstrated the feasibility of HIVST implementation and scale-up in Rwanda
from a key stakeholder’s perspective. There is a need to document HIVST guidelines and policies
that define the supply chain, stakeholder roles and responsibilities, implementation strategy, quality
assurance measures, and monitoring and evaluation strategies. Policymakers need to ensure that
effective mobilization programs are designed to raise public awareness. Training for those involved
in the implementation and subsequent step-down training will be key in the implementation and
scale-up efforts of HIVST in Rwanda.

A notable strength of the current study is that the majority of the key stakeholders were men.
The current study is part of a larger study aimed at adaptation of a health education program for
improving the uptake of HIVST among men. A limitation of this study was that only national-level
key stakeholders residing in Kigali were enrolled, thus limiting the generalization of study findings to
other settings. There is a need for further research incorporating lower-level stakeholders and to fully
understand the challenges and inform policy. However, our sample was drawn from individuals who
are responsible for the implementation of HIVST in the country, with knowledge on the status of the
current implementation and scale-up efforts across the country. Finally, qualitative findings are highly
subjective [38]. However, we used prolonged engagement [39,40] to ensure credibility and pilot testing
of the interview guide [41,42] to ensure dependability. We enhanced the credibility and dependability
of the study findings by following a rigorous inductive analysis and interpretation of the data. We also
employed note-taking [42] and participant validation of transcripts [43] to enhance the credibility of
the reported findings.

6. Conclusions

The current study findings demonstrate the confidence of key stakeholders in the Rwanda health
system to effectively sustain the HIVST intervention. The concerns raised over factors with the potential
to impede smooth implementation and scale-up should be addressed.
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Abstract: Reports on the use of various smartphone-based video conference applications to guide
point-of-care ultrasound (POCUS) examinations in resource-limited settings have been described.
However, the use of an augmented reality-enabled smartphone video conference application in this
same manner has not been described. Presented is a case in which such as application was used to
remotely guide a point of care ultrasound examination.
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1. Introduction

The ability to improve the quality of care to resource-limited settings is often a logistical challenge
resulting from the lack of specialized medical practitioners and services. This is often secondary to
geographic, demographic, and socioeconomic factors. The implementation of technology in healthcare
is often a contributor to this problem rather than a solution. However, recent innovations in smartphone
technology and point-of-care ultrasound (POCUS) devices have proven to be key examples of how
technological advances are poised to elevate the quality of care in resource-limited settings. Indeed,
the use of smartphone devices to provide real-time video conferences has proven to improve rural
medicine across many medical specialties [1–5]. Similarly, the advancements in POCUS technology
have greatly facilitated the ability to perform ultrasound exams in remote patient care settings.

Point-of-care ultrasound refers to the use of ultrasonography at the patient’s bedside for diagnostic
and therapeutic purposes [6]. The provider acquires and interprets all images in real-time and then
uses that information to diagnose and direct therapies. Of note, POCUS has been identified as the
most rapidly growing sector in medical ultrasound imaging [7]. Recent advances in this technology
include improved image quality as well as a significant reduction in price, with handheld devices
costing approximately 1/20th the price of devices ten years ago (from USD 40,000+ to USD 2000).

Recently, smartphone-based video conference technologies have been used with point-of-care
ultrasound. Several studies have demonstrated the ability to remotely educate, guide, and provide
image interpretation of POCUS examinations. While these studies have shown promise, a new
modality, augmented reality (AR), has recently been implemented in the point-of-care ultrasound
education space [8]. The use of AR has demonstrated utility in the remote guidance of POCUS [8].
However, the use of AR to improve remote medical training has mostly been described with the use of
specialized equipment that may not be readily available in resource-limited environments.
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This report highlights the use of a novel smartphone application (Vuforia Chalk, San Diego CA,
USA) to provide AR remote assistance to guide a POCUS examination. The application works on most
smartphone devices and web browsers and provides an augmented reality video conference interface
that allows each user to notate the other’s environment (see Figure 1). The ease of use and widespread
applicability across multiple smartphone platforms allows this program to potentially improve the
availability of remote AR guidance to teach POCUS in resource-limited settings. This non-sponsored
case report was a proof-of-concept evaluation on the feasibility of using this AR application to improve
remote guidance of POCUS examinations in a resource-limited environment. Specialty-trained
providers from a tertiary care center, Loma Linda University Medical Center (LLUMC), in California,
USA, successfully used this application to provide remote AR guidance for a POCUS examination at a
rural hospital in Port-au-Prince, Haiti.

 

Figure 1. Overview of Onsite and Remote Augmented Reality Enhanced Video Communication.
The white arrow indicates the femur, which was identified for anatomy review during remote
guidance communication.

2. Description of the Case

Faculty from the tertiary care center traveled with a low-cost ($2000 USD) handheld portable
ultrasound device (Butterfly Network, Guilford, CT. USA) and a Chalk-enabled smartphone (iPhone
8, Apple Cupertino, CA. USA) to the Hôpital Adventiste d’Haiti. During the visit, the onsite and
visiting faculty identified a 35-year-old male patient scheduled to undergo an external fixator removal
and replacement. The patient required a regional anesthesia popliteal nerve block. The ability to use
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ultrasound to perform this block was not routinely available, and local providers had not been trained
to perform this procedure. To evaluate the capability of the AR application to provide remote guidance
for this procedure a connection was established, via the Chalk application, between the visiting faculty’s
smartphone in Port-au-Prince, Haiti to a remote faculty in CA, USA. Consent was obtained from the
patient to report this case.

The connection was established over a mobile 4g hotspot via an iPhone 5 (Apple Cupertino, CA,
USA) provided by the onsite faculty. Chalk was used to send a call to the expert ultrasonographer (San
Diego, CA, USA), who then used the AR platform to guide probe placement on the patient to obtain
the appropriate ultrasound image. Once the onsite examiner had obtained the appropriate probe
position and ultrasound image, the smartphone camera was adjusted to visualize the ultrasound image
from the POCUS device. Specifically, the smartphone POCUS exam was placed on the patient’s bed
in-between their legs and the second smartphone with the AR platform was held over this device such
that the ultrasound image and the AR notations could be visualized by the physician performing the
exam (Figure 1). Importantly the user holding the smartphone with the AR platform was not the same
person performing the procedure and would adjust the smartphone position to allow appropriate
visualization for the proceduralist. The remote expert then highlighted relevant anatomy and identified
the nerve on the ultrasound image via the AR platform.

The procedure was performed successfully, and the nerve block demonstrated appropriate efficacy.
After the procedure, the one onsite and the one remote provider completed a survey on the image
quality of the video connection. In addition, the remote provider completed a survey of the image
quality of the ultrasound image viewed from the video conference app and the onsite provider
completed a survey of the AR notations created by the remote provider during the guidance of the
nerve block. All surveys were scored using a validated 5-point Likert scale [9].

Survey results showed that the image quality of the video communication was rated 5/5 for
both video communication and ultrasound image interpretation by the one onsite and one remote
practitioner. The onsite practitioner scored the clarity of the AR notations to identify probe placement
position on the body as 5/5 and identification of anatomy and nerve on the ultrasound image as 4/5.

3. Discussion

Technologic advances in medical ultrasound imaging are helping remove the barriers of costs and
portability. These innovations are improving the ability to use medical ultrasound in resource-limited
settings as a point of care device. However, a barrier that remains is the skill/training of the providers
in these settings. Programs to teach POCUS, in-person, have demonstrated to be effective [10], but
have a high cost and can be difficult to repeat/grow. The use of real-time video conferencing has
demonstrated to be effective for remote POCUS guidance and training [11,12]. The application of such
a remote guidance and telecommunication system has demonstrated a positive clinical impact. Kolbe
et al. reported a change in management in 48% of patients in a rural village in Nicaragua after the
implementation of a remote guidance and telecommunication system between expert sonographers
around the world and local practitioners [13]. The application of smartphone-based video conference
platforms also has proven clinical utility [12]. Robertson et al. demonstrated successful communication
between intensivists at a tertiary care center and non-physician health care providers in a low-income
country, which demonstrated successful ability to both educate POCUS image acquisition techniques
as well as allow for appropriate image quality for remote clinical interpretation [14].

In recent years, the development of AR has also been applied to POCUS. Wang et al. evaluated
the feasibility of using a specific AR hardware/software platform, Microsoft HoloLens (Redmond,
WA, USA), to remotely guide novice medical trainers through a trauma ultrasound examination [8].
While this does offer a tremendous opportunity to expand POCUS education, it may be less impactful
in resource-limited environments. Advances in smartphone applications now allow for the use
of real-time AR enhanced video communication without the need for expensive hardware. This
potentially has broad implications in resource-limited areas by improving the ability to provide remote
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POCUS education/guidance with low-cost smartphone and POCUS devices. While a limited example,
this case demonstrates how these devices can be implemented to provide improved bedside assessment
and therapies in a resource-limited environment.

