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The advent of the novel Coronavirus 2019 (COVID-19) pandemic has fuelled tech-
nological innovation and led to the increased research on development and deployment
of new diagnostics for use at point-of-care (POC). The rapid uptake of the newly devel-
oped diagnostics requires a systematic approach to bridge the research-to-practice gap.
Implementation science (IS) involves the use of evidence-based practices (EBPs) that are
characterised by both quality improvement and dissemination methods aiming to promote
the scaling up of health interventions such as POC diagnostics to enhance quality and out-
comes [1]. This research approach employs transdisciplinary quantitative and qualitative
designs with solid grounding in theory. Implementation science studies are designed to
enable identification of factors that impact uptake of health interventions across multiple
levels, including the patient, provider, clinic, facility, organisation, and often the broader
community and policy environment. In this Special Issue, we present a summary of twelve
studies that employed implementation science approaches demonstrating research aimed
at optimising implementation various kinds of point-of-care (POC) diagnostics among
different population groups and different healthcare settings globally.

Nucleic acid amplification tests (NAATs), such as the reverse-transcriptase polymerase
chain reaction (RT-PCR) tests, were the first to be developed and widely deployed at the
beginning of the COVID-19 pandemic. These tests were designed to detect viral RNA. A
RT-PCR-positive result is highly specific for the presence of viral nucleic acid. A study
on portable, easy-to-use SARS-CoV-2 RT-PCR POC diagnostic device showed that the
POC test’s performance was comparable to that of the conventional RT-qPCR tests [2].
It also showed that the POC RT-PCT displayed the characteristics of a POC test, with a
short turnaround time for quick patient isolation. The implementation of the first official
approved self-administered rapid antigen tests (RATs), CoviSelf, was assessed as part
of a community-level COVID-19 pandemic response in rural India [3]. Results of the
study show that self-administered RATs have potential in rural settings as they are cheap,
quick and reasonably reliable. However, the tests kits were found to not be user-friendly
and required equitable distribution to minimise the spread of COVID-19. One study
conducted at a hospital setting in Germany evaluated the lung ultrasound (LUS) in 101
symptomatic patients with suspected COVID-19 infection at hospital admission [4]. Results
of this evaluation demonstrate that early LUS examination as part of in-patient admission
provides a diagnostic gain and is valuable for the clarification of SARS-CoV-2-suspected
patients at hospital admission. An assessment of the correlation between hospital-based
lung ultrasound (LUS) and chest X-ray (CXR) findings in 247 COVID-19 patients in Spain
showed positive results [5]. A significant correlation between LUS findings and CXR in
patients with suspected or confirmed COVID-19 infection and supported use of the LUS
exam as the initial POC diagnostic imaging test was demonstrated.

Interventions such as mobile Health (mHealth) have been shown to help enhance
health service delivery and access to disease diagnosis. Increased availability and use
of mHealth to help improve access to diagnostics is recommended for resource-limited
settings. Osei et al., 2021 conducted a study to examine the availability and use of mHealth
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for disease diagnosis and treatment support by healthcare professionals in the Ashanti
Region of Ghana [6]. The findings in this study show minimal use of mHealth for disease
diagnosis and treatment support by healthcare professionals at rural clinics, which in turn
affects the accessibility of medical care in such resource constrained settings. One of the
contributing factors for equitable accessibility, distribution and availability of POC tests is
the agility of supply chain management systems. Maluleke et al., 2021, conducted a scoping
review to systematically map evidence on supply chain management systems for POC
diagnostics services with a focus on optimising the SARS-CoV-2 testing capacity in resource-
limited settings [7]. The results of the review showed has showed that there is limited
research evidence on POC diagnostics supply chain management systems globally. In
addition to ensuring accessibility of new POC diagnostics to those who need it, acceptance
by stakeholders is key to enabling uptake and appropriate usage of available diagnostics.
Thirty-one stakeholders involved in adoption of POC ultrasound (POCUS) implementation
in a US academic medical centre were interviewed to determine their perspective on
this diagnostic intervention [8]. The Practical Robust Implementation and Sustainability
Model (PRISM) was employed to guide framework analysis for the data collected from
interviews with stakeholders. Stakeholders considered the following overarching themes
to be important for the adoption and fidelity of POCUS by clinicians and health systems:
clinical impact; efficiency; cost; development of credentialing policies; and robust quality
assurance processes.

The need to optimise and monitor POC diagnostics quality management systems
has been emphasised in other studies [9-11]. A systematic review and meta-analysis of
global evidence showed moderate accuracy of mobile-linked POC diagnostics in detecting
infections and recommended the development and deployment of more highly accurate
mHealth-linked POC diagnostics [11]. Evaluation of the prognostic capacity of ALA (delta
lactate) (correlation between prehospital lactate (pLA) and hospital lactate (hLA)) with
respect to in-hospital two-day mortality among emergency department patients was also
performed. Results of the evaluation demonstrate that lactate clearance in the initial
moments of ED care appears to be a more reliable prognostic index than a baseline lactate
value taken alone [9]. Hahn et al.,, 2021, employed a theorical model to demonstrate
sensitivity-optimised screening as a “diagnostics as prevention” strategy for managing
infectious diseases using HIV infections as a prototype [10]. The model was designed to
increase case definitions for diagnostic test sensitivity of by compensating for the limited
sensitivity of a test in the early stage of a disease. The model also enabled inclusion of
known symptoms of the respective disease stage and RDT-based exposition prevention
in a pandemic. This concept was widely used for the management of COVID-19 through
applying rapid diagnostic tests with imperfect diagnostic accuracy.

Despite the technological advancements presented by the COVID-19 pandemic, dis-
ruption to services directed at management of existing infectious and deadly pandemics,
such as TB was reported during the early stages of the pandemic. Dlangalala et al., 2021
systematically mapped available evidence on TB services at the primary healthcare (PHC)
level during the COVID-19 period using as scoping review study [12]. The study revealed
that pandemic mitigation strategies, as well as the fear and stigma experienced at the
beginning of the pandemic, may have limited uptake of TB diagnostic services at PHC level.
The presented poor TB service up-take may also be a result of poor health literacy, which
has been shown to be generally low among vulnerable populations. In this context, health
literacy would be defined in line with access to technology enabling disease screening, di-
agnosis and linkage to care, i.e., diagnostics literacy. The COVID-19 pandemic has revealed
diagnostics literacy as one of the unmet needs among vulnerable populations that continue
to experience short- and longer-term socio-economic consequences. To address this unmet
need a multi-level diagnostics literacy advocacy model was proposed to help improve
diagnostic uptake among vulnerable populations [13]. Sustainable implementation of the
proposed model will require involvement of all key stakeholders.



Diagnostics 2022, 12, 1648

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References

1.

2.

10.

11.

12.

13.

Gupta-Wright, A.; Manabe, Y.C. Implementation science: Point-of-care diagnostics in HIV and tuberculosis. Clin. Med. 2019,
19, 145. [CrossRef] [PubMed]

Renzoni, A.; Perez, F.; Ngo Nsoga, M.T.; Yerly, S.; Boehm, E.; Gayet-Ageron, A.; Kaiser, L.; Schibler, M. Analytical evaluation of
visby medical RT-PCR portable device for rapid detection of SARS-CoV-2. Diagnostics 2021, 11, 813. [CrossRef] [PubMed]
Vicziany, M.; Hardikar, ]. Can Self-Administered Rapid Antigen Tests (RATs) Help Rural India? An Evaluation of the CoviSelf Kit
as a Response to the 2019-2022 COVID-19 Pandemic. Diagnostics 2022, 12, 644.

Gutsche, H.; Lesser, T.; Wolfram, F.; Doenst, T. Significance of lung ultrasound in patients with suspected COVID-19 infection at
hospital admission. Diagnostics 2021, 11, 921. [CrossRef] [PubMed]

Mateos Gonzalez, M.; Garcia de Casasola Sanchez, G.; Munoz, F.; Proud, K.; Lourdo, D.; Sander, J.-V.; Jaimes, G.; Mader, M.;
Canora Lebrato, J.; Restrepo, M.; et al. Comparison of lung ultrasound versus chest x-ray for detection of pulmonary infiltrates in
COVID-19. Diagnostics 2021, 11, 373. [CrossRef] [PubMed]

Osei, E.; Agyei, K.; Tlou, B.; Mashamba-Thompson, T.P. Availability and Use of Mobile Health Technology for Disease Diagnosis
and Treatment Support by Health Workers in the Ashanti Region of Ghana: A Cross-Sectional Survey. Diagnostics 2021, 11, 1233.
[CrossRef] [PubMed]

Maluleke, K.; Musekiwa, A.; Kgarosi, K.; Mac Gregor, E.; Dlangalala, T.; Nkambule, S.; Mashamba-Thompson, T. A scoping
review of supply chain management systems for point of care diagnostic services: Optimising COVID-19 testing capacity in
resource-limited settings. Diagnostics 2021, 11, 2299. [CrossRef] [PubMed]

Maw, A.M.; Morris, M.; Barnard, J.; Wilson, J.; Glasgow, R.; Huebschmann, A.; Soni, N.; Fleshner, M.; Kaufman, J.; Ho, P.
Multi-Level Stakeholder Perspectives on Determinants of Point of Care Ultrasound Implementation in a US Academic Medical
Center. Diagnostics 2021, 11, 1172. [CrossRef] [PubMed]

Brio-Ibanez, P.D.; Lopez-Izquierdo, R.; Martin-Rodriguez, F.; Mohedano-Moriano, A.; Polonio-Lépez, B.; Maestre-Miquel, C.;
Vifuela, A.; Durantez-Fernandez, C.; Villamor, M.A.C.; Martin-Conty, J.L. Clinical Utility of Delta Lactate for Predicting Early
In-Hospital Mortality in Adult Patients: A Prospective, Multicentric, Cohort Study. Diagnostics 2020, 10, 960. [CrossRef] [PubMed]
Hahn, A.; Frickmann, H.; Loderstidt, U. Optimization of Case Definitions for Sensitivity as a Preventive Strategy—A Modelling
Exemplified with Rapid Diagnostic Test-Based Prevention of Sexual HIV Transmission. Diagnostics 2021, 11, 2079. [CrossRef]
[PubMed]

Osei, E.; Nkambule, S.; Vezi, P.; Mashamba-Thompson, T. Systematic Review and Meta-Analysis of the Diagnostic Accuracy of
Mobile-Linked Point-of-Care Diagnostics in Sub-Saharan Africa. Diagnostics 2021, 11, 1081. [CrossRef] [PubMed]

Dlangalala, T.; Musekiwa, A.; Brits, A.; Maluleke, K.; Jaya, Z.N.; Kgarosi, K.; Mashamba-Thompson, T. Evidence of TB Services at
Primary Healthcare Level during COVID-19: A Scoping Review. Diagnostics 2021, 11, 2221. [CrossRef] [PubMed]
Mashamba-Thompson, T.P. Diagnostics Literacy Advocacy Model for Vulnerable Populations. Diagnostics 2022, 12, 716. [CrossRef]






diagnostics

Brief Report

Analytical Evaluation of Visby Medical RT-PCR Portable
Device for Rapid Detection of SARS-CoV-2

Adriana Renzoni 1*, Francisco Perez 2, Marie Thérése Ngo Nsoga 23, Sabine Yerly !, Erik Boehm !,
Anggle Gayet-Ageron 4, Laurent Kaiser '2-® and Manuel Schibler 1-3

Citation: Renzoni, A.; Perez, F.;

Ngo Nsoga, M.T; Yerly, S.; Boehm, E.;
Gayet-Ageron, A.; Kaiser, L.; Schibler,
M. Analytical Evaluation of Visby
Medical RT-PCR Portable Device for
Rapid Detection of SARS-CoV-2.
Diagnostics 2021, 11, 813. https://
doi.org/10.3390/ diagnostics11050813

Academic Editor: Tivani

P. Mashamba-Thompson

Received: 8 March 2021
Accepted: 28 April 2021
Published: 29 April 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Laboratory of Virology, Laboratory Medicine Division, Diagnostic Department, Geneva University Hospitals,
CH-1211 Geneva, Switzerland; Sabine.Yerly@hcuge.ch (S.Y.); Erik. Boehm@hcuge.ch (E.B.);
Laurent.Kaiser@hcuge.ch (L.K.); Manuel.Schibler@hcuge.ch (M.S.)

Faculty of Medicine of Geneva, University of Geneva, CH-1211 Geneva, Switzerland;
Francisco.PerezRodriguez@hcuge.ch (EP.); Marie-Therese.NgoNsoga@hcuge.ch (M.T.N.N.)

Division of Infectious Disease, Geneva University Hospitals, CH-1211 Geneva, Switzerland

CRC & Division of Clinical-Epidemiology, Department of Health and Community Medicine,

University of Geneva & University Hospitals of Geneva, CH-1211 Geneva, Switzerland;
Angele.Gayet-Ageron@hcuge.ch

*  Correspondence: Adriana.Renzoni@hcuge.ch; Tel.: +41-22-372-40-71; Fax: +41-223724097

Abstract: Extended community testing constitutes one of the main strategic pillars in controlling the
COVID-19 pandemic. Reverse transcription PCR (RT-PCR) targeting the SARS-CoV-2 genome on
nasopharyngeal swab samples is currently the reference test. While displaying excellent analytical
sensitivity and specificity, this test is costly, often requires a substantial turnaround time, and, more
importantly, is subject to reagent and other material shortages. To complement this technology,
rapid antigen tests have been developed and made available worldwide, allowing cheap, quick, and
decentralized SARS-CoV-2 testing. The main drawback of these tests is the reduced sensitivity when
RT-PCR is the gold standard. In this study, we evaluate Visby an innovative, portable, easy-to-use RT-
PCR point-of-care (POC) diagnostic device. Our retrospective analysis shows that overall, compared
to the Cobas 6800 RT-qPCR assay (Roche), this RT-PCR POC technology detects SARS-CoV-2 RNA
with 95% sensitivity (95%CI = 86.3-99%) and 100% specificity (95% CI = 80.5-100%). For samples
with cycle-threshold values below 31, we observed 100% sensitivity (95% CI = 66.4-100%). While
showing an analytical sensitivity slightly below that of a standard RT-qPCR system, the evaluated
Visby RT-PCR POC device may prove to be an interesting diagnostic alternative in the COVID-19
pandemic, potentially combining the practical advantages of rapid antigen tests and the robust
analytical performances of nucleic acid detection systems.

Keywords: SARS-CoV-2; rapid diagnostic techniques; POCT techniques

1. Introduction

Complementary to prevention measures, such as social distancing, mask wearing,
and hand hygiene, extensive population screening with isolation of positive cases is one
of the key means of controlling the COVID-19 pandemic caused by severe SARS-CoV-
2 [1]. SARS-CoV-2 RNA detection by RT-qPCR) in nasopharyngeal respiratory samples
is currently considered to represent the gold standard for COVID-19 diagnosis. This
technology, known for its high analytical sensitivity and specificity, has been applied to
clinical virology diagnostics since the 1990s. On the other hand, it is costly, requires complex
laboratory infrastructure, often has a high turnaround time, and even more importantly,
RT-qPCR reagents and plastic materials are subject to shortages in the current crisis [2].

Rapid antigen tests are increasingly widely used, allowing for user-friendly, low-cost,
quick, and decentralized testing. The main limitation of these tests is the reduced sensitivity
in comparison to RT-qPCR, around 90% in the best-case scenario. Innovative nucleic acid
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detection point-of-care (POC) diagnostic technologies are now being developed, potentially
combining the excellent analytical performance of RT-qPCR and the practical advantages
of rapid antigen tests [3,4].

An alternative to the detection of antigen is the amplification of nucleic acid by reverse
transcription in combination with isothermal methods such as: loop-mediated isothermal
amplification (RT-LAMP) [5-7], recombinase polymerase amplification (RT-RPA) [8-10],
and nicking-endonuclease amplification reactions (RT-NEAR) [11-14]; which do not need
a thermal cycler, potentially enabling their use at POC facilities. The reference standard
of RT-PCR also detects viral nucleic acid, and some devices capable of RT-PCR have been
developed that are suitable for POC use, such as the DNAnudge Covid-19 test.

Recently, Visby Medical Inc. (Visby) has developed and begun manufacturing small
palm-sized RT-PCR devices capable of detecting SARS-CoV-2. This device contains all
necessary reagents, and is operated simply by loading a sample and sequentially pushing
buttons; thus representing a self-contained easy-to-use RT-PCR POC diagnostic device. The
device makes use of a continuous flow serpentine PCR channel combined with an enzyme
linked detection chemistry to produce a colorimetric signal that is easily observable by
the user. The device, originally developed for detection of bacterial targets in a sexually
transmitted infection panel [15] has been adapted for rapid RT-PCR identification of the
SARS-CoV-2 N gene and has received an FDA EUA for use in high and moderate complexity
settings. More recently, on 8 February 2021, the Visby test received EUA for use in CLIA-
waived settings (https:/ /www.fda.gov/media/145917/download, accessed on 28 April
2021). Of note, the device may only be used once before requiring disposal or refurbishment
by the manufacturer. Visby is intended for testing individuals suspected of COVID-19
by their health care provider using nasopharygeal, anterior nasal or mid-turbinate swabs
collected into transport media,

In this study, we tested the new RT-PCR POC Device developed by Visby to detect the
presence of SARS-CoV-2 RNA in a retrospective study using frozen SARS-CoV-2 positive
nasopharyngeal samples using Cobas 6800 RT-qPCR assay (Roche) as the gold standard.

2. Material and Methods
2.1. Patient Samples and Assay Controls

According to the Swiss Ethics Committee on research involving leftover clinical
samples, this study occurred in the context of a method quality validation in an emergency
setting and therefore did not require any authorization from our ethics committee. The
vast majority of positive samples come from outpatient symptomatic patients enrolled in
a COVID-19 screening center at the Geneva University Hospitals. Sixty-one confirmed
positive SARS-CoV-2 nasopharyngeal swab (NPS) samples were tested. Sample positivity,
that is samples with a cycle-threshold (Ct) value below 35, was previously determined by
using the Cobas 6800 SARS-CoV-2 RT-PCR assay (Roche, Switzerland) and stored in Copan
UTM™ or an in-house DMEM-based media that has been validated in our institution [16].
Samples were collected around 6 weeks or less prior to device testing and frozen at —80 °C.
Patient specific data include demographics, symptom severity, and date of symptoms onset.
Seventeen SARS-CoV-2 PCR negative NPS samples were tested as negative controls. Two
external positive and negative controls (NATSARS (COV2)-ERC and NATSARS (COV2)-
NEG, respectively) were obtained from ZeptoMetrix (Distributed by Helvetica Health Care,
Geneva, Switzerland). External controls were performed when different operators were
running the experiments. In total, 17 samples were considered as controls in this study.

2.2. Visby Medical POC Device Testing

Analysis of samples and external controls was performed following the manufacturer
protocol (https://www.fda.gov/media/142228 /download, accessed on 28 April 2021)
with some modifications, as we performed a retrospective study using frozen SARS-CoV-2
samples. Briefly, specimens were mixed by inversion 5 times, and 650 uL was inserted
into provided dilution buffer using the special Pasteur pipette provided with the device
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(Visby Medical) (Figure 1A). The diluted sample was mixed five times by inversion, 650 puL
was taken with a second Pasteur pipette and dispensed immediately into the device
(Button No. 1). After loading the sample; sample extraction, reverse transcription, PCR
amplification, and result visualization were started by sequentially pushing down buttons
1,2 and 3 and plugging the device in. A successful device start is indicated by a white
light. After 30 min, a green or red check mark appears confirming a valid or invalid device
performance, respectively (Figure 1B). Samples run in invalid devices were retested using
anew device.

/—b Trash bag
== {

*’\ Pastette
" Dilution kit

Visby device

B. Check marks

v X v
visby mediical visby medical

COvVID-19 COVID-19

C4 v
+ +
| |

Positive Negative

Figure 1. (A) Schematic steps for Visby Medical kit procedure. (1) Kit contents. (2) Patient sample preparation, with dilution
buffer and cassette. (3-5) The sample is put into the dilution buffer and mixed by inversion. (6-7) 650 uL of the diluted
sample is inserted into the device using the pastette. (8) Buttons 1, 2, and 3 are pushed, and the device is connected to
electrical power. (9) Results displayed. A white checkmark appears, indicating that the test is in progress (see description
below). (B) The left panel shows the white or green or red check marks denoting correct power and processing of the device,
a valid test result ready to be read, or an invalid result due to an electrical error, respectively. The right panel shows an
example of a valid (green light) and positive (visible upper and lower purple spots) or negative (only the upper purple spot
is visible).
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Results of valid devices were displayed in the test result window as visible purple
marks (Figure 1B). A purple mark in the upper position (indicated by a “/” symbol)
indicates a valid sample extraction and amplification reaction, which was determined by
detecting the human 18S ribosomal structural RNA present in nasopharyngeal samples.
A purple mark in the lower position (indicated by a “+” symbol) indicates a positive
amplification of SARS-CoV-2 nucleic acid. Visualization of both upper and lower position
purple marks denotes a positive SARS-CoV-2 sample, while visualization of a single upper
position purple mark denotes a negative SARS-CoV-2 sample (Figure 1B). The external
positive and negative controls were used to ensure that test reagents are working correctly.
Each control was run when a new operator was running the tests. Results interpretation
was performed in a blinded manner by two laboratory staff members.

2.3. Comparison RT-gPCR Assay

The validated Roche Cobas 6800 SARS-CoV-2 RNA extraction and RT-qPCR assay
were used as a reference assay (Cobas SARS-CoV-2 Ref 09175431190; Cobas SARS-CoV-2
Control kit Ref: 09175440190; Cobas 6800/8800 Buffer Negative Control kit Ref 07002238190;
Roche, Switzerland). In case of discrepant results between the Cobas and Visby assays, viral
RNA genome detection was also performed using GeneXpert (Ref: XPRSARS-CoV2-10
from Cepheid). Cobas targets ORFla/b and a pan-Sarbecovirus conserved region of the E
gene, while GeneXpert targets N and E genes.

2.4. Evaluation of Analytical Performances

The sensitivity and specificity of the device were determined by comparison to
the Cobas assay, according to sensitivity = TP/(TP + FN); Specificity = TN/(TN + FP);
where TP = true-positives, FN = false-negatives, TN = true-negatives, and FP = false-
positives. Confidence intervals of 95% (95% CI) were calculated using the Clopper-Pearson
method [17]. We reported overall sensitivity and specificity, as well as sensitivity by delay
from symptoms onset and by categories of Ct values.

