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a b s t r a c t 

Aims: To identify virtual healthcare services and digital health technologies deployed in South Africa during 

coronavirus disease 2019 (COVID-19) and the challenges associated with their use. 

Methods: To determine the status of digital health utilization during COVID-19 in South Africa, the preferred 

reporting items for systematic reviews and meta-analyses model was used to perform a systematic and in-depth 

critical analysis of previously published studies in well-known and trusted online electronic databases using 

specific search keywords words that are relevant to this study. We selected published peer-reviewed articles 

available from the onset of COVID-19 to July 2021. 

Results: Total of 24 articles were included into this study. This study revealed that South Africa adopted digital 

technologies such as SMS-based solutions, mobile health applications, telemedicine and telehealth, WhatsApp- 

based systems, artificial intelligence and chatbots and robotics to provide healthcare services during COVID-19 

pandemic. These innovative technologies have been used for various purposes including screening infectious 

and non-infectious diseases, disease surveillance and monitoring, medication and treatment compliance, creating 

awareness and communication. The study also revealed that teleconsultation and e-prescription, telelaboratory 

and telepharmacy, teleeducation and teletraining, teledermatology, teleradiology, telecardiology, teleophthal- 

mology, teleneurology, telerehabilitation, teleoncology and telepsychiatry are among virtual healthcare services 

delivered through digital health technologies during COVID-19 in South Africa. However, these smart digital 

health technologies face several impediments such as infrastructural and technological barriers, organization 

and financial barriers, policy and regulatory barriers as well as cultural barriers. 

Conclusion: Although COVID-19 has invigorated the use of digital health technologies, there are still some short- 

comings. The outbreak of pandemics like COVID-19 in the future is not inevitable. Therefore, we recommend 

increasing community networks in rural areas to bridge the digital divide and the modification of mHealth pol- 

icy to advocate for the effective use of innovative technologies in healthcare and the development of sustainable 

strategies for resources mobilization through private-public partnerships as well as joining available international 

initiatives advocating for smart digital health. 
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. Introduction 

The novel coronavirus disease 2019 (COVID-19) continues to dec-

mate populations globally, threatening universal access to healthcare

nd widening the gap among world economies. The South African gov-

rnment declared a national state of disaster on 15 March 2020 and com-

enced a state of lockdown from 26 March 2020 to reduce COVID-19

ransmission in the country. 1 As of 20 July 2021, the country recorded
 cumulative of 2.3 million confirmed COVID-19 cases and 67 080 
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eaths. 2 South Africa, like other African countries, partially managed to

ackle the catastrophic impact of the first wave by implementing several

OVID-19 regulations and travelling restrictions. Based on the recom-

endations of Africa Centres for Disease Control and Prevention, the

orld Health Organization (WHO) and the Ministerial Task Team on

OVID-19 of South Africa, South Africa implemented measures includ-

ng blanket national lockdowns, travelling restrictions (inter-provincial)

xcept for workers providing essential services, 3 curfews, reduction of

ace-to-face meetings, wearing of face masks in public, 4 banning of large
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ocial gatherings, contact tracing, 5 intensified screening and testing as

ell as social distancing among others. 6 

The deadliest COVID-19 variant, known as the severe acute respi-

atory syndrome coronavirus 2 (SARS-CoV-2) B.1.617.2 (Delta) vari-

nt, 7-8 has been threatening the progress made towards reducing infec-

ions and fatalities. 9 The lethal Delta variant, first detected in India, is

ighly contagious and more transmissible than the original lineage. 10 

ith over 6.2 million COVID-19 cases so far in Africa, South Africa

ccounts for 37% of them, followed by Morocco and Tunisia with 9%

nd 8%, respectively. 2 Since the emergence of the Delta variant, South

frica has been recording the highest daily infections and deaths since

he pandemic. Despite the re-introduction of robust virus containment

trategies, the South African healthcare systems face several impedi-

ents to tackle the COVID-19, just like other countries in the conti-

ent. These challenges include lack of personal protective equipment

PPE), 11 weak health systems (COVID-19-related admissions outweigh

he available health facilities), scarce resources, 12 insufficient COVID-19

accines, the resurgence of other communicable and non-communicable

iseases (including malaria, HIV/AIDS, cancer, tuberculosis), 11 social

nd spatial inequalities, 13 healthcare access disparities, social unrest

which affect contact tracing), informal sectors, and insufficient fund-

ng. 14 These impediments affect virus containment strategies. For in-

tance, social unrest ultimately leads to violation of social distancing

uidelines and affects testing and screening as well as the vaccination

rocess. The surge in infections has laid bare the weaknesses of the

ublic health services, with hospitals overflowing and shortages of oxy-

en, but above all, insufficient health personnel. However, the coun-

ry’s health system adopted the Pfizer-BioNTech COVID-19 Vaccine and

anssen (Johnson and Johnson) COVID-19 Vaccine after pausing the use

f the Oxford/AstraZeneca COVID-19 vaccine. 15 Additionally, the vac-

ination process has been affected by the dearth of vaccines, vaccines’

fficacy to fight emerging variants (low efficacy against the 501Y.V2

ARS-CoV-2 variant) and low vaccination rate faltering vaccination

ampaign. 16 

Due to the unprecedented nature of the situation posed by the

OVID-19 pandemic, the uncertainties about the disease and the need

o effectively deliver healthcare, the integration of emerging smart tech-

ologies has taken centre stage in supporting the delivery of virtual

ealthcare during COVID-19 in South Africa. Emerging digital technolo-

ies such as telemedicine, artificial intelligence (AI), 5G technology,

mart health applications, 17 big data, cloud computing, blockchain, In-

ernet of Things, smart wearable devices and robotics have been playing

 tremendous role to alleviate the unprecedented challenges posed by

he pandemic. 18 Several authors including Guy et al., 19 Mbunge et al., 20 

zam et al., 21 Wang et al. highlighted the importance of incorporating

merging technologies to provide healthcare services remotely. 22 De-

pite South Africa recording the highest COVID-19 cases in the African

ontinent, there is limited comprehensive literature on the utilization

f smart digital health technologies in South Africa during COVID-19,

aking it difficult to organize the current research contributions and

dentify key challenges, neglected research and key policy areas that

eed to be addressed in the future. Therefore, this systematic review

n the utilization of smart digital health technologies to provide virtual

ealthcare services delivery in South Africa during COVID-19 provides

nsights into key strategies, technologies, and their associated uncer-

ainties as well as implementation challenges. Thus, this paper aimed

o address the following research objectives: (1) Identify and explain

mart digital health technologies that have been utilised to provide vir-

ual healthcare services during COVID-19 in South Africa; (2) Provide

omprehensive analysis of virtual healthcare services delivered through

mart digital health technologies; (3) Identify challenges and risks as-

ociated with the provision of virtual healthcare through smart digital

ealth technologies in South Africa; and (4) Provide recommendations

nd propose future work based on the findings of the study after syn-

hesising literature. 
103 
. Materials and methods 

The study adopted the preferred reporting items for systematic re-

iews and meta-analyses (PRISMA) model. 23 The PRISMA model is

rominently used to conduct systematic reviews because of its flexibility

o guide search and synthesising literature. 24 The steps of the PRISMA

odel guided the literature search in various electronic databases on

he utilization of smart digital health technologies to provide virtual

ealthcare services in South Africa during COVID-19. 