Our report demonstrates the use of a smartphone app that allows for the creation of a real-time
augmented reality environment in a manner very similar to common smartphone video conference
applications. This proof-of-concept case report presents positive feedback from all of the providers
involved and supports further exploration in this area. Of note, none of the onsite physicians involved
in the case had used the Chalk app before this event. Additional discussion after the event between
the onsite and remote providers highlighted that the use of this platform was an improvement over
traditional smartphone video conferencing by allowing both users to provide real-time visual cues
over the ultrasound image during the procedure. In addition, the AR interface provided a greater
ability for depth perception compared to traditional smartphone video conferencing.

Importantly, there are several limitations for the setup described in this report. While providers
reported no issues with screen glare, the use of two mobile devices to achieve the AR guidance resulted
in a limitation of the field-of-view of the remote examiner. In addition, the setup described requires
another individual to hold and manipulate the AR smartphone. Additionally, the placement of the
ultrasound and AR devices will be different based on patient position and care setting. Finally, the AR
video communication in this case report did not include the transfer of any protected health information,
as this requires secure communication pathways, which have previously been described [15]. Truly,
applications such as the one described in this report would require the development of these securities
to provide the maximum benefit. Future evaluations of these technologies should seek to address each
of these items.

Indeed, the potential widespread availability of a smartphone-based augmented reality
training/guidance application makes this platform very exciting for improving healthcare in
resource-limited environments by potentially providing a higher level of communication than standard
video conferencing. It is the authors’ hope that this report can be an example to stimulate formal
research in this area.
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Abstract: The novel coronavirus disease 2019 (COVID-19) is rapidly spreading with a rising death
toll and transmission rate reported in high income countries rather than in low income countries.
The overburdened healthcare systems and poor disease surveillance systems in resource-limited
settings may struggle to cope with this COVID-19 outbreak and this calls for a tailored strategic response
for these settings. Here, we recommend a low cost blockchain and artificial intelligence-coupled
self-testing and tracking systems for COVID-19 and other emerging infectious diseases. Prompt
deployment and appropriate implementation of the proposed system have the potential to curb the
transmissions of COVID-19 and the related mortalities, particularly in settings with poor access to
laboratory infrastructure.

Keywords: self-testing; novel coronavirus disease-19; blockchain; artificial intelligence

The novel coronavirus disease 2019 (COVID-19) has now reached sub-Saharan Africa (SSA) with
cases reported in more than 40 SSA countries. SSA health systems are already battling with poor
health outcomes and high mortality rates linked to the unique quadruple (HIV, Tuberculosis and
non-communicable diseases) burden of disease [1]. In addition, SSA’s dense communities, informal
settlements and rural and resource-limited settings are at particular risk and are most vulnerable to
the COVID-19 outbreak. These populations are underserved in terms of health services and have the
potential to become to new COVID-19 epicenters. The global COVID-19 statistics show surprisingly low
transmission rates and fewer deaths in resource-limited countries, particularly countries in Sub-Saharan
Africa (SSA). While SSA’s young population and warm climate may put SSA at an advantage for coping
with the COVID-19 outbreak [2], there is growing concern about the impact of COVID-19 co-infections
among the people living with other immune-system-weakening conditions such as HIV, TB and
diabetes and the struggling health system in resource-limited settings such as SSA countries [3,4].

There is a growing concern about a failure to find and report cases, especially given weak
health systems, inadequate surveillance, insufficient laboratory capacity and limited public health
infrastructure in African countries [5]. Access to accurate diagnosis, monitoring and reporting of health
outbreaks requires a well-resourced healthcare system [6]. Evidence shows that most resource-limited
countries lack an effective, rapid surveillance system [7]. These settings also have a limited availability
of health technologies for the electronic surveillance of infectious diseases to facilitate the prevention
and containment of emerging infectious diseases such as COVID-19 [7]. Universal health coverage,
access to high-quality and timely pathology and laboratory medicine (PALM) services is crucially
needed to support health-care systems that are tasked with achieving Sustainable Developmental
Goals [8]. This calls for the rapid development and deployment of health innovations for accurate
diagnosis and electronic surveillance of COVID-19 in underserved populations.
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Recent evidence shows that prompt development and deployment of point-of-care (POC)
diagnostics for screening in response to the COVID-19 outbreak can help to curb the spread of
the disease and to alleviate the burden on the health system [9,10]. The impact of rapid testing on
the COVID-19 death rate has been shown in Germany [11]. Emerging health innovations such as
blockchain and artificial intelligence (AI) technology can be coupled with POC diagnostics to enable
self-testing of patients in isolation as a result of exposure to COVID-19. Blockchain is a digital, public
ledger that records online transactions. It involves the digital distribution of ledger and consensus
algorithms and eliminates all the threats of intermediaries [12,13]. One of the commonly-known
applications of blockchain is the crypto-currency Bitcoin [14], which has been successfully used as
an alternative financial sector in emerging economies including countries in SSA [15]. Blockchain
technology has shown adaptability in recent years leading to its incorporation in a wide range of
applications including biomedical and healthcare systems [16–18]. The use of blockchain and AI in
healthcare is evident in the following areas: management of electronic medical records; drugs and
pharmaceutical supply chain management; biomedical research; education; remote patient monitoring;
and health data analytics [17].

Mobile connected point-of-care diagnostics and self-testing has been successfully implemented in
resource-limited settings [19–21]. However, there is limited evidence on the use of blockchain and
AI technology for disease diagnosis. Bearing in mind the era of COVID-19 and the evidence on the
overburdened healthcare systems and poor disease surveillance systems in resource-limited settings,
and taking advantage of the available mobile Health (mHealth) systems, we recommend, a rapid
development and deployment of low cost blockchain and AI-coupled mHealth connected self-testing
and tracking systems as one of the strategic response strategies for COVID-19 and other immerging
infectious diseases (Figure 1).

 
Figure 1. Proposed community-based blockchain and artificial intelligence-coupled mobile-linked
self-testing and tracking system for emerging infectious diseases.

The initial step for this system is through a mobile phone or tablet application (app) which could
be adapted from existing self-testing apps [22,23]. The app will request a user’s personal identifier
before opening pre-testing instructions. Following testing, the user will upload results into the app.
The blockchain and AI system will enable the transfer of the test result to alert the outbreak surveillance
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authorities of all tests performed as well as the number of positive and negative test results. This
will help ensure that all positive cases are referred to a quarantine site for treatment and monitoring.
The in-built geographic information system (GIS) in mobile devices will enable the tracking of the
people who tested positive. This system will also be connected to the local and international databases
to ensure appropriate surveillance and control of the outbreak.

The AI component of this technology will enable potent power in data collection (patient
information, geographic location of the patient and test results), security, analysis, and curation of
disparate and clinical data sets from federated blockchain platforms to derive triangulated data at
very high degrees of confidence and speed. With this well-architected integrative technology platform,
we assure secure and immutable data sets that enable the collection of high-quality data and can
draw deep insights. Local development of these diagnostics can help overcome the supply chain
challenges [24] and the cost which can limit accessibility of POC diagnostics in resource-limited
settings. This technology can be adapted for use in community-based case finding of other infectious
diseases such as HIV, TB and Malaria, which may be exacerbated by the current COVID-19 outbreak.
Relevant stakeholders’ involvement will be crucial to ensure the efficient development and sustainable
implementation of the proposed technology, particularly in underserved populations.
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Abstract: The purpose of an electronic health information system (EHIS) is to support health care
workers in providing health care services to an individual client and to enable data exchange
among service providers. The demand to explore the use of EHIS for diagnosis and management
of communicable and non-communicable diseases has increased dramatically due to the volume of
patient data and the need to retain patients in care. In addition, the advent of Coronavirus disease
2019 (COVID-19) pandemic in high disease burdened low and middle income countries (LMICs)
has increased the need for robust EHIS to enable efficient surveillance of the pandemic. EHIS has
potential to enable efficient delivery of disease diagnostics services at point-of-care (POC) and reduce
medical errors. This review provides an overview of literature on EHIS’s with a focus on describing
the key components of EHIS and presenting evidence on enablers and barriers to implementation of
EHISs in LMICs. With guidance from the presented evidence, we proposed EHIS key stakeholders’
roles and responsibilities to ensure efficient utility of EHIS for disease diagnosis and management at
POC in LMICs.

Keywords: electronic health information system; diagnosis; treatment; point-of-care; low and middle
income countries

1. Introduction

The health sector is lagging behind in the era of information and technology (IT). The main purpose
for use of IT in the health sector include the following: extending geographic access to health care;
enhancing client communication with the health provider; improving disease diagnosis and treatment;
improved data quality management; and to avoid fraud and abuse of client’s confidentiality [1–3].
The introduction of digitization has revealed the possibilities and costs benefits to health care
management. IT systems such as electronic health information systems (EHIS) have been shown to
be a useful tool for improving disease diagnosis and treatment at point of care (POC), globally [4–6].
EHIS is the digital version of a patients’ paper chart, which has capacity to store health data such
as test results and treatments. It is also designed to enable real-time, patient-centered records that
make information available instantly and securely to the authorized users [7]. The term EHIS is used
interchangeably with electronic health records (EHRs), eHealth and electronic medical records (EMRs).
EHIS are a vital part of health IT built to go beyond standard clinical data collected in a providers’
office and can be inclusive of a broader view of a patient care [8].

