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Abstract: Background: Multiple measures introduced early to restrict COVID-19 have dramatically
impacted the teaching of medical and pharmacy students, exacerbated by the lack of infrastructure
and experience with e-learning at the start of the pandemic. In addition, the costs and reliability
of the Internet across Africa pose challenges alongside undertaking clinical teaching and practical
programmes. Consequently, there is a need to understand the many challenges and how these were
addressed, given increasingly complex patients, to provide future direction. Method: An exploratory
study was conducted among senior-level medical and pharmacy educators across Africa, addressing
four key questions, including the challenges resulting from the pandemic and how these were dealt
with. Results: Staff and student members faced multiple challenges initially, including adapting to
online learning. In addition, concerns with the lack of equipment (especially among disadvantaged
students), the costs of Internet bundles, and how to conduct practicals and clinical teaching. Multiple
activities were undertaken to address these challenges. These included training sessions, developing
innovative approaches to teaching, and seeking ways to reduce Internet costs. Robust approaches
to practicals, clinical teaching, and assessments have been developed. Conclusions: Appreciable
difficulties to teaching arising from the pandemic are being addressed across Africa. Research is
ongoing to improve education and assessments.

Keywords: Africa; COVID-19; cross country learning; e-learning; hybrid approaches; Internet
platforms; mental health; medical education; pharmacy education

1. Introduction

Currently, the highest prevalence worldwide for both infectious diseases and non-
communicable diseases (NCDs), as well as patients with multiple co-morbidities, including
both infectious and non-infectious diseases, is found in Africa [1–6]. The prevention and
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management of these patients, especially those with multiple co-morbidities, will require
an improved understanding of the causal determinants of individual and overlapping
diseases, including potential genetic factors [7]. Alongside this, there can be co-payment
issues in a number of African countries, which can also have catastrophic consequences
on patients and their families [8–12]. Consequently, healthcare professionals (HCPs),
especially physicians and pharmacists, across Africa need to be aware of potential multiple
co-morbidities among their patients and their subsequent impact on patient management,
as well as the costs of medicines prescribed, to improve outcomes; however, this is not
always the case [13].

There are also growing concerns with high levels of inappropriate prescribing and
dispensing of antimicrobials across Africa [14–22]. Unless addressed, this will increase
antimicrobial resistance (AMR) rates, increasing morbidity, mortality, and costs [17,23–25].
However, the availability of trained pharmacists, coupled with the awareness of current
regulations, can reduce inappropriate dispensing of antibiotics without a prescription, as
seen in Kenya and Namibia [17,26–28], similar to other low- and middle-income countries
(LMICs) [29]. For this to routinely happen, though, pharmacy education needs to be
strengthened across Africa [14,30,31]. This is particularly important at this time since
concerns with inappropriate prescribing and dispensing of antimicrobials across Africa
have been enhanced by the COVID-19 pandemic [9,32]. Published studies suggest that
70% or more of patients with COVID-19 have received antibiotics even when not clinically
indicated [33–38]. This is because less than 10% of patients with COVID-19 appear to
have either fungal or bacterial co-infections warranting an antimicrobial, driving up AMR
rates [39–41].

Alongside this, we are aware that the early instigation of preventative measures for
COVID-19 across Africa has appreciably reduced routine immunisation among children,
driving up future morbidity and mortality [42,43]. Lockdown and other measures, includ-
ing services paused at clinics, have also increased NCD morbidity and mortality across
countries [43–46]. Community pharmacists can play a key role in addressing these con-
cerns by making vaccination services routinely available in pharmacies, ensuring patients
receive their prescribed medicines on time, providing routine health checks, and instigating
pertinent interventions to enhance future adherence to prescribed medicines [47–49]. This,
though, will require appropriate training to fully implement.

Similar to other countries and continents, the pandemic has not only seriously affected
people’s lives but also disrupted traditional educational approaches across Africa [43,50].
Among higher education institutions across Africa, there has been a considerable disruption
of the academic calendar alongside the temporary closure of institutions. This has resulted
in a stressful situation for teaching staff, parents, and students [51], which needs to be
addressed going forward.

Adequate training of physicians and pharmacists is essential to deal with increasingly
complex cases across Africa given the increasing prevalence of diseases and patients with
co-morbidities [7,52–55]. This is seen as particularly important during the COVID-19
pandemic given the extent of misinformation that exists regarding possible medicines for
the prevention and treatment of COVID-19 and their consequences [9,56]. In addition, as
mentioned, the extent of inappropriate prescribing and dispensing of antibiotics for viral
infections which increases AMR, necessitating pragmatic approaches to address this [17,39].