.1. Search strategy 

Previously published studies were searched in the following on-

ine electronic databases: Google Scholar, PubMed, Science Direct, IEEE

plore Digital Library, ACM Digital Library, and Springer Link. The

iterature searching was based on the following search terms: “Digi-

al Technology ” OR “Telehealth ”OR “emerging technology ” OR “Digital

ealth ” OR “Telemedicine ” AND “COVID-19 ” OR “coronavirus disease ”

R “SARS-CoV-2 ” OR “severe acute respiratory syndrome coronavirus

 ” AND “South Africa ” OR “Republic of South Africa ”. 

.2. Study selection and eligibility criteria 

We selected published peer-reviewed articles available from the on-

et of COVID-19 up to July 2021. A total of 300 articles were retrieved

rom electronic databases. The selected articles were screened based on

he following: titles, abstracts and full-text. The selection of relevant

tudies all met the following inclusion criteria: (1) written in English

r have English translations; (2) peer-reviewed; (3) published after the

utbreak of COVID-19. 

.3. Data extraction 

The excluded papers were incomplete, opinion pieces, and non-

eer ‐reviewed articles, and articles without English translations. To en-

ure that all relevant articles were included in the study, the authors

erformed a citations chain for each article retrieved. The authors re-

oved 103 articles including duplicates articles from a pool of articles

nd were left with 197 articles. The authors further removed 97 incom-

lete articles, reprints, letters to the editors, non-peer-reviewed articles.

e further checked the abstracts and removed 34 unqualified articles.

 total of 66 articles were further checked independently by all authors

nd 32 unqualified articles were excluded. After the selection of relevant

rticles, authors further assessed articles’ abstracts independently, and

4 articles were considered for review eligibility. We further assessed

ull-text articles for eligibility and removed 10 articles. Only 24 articles

ere considered in this study. The study designs included were mainly

igital health technologies utilised to provide virtual healthcare services

n South Africa during COVID-19. The steps followed to report the num-

er of published articles is presented in the PRISMA flow diagram in

ig.1. 

The included studies were reviewed independently by all authors.

he studies were also examined in full text, and data was collected re-

arding the type of digital health technology, healthcare services of-

ered, study area or province, purpose, challenges and risks. 

. Results analysis and discussion 

The selected articles were extracted and synthesized in response

o the research objectives. Digital health technologies that have been

tilised to provide virtual healthcare services in South Africa during

OVID-19 are shown in Table 1 . 
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Fig.1. Selection and extraction flow diagram. 
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.1. Identified digital health technologies for providing virtual healthcare in

outh Africa 

Being one of the most COVID-19 affected countries in Southern

frica, the Republic of South Africa has responded to the pandemic in

umerous ways, including the deployment of digital technologies. This

ection presents digital technologies that South Africa has deployed to

rovide healthcare during COVID-19. 

.1.1. Short messaging service (SMS)-based solutions 

SMS-text messages have a wider reach than mobile applications

ince they can reach any user with a mobile phone, whether a smart

r feature phone. SMS health solutions that provide health information

uch as health content on COVID-19 has been disseminated via mobile

MSs by different telecommunication companies and healthcare service

roviders Table 1 . shows that SMS-based solutions are used for mul-

ipurposes and the health content delivered covers different thematic

reas, including disease awareness creation, adherence, reminders and

revention measures. SMS-based solutions used in South Africa include

AMA SMS text messages and ChildConnect. 33 , 46 Their uses range from

ppointment reminders, adherence to maternal and infant health care,

ridging existing gaps in access to quality health education and health

ducation of caregivers and parents. 46 Also, a cross-sectional study con-

ucted by utilised SMS-based solutions as reminders of follow-up care

o mental health care users in South Africa. However, the utilization of

MS-based solutions during COVID-19 is not immune to operational and

mplementation challenges. These impediments include missed appoint-

ents, lack of policy for the development and implementation of SMS

ystems to deliver mental health care services, 50 language barriers, poor

ccess to mobile phones, understaffed facilities and poor services, and

ack of money to buy SMS bundles. 34 Additionally, patients receiving
104 
ext messages only without follow-ups are unable to get the necessary

edical assistance to actively manage their health conditions at home. 33 

.1.2. Mobile health applications 

Alhough not everyone owns a smartphone, people are becoming

ore popular and pervasive, and South Africa is taking advantage of

he proliferation of smartphones to improve healthcare. The use of mo-

ile health applications in South Africa go beyond the fight against

OVID-19 to include combating malaria and improving child and ma-

ernal health during the pandemic. MomConnect is a mobile application

sed to provide maternal and child care by connecting pregnant women

o health services. 54 Also, Grobbelaar et al. state that Momconnect mo-

ile health application has been used to improve health communica-

ion and consultations as well as providing antenatal care services and

o connect pregnant women to health services during the pandemic. 31 

hile much attention and resources were allocated towards virus con-

ainment, 43 the MalariaConnect mobile application has been utilized to

ntensify malaria reporting, monitoring and speed up malaria notifica-

ions during COVID-19 in Mpumalanga, Limpopo and KwaZulu-Natal

rovinces in South Africa. To speed up contact tracing activities, the

niversity of Cape Town together with the regulatory authorities devel-

ped a mobile-based contact tracing application called COVi-ID. 36 The

edical fraternity is also using mobile applications such as Vula mobile

pplications for consultation, medical chats and referrals. 55 Another vir-

ual healthcare application used to provide remote healthcare services

s called Signapps. This virtual healthcare application provides numer-

us services including secure messaging, reporting, predictive analytics,

obile forms, secure patient data storage, referrals and referral manage-

ent, care team coordination and patient engagement. 56 However, the

tilization of mobile health applications to provide healthcare services

aces several challenges which subsequently affect their efficacy. These
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Table 1 

Digital technologies utilised to provide virtual healthcare in South Africa. 