An efficient functioning EHIS requires the use of digital health systems such as three interlinked
electronic register (Tier.Net), which has an ability to facilitate information exchange between software [9].
Tier.Net is used by healthcare facilities to enable electronic collection, storage, management and sharing
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of patient’s electronic health or medical records for the purpose of patient care, research and quality
management [10]. Countries are currently battling with a global pandemic caused by the outbreak of
SARS COV-2, a virus that causes Coronavirus disease 2019 (COVID-19). The advent of COVID-19 in
high disease burdened low and middle income countries (LMICs) such as South Africa has increased
the need for robust EHIS to enable efficient surveillance of the pandemic [11]. The main objective of
this review is to presents an overview of literature on the characteristics of EHIS and implementation
of EHISs for improving disease diagnosis and treatment at point-of-care in the LMICs. We search for
literature from the following databases: PubMed and Google Scholar and included relevant literature
from LMICs.

2. Characteristic of Electronic Health Information Systems

An efficiently functioning EHIS is key to health service delivery as it promises a number of
substantial benefits, including improving the quality of healthcare service delivery, decreased healthcare
costs as well as reduce serious unintended consequences [12]. A poorly implemented EHR system
can lead to EHR-related errors that jeopardize the integrity of the information in the EHR, leading
to errors that endanger patient safety as well as compromise the quality healthcare services [12].
The following key components are required for an efficient functioning EHIS: patient management
component; activity component; clinical component; pharmacy component; laboratory component;
radiology information system; and billing system (Figure 1) [13]. Table 1 provides a description on the
functions of EHR components within the electronic health system and patient care.

 

Figure 1. Overview of electronic health information system components (adapted from the National
Institute of Health National Center for Reasearch Resources; 2006 [13]).
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Table 1. Description of electronic health record (EHR) components, purposes within the electronic
health system and patient care by National Institutes of Health National Center for Research Resources.

EHIS Component Function Benefit to Patient Care

Patient Management EHIS

Patient registration, admission, transfer
and discharge (ADT) functionality.
Patient registration includes key patient
information such as demographics,
insurance information and contact
information [14]

Populations and their needs are
analyzed at a point of care to determine
the services to be rendered to them [15]

Activity EHIS
Flow processed from when a client is
entering the point of service till data is
digitized on the system [15,16]

Traceability of health data

Clinical EHIS

Habitation of multiple sub-components,
e.g., computerized provide order entry
(CPOE), electronic documentation,
nursing component [14]

Electronic clinical documentation
systems enhance the value of EHRs by
providing electronic capture of clinical
notes; patient assessments; and clinical
reports, such as medication
administration records (MAR) [13]

Pharmacy EHIS

Islands of automation, such as
pharmacy robots for filling prescriptions
or payer formularies, that typically are
not integrated with EHRs [13]

Improve efficiency of pharmacy services

Laboratory EHIS

Consists of two subcomponents:
capturing results from lab machines;
and integration with orders, billing and
lab machines. The lab component may
either be integrated with the EHR or
exist as a standalone product [14,17]

Improve efficiency of pathology
laboratory services

Radiology Information System
and Picture Archiving &
Communications System (PACS)

Manages patient workflow, ordering
process and results [14] Enables improved service delivery

The billing system (hospital and
professional billing)

Captures all charges generated in the
process of taking care of patients. These
charges generate claims, which are
subsequently submitted to insurance
companies, tracked and completed [14]

Tracking of patient data and
quality assurance

3. Opportunities Presented by EHIS in the LMICs

Evidence on EHIS in developing countries revealed the following eHealth attributes: tracking
of patients who were initiated on treatment; monitoring of adherence to care and early detection
of potential loss to follow up; minimize the time it takes to communicate data between different
levels; reduction of errors especially the laboratory data; linkage to bar code for unique identification
and laboratory samples and the prescription of medication [18]. In Mozambique, a robust electronic
patient management system facilitated a facility-level reporting of required indicators, improved
ability to identify patients lost to follow-up; and support facility and patient management for HIV
care [19]. An implementation study aimed at implementing an integrated pharmaceutical management
information system for antiretroviral treatment (ART) and other medicines in Namibia showed the
system’s reliability in managing ART patients, monitoring ART adherence and HIV drug resistance
early warning indicators [20].

4. Enablers of EHIS Implementation in the LMICs

Enables of EHIS implementation in the LMICs are aligned with leadership abilities, sound
policy decision and financial support with the goals of purchasing IT, connectivity and capacity
building [21]. Enablers for EHIS in LMICs includes: legislation, financial investment; staff training,
political leadership; acceptability of technology; performance expectancy; and social influence among
professionals [22–24].
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4.1. Financial Investment

Many LMICs are supporting financial investment to help scaling up of EHIS. A study from China
recommended that in order to achieve the national childhood immunization information management
system objectives for 2010, the funding for system-building should be increased [22]. A three-country
qualitative study was conducted in southern Africa on the sustainability of health information systems
which revealed; more government commitment in funding EHIS such as printer ink, IT infrastructure,
recruitment of personnel and running costs [23]. In Ghana, cooperation between the vendors and
management was demonstrated [25]. This successful cooperation translated into regularly provision
of feedback and sucessful system maintenance [25]. This has helped the facility in alleviating the
common challenge faced by most Information Communication and Technology (ICT) implementers in
LIMCs [25].

4.2. Legislation

South Africa National Health Act of 2003 is a good example of a legislation, policy, norms
and standards defining the role of national, provincial and local governments in terms of EHIS
implementation in LMICs [26]. South Africa has advocated the scale up of digital health technologies
to improve access to health care and for health systems strengtherning through systems such as Tier.net
and District Health Information Software (DHIS and patient registration systems [27]. The delivery
of EHIS or eHealth in South Africa’s public sector facilities is the responsibility of the provincial
departments of health, while policy development resides with the National Department of Health
(NDoH). In terms of Section 74 of the National Health Act, the NDoH is also responsible for facilitation
and coordination of health information.

4.3. Staff Training

There is growing evidence on the value of well-trained health informatics workforce in LMICs [24].
Studies conducted in Botswana and Uganda showed the on-the-job training and mentorship as a major
enabler for EHIS in LMICs [28,29]. This were shown to be an effective approach for strengthening
monitoring and evaluation capacity and ensuring data quality within a national health system [28].
It was demonstrated that on-the-job training can also improves performance through timely and
increased reporting of key health indicators [29].

4.4. Political Leadership

Effective leadership can positively contribute to the successful adoption of new EHIS in any
organization [30]. In Ethiopia, the role of ICT towards universal health coverage prompted academic
and political spheres to make ICT on the agenda especially for disease diagnosis and treatment in
the LMICs [31]. The Rwandan government has also shown commitment to telemedicine, through
their strategic choice of using low-cost and less complex technologies, and strategic partnerships with
educational and technology companies to help in the implementation of telemedicine [32].

4.5. Acceptability of Technology

Research has shown that factors such as English language proficiency level, computer literacy
and EMR literacy level and education level can influence the level of use of EHIS [33]. Liu and
others revealed that the usage of EHIS by health workers in LMICs can be influenced by the level of
system simplicity and user friendliness [34]. An economical mobile health application to improve
communication between healthcare workers was introduced in KwaZulu-Natal, South Africa using an
iterative design process [35]. This application was received positive feedback from healthcare workers
due to its ability to improve team spirit between community and clinic based staff [35].
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5. Barriers and Challenges to Implemention of EHIS in the LMICs

There are various factors impeding the successful implementation and scale up of EHIS in
LMICs. These include the following: complexity of the intervention and lack of technical consensus;
limited human resource, poor leadership, insufficient finances, staff resistance, lack of management,
low organizational capability; misapplication of proven diffusion techniques; non engagement of both
local users and inadequate use of research findings when implementing [36].

5.1. Complexity of the Intervention and Lack of Technical Consensus

The complexity of the EHIS which and lack of consultation as key barriers on the implementation
in LMICs [36]. Designing an organizational EHIS with a complex design is a serious threat of the
implementation in LMICs [37]. In Rwanda, the interfaces between the existing and new EHIS are the
inhibitors to the implementation [38]. There are instances of patient information that are captured into
the computer; but challenged with bandwidth requirements in health facilities [39].

5.2. Limited Human Resource

The main barriers in implementing EHIS on the LMICs relate to lack of capacity: human, leadership
and management [36]. Human resource capacity is the main barrier not only in terms of the supply
but also in terms of the ability to perform the task. The exodus of skilled cadres to the well-paying
non-government organizations are the contributing factors to human resource capacity [40].

5.3. Lack of Management

Ineffective coordination, poor management and lack of supervision for EHIS are the main
challenges in the LMICs [41,42]. Management capacity and the ability to use data were reported as the
root causes in facilities with inadequate human resource, computers and data capturing skills [43].
Late submission of health data and absence of feedback from the supervisors are the key barriers to
EHIS implementation in LMICs [44].

5.4. Lack of Funds

EHIS implementation is costly as there is hardware, software, maintenance, training and human
resource investment making implementation unaffordable to many LMICs [45]. Cost is the main
constraint to adoption and implementation of EHIS in LMICs [46]. Running costs and political will
are the prerequisite for sustaining EHIS [40]. Unreliable electricity supply, shortage of IT equipment,
poor connectivity and safe accommodation for the equipment are the restraining elements to the
successful implementation of EHIS [45].