2.5. Limit of Detection (LoD)

As recommended by the manufacturer, a SARS-CoV-2 negative nasopharyngeal cell
matrix was prepared to perform LoD analyses. First, nasopharyngeal samples, which were
previously verified to be SARS-CoV-2 negative, were pooled to obtain a total of 12 mL.
The pooled nasopharyngeal sample was retested by Cobas RT-qPCR to ensure that the
sample pool was negative and immediately frozen at —80 °C. SARS-CoV-2 viral stock was
produced as follows: SARS-CoV-2 isolates were collected from ex vivo infections of airway
epithelia cultured in an air-liquid interface as previously described [18]. Briefly, after 3 h of
apical virus inoculation, in vitro differentiated respiratory tissues (MucilAir™, Epithelix
SARL, Geneva, Switzerland) were washed three times with PBS (Phosphate Buffered
Saline, Sigma, St. Louis, MO, USA) and incubated in MucilAir™ medium at 33 °C and
5% CO,. Four days post infection, respiratory tissues culture supernatant is removed
and 200pL of MucilAir™ medium was added apically and viral culture supernatant
was collected after 20 min of incubation at 33 °C at 5% CO,. Viral load in the culture
supernatant was determined by RNA quantification. Briefly, RNA was extracted with
NucliSens easyMAG (bioMérieux, Marcy-l’Etoile, France), and quantified by RT-qPCR
using SuperScript™ III Platinum™ One-Step qRT-PCR Kit (Invitrogen, Carlsbad, CA, USA)
in a CFX96 Thermal Cycler (Bio-Rad, Hercules, CA, USA). RT-qPCR was performed using
a specific set of primers and probes targeting the SARS-CoV-2 E gene (forward primer:
5'-ACAGGTACGTTAATAGTTAATAGCGT-3', reverse primer: 5-ATATTGCAGCAGTACG
CACACA-3/, and the probe: 5-6-FAM- ACACTAGCCATCCTTACTGCGCTTCG-BBQ-
3’) [19]. In vitro transcribed SARS-CoV-2 E gene RNA (EVAg, Essen, Germany) was used
as a reference standard to convert Ct values into RNA copies/mL. Data were analyzed
using Bio-Rad CFX maestro software (Bio-Rad, Essen, Germany). Quantified culture
supernatant was finally diluted in PBS to a concentration of 2.1 x 10° copies/mL.
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3. Results
3.1. Visby POC Device and Cobas SARS-CoV-2 Nucleic Acid Detection Concordance

Frozen samples were thawed, dispensed immediately into dilution buffer provided
with the device, and further processed to avoid nucleic acid damage as much as possible.
After 30 min of sample processing, purple mark recording was performed immediately in
devices displaying the green light. An invalid run occurred for a single sample, but after
retesting, yielded a valid result.

The clinical accuracy of the device compared to Cobas RT-qPCR was calculated. From
the 61 Cobas-positive samples (Ct values from 15.5 to 34), the device detected 58 positive
samples with 3 false-negative samples. All 17 Cobas-negative samples were also found to
be negative by the device (Table 1). We observed a sensitivity of 95.1% (CI 95% = 86.3-99%)
and a specificity of 100% (CI 95% = 80.5-100%). An analysis by Ct values showed that the
device achieved 100% sensitivity in samples with Ct values below 35 (Table 2). As shown
in Table 3, the device achieves > 95% sensitivity with tests performed from 2 days after
onset of symptoms, and 100% (73.5-100%) from 4 days post symptoms onset. We further
evaluated Visby results in relation to viral loads and days post onset of symptoms, and
observed that the few false-negative results were observed with three samples with low
viral loads (Figure 2).

Since discrepant results might be explained by the effects of sample freezing on RNA
stability, we retested the discordant samples with the Cobas assay. Nearly identical positive
Cobas Ct values were found, showing that RNA degradation upon thawing samples could
not explain the negative device results (Table S1). Discrepant sample results might be
explained by detection of different genes used by the device (N-gene) and the Cobas (E
and Orfl genes) assay. We therefore analyzed discrepant samples with the SARS-CoV-2
GeneXpert assay, targeting N and E genes, however, both genes were detected (Table S1).

Table 1. Sensitivity and specificity of the Visby device.

Reference RT-qPCR Cobas POS  Reference RT-qPCR Cobas NEG ~ Total

Visby POS 58 0 58
Visby NEG 3 17 20
TOTAL 61 17 78

Sensitivity: 95% (95% CI 86-99)/specificity: 100% (95% CI 80.5-100).

Table 2. Sensitivity of Visby device depending on RT-qPCR CT values.

CT Values Cut-Offs Sensitivity 95% CI N
15-20 100% 82-100% 19
21-25 100% 84-100% 21
26-30 100% 66-100% 9
31-35 100% 43-94.5% 12

Table 3. Sensitivity of Visby device by the delay since symptom onset.

Delay Since Onset (Days) Sensitivity 95% CI N
0 87.5% 47.3-99.7% 8

1 90.9% 58.7-99.8% 11

2-3 95.2% 76.2-99.9% 21

4-5 100% 73.5-100% 12

67 100% 47.8-100% 5

>7 100% 39.8-100% 4
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Figure 2. Detection of SARS-CoV-2 by Visby device based on viral loads and the time of symptom
onset. SARS-CoV-2 viral loads by the time of symptom onset for the symptomatic and RT-qPCR
positive individuals. Black and red dots represent positive or negative Visby results, respectively.
Dotted line: 6 logjg SARS-CoV-2 RNA copies/mL shows the VL threshold limit determining the
number of culturable viruses. Note: Samples classified at day 0 include 4 samples with unknown
dates of symptoms.

3.2. Analytical Limit of Detection (LoD)

A clinical SARS-CoV-2 isolate was cultured in an air-liquid interface respiratory
epithelium system (mucilAir). Viral supernatant concentration was quantified using E-
gene standards from the European virus archive and diluted to a final concentration
of 2.1 x 10° copies/mL. Live virus from cell culture supernatant were serially diluted
(10°%,10%, 103, 102, 10! copies/mL) in SARS-CoV-2 negative nasopharyngeal cell matrix to
evaluate the LoD. We tested a single replicate of each dilution and found them all positive,
showing a Visby positive detection with low viral loads (10? copies/mL). Our data are in
agreement with the manufacturer LoD determination, which showed a 95% detection rate
for 1112 genomic copies/mL and a detection rate of 45% for 125 genomic copies/mL (Visby
medical package insert).

4. Discussion and Conclusions

The aim of this study was to evaluate the Visby POC device to detect the presence
of SARS-CoV-2 RNA in previously collected frozen clinical nasopharyngeal samples, in
comparison to the Cobas 6800 RT-qPCR assay (Roche). The devices detected SARS-CoV-2
RNA with 95% sensitivity and 100% specificity.

Few discrepant results were observed that might be explained by potential N-gene
mutations that are undetectable by the device, similarly to previously published observa-
tions showing that failure to detect SARS-CoV-2 by the Cobas 6800 assay was linked
to E-gene mutations [20]. This is a possible scenario, but an unlikely one, as exten-
sive in silico analysis of variants were detected by Visby primers and probes (https:
//www.fda.gov/media/142228 /download, accessed on 28 April 2021). Having excluded
potential issues related to different viral genes targeted with both assays, the reduced sen-
sitivity observed with the devices probably results from the different technologies applied,

10
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which differ in technical details such as buffers and sample processing methods. Visby’s
test is not directly compatible with most viral transport media (manufacturer package
insert). While dilution of samples collected in transport media mitigates the inhibitory
effects of the transport media, it reduces the test sensitivity, which could account for the
3 Cobas-positive samples that the device missed. However, this dilution step did not pre-
vent detection of other samples with similar viral loads. We cannot exclude the possibility
of PCR inhibiting substances within these nasal samples that prevent gene amplification
exclusively with the device methodology [21].

Dilution of the sample collected into transport media to mitigate the inhibitory effects
of the transport media may reduce the sensitivity of the test. While a remnant sample
evaluation was performed in this study, it is reasonable to assume that direct swab elution
with no dilution step would yield an improvement in sensitivity. A prospective clinical
study would be important to assess the clinical sensitivity of the direct swab method.

In the present analytical study, the POC Device performs less well at Ct values >35;
however, the reduction in sensitivity is relatively unimportant since high Ct values probably
indicate a low transmission risk [22]. Furthermore, the sensitivity displayed by the device
is still substantially higher than that of the 85% to 90% of the best antigen tests [23-27].

This device operates by detecting viral nucleic acids such as the reference standard (RT-
PCR) and isothermal amplification tests. RT-LAMP amplification unfortunately has issues
such as: non-specific amplification that can be a problem in later steps as a result of “carry-
over contamination”, “product cross contamination” [28-30], or primer hybridization [31].

In contrast, the device evaluated here uses the same robust and well established
principle used by the gold-standard tests, and thus is expected to be reliable and accurate.
Other RT-PCR devices suitable for POC diagnostics are on the market (i.e., NudgeBox
or LIAT) but are less portable than the Visby POC device evaluated here, and may be
unavailable or have a sample processing time of up to 90 min that may be prohibitive for
some envisioned POC uses [4].

It is important to note the limitations of our study. The selection of samples tested is
not representative of an epidemiological trend because only frozen samples were used, and
no prospective recruitment of patients was performed with both methods concomitantly.
No estimation of positive or negative predictive values can be performed as samples were
not consecutively collected and prevalence is not interpretable. Future clinical evaluations,
including head-to-head comparisons with antigen tests and isothermal tests, testing of
SARS-CoV-2 asymptomatic-contacts, and screening healthcare workers will help to better
position SARS-CoV-2 nucleic acid detection among the POC diagnostics.

In summary, the Visby device appears to be an attractive alternative POC test, per-
forming nearly as well as conventional RT-qPCR tests, while displaying the appealing
characteristics of a POC test. It is available in a portable format with minimal requirement
of technical skills. After sample acquisition, less than 1 min is needed for treatment and
loading samples onto de VISBY device. Viral extraction, amplification and easy-readout are
obtained after exactly 30 min. This short turnaround time allows for rapid patient isolation
or orientation decisions, e.g., in nursing homes or even hospital settings lacking more
complex laboratory equipment. A potential disadvantage includes the generation of waste
that remains an issue to be addressed. The company is exploring recycling components to
reduce generated waste.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/diagnostics11050813/s1. Table S1: Positive and negative RT-qPCR Cobas samples tested on RT-
PCR Visby diagnostic device. C = corncordant result; NC = Non-concordant results. INV = invalid result.
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Abstract: This paper evaluates India’s first officially approved self-administered rapid antigen test
kit against COVID-19, a device called CoviSelf. The context is rural India. Rapid antigen tests
(RATSs) are currently popular in situations where vaccination rates are low, where sections of the
community remain unvaccinated, where the COVID-19 pandemic continues to grow and where
easy or timely access to RTPCR (reverse transcription-polymerase chain reaction) testing is not an
option. Given that rural residents make up 66% of the Indian population, our evaluation focuses
on the question of whether this self-administered RAT could help protect villagers and contain the
Indian pandemic. CoviSelf has two components: the test and IT (information technology) parts.
Using discourse analysis, a qualitative methodology, we evaluate the practicality of the kit on the
basis of data in its instructional leaflet, reports about India’s ‘digital divide’ and our published
research on the constraints of daily life in Indian villages. This paper does not provide a scientific
assessment of the effectiveness of CoviSelf in detecting infection. As social scientists, our contribution
sits within the field of qualitative studies of medical and health problems. Self-administered RATs
are cheap, quick and reasonably reliable. Hence, point-of-care testing at the doorsteps of villagers has
much potential, but realising the benefits of innovative, diagnostic medical technologies requires a
realistic understanding of the conditions in Indian villages and designing devices that work in rural
situations. This paper forms part of a larger project regarding the COVID-19 pandemic in rural India.
A follow-up study based on fieldwork is planned for 2022-2023.

Keywords: COVID-19; Indian pandemic; rapid antigen tests (RATs); CoviSelf; CoWIN; digital divide;
rural India; Indian villagers; poverty; discourse analysis; qualitative medical /health research strategies

1. Introduction

As the Indian COVID-19 pandemic enters a new phase in 2022 with the rising dom-
inance of the highly infectious Omicron variant, the use of self-administered RATs is
increasing in India and other countries as a way of relieving the pressure on stressed
clinical and hospital settings that administer and analyse reverse transcription polymerase
chain reaction (hereafter RTPCR) tests [1]. As a third pandemic wave emerged in India, on
10 February 2022, the Indian Council of Medical Research (hereafter ICMR) announced that
a positive result from a self-administered RAT was the equivalent of a positive result from
an RTPCR procedure and that repeat testing using the latter was no longer necessary [2]. In
this paper, we evaluate the first self-administered RAT to receive official approval by ICMR
some nine months earlier, on 10 May 2021 [3]—CoviSelf. ICMR is the “apex body in India
for the formulation, coordination and promotion of biomedical research’ [4] and sits within
the Department of Health Research (Ministry of Health and Family Welfare), Government
of India. As the first Indian made, self-administered RAT to receive official recognition,
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CoviSelf deserves our scrutiny. This diagnostic device for home use was developed by the
private Indian company Mylab Discovery Solutions Pvt Ltd, based in Pune in the state
of Maharashtra [5]. The tone of the company’s press release of 10 May 2021 reflects the
excitement surrounding the development of this innovative testing kit during increasingly
desperate times [3]:

With CoviSelf™, Mylab aims to make testing reach the doorstep of every Indian to
help them fight the second and any subsequent waves of [sic] pandemic. Now,
any citizen can test for Covid-19 themselves, isolate and seek treatment quickly. Early
detection can help save thousands of lives and significantly reduce [sic] burden on
hospitals. The test can be purchased without a prescription from local pharmacies
and online channel partners [italics added by authors of this article]

The claims about delivering a diagnostic tool for containing COVID-19 to ‘every
Indian ... any citizen” are ambitious and admirable but need to be tested. Our analysis is
not based on a scientific or laboratory assessment of the accuracy of this testing device.
Few reliable studies of RAT evaluations have been published; perhaps the best-known
exception is the UK’s Cochrane Report, published in March 2021 [6]. Until detailed and
systematic quantitative data are published regarding Indian RAT devices, the official list
of ICMR-approved RATs is our only source of information about the four criteria used to
validate and approve the RATs distributed in India, including those used in home testing [7].
Moreover, official criteria are not an exact guide to how RATs function in medical, health
and home settings. In mid-January 2022, ICMR published a list of eight self-test kits that it
had approved, in addition to another list of five that it did not approve [7]. At the top of
the approved list appears CoviSelf by Mylab.

As the first government sanctioned, self-administered RAT for COVID-19, our analysis
of CoviSelf also provides a benchmark for evaluating the others that have become available
in India since 10 May 2021. However, a scientific appraisal of the sensitivity and specificity
of the RATs in India is not our aim in this paper [8]. Rather, our evaluation is based on
the extent to which the CoviSelf kit is compatible with the practical needs and concerns of
Indian villagers. We do this by considering the characteristics of CoviSelf in the context
of the socioeconomic circumstances in Indian villages. Some 66% of Indians live in rural
areas [9], so the applicability of CoviSelf has widespread implications for addressing
the country’s pandemic while India waits for additional medical technologies to become
available—for example, anti-COVID medication [10]. Yet, there is nothing inevitable about
the arrival of such drugs or the trajectory that the pandemic could take. Given this, lessons
can be learnt about the longer-term contribution that self-administered RATs could make
to villagers” wellbeing by analysing the practicality of the CoviSelf kit. Mylab’s aim for
CoviSelf to reach ‘every Indian and any citizen’ is best tested against the socioeconomic
parameters that define villages, where the majority of Indians live.

Our paper provides a qualitative evaluation of CoviSelf within a broad socioeconomic
context. In 2008, Sir Michael Rawlins stressed the importance of recognising the value of
qualitative research for health interventions. He questioned the hierarchy of evidence that
gave greater importance to randomised clinical trials as the basis for health decisions. ‘Ob-
servational evidence’ or qualitative data, including ‘expert opinion’, formed an important
component of therapeutic recommendations, he said [11]. Rawlins” advice has been taken
seriously and new health-medical literature has emerged in response [12,13], including an
appreciation of the value of analysing documents of both a textual [14] and non-textual
kind. This article belongs to this growing school of thought regarding the significance of
qualitative research and its role in supporting better health and medical initiatives. Our
analysis sits within the framework of discourse analysis, using textual sources to analyse
CoviSelf. The words and language of these texts constitute our data. Our interest in the
socioeconomic context of new diagnostic medical devices was prompted by one of our
engineering colleagues, who asked: ‘what is the point of us inventing diagnostic tools
unless we know how these fit into the daily life and needs of ordinary people?’ [15].
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2. RATs in Clinical Settings in India

We are not aware of any published research assessing the self-administered CoviSelf
kit, so we turn to what is known about RATs in clinical settings during India’s COVID-19
pandemic. ‘Clinical settings’ are those in which trained professionals administer the test
in either an institutional or private environment, including clinics, hospitals, schools,
offices, prisons, military facilities etc. This experience speaks to the value of making
self-administered RATs accessible to all Indians.

By April 2021, 49% of all the tests for COVID-19 in India used RATs, “principally the SD
Biosensor test (SD Biosensor Standard Q COVID 19 Antigen test)’ [16]. This was in response
to the second wave of COVID-19 in the early months of 2021, a wave defined by the Delta
strain and the shift of the Indian pandemic from towns to villages. By contrast, during
the first wave of COVID-19 between December 2019 and October 2020 [17], only about a
third of the infections occurred in rural India, but that increased in 2021 to over 50 percent
according to the State Bank of India [18]. By mid-May 2021, 69% of India’s 748 districts
(the lowest administrative level in the country) reported rates of infection above 10% [19].
The spread of COVID-19 generated interest in RATs as a way of saving the time taken
for testing by RTPCR [20] and keeping track of the pandemic [21]. Although many extra
RTPCR laboratories were set up throughout India during the first wave, the establishment
and running costs of molecular biological testing facilities can be a limitation during times
of a raging pandemic. In Bihar and Uttar Pradesh, states where rural healthcare facilities
are especially limited, RATs played an even larger role by accounting for 87% and 59% of
all the tests, respectively [16]. The cost of a RAT test is almost half or less than the cost of
an RTPCR, an added incentive in the poorer states of northern India.

One review of RATs in India stated that they greatly ‘helped us ... in detecting and diag-
nosing COVID-19 at its early stage and also by large scale screening of communities residing
in hot-spot areas with high incidence of disease’ [22]. The Cochrane Report confirmed the
value of all the above factors when using RATs for widespread diagnostic purposes [23].
Another study spoke of the benefits of RATs involving ‘triage and emergencies’ needing
priority diagnoses [24]. RATs have long been used for diagnosing other illnesses, such as
pharyngitis caused by Streptococcus bacteria [25] and Bancroftian filariasis [26]. Despite
this, before the pandemic, there was a tendency amongst some Indian medical professionals
to see RATs as an unreliable diagnostic tool [27]. That view has changed.

Compared with the ‘gold standard” of RTPCRs, RATs are less accurate, although they
are highly valuable during a rapidly escalating health crisis. One recent study based on
2168 outpatient samples reported a false negative rate from RATs of 4.3% in the first wave
of the pandemic and 8.1% in the second wave [17]. It is for this reason that negative test
results from RATS still need to be confirmed by RTCPR tests. However, in desperate situa-
tions where the status of a person with a possible COVID-19 infection needs to be quickly
established, the small margin of inaccuracy in RATs is not a prohibitive factor to their
use. Detailed reports about ICMR-approved RATs are only available to state governments,
but we found one published study of the first RAT named in the ICMR list of 6 January
2022 [28]. Gupta et al. evaluated the Standard Q rapid antigen detection test (produced
by SD Biosensor, Inc., Gurugram) and showed that the test accuracy was 95.4% and the
‘overall sensitivity and specificity of the test were 81.8 and 99.6 per cent’ [23]. The au-
thors concluded that RATs with these kinds of properties could help alleviate the pressure
on emergency departments in hospitals by allowing ‘patients showing positive results
[to be]... immediately triaged’, thereby reducing the risks of COVID-19 infection spreading
to other patients and staff in waiting rooms. ICMR then issued an advisory to Indian
hospitals saying that the test should be ‘adopted in [their] diagnostic algorithms’. Unfor-
tunately, the use of RATs in clinical settings is seriously constrained in rural India, where
medical and health professionals are in short supply [29]. In that scenario, the question is
whether a self-administered COVID-19 RAT might make the benefits of new diagnostic
technologies more accessible to villagers. The need for rapid diagnostic assessments of
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COVID-19 infections in rural areas is evident from the situation that emerged from the start
of pandemic in India.

The Urgent Need for Self-Administered RATs in Villages

The negative effect of the pandemic has arrived on top of a long-term agrarian crisis in
India. Agriculture has not been profitable for decades, and many farmers have been driven
to suicide [30]. Poor, small, semi-literate farming families (including those who lease or
share crop land, marginal farmers and labourers) have chosen to migrate to the cities for ca-
sual employment. When the Indian government declared an immediate national lockdown
on 24 March 2020 due to the pandemic, millions of migrant workers found themselves
walking home over hundreds of kilometres along India’s railway lines, or catching buses,
trains or any other possible conveyance. Of the estimated 139 million migrant workers,
perhaps a fifth formed a wave of reverse migration as they returned to their natal village
homes in search of sustenance and emotional security. Plans to assist them during the
pandemic were constrained because the central government had no idea of the scale of
the problem due to a lack of statistics. What we do know is that about 6.3 million migrant
workers were taken to state transport hubs closest to their villages by special trains between
May and August 2020 [31]. There, they were left to walk to their homes, which were often
hundreds of kilometres distant. Perhaps three to four times that number travelled home by
other means. Back in their villages, they often returned to subsistence farming.

The official data regarding the mortality and morbidity rates of COVID-19 in India are
no better than the data on migrant labour, and government estimates have been criticised
for their lack of realism. Alternative estimates suggest that the total cumulative deaths
in India have been between 2.5 and 7 times higher than the reported number of less than
half a million [32-36]. Estimates of the total number of rural deaths from COVID-19 are
significantly lower than the real figures because India’s percentage of medically certified
causes of death (MCCD)—based on the signing of the ‘Medical Certificate of Cause of
Death’ by a medical professional—is about 20% [37] of all the deaths at the national level.
This low level reflects the fact that the ‘Medical Certificate of Cause of Death’ is typically
signed in urban hospitals and clinics where the majority of Indian doctors are based. What
people die of in rural areas is largely unknown unless special surveys are conducted. Thus,
we can assume that the rural deaths from COVID-19 accounted for much more than the
reported 55% of the total deaths between 2020 and 2022.