No. Utilization Digital health 

technology used 

Healthcare services 

offered 

Province Noted challenges and risks 

1 Virtual Learning and health 

communication 25 

Television and Radio Health promotion Not specified, generalised to 

SA 

Limited funding to adopt and scale up 4IR, 

infrastructural challenges, broadband, and the 

cost of data, difficult to roll out 4IR tools in rural 

areas due to poor internet connectivity and the 

general state of infrastructure 

2 Provision of mental health 

services 26 

Telemedicine Tele-counselling and 

remote monitoring 

Not specified, generalised to 

SA 

Huge mental health backlog of patients seeking 

mental health consultations and lack of 

equipment, no guidance on the use of 

telemedicine for the delivery of mental 

healthcare. Telehealth requires changes in 

working practices and curating data. Telehealth 

may worsen and perpetuate the digital divide, 

security breaches and lack of trust in digital 

systems to securely keep patient data 27 

3 Diabetic retinopathy screening 28 Telemedicine Teleophthalmology Gauteng Even though telemedicine can overcome 

geographical, financial, and socioeconomic 

barriers, lack of equipment and intermittent 

internet connectivity can hamper their successful 

adoption and utilization 

4 Diagnosis, treatment and 

prevention of 

neuromusculoskeletal 

disorders 29 

Telemedicine Provision of chiropractic 

services 

The province is not specified; 

however, data were 

collected from 

chiropractors in SA 

Lack of financial incentives, insufficient resources to 

implement and operate telemedicine 

technologies, a lack of interoperability between 

devices and technology as well as concerns in 

maintaining confidentiality and privacy 

5 Provision of COVID-19-related 

information 30 

COVID-19 Connect- 

Whatsapp helpline 

Health communication 

on preventative 

solutions 

Western Cape Poor health literacy due to language and cultural 

barriers, access to health information in some 

rural areas. Data-constrained and 

under-resourced communities will not have been 

the primary audience of health-related webinars 

and online briefings 

6 Provision of maternal and child 

health (antenatal care services), 

to connect pregnant women to 

health services 31 

Momconnect mobile 

health application 

Health communication 

and consultations 

The programme was rolled 

out nationally in SA, the 

province was not 

specified. 

Lack of knowledge about the available m-health that 

improve health services. Complaints regarding the 

platforms by health workers, specifically nurses 

dealing with pregnant and postpartum women 32 

7 Appointment reminders, adherence 

to maternal and infant health 

care and bridging existing gaps 

in access to quality health 

education 33 

MAMA SMS text 

messages 

Teleconsultation and 

communications 

Gauteng Language barriers, access to mobile phones 

understaffed facilities and poor services 34 

8 Exposure notification and social 

distancing 35 

COVID-19 Alert SA 

application 

COVID-19 exposure 

notification 

Western Cape Concerns over the infringement of users’ rights to 

security and privacy 

9 Tracks individuals who have come 

into contact with others who 

have tested positive 36 

COVi-ID smartphone 

contact tracing 

application 

Contact tracing Not specified, generalised to 

SA 

Lack of access, contributing to low penetration rates 

and limited application with deepening 

socio-economic divides especially in rural areas. 

Ethical and human rights dilemmas 

10 Communicate COVID-19 daily 

cases (new and recovered) and 

deaths as well as preventive 

measures 37 

Social media platforms Health communication Not specified, generalised to 

SA 

Misinformation, conspiracy theories surrounding the 

virus creation, ineffective home remedies for 

treatment, and downplaying of the need for 

prevention control, such as social distancing and 

mask use 

11 Home delivery of medication 

system linked an e-pharmacy 

was established to reduce the 

risk of COVID-19 in this 

vulnerable group of patients 38 

E-prescribing and 

e-delivery 

Electronic delivery of 

prescriptions and 

home delivery of 

medication. 

Western Cape Unanswered follow-up phone calls, redirecting of a 

parcel due to change of physical address which 

was not easily accommodated by the system, 

home delivery could lead to inadvertent 

disclosure of HIV status to family members. The 

system requires good communication and 

coordination between role-players and managers 

12 Schedule and engage in virtual 

healthcare professional 

consultations 39 

Telemedicine- DrConnect Teleconsulation Not specified, generalised to 

SA 

The study highlighted that the full adoption of 

telemedicine might face impediments such as 

disruption, engagement, integration and trust 

13 Support TB treatment and 

adherence in children, 

medication reminders 40 

Mobile app-based 

technology 

Remote TB patient 

monitoring and 

Education 

Gauteng Limited access to phones and tablets that could 

support apps, limited funding and relatively high 

implementation cost 

14 Improve maternal healthcare 

services 41 

Mum & Baby Health education and 

communication 

Gauteng Disparities in access to health services, inadequacies 

of health infrastructure, limited human resources 

for health, cost to the individual of accessing 

health services and challenges in health financing 

( continued on next page ) 

105 
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Table 1 ( continued ) 

No. Utilization Digital health 

technology used 

Healthcare services 

offered 

Province Noted challenges and risks 

15 Sensors in smartphones and 

activity trackers enable users to 

easily access physical activity 

programmes and monitor 

physical activity levels 

remotely 42 

Smartphone physical 

activity mobile apps 

E-physical training Gauteng Intermittent internet connection to a GPS and 

churning of participants 

16 Reporting, monitoring and 

speeding up malaria 

notifications during COVID-19 43 

Malaria connect- Malaria 

mobile application 

24-h mobile reporting 

tool 

KwaZulu-Natal, Limpopo and 

Mpumalanga 

Some health workers fail to report malaria cases 

through MalariaConnect, delays in both data 

collection and recording. 44 Case notification 

within 24 hours and accurate case classification 

remain challenges. 45 Network challenges delay 

reporting in some instances 

17 Mobile learning to support and 

educate parents and caregivers 

through an SMS 46 

ChildConnect South 

Africa 

Health education Not specified, generalised to 

SA 

Lack of mobile phones and cost of data bundles 

18 Measuring heart-rate pressure, 

tracking steps taken and 

distance travelled, daily calories 

burnt, tracking sleep patterns 47 

Smart wearable devices. Remote health 

monitoring 

Gauteng The efficacy of the smart wearable technologies was 

measured using a small sample in Gauteng 

Province and one generation 

19 Smart devices are used for the 

self-management of health 

behaviours of individuals with 

chronic diseases of lifestyle 48 

Smart wearable devices. Remote health and 

activity monitoring 

Not specified, generalised to 

SA 

The smart devices collected and stored physiological 

data that could violate participants’ security and 

privacy through health data leakages 

20 Use infrared thermometers to 

triage suspected people with 

COVID-19 49 

Infrared thermometers COVID-19 screening Western Cape The study noted that the use of infrared 

thermometers to triage patients may not have 

resulted in inaccurate measurements and 

therefore fever may be under observed 

21 SMS as reminders of follow-up care 

to mental health care users 50 

SMS Reminders KwaZulu-Natal Missed appointments, lack of policy for development 

and implementation of SMS systems to deliver 

mental health care services 

22 Digital medical systems are used 

for early detection, contact 

tracing and providing 

non-pharmaceutical health 

knowledge 51 

Digital medical systems Disease surveillance KwaZulu-Natal Privacy and cost would be barriers to use the 

technology, especially in marginalised rural areas 

23 Collect biometric data and send to 

medical centres and monitor 

patients 52 

Robotic devices Disease surveillance Free State Robotic devices are expensive and many people may 

not afford them 

24 Voice call reminders from 

healthcare providers about 

clinic visits and also reminders 

about taking medication 53 

Mobile phones Reminders Mpumalanga Lack of financial resources to buy airtime for phone 

calls and messages, data bundles for internet 

access. Lack of strategies on how to get 

information from the web 

4IR: fourth industrial revolution; SMS: short messaging service; TB: tuberculosis; Mum & Baby: an Apps for women, their partners, familiesand maternity staff; 