5.5. Inadequate Health Systems Capacity

Poor public healthcare system with ever changing policies are a hindrances to the successful
implementation of the EHIS in LMICs [21]. Leon and others used a framework for assessing the health
system challenges to scaling up m-Health in South Africa and revealed a weak ICT environment
and limited implementation capacity within the health system [47]. Katuu explored the barriers in
improving South African public health sector through eHealth strategy particularly by integrating
electronic document and records management system. Inequality, historical red tape and curative
structure are the main barriers [48].

5.6. Poor Application of Proven Diffusion Techniques

In Asia, incapacitated human resources and shortage of IT skills were identified as inhibiting
factors to EHIS implementation [49]. In Iran, lack of users’ knowledge about system and working
with it were the barriers identified [50]. In most of the LMICs; the need for a trained workforce in
health informatics is great [51]. There are instances where computer illiterate and low morale to use
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the system are affecting the implementation [36,52]. Some of the challenges include related to EHIS
software, cost drivers, interoperability, connectivity in rural set up and data quality [40].

5.7. Staff Resistance

A study conducted in South Africa, demonstrated difficulties with implementing a dual EHIS
as a result of clinicians’ resistance to using the EHIS and feel more comfortable using paper based
system [52]. In Iran, the negative staff attitudes of system developers and lack of acceptability are
the main barriers to successful implementation of hospital-based EHIS [50]. Although South Africa
EHIS catered for all required information, the hospital officials show poor due to the attitude and
resistance to using EHIS for patient treatment and prescriptions [53]. An assessment was conducted
by Khasi EHIS state of readiness for rural South African areas, which revealed that the resistance to
change and negative perceptions were two key causes for not accepting the intervention. Any new
EHIS intervention must address them in order to succeed [54].

5.8. Compromised Data Quality

Studies revealed incompleteness of TB data across multiple information systems in South Africa.
Variances between 12% and 38% of the missed cases due to poor recording from the source documents
(either patient records or laboratory records) were demonstrated [49,50]. Data collected and reported
in the public health system across three large, high HIV-prevalence districts was neither complete
nor accurate enough to guide patient tracking as part of prevention of mother to child transmission
(PMTCT) care [51].

6. Discussion

This review has provided us with a great platform to depict opportunities of EHIS implementation
in LMICs. It has also enabled us to identify and classify barriers and challenges implementation of EHIS
that must be addressed pre-implementation to ensure the success. Key to the success of EHIS is the
leader’s willingness to play a leading role in adopting data demand and supply principles for decision
making. The presented literature reveals the need for well-defined roles of EHIS stakeholders to ensure
successful implementation and utility. Here, we proposed key stakeholders roles and responsibilities
in the implementation of EHIS for disease diagnosis and management at point-of-care (POC) in LMICs
(Figure 2). In the proposed key stakeholders’ roles and responsibilities we emphesise on that the
information culture should be cascaded through different hierarchy levels of an organization. In the
absence of the such culture there is likely to be poor adoption, poor data quality and utilization [55].

 

Figure 2. Proposed roles and responsibilities of stakeholders to ensure efficient utility of electronic
health information systems for disease diagnosis and treatment at point-of-care in low and middle
income counties.
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7. Conclusions

The advent of EHIS has revolutionize patient care through improving both disease diagnosis
and treatment at POC. However, its use in LMICs is still limited, despite the high disease burden
in these settings. EHIS implementation need to be one of the global health priorities to help
respond to community’s health needs, particularly during the current Covid-19 pandemic. Successful
implementation of EHIS requires commitment from health leaders to play a strategic role in terms of
the policy directive, resource mobilization and evidence-based decision-making. To help optimize
the implementation and use of EHIS in LMICs, we have proposed roles and responsibilities of
stakeholders to ensure efficient and sustainable implementation of EHIS. A systematic approach for
stakeholder engagement would be crucial to ensuring successful operationalization of the proposed
roles and responsibilities.
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Abstract: Schistosomiasis is one of the Neglected Tropical Diseases that affects over 200 million people
worldwide, of which 29 million people in Nigeria. The principal strategy for schistosomiasis in Nigeria
is a control and elimination program which comprises a school-based Mass Drug Administration
(MDA) with limitations of high re-infection rates and the exclusion of high-risk populations. The World
Health Organization (WHO) recommends guided case management of schistosomiasis (diagnostic
tests or symptom-based detection plus treatment) at the Primary Health Care (PHC) level to ensure
more comprehensive morbidity control. However, these require experienced personnel with sufficient
knowledge of symptoms and functioning laboratory equipment. Little is known about where, by whom
and how diagnosis is performed at health facilities within the case management of schistosomiasis in
Nigeria. Furthermore, there is a paucity of information on patients’ health-seeking behaviour from the
onset of disease symptoms until a cure is obtained. In this study, we describe both perspectives in Oyo
state, Nigeria and address the barriers using adapted health-seeking stages and access framework.
The opportunities for improving case management were identified, such as a prevalence study of
high-risk groups, community education and screening, enhancing diagnostic capacity at the PHC
through point-of-care diagnostics and strengthening the capability of health workers.

Keywords: schistosomiasis; barriers to diagnostics; access to healthcare; end-user perspectives;
neglected tropical diseases; Nigeria; case management

1. Introduction

Schistosomiasis is a parasitic disease that affects over 200 million people around the world,
and 90% of the infected population are in African countries. These countries have the highest burden
of morbidity and mortality [1]. Nigeria is the most endemic country in Sub-Saharan Africa with
101.3 million people at risk, and 29 million infected [2]. The infection can cause anaemia, growth
stunting, cognitive impairment, decreased productivity and long-term health consequences such as
bladder cancer and infertility [3]. Despite its high socio-economic burden [4], it has received limited
attention from governments and stakeholders in healthcare settings, similarly to other Neglected
Tropical Disease [2]. Although a prevalence study for schistosomiasis in Nigeria was conducted in
2015 [5], the selection of the sample collection was limited to children and did not address other
high-risk groups such as adults [6,7].

Currently, vertical and horizontal programs are used for schistosomiasis control in Nigeria [8].
The control and elimination program is a vertical approach and a principal strategy for control of
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schistosomiasis (and other NTDs). The horizontal approach is the case management of individual
cases at the primary health care level [9]. The control and elimination program provides annual mass
treatment of praziquantel for school-age children aged 5 to 14, who are known as the most heavily
infected part of the population [10]. Praziquantel has been reported to be a safe and effective treatment,
and this approach is said to significantly reduce the prevalence of schistosomiasis and the intensity of
infection in high endemic areas [11]. However, three major limitations characterised this approach
including high re-infection rates [12], unsustainable mapping and delivery with its high dependency
on donations of praziquantel [13,14], and exclusion of other high-risk groups such as people who
frequently have contact with water for domestic and professional purposes [2,11].

In light of these limitations, there is a need to pay more attention to the horizontal approach (case
management) because it can provide more sustainable, efficient and more localized interventions [9].
The case management approach, which is strongly recommended by the WHO, focuses on diagnosis
and treatment [15,16]. In the event that the health facility does not have the diagnostic capability,
symptom-based case detection is recommended. This approach has strong potentials in reducing
disease transmission by shortening the infectious period of patients through early diagnosis and
immediate treatment which will result in improved treatment outcomes [16].

The standard method for schistosomiasis diagnosis is microscopic examination in a lab-setting.
The samples for Schistosoma haematobium (S. haematobium) are prepared either by urine filtration (using
polycarbonate filters) or centrifugation. The samples for Schistosoma mansoni (S. mansoni) are prepared
by Kato Katz faecal smear [17,18]. The challenges for sample preparation within sub-Saharan African
context include the shortage of lab technicians and equipment at primary health care level [19] as well as
the high labour-intensiveness and initial and maintenance costs [18]. There are alternative diagnostics
methods, however, they have limitations [17]. Methods such as questionnaires, visible haematuria
and urine reagent strips are available but have low sensitivity and specificity. Antibody or antigen
detection-based tests are not yet commercially available. Point-of-care circulating cathodic antigen
(CCA) test is on the market with high sensitivity and specificity, yet it is more specific to S. mansoni and
has a disadvantage in affordability. For the health facilities without diagnostic capability, the WHO
suggests the symptom-based case detection and treatment [15,16]. This is, for example currently being
used in Ghana where the healthcare workers relate blood in urine (hematuria, dysuria) to S. haematobium
and blood in stool and abdominal discomfort to S. mansoni [20]. Although the symptom-based case
detection seems to be an effective method for morbidity control in high endemic areas with low
resources, the detection depends on the knowledge of the health workers and prior-experience with
schistosomiasis patients. There is a high possibility of failing to suspect cases with non-distinct
symptoms [20,21]. It is also not clear if praziquantel is available at all levels of the healthcare system to
treat the confirmed cases.

Overall, having an adequate diagnostic capability is essential to proper case management, but this
requires skilled personnel with sufficient knowledge and functioning equipment. There have been
reports indicating poor availability of basic equipment at the primary health care facilities in Nigeria
and questions have also been raised about the quality of service delivery [22,23]. This can affect the
diagnostic capability within the context of case management of schistosomiasis control. Nonetheless,
to our knowledge, there is no specific study that has explored this aspect critically.