The impact of COVID-19’s devastation was revealed on 5 May 2021, showing that,
in the preceding week, COVID-19 had become India’s leading cause of death, out-
stripping ischemic heart disease (the previous leading cause of mortality) by more than
2.5 times [38]. In summary, Indian villages remain in desperate need of medical attention
during the ongoing COVID-19 pandemic. Given the inadequacies of rural health provi-
sion (see Section 4.3.2), self-administered RATs hold out the promise of giving villagers
timely and useful information about how to protect their health. Our earlier study of the
positive attitudes of villagers to point-of-care blood testing at their doorsteps suggests
that what holds back the health of rural dwellers is not their opposition to innovative
allopathic technologies but their poverty and lack of access to adequate healthcare (see
Sections 4.3.2 and 4.3.3).

3. Materials and Methods

This article employs qualitative data and methods to evaluate the self-administered
Indian rapid antigen test CoviSelf.

3.1. Qualitative Framework

Content analysis and discourse analysis are two of many qualitative research methods
that can be applied. The former assesses the frequency with which certain words, phrases
or metaphors appear in a particular documentary text. This approach would not suit our
purposes because we wish to understand the structure of the main document rather than
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focus on the frequency of particular words. Hence, we employ discourse analysis, where
discourse is defined as ‘contextually sensitive written and spoken language produced as
part of the interaction between speakers and hearers and writers and readers’ [39]. In our
analysis, the speaker or writer is the producer of CoviSelf and the hearers or readers are
the users of it.

3.2. Our Main Data Source

The main document we have analysed is the text of the printed ‘patient information
leaflet’ that is part of the six components of the CoviSelf kit (Figure 1). Throughout this
article, we refer to this document as the ‘instruction leaflet’ or the ‘leaflet’ [40]. Mylab
calls this leaflet the ‘user manual’. We downloaded the English language version of the
leaflet from the Mylab website [41]. We treat the leaflet as an agent reflecting the urgent
diagnostic needs thrown up by the COVID-19 pandemic in India. As the first officially
approved, self-administered, Indian made rapid antigen test for COVID-19, the text of this
document has its own “potency as well as capacity’ [42]. We argue that the information
embedded in the leaflet does not constitute ‘inert data’ but rather that the data are directed
to particular social actors [42] who, in turn, interact with the data when they use the kit.
That interaction involves the user of the kit reading the data (in the form of instructions) in
the leaflet, interpreting it, interpreting the results of the COVID-19 test and interacting with
any external agents who may be involved in the testing process—for example, any person
helping the user to administer the test or the Government of India database that seeks to
capture the user’s test results.

Disposal Bag

Figure 1. The components of the self-administered CoviSelf RAT kit. (Showing in clockwise order
from the bottom left-hand side: the plastic bag for disposing of used items, the CoviSelf package, the
instruction leaflet and, in the centre, the sterile nasal swab, the test card and the pre-filled extraction
tube.) Source: Ms Anusha Kesarkar-Gavankar, photograph of 18 November 2021.

Our discourse analysis involved a close reading of the language of the instruction
leaflet by checking for the three things required to effectively communicate the instructions
to the consumer: first, we interrogated the text to see whether the assumptions it made
about the user’s handling of the testing device were reasonable; second, we asked whether
the language of the leaflet was clear, consistent and non-technical; and, third, we evaluated
those sections of the leaflet that instruct the user about the IT components of the kit. From
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the start of our analysis, we were struck by the two main characteristics of the leaflet: it
addresses both the test component and a special IT feature.

The leaflet was defined by us as the main document because it ends up in the hands
of those who purchase the CoviSelf RAT kit. For this reason, we read the text multiple
times to cross-check our findings, test out alternative interpretations of the data and resolve
any inconsistencies that emerged. In reporting the ‘Results’ of our analysis below, we
arranged our findings according to the sequence involved in using the self-administered
CoviSelf RAT in order to place ourselves in the situation faced by a user. In evaluating the
leaflet, we engaged in the ‘core activity” of discourse analysis by thinking and categorising
the “...actions, intentions, characters, events....” [40] as revealed by this document.

3.3. Contextualising Our Main Data Source

An important part of our research method was to acknowledge that the meaning
of the leaflet is not self-evident. The reader of the leaflet is not a passive, predictable
sponge that merely absorbs the prefigured information provided in the printed text. Rather,
particular readers construct the meaning of the instruction leaflet within specific cultural
and socioeconomic contexts that vary from user to user. In other words, there is a process of
negotiating taking place between the text and context, and it is this that enables the reader
to construct meaning. Early in our evaluation, discourse analysis compelled us to ask where
the CoviSelf diagnostic device sat within the broader framework of India’s IT revolution.
For instance, which Indian consumers had smart phones capable of downloading the
necessary app referred to in the leaflet? Mylab’s press release of 10 May 2021 stressed the
benefits to Indian citizens of the kit’s features because they could now buy the diagnostic
device ‘without a prescription from local pharmacies and online channel partners’, and, in
using the kit, the consumer would promote the traceability of the pandemic through the
company’s ‘Al-powered mobile App” [3]. Our ‘Results’ below question the assumption
that lies behind Mylab’s statement. We ask, does ‘every Indian and any citizen” have access
to the information technology that Mylab has taken for granted?

3.4. Our Second and Third Data Sources

These questions led us to the second data source—a group of documents produced by
the Indian media, professional associations and the Supreme Court of India about India’s
digital divide. The digital divide stressed the disadvantages suffered by rural residents in
accessing electronic information.

Following the logic of discourse analysis, we then widened the context for understand-
ing the CoviSelf leaflet even further by using a third data source, namely our own ‘expert
opinion’, as documented in peer-reviewed, published research about living conditions in
Indian villages. Fieldwork in central India before the pandemic showed us that villagers
were receptive to point-of-care blood testing at their doorsteps [43]. We assumed, therefore,
that there might be positive responses to the idea of using the self-administered CoviSelf
RAT kit because the demand for modern medical interventions is driven by the desire
to prolong longevity. This may well be a universal motivation, but our findings remind
us that the specific cultural context, in Prior’s words, renders the “unremarkable, remark-
able’ [42]. With this third data source, we explored the interplay between the digital divide
in rural India and the multiple constraints faced by villagers in accessing timely health and
medical care.

3.5. The Limitations of This Study

With the ongoing COVID-19 pandemic, it has not been possible to undertake fieldwork
because the desperate circumstances facing rural residents prevents them from participating
in time-consuming, in-depth interviews. This is the main limitation of our present study.
On the other hand, a discourse analysis of the three data sources (specified above) allowed
us to refine our research questions and hypotheses for future research on village responses
to the pandemic. In-depth interviews in rural areas during the next two years will constitute
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the fourth and final data source for an expanded study of the current paper. The locus
of this extended study will build on our existing work in Wardha District (Maharashtra),
the site of our research on point-of-care blood testing technologies. That earlier period of
fieldwork was informed by our prior analysis of classical and modern Hindu texts that
suggested that there were unlikely to be any cultural objections to modern diagnostic blood
technologies. Our hypothesis for further fieldwork (in 2022-2023) on self-administered
RATs in rural India questions the value of CoviSelf in villages. As a result of the present
paper, we have come to the view that self-administered RATs for detecting COVID-19
infection would be more suitable to villagers if they did not include an IT component and
if they were free. This hypothesis is not based on any questions about cultural resistance
to the innovative CoviSelf device but rather doubts about its current practicality and cost.
The urgent need for self-administered RATs in rural India suggests that investing in the
redesign of this diagnostic device is well worthwhile.

4. Results

Our results are discussed under three main headings. Firstly, we report the findings
from our discourse analysis of the main document, namely the kit’s printed instruction
leaflet. In the second part, we explain the findings from our analysis of the data regarding
India’s digital divide and its impact on rural India. In Section 3, we use our own data
from previous studies of Indian villages. All three parts locate the CoviSelf kit within
the wider socioeconomic context of Indian villages in conformity with discourse analysis,
which seeks to understand how particular readers construct the meaning of different kinds
of documents.

4.1. The CoviSelf Instruction Leaflet

Our analysis of the language of the leaflet focuses on four issues affecting the practi-
cality of this self-administered RAT, but we begin our discourse analysis by considering
the structure of that document. After that, the next two findings deal with the processes by
which a test result is obtained, and the last two findings report on different aspects of the
IT components of the kit. The data take the form of the leaflet’s instructions to the reader.
Where appropriate, short comments are made about the practicality of the text in terms of
its limitations and benefits.

4.1.1. The Structure of the Instruction Leaflet

The layout of the leaflet is an important consideration in our discourse analysis because
it tells us how the information provided to the user has been structured by Mylab, i.e., the
order of priority given to various points. The leaflet takes the form of a folded, double-sided
sheet of printed paper measuring 21 cm x 57 cm. One side is in English and the reverse
side in Hindi. The leaflet is also available in eight other Indian languages representing
different linguistic regions. The online version of each leaflet is identical in information
and size to the copy included in the CoviSelf kit. The text is accompanied by diagrams
illustrating all the instructions and how to read the positive, negative and invalid results.
The only exceptions are the text in column one (both top and bottom panels, see below) and
the bottom part of columns seven and eight, stating the FAQs (frequently asked questions),
the limitations of the procedures, Mylab’s contact details and a QR code that can be scanned
to access a video demonstration about how to use the kit.

Both sides of the leaflet are divided into eight columns, each with two panels (top
and bottom). When folded, the leaflet measures about 10 cm X 7 cm. Column one, top
panel, is taken up by the front cover of the leaflet, and the panel beneath it explains the
kit’s intended use, kit storage and stability and the principles of the test; this last section
explains some of the science behind the test device. Column two, top panel, is headed ‘Kit
Contents” and names the six components that make up the kit. The panel beneath that
explains the ‘test preparation’, which includes washing and thoroughly drying the hands.
The explanatory video that can be downloaded by some users says that a table top should
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be sanitised so that the contents of the kit can be laid out [44]. No such instruction appears
in the leaflet.

Between the top and bottom panels is a central box that states: ‘Download the Mylab
CoviSelf App from Play Store/App Store’. Column three, top panel, instructs the user to
open the CoviSelf App and activate it; the bottom panel has instructions for preparing the
pre-filled extraction tube. Column four is named ‘Step 1’ and instructs the user how to
collect the nasal sample. Column five, designated ‘Step 2’, has instructions for placing the
swab into the pre-filled extraction tube. ‘Step 3" appears at the top of column six and tells
the user how and where to place the sample on the test card. ‘Step 4’, beneath ‘Step 3’,
asks the user to take a photo of the test card and “wait for the App to analyse and display your
Covid-19 test results” (authors” italics). Under ‘Step 4" appear instructions for disposing of
the waste once the test has been completed.

Columns seven and eight, the leaflet’s last two columns, have two sections: the top
explains the appearance of the test card when positive, negative or invalid test results
appear. The bottom section provides additional information to the user: three FAQs are
listed, five limitations to the procedure are stated and there is a QR code that can be scanned
if the user wants to watch a video demonstration of how to use the kit. The bottom strip
across both columns gives the name of the manufacturer and contact details.

Our analysis of the structure of the leaflet suggests that the order in which the instruc-
tions are arranged encourages the reader to use the IT component and to depend on it for
‘analysing’ the test results. Instructions about using the IT features are given at the start and
end of the leaflet. The first instruction appears prominently in the middle of column two
and asks the user to ‘Download the Mylab CoviSelf App’. This is followed by instructions
in column three saying ‘Open the Mylab CoviSelf App and fill in the credentials’. After that, the
user is told to scan the QR code on the test card. More significantly, ‘Step 4’ is presented to
the user as the last step in the sequence of actions needed to complete the testing procedure.
It asks the user to take a photograph of the test card and ‘wait for the App to analyse and
display your Covid-19 test results’. However, the test card has already completed both of
these functions: it has analysed the nasal sample thanks to the bioactive ingredients used
in the test process and it has displayed the test result. In the instruction leaflet, there is a
section that explains how the test card tells users whether they have a positive, negative
or invalid test result. However, these explanations appear at the end of the leaflet, just
before the FAQs section in columns seven and eight. A more logical order would have been
for information about the test results to be labelled ‘Step 4’. The function of uploading a
photograph of the test card to the app could then have been labelled as an optional ‘Step 5'.
This new 'Step 5 would also need to give the user an explanation for why the photograph
of the test result should be uploaded to the app. In other words, the user should be given
the choice of taking or not taking a photograph of the test result that has appeared on the
test card. Instead, the instructions and current layout of the leaflet create the misleading
impression that the IT functions of the kit are an integral part of the testing process. The
true purposes of the IT functions are analysed below (Section 4.1.5). We also address the
risks that these pose.

4.1.2. The Ease of Using the Kit (the Relevant Headings in the Instruction Leaflet Are
Steps 1, 2 and 3)

After scanning the QR code on the test card, the user is told to remove the pre-filled
extraction tube from its packaging, hold it erect and tap the tube so that the ‘extraction
buffer settles at the bottom of the tube’. The user is warned to be careful not to spill the
contents of the pre-filled extraction tube—but no reason is given for this, so the user has no
way of knowing the critical nature of this instruction. The fluid in the tube contains the
reagent needed for testing the nasal sample. ‘Step 1’ then follows: it involves removing the
swab from its packet by holding the tail end opposite the swab head. The swab head goes
into the nostrils and so should not be touched because that could risk contamination. It is
rolled five times in each nostril to collect cell samples.
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Removing the swab from its package with one hand may be difficult if the user is
already holding the pre-filled extraction tube in the other hand. Thus, there is a risk of
spillage and contamination if the tube or swab are put down on a non-sterile surface. A
second person could help by holding the pre-filled extraction tube, but, if that person has
not washed and dried their hands thoroughly, there is another risk of contamination. In any
case, instructions about this alternative approach are not given in the leaflet; it is assumed
that the user is nimble.

‘Step 2" comes next. On removing the swab from the nostrils, the swab head is inserted
into the pre-filled extraction tube. The bottom of the tube needs to be pinched while the
swab stick is swirled ten times to ensure that the nasal sample mixes properly with the
pre-filled liquid. After that, the swab stick needs to be broken “at its breakpoint’, but this
point is hard to see. The lower half of the swab, with the swab head, remains inside the
tube. The top broken off part is placed into the disposable bag to be thrown away at the
end of the testing process.

Juggling these different tasks might not be so hard for an experienced user, but first-
time users risk spilling the tube’s contents, contaminating the swab head or not collecting
sufficient material from the nostrils. Nevertheless, supposing all has gone smoothly, the
swab head is now inside the pre-filled extraction tube, which is then sealed with the
attached cap. The test can now move to ‘Step 3’. The user is instructed to press the bottom
part of the tube and place two full drops of the liquid into the sample well at the far end of
the test card near the letter T (in Figure 2, the well is located on the far right of the image).
Within 10 to 15 min, a test result should appear in the test window.

Figure 2. The CoviSelf test card. (From the far left: the QR code, the control point C, the test point
T and the sample well for receiving the nasal mixture). Source: Ms Anusha Kesarkar-Gavankar,
photograph of 18 November 2021.

While waiting for the test results, the user can place all the discarded items into the
disposable bag and ‘disinfect all surfaces that the specimen may have touched’ in addition
to washing their hands after throwing the bag into household waste (bottom of column
six). Soap and water are the best disinfectants against the coronavirus, and soap is readily
available in Indian villages. However, what villagers might not know is that effective
cleaning requires the user to scrub their hands ‘for at least 20 s” [45].
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4.1.3. Reading the Test Result and the Clarity of the Leaflet’s Language (the Relevant
Headings in the Instruction Leaflet Are Positive Result, Negative Result and Invalid)

The user can read the results on the test card, which has two letters in the centre
beneath the test window: C and T. C is the ‘control’ point and T is the ‘detection’ point. If
the test result is positive, two lines appear in the test window located in the centre of the
card—one line next to the letter C and the second line next to T. The T line can be any shade
of pink or purple, but all shades, no matter how light, indicate a positive test result. If only
one line appears next to the letter C and there is no line next to the letter T, it means that the
test result is negative for the virus. If no line appears in the test window next to the letter C,
the result is invalid. The text should, however, clearly state that the test has failed.

The language in which the above information is expressed in the leaflet is complex
and technical. For example, in the case of a positive test result, the leaflet reads: ‘If both the
quality control line ‘C” and the detection line appear, novel coronavirus antigen has been
detected and the result is positive for antigen’. Antigen is not a well understood term in
most countries, and neither is the notion of ‘detection line” clear. However, the labels next
to the diagrams illustrating the appearance of a positive and negative result are better: the
“detection line” is described as the ‘T test line’.

If a negative test result appears, the ‘symptomatic” user is advised to immediately
proceed with an RTPCR test because ‘RAT][s] are likely to miss [a] few positive cases
presenting with a low viral load’. We have inserted the word ‘[a]” into this quotation
because, without it, the actual sentence says the opposite of what is intended. This problem
in the English language version of the leaflet does not, however, occur in the Hindi version.

The leaflet also uses inconsistent terminology that can confuse users. For example, the
test card is also called the test device or cassette, the pre-filled extraction tube is also called
the pre-filled buffer tube and the liquid in the tube is called an extraction buffer and the
antigen buffer.

4.1.4. How to Respond to the Test Results (the Relevant Headings in the Instruction Leaflet
Are Positive Result and Negative Result)

From the above account, it is obvious that the CoviSelf kit is a stand-alone device that
has the capacity to tell the user whether they are or are not infected with the COVID-19
virus. However, the kit contains another component—an IT factor, which is problematic
beyond our analysis of the misleading importance given to the app in the instruction leaflet
(see Section 4.1.1).

The leaflet states that all positive results are ‘true positives” and the user is advised
to follow ‘home isolation and care as per the ICMR and Ministry of Health and Family
Welfare protocol’. A website address with further instructions is provided for the user. All
users lacking access to the internet will be excluded from further information—and we are
speaking of millions of Indian citizens.

The advice is clearer in the case of a negative result. Here, the leaflet tells a user who
has symptoms but receives a negative result to isolate at home and get an RTPCR test
as soon as possible. Despite the misleading English language text explaining why more
testing is required (see Section 4.1.3), users are familiar with the acronym RTPCR because,
during the pandemic, such tests have become a routine procedure for hospital admissions.
Nevertheless, users may not see the point of having an RTPCR test if their CoviSelf test
results are negative. There is no compelling explanation in the leaflet to justify the expense
and inconvenience of visiting a clinic or hospital to get an RTPCR test. The leaflet only
states that a low viral load could mean that some positive cases are missed, but the words
‘low viral load” are not automatically meaningful to most readers, who will not know about
the science of virus testing.

More importantly, the user is not encouraged to take another self-administered test if the
first result is negative. If the viral load is low at the time of the first test, a second test could
pick up a true infection if the viral load has increased. There has now been considerable
research and experience to show that, in the words of Richard Hatchett, ‘the antigen tests
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are less sensitive if you give just one. But if you can do it in a sequential way, they become
cumulatively as sensitive as a PCR’ [46].

If the user is a villager, the advice to have a follow-up RTPCR test involves a time-
consuming and expensive trip to an urban medical institution (see Section 4.3.2 below).
‘Isolating at home” in the case of symptomatic individuals is also advice that is virtually
impossible to follow as, in most villages in India, a whole family lives in a single room. In
such cases, isolation at home actually increases the risk of all family members becoming in-
fected. More fundamentally, individuals interpret the word ‘symptomatic’ very differently
depending on their tolerance for risk. In India, recognizing the symptoms for COVID-19
is also difficult because the virus mimics the signs for many other illnesses—for example,
other respiratory conditions accounted for a total of about 15% of Indian deaths between
2010 and 2013 [47] and much higher levels of morbidity.

4.1.5. The Test Results and the Objectives of the ICMR (the Relevant Section in the
Instruction Leaflet Is Step 4)

Instructions about the IT component of the kit are stated at the beginning and end of
the leaflet. Prior to conducting the test, the user is asked to download the Mylab CoviSelf
app from either Google Play or the App Store; a mobile phone message is then received
asking the user to enter their personal details and scan the unique QR code printed on one
end of the test card (on the left hand side of the image in Figure 2). The personal details
are: name, age, gender, address, pin code, mobile and Indian ID number (or Aadhar card
number). Except for the Indian ID number, which is an ‘optional” detail, all the information
is stated as being ‘mandatory as per ICMR guidelines’. Once the user has completed these
tasks, they are ready to conduct the test. The result should appear within 15 min. The user
is then asked to take a photograph of the test result and ‘Wait for the App to analyse and
display your COVID-19 test results’.

There are two problems with these instructions. First, making the personal details
‘mandatory’ sounds ominous even if ICMR has no way of enforcing this. In Indian villages,
such statements are taken seriously (see Section 5 ‘Discussion” about ‘sarkar’). Secondly,
it is misleading to state that the test result for COVID-19 infection is being analysed by
the Mylab app. As already explained above, the result of the test appears within 15 min
on the test card. What the leaflet should be saying is that, once the test result has been
photographed, it is uploaded to Mylab records and then forwarded to the ICMR database,
which forms part of the records of the Government of India. Equally important, there is no
provision in the leaflet for the user to give their consent to sharing their personal details or
test results with the government.

The role of ICMR is only explained on the Mylab CoviSelf website, where there is a
section headed FAQs. From this, we can learn about the destination of the uploaded test
result in response to the following question: ‘What are the benefits of reporting the result
to ICMR?’ The following answer is given [48]:

ICMR is the regulatory body in India which is responsible for the curb of COVID-
19 pandemic along with other important regulatory bodies. Reporting the results
helps the body and authorities curb the spread of the disease. It thus becomes
our moral obligation to help ICMR by reporting our test result data.

It is significant that the above FAQ and answer do not appear in the user leaflet,
although the FAQ section in that leaflet takes up a total of 20 lines, suggesting that there
was enough space to include the five lines about the role of the ICMR database. Helping
the government to collect better records of COVID-19 infection is a worthy objective, but it
could end up being counterproductive to do so without the prior agreement of the user
(see Section 5 ‘Discussion’). Moreover, it is just as important to protect the right of Indian
citizens to keep their personal details private and their medical records confidential [49].