COVi-ID: an apps on Google Play; SA: South Africa. 
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hallenges include internet connection intermittent, network challenges

hich delay reporting in some instances, security and privacy issues. 35 

lso, a mobile app-based technology deployed to enhance medication

eminders and support tuberculosis (TB) treatment and adherence in

hildren encountered challenges such as limited access to phones and

ablets that could support the installation and utilization of the ap-

lication, limited funding and relatively high implementation cost. 40 

his study also revealed that some health workers fail to report malaria

ases through MalariaConnect, causing delays in both data collection

nd recording. 44 Also, case notification within 24 hours and accurate

ase classification remain challenges. 45 Among other challenges, dis-

arities in access to health services (rural vs. urban areas), inadequacies

f health infrastructure, limited human resources, cost of individuals

ccessing health services via mobile applications and insufficient health

nancing impact the utilization of mobile health applications. 41 

.1.3. Telemedicine and telehealth 

Telemedicine is defined as the provision of remote clinical services

o patients without an in-person visit through the use of electronic com-

unication (computers, video, phone calls, messaging) in both audio

nd virtual means. 57 It uses information and communication technolo-

ies to deliver healthcare services remotely. Telehealth is defined as the

se of medical information that could be exchanged from one point to

nother via electronic communication to promote the health conditions
106 
f patients. 58 It also uses various technologies and services to provide

atient care and enhance healthcare delivery. These technologies assist

o reduce the risk of exposure to COVID-19 by providing patient care

emotely. For instance, DrConnect is an example of a telemedicine solu-

ion offered in South Africa. 39 The services offered include teleconsult-

ng and remote monitoring. 26 Similar to telemedicine, the popularity

f telehealth is increasing as patients and medical practitioners shun

hysical contact in accessing and delivering healthcare services. Philips

ospital telehealth provides services like electronic intensive care unit,

emote patient monitoring, telehealth and teleconsultation. 59 This study

evealed that variants of telemedicine provide virtual healthcare ser-

ices such as Teleconselling and remote monitoring, teleophthalmology,

rovision of chiropractic services, teleconsultation, teleeducation, tel-

radiology, teleneurology, telerehabilitation, teleoncology, and telepsy-

hiatry have been utilized in South Africa to provide healthcare ser-

ices during COVID-19. However, the utilization of telemedicine during

OVID-19 face several impediments such as technological barriers, or-

anisation and financial barriers, policy and regulatory barriers as well

s cultural barriers. Technological barriers include poor internet connec-

ivity, insufficient technological infrastructure, 60 lack of interoperabil-

ty and standardization between devices and technology, unavailabil-

ty of supporting software, digital divide and high cost of telecommu-

ication equipment. 61 Organisation and financial barriers include the

earth of clinicians with hybrid expertise in telemedicine software, in-
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dequate training, lack of financial incentives, low motivation to use

elemedicine, lack of awareness about telemedicine products, resistance

o change, duplication and fragmented implementation of telemedicine

rojects, 39 language barriers, high cost of infrastructure development,

mplementation and maintenance, insufficient resources to implement

nd operating telemedicine technologies, high cost of electricity supply,

igh-cost of telemedicine services and insufficient funding. Policy and

egulatory barriers include the need for full governmental support, lack

f policy clarity, policy and regulatory framework, privacy and confi-

entiality in the application of the telemedicine system and limited bud-

etary support . 62 For instance, in South Africa, the mHealth policy that

as introduced in 2015 provided no guidance on the use of telemedicine

or the delivery of mental healthcare. 26 Cultural barriers such as socio-

emographic and cultural dynamics as well as religion that discourages

eople to use telemedicine applications, digital illiteracy and resistance

o change. 61 

.1.4. WhatsApp-based systems 

WhatsApp is increasingly becoming a popular mobile social media

pplication amongst smartphone users in South Africa. With so much

isinformation and disinformation happening on social media, South

frica uses HealthAlert, a WhatsApp-based helpline that uses automated

esponse and triage for disseminating accurate and timely COVID-19 re-

ated information from the National Department of Health to the pub-

ic. 63 South Africa is currently using the COVi-ID smartphone contact

racing application together with the COVID-19 Alert application to in-

ensify contact tracing, exposure notification and social distancing to

ontain the COVID-19 pandemic. 35 

.1.5. AI and chatbots 

South Africa is using AI to provide healthcare services like disease

iagnosis and treatment, decision support systems, and chatbots. Ex-

mples include EMGuidance, a mobile and web-based application for

edicines and treatment meant for medical professionals. 64 Moreover,

hatbots also fall under this category since they are implemented using

I, e.g., HealthAlert Virtual assistants, also called chatbots, help pro-

ide useful health information at any time in an interactive manner.

I-based smart wearable devices such as pedometers, various electrode-

ased chest straps, accelerometer-based arm straps, fashion bracelets,

tness bands and watches, earphones, and smart clothing have been

tilised to monitor heart rate for self-management of health behaviours

f individuals with chronic diseases or non-infectious diseases. 48 

.1.6. Robotics 

Robotics has become helpful in health delivery that minimises hu-

an contact. This technology has gained traction in South Africa

nd provides such services as automated delivery and dispensing of

edicines and smart lockers. Right ePhamarcy, a digital technology

olution in South Africa, provides various robotics related solutions

ike smart lockers, automated delivery and dispensing of medicines. 65 

apeRay and Lodox also provide robotics solutions through advanced

maging to diagnose COVID-19 X-Ray chest images. 66-67 

.2. Virtual health care services delivered through smart digital technologies

.2.1. Teleconsultation and e-prescription 

COVID-19 has changed conventional methods of seeking medical

are due to movement restrictions and, thereof, lack of in-person med-

cal consultations. COVID-19 has led to an increase in telemedicine in

frica because telemedicine allows patient-doctor interactions without

hysical contact. 68 Telemedicine allows for teleconsultation, where pa-

ients receive medical assistance from medical professionals from all

ver the world through virtual interactions. Mobile usage in South Africa

s very high. 69 Through teleconsultation, patients in South Africa can

se SMS texts and voice calling to consult with healthcare providers. 70 
107 
OVID-19 has led to different disease-specific interventions that are tar-