Apart from the diagnostic capabilities within the healthcare system, the disease awareness and
knowledge of patients can affect health-seeking behaviour. Case management works with passive case
detection, which is usually triggered by patients taking action to seek care based on a number of factors.
A study in Kano state in Nigeria [24] indicates that the majority of the study participants did not have
knowledge on cause, signs, and symptoms of schistosomiasis, even though the majority of them indicated
that they are aware of the disease. In addition, only 35% indicated that they would seek treatment from
clinics and hospitals. Another study in Adamawa state in Nigeria [25] showed that around 40% of its study
participants did not seek any care, 30% visited the patent medicine vendor, while only 17% went to the
hospitals. It is of note that patients, when seeking care, have a high preference toward self-medication or use

128



Diagnostics 2020, 10, 328

of traditional healers, which may be due to the poverty and physical inaccessibility [24,25]. Nevertheless,
there are information gaps on whether and how the patients become aware of the early signs after getting
infected, and what barriers prevent them from taking action to seek care.

Therefore, the objective of this research is to explore how the case management currently takes
place in Nigeria and to identify the barriers to access from patients and healthcare workers perspective
by using empirical data. This would assist us in making appropriate recommendations for future
improvement on the case management.

2. Materials and Methods

This study was conducted as part of the interdisciplinary research project “INSPiRED”—Inclusive
diagnoStics For Poverty RElated parasitic Diseases in Nigeria and Gabon funded by NWO—WOTRO
Science for Global Development programme. The INSPiRED project aims to design and deliver new
technical interventions for diagnostics of malaria, schistosomiasis and hookworm infection in close
co-creation with local stakeholders.

2.1. Ethics

The study protocol was approved by the UI/UCH Joint Ethical Review Committee of University
of Ibadan (10 Dec 2019) and with registration number NHREC/05/01/2008a. Study participants were
provided with an information sheet explaining the objectives of the study, and all participants signed
or verbally agreed to informed consent forms prior to participation.

2.2. Study Setting

This study took place in Oyo State, one of the 36 states in Nigeria, with an estimated population of
7.8 million people [26]. Data for this study were collected in December 2019 from two Local Government
Areas (LGAs) of Oyo State; Ibadan North and Akinyele which are based in urban and rural areas
respectively. The selection was based on their moderate-to-high prevalence of schistosomiasis and
accessibility to the interviewees.

2.3. Study Sample

The study sample consisted of five categories of stakeholder based on a literature review and
expert suggestions (See Table 1). All 29 respondents were purposively selected. They were contacted
and informed about the research by the local research coordinator prior to the study.

Table 1. Stakeholder categories and respondents.

Stakeholder Categories Respondents LGA

1 Community members who have experience
with schistosomiasis

6 Parents/Guardians of people who were treated for
schistosomiasis Ibadan North, Akinyele

2 Stakeholders within community that can
impact on the patient decision to access care

1 Traditional healer
1 Community leader

1 Patent Medicine Vendor (PMV)

1 Ibadan North

3 Stakeholders in the formal health care

2 Community Health worker
2 Community mobilizers

1 Doctor
5 Lab personnel

Ibadan North, Akinyele

4 Stakeholders within Local and State
Government

1 Medical Officer of Health/PHC Coordinator
2 Disease Surveillance Notification Officers (DSNO)

1 PHC Coordinator
2 LGA NTD Officer
1 State NTD Officer

Ibadan North, Akinyele

5 Stakeholders in academia 3 Researchers University of Ibadan
1 The community in Akinyele did not have residential traditional healer or PMV.
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2.4. Data Collection

We used a qualitative approach to data collection. Semi-structured interview guides with open-ended
questions were developed based on the case management steps of schistosomiasis [15] and the health-seeking
pathway in low-resource contexts [27] (See Figure 1). Van der Werf [15] describes the steps in passive
case detection of schistosomiasis from a health care system perspective. She distinguishes five steps
in the passive case detection as a liner process of infection, pathology, disease, health care visiting,
and treatment. From practice and the literature, we are aware that the trajectory is more complex
and can have multiple pathways within and outside the formal healthcare system. For example,
informal health care providers such as Patent Medicine Vendors (PMVs) and traditional healers are
known to be frequently the first choice of health-seeking by communities in Nigeria [28,29]. For this
reason, we searched for a complementary model that would represent the complexity and alternative
routes of healthcare-seeking behaviour of patients in Sub-Saharan Africa. This led to the work of R. E.
Kohler et al. [27] who developed a six-stage health-seeking pathway based on interviews with women
from Malawi. Even though their research was related to the early detection of breast cancer, it describes
the complex trajectories of patients within the African context. We constructed a health-seeking
pathway with six stages that was used to derive the main themes to be addressed. The questions were
formulated to cover all the themes and to guide the semi-structured interviews (See Figure 1).

Reduction
of infection

Stage 1
Notice and interpret
initial symptom

Stage 2
Monitor changes
and infer illness

Stage 3
Decide to seek help

Stage 4
Seek help from the
informal providers
Social network, PMVs,

Traditional healer

Stage 5
Reach the primary
level healthcare

Stage 6
Reach the referral

and receive
appropriate care

Do not reach the
formal healthcare

Do not reach referral
and do not receive care

Decide not to seek
help

Infection Pathology Disease
Healthcare
visiting Treatment

Do not infer illness

Adatpted from Health seeking Stages [27]

Case Management Steps [15]

Figure 1. Adapted health-seeking pathway with six stages based on [15,27].

The study adopted a descriptive exploratory design using qualitative methods [Key informant
Interview (KII) and In-depth Interview (IDI)]. The KIIs were conducted to explore the perspectives of
the patients and health workers in accessing and performing the diagnosis and the case management,
and IDIs to gain a broader understanding of challenges and collect insights for opportunities.
The interviews were conducted in English or Yoruba (local language) for 45 min.

2.5. Data Entry and Analysis

All interviews were recorded and transcribed verbatim. Interviews conducted in Yoruba were
translated into English by an external translator and reviewed by a language knowledge expert to
ensure that the original meaning was not lost. Transcripts were analysed using the software Atlas ti
version 8.4.4.

The framework of theory of access to healthcare was used to structure the data analysis and identify
the barriers to access the case management of schistosomiasis. The 5A framework by Penchansky and
Thomas’s [30], which includes affordability, availability, accessibility, adequacy (or accommodation)
and acceptability, is commonly used. However, we adopted Saurman’s 6A Framework in our analysis
because of an additional dimension on awareness considering its importance in remote and rural
areas [31].

The lead researcher used pre-defined themes based on the 6A Framework on access to healthcare [31]
to assign the codes using a deductive approach. The six analysed dimensions, described by their definitions
and components adopted from another study [32] are shown in Table 2. Additionally, new themes were
identified by inductive coding. The initial coding was done by the lead researcher and later reviewed
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by two other researchers of the team. This resulted in a list of barriers to access to schistosomiasis
case management. Next, the themes and barriers were discussed and grouped into the six health
seeking stages. Finally, the barriers were described based on (a) the six stages of the health seeking
pathway and (b) in Figure 2; by the 6As of the health access framework using the health seeker or
provider perspectives.

Table 2. 6A Framework of access to healthcare.

Dimensions Component Theme

Awareness Communication and
information

General health literacy
Knowledge about symptoms, care and prevention

Accessibility Location Distribution of, and distance to, health care providers

Availability Supply and demand

Incomplete medical infrastructure
Lack of equipment

Lack of health care professionals
Lack of training for health care professionals

Acceptability Consumer perception Cultural belief and influence from the community

Affordability Financial and
incidental costs

Cost of treatment
Cost of transport to health care provider

Adequacy
(Accommodation) Organisation

Mismatch between available information and awareness,
knowledge, and education needs

Lack of relevant and complete diagnostic information

3. Results

3.1. Health-Seeking Stages Identified in the Case Management

Based on the interviews, the six stages of the patient health-seeking pathway within the case
management (See Figure 1) are described by common health-seeking behaviours. Next, identified
themes within each stage which act as barriers are mentioned. The overview of the themes within 6A
framework can be found in the table in Appendix A.

3.1.1. Stage 1: Notice and Interpret the Initial Symptoms

All the six ‘category 1′ interviewees mention the notification of blood in urine as an initial symptom
for recognition of illness. Discomfort when urinating and fever were mentioned as well.

“I told her mum to keep her eyes on him, and she later saw him urinate and sighted blood in his urine, . . . ”.
—Parent of a child who had schistosomiasis from Rural LGA

In most cases described, identification of symptoms drew the immediate attention of the community
members. However, lack of knowledge and other associations connected to the symptoms became
barriers for community members to seek for health support (for schistosomiasis).

• Theme 1: Lack of general knowledge on health and schistosomiasis among community.

It was often mentioned that the general understanding within the community related to healthcare
is low, which leads to less active attitudes in seeking care. More specifically, the community’s knowledge
of schistosomiasis related to the cause, signs, and symptoms of the disease were limited. This lack of
knowledge makes it difficult for the community to interpret the symptoms, even though they noticed
the initial signs.
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• Theme 2: Cultural association and belief related to the symptoms

The symptoms are associated with cultural identity or beliefs within the community. This affects
people not to seek for help and choose for traditional medicines in stage 4.