However, advancing medical and pharmacy education during the pandemic has been
a major challenge across countries including African countries [50,57,58]. In the midst of
the COVID-19 pandemic, universities across Africa had to respond quickly by offering
online classes/courses and practical sessions for healthcare students, and these often had
to be offered in smaller groups. The need for practical skills training for physicians and
pharmacists is essential to enable them to perform their clinical roles, recognising that
delivering both didactic and practice learning remotely is challenging. This meant that both
faculty members and students had to firstly become familiar with new technologies and
platforms if not already familiar with them, and faculty members needed to deliver lectures
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and practicals safely whilst preserving the quality and consistency of educational processes
as much as possible. Students also needed to cope with issues of Internet connectivity and
access to computers to fully participate in e-learning approaches [59–67]. The financial
challenges that this situation imposed among both staff members and students across
Africa were quite considerable. This was in addition to the lack of suitable equipment
and facilities for online learning among many African students, especially disadvantaged
students, certainly initially [68] (Table 1).

Table 1. Summary of challenges and activities among faculty and students across Africa in response to the COVID-19
pandemic.

Location

Challenges Activities

Transferring
Courses
Online

Staff Skills at
the

Outset of the
Pandemic

Reliability/
Cost of
Internet

Concerns with
Practical

Skills Learn-
ing/Good

Communica-
tion between
Students and

Staff

Rapid
Adaptation to

e-Learning,
Including

Virtual
Platforms/

Sourcing ICT
Devices

Providing
Positive
Learning

Experiences/
Good Commu-
nication with

Students

Adapting
Frameworks/
Additional

Security
Measures for

Assessing
Students

North Africa
√ √ √ √ √

East Africa
√ √ √

Central Africa
√ √ √

Southern
Africa

√ √ √ √ √ √ √

Western Africa
√ √ √ √ √

NB: ICT = Information and communications technology.

Agreed standards are also increasingly needed to enhance online learning experiences
given the current challenges, including successfully transferring courses and assessments
online [61,69–71]. Alongside this, as mentioned, there must be good availability and
access to the Internet and appropriate software packages, as well as availability of com-
puters among students, especially those from disadvantaged backgrounds, to facilitate
e-learning [50,61,62,71–73]. However, this was not always the case (Table 1, Supplementary
Table S1 with Supplementary Table S1 containing more details for each location). Key
challenges across Africa at the start of the pandemic included the need to rapidly improve
staff skills to transfer courses online, the lack of suitable technology equipment among
students, and the costs and availability of the Internet, as well as how to conduct practicals
within COVID-19 restrictions (Table 1).

We have seen similar responses in high-income countries, including Saudi Arabia in
the neighbouring region to Africa, in terms of closing medical and pharmacy schools during
the early months of the pandemic and suspending all face-to-face classes. However, medical
and pharmacy education in Saudi Arabia has been facilitated by significant investment in
e-learning management systems and technological innovations over the years, providing
direction to others [74]. Box 1 contains further details of ongoing activities across Saudi
Arabia to enhance physician and pharmacy education during the COVID-19 pandemic. We
are also seeing a rise in the use of technologies such as telemedicine or remote education
platforms to address skill concerns among healthcare students across countries, and this
will grow [75].
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Box 1. Activities across Saudi Arabia to enhance e-learning and address the challenges posed by the
COVID-19 pandemic.

• There has been considerable investment in recent years in the e-learning infrastructure among
Saudi Universities. This includes the establishment of Deanships/Centres of e-learning and
distance education, enhancing a smooth transition during the pandemic [74,76].

• Alongside this, e-learning management systems, online platforms, and other technological
infrastructures, e.g., BlackBoard™, online apps, and platforms for collaboration and video
calls, as well as other technological infrastructures put in place, including Zoom®, Microsoft
Teams, and Webex® [74,76–78].

• In 2020–2021, the Saudi Ministry of Education instructed universities to adapt a blended
learning model in which all theoretical components of the curriculum should be delivered
online and practical component/skills delivered on campus whenever applicable, taking all the
precautionary and preventive measures [79]. This resulted in the King Saudi University (KSU)
College of Medicine delivering the theoretical parts of courses online using BlackBoard™ and
Zoom® platforms, with problem-based learning (PBL) shifted online using small groups [77].

• Practical sessions have been classified into three categories depending on the most suitable
mode of delivery—these include on-campus sessions in the labs and virtual sessions via
online platforms or video demonstrations uploaded in the e-learning systems. For clinical
teaching, more priority has been given to final-year medical students to be trained at the
KSU medical city, while for other years, training and education has been conducted mainly
in the Clinical Skills and Simulation Centre (CSSC) at the college with provisions to provide
adequate orientation to the faculty members and students regarding educational and training
activities to ensure smooth running of the programme [77].

• In the case of pharmacy students, the use of videos has been explored to provide demon-
strations of experiments, especially during the closure of colleges in the initial months [71].
This was subsequently re-visited after restrictions were eased, with the adoption of a blended
learning model similar to the model for medical education.