From the user’s perspective, is there any benefit to activating the IT component of
CoviSelf? The analytical methods of discourse analysis tell us that the answer to this
question depends on who the user is.
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After the user sends a photograph of the test result to the Mylab CoviSelf app (and ul-
timately to the ICMR) via their mobile phone, they receive a notification of their COVID-19
status. This can be beneficial for several reasons. First, it might reassure those users who
are uncertain about their reading of the results on their test card. The response from
the Mylab app gives them a statement about their test result, and this validation enables
them to act accordingly. Second, many middle-class Indians have used this statement as
evidence of their COVID-19 negative status when boarding domestic flights and entering
hotels. Such certification has enabled some professionals and holiday seekers to be mobile
inside India [50]. One hopes that such travellers have been cautious and only travelled
when they were asymptomatic. However, as already noted, everyone’s tolerance for, and
interpretation of, ‘symptoms’ differs.

These benefits are counterbalanced by the multiple problems that arise from trying
to use the IT components of CoviSelf. Many urban users have complained about the
difficulties (see Section 6 ‘Conclusions’). It is regrettable that the instruction leaflet conflates
the two components of CoviSelf, i.e., the test and the IT functions, because this gives
users the impression that the kit will not work without activating the IT features. In rural
India, the inadequate provision of healthcare services suggests that the potential value of a
self-administered COVID-19 RAT is high, but the IT component compromises the device’s
usefulness for the reasons we explain in the next two sections.

4.2. India’s Digital Divide

India’s digital divide is part of a global problem and influences the value of the CoviSelf
kit because it contains an IT feature. In 2002, the Secretary General of the UN spoke of the
digital divide as the widening gap between the ‘haves” and ‘have nots’ in accessing the new
information and communications technologies and the dangers this posed by excluding
the world’s poor from the ‘emerging knowledge-based global economy’ [51]. The key
technologies for such access were the internet and mobile phones. Two years earlier, UN
members agreed that one of the Millennial Goals was to ‘ensure that the benefits of new
technologies, especially information and communication technologies, are available to all’.
The data we have used to provide the general context for understanding the implications
of this digital divide for CoviSelf come from the following sources: the Indian press, a 2021
report by the Internet and Mobile Indian Association (hereafter IAMAI) and a court case by
the Software Freedom Law Centre before the Supreme Court of India in 2021.

4.2.1. The Indian Press

The phrase ‘Indian press reports about India’s digital divide’ revealed over 46 million hits
on the Google search engine. A report in 2019 from the Economic Times stated that India
had an estimated 450 million smart phone users and about 550 million users of ‘feature
phones’ [52]. A feature phone is defined by Kantar IMRB/MMA as ‘A mobile phone that
incorporates a fixed set of functions beyond voice calling and text messaging such as limited
web browsing and e-mail, ability to play music but generally cannot download apps from an
online market place’ [authors’ emphasis] [53]. Whilst most mobile feature phones allow users
to access the internet for entertainment, they typically lack the capacity to support complex
internet apps, such as the one used by CoviSelf. This places the innovative CoviSelf device
beyond the majority of Indians despite the hopes that Mylab has of reaching all citizens.

4.2.2. The Internet and Mobile Association of India (IAMAI) Report of 2021

A more fundamental problem is the unreliability of telecommunication signals in many
parts of India, especially rural areas [54]. The 2021 IAMAI report on internet usage in urban
and rural India shows unsurprisingly that states with relatively good telecommunications
infrastructure have a higher percentage of active internet users (hereafter AIUs) amongst
their population (e.g., 61% in Maharashtra) than states lacking such facilities (e.g., 24% in
Bihar) (Table 1). This reflects the level of urbanisation: 45% of Maharashtra’s population
live in towns and cities compared with 11% in Bihar [55]. For the whole of India, AIUs
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represent about 31% of the rural population compared with 67% percent of urban residents
(Table 1). The percentage of people who have what is often called ‘connectivity” in India
may be less than this as many AIUs might have more than one phone and more than one
internet account.

Table 1. Internet usage in urban and rural India in 2020 (based on active internet users (AIUs)).

Variables All India Urban Rural
Population in millions 1433 mil 485 mil 948 mil
Active internet users (AIUs) 622 323 299
% growth in AIUs during last 12 months 4 13
% of AIUs in urban/rural India 67 31
Top 9 cities” share of urban AIUs as a % 33

Share of AlUs in villages with populations over 1000 85
Highest usage state in India: Maharashtra with highest 61

% of AlUs relative to state population

Lowest usage state in India: Bihar with lowest % of 2

AlUs relative to state population

Ratio of male: female AIUs 57:43 58:42
% AlUs using mobiles 100 100
% AlUs using PCs 22 13
% AlUs using other, e.g., tablets, smart TVs etc. 7 5
Average duration of AIUs on internet in mins 115 99
% of AlUs using internet for entertainment 96 96
% of AlUs using internet for Communication 92 87
% of AlUs using internet for social media 84 79
% of AlUs using internet for net commerce 59 30
% of AlUs using internet for online Shopping 43 13
% AlUs texting & emailing 87 79
% of AlUs voice & video messaging 54 57

Source: Collated from Kantar, Internet Adoption in India: ICUBE 2020, Internet and Mobile Association of In-
dia/Kantar: Delhi, India, June 2021, (https:/ /images.assettype.com/afaqs/2021-06/b9a3220f-ae2f-43db-a0b4-3
6a372b243c4/KANTAR_ICUBE_2020_Report_C1.pdf, accessed on 20 February 2022).

4.2.3. Civil Society and the Supreme Court of India

The exclusion of the rural poor from internet access is well known within Indian
elite circles, yet, despite this, the Government of India created the CoWIN app in early
2021 to make it easier for Indian citizens to get appointments for vaccinations against
COVID-19. The idea behind this innovative app was to stop citizens standing in long
queues for vaccinations—thus saving time, reducing the risks of cross-infection and taking
the pressure off clinics, hospitals and vaccination centres. Unfortunately, when the new
system of appointments was announced on 18 April 2021, it also became mandatory for all
Indians aged from 18 to 44 to make online appointments via the COWIN app. The Software
Freedom Law Centre (hereafter SFLC) in New Delhi wrote to the Indian Ministry of Health
objecting to the mandate and, after being ignored, raised a Sou Moto case in the Supreme
Court of India against the ministry [56]. The SFLC argued that the CoWIN app [57] failed
to address the ‘digital exclusion” of Indians who lacked appropriate mobile phones and
internet access and it also failed to protect the privacy of citizens [58]. Justice Chandrachud
(Supreme Court) described the government’s assumptions behind the CoWIN portal as
‘far-fetched” and ‘exclusionary of the rural areas’ [59].
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The objections against the CoOWIN app (before the mandatory requirements were
removed) apply equally to the IT component of CoviSelf. However, there has been no
public outcry against CoviSelf because buying the device in India is a matter of personal
choice rather than something mandated by the state. Nevertheless, this should not blind
us to the fact that the digital divide deprives millions of citizens from the benefits of this
self-administered RAT. The government’s failure to address the needs of villagers in the
provision of self-administered RATs is inconsistent with its strong campaign to improve
rural hygiene since 2014 through the Swachh Bharat Mission to end, for example, open
defecation and the risk of faecal infection [47]. This contradiction in the government’s rural
development programs cannot be addressed in this paper because the topic is too large
and complex, but, in the following section, we consider the practicality of CoviSelf for
Indian villagers.

4.3. The Conditions of Life in Rural India

In extending the context in which to understand the benefits and limitations of Co-
viSelf, we have drawn on our own research published in peer-reviewed international
journals and books. Vicziany has published on the poverty and marginalisation of Dalits
(former “untouchables’) [60], the family planning program [61,62], food security [63-65],
Koli villages in Mumbeai [66] and rural health [29,43,47], including work on the potential
of point-of-care blood testing in villages [29,43]. Hardikar has reported extensively on
questions of rural poverty, co-authored work with Vicziany on poor farmers, agriculture
and health [29,43] and has published two books on India’s farming crisis [30,67].

4.3.1. Village Poverty and Employment

The bulk of our research has dealt with poor, semi-literate people in marginalised and
socio-economically disadvantaged households. Our most recent research in Wardha District
(Maharashtra) involved 36 in-depth interviews with farming groups defined by various
criteria: a high proportion of families living below the poverty line, households with very
little irrigated land, poor farmers, landless villagers and tribal or Dalit families [43]. Our
findings showed that poor rural households are preoccupied by three major concerns. Their
first priority is to secure a source of income through any kind of employment- even if
they farm; supplementary sources of income are important, in particular through short-
or long-term migration to urban centres. Those who remain in villages seek to diversify
their income locally—for example, by serving as government agents for the public food
distribution system, working as linesmen for electricity companies or providing local
taxi services.

Our understanding of the drivers of poverty in rural India and the constraints it im-
poses on the capacity of villagers to avail themselves of the benefits of modern technologies
was confirmed by the Supreme Court’s judgement in the COWIN case (see Section 4.2.3).
The judges noted that the minimum internet tariff plan would equal “4-5% of the month’s
income’ of urban and rural people living below the poverty line [68]. Accessing internet
data is, therefore, something that they cannot afford given that the poor are also heavily
indebted. The burden of poverty extends into all aspects of life, including the lack of
consumer power to buy the CoviSelf kit that retails for about Rs. 250. Given that the daily
wage for a farm labourer at the top end of the range of agricultural jobs (i.e., ploughing
and tilling) is about Rs. 365 [69], the cost of CoviSelf is equal to 68% of the daily wage that
sustains a whole family. For the unemployed and those living below the poverty line of
Rs 1316 and Rs 896 a month in urban and rural India, respectively [68], the expense of the
CoviSelf kit is unthinkable. Moreover, the benefits of all self-administered RATs are greater
if used more than once over a number of days to check the onset and end of infection. Such
costs are beyond the means of India’s poor whether they are marginal farmers, labourers,
the under-employed or the unemployed.

Our research on rural poverty is supported by other quantitative data showing that
27.9% of India’s population is suffering from multidimensional poverty [70], defined as
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multiple and overlapping conditions of deprivation. The MPI (multidimensional poverty
index) goes beyond previous attempts to measure poverty using simple headcounts and
monetary estimates of the poverty line. As a result, the MPI replaced the Human Poverty
Index (HPI) of the United Nations Development Programme in 2010. The data show that
interstate variations in poverty in India are stark and support our previous reference to the
large regional disparities between, for example, Maharashtra and Bihar. The proportion of
the population in these two states that is multidimensionally poor is 15% and 52%, respec-
tively [71]. Poverty weighs especially heavily on disadvantaged social groups throughout
India (such as the Dalits and tribal people), with five out of six Indians belonging to these
communities suffering from multidimensional poverty [72]. Rural economic insecurity
is the overall context in which we need to evaluate the practicality of CoviSelf, the af-
fordability of mobile phones and internet access and the future of self-administered RATs
for villagers.

4.3.2. Village Health and Diagnostic Medical Interventions

The second priority of Indian villagers is their health. India’s medical system is a
plural one, ranging from trained allopaths (i.e., doctors trained in the ‘western” medical
system) and Ayurdevic-Unani practitioners to herbalists, soothsayers, spirit men, midwives,
gurus, spiritual mediums and ‘quacks’. The Maharashtra Medical Association, for example,
has been engaged in a campaign to marginalise all but allopaths, yet the plurality remains
because there are insufficient allopaths willing to serve in rural areas. Even in states that
have seemingly adequate rural health infrastructure (such in Maharashtra), the human
resource constraints are serious. The result is that villagers bypass government rural
medical institutions and travel considerable distances to clinics and hospitals in or near
towns [43]. While this is costly, rural residents have the satisfaction of getting a more timely
and reliable diagnosis of their condition, a prescribed treatment regime and admission to
hospital in urgent cases.

The healthcare sector is now dominated by private services, with many hospitals
being part of larger systems of education involving private medical colleges. Providing
medical training and degrees has become a lucrative business in India and attracted
many entrepreneurs. The appearance of the private health sector has resulted in villagers
experiencing a medical revolution, with entrepreneurs working to make their hospitals
more accessible and affordable to the poor by offering ‘membership cards” and using their
political links to help residents in need of attention. In return, these entrepreneurs and
politicians are rewarded when their beneficiaries vote for them in elections [43].

Yet, despite this, the shortage of medical and health professionals in rural areas has
not been alleviated. The private entrepreneurs that have developed western based medical
institutions are urban based. In the government’s rural health infrastructure there are large
human resource shortfalls and vacancies relative to requirements [73]. At the village level
in India, health care is left to what can best be described as a pre-modern private sector.
One rare study reported that the village level private sector accounted for 68% of local
healthcare and that 75% of villages had at least one health care provider. However, of the
3373 providers surveyed, only 8% were allopaths with an MBBS qualification and 24%
were AYUSH providers with degrees in alternative medicine, namely in Ayurveda, Yoga,
Unani, Siddhi and Homeopathy. The remaining 68% lacked any formal training [74]. In
other words, the size of the private sector reflects the poor relationship that exists between
villagers and government funded institutions. It does not mean that the private sector
provides better health and medical services, even if these are more accessible.

For all the above reasons, villagers with life-threatening health problems go straight
to the nearest hospitals, even though these are expensive. ‘Free’ treatment in government
institutions, subsidised health care in the private sector and the support of an emerging
insurance system have failed to reduce the out-of-pocket (hereafter OoP) expenses for
inpatients and outpatients. Our study of the potential for point-of-care blood testing at the
village level showed that there are many potential rural innovators because OoP costs are
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too high. Of the 36 villagers we interviewed between 2017 and 2018, 61% were receptive to
the idea of introducing simple blood tests into their villages [43]—using bioactive paper,
such tests would require only a few drops of blood and allow villagers to avoid the many
costs incurred by travelling to town-based institutions. More generally, we discovered that
medical innovations do not come as surprises to Indian villagers; their receptivity to blood
tests at their doorsteps reflected their experience with modern medical practices, ranging
from complex procedures, such as liver transplants and transfusions for accidents through
to regular blood testing and treatment for genetic blood diseases [43].

Rural residents place a high value on their health, and, because of this, they are willing
to spend large amounts of money on medical diagnoses and treatments to address their
illnesses and increase their longevity. Many rural households go into debt to cover medical
expenses. There is no evidence in the available literature or our fieldwork to suggest
hesitancy arising from their distrust of modern medicine; rather, they may be distrustful of
the government institutions charged with the delivery of rural healthcare.

4.3.3. Village Religion and Modern Medicine

The third preoccupation of villagers is to ensure that their family and local religious
traditions are respected, including the worship of goddesses. The COVID-19 pandemic
has seen the proliferation of Corona goddesses. This could easily be misunderstood by
non-Indian observers thinking that here is a contemporary example of Indian fatalism and
attitudes opposed to allopathic medicine. However, our research showed that goddess
worship, including blood sacrifices to appease village and household deities, sat comfort-
ably alongside the demand for modern, scientific health interventions. One of the villagers
that we met explained that her husband had died of alcoholism despite the fact that a goat
had been sacrificed to the family deity on his birth. We asked her why the mother goddess,
Firasti-Aai, had not provided her husband with lifelong protection against ill fortune. She
exonerated the deity and blamed her husband:

He had good health but he brought it upon himself by drinking too much. How
is our deity responsible for that? [43].

Powerful religious beliefs, in other words, do not cancel out personal responsibility.
We found no evidence of any clash between local religious traditions and innovative
medical practices.

The prudent course of action for believers wishing to prolong their lives is to propitiate
the goddesses and simultaneously address their ill-health by resorting to appropriate
medical solutions. Since independence in 1947, Indian governments have also promoted
widespread immunisation for infectious diseases, and this has contributed to a decline
in death rates. However, despite great demand in rural India, the present pandemic has
been characterised by shortages of vaccines, oxygen, hospital beds, masks and drugs, such
as remdesivir. There has not been any cultural resistance to these measures. For most of
2020 and 2021, vaccinations against COVID-19 in rural India lagged seriously behind those
in urban areas, demonstrating the ‘urban bias’ that Indian development policies suffer
from. By mid-May 2021, only about 15% of rural residents had received at least one dose of
vaccine [75], partly because urban-rural disparities cause India’s cold chain to be unevenly
distributed [76]. By early 2022, however, the vaccination gap had closed thanks to a new
focus on villages, although urban—rural differences remain, with 79% of eligible urban
residents fully vaccinated compared with 69% of rural dwellers in late January 2022 [77].

5. Discussion

The unique status of the India-made, self-administered CoviSelf RAT kit is based on
official approval by ICMR. In the context of a pandemic, that places a special responsibility
on the government to ensure that this diagnostic device can benefit all Indian citizens. The
IT component of the kit fails this basic test because millions of people in India do not have
access to the internet and thus the app embedded in the CoviSelf kit is out of reach for
them. India’s digital divide has prevented universal internet access because there are too
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many poor households that lack the financial resources to buy sufficiently sophisticated
mobile phones or pay for online information. There is also the matter of the privacy of the
user for, as explained above, personal details are being entered into a Government of India
database without prior consent from the individual users of CoviSelf. These realities fly in
the face of Mylab’s objective of bringing CoviSelf to the ‘doorstep of every Indian ... any
citizen’, as stated in the company’s press release of 10 May 2021 [3].

Might the official approval of CoviSelf be defended by the argument that the privacy
of the poorest Indian citizens cannot be compromised if they are unable to download the
Mylab app or upload their test results?

Such a defence makes no sense for a number of reasons. First, villagers come and go
between villages and towns, and they might well purchase a CoviSelf kit thinking that
it will help to protect their families from infection. The poor are attracted to innovations
that hold out the promise of a better life, and unsuitable decisions can be made as a result.
Second, even if they cannot read the CoviSelf leaflet, villagers can go to a local ‘fixer’, who,
for a small fee, will read the leaflet and try to handle the IT component of CoviSelf on
their smart phone. This ‘solution” has been reported for rural residents accessing other
government apps [54]. Should this happen, the villager becomes caught up in all the
limitations of the kit. When the fixer follows the leaflet, the first thing they will read is
the instructions for downloading the Mylab app and the last thing they will read will be
about sending the image on the test card to Mylab. The fixer might not realise that the test
result is before them on the test card and that nothing further needs to be done to find out
whether the user has tested positive or negative for the virus.

The self-administered CoviSelf RAT kit, therefore, fails two tests of importance in the
world’s largest democracy: the right of all Indians to access new technologies approved by
the Indian government and the right to privacy. The IT component of CoviSelf carries an
additional risk, namely that it could create suspicion about the real purpose of this self-test
diagnostic device and also about other government-approved medical technologies. If
the government hopes to contain the spread of COVID-19 and harness self-administered
RATSs to that end, it should consider using local hospitals with good reputations in ru-
ral areas. For example, in Wardha District, we discovered that the Kasturba and Datta
Meghe Hospitals are highly regarded by villagers for their excellent services, including
rural outreach work [43]. It would not be difficult to involve the professionals from such
institutions in the promotion and use of CoviSelf. Such professional backing could also
help to disseminate more accurate information about the nature of COVID-19 and how
to avoid infection. Trusted health professionals could explain to villagers the health risks
posed by symptomless individuals who are nevertheless carrying COVID-19. Normally,
villagers do not seek diagnosis or treatment for symptomless family members, as we know
from the failures of the government’s anti-TB program [78].

The prerequisites for such outreach are twofold: make the kit free to all citizens and
remove the IT component. Given the multidimensional nature and extent of Indian poverty,
the first point is significant. The second point also matters if CoviSelf is to be trusted by
villagers. The present design of CoviSelf is likely to raise the suspicions of villagers: if
medical professionals are seen entering a villager’s personal details into a smart phone, it
would soon become widely known that the test result and private information were being
sent by Mylab to the Government of India. The Hindi word for government is ‘sarkar’,
and, amongst India’s poor, it inspires fear rather than confidence. For complex historical
reasons, ‘sarkar’ has never been a trusted institution in India. The fear would be not only
about the possible uses of such data but also anxiety regarding some kind of government
or police action in the event that they test positive.

6. Conclusions

Our evaluation of India’s first officially approved self-administered COVID-19 RAT
kit uses the framework of discourse analysis to ask whether CoviSelf is of any practical
value in rural India. Drawing on data from a wide range of qualitative, textual sources,
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we have identified a number of significant problems with the language of the instruction
leaflet and the assumptions it makes about the living conditions in rural India; specifically,
its promotion of the IT features of this diagnostic device betrays a lack of insight into why
India’s ‘have-nots” have been excluded from the information technology revolution.

The key lesson emerging from our evaluation is that, if CoviSelf is to be made more
practical and accessible to Indian villagers, the IT functions should be removed and the kit
made cost-free to users. Such changes would also automatically protect the privacy of the
user and their test result. The ambitions of Mylab could well be realised by such adjust-
ments, namely the production of a self-administered, Indian-made COVID-19 diagnostic
device for every Indian. In removing the embedded IT features of CoviSelf, the instruction
leaflet would need to be rewritten, and that would provide an opportunity to address the
other language problems that we found in the text.

Such changes would also help frustrated urban middle-class users whose struggles
with the kit are recorded on the Google Store website. Many users wrote that the kit was a
waste of money, some suggesting that it was a scam, others that the instructions were wrong
and that the test card was not working properly. One frustrated customer (Ramana G)
wrote on 1 November 2021 [79]:

T'had to take three tests and the result is still inconclusive, what is the problem.
The 1st test ... I couldn’t squiz [sic] the liquid onto sample level and I broke the
well bottom and the lines so I exited the App. But then I tried the second time
and did everything right and found that results were inconclusive as I scanned
later than 20 min... I tried third time and exactly waited for 15mins and it’s the
same problem.

Some three months later, another customer (Arjita Mukherjee) on the same web-
site commented:

I followed all instructions yet I didn’t receive my results. Just said Invalid Casette,
low server problem. Second, I understand that there might be server issue, then
what’s the point of keeping another 15 min time interval when the whole kit
gets invalid after 20 min. Just keep the test result appearance that’s it. Really
disappointed. The manual rtpcrs are far safe and better I suppose.

This kind of feedback allows us to predict a villager’s likely experience with CoviSelf
in its present form. The online customer reviews confirm our evaluation of the instructional
leaflet—namely that there are serious communication problems with the language in the
leaflet, the instructions to users and the IT features.