eted at ensuring that people with pre-existing diseases are not affected

dversely by COVID-19. 62 Because of teleconsultation, patients can get

heir medication prescriptions through SMS or email, a phenomenon

alled e-prescription. E-prescription has been reported to reduce pre-

cription errors and improve medication safety. 71 

.2.2. Mobile medical services such as telelaboratory and telepharmacy 

Due to COVID-19 movement restrictions, patients can, through tele-

harmacy, order their medication from their pharmacies and have them

elivered straight to their homes. Telepharmacy refers to the provi-

ion of pharmacist services using telecommunications to distant patients

y qualified pharmacists. 72 In South Africa, some individuals have de-

ised mobile applications that connect patients and medication deliv-

ry drivers, saving time, reducing COVID-19 transmission, and main-

aining patients’ adherence to medication. In addition to their provision

f medication, pharmacists in South Africa are, during COVID-19, also

nvolved in patient counselling, drug therapy and other health interven-

ions. 73 This is mainly due to insufficient medical personnel consequent

o COVID-19 restrictions. The role of pharmacists during COVID-19

n South Africa is very pronounced. The South African Society of Clin-

cal Pharmacy functions as a guide to clinical pharmacists, elucidating

heir role in the fight against COVID-19. 74 COVID-19 has instigated the

mprovement of medical services in South Africa, such as the introduc-

ion of mobile medical services that allow testing of people for COVID-

9 in their localities and homes. Mobile testing services do improve

ot only access of people to testing but also increase the number of

eople tested. 75 Since day 3 of COVID-19 in South Arica, people with

OVID-19 symptoms have been referred to mobile testing stations to in-

rease testing among communities. 68 In 2020, the government of South

frica, through the National Health Laboratory Service, introduced 60

ew COVID-19 mobile testing and sampling units that act as mobile

aboratories and allow the undertaking of COVID-19 polymerase chain

eaction (PCR) testing. 76 The mobile laboratories are not only crucial for

OVID-19 testing but can also serve as testing centres for other diseases

uch as TB and HIV/AIDS. South Africa is using electronic pharmacies

o eliminate physical contact in dispensing medicines to patients. These

olutions use robotics in automating pharmacies, dispensing drugs us-

ng ATM-like dispensers, tele-pharmacy (using telecommunication tech-

ologies to deliver medicines to faraway patients), centralised dispens-

ng and collect-and-go smart lockers. 65 

.2.3. Tele-education and e-learning 

Tele-education has been in existence in South Africa since the

970s. 77 Because of COVID-19 restrictions, tele-education has become

ery popular. E-learning, a form of tele-education which involves the

se of digital platforms for online teaching and learning, emerged in

he 1990s in South Africa. 78 E-learning is time-efficient, cheap, interac-

ive and very convenient. 79 South Africa is one of the countries that has

tilized e-learning during the COVID-19 pandemic. During COVID-19

ockdown, 17 out of 21 universities in South Africa converted to e-

earning as well as the use of online resources and tools such as Zoom

nd Blackboard. 80 Despite the recommendation of these e-learning tools

y most South African universities, a study of first-year university stu-

ents in South Africa showed that students preferred informal learning

latforms such as WhatsApp which are easily accessible and easy to

se when compared to formal platforms such as Moodle. 81 Although e-

earning is a useful strategy, the major disadvantages of its use are lack

f infrastructure and stable internet. 82 Therefore, e-learning may appear

iased because only students from well off backgrounds can fully ben-

fit from it. However, it is encouraging that tele-education appears to

e gaining momentum in South Africa. In the KwaZulu-Natal Province,

 tele-education service, which has been running since 2001, now of-

ers over 1 400 hours of video conferenced education every year. Such

ervice is even more needed in the current COVID-19 pandemic. 
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.2.4. Teledermatology 

Dermatology is a branch of medicine that deals with skin dis-

ase. Teledermatology, therefore, is the practice of dermatology using

elecommunications without patient-doctor interaction. 83 Telederma-

ology is a tool that can improve the delivery of speciality medical care

n South Africa. In Africa, it has been reported that most people visit

ermatologists for infectious diseases and eczema. 84 Because it is very

isual, dermatology is very suited for modern telemedicine techniques.

owever, dermatology has been identified as one of the vectors respon-

ible for the transmission of COVID-19. 85 In South Africa, a telederma-

ology scale-up framework and its implementation roadmap model were

nitiated in a bid to develop a national teledermatology program. 86 This

odel emphasises the need for stakeholder-government-community en-

agement in the implementation of teledermatology in South Africa.

owever, legal frameworks must be considered during the initiation of

eledermatology programs in South Africa. 

.2.5. Teleradiology 

During the COVID-19 pandemic, teleradiology has allowed the trans-

ission of radiological images of patients from one geographical loca-

ion to another. This has allowed patients to receive radiological medi-

al services without patient-doctor interaction. Teleradiology, therefore,

llows the provision of radiological services to healthcare institutes in

ural areas in the absence of radiologists. Because COVID-19 affects the

ungs, radiology has played a central role during the pandemic through

he computed tomography of the lungs. 87 In a survey study that inves-

igated the response of radiologists to COVID-19, it was reported that

here are disparities in radiology research and infrastructure in South

frica. 88 In the North West Province in South Africa, a recent study

ound that radiographers are working beyond their designated roles that

re stipulated in the service-level agreement primarily because of insuf-

cient infrastructure. 89 For teleradiology to be optimally effective in

outh Africa, training of radiologists, especially in rural areas, should

e improved such that they can meet the expectations of their roles be-

ond their designated duties. Another study in Tshwane, a city in South

frica, reported that some doctors in the city use free global searches

o scan chest radiographs without adequate training on image interpre-

ation. 90 The use of these free global searches may present challenges

n the use of teleradiology amid the COVID-19 pandemic due to the un-

ystematic nature of these searches. There are possibilities of misiden-

ification or non-identification of abnormalities in the radiographs. It is

herefore recommended that as many as possible doctors undergo train-

ng on the correct interpretation of chest radiograph images. 

.2.6. Telecardiology 

Telecardiology allows the monitoring and adherence of patients with

ardiovascular diseases to their medication. It involves a vast array of ac-

ivities such as the monitoring of implantable monitoring devices, send-

ng of ECGs by telephone and the provision of patient education and

upport. 77 The COVID-19 pandemic has increased the promotion and

wareness of telecardiology in South Africa. Due to the seriousness and

revalence of heart diseases, telecardiology allows speedy diagnosis of

eart diseases and subsequently speedy provision of medication. There

re, however, issues of cost in telecardiology. 91 Additionally, there are

ssues of legislation and ethics that have to be addressed, not only in

elecardiology but in telehealth at large. 