“I said it’s like a cultural thing, once you have haematuria, that normalises you as a true son of the
soil . . . ” —Public Health Researcher

“You know that dogs have blood in their urine. In the Southwest of Nigeria, it is called Atosi Aja.
This is why they believe that it is not a medical condition and they prefer treating it traditionally”
—PHC Coordinator (Rural LGA)

“Some people are aware of schistosomiasis, but most people believe that the spiritual forces have cursed
the victim” —Community mobilizer (Urban LGA)

3.1.2. Stage 2: Monitor Changes and Infer Illness

After people become aware of the symptoms, they have the tendency to wait for several days
before they take action. They monitor the symptoms and wait for the conditions to improve. It was
mentioned by the guardians and parents of the patients that the symptoms are frequently associated
with other diseases, for example, Sexually Transmitted Diseases (STDs). This makes people reluctant
to seek care.

“after five days . . . , okay you want to see if his condition will be better before deciding to take him to
the hospital.” —Parent of a child who had schistosomiasis (Rural LGA)

• Theme 3: Trying out self-medication without prescription

While monitoring the symptoms, it is common to make use of over-the-counter medications such
as paracetamol or make traditional medicine at home. If the symptoms seem to disappear, people do
not further seek for help. This reduces the chance of receiving appropriate care.

“We gave him paracetamol and yet there was no difference, he was sweating, and we took him outside
to take fresh air . . . ” —Parent of a child who had schistosomiasis (Rural LGA)

3.1.3. Stage 3: Decide to Seek Help

Only after the symptom persists or becomes more severe do people decide to seek help. The patients
consulted with their close ones in the community about their symptoms and where to seek help.

“Where I (people community) will go next is dependent on that. For instance, if I speak to a friend
who is a pastor and he asks me to come to his church for healing prayers, then I would go to the church.
If someone says that they had once experienced such and they saw a Community Health Extension
Workers (CHEW), I would follow suit.” —Doctor PHC (Urban LGA)

According to the level of knowledge in healthcare and socioeconomic status, the patients choose
where to seek help in the next stage. In the community, people also preferred seeking help from the
informal healthcare providers such as traditional healers and PMVs considering the accessibility and
affordability (Stage 4). Depending on the relationship with health workers, sometimes they reach out
the formal healthcare directly (Stage 5).

• Theme 4: The symptoms are associated with STD, which causes hesitation in sharing with others.

Due to the stigma around the STD, this type of misinterpretation causes unnecessary fear and confusion.

“ . . . it is possible that it is a sexually transmitted disease . . . So it is possible that people may contract
the disease but may be too shy or lack the courage to tell someone because of losing their dignity and
privacy.” —Guardian of child who had schistosomiasis (Urban LGA)
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3.1.4. Stage 4: Seek Help from the Social Network and Informal Healthcare Providers

Stage 4.1. Seeking Help from Social Network

It is common to start seeking help by consulting other community members and ask for advice
from someone who had similar experiences. Patients discuss with a trusted person such as family,
friends, or other community members.

“He said it just found out he urinated blood . . . . so when he mentioned it was where his apprentice
told him there is someone that treated him when he contracted the same disease . . . ” —Traditional
healer (Urban LGA)

“ . . . he confided in someone that he had contracted the disease and I got to know through that person
though I was warned not to ask him or pretend as if I am not aware . . . ” —Guardian of a child who
had schistosomiasis (Urban LGA)

• Theme 5: Limited access to the proper information within the community due to low awareness
on schistosomiasis

Since there is generally little knowledge on Schistosomiasis, it is difficult for patients to get access
to the right information via their social network.

“he has never heard of it (schistosomiasis), he only knows about reddish urine . . . ” —Guardian of a
child who had schistosomiasis 2 (Urban LGA)

Stage 4.2. Seeking Help through Traditional Medicine

Traditional medicine was believed as an effective solution, especially when other people had
positive experiences to relieve the similar symptoms. Moreover, traditional healers are more accessible
and affordable as they are easily approached from the community, and the cost of treatment is relatively
low. The belief that the disease is related to spiritual power (Theme 2) also influences patients to choose
the traditional healers, who are respected among the community.

“they probably just tell them “oh it is spiritual problem” “Oh, it’s not normal, it’s something
spiritual...” —Public Health Researcher

“It depends on customs and traditions. It also depends on the condition because they may think that
the disease is as a result of witchcraft and wizardry...” —PHC Coordinator (Rural LGA)

Stage 4.3. Seeking Over-the-Counter Medications from PMVs or Drug Vendors

Purchasing medicines from the PMVs or drug vendors were mentioned as a typical behaviour for
health-seeking. Especially in rural communities, people prefer to buy over-the-counter medicines such
as paracetamol and try self-medication as described in Theme 3. The patients or the guardians visit the
PMVs and consult symptoms or ask for a specific medicine. For previous cases of schistosomiasis,
they purchased antibiotics and paracetamol without prescription. The health workers referred to this
process as trial-and-error where patients trying out the given medicines for one to three days and come
back if not effective. If the conditions of the patients are too serious for the PMVs to handle, the PMVs
provide a referral for the patients to visit the health centre.

“I usually bought drugs from drug vendors that hawks . . . ” —Mother with a treated child with
schistosomiasis (Rural LGA)

“They want immediate solutions, so they first buy herbs or patronize the PMVs.” —Community
Mobilizer/CHO (Rural LGA)

133



Diagnostics 2020, 10, 328

“Because of ignorance, the people go to them because they are at every nook and cranny” —MOH/PHC
Coordinator (Urban LGA)

• Theme 6: Going through the process of trial-and-error medications without prescriptions at
the PMVs.

Taking medicines without a prescription is not only causing a delay in receiving the proper care
but also develops resistance to drugs such as antibiotics.

“They mostly do trial and error just in a bid to make money regardless of lacking knowledge . . . ”
—NTD Officer (Urban LGA)

3.1.5. Stage 5: Reach the Primary Level Healthcare

The CHEWs or health workers at primary health centre provide health-related education on
common diseases and build a close relationship with the community. This relationship increases the
chance of community members contacting them or health centre when they become ill. The four
community health workers we interviewed reportedly had a strong relationship with community
members which positively influenced the patients’ health-seeking pathway.

“The PHC is a bit far away from their places but they still come around because of the relationship we
have with them.” —CHEW (Rural LGA)

Considering the misinterpretation of the symptoms (Theme 4), the trust between the patients and
a health worker is important to open up about the symptoms.

“Based on the relationship we have with them; they can easily tell us without feeling embarrassed
or shy . . . . They know me, and I have been with them for a long time.” —Community mobilizer
(Rural LGA)

• Theme 7: Negative attitudes of the health workers may prevent people from accessing formal
health care.

The negative attitudes of some of the health workers may become potential barriers to access
formal health care.

“The attitude needs to be improved so that we can be more receptive to these people” —MOH/PHC
Coordinator (Urban LGA)

“We make sure things are friendly and simplified in order to make sure they are not scared . . . ”
—NTD Officer (Urban LGA)

Stage 5.1. Consultation

The consultation with health workers starts from asking about the symptoms and the patient
history. If schistosomiasis is suspected, possible contact with water is also asked. The time to get
attended was not considered as a challenge in both LGAs.

“When the patients are brought to the clinic, we ask about the complaints, we find out if the child
bathes near wells and rivers and they say yes....” —Community mobilizer (Rural LGA)

Once the health care workers recognize the symptoms and suspect schistosomiasis, there are
two actions they should take. First, provide the appropriate case management or refer the patients to
another health centre or hospital where the patients can receive the care.

Secondly, report to the Local Government as schistosomiasis to be included in the Integrated
Disease Surveillance Response program. This will call the attention of the Disease Surveillance
Notification Officer (DSNO), and the DSNO who will initiate the surveillance protocol to collect a
sample and confirm the case. For the surveillance protocol, the DSNO collects the sample and brings it
to a qualified laboratory for diagnosis. However, this does not take place for unreported cases.
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• Theme 8: Knowledge gap of high-risk groups of schistosomiasis among the community

The stakeholders at the community level (Categories 2, 3) often mentioned that the prevalence is
low in the LGAs where the interviews took place. However, the higher-level stakeholders (Categories
4, 5) mentioned specific communities are at higher risk of schistosomiasis, for example, around the
riverine areas, which is not recognized by the health workers and cause low awareness. This is a clear
gap in knowledge that can lead to the cases being missed and underreported.

“In Ibadan (city), for instance, there is a location called Dandaaru. It is around University College
Hospital. People live around that community and their children go there to bath. In the process, they
get infected with schistosomiasis.” —Public health researcher

• Theme 9: Failure in suspecting the case based on symptoms

Most health workers are familiar with blood in urine, but they may not associate the symptoms
with schistosomiasis case. In addition, there may be non-specific symptoms which makes it difficult
for the health workers to identify the case. This prevents the patients from receiving the appropriate
care for schistosomiasis, and the surveillance program will miss the case.