The potential for self-administered RATs in Indian villages, especially in the face of
the highly infectious Omicron strain, remains undiminished. The majority of Indians live
in rural areas where access to timely medical diagnosis, assistance and drugs is seriously
constrained. Modifying the CoviSelf kit to remove the limitations that we have identified in
this paper could assist with its equitable distribution as an effective, risk-minimising device
against galloping infections in villages. Richard Hatchett has given a prescient warning
at the height of the Omicron wave: ‘unpredictably, the virus appears to have the capacity
to become, essentially, a pandemic at any time ... access to diagnostics—and updated
diagnostics, are absolutely critical to managing an infectious disease crisis’ [46]. Given this,
the distribution of self-administered RATs such as CoviSelf should accompany vaccines
and anti-viral drugs as an essential part of India’s pandemic planning.
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Abstract: With a lung ultrasound (LUS) the typical findings are interstitial pneumonia. COVID-19
pneumonia is often manifested in sub-pleural areas, which is preferably detected by sonography.
An RT-PCR test cannot always ensure a safe differentiation of COVID-19- and non-diseased cases.
Clinically challenging is that a reliable and time efficient decision regarding COVID-19 suspects
requiring isolation. Therefore, this study was aimed at evaluating the significance of LUS in symp-
tomatic patients with COVID-19 suspicion at hospital admission. A total of 101 patients admitted to a
suspect ward with COVID-19-typical symptoms were assessed. All patients received prospectively a
standardized LUS at admission. Patients were classified as LUS-positive and -negative cases based on
a specific LUS score. The RT-PCR test in combination with the clinical findings served as a reference.
Correctly classified were 14/15 COVID-19 diseased suspects as LUS-positive (sensitivity: 93.3%).
Twenty-seven out of 61 non-positive cases were classified as false positive with LUS (specificity:
55.7%). In 34/35 patients who were assessed as LUS negative, no COVID-19 disease was detected
during the hospitalization. The PPV and NPV of the LUS were 34.1% and 97.1%. LUS is a valuable
tool in symptomatic patients for the assessment of COVID-19-disease. The high negative predictive
value of LUS is helpful to rule out the disease.

Keywords: lung ultrasound; COVID-19; POCUS

1. Introduction

The COVID-19 pandemic poses a major challenge to the health care system. Among
other things, the timely and safe differentiation between symptomatic patients with COVID-
19 disease and those not infected by Sars-COV-2, is a challenge particularly for hospitalized
patients. Due to the very non-specific symptoms such as fever, cough, cold, or unclear
infection parameters, a high number of patients without COVID-19 disease are admitted
to isolated COVID-wards. Especially elderly, often multi-morbid, patients are thereby
exposed to an additional risk of infection, and treatment of their underlying disease and
comorbidities might be delayed. To this end, medical resources are tied up in such cases,
and this increases the strain upon the health care system in a pandemic situation.

With currently available testing methods, notably the RT-PCR test, the absence of
Sars-Cov2 infection can only identified correctly and expeditiously to a limited extent. The
false negative rate of the RT-PCR test is being reported up to 38% [1], which can arise as a
result of poor sampling quality, improper collection, or unfavorable transport conditions [2].
Furthermore, due to limited test capacities, results can be delayed for several days, or
positive test results might be present only after the second or third sample [3]. Therefore,
a single negative RT-PCR test result on respiratory specimens is insufficient to rule out
COVID-19 disease [4-6].

Symptomatic COVID-19 disease is dominantly associated with pneumonia. For
imaging and monitoring of those, chest X-Ray (CXR) is of minor importance compared
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with computed tomography (CT) because of missing specificity [7]. Lung CT of COVID-19
pneumonia shows typical findings of interstitial pneumonia with a sensitivity of 94% [8]. It
is recommended in case of urgent COVID-19 suspicion and a negative RT-PCR. However,
the examination is not practicable as an incoming screening examination due to high patient
volume in a pandemic situation, transport problems, hygiene guidelines, and associated
radiation exposure.

The lung ultrasound is becoming a more and more important point-of-care imaging
modality in the differential diagnostics of pulmonary and pleural diseases [9]. In the case
of interstitial pneumonia, typical ultrasound findings such as an irregular or fragmented
pleural line, B-lines, white lung syndrome (WLS), or consolidations can be collected [10].
Since COVID-19 pneumonia manifests mainly peripheral/subpleural, an ideal prerequisite
for the use of LUS is available [11]. Early stages of pneumonia can be detected with
ultrasound, and the findings correlate well with those by computed tomography [12-14].
Due to its portability, LUS allows bedside imaging in absence of radiation and could be
a valuable diagnostic screening tool for the early detection or exclusion of patients with
Sars-COV-2 infections.

Therefore, this study is aimed to investigate the significance of LUS in symptomatic
patients with COVID-19 suspicion at the time of hospitalization. For this, the diagnostic
value of a lung ultrasound with reference to the RT-PCR test with the clinical findings
was determined.

2. Materials and Methods
2.1. Patients

In the period from April to June 2020, patients with clinical suspicion of COVID-19
disease underwent prospective and standardized LUS after admission to the COVID-19-
suspect ward of the SRH Wald-Klinikum Gera. The symptoms for inclusion were cough,
dyspnea, unclear fever (>38 °C), as well as an increase in laboratory infection parameters
(CrP > 10 mg/L; PCT > 0.5 mg/L). Patient characteristics were separately documented
from the digitally stored patient data after anonymization. These included ages, gender,
symptoms, computed tomography of the chest (if done), and laboratory findings, as well
as secondary diseases.

Inclusion criteria were an age over 18 years, no pregnancy, and LUS examination
within 48 h after hospital admission. Exclusion was performed in need of immediate ICU
transfer and an uncooperative condition.

2.2. Lung Ultrasound Examination

All examinations were carried out by one experienced LUS investigator with a back-
ground of six years in thoracic and vascular surgery with daily practice of general and lung
sonography. The examiner received prior to the study a general LUS training according to
EFSUMB and AIUM recommendations and COVID-19 specific online training.

The systematic LUS examination was performed bedside on six thoracic areas of the
right (R) and left (L) hemi-thorax in an insulating room at the COVID-suspect ward.

The investigation was conducted on the basis of international recommendations for
COVID-19 lung ultrasound examination [15,16]. Herein the probe was placed onto the
intercostal place to ensure imaging without rib shadowing. The investigator scanned for
suspicious or pathological LUS feature within each areal.

The following chest areas were investigated:

R/L 1: on mid-clavicular line below the clavicula;

R/L 2: on mid-clavicular line next to internipple line;

R/L 3: on mid axillary line above the internipple line;

R/L 4: on mid axillary line below the internipple line;

R/L 5: on paravertebral line below the scapula (sitting);
R/L 6: on paravertebral line above the diaphragm (sitting).
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The examinations were performed with a clinical sonography scanner (LOGIQ/VENUE,
GE HealthCare, Solingen, Germany) using a linear probe (9L) or in obese patients with a
convex probe (C1-5). The scanner specific lung ultrasound pre-set was used with a median
MI of 1.1 (0.8-1.2) and TIS of 0.1 (0.0-0.2). The operator adjusted the placement of the
single focus onto the pleural line. LUS frames of five seconds were initially recorded from
each areal to ensure the monitoring of at least one breath cycle. The video sequences
were evaluated blindly by two LUS experienced investigators (FW, HG) independent of
each other, and without knowledge of patients” condition including the RT-PCR status.
In the case of different assessments, a third clinician (TL) was consulted for consensus
formation. The definitive classification of all 12 lung areas was carried out by means of a
lung score of 0-3 based on the international COVID-19 LUS scoring system according to
Soldati et al. [16]:

e  Score 0: inconspicuous continuous pleural line, possible A-lines, visible or invisible
B-lines in a number < 3 per field of view;

e Score 1: B-lines (number > 3) or white lung syndrome (WLS), irregular pleural line or
when pleura appears as thickened on sonography (thickened pleural);
Score 2: pleural fragmentation with possible sub-pleural small consolidations (<1 cm);
Score 3: larger consolidation >1 cm with or without aero-bronchogram.

Patients were classified as “LUS-COVID-positive” if a score of 2 or 3 was present in
one area out of 12. A classification as “LUS-COVID-negative” was made when a score of 0
or 1 was found throughout all areas. The patient was excluded from the study if more than
one area was missing or could not be assessed.

2.3. RT-PCR Reference

The patients suspected for COVID-19 disease already received a RT-PCR test in the
emergency department (ED) at admission. In the case of negative test results and continued
symptomatic course, a repeated RT-PCR test was carried out by sampling an irritant sputum
or throat rinse water. As soon as a positive single test was present during the course of the
disease, the patient was classified as “COVID-19-diseased”. All RT-PCR tests were carried
out by SYNLAB Medical Care Center Gera (SYNLAB MVZ, Weiden, Germany). A “first
RT-PCR” test was defined if taken and successfully analyzed at the ED in the moment of
admission. Out of 76 included cases a first RT-PCR test was successfully performed on
68 cases. Four RT-PCR samples could not be evaluated due to material defects and four
patients were admitted to the COVID-19 ward due to a positive ambulatory COVID-19 test
without detailed documentation.

2.4. Statistical Analysis

The statistical analysis was performed using MedCalc (Vers. 19.1.7 Medcalc LTD,
Ostend, Belgium). Quantitative variables are presented as median and Inter Quartile Range
(25th percentile, 75th percentile), and categorical as counts and proportion. Statistical
evaluation was performed on the categorical variables with the Fisher’s Exact-Boschloo
test, and on continuous data with Mann-Whitney U tests. The tests’ power was estimated
based on the resulting counts [17]. In addition, sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and diagnostic accuracy were evaluated
for the LUS score, first RT-PCR Test, and in a combination of both. The positive count for
combination of LUS and RT-PCR test was made when an LUS-COVID-positive or positive
first RT-PCR test result was present. The estimates are reported with 95% confidence
interval (CI). A two-sided p-value < 0.05 was defined as significant.

3. Results
3.1. Patient Characteristics

A total of 101 patients with clinical suspicion of COVID-19 disease were examined
using LUS. After excluding 25 cases, 76 patients were included for the study. A summary
of studies patient selection is shown in Figure 1.
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recruited Patients

Excluded
- LUS examination not within 48 h
- LUS incomplete, or inadequat
- incooperative patients

completed LUS Patients

LUS-COVID-negative LUS-COVID-positive

first RT-PCR Test

Figure 1. Flow chart of the patient selection and classification according to the lung ultrasound and
reference standard.

Baseline characteristics, secondary diseases and clinical symptoms of the study pa-
tients are presented in Table 1. The median age was 75.5 years. Both genders were almost
equally distributed (male 48.7% and female 51.3%). The median length of stay on the
COVID-19 suspect ward was 4.7 days for all patients, 2.4 days for non-COVID-19-diseased
and 13.9 days for COVID-19-diseased patients. In 15 (19.7%) of the patients, COVID-19
disease was finally diagnosed, in 61 patients (80.3%) COVID-19 disease had been excluded
after the end of the diagnostics. With regard to the incidence of fever, cough, or dyspnea
as well as blood gases pO, and pCO,, no differences were found between COVID-19 and
non-COVID-19-diseased patients (p > 0.05). The loss of taste and/or sense of smell were
found significantly more commonly found among patients with confirmed COVID-19
disease (p = 0.047). No significant difference with regard to the secondary diseases was
present between non- and COVID-19-diseased cases.
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Table 1. Baseline characteristics of the study patients with secondary diseases and clinical symptoms.

Variables Patients COVID-19-Diseased Non-COVID-19 Diseased
N=76 N =15 (19.7%) N = 61 (80.3%)
75.5 83 74
Age, years (68 to 81) (58 to 89) (68 to 81) 0.56
Sex
Male 37 (48.7%) 8 (53.3%) 29 (47.5%) 0.78
Female 39 (51.3%) 7 (46.7%) 32 (52.5%)
Secondary diseases
o Yes 61 (80.3%) 11 (73.3%) 50 (82.0%)
Cardiac diseases No 15 (19.7%) 4(26.7%) 11 (18.0%) 0.48
. Yes 26 (34.2%) 5 (33.3 %) 21 (34.4%)
Pulmonary diseases No 50 (65.8%) 10 (66.7%) 40 (65.6%) 10
, , Yes 26 (34.2%) 5 (33.3%) 21 (34.4%)
Diabetes mellitus No 50 (65.8%) 10 (66.7%) 40 (65.6%) 1.0
. Yes 60 (78.9%) 11 (73.3 %) 49 (80.3%)
Hypertension No 16 (21.1%) 4(26.7%) 12 (19.7%) 0.72
Symptoms at hospital admission
. - Yes 38 (50.0%) 8 (53.3%) 30 (49.2%) o8
ever on intake No 38 (50.0%) 7 (46.7%) 31 (50.8%) :
Yes 32 (42.1%) 8 (53.3%) 24 (39.3%)
Cough No 44 (57.9%) 7 (46.7%) 37 (60.7%) 0.39
Yes 39 (51.3%) 8 (53.3%) 31 (50.8%)
Dyspnea No 37 (48.7%) 7 (46.7%) 30 (49.2%) 1.00
Loss of taste and /or Yes 5(6.6%) 3 (20.0%) 2 (3.3%) <0.05
sense of smell No 71 (93.4%) 12 (80.0%) 59 (96.7%) ’

A p-value < 0.05 was defined as significant.

3.2. Diagnostic Value of Lung Ultrasound and in Combination with RT-PCR Test

The LUS examination was performed at the COVID-suspect ward within a median
time delay of 18 h 5 min (9 h 48 min-23 h 30 min) after admission to the hospital’s
ED. Fourteen out of the fifteen COVID-19-diseased patients were classified LUS-COVID-
positive (sensitivity: 93.3%; CI: 68.1% to 99.8%). Of 61 non-COVID-19-diseased patients,
27 LUS-COVID-positive cases were false-positive classified with LUS (specificity: 55.7%;
CI: 42.5% to 68.5%). In 34 patients who were assessed as negative by LUS (LUS-COVID-
negative), no COVID-19 disease was detected in the further course of the hospitalization.
One patient was classified LUS-COVID-negative in the presence of COVID-19 disease
and therefore judged to be false-negative. This patient was admitted with symptomatic
cough and an increased infection parameter (CrP = 47 mg/L) due to a fracture from an
external, not COVID-19 treating, hospital. No fever or dyspnea and lung infiltrations on
CXR were present.

The positive and negative predictive value (PPV, NPV) of the LUS was 34.2% (CIL:
27.5% to 41.5%) and 97.1% (CI: 83.5% to 99.6%), respectively. The first RT-PCR test, carried
out at hospital admission such as in the ED (68 of 72 RT-PCR tests), showed a sensitivity of
90.9% (CI: 58.7% to 99.8%), a specificity of 100% (CI: 93.7% to 100%), resulting in a PPV
of 100% and an NPV of 98.3% (CI: 89.8% to 99.7%). Until a reliable result was available,
approximately 2.1 (CL: 1.9 to 2.3) RT-PCR tests were performed, therefore non-COVID-19-
diseased patients were discharged from the COVID-19 ward after 2.4 days (CI: 2.0 to 2.9).
The result of the first RT-PCR test combined with the LUS-COVID classification, revealed
a sensitivity of 100% (CI: 71.5% to 100%) and thus a negative predictive value of 100%
(Table 2).
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Table 2. Diagnostic significance of LUS score classification, first RT-PCR test, and in combination of both in COVID-19

suspected patients.

Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Accuracy (%)
LUS 93.3 55.7 34.2 97.1 63.2
First RT-PCR test 90.9 100 100 98.3 98.5
Combination of LUS and first 100 56.14 306 100 632

RT-PCR test

LUS, lung ultrasound; PPV, positive predictive value; NPV, negative predictive value.

3.3. Pathological Lung Ultrasound Findings

More than two B-lines, white lung syndrome, pleural fragmentation, and consolida-
tions were found significantly more frequently in COVID-19-diseased than in non-COVID-
19-diseased patients. When COVID-19 was present, more than two B-lines appear in all
patients, WLS in 66.7%, subpleural consolidation in 53.3%, and pleural fragmentation in
93.3%. COVID-19 patients were significantly more often classified as LUS-COVID-positive
than non-COVID-19-diseased cases (93.3% vs. 44.3%, p < 0.01). For COVID-19-diseased
patients an LUS score of 3 was found in 53.3%, a score of 2 in 40%, whereas only one
patient (1.6%) showed an LUS score 1, characterized by a thickened pleural line in three
areas and increased B-lines in two areas. Pleural effusion was found more frequently in
non-COVID-19-diseased (23%) than in COVID-19-diseased (6.7%) patients which revealed
no statistical significance. A summary of LUS score and pathological findings are presented
in Table 3.

Table 3. Classification results and lung ultrasound characteristics of study patients.

Non-
Test All Counts — COVID-S- oyipgg.  p-Value
% Column Diseased .
Diseased

LUS COVID-positive 41 (53.9%) 14 (93.3%) 27 (44.3%)
LUS COVID-negative 35 (46.1%) 1(6.7%) 34 (55.7%) <0.01
First RT-PCR test -positive 10 (14.7%) 10 (90.9%) 0 (0%)

“negative 58 (85.3%) 1(9.1%) 57 (100%) <0.01
LUS & first RT-PCR -positive 36 (52.9%) 11 (100%) 25 (43.9%)

negative 32 (47.1%) 0 (0%) 32 (56.1%) <0.01
LUS Score N=76 N=15 N =61 4
Score 0 1(1.3%) 0 (0%) 1(1.6%) 1.00
Score 1 34 (44.7%) 1(6.7%) 33 (54.1%) <0.01
Score 2 17 (22.4%) 6 (40.0%) 11 (18.0%) 0.1
Score 3 4. (31.6%) 8 (53.3%) 16 (26.2%) <0.05
Pathological LUS sign
B Lines >3 61 (80.3%) 15 (100%) 46 (75.4%) <0.05*
White Lung 32 (42.1%) 10 (66.7%) 22 (36.1%) <0.05
Thickened Pleura 75 (98.7%) 15 (100%) 60 (98.4%) 1
Fragmented Pleura 40 (52.6%) 14 (93.3%) 26 (42.6%) <0.01
Consolidation 24 (31.6%) 8 (53.3%) 16 (26.2%) <0.05
Pleural Effusion 15 (19.7%) 1(6.7%) 14 (23.0%) 017

A p-value < 0.05 was defined as significant, * indicate Fischer’s exact test with zero counts, see limitation.

The most common LUS findings in non-COVID-19-diseased patients were thickened
pleura (98.4%), increased B-lines (75.4%), and a pleural fragmentation (42.6%). Subpleural
consolidation as a typical finding in interstitial pneumonia was shown in 26.2%. LUS scores
of 3 and 2 were present in 26.2% and 18.0%, respectively. An LUS score 1 was significantly
more common in non-COVID-19-diseased than in COVID-19-diseased patients (54.1%
vs. 6.7%).

Non-pathological, aerated lung in all areas (score 0) was not present in all COVID-19-
diseased, and in only one non-COVID-19-diseased (1.6%) patient, which was not significant.
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4. Discussion

We were able to show that the early lung ultrasound examination of inpatient admis-
sion provides a diagnostic gain and is valuable in the clarification of Sars-COV-2 suspected
patients at hospital admission. With LUS, 93.3% of the COVID-19-positive cases could be
classified correctly. In 97.1% of the LUS-negative cases, no COVID-19 disease was present.
The NPV increases to 100% when the LUS findings are combined with the first RT-PCR
test, carried out at hospital admission.

In contrast, symptomatic screening (fever, cough, dyspnea, blood gas) is insufficient,
as our baseline characteristic shows. COVID-19 specific symptoms are slightly more
frequently found on diseased patients, which was not significant. Although the loss of
taste and smell is a significant symptom it is not applicable for screening due to the low
incidence (6.8%).

The duration on a COVID suspect ward (2.4 days) for non-COVID-19-diseased cases
is signally inappropriate, causing a delay of therapy, risk of infection, and an unnecessary
consumption of resources. The RT-PCR test shows a valuable diagnostic accuracy for
the study specific cohort of symptomatic suspects at hospital admission. However, the
LUS provides a higher sensitivity than the first RT-PCR test, but with a much lower
specificity. Using LUS in combination with an RT-PCR test could help reducing the isolation
time on a suspect ward, and therefore reduce the strain on the health care system in a
pandemic situation.

The specificity of the LUS examination is low (55.7%), as the sonographic findings
are not only COVID-19 specific. Such pathological LUS signs can occur in other disease-
causing interstitial pneumonia, or are present due to underlying chronical lung disease, as
frequently found in patients requiring hospitalization. Therefore, LUS cannot provide an
etiological diagnosis. Comparable results were found in a recent study by Sorlini et al. [18],
reporting a sensitivity and specificity of 92.0% and 64.9%, respectively. The higher speci-
ficity can be explained by the higher prevalence of the COVID-19 disease (74.7%) in the
cohort studied.

In addition, Volpicelli et al. [19] reported an LUS sensitivity of 90.2% and specificity
of 50.5% investigating early LUS under various inclusion criteria. Narinx et al. [20] found
an LUS sensitivity of 93.3% and specificity of 21.3% for patients at ED admission. Highly
interesting, is the work of Pivetta et al. [21], with a high LUS sensitivity (94.4%) and
specificity (95%). In contrast to our work, all the above studies classified the appearance
of increased B Lines and WLS as a COVID-19 related LUS sign, which would represent a
score of 1 in our study. This choice, different inclusion criteria, and the clinical situation of
the LUS examiner being aware of the patients” condition (not blinded), might explain the
high specificity found by Pivetta et al. However, these studies in addition to our results,
demonstrate the potential of LUS, but also the need for a deeper definition of COVID-19
specific LUS features and for an appropriate definition of inclusion criteria.

The LUS score classification has a decisive influence on the test results of the LUS. A
lower cut off, that includes score 1 to be LUS-COVID-positive, leads to a high sensitivity
and high false positive rate. LUS as an early diagnostic method of non-COVID-19 diseased
cases should be focused on the exclusion of the disease to avoid hospital admission. Our
chosen cut off provides a justifiable NPV, which is to our knowledge the highest one
reported so far. Therefore, we recommend expressing suspicion of COVID-19 disease only
with an LUS score of >2 (Figure 2) for patients in early hospital admission. In our study,
a high prevalence of cardiac disease (82%) and hypertension (80%) were present in the
non-COVID-19-disease group, which are often associated with increased lung water. These
underlying pathologies frequently manifest pathological LUS artefacts such as B-lines and
WLS (score 1) [9].
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(a (b)

Figure 2. Lung ultrasonography image of a patient with COVID-19 disease: (a) pronounced fragmentation of the pleural

line and small subpleural consolidations (according to LUS score 2) and (b) lung ultrasonography image of a patient

with COVID-19 disease. Thickened pleural line with irregularity and a large consolidation with air bronchogram (arrow;

according to LUS score 3). Corresponding video frames are available online (Supplementary Videos S1 and S2).