.2.7. Teleophthalmology 

Diabetic retinopathy is the most common cause of incidental blind-

ess. 92 Teleophthalmology is a great tool in the fight against diabetic

etinopathy which in South Africa has been mainly reported in people

rom poor economic and social backgrounds. 92 In a recent study, it was

eported that teleophthalmology programs in South Africa were cost-

ffective, based on economic evaluations. 28 Teleophthalmology can be

s simple as using mobile camera transport to capture images of patients

hich are then taken to an ophthalmologist in a different location for
108 
nterpretation or the transmission of retinal images to a reading facility

here they are graded by an eye specialist. Teleophthalmology may also

nvolve motor vehicles that carry ophthalmic units that capture images

nd send them to experts via satellite or the uploading of retinal images

nto a server for their documentation and grading by retinal experts. 93 

eleophthalmology does not only reduce medical costs but also reduce

he costs associated with the transportation of people to seek medical

ssistance. In this devastating era of COVID-19 in South Africa, teleoph-

halmology can improve the screening of eye defects thereby reducing

lindness that is caused by conditions that are otherwise curable if de-

ected early. 

.2.8. Teleneurology 

Teleneurology involves the provision of information and care to pa-

ients suffering from neurological disorders such as stroke especially

n rural areas where health facilities and personnel are lacking. 94 The

umber of neurologists who use teleneurology has increased during

he COVID-19 pandemic. 95 Most neurological disorders are found in

ow-and-middle-income countries. 96 These include many countries in

ub-Saharan Africa. Teleneurology provides a convenient platform for

ealing with these neurological disorders. However, there is a need for

ore research to be conducted on the cost, efficacy, and feasibility of

eleneurology. In South Africa, teleneurology, like any other type of

elemedicine, does not only reduce cost in monetary terms but also re-

uce cost in terms of PPE purchasing. Because of the limited number of

eurologists in Africa, intracontinental collaborations would make te-

eneurology more feasible in the African continent. However, because

he effective use of digital technologies requires specific skills, there is

 need for neurologists in South Africa to undergo regular training. Ad-

itionally, around 60% of people in rural areas of South Africa have no

ccess to electricity. 94 This cast in doubt the ability of people in the ru-

al areas of South Africa to afford the necessary infrastructure that is

equisite for teleneurology. However, nowadays, most people have ac-

ess to the internet through their mobile phones. In fact, by early 2019,

outh Africa had attained mobile phone penetration of over 100% ow-

ng to the ability of its people to own multiple subscriber identification

odule cards from multiple mobile network providers. 

.2.9. Telerehabilitation 

Telerehabilitation involves follow-ups on patients who have un-

ergone physiotherapy, speech therapy, occupational therapy and an-

ther form of therapy that require post-therapeutic rehabilitation. These

ollow-ups can come in the form of telephonic calls, emails, or fax

essages. 77 Although the COVID-19 pandemic has increased the prac-

ice of telerehabilitation on a global scale, it remains relatively unex-

lored in South Africa. 97 Telerehabilitation involves real-time interac-

ions through platforms such as Zoom and Skype and recorded content

hat patients can access at their own time such as recorded sessions, the

se of applications, webinars, and pre-recorded lectures. WhatsApp is an

xample of a platform that can be used to transmit recorded content. 97 

ecause many South Africans have access to mobile phones, 69 the use of

obile applications such as WhatsApp would be very effective in driving

elerehabilitation in South Africa in the era of COVID-19. Telerehabili-

ation can also be used as a training tool for both students and health

orkers through seminars and recorded lectures. 98 The few educators

nd service providers in South Africa who have started the practice of

elerehabilitation due to COVID-19 restrictions have reported positive

utcomes. 26 For telerehabilitation to be mainstream in South Africa,

he raising of its awareness among physiotherapists and other profes-

ionals is very imperative. Introducing rehabilitation in higher educa-

ion curricula in South Africa may also promote its visibility as a viable

ealthcare service delivery model. Equally importantly, the introduc-

ion of telerehabilitation in education curricula will equip students with

equisite healthcare skills. 
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.2.10. Teleoncology 

The advent of COVID-19 has negatively impacted the medical care

f people with terminal illnesses such as cancer in Africa. This was

bserved in the form of limited availability of resources, limited pro-

ision of healthcare services and other factors. 99 Resource limitation,

hich was brought about by rationing of medication and hospital facil-

ties to accommodate COVID-19 patients, can have devastating effects

n patients with terminal illnesses, worse of which is increased fatal-

ties. This is further exacerbated by the fact that approximately 85%

f South Africans are dependent on the public health system, 99 there-

ore, cannot afford private health care even in a COVID-19-free South

frica. COVID-19 has also led to a depletion of medical and pharmaceu-

ical staff. Teleoncology can be an answer to the devastation brought by

OVID-19 in cancer care. Hypofractionated radiation therapy has been

eported to maintain cancer care during the COVID-19 pandemic. 100 

his type of radiation can reduce cancer care costs and promote the con-

enience of patients. Because of COVID-19 restrictions, online clinical

ncology learning is reported to have increased in South Africa, reduc-

ng cancer patient visits to hospitals. 99 Teleoncology provides solutions

o issues of insufficient funding in cancer care as well as insufficient

ancer specialists. 

.2.11. Telepsychiatry 

Telepsychiatry refers to the provision of mental health services with-

ut patient-doctor interaction. 70 COVID-19 restrictions have resulted in

pikes in cases of gender-based violence (GBV) and mental health prob-

ems. South Africa is no exception to this harsh reality. The increase in

BV and mental problems has increased the demand for telepsychiatry

nd counselling. Ten years ago, a study reported that most hospitals in

he KwaZulu-Natal Province were not ready for e-health, a component

f which is telepsychiatry. 101 Although telepsychiatry holds great po-

ential in alleviating mental health problems in South Africa, there is a

eed for psychiatry awareness initiatives in the country before they can

e uniformly implemented. 

.3. Utilization of Smart digital health technologies in health care 

Digital smart health technologies have been used for various pur-

oses including screening infectious diseases and non-infectious dis-

ases, disease surveillance, medication and treatment compliance, ap-

ointment reminders, communication between healthcare providers and

atients, maternal and child health and disease diagnosis. 