“if a patient comes with a case of blood in their urine and if the health worker does not have adequate
knowledge to say that it is similar to schistosomiasis, there is no way the patient can take a step
further to investigate . . . There may be misdiagnosis and some cases may be entirely missed. Some
may have the disease and assume that it is a sexually transmitted infections . . . Training of the health
workers to build their skills to detect schistosomiasis is very important.” —MOH/PHC Coordinator
(Urban LGA)

“I’m not sure maybe 5 or 9 of them had a microscopic (haematuria) and not the haematuria . . .
it wasn’t like they came with symptoms.” —Public health researcher

Stage 5.2. Diagnosis

Once a schistosomiasis case is suspected, a diagnosis should take place to confirm the case and provide
treatment. Preventing wastage of free medication from the health centres is another factor mentioned.

“You must carry out urinalysis with at least simple microscopy. It is very important to know what
you are dealing with and to rule out certain thing . . . ” —MOH/PHC (Urban LGA)

“Diagnosis is very important because, without it, no treatment can be made.” —PHC Coordinator
(Rural LGA)

The diagnosis will be performed within the facility if a laboratory is available and functioning.
We inquired the lab scientists about the standard method for schistosomiasis which was confirmed
as urine analysis. It involves the collection of a urine sample, sample preparation, urine strip tests,
and microscopic analysis. Urine filtration was not mentioned by any of the four labs we visited.
The sample preparation was done by centrifuge as a standard procedure.

“Now a patient comes to the laboratory and the physician has requested a urinalysis, for a urine
analysis and a urine microscopy” —Lab scientist (Urban LGA)

However, none of the four health centres we visited had a functioning laboratory in place.
The barriers include incomplete infrastructure and lack of equipment, unstable electricity and power
supply, and lack of qualified health care professionals.
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• Theme 10: Incomplete medical infrastructure to perform diagnosis

In the primary health centre, there was a lack of adequate equipment to perform the microscopy
such as centrifuge, microscope, clean and controlled environment, and a stable supply of electricity.
The size of the space and the environment (excessive heat, exposure to sunlight) were also mentioned
as reasons why the facility was not functioning.

“There is no machine (microscope). We do have labs, but we are limited to some tests to be carried out
at the LGA level.” —NTD Officer (Rural LGA)

“But at times, when we don’t have equipment, we call our boss and ask to either to refer the patient or
if he is on his way down, if he is, he would bring the equipment needed from Moniya by his bike . . . ”
—CHEW (Rural LGA)

Unstable power supply was another factor due to which microscopy cannot function properly.
As an alternative solution, the generator was mentioned, but only two of the visited labs were equipped
with it. The generators were functioning at the moment, but it was also mentioned that the generators
frequently break down and do not function. Maintenance of the broken devices was an additional
challenge especially when they do not have a back-up device.

“there is currently no power supply. We have an old generator and there is no money . . . ” —Lab
scientist (Urban LGA)

• Theme 11: Lack of lab scientists and technicians to perform diagnosis

The absence of lab scientists was a recurring issue at the primary level health centres. Among the
four labs we visited, we interviewed at least one lab scientists or technician. In two labs attached
to the primary health centre, only lab technicians were present. Even if they are available, potential
insufficient training of the professionals was considered as a barrier.

“ . . . Then manpower should be on ground. Scientists, more scientists should be on ground so that the
work won’t be too much on individuals . . . ” —Lab scientist at PHC (Urban LGA)

“She is a laboratory technician, not a full scientist. She is just a technician . . . ” When asked about
the lab personnel at the PHC– Head of PHC (Urban LGA)

• Theme 12: Incapability to perform the diagnosis with sufficient quality

One academic stakeholder mentioned that the lack of skills of lab scientists and technicians is one
of the challenging factors to deliver diagnostic results with sufficient quality.

“the skill of their laboratory technician is not good enough to pick that, then you might miss even if
there are 100 cases in that community . . . ” —Public Health Researcher

• Theme 13: Extra steps of movements are required for diagnosis and treatment.
• Theme 14: The costs incurred for extra steps are patient’s responsibilities.

At the health centre without diagnostic capacity, diagnosis may be requested from other facilities.
In this case, it is the responsibility of the patient to reach there and bring the results back for treatment.
Some patients may not continue the health-seeking pathways due to the extra costs of transportation
and time incurred. It was mentioned that the costs of diagnosis and treatment are free at the health
centre. However, if these are not available at the health centre, it is under patients’ own expenses to go
to a private lab for diagnosis or pharmacy for treatment.

“our people are still poor, if test is expensive they will say they will come back . . . . She told me she
didn’t have enough money on her for the test that she had only five hundred naira . . . ” —Guardian of
child who had schistosomiasis II (Urban LGA)
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Stage 5.3. Symptom-Based Diagnosis and Treatment

In prior cases of schistosomiasis, health workers have provided treatment based on symptoms
without diagnosis. The lack of knowledge of the health workers not only caused schistosomiasis case
to be missed, but also questioned the reliability of the symptom-based treatment.

“We combine the signs and symptoms with the patient history of the patient . . . We treated them
clinically as we did not have any laboratory to confirm it.” —Community Mobilizer (Rural LGA)

• Theme 15: The symptom-based treatments are not always reliable.

The stakeholders from category 4 and 6 mentioned that the symptom-based treatment is not
always reliable. As mentioned in theme 8 and 9, the case may not be suspected at all or fall under
misdiagnosis or mistreatment.

“Even on clinical level, such a diagnosis can be missed . . . So, when you have this patient and you
do not use your initiative to conclude that you have to conduct urinalysis with microscopy on this
patient, it is possible to miss the diagnosis . . . ” —MOH/PHC Coordinator (Urban LGA)

Stage 5.4. Treatment and Follow-Up

Generally, the treatment will be provided according to the results of the diagnosis. In the previous
cases, the treatment was given before receiving the diagnostic results. Even when DSNO requested
the diagnosis, the treatment was given without waiting for confirmation due to the delay in receiving
the results.

• Theme 16: Treatment is given before the test results are available.

This happened when there was a delay in receiving the results. For the convenience of the
patients, the treatment was given immediately, so they do not have to come back for the results and
treatment—This relates back to the barriers in accessibility and affordability.

“After everything, my boss told me they got drugs and that it was schistosomiasis. However, I did not
see the laboratory results.” —CHEW (Rural LGA)

“If you ask the patient to go home without giving them anything, they will not come back to you.
This is why you have to reassure and give them something without the case being confirmed” —PHC
Coordinator (Rural LGA)

The follow-up takes place by the health workers to check on recovery via personal contact or
phone call.

“after that they will tell them to take their drugs properly, they will also tell them to do check-up either
the following or after two days . . . ” —Guardian of a child who had schistosomiasis II (Urban LGA)

3.1.6. Stage 6: Reach the Referral and Receive Appropriate Care

From the primary health care, the patients are referred to visit an advanced level of health care
facility. In the areas we conducted our study, the Hospital affiliated to the University of Ibadan was
often mentioned as a referral and, in most cases, patients followed the advice for schistosomiasis and
other diseases. Once they reach the referral hospital, the patients received the appropriate care with
diagnosis and treatment. However, there were still barriers such as the long-distance to the healthcare
provider, the transportation costs and the general fear of health care.
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• Theme 17: Distance to the health care provider is far.
• Theme 18: Transportation costs are unaffordable.

In the communities located in urban areas, access to the referred healthcare facility such as hospital
was not described as a challenge. However, in the rural communities, the distance to the healthcare
facility was major challenge in access as well as costs of transportation. Moreover, it was described that
the patients might have to depend on other family members or neighbours to arrange transportation
which cause additional delay in seeking care. One health worker mentioned that she offers to provide
the transportation costs when she gives a referral. The time to travel to the health care provider was
also seen as a challenge.

“Even transportation is a cause for concern. They want immediate attention and asking them to go to
another hospital is like adding salt to their journey . . . ” —Community mobilizer/CHO (Rural LGA)

“Even if free drugs are available at the hospital, they have to think of the transport fare from their
house to the hospital.” —PHC Coordinator (Rural LGA)

• Theme 19: Fear of healthcare facility and uncertainty make people hesitant to reach referral

Another barrier identified was the general fear for healthcare facility as the hospital was usually
associated with a place “with stress” due to their prior experiences. The fear comes from the uncertainty
of the further process in which they might have to spend excessive time and costs.

“We have heard of cases of people with phobias for health center that close their eyes when they walk
pass by the facility” —NTD officer (Urban LGA)

“I said fear and shyness, fear that they will be admitted (to hospital) and may not be allowed to come
go back home . . . ” —Guardian of child who had schistosomiasis (Urban LGA)

3.2. Barriers to the Case Management and Diagnosis

In the final stage, the identified barriers were grouped according to the six stages of the healthcare
seeking pathway and the 6A dimensions of access to healthcare (See Figure 2). It is also indicated if the
barriers were from the perspectives of healthcare seeker or a provider.
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4. Discussion

4.1. Main Findings

This study explored the health-seeking behaviours of patients and the diagnostic capability
of the primary healthcare level in schistosomiasis case management in Oyo State, Nigeria. Based
on the results, we identified barriers to access to adequate health care and diagnosis. The overall
health-seeking pathway was found to be in line with the pathway as identified in the literature [15,27].
We elaborated on the health-seeking behaviours and barriers within each stage specifically related to
schistosomiasis. Overall, the barriers from the healthcare seeker perspectives were spread over all six
stages (See Appendix A). The disease awareness was major barrier for the patients at the beginning of
the health-seeking pathway, followed by accessibility and affordability. The barriers from the provider
perspectives were more present in the later stage of pathway (Stage 5 and 6) where the availability
of diagnostics and disease detection rates by the health worker were challenging factors. During the
interview, no other categories of health-seeking stages and barriers to access were mentioned which
indicates the validity of the framework we used.