When assessing LUS findings, the presentation of clinical symptoms as well as the
stage of the disease should be considered. There is likely to be a weak correlation between
the severity of symptoms and the specificity of LUS signs. As found in studies with
non-critical and mild symptomatic COVID-19 patients, the characteristic sonographic
manifestations show increased numbers of B-lines as well as sub-pleural consolidation [22].
In our experience with hospitalized symptomatic patients, sub-pleural consolidations and
pleural fragmentation are more typical LUS findings in the presence of COVID-19, even if
detected in only one lung areal.

Furthermore, the timing of the ultrasound examination with regard to the disease
stage, impacts the availability of the LUS features. If applied at the recovery stage, patho-
logical LUS findings may be diminished. Thereby, the false negative case in our study
could be explained. The patient was admitted from the local hospital due to a fracture and
cough. The COVID-19 disease might already have been in remission, which was further
indicated by the negative CXR that showed an absence of lung infiltration.

During COVID-19 disease, the histopathological features may vary and coexist, depen-
dent upon the time-point in disease evolution, and the severity of disease [23]. Different
phases of the alveolar damage were described, such as pre-exudative, exudative, organiz-
ing, and fibrotic phases. We believe that the LUS features can correspond approximately
to the histopathological phases. Sonographic appearance of thickened pleura and in-
creased B-line counts are signs at the onset of the disease, whilst pleural fragmentation and
consolidations occur more frequently in the later stages.

Herein it was noticed that linear probes visualize pleural irregularities more clearly
than curved probes, and therefore represent our first choice.

One unspecific LUS finding, is the pleural effusion which was initially considered as
a pathological COVID-19 finding [24]. However, as found in this study, pleural effusion
was more frequently present in non-COVID-19-diseased patients and appeared only in one
COVID-19-positive case, which confirms the findings of other studies [14,25].

The limitations of our study are primarily the low number of cases. The results
should be verified on a larger patient sample size. However, a sufficient power (>0.8) was
estimated for exact testing, based on the proportions found in the study. The significance
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found for pathological B-Lines should be considered with caution, due to instability of
Fischer’s exact test when zero counts are present [26].

In order to optimize the triage of incoming symptomatic patients in need for hospital-
ization, early LUS should be recommended for use in the ED. Despite the relatively long
inclusion criteria of 48h after admission, most of the LUS exams were performed within the
first day (median delay 18 h). A corresponding prospective study is recommended. The
evaluation of the LUS findings and the classification into a score system are subjective and
examiner dependent. Using a retrospective assessment by three experienced LUS clinicians,
we have tried to minimize this subjective influence. The study included patients with
clinical symptoms or infection parameters that led to hospitalization. Whether patients in
the outpatient setting with low symptoms also have the described LUS findings, cannot be
answered with the present study.

5. Conclusions

The manifestation of COVID-19 pneumonia in the peripheral/subpleural lung areas,
is an ideal condition for the application of LUS. Point-of-care ultrasound of the lung in
patients with suspected COVID-19 disease should play a key role at the initial examination.
The high negative predictive value of LUS is helpful for the exclusion of the infection and
is further improved in combination with a simultaneous negative RT-PCR test. LUS can
be helpful to minimize the risk of COVID-19 infection due to unfounded admission to
COVID-19 wards.
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Abstract: Point-of-care lung ultrasound (LUS) is an attractive alternative to chest X-ray (CXR), but its
diagnostic accuracy compared to CXR has not been well studied in coronavirus disease 2019 (COVID-
19) patients. We conducted a prospective observational study to assess the correlation between LUS
and CXR findings in COVID-19 patients. Ninety-six patients with a clinical diagnosis of COVID-19
underwent an LUS exam and CXR upon presentation. Physicians blinded to the CXR findings
performed all LUS exams. Detection of pulmonary infiltrates by CXR versus LUS was compared
between patients categorized as suspected or confirmed COVID-19 based on reverse transcriptase-
polymerase chain reaction. Sensitivities and correlation by Kappa statistic were calculated between
LUS and CXR. LUS detected pulmonary infiltrates more often than CXR in both suspected and
confirmed COVID-19 subjects. The most common LUS abnormalities were discrete B-lines, confluent
B-lines, and small subpleural consolidations. Most important, LUS detected unilateral or bilateral
pulmonary infiltrates in 55% of subjects with a normal CXR. Substantial agreement was demonstrated
between LUS and CXR for normal, unilateral or bilateral findings (K = 0.48 (95% CI 0.34 to 0.63)).
In patients with suspected or confirmed COVID-19, LUS detected pulmonary infiltrates more often
than CXR, including more than half of the patients with a normal CXR.

Keywords: ultrasound; imaging; X-ray; chest; diagnosis; SARS

1. Introduction

Diagnosing coronavirus disease 2019 (COVID-19), the disease caused by the novel
coronavirus SARS-CoV2, has been a major challenge as the pandemic has spread rapidly
across the globe. Most patients present with nonspecific symptoms, including fever, cough,
dyspnea, myalgias, and headache [1], that are indistinguishable from other respiratory
infections. To confirm the disease in suspected patients, clinicians most often order reverse
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transcriptase-polymerase chain reaction (PCR) testing, but PCR testing has limited avail-
ability, relatively high false negative rates early in the course of the disease, and a delay of
a few hours to days for results to be obtained [2,3].

Diagnostic imaging is being used to support a diagnosis of COVID-19 by detection
of pulmonary infiltrates in suspected patients. Chest computed tomography (CT) scans
have demonstrated superior diagnostic sensitivity for detecting pulmonary infiltrates in
COVID-19 compared to chest X-ray (CXR) with reported sensitivity of 97-98% after 6 days
of symptoms [2-5]. Though sensitive for pulmonary infiltrates, obtaining chest CT scans
in all suspected COVID-19 patients is impracticable due to limited access to CT scanners
worldwide and infection control requirements for disinfecting CT scanners. The American
College of Radiology has recommended against routine use of CT scans for evaluating
patients with suspected COVID-19 [6]. For these reasons, CXR and lung ultrasound (LUS)
have been the primary imaging modalities used in the diagnosis of COVID-19 worldwide.
CXRs can be obtained rapidly with minimal radiation exposure to patients, but have low
sensitivity (46-69%) for detecting pulmonary infiltrates in COVID-19 patients [7,8].

Lung ultrasound (LUS) is an attractive alternative to CXRs and CT scans in COVID-19.
Point-of-care or bedside LUS has several unique advantages in COVID-19, including im-
mediate availability of findings to guide clinical decision-making, availability of portable
ultrasound devices in austere settings such as field hospitals, repeatability to monitor
patients serially, and ease of machine decontamination. Studies in non-COVID-19 patients
have shown LUS has superior sensitivity (95% (95% CI 92-96%) vs. 49% (40-58%)) and
similar specificity (94% (CI 90-97%) vs. 92% (CI 86-95%)) compared to CXRs when us-
ing chest CT scan as the gold standard [9]. Several recent studies have described lung
ultrasound patterns in COVID-19 [10-16], but few studies have compared the diagnostic
accuracy of LUS versus CXR for identifying lung abnormalities [17,18]. The objective of
this study was to assess the correlation of LUS and CXR for detecting pulmonary infiltrates
in COVID-19 patients.

2. Materials and Methods
2.1. The Study Design and Subjects

A prospective observational study of consecutive patients presenting with a clinical
diagnosis of COVID-19 during the first COVID-19 surge in Spain was conducted from
March 18, 2020 to April 5, 2020. The setting was an emergency department of a 247-
bed university-affiliated teaching hospital in Madrid, Spain. Subjects were eligible for
enrolment if they were an adult (age >18 years) and had a clinical diagnosis of COVID-19
based on classic symptoms of COVID-19 (fever, chills, cough, shortness of breath, sore
throat, headache, myalgias, anosmia, ageusia, or diarrhea), close contact with an individual
with active COVID-19, and abnormal laboratory findings (lymphopenia, elevated c-reactive
protein, lactate dehydrogenase, D-dimer, and liver transaminases).

During the first surge of the COVID-19 pandemic in Spain in March of 2020, SARS-
CoV-2 PCR testing had limited availability, and test results were delayed by 24-72 h. PCR
test results of study subjects were not known at the time of study enrolment. During data
analysis, subjects were categorized as having “confirmed” COVID-19 defined by a positive
PCR test result or “suspected” COVID-19 defined by either a negative PCR test result or
nonperformance of PCR testing.

After informing subjects about the study objectives and minimal risks, verbal consent
was obtained and documented in the electronic medical record. Written consent using
paper was not feasible due to the risk of fomite transmission of SARS-CoV-2 to study
personnel. This study complied with the Declaration of Helsinki and was approved by the
local ethics committee and hospital research committee (PI 64/20).

2.2. Lung Ultrasound Exam

A bedside LUS exam was performed on each subject by one of two physicians with
expertise in point-of-care ultrasound (M.M.G., E].T.M.). Both physician sonographers
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performed an LUS exam on all subjects who were clinically diagnosed with COVID-19
by an attending physician in the emergency department. The LUS exam was performed
independent of the evaluation by the attending physician in the emergency department.
Both physician sonographers were blinded to each patient’s history, laboratory results, and
radiographic images and were not directly involved in the patient’s care. PCR test results
were not available until 24-72 h after presentation and were not known at the time of the
LUS exam.

Two portable ultrasound machines with curvilinear transducers (Mindray M9 (Shen-
zhen, China) and Esaote MyLab Omega (Genoa, Italy)) were used. The ultrasound machine
and transducer were covered with plastic cling film during each exam. The physician sono-
graphers wore N-95/FFP2 masks, impermeable gowns, and two pairs of gloves. Despite
the use of personal protective equipment, the physician sonographers were required to
stand behind the subjects when performing the LUS exam to avoid face-to-face contact
and minimize the risk of viral transmission. The chest wall skin was cleaned with an
alcohol-based antiseptic solution before each LUS exam.

The LUS protocol included 5 zones per hemithorax—three posterior zones (superior,
middle, and inferior) and two lateral zones along the mid-axillary line (superior and
inferior) (Figure 1). A total of 10 zones were scanned per patient. Pathological LUS findings
have been previously described [10,11,16]. LUS findings were categorized as normal,
discrete B-lines (3 or more B-lines per rib interspace), confluent B-lines, small subpleural
consolidations (<3 cm), and lobar consolidations (Figure 2). LUS findings were recorded as
video clips and written descriptions were entered into a database.

A LW B Sn

‘s
\ll .1

Figure 1. Lung Ultrasound Exam Points. (A) After identifying the diaphragm, the transducer was
slide cephalad to image the inferior, middle, and superior zones of the posterior chest. (B) Along the
mid-axillary line, the inferior and superior lung zones of the lateral chest were imaged.

Rib :> Alines
—
Shadow

Normal

Figure 2. Characteristic Lung Lesions in coronavirus disease 2019 (COVID-19). (A) Normal lung
ultrasound is defined by visualization of pleural sliding and A-lines. (B) Discrete B-lines are indi-
vidual hyperechoic, laser-like artifacts the emanate from the pleural line and are due to increased
interstitial fluid in the acute setting. Discrete B-lines are typically the first sign of COVID-19. (C)
Fused or confluent B-lines are seen when individual B-lines coalesce as interstitial fluid increases. (D)
Subpleural consolidations are typically small (<3 cm) areas of consolidation that are seen just below
the pleural line.

2.3. Chest Radiographs

All CXRs were obtained by a radiology technician and interpreted by a board-certified
radiologist. Two CXR views (posterior-anterior and lateral) were taken in the radiology
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department. The final CXR report was entered into a database for comparison with the LUS
findings. A blinded third investigator with ultrasound expertise (G.G.C.) compared the LUS
and CXR findings reported by the two physician sonographers and radiologists, respectively.

2.4. Statistical Analysis

Subjects were categorized as having suspected or confirmed COVID-19 based on the
PCR testing as stated above. CXR and LUS findings were classified into three ordinal
categories for each diagnostic method—disease absent (normal lung), unilateral pulmonary
infiltrates, and bilateral pulmonary infiltrates. Agreement between the two diagnostic
methods was calculated using the weighted Kappa statistic using the ordinal classification
system. The Kappa statistic was interpreted as follows—0.20 to 0.45 moderate agreement,
0.45 to 0.75 substantial agreement, and 0.75 to 1.0 perfect agreement [19]. Sensitivity of
each method was calculated, and compared using the McNemar test. Statistical analyses
were performed using the frequency (FREQ) procedure in SAS (v.9.4. Cary, NC, USA: SAS
Institute Inc.; 2014).

3. Results

One hundred and one subjects were enrolled in the study. Five subjects were excluded
(three were pregnant and could not receive a CXR; two had alternative diagnoses found).
Data were analyzed from a total 96 subjects with a clinical diagnosis of COVID-19.

Characteristics of the subjects are presented in Table 1. The median age of all subjects
was 48 years and half were women. The most common comorbidities were hypertension,
obesity, asthma, and diabetes mellitus. A majority of subjects presented with fever, cough,
and dyspnea. A greater proportion of suspected COVID-19 subjects presented <7 days
whereas more confirmed COVID-19 subjects presented >7 days. Compared to suspected
COVID-19 patients, the confirmed COVID-19 subjects had a significantly lower oxygen
saturation, elevated C-reactive protein, elevated lactate dehydrogenase, and lower lym-
phocyte count. Most confirmed COVID-19 subjects (81%) were hospitalized while most
suspected COVID-19 subjects (94%) were discharged home with close monitoring.

LUS detected pulmonary infiltrates in more subjects than CXR (81% vs. 63%) with
a greater difference among subjects with suspected COVID-19 (70% vs. 40%) versus
confirmed COVID-19 (95% vs. 91%) (Figure 3). Among the subjects with a normal CXR
but abnormal LUS exam, 20 subjects (55%) had pulmonary infiltrates detectable by LUS
(Figure 4). Furthermore, most of these subjects (n = 12) had bilateral infiltrates that were
seen on LUS but not on CXR (Figure S1). On the contrary, among the subjects with a normal
LUS exam but abnormal CXR, only two had pulmonary infiltrates detected on CXR which
were described as “doubtful” or “minimal” infiltrates in the medial or left basilar lung
fields per the radiologist’s official report (Figure 4).

I Pulmonary infiltrates W No infiltrates M Pulmonary infiltrates. No infiltrates
100% 100%
n=41
0% iv’h) 0% (95%)
it /)
n=37
o oo% (70%)
0% 0%
20% 20%
o o%
Suspected (Contirmad Total Suspactod Coatimed Total
n=96 n=96
Chest Radiography Lung Ultrasound

Figure 3. Chest X-ray and Lung Ultrasound for Detection of Pulmonary Infiltrates. The number of
suspected or confirmed COVID-19 subjects (1) with or without pulmonary infiltrates detected by
chest X-ray or lung ultrasound is demonstrated. In both suspected and confirmed COVID-19 subjects,
lung ultrasound was able to detect pulmonary infiltrates more often than chest radiography.
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Table 1. Characteristics of Subjects with Suspected and Confirmed COVID-19.

Suspected

Confirmed

Total

Characteristic 1 =531 (%) =431 (%) =961 (%) p-Value
Gender 0.105
Male 22 (41.5) 25 (58.1) 47 (49.0)
Female 31 (58.5) 18 (41.9) 49 (51.0)
Age 0.092
Median years (IQR) 47 (40.0-56.5) 51 (41.0-64.0) 48 (41.0-58.0)
<30 5(9.4) 0(0.0) 5(5.2)
30-39 8(15.1) 6 (14.0) 14 (14.6)
40-49 18 (34.0) 14 (32.5) 32(33.3)
50-59 13 (24.5) 9(20.9) 22 (22.9)
60-69 7 (13.2) 8(18.6) 15 (15.7)
70-79 2(3.8) 5(11.7) 7(7.3)
>80 0(0.0) 1(2.3) 1(1.0)
Ethnicity 0.433
Caucasian 28 (52.8) 29 (67.4) 57 (59.4)
Latin American 17 (32.1) 11 (25.6) 28 (29.2)
African 5(9.4) 3(7.0) 8(8.3)
Asian 2(3.8) 0(0.0) 2(2.1)
Other 1(1.9) 0(0.0) 1 (1.0)
Comorbidities
Hypertension 14 (32.6) 12 (22.6) 26 (27.1) 0.277
Obesity 11 (25.6) 9 (17.0) 20 (20.8) 0.302
Asthma 7 (16.3) 5(9.4) 12 (12.5) 0.313
Diabetes mellitus 4(9.3) 4(7.5) 8 (8.3) 0.757
Coronary artery disease 1(2.3) 2(3.8) 3(3.1) 0.685
iﬁfﬁ?&ig’;gﬁgx 123) 2(3.8) 3(3.1) 0.685
Bronchitis 1(2.3) 0(0.0) 1 (1.0) 0.264
Human
immunodeficiency 1(2.3) 0(0.0) 1(1.0) 0.264
virus
Other 4(9.3) 1(1.9) 5(5.2) 0.104
Symptoms
Fever 43 (81.1) 38 (88.4) 81 (84.4) 0.331
Cough 42 (79.2) 37 (86.0) 79 (82.3) 0.385
Dyspnea 28 (52.8) 30 (69.8) 58 (60.4) 0.092
Myalgia 19 (35.8) 11 (25.6) 30 (31.3) 0.280
Diarrhea 11 (20.8) 9(20.9) 20 (20.8) 0.983
Headache 10 (18.9) 2 (16.7) 12 (12.5) 0.036
Sore throat 7 (13.2) 3(7.0) 10 (10.4) 0.320
Other 3(5.7) 1(2.3) 44.2) 0416

51



Diagnostics 2021, 11, 373

Table 1. Cont.

Suspected

Confirmed

Total

Characteristic n =53 n (%) n =43 n (%) n=96n (%) p-Value
Days of Symptoms
Median days (IQR) 6.0 (3.0-9.5) 7.0 (5.0-10.0) 7.0 (4.0-10.0) 0.080
<7 days 31 (58.5) 13 (30.2) 44 (45.8) 0.006
>7 days 22 (41.5) 30 (57.7) 52 (54.2)
Oxygen Saturation
Median % (IQR) 98.0 (96-99) 95.0 (94-97) 97.0 (95-98) <0.001
Lung Physical
Examination 0-285
Normal 25 (47.2) 25 (58.1) 50 (52.1)
Abnormal 28 (52.8) 18 (41.9) 46 (47.9)
Laboratory Data,
median (IQR)
Leukocytes (1 =73)
(103 /uL) 6.1(5.4-8.2) 6.8 (5.3-8.4) 6.5 (5.4-8.2) 0.696
Lymphocytes (1 = 73)
(x10° /uL) 1.6 (1.2-1.9) 1.2 (0.8-1.4) 1.4 (1.0-1.7) <0.001
LDH (n=71)
(NI=120-240 U/L) 208 (160-226) 248 (208-310) 220 (184-275) 0.001
CRP (n=73) (N1 <5
26 (5.0-48.0 51 (28.7-113.2 41 (12.5-91.5 0.001
me/L) ( ) ( ) ( )
D-dimer (1 = 68) (NI < x . g
500 ng,/mL) 455 (350-700) 535 (405-1052) 500 (370-757.5) 0.170
Chest X-ray
Normal 32 (60.3) 4(9.3) 36 (37.5) <0.001
Alveolar infiltrate 15 (28.3) 36 (83.7) 51 (53.1) <0.001
Interstitial infiltrate 9(17.0) 12 (27.9) 21 (21.9) 0.198
Other 1(1.9) 2 (4.7) 3(3.1) 0.439
Lung Ultrasound
Findings
Normal 16 (30.2) 2(4.7) 18 (18.8) 0.001
Discrete B-lines 37 (69.8) 41 (95.3) 78 (81.3) 0.001
Confluent B-lines 19 (35.8) 29 (67.4) 48 (50.0) 0.002
Small Subpleural
Consolidations (<3 cm) 18 (34.0) 23 (53.5) 41 (42.7) 0.054
Large Consolidations
(>3 cm) 2(3.8) 0 2(2.1) 0.198
Pleural effusion 1(1.9) 1(2.3) 2(2.1) 0.881
Other 1(1.9) 1(2.3) 2(2.1) 0.881
Disposition <0.001
Hospitalized 3(5.7) 35 (81.4) 38 (39.6)
Home with Close 50 (94.3) 8 (18.6) 58 (60.4)

Follow-up

IQR, interquartile range; LDH, lactate dehydrogenase; CRP, C-reactive protein.
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Figure 4. Correlation of Chest X-ray and Lung Ultrasound in Detection of Pulmonary Infiltrates.
The number of subjects (1) and agreement between chest X-ray and lung ultrasound is shown for
(A) all cases, (B) suspected COVID-19 cases, and (C) confirmed COVID-19 cases. Lung ultrasound
detected pulmonary infiltrates in 20 subjects with a normal chest X-ray, whereas chest X-ray detected
pulmonary infiltrates in 2 subjects with a normal LUS exam.

The types of LUS and CXR findings are shown in Table 1. More suspected COVID-19
subjects had a normal LUS and CXR compared to those with confirmed disease. Among
all 78 subjects with LUS abnormalities, all subjects had discrete B-lines with pleural line
irregularities. Half of all subjects had confluent B-lines and 43% had small subpleural
consolidations (<3 cm). In confirmed COVID-19 subjects, alveolar infiltrates on CXR
and discrete or confluent B-lines on LUS were more often seen compared to those with
suspected COVID-19.

The distribution of pulmonary infiltrates detected by LUS versus CXR in suspected
and confirmed COVID-19 subjects is shown in Figure 5 (Tables S1 and S2). LUS detected
pulmonary infiltrates compared to CXR in a greater proportion of subjects in both the right
(77% vs. 57%) and left lungs (67% vs. 58%). Regarding specific lung lobes, LUS detected
pulmonary infiltrates more often than CXR in all lung lobes with the greatest differences in
the right middle lobe (62% vs. 32%), right lower lobe (65% vs. 46%), and left upper lobe
(52% vs. 35%). In all lung lobes, pulmonary infiltrates were detected more frequently in
confirmed versus suspected COVID-19 subjects by either LUS or CXR.