.3.1. Screening infectious and non-infectious diseases 

Smart digital devices such as infrared thermometers, smart wearable

evices, PCR, HIV self-test kits have been adopted and significantly im-

rove screening of infectious and non-infectious diseases. For instance,

on-contact infrared digital thermometers have been used in the strate-

ic entry and exit points to measure body temperature for COVID-19

creening. The infrared thermometers are fast, relatively affordable and

onvenient as early COVID-19 screening tools. A descriptive observa-

ional study conducted by Mash et Al. showed that infrared thermome-

ers were used in district hospitals in the Western Cape province, 102 

outh Africa for COVID-19 screening. However, an infrared thermome-

er is susceptible to false readings. Also, a cross-sectional study con-

ucted by Wesson et Al. utilized smart devices to remotely monitor the

ctivities, behaviour and health of people with chronic disease such as

ung disease, diabetes, cardiovascular diseases and cancer. 48 However,

ome developed countries utilise non-wearable passive multiparametric

ensors embedded in under-mattress pads to monitor heart rate, respi-

atory rate and other sleep parameters useful to identify early physi-

logical decompensation. 103 Such technology might not be feasible in

eveloping countries due to cost implications. 

.3.2. Disease surveillance and monitoring 

Smart digital health technologies have been used to collect, analyse

nd interpret data from different patients so that health practitioners
109 
an be able to come up with different measures to prevent and control

heir diseases. According to Chigona et al. wireless medical devices can

e used to transmit data obtained from body sensors in order to moni-

or patients’ health. 35 Robotic devices can be used to monitor patients

ith diseases like heart failure and diabetes using digital systems. With

ell-structured digital health systems like contact tracing applications

nd telemedicine, it is easy to detect COVID-19 early, trace the close-

ontacts, and make some interventions to the people who need medi-

al attention especially in rural areas of KwaZulu-Natal province, South

frica. 51 

.3.3. Medication and treatment compliance 

Digital technologies such as SMS-based solutions and mobile health

pplications have been utilised in South Africa to improve medication

nd treatment compliance. This study revealed that SMS reminders have

een utilised for antiretroviral therapy adherence support, 104 malaria

reatment adherence, follow-up on antenatal care services, 34 compli-

nce with treatment procedures for tuberculosis patients, and in mak-

ng sure that hypertensive patients adhere to medication procedures.

or instance, a cross-sectional study conducted by Siedner et al. shows

hat SMS reminders of follow-up care to mental healthcare users tremen-

ously improved treatment adherence. 51 Such technology has been used

o address forgetfulness, improve communication between patients and

ealthcare professionals, improve medication and treatment adherence,

ppointments reminders and providing health information as well as

reating awareness. A retrospective cohort study conducted by Diet-

ich et al. highlighted that treatment adherence remains a significant

hallenge for many which contribute to an increased rate of TB and

IV/AIDS relapse. 105 However, the use of SMS text messaging is re-

arded as the most feasible technology to improve treatment adher-

nce in rural areas. 106 Mobile phones have enormous reach in resource-

imited settings, providing real potential for low-cost adoption to sup-

ort engagement in healthcare. 

.3.4. Awareness and communication 

Bi-directional SMSs, radios, television, phone calls, social media

essaging platforms and chatbots have been used to create COVID-19

wareness and intensifying communication between healthcare profes-

ionals and patients in South African health systems. These technologies

ill allow them not to have physical contact with the patients especially

ith highly infectious diseases like COVID 19. Table 1 shows that pa-

ients receive messages from healthcare providers and make some ap-

ointments using SMS, phone calls, chatbots, social media messaging

latforms for various purposes such as health promotion, education and

ommunication. Also, the healthcare providers disseminate information

o the community such as awareness of certain diseases through radio,

elevision, digital billboards and printed media such as brochures and

yers. A study conducted by Mhlanga et al. posits that television and

adio have been utilised to intensify health promotion, 25 communica-

ion and creating awareness during COVID-19 in South Africa. However,

uch technologies face infrastructural challenges, poor broadband and

etwork coverage, language and cultural barriers. 104 

.4. Identified challenges and limitations of providing virtual healthcare 

ervices through digital health technologies in South Africa 

.4.1. Limited funding 

Digitization of healthcare requires funding to purchase the required

evices and software, adopt and scale-up digital technologies and other

ecessary operations to roll out the technologies. However, limited fund-

ng is a challenge in digitizing healthcare in South Africa, affecting the

oll-out of the fourth industrial revolution (4IR) tools in rural areas. 25 

unding affects the availability of and access to the internet, the avail-

bility of state-of-the-art infrastructure and access to phones and tablets

hat could support health applications. 40 
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.4.2. Perpetuation of the digital divide 

The access to digital devices and infrastructure in South Africa is not

he same across the country, Mhlanga et al. noted that lack of funding af-

ects the potential introduction of 4IR tools in rural South Africa. 25 Tele-

ealth may worsen the already existing digital divide in South Africa, 26 

resenting unequal access opportunities to healthcare, especially in ru-

al areas. 36 

.4.3. Lack of guidance on telemedicine use for mental healthcare 

Despite the increasing popularity of digital health, there is a lack of

uidance on the use of telemedicine to deliver mental healthcare dur-

ng the pandemic. Moreover, there is a considerable backlog of mental

ealth patients seeking consultations. 26 With the use of telemedicine,

ccess to mental health consultation services may be improved. 

.4.4. Security breaches and lack of trust 

Privacy and confidentiality are critical issues in digital health which

ften hamper the adoption and use of digital health tools. Some pa-

ients and healthcare professionals lack trust in digital systems to se-

urely keep patient data. 27 There is a risk that some digital health tools

ay fail to ensure, maintain and guarantee the confidentiality and pri-

acy of patient data. 29 , 35 Some patients have concerns over the poten-

ial infringement of their privacy and confidentiality by digital health

ools. 35 

.4.5. Lack of digital equipment 

Digital health requires equipment and internet access to enable re-

ote healthcare provision and consultations through such technologies

s telemedicine. However, there is a lack of equipment and intermit-

ent internet connectivity in some parts of South Africa, 42 hindering the

tilization of digital health. 26 , 28 The lack of equipment is attributed to

imited funding. 25 , 40 

.4.6. Lack of interoperability of digital tools 

One of the promises of digital health is sharing of health data be-

ween and among healthcare institutions to improve the overall expe-

ience and health delivery to patients. This is possible if the developed

igital health tools can interoperate. However, a lack of interoperability

etween devices and technology is a challenge. 29 This lack of interop-

rability reveals the fact that there are missing standards for developing

igital health tools. 107 

.4.7. Poor health literacy 

There is language barrier and a lack of knowledge about the avail-

ble tools against COVID-19 in South Africa. Most of the digital health

ools in South Africa are not translated to people’s vernacular languages

ased on location, leading to poor health literacy due to language and

ultural barriers, 33-34 affecting access to health information in some ru-

al areas. 30 Some South Africans lack knowledge about the available

-health tools that improve health services. 31 Language barriers affect

he utilization of digital health tools. 34 

.4.8. Misinformation and conspiracy theories 

With the growing popularity of social media, healthcare authorities

re using social media platforms to debunk misinformation and conspir-

cy theories. One of the challenges of social media is misinformation,

uch as conspiracies surrounding the COVID-19, vaccines, sharing of in-

ffective home remedies for COVID-19 treatment, and downplaying the

eed for prevention and control measures such as social distancing and

he wearing of masks. 37 

.4.9. Rigid systems, risk of disclosure and unanswered follow-ups 

South Africa has had several COVID-19-induced national lockdowns,

hich have affected people’s movements. Electronic prescription and

lectronic delivery have become crucial during these lockdown peri-

ds. However, the challenges of unanswered follow-up phone calls and
110 
edirecting of parcels due to the change of physical address of patients