As mentioned in previous studies [24,25], awareness was one of the main barriers. Within our
empirical study, a lack of awareness was spread over several stages of the health-seeking pathway.
The barriers to awareness are more present in the early stages of health-seeking before visiting the
health facilities and from the patients’ perspectives. The low awareness of the disease and other
associations connected to the symptoms in the community resulted in delay in seeking healthcare
and self-medication. The patients often choose alternative routes (PMVs and traditional medicine)
before they reach formal healthcare. This is similar to the health-seeking behaviour of other common
diseases [28,29] using trial and errors of medication without prescription which causes delay in
accessing care.

When patients seek out formal health care, schistosomiasis is often underestimated by the health
workers. The barriers to the acceptability strongly influenced the decision-making where the health care
workers attitudes and perception of formal health care were the major issues. The health care providers
have multiple barriers related to accommodation including the knowledge gap and non-specific
symptoms of the disease. Even when the case is suspected, the health care providers face challenges
in providing laboratory confirmation of the case due to unavailability of the diagnostic equipment
and personnel. The unavailability issues were directly related to the incomplete infrastructure, lack
of training of personnel, and environmental challenges such as power supply. This leads to failure
in following the recommended procedure of the case management and raises additional barriers to
accommodation. The symptom-based treatment, which is alternative to diagnosis, was found to be
frequently not reliable due to the limited knowledge of the healthcare providers. Referral to another
diagnostic facility is possible but the delay in receiving the result led to treating the patients without
confirmation for the sake of convenience. Lastly, the referral to other facilities brings more burden of
time and costs for the patients, which relates to the issues of accessibility and affordability.

4.2. Opportunities

Based on the identified barriers and comparing our findings with existing knowledge, we suggest
following opportunities to improve access to the proper case management and diagnosis.

4.2.1. Community Sensitization Program for Awareness Creation

Active involvement of the community members for sensitization and health education will improve
the general awareness on schistosomiasis by overcoming mis-associations around the symptoms and
the passive attitudes in health-seeking behaviours. There is a need for focusing on the information on
the disease causation, risk practices, key symptoms, consequences of the disease and delayed treatment.
This will influence the community members to take desirable actions for prevention and seeking care
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once they notice early signs of the schistosomiasis. Multiple methods of dissemination should be used
including informal healthcare providers such as traditional healers and PMVs.

4.2.2. A Study to Identify Prevalence of Schistosomiasis Among other High-Risk Groups

There is a need for a prevalence study focusing on other high-risk groups including the adults
who frequently interact with water. Since children are already covered by the control and elimination
program, this will help the health workers to realize the hidden burden of schistosomiasis in their local
context. As the prevalence of schistosomiasis is perceived as low without evidence, schistosomiasis
is “neglected” among the community and health workers. Presenting data specific to their local
context will provide the health workers with awareness of the severity and urgency and consequently
improve accommodation by providing the appropriate care for schistosomiasis. The prevalence study
will generate needed evidence and guide the development of appropriate strategies for effective
implementation of case management.

4.2.3. Enhancing the Existing Diagnostics Capacity

Stimulating adequate case management of schistosomiasis infection requires minimizing the
number of steps by patients to reach the health centres where they can receive appropriate care.
In this study, poor accessibility is evident with a concomitant effect on PHC utilisation. The issue
of transportation costs due to referrals cannot be resolved without improving the accessibility and
availability of the health workers and equipment. Enhancing the existing diagnostic capacity at the
primary level will reduce the additional movements to reach other health facility and laboratories.
Complementing the existing laboratory infrastructure, provided with more equipment and skilled
personnel, will be necessary as well as providing solutions for other environmental factors such as
unstable power supply.

4.2.4. Implementation of Point-of-Care Diagnostics Solution

Implementing an affordable and simple point-of-care diagnostics solution will reduce the financial
burden of equipment and personnel at each health facility. Point-of-diagnostics can confirm the
detected cases immediately and will reduce the risk of missed or misdiagnosed cases. It will be a
favourable solution to allow the task distribution with minimal training, for example, by enabling
community-based diagnosis by the community health workers. If the sensitivity is sufficient enough,
the point-of-care diagnostics solution can be utilized for other opportunities such as prevalence study or
community-based screening with higher affordability and accessibility. From the patient perspectives,
additional travel and costs to the diagnostic facility are no longer necessary and there will be no delay
in the results.

4.2.5. Community-Based Screening for Treatment and Monitoring

It would be a feasible approach to improve the availability of diagnostics at the primary healthcare
level by adding schistosomiasis screening to other health care interventions already in place. This will
likely have an immediate impact in reducing the number of infections and help in the collection of
data for prevalence monitoring. A new diagnostic method available at the point-of-care with smart,
high sensitivity and immediate output generation will add immense value to carry out such screening
and would stimulate demand for services. This will be an advantage for the health centre in rural
areas by preventing additional travel to the diagnostic facility.

4.2.6. Capability Strengthening of the Health Workers

Increasing the capability of the health workers will be a key to improve detection rate at the
community level. More suitable approaches for different endemic levels should be determined based
on the prevalence study and guide the health workers. The training of the health workers should
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include suspecting schistosomiasis cases from the symptoms and the contextual factors and emphasize
the importance of the diagnostics. The availability of smart diagnostics will be beneficial to detect
light infections or asymptomatic cases and avoid misdiagnosis. The willingness of people to seek help
in formal health care was strongly influenced by the close relationship between the health workers
and the community. Accordingly, the positive attitudes of the health workers towards the community
should be emphasized in the training. New interventions should consider training the health care
providers at the community level and the informal sector (PMVs and traditional medicine) to enhance
collaboration between them. This will improve the awareness in the community.

4.3. Limitations of the Study

The limitations of this study should be noted. First, the patient’s experience of schistosomiasis
(stakeholder category 1) have taken place in the last 3 years. However, we were able to validate the
findings and gain a more comprehensive understanding of other contextual and organizational factors
through interviewing the multiple levels of stakeholders. The stories of the cases in the past were
validated by confirming the facts with the health workers who put us in contact with the respondents
as they were involved in the case as well. Second, the number of stakeholders were limited and they
were selected from two LGAs, which can limit the generalizability of the results. Even though there
was still limited access to health care and diagnostics, the LGAs were still considered to be close to
the urban area (capital of the state). More studies can be conducted in more rural areas to deepen the
understanding of barriers more specific to that context. Nevertheless, we believe the key findings and
the identified barriers from this study are generalizable to similar settings and can be used to improve
the case management of schistosomiasis.
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Appendix A

Table A1. Barriers categorized in 6A dimensions and the perspectives.

6A Dimension Barriers Identified HC Seeker HC Provider

Awareness

T1: Lack of general knowledge on health and schistosomiasis among
community (Stage 1) ✓ 1

T2: Cultural association and belief about the symptoms (Stage 1) ✓ 
T3: Trying out self-medication without prescription Take irrelevant

medicines on one’s own (Stage 2) ✓ 

T4: The symptoms are associated with STD which causes hesitation in
sharing with others (Stage 3) ✓ 

T5: Limited access to the right information within the community due to low
awareness of schistosomiasis (Stage 4) ✓ 

Accessibility T13: Extra steps of movements are required for diagnosis and treatment. ✓ 
T17: Distance to the referral is far (Stage 6) ✓ 

Availability
T10: Incomplete medical infrastructure to perform diagnosis (Stage 5) ✓ 

T11: Lack of lab scientists and technicians to perform diagnosis (Stage 5) ✓ 
T12: Incapability to perform the diagnosis with sufficient quality (Stage 5) ✓ 
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Table A1. Cont.

6A Dimension Barriers Identified HC Seeker HC Provider

Acceptability
T7: Negative attitudes of the health workers may prevent people from

accessing the formal health care (Stage 4) ✓ 

T19: Fear of healthcare and uncertainty makes people hesitant to reach
referral (Stage 5) ✓ 

Affordability T14: The costs incurred for extra steps are patient’s responsibilities. ✓ 
T18: The transportation costs to reach referral are unaffordable (Stage 6) ✓ 

Adequacy/
Accommodation

T6: Going through trial-and-error medications without prescriptions at the
PMVs (Stage 4) ✓ 

T8: Knowledge gap of high risk groups of schistosomiasis among the
community (Stage 5) ✓ 

T9: Failure in suspecting the case based on symptoms (Stage 5) ✓ 
T15: The symptom-based treatments are not always available (Stage 5) ✓ 
T18: Treatment are given before the test results are available. (Stage 5) ✓ 

1 Checkmark ✓ indicates from which perspective the barrier is found.
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