Total
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ness nee3
s 11 m 2 1
(eex) HBEN em) geow)  @W e0%
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o 2 9 N sy
(19%)  (56%) Loped (36%) 12%)
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ez ff MERN con s1o%) [ NENE o)
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s 2 R 2 a7 w0 s st
Pror AL ML) @ o el oroy UM @ @8% 6% o)
Right Lung Left Lung Right Lung Left Lung
=55 =56 n=74 =64
(57.3%) (58.3%) (77.4%) (66.7%)
2 n w 35 3 2 3
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2 3 7 .
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Figure 5. Distribution of Pulmonary Infiltrates Detected by Chest X-ray vs. Lung Ultrasound. The
number of subjects (1) with confirmed or suspected COVID-19 who had pulmonary infiltrates
detected in the upper, middle, or lower lobes of the right and left lung is demonstrated.
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The correlation between LUS and CXR was assessed by weighted Kappa statistic
(Figure S2). A substantial level of agreement was demonstrated between LUS and CXR
for normal, unilateral or bilateral pulmonary infiltrates (K = 0.48 (95% CI 0.34 to 0.63)),
as defined by Munoz et al. [19]. Comparing normal versus abnormal LUS and CXR, the
Kappa statistic similarly showed substantial agreement (K = 0.46 (95% CI 0.28 to 0.63)). LUS
was more sensitive than CXR for detecting pulmonary infiltrates (81% vs. 63%; p = 0.002)
using the McNemar test.

4. Discussion

We reported the findings of a large prospective study assessing the correlation of LUS
and CXR for detection of pulmonary infiltrates in noncritically ill COVID-19 patients. A
substantial level of agreement was demonstrated between LUS and CXR, and LUS detected
pulmonary infiltrates more frequently compared to CXR in all subjects. Most importantly,
among the subjects with a negative CXR, abnormalities were detected by LUS in more than
half of these subjects.

Confirming a diagnosis of COVID-19 by laboratory testing or diagnostic imaging
is challenging, especially early in the course of the disease. PCR testing is limited by
availability, high false negative rate (sensitivity 65-83%), and delays in test positivity (mean
5.1 days) [2-5]. In one study, PCR test results turned positive in 21% of patients after
two consecutive negative results [20]. In our study, PCR test results were not available
until 24-72 h after presentation and were unknown when the LUS exam and CXR were
performed. Among the diagnostic imaging modalities, chest CT scan has been reported
to have the highest sensitivity (97-98%) [2-5]. However, obtaining chest CT scans on all
patients with suspected COVID-19 is impracticable during a pandemic when resources
are limited, and most of the world’s population lacks access to CT imaging [21]. Thus,
clinicians have had to rely primarily on CXRs and LUS to detect pulmonary infiltrates to
support a clinical diagnosis of COVID-19.

The LUS findings in COVID-19 have been well described in several reports [10-16].
However, only two small case series have reported both CXR and LUS findings in COVID-
19 patients, but neither study directly compared CXR and LUS findings nor assessed
the correlation of the two imaging tests [17,18]. In our study, all patients underwent
both LUS and CXR upon presentation that were interpreted by blinded experts. We
demonstrated a substantial level of agreement between LUS and CXR, but LUS had a
higher sensitivity for detecting pulmonary infiltrates compared to CXR (81% vs. 63%).
Our findings are consistent with another study reporting the sensitivity of CXR (69%) in
COVID-19 patients [8]. Similar sensitivity of LUS (85%) was reported in a meta-analysis of
non-COVID pneumonia studies comparing LUS to CXR or chest CT scans [22].

A key finding of our study was the ability of LUS to detect pulmonary infiltrates
in more than half of the subjects with a normal CXR. Furthermore, one-third of these
subjects had bilateral findings on LUS that were not seen on CXR (Figure S1). On the
contrary, only two subjects had lung infiltrates reported on CXR that were not seen on
LUS; however, the radiologist’s official report commented that these were “doubtful” or
“minimal” infiltrates. Based on our findings, institutions with trained clinicians can develop
protocols that include LUS as part of the initial bedside evaluation of suspected COVID-19
patients. Though not assessed in our study, bedside detection of pulmonary infiltrates by
LUS has the potential to guide triage and treatment decisions as new therapies emerge.

In our study, disposition decisions about hospital admission versus close monitor-
ing at home were determined using a hospital protocol independent of the LUS find-
ings. However, a few points deserve mention from our post-hoc analysis of disposition
(Tables S3 and S4). First, subjects with a normal CXR or LUS were more often discharged
home. Second, though COVID-19 PCR test results were not known at the time of pre-
sentation, more confirmed versus suspected COVID-19 subjects were admitted to the
hospital versus discharged home (81% vs. 15%). Most importantly, LUS detected more
unilateral (25% vs. 17%) or bilateral pulmonary infiltrates (42% vs. 19%) compared to CXR
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in suspected COVID-19 subjects that were safely discharged home. Whether LUS is overly
sensitive for detecting pulmonary infiltrates that could lead to unnecessary admission of
individuals that could be safely monitored at home is an important question to address in
future studies.

We recognize that our study has limitations. First, PCR testing could only be per-
formed on approximately half of subjects in our study because laboratory testing supplies
were extremely limited during the initial surge of the COVID-19 pandemic in Madrid.
However, given the high false negative rates of early PCR test kits and the 24-72 h delay in
obtaining PCR test results, a clinical diagnosis of COVID-19 was typically made based on
close contact and supportive laboratory findings. Second, due to concerns of healthcare
workers contracting COVID-19, a rapid and focused LUS exam was performed with the
physician sonographer standing behind the patient and interrogating the posterior and lat-
eral chest walls. Recent publications have recommended standardization of LUS protocols
in COVID-19 to foster pooling of data from multiple institutions in future studies [14,23].
Third, chest CT scans could not be obtained in all patients with suspected COVID-19 due
to limited hospital resources, and only three subjects underwent a chest CT scan.

5. Conclusions

In summary, LUS findings correlated well with those of CXR in patients with suspected
or confirmed COVID-19. Lung ultrasound was able to detect pulmonary infiltrates in more
than half of patients with a normal CXR. Thus, a LUS exam may be performed at the
bedside as the initial diagnostic imaging test in patients with COVID-19. Future studies are
needed to evaluate the use of a standardized LUS protocol on triage decisions and health
services of patients with suspected COVID-19.

Supplementary Materials: The following are available online at https://www.mdpi.com/2075-4
418/11/2/373/s1, Figure S1: Comparison of Normal, Unilateral and Bilateral Infiltrates on Chest
X-ray and Lung Ultrasound. The agreement be-tween chest X-ray and lung ultrasound is shown for
(A) all cases, (B) suspected COVID-19 cases, and (C) confirmed COVID-19 cases. Lung ultrasound
detected bilateral pulmonary infiltrates in a substantial proportion of subjects with either a normal or
unilateral infiltrates on chest X-ray, Figure S2: Correlation of Lung Ultrasound and Chest X-ray in
COVID-19. (A) This plot shows the correlation of findings for normal, unilateral, or bilateral disease.
(B) This plot shows the correlations between normal and any disease. The darkest areas indicate exact
agreement between LUS and CXR, lightest areas indicate partial or no agreement between LUS and
CXR. The 45-degree line above the intersection of the middle rectangles indicates that LUS (plotted
vertically) detects more disease than does CXR (plotted horizontally), Table S1: Number of lobes
with pulmonary infiltrates detected by chest radiograph stratified by the suspected and confirmed
groups of patients with COVID-19, Table S2: Number of lobes with pulmonary infiltrates detected
by lung ultrasound stratified by the suspected and confirmed groups of patients with COVID-19,
Table S3: Detection of pulmonary infiltrates (none, unilateral, or bilateral) by lung ultrasound versus
disposition to discharge home in all, suspected, and confirmed patients with COVID-19, Table S4:
Detection of pulmonary infiltrates (none, unilateral, or bilateral) by chest X-ray versus disposition to
discharge home in all, suspected, and confirmed patients with COVID-19.
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Abstract: Mobile health (mHealth) technologies have been identified as promising strategies for
improving access to healthcare delivery and patient outcomes. However, the extent of availability and
use of mHealth among healthcare professionals in Ghana is not known. The study’s main objective
was to examine the availability and use of mHealth for disease diagnosis and treatment support
by healthcare professionals in the Ashanti Region of Ghana. A cross-sectional survey was carried
out among 285 healthcare professionals across 100 primary healthcare clinics in the Ashanti Region
with an adopted survey tool. We obtained data on the participants” background, available health
infrastructure, healthcare workforce competency, ownership of a mobile wireless device, usefulness
of mHealth, ease of use of mHealth, user satisfaction, and behavioural intention to use mHealth.
Descriptive statistics were conducted to characterise healthcare professionals’ demographics and
clinical features. Multivariate logistic regression analysis was performed to explore the influence of
the demographic factors on the availability and use of mHealth for disease diagnosis and treatment
support. STATA version 15 was used to complete all the statistical analyses. Out of the 285 healthcare
professionals, 64.91% indicated that mHealth is available to them, while 35.08% have no access to
mHealth. Of the 185 healthcare professionals who have access to mHealth, 98.4% are currently using
mHealth to support healthcare delivery. Logistic regression model analysis significantly (p < 0.05)
identified that factors such as the availability of mobile wireless devices, phone calls, text messages,
and mobile apps are associated with HIV, TB, medication adherence, clinic appointments, and others.
There is a significant association between the availability of mobile wireless devices, text messages,
phone calls, mobile apps, and their use for disease diagnosis and treatment compliance from the
chi-square test analysis. The findings demonstrate a low level of mHealth use for disease diagnosis
and treatment support by healthcare professionals at rural clinics. We encourage policymakers to
promote the implementation of mHealth in rural clinics.

Keywords: mHealth applications; disease diagnosis; treatment support; sub-Saharan Africa

1. Introduction

Sub-Saharan African (SSA) countries, including Ghana, are confronted with a double
burden of communicable and non-communicable diseases [1,2]. They also have weak
healthcare systems, which has been exacerbated by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic [1,3-5]. In addition, poor access to healthcare
due to insufficient healthcare infrastructure, poor road networks, long-distance travel to
health facilities, inadequate health education, lack of financial resources, insufficiently
trained health professionals, and many others also further weaken healthcare systems [6,7].
The government of Ghana (GoG) has committed to improving the digitisation of healthcare
systems, training and posting many skilled health professionals to rural communities, and
expanding mobile networks to rural Ghana [8].
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Digitisation of healthcare systems such as mobile health (mHealth) technologies and
applications have been identified as promising strategies for improving access to healthcare
delivery and patient outcomes [9,10]. Mobile health technology is defined as mobile devices,
their various components, and other related technologies in healthcare delivery [11,12].
These applications have been shown to provide a cost-effective, convenient, and broadly
accessible modality to implement population-level health interventions [13]. In Ghana,
mobile phones’” availability and utilisation as of 2018 was reported to be about 52% and
is expected to increase steadily [14]. The high rate of mobile phone penetration and
its innovativeness could become a promising tool to enhance healthcare provision and
bridge the inequalities of healthcare accessibility [15-17]. Mobile phone adoption and
acceptability are disproportionately high in resource-limited settings [18]. Thus, mHealth
applications can address healthcare disparities among hard-to-reach populations to help
achieve universal health for all [19].

Studies in some low- and middle-income countries (LMICs) have indicated that,
in this era of SARS-CoV-2, digital health technologies such as mHealth applications have
been utilised for screening, diagnosis, risk assessment, tracking of real-time transmissions,
and others in all settings [20,21]. The use of mHealth applications could reduce the
spread of SARS-CoV-2 and other infectious diseases in overcrowded emergency rooms
and improve patient care [19-23]. With the advent of mHealth, patients with chronic
diseases could be managed and treated remotely instead of visiting the hospital in-person.
Others with acute disease conditions could also be screened and diagnosed remotely with
these mHealth applications rather than visiting the overcrowded emergency rooms. This
could minimise their risk of contracting SARS-CoV-2 and other infectious diseases in this
current condition. Mobile health applications have also been deployed to support disease
surveillance, medication, and treatment adherence, improve communication between
clinical staff and their patients, appointment reminders, etc., [24-28].

Despite these significant challenges and the limited resources in Ghana, mHealth
interventions’ potential in playing a massive transformative role in healthcare provision
has received considerable attention [29,30]. Considering the prospects of mHealth appli-
cations in resource-limited settings, we conducted a cross-sectional study to determine
the availability and use of mHealth applications for disease diagnosis and treatment sup-
port by health workers in the Ashanti Region of Ghana. This research focused on the
availability of mHealth infrastructure, clinical staff competence, mHealth for diagnostics
and treatment, usefulness, ease of use, user satisfaction, and behavioural intention to use
mHealth. It is envisaged that the findings of this study will be beneficial to the GoG,
donors, non-governmental organisations in health, development partners, and others for
improving the quality of healthcare provision by integrating mHealth applications into the
normal clinical flow. It is also anticipated that our findings will assist the GoG and other
similar settings to implement and sustain digital technologies such as mHealth to promote
universal health coverage.

2. Methods
2.1. Study Design and Participants

A cross-sectional survey was conducted in primary healthcare facilities in the Ashanti
Region of Ghana. The researchers conducted this survey to examine the availability
and use of mHealth applications for disease diagnosis and treatment support by health
professionals in the Ashanti Region of Ghana. In this survey, the participants are healthcare
professionals who are highly trained clinical staff such as clinicians, nurses, laboratory
scientists, pharmacists, physiotherapists, radiologists, and others mandated to provide
healthcare services to the public. Healthcare professionals across 100 health facilities gave
written consent to take part in this survey. A few participants were assisted in answering
the questionnaire, while the majority answered them independently. All the participants
were working in healthcare facilities in the Ashanti Region of Ghana during our survey.
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2.2. Study Setting

The Ashanti Region is located in the middle part of Ghana (Figure 1). According to
the 2010 population census, this region has over 4.70 million inhabitants with a growth rate
of 2.7% and is described as Ghana'’s business hub [31]. It is projected to reach 9.5 million
inhabitants in 2040, according to the Ghana Statistical Service 2012 report [32]. This region is
the most populated part of Ghana and has several healthcare facilities that cover the entire
region [33]. This region is one area with a high prevalence of several communicable and
non-communicable diseases in Ghana. For instance, it has the second-highest prevalence
rate of non-communicable diseases such as hypertension, stroke, diabetes, cancer, and
others in Ghana [34-37]. Although this area is the most populated region in Ghana, it is
one of the regions with the lowest tuberculosis prevalence rates [38]. Ashanti Region is
one of Ghana’s numerous areas with poor healthcare access, especially for people living
in poor-resource settings. There are relatively moderate levels of accessibility to general
primary healthcare; accessibility to healthcare services remains deficient in several rural
districts in this region [39,40]. This is primarily due to the uneven distribution of healthcare
facilities since most healthcare facilities are concentrated in urban and semi-urban areas,
with few in rural communities [41].
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Figure 1. Map of Ashanti Region of Ghana.

2.3. Sampling Method

We obtained a list of 530 primary healthcare facilities from the Ashanti Regional Health
Directorate (RHD) of the Ghana Health Service (GHS) [33]. The researchers randomly
selected 100 primary healthcare facilities from all 43 districts in the region. Because
there are many healthcare facilities across the entire region, 100 healthcare facilities were
chosen to ensure comprehensive study coverage. To guarantee the uniformity of sampled
primary healthcare facilities in all 43 districts, the following approach was employed:
the primary healthcare facilities were first stratified into 43 strata, with each stratum
denoting a district in the region. The 530 primary healthcare facilities were grouped into
four categories: 167 health centres, 154 clinics, 180 sub-district hospitals, and 29 district
hospitals. Probability proportionate to size (PPS) was then used to determine the proportion
of healthcare facilities from each stratum and category with the formula: nh = (Nh/N) x n,
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where nh represents the sample size for each stratum h; Nh represents population size
for each stratum h; N represents the total population; and n denotes the total sample size.
A purposive sampling technique was used to select all the district hospitals. Based on
this, 29 hospitals were selected from Category 1, 30 clinics from Category 2, 28 clinics from
Category 3, and 13 clinics from Category 4. We also used proportionate stratification to
obtain the total number of primary healthcare facilities selected from the four groups in
each of the 43 strata. After that, a simple random sampling technique was employed to
select all the 100 healthcare facilities for this study (File S1).

2.4. Data Collection and Instruments

The researchers adopted the survey tool from studies conducted by Bauer et al. (2014),
Bauer et al. (2017), and Abu-Dalbouch (2013) to match our study population, settings,
and study aim [42]. The cross-sectional survey tool (File S2) was piloted in eight health
centres and clinics in the Ashanti Region and modified to suit the local context based on the
respondents’ feedback. This pilot study was conducted to ensure the validity, reliability, and
precision of data and remove all forms of ambiguity from the survey tool. We collected data
on the category of health professionals, type of facility, number of healthcare professionals,
number of patients seen per week, available healthcare infrastructure, healthcare workforce
competence, ownership of mobile wireless devices, the usefulness of mHealth, ease of
use of mHealth, user satisfaction, and behavioural intention to use mHealth. Data were
surveyed and collected by the researcher and three trained research assistants.

2.5. Ethics Statement

This study was given full ethical clearance from the Biomedical Research Ethics
Committee from the University of KwaZulu-Natal (Approval No. BREC/00000202/2019)
and Ghana Health Service Ethics Review Committee (Approval No. GHS-ERC006/11/19).
Regional clearance and recruitment site clearance of participants were obtained before
the data collection commenced. All study participants were given written consent forms
explaining the study’s objective, and they signed the informed consent forms prior to
their participation.

2.6. Outcome Measures

The study focused on examining the availability of mHealth technologies for disease
diagnosis and treatment support by health professionals in the Ashanti Region of Ghana.
The analysis of this study examined two outcome measures.

The first outcome was the availability of mHealth for disease diagnosis and treatment
support which stemmed from the question: “Are there mHealth interventions available in
this facility to support healthcare delivery?” A binary response (yes/no) was captured.

The second outcome was the use of mHealth applications for disease diagnosis and
treatment support, which stemmed from the question: “What do you use mHealth in-
terventions for?” Responses were captured on four options: find health information,
disease diagnosis, treat and manage disease conditions, and treat and monitor patients’
health conditions.

2.7. Explanatory Variables

e Demographics assessed whether age, sex, categories of health professionals, type of
health facility, the total number of healthcare professionals, and the number of patients
who visit the facility per week influenced the availability and use of mHealth.

e  Availability of health infrastructure assessed whether health infrastructure availability
facilitated the availability of mHealth for diagnostics and treatment support.

e  Healthcare workforce competency assessed whether their level of knowledge influ-
enced the availability and use of mHealth for disease diagnosis and treatment support.

e Owning a mobile phone or having a mobile phone assessed whether mobile phone
ownership facilitated the use of mHealth for diagnostics and treatment support.
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o  The usefulness of mHealth assessed whether the benefits of mHealth applications
facilitated mHealth for diagnostics and treatment support.

e  Ease of use of mHealth assessed whether the easiness of using mHealth facilitated
mHealth for diagnostics and treatment support.

e User satisfaction of mHealth assessed whether the user satisfaction facilitated mHealth
for diagnostics and treatment support.

e  Behavioural intention to use mHealth assessed whether behavioural intention to use
mHealth facilitated mHealth for diagnostics and treatment support.

2.8. Data Management and Analysis

The completed questionnaires were screened and reviewed by the principal investiga-
tor to complete and correct all discrepancies. Data were then captured into a passworded
excel spreadsheet. After data cleaning and verification, the data were exported into STATA
version 15 which was developed by StataCorp in California, USA. Descriptive statistics
such as frequencies, percentages, means, and standard deviations characterise health work-
ers’ demographics and clinical features. They were then presented in tables and others.
Multivariate logistic regression was employed to explore the influence of the demographic
factors on the availability of mHealth for disease diagnosis and treatment support by
healthcare workers. Again, this multivariate logistic regression was also used to explore
the influence of the demographic factors on the use of mHealth for disease diagnosis and
treatment support by health workers. In the multivariate logistic regression model, a
p-value of 0.05 was set as the statistical significance. Furthermore, the associations were
examined using the odds ratio and 95% CI estimates. A Chi-square test at a significance
level of a p-value of 0.05 was used to assess the relationship between the availability and
the use of mHealth for disease diagnosis and treatment support.

3. Results
3.1. Characteristics of the Study Participants

This study received a 100% response rate from the healthcare professionals in the
selected healthcare facilities in the region. Completed responses were from 285 participants,
with 146 males (51.23%) and 139 females (48.77%). The results revealed that the participants
aged 31-40 years were the largest share, with 48.07%, followed by those in the category of
20-30 years, with 42.11% of the responses. Participants aged 41-50 and 51-60 years were
the smallest shares, with 9.47% and 0.35%, respectively. The largest group (28.7%) of the
respondents in this survey were general nurses, while only 2.46% were midwives. Many
(49.12%) of the respondents worked at district hospitals, 35.44% worked at health centres
at the sub-district level, and 15.44% worked at rural clinics. Mobile health applications
are readily available at the district hospitals, followed by the health centres and the rural
clinics having poor availability. The average total number of health professionals in each
healthcare facility was estimated at 57.8 (95% CI: 20-98). The average number of patients
per week seen by these healthcare professionals was 175.4 (95% CI: 74-372) (Table S1).

3.2. Awailability of Mobile Health for Diagnostics and Treatment Support in the Ashanti Region

Results from the frequency table (Table S2) show that mobile wireless devices are
available primarily to healthcare professionals with a frequency of 276 (96.84%). Mobile
health applications are available with an estimated frequency of 179 (62.81%) and a non-
availability frequency of 106 (37.19%). It is also clear that phone calls are the most pre-
dominant mHealth technique being utilised by healthcare professionals, with an estimated
frequency of 183 (98.92%). Short message service (SMS) is another mHealth interven-
tion used by healthcare professionals with the second highest frequency of 149 (80.54%).
Figure 2 illustrates the availability of the various mHealth applications. Again, simple mo-
bile phones are readily available to healthcare professionals with an estimated frequency of
185 (100%), followed by smartphones with 133 (71.89%) and tablets with 107 (57.84%). It is
also observed that there is a higher continuous supply of electric power with an estimated
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frequency of 149 (80.54%) and relatively high available support systems of 106 (57.30%).
Furthermore, most healthcare professionals have the requisite skills for diagnostics with a
high frequency of 132 (71.36%) and competence for treatment procedures with an estimated
frequency of 164 (88.65%).

183
149
140 B Short message service
120 B Phone calls
W Mobile apps
80 PP
60 - Toll free lines
37
40 I 2 B Multi-media messaging
20
; N

Types of mHealth interventions

Frequency
=
o
o

Figure 2. Availability of the various mHealth applications.