egatively impact the utilization of digital healthcare in South Africa. 38 

ome of the e-prescription and e-delivery systems are rigid and cannot

asily accommodate the redirection of parcels after a patient’s address

hange. Moreover, home delivery of medication could lead to inadver-

ent disclosure of a patient’s HIV status to family members. 38 

.4.10. Cost to individuals to access the digital health tools 

Usually, when digital health tools are deployed, patients are not

iven the required devices and infrastructure, such as internet access,

o be able to access and use those tools. Some patients do not have ac-

ess to mobile phones capable of accessing digital health tools, 40 creat-

ng disparities in access to health services. Thus, the cost to individuals

f accessing digital health services and challenges in health financing

mpact the utilization of digital health in South Africa. 41 

.5. Potential use of digital health technologies in health service supply in 

ural communities beyond COVID-19 

Due to the advent of COVID-19, telehealth has intensified not only in

outh Africa but around the world. It is crucial that digital health tech-

ologies are not only resourceful in the current COVID-19 pandemic

ut even beyond in rural communities. This is notwithstanding the fact

hat resources are very scarce within these rural communities. Lack of

ealth resources and medical personnel often causes people in rural ar-

as to walk hours to their nearest health facilities. 48 Therefore, digital

ealth technologies should be able to bridge the widening gap between

ealth service supply in urbanised and health service supply in rural

reas. The fact that rural areas are very remote and usually have low

opulations should not disadvantage people in these areas from receiv-

ng health care. It is very common to find very few medical personnel

n rural areas of African countries such as South Africa. Sometimes a

mall population of people in a rural dwelling will have only one nurse

ithout even a doctor present. Because telehealth allows the sharing of

nformation between health professionals in different locations, it can

ircumvent the issue of limited medical personnel and medical infras-

ructure in rural areas. This is because a health professional situated in a

ural area can electronically share medical information with colleagues

n urbanised areas leading to speedy medical diagnoses. Telemedicine

llows medical professionals in rural areas to seek guidance from their

ounterparts in urbanised areas during medical emergencies, something

hat can save the lives of people who live in remote areas. In this way,

igital health technologies can provide benefits to many South Africans

ven beyond the COVID-19 pandemic. 53 In this era of COVID-19, the

overnment of South Africa has invested heavily in health infrastructure

uch as mobile testing and sampling units for use as telelaboratories. 73 

hese infrastructures are deployed across the country to help fight the

isease. They are however heavily concentrated in urban areas due to

igh populations of people in these areas. After COVID-19 has been de-

eated, such infrastructures will be deemed redundant in urban areas

s there are plenty of health facilities there. These facilities will there-

ore be utilised in the rural areas where health facilities are scarce. In

his way, most of the digital health technologies that are utilised dur-

ng COVID-19 will mostly be relegated to the rural areas and will be of

reat benefit to the rural dwellers. 38 Unlike most urban dwellers, most

ural dwellers do not own sophisticated smartphones and therefore do

ot have access to emails or recorded voice notes. They usually own

imple mobile phones that enable voice calling and texting only. Tele-

onsultation allows patients to contact healthcare providers and seek

edical intervention through a simple text message. 67 This is another

acility that will benefit people in rural villages way beyond the current

OVID-19 pandemic. Despite the simplicity of the lifestyles of people

n rural communities due to very limited technological advancements,

eople in these areas will still benefit from digital health technologies

ven beyond the era of COVID-19. 
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. Recommendations and future work 

South Africa had managed to flatten the COVID-19 curve. How-

ver, the outbreak of the Delta variant overwhelmed the health systems

hich subsequently led to the sudden increase in daily infections and

eath rate. Despite these challenges, the country successfully secured

OVID-19 vaccines and now attention has gradually shifted towards

accination of populations while prioritising high-risk groups such as

ealthcare professionals and the ageing populations among others. 16 

evertheless, this study revealed several impediments such as social

nrest, lack of adherence to contact tracing and challenges in creat-

ng vaccination awareness. To improve healthcare service delivery and

ealthcare access amidst the COVID-19 pandemic, there is a need to

ntegrate smart digital health technologies in South African health sys-

ems to intensify remote health care. Our study identified barriers and

hallenges faced by integrating smart digital health technologies; these

arriers can be addressed through modification of policy and the devel-

pment of sustainable strategies for the mobilisation of resources. No-

ably, some of these barriers can be addressed through private-public

artnerships and joining available international initiatives advocating

or smart digital health. Also, there is a need to increase the number of

ommunity networks in rural areas to bridge the digital divide consider-

ng that there is a significant increase in Wi-Fi hotspots in urban centres.

dditionally, financial and political commitment is required to modify

Health policy to incorporate the use of smart digital technologies to

rovide virtual health care. Also, there is a need for increased budgetary

llocation for setting up digital health technologies such as telemedicine,

elehealth among others and funding for research and development. Our

tudy revealed that there is also a need to train healthcare profession-

ls and create awareness about the available digital health technologies

hat could be utilised to access remote health care, especially during the

andemic to reduce COVID-19 infections. These recommendations will

robably have an impact on health policies and practices. 

. Conclusion 

The COVID-19 pandemic has drastically changed how health systems

perate globally. This prompted the use of smart digital technologies to

upport virtual health care. These technologies have been utilised to

onitor diseases, create awareness, make appointment reminders, pro-

ote adherence to maternal and infant health care and to bridge the

xisting gaps in access to quality health education and communication.

hey can also be used to assist post-treatment monitoring of convalesc-

ng COVID-19 patients to reduce the increasing number of front liners

etting infected and some succumbing to the pandemic. Our study noted

hat the use of telemedicine and telecare in rural areas is poor. However,

emote rural areas of South Africa provide opportunities and capabilities

o improve healthcare access and delivery through SMS-based solutions.

his can be intensified since mobile phones have enormous reach in

esource-limited settings, providing real potential for low-cost adoption

o support engagement in healthcare. However, this approach lacks reg-

lation regarding data privacy and security. 50 Nevertheless, SMS tech-

ology continues to fill up the gaps in healthcare access disparities and

nequality, which would otherwise remain unfilled. 
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