3.3. Use of Mobile Health for Diagnostics and Treatment Support in the Ashanti Region

The frequency table (Table S3) shows that the high frequency rate of 182 (98.38%)
indicates that many healthcare professionals are currently using mHealth applications to
promote healthcare delivery. In this region, healthcare professionals use mHealth to support
treatment procedures of diseases such as HIV (177, 95.86%), TB (171, 92.43%), hypertension
(99, 53.51%), malaria (93, 50.54%), and diabetes (79, 42.70%). Figure 3 demonstrates various
diseases that are being treated and managed with mHealth applications. However, only
a few healthcare professionals use mHealth to support the treatment of other conditions
such as diarrhoea (17, 9.19%), cancer (5, 2.70%), chronic respiratory disease (2, 1.08%), and
stroke (0, 0%). In addition, most healthcare professionals use mHealth to search for medical
information (117, 63.24%), diagnosis diseases (182, 98.38%), treat and manage disease
conditions (162, 87.57%), and treat and monitor patients” health conditions (144, 77.84%).

mHIV
uTB
W Hypertension
Diabetes
M Cancer
M Chronic Respiratory disease
B Malaria

M Diarrhoea

Figure 3. Types of diseases treated and managed with mHealth applications.
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Most healthcare professionals agreed that mHealth applications are easy to use when
providing healthcare services to their clients. The majority of them confirmed that mHealth
applications are easy to use to support disease diagnosis with an estimated frequency
of 262 (87.37%). Some other healthcare professionals also indicated that it is flexible to
interact with mHealth with an estimated frequency of 273 (95.79%). The survey revealed
that healthcare professionals are comfortable using mHealth to support healthcare delivery,
with an estimated frequency of 266 (93.33%). In addition, others are very confident in
using mHealth with an estimated frequency of 254 (89.12%). Again, some healthcare
professionals are delighted with the use of mHealth with an estimated frequency of 218
(76.49%). Moreover, most healthcare professionals would use mHealth to treat and manage
patients’ disease conditions with a frequency of 254 (89.12%). Furthermore, others intend
to use mHealth for disease diagnosis and treatment support with an estimated frequency
of 279 (97.89%).

3.4. Availability of Health Infrastructure and Healthcare Workforce Competency

From the multivariate logistic regression model (Table 1), the results illustrate that
healthcare workers within the age groups 20-30 (OR = 17.8 (95% CI: 1.49-21.0) and 3140
(OR =17.6 (95% CI: 1.45-21.1) had increased odds for toll-free intervention availability
when compared to healthcare workers above 40 years. In addition, healthcare workers
within the age groups 20-30 and 31-40 had increased odds for mobile apps [OR = 1.46 (95%
CI: 0.34-0.18)] and mHealth availability (OR = 2.93 (95% CI: 0.70-12.2) compared to those
above 40 years. Male healthcare workers had increased odds for mobile apps’ availability
(OR = 1.27 (95% CI: 0.53-3.04), mobile wireless devices (OR = 1.26 (95% CI: 0.11-5.16), and
toll-free intervention (OR = 1.02 (95% CI: 0.43-2.41) compared to female healthcare workers
(Figure 4). The total number of healthcare professionals with access to available mHealth
(OR =1.16 (95% CI: 1.07-1.25) and mobile apps (OR = 1.09 (95% CI: 1.03-1.17) had increased
odds. The results also indicate that the number of patients per week significantly affects
mHealth intervention availability, mobile apps, and toll-free intervention. As expected,
an increase in the number of patients per week increased the odds of mHealth intervention
availability (OR = 1.02 (95% CI: 1.01-1.04) and mobile apps (OR = 1.00 (95% CI: 1.00-1.01)
to healthcare workers. However, an increase in patients’ number reduced the odds of
toll-free intervention availability (OR = 0.97 (95% CI: 0.96-0.98).

|
[

1111
98§

D—I—<
—e—i
—e—i —e—i
3 5 7 9 11 13 15 -3 -1 i1 g 5 7 9 11 13 15
Odds ratio Odds ratio

Figure 4. Odds ratio showing the association on the availability of mobile wireless devices and mHealth applications for
disease diagnosis and treatment support by health workers in Ashanti region, Ghana.

65



Diagnostics 2021, 11, 1233

Noam

000> 860960 ;% 0200 W0T-00T o S880 00660 660 100> FOT-I0T e 20T U0 00T od syuomed o oquinu [eiar
090  L0T-S60 10T 1000> ST gy 0F0 L0T460 10T W00 LIT€0T 60T S£1-860 0PL'T Eﬁr_:wﬁﬁmﬂwﬁm: -~
1 1 1 1 1 1 o
Ayroey
860 0 18 - - - 0090  ETF800 650 [8T0 $9TLID €50 9660 10T2€0 800 SMUDWIOH  areoyeey
joadAy,
§ - . s . . S . . e . Tendsoy
860 0 §€C - - - €690  00TF00 91T 6110 9TT-I00 700 €660 $TI-670 0100 IS
SISTURIG
l ! ! ! ! A1oyeroqe]
s[e
L0 W0TEo 80 02L0 W0 €80 8890 SUF6E0  LTT 8E0  19T-8T0 890 €980 90'9-£T0 0911 sIspewdeyd  -uorssejoid
wieay Jo
660 €8TE€E0 960 920 SSTLTO  F80 PO S8F8P0 gl 8570 T6T-€C0 190 9010 §€-990 0869 ESUN souogated
PO SItEs0  SFL 1820 IEE0F0 9T W60 S6TFE0 00T 0050 €0T€T0 890 - stop0(]
1 1 1 1 1 Srewa,|
XaG
000  WTER0 w20l 0100 FOEES0 Y €590 96THE0 180 8100 S80-8I0 0v0 200 916110 oo e
1 1 1 1 1 sxeak o anoqy
WO TISFT w 9L 1820 POIS0  1TT  T90  89L6T0 67T 000 TT-0L0 €6 8790 §8/-€00 0200 swak op-1g 8y
WO OIE6FT LI 0100 BU9FE0 gt W90 IEEET0 990 W0 THI0 eee €eL0 961100 0700 swak 0g-0c
anjep oney on on anjep oney
d D %6 sppo anfep-d D%Ss6  -ed anfep-d D %6 -ed onpep-d 1D %86 oney sppO d 1D %86 SPPO
SPPO SPPO
2213-[[OL sddy aqiqoN SINS Aiqereay yreagw $31A3(] SSI[AIIM I[IGOIN Jqenes

*A5u239dUI0D 9DIOP[IOM IEDI[EN] PUE dINIINISLIJUT Il JO AJ[Iqe[TeAe auy} I0J $}NsaI SISATeue a)eLeANNA T [qeL

66



Diagnostics 2021, 11, 1233

*020Z ‘A9AINS Pa1y 3} WIOIj PaUTe}qo Bjep uo paseq uonendwod s, 10yny 201n0g 1000 > oN[eA-d ., 1600 > anfea-d :,,

- £SO
1000  €0I-I0T mummx.ﬁ L¥F0 0017660 8660 SIE0  00'I-66'0 00T 81770 00'1-66'0 660 €560  100'1-66'0 000T €170 |m,ww £660 1ad mazmzmmvwo ToquInu [ejor
0> . sk . g . y To y ’ . y . y o . " T . sreuorssajoxd
000> IET60T ot 0910 10'-€60 6960 SI00 6807180 w8760 1000 9607580 s Z060 £000  OVITOL  LS0L 2000 Go el STEIYI[ESY §0 ToqUINU [E10L,
18 15 1 1 T 1 Rty
Ao,
1720 ¥L67700 0£90  T8CT0  SLI€F0 LLLT SH00  801-S0'L «x 8901 1000 e opi e} wx €96 FIE0 18°T-65°0 6070 4860 0 €ee1°0 QLU i[eoH mgmu_ﬁt_%u;
joadAy,
- -1 e . coc/ . - 0995 . . L1168 - . 000" . . . rendsoy
1000>  SE€0-11°0 czo0 SL00  6€9€L0 91T S00°0 i) * L6681 100°0> 500, wx 486G €610 76778000 6110  ¥860 0 T80 s
SISUIIG
1 1 ~ L 1 1 K1ojeI0qe]
860 19'1-920 ¥99°0 0100 127950 «=EVCT £8S0 TLT9E0 °6L°0 6710 6T 1810 L8¥0 1950 ¥6C-95°0 08TT /LS80 \m@MNo ¥26'0 sispewreyq
s[e
N -uorssajoxd
9€1°0  6£1-80°0 SPE0  L9F0  €4T1-080 €240 €960  LLT-SE0 £8L°0 S90°0 90 1-1T°0 SPe0 1880 9G°TS0 069T 6790 \M%\w 9eTT SasIN weay jo
sarr03a1e)
¥000  88F%£4T0 mm*m._ €000 SSTSHO # G90°T 0v40  TETTS0 ot 0600 SUI-Cro 98¢0 TI90 L8THS0 T 6LL0 |M%No €t $10300qg
T 1 1 1 1 1 Sewd
681 s
9150 Y00 1290 1090 9¥'T650 80T'T G950 1€7-€90 60T’ T 048°0 §STS¥0 SLO'T 8960 L6'T-67°0 G86'0  ¥I80 0 L16°0 SN
1 1 1 1 1 1 s1eak 0 aa0qy
1€9°0 102910 G08'T  G8%0 LYVTFT0 7090 L18°0 8LC-LT0 148°0 §84°0 97°9-6€°0 1671 870 €8'6F50 691 1LL0 \mNWw €280 s1eak OF-1¢ 3
9oy
1690  196-€9°0 S65°0 0600  ITTI-400 8620 89¥°0  S0T-1TO 990 9260 96'¢F20 8460 9950 YT 0 SIFL  1€9°0 ummmwo 62470 sxeak 0g-0T
anfep o oney  anpep o oney  anpep o oney  anpep o oney  anpep o oney  anfep o oney
-d 1D %S6 sPPO 1D %S6 sPPO - 1D %S6 SPPO -d 1D %S6 SPPO -d 1D %S6 sPPO -d 1D %S6 SpPO
asn c—«zm_mhwﬂw-w&cu SIIDIS a31smbay swaysAg poddng 1amog jo A[ddng s}a[qeL sauoydjrewg J[qernrep

Ju0D "L 9IqeL

67



Diagnostics 2021, 11, 1233

20-30 years
31-40years
Above 40 years
male

female

nurses

pharmacist

laboratory scientists

district hospital

health centre

clinic

Number of health professionals
Number of patients per week

——

Furthermore, the results show that health professionals such as doctors and phar-
macists significantly influenced the requisite skills for diagnostics and competence to use
mHealth for treatment support. Doctors had increased odds for the requisite skills for
diagnostics (OR = 1.065 (95% CI: 0.45-2.55) and competence to use mHealth for treatment
support (OR = 1.153 (95% CI: 0.27-4.88) as compared to laboratory scientists. Pharmacists
had increased odds for disease diagnosis requisite skills (OR = 1.243 (95% CI: 0.56-2.71)
compared to laboratory scientists. The results also illustrate those district hospitals and
health centres significantly affect the supply of power and support systems.

In addition, district hospitals increased the odds for the supply of power (OR = 59.87
(95% CI: 70.06-5117) and support systems (OR =159.7 (95% CI: 4.51-5660) compared to
clinics. However, district hospitals had decreased odds (OR = 0.63 (95% CI: 0.11-0.35) for
the competence to use mHealth for treatment support. Health centres had increased odds
for the supply of power (OR = 53.53 (95% CI: 5.45-525) and support systems (OR =10.68
(95% CI: 1.05-108) compared to clinics. The total number of healthcare professionals with
access to smartphones (OR = 1.073 (95% CI: 1.02-1.12) and competence to use mHealth
for treatment support (OR = 1.196 (95% CI: 1.09-1.31) had increased odds. However,
the total number of healthcare workers with access to power supply (OR = 0.907 (95%
CI: 0.85-0.96) and support systems (OR = 0.948 (95% CI: 0.91-0.89) had decreased in odds.
Again, an increase in the number of patients per week increased odds for healthcare
workers” competence to use mHealth for treatment support (OR = 1.019 (95% CI: 1.01-1.03)
(Figure S1).

3.5. Use of mHealth for Diagnostics and Treatment Support

The multivariate model (Table 2) results show that healthcare workers within the
age group 20-30 had increased odds for using mHealth to support the treatment of hy-
pertension (OR = 2.28 (95% CI: 0.74-7.05), diabetes (OR = 3.75 (95% CI: 0.96-14.6), cancer
(OR = 6.05 (95% CI: 0.01-5.85), and malaria (OR = 1.04 (95% CI: 0.36-3.05) compared to
healthcare workers above 40 years. In addition, healthcare workers within the age group
31-40 had increased odds for using mHealth to manage hypertension (OR = 2.12 (95% CI:
0.67-6.68), diabetes (OR = 5.75 (95% CI: 1.43-23.1), cancer (OR = 11.1 (95% CI: 0.01-12.0),
and malaria (OR = 1.24 (95% CI: 0.42-3.67) as compared to healthcare workers above
40 years. Being a male healthcare professional raised the odds for the use mHealth to
manage HIV (OR = 2.47 (95% CI: 0.37-16.4) and TB (OR = 1.94 (95% CI: 0.49-7.62) compared
to being a female healthcare professional. Both medical doctors and nurses had increased
odds (OR =1.66 (95% CI: 0.30-9.16) and (OR = 1.28 (95% CI: 0.28-5.83), respectively for the
use of mHealth to manage TB when compared to laboratory scientists (Figure 5).
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Figure 5. Odds ratio showing the association on the use of mHealth applications for the management and treatment of HIV
and TB conditions by health workers in Ashanti region, Ghana.
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The results further show that healthcare workers within the age group 20-30 had
increased odds for the use of mHealth for disease treatment (OR = 3.05 (95% CI: 0.58-15.9)
and using mHealth once a month for diagnostics [OR = 2.16 (95% CI: 0.55-8.55)] and
treatment support (OR = 1.06 (95% CI: 0.25-4.43) compared to those above 40 years. In ad-
dition, healthcare professionals within the age group 3140 had a rise in odds for the use
of mHealth for disease treatment (OR = 7.25 (95% CI: 1.32-39.9) and using mHealth once
a month for diagnostics (OR = 3.64 (95% CI: 0.68-19.3) and treatment support (OR = 2.68
(95% CI: 0.67-10.7). Being a male healthcare worker increased the odds for using mHealth
to treat diseases (OR = 1.48 (95% CI: 0.52—4.17), monitor patients’ conditions (OR = 1.22
(95% CI: 0.57-2.59), and mHealth one to six times a week for diagnostics (OR = 1.73 (95%
CI: 0.85-3.48) and treatment support (OR = 2.33 (95% CI: 1.03-5.24) compared to being a
female healthcare worker.

Medical doctors had decreased odds of using mHealth once a month for treatment
support compared to laboratory scientists (OR = 0.38 (95% CI: 0.15-0.19). Again, phar-
macists had increased odds for using mHealth application one to six times a week to
support treatment (OR = 2.07 (95% CI: 0.98-4.35) compared to laboratory scientists. District
hospital increased the odds for the use of mHealth for disease treatment (OR = 1.70 (95%
CI: 0.02-13.4) and monitor patients’ conditions (OR = 1.60 (95% CI: 0.05-55.6) compared to
clinics. In addition, health centre had increased odds for the use of mHealth for disease
treatment (OR = 3.96 (95% CI: 0.23-68.5) and monitoring patients’ conditions (OR = 1.41
(95% CI: 0.20-9.98) when to compared to clinics. As expected, a rise in the number of
patients per week increased odds for using mHealth one to six times for diagnostics
(OR =1.01 (95% CI: 0.99-1.01) and treatment support by healthcare workers (OR = 1.01
(95% CI: 1.00-1.01). However, an increase in the number of patients decreased the odds for
using mHealth to treat diseases (OR = 0.99 (95% CI: 0.98-0.99) (Figure S2).

3.6. Usefulness of mHealth Interventions

The results from the multivariate model (Table 3) suggest that healthcare profes-
sionals within the age group 20-30 had reduced odds for the use of mHealth to monitor
patients” disease conditions (OR = 0.15 (95% CI: 0.02-1.07), manage communicable dis-
eases (OR = 0.15 (95% CI: 0.02-1.07), and provide reminders for medication adherence
(OR = 0.32 (95% CI: 0.08-1.24) compared to those above 40 years. In addition, healthcare
workers within the age group 31-40 had increased odds for the use of mHealth to manage
non-communicable diseases (OR = 1.23, (95% CI: 0.54-2.81) and communicable diseases
(OR = 1.41(95% CI: 0.54-3.82) as compared to healthcare professionals above 40 years.
However, healthcare professionals within the age group 3140 had reduced odds for the
use of mHealth as reminders for the treatment adherence procedures (OR = 0.41(95% CI:
0.17-0.99) when compared to those above 40 years. Male healthcare professionals had
increased odds to use mHealth to monitor patients’ disease conditions (OR = 1.76 (95% CI:
0.80-3.85), manage communicable diseases (OR = 1.19 (95% CI: 0.72-2.00), manage non-
communicable diseases (OR = 1.19 (95% CI: 0.72-2.10), and as reminders for medication
adherence OR = 1.31 (95% CI: 0.67-2.54) when compared to female healthcare professionals.

Medical doctors had three-fold increased odds of using mHealth as reminders for
medication adherence compared with laboratory scientists (OR = 3.32 (95% CI: 1.38-7.97).
District hospital reduced the odds for the use of mHealth to monitor patients’ disease con-
ditions (OR = 0.41 (95% CI: 0.01-0.78) and as reminders for clinic appointments (OR = 0.18
(95% CI: 0.01-1.02) when compared to clinics. Health centre increased the odds for the use
of mHealth to manage communicable diseases as compared to clinics (OR = 1.16 (95% CI:
0.46-2.90). The total number of healthcare professionals who use mHealth as reminders for
treatment adherence procedures (OR = 1.04 (95% CI: 1.01-1.08) and clinic appointments
(OR =1.03 (95% CI: 1.00-1.07) had increased odds. A rise in the number of patients per
week increased the odds for the use of mHealth to monitor patients’ disease conditions
(OR =1.01 (95% CI: 1.00-1.02) and manage communicable diseases (OR = 1.00 (95% CI:
0.99-1.00).
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The results further indicate that healthcare workers within the age group 20-30 had
reduced the odds for the use of mHealth for follow-ups (OR = 0.24 (95% CI: 0.07-0.77),
test result notifications (OR = 0.35 (95% CI: 0.13-0.95) and making accurate diagnostic
decisions (OR = 0.14 (95% CI: 0.01-0.78) compared with those above 40 years. Again,
healthcare professionals within the age group 31-40 had increased odds for using mHealth
as reminders for drug collection (OR = 1.43 (95% CI: 0.33-6.09) compared with other
healthcare workers above 40 years. Male healthcare professionals had increased odds for
using mHealth for follow-ups (OR = 1.56 (95% CI: 0.88-2.76) and treating and managing
disease conditions (OR = 1.49 (95% CI: 0.83-2.67) when compared to female healthcare
professionals. Both medical doctors and nurses had two-fold increased odds of using
mHealth to make accurate diagnostic decisions (OR = 2.77 (95% CI: 0.92-8.33), treat and
manage disease conditions (OR = 2.67 (95% CI: 1.23-5.77), and increase effectiveness to treat
and manage diseases (OR = 2.10 (95% CI: 0.76-5.83) compared with laboratory scientists.

District hospitals increased the odds for mHealth to treat and manage disease condi-
tions than clinics (OR = 1.36 (95% CI: 0.11-16.8). However, as a district hospital, the odds
of using mHealth as reminders to collect drugs reduced (OR = 0.24 (95% CI: 0.001-0.28).
In addition, a health centre increased the odds for the use of mHealth to notify patients
of their test results (OR = 2.39 (95% CI: 0.95-6.03), treat and manage disease conditions
(OR =3.52 (95% CI: 1.28-9.69), and increase the effectiveness for treatment and manage-
ment of diseases (OR = 3.88 (95% CI: 1.02-14.7) as compared to clinics. The total number of
healthcare professionals who use mHealth as reminders for drug collection had increased
odds (OR = 1.05 (95% CI: 1.01-1.10). An increase in the number of patients per week
increased the odds for the use of mHealth for follow-ups (OR = 1.00 (95% CI: 0.99-1.01) and
to increase the effectiveness to treat and manage diseases (OR = 1.00 (95% CI: 1.00-1.01).

3.7. Ease of Use of mHealth Interventions

In the multivariate logistic regression model (Table 4), the results demonstrate that
healthcare professionals within the age groups 20-30 and 31-40 had increased odds for the
flexibility to interact with mHealth devices (OR = 1.16 (95% CI: 0.11-11.8) and easy to use
mHealth for treatment support (OR = 1.33 (95% CI: 0.17-10.3) compared to those above
40 years. Being a male healthcare worker increased the odds for mHealth being easy to use
for disease diagnosis (OR = 1.71 (95% CI: 0.67—4.29) and having the flexibility to interact
with mHealth (OR = 4.00 (95% CI: 0.76-20.9) compared to being a female healthcare profes-
sional. Medical doctors had nine-fold increased odds of becoming skilful in using mHealth
for disease diagnosis and treatment support (OR = 9.56 (95% CI: 1.78-51.1) compared to
laboratory scientists. Again, nurses had two-fold increased odds for mHealth being easy to
use for disease diagnosis (OR = 2.66 (95% CI: 0.82-8.62) compared to laboratory scientists.

In addition, district hospital had increased the odds for mHealth being easy to use for
disease diagnosis (OR = 14.0 (95% CI: 0.16-11.8) and treatment support (OR = 6.69 (95%
CI: 0.02-21.4) compared to clinics. Health centres had increased odds for it being easy to
learn how to use mHealth devices (OR = 1.32 (95% CI: 1.79-8.65) and become skilful in
using such applications for disease diagnosis and treatment support (OR = 1.32 (95% CI:
0.60-24.3). The total number of healthcare professionals increased the odds for flexibly
interacting with mHealth devices for disease diagnosis and treatment support (OR = 1.13
(95% CI: 1.00-1.27). A rise in the number of patients per week increased the odds for easily
using mHealth for disease diagnosis (OR = 1.00 (95% CI: 0.99-1.04).

3.8. User Satisfaction of mHealth Interventions

The results from the multivariate model (Table 5) show that healthcare workers within
the age groups 20-30 and 3140 had reduced odds for healthcare workers’ confidence in
using mHealth for disease diagnosis and treatment support (OR = 0.24 (95% CI: 0.04-1.24)
and mHealth increasing the quality of healthcare delivery (OR = 0.18 (95% CI: 0.02-2.07)
compared to those above 40 years. Being a male healthcare professional increased the odds
of healthcare workers” comfort (OR = 1.84 (95% CI: 0.65-5.19) and confidence (OR = 2.33
(95% CI: 1.00-5.43) in using mHealth for disease diagnosis and treatment support compared
to being female healthcare professional.
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