• The safe return to university campus education was implemented under the theme “Cau-
tiously We Return” with a key aim to implement the practical and clinical components of
the curriculum as well as examinations on campus—facilitated by adopting digital health
technologies and applications introduced in the early phases of the pandemic to mitigate
risks, e.g., all members (faculty, students and other employees) in all Saudi universities had to
have an activated Tawakkalna app on their smartphones to enable entry to the universities.
The Tawakkalna app is an official app and includes many advanced digital services with a
high level of security and privacy features, with the app showing the current health status
of the users (i.e., infected, not infected), any recent contact with an infected individual, and
their COVID-19 vaccination status (i.e., fully vaccinated, vaccinated with the first dose, not
vaccinated) based on Ministry of Health data through encrypted personal data [80].

• Several studies have now taken place exploring the experiences of university students. They
have generally reported positive experiences with e-learning and distance education during
the COVID-19 pandemic in view of the investments made [71,78,79,81,82], with continued
ongoing research in this area. However, this is not universal, with concerns with technical
support and access to the Internet found among some medical students in Saudi Arabia [83].

We have also seen advances in e-learning approaches among a number of countries,
including higher-income countries, to devise different teaching approaches. These in-
clude mobile applications for practical sessions, addressing concerns with e-exams, and
universities combining to offer virtual microscopy and Zoom videoconferencing to teach
pathology [84–87]. The situation in these countries, as well as Saudi Arabia (Box 1), can be
different to experiences in Jordan and other LMICs with appreciably fewer resources to
instigate e-learning and other approaches [50,88–90], as well as across Africa (Table 1).

Consequently, given the many challenges facing medical and pharmacy training in
Africa during the pandemic, including pre-clinical activities [91] (Table 1), coupled with
the urgency of the situation given the increasing complexity of patients across Africa,
we believed it was necessary to document ongoing activities among African countries to
improve medical and pharmacy education during the pandemic and the lessons learnt.

We were aware of a number of innovations across Africa during the early stages of the
COVID-19 pandemic to improve patient care. These included developing finger-prick tests
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to rapidly detect antibodies; developing mobile apps for contact tracing, triaging, and case
management; early sequencing of the genomes of SARS-CoV-2; and the development of
non-invasive respirators given initial global shortages [43,92]. We now wanted to document
initiatives regarding medical and pharmacy education during the pandemic across Africa,
given that e-learning and other digital technologies are here to stay [93–95]. We believe
this is the first time that such activities have been reviewed across a continent rather than
individual countries, which should add strength to any future recommendations. The
objective being to facilitate countries, especially African countries, to learn from each
other [91,96].

We also recognise the need for students and faculty members to continually re-evaluate
the changes in their educational approaches and assessment processes as the pandemic
continues in order to effectively address continued challenges [97]. Alongside this, there is
a need to adapt approaches to address identified gaps including improving self-regulated
behaviour, with students looking out for each other [98–103]. We further recognise that
preceptors should be open-minded and consider how students can participate in service
provision, such as clinical pharmacy services, during pandemics [104]. This includes
a greater use of virtual communication, including potentially with patients, access to
electronic health records remotely where these exist to enhance analysis and treatment
skills, and greater flexibility in teaching methods [104,105].

As a result, we believed it was important that there was increased understanding
of the “new normal” in moving forward as a continent educating future physicians and
pharmacists. This is seen as essential not only in the current pandemic but also considering
the possibilities for future pandemics. Consequently, this paper sets out to understand the
many challenges faced by senior-level personnel from different universities across Africa,
particularly in medical and pharmacy education, as a result of the COVID-19 pandemic,
and how these have been dealt with, in order to share lessons learnt and the implications
for the future to improve student education. This also includes suggested research activities
for the future.

2. Materials and Methods

This was principally an exploratory study among senior-level medical and phar-
macy educators across Africa during the current COVID-19 pandemic, using an analytical
framework with a pragmatic paradigm approach to provide future direction [106,107].
The African countries chosen provided a range of geographies, economic status (Gross
Domestic Product—GDP/capita [108]), and population size [109] (Table 2).

Table 2. Current GDP/capita and population size among participating African countries.

Country GDP/Capita (USD) Population Size

Malawi 625.3 19,129,952
Uganda 817.0 45,741,007
Zambia 1050.9 18,383,955

Tanzania 1076.5 59,734,218
Zimbabwe 1128.2 14,862,924
Cameroon 1499.4 26,545,863

Kenya 1838.2 53,771,296
Nigeria 2097.1 206,139,589
Ghana 2328.5 31,072,940

Eswatini 3415.5 1,160,164
Namibia 4211.1 2,540,905

South Africa 5090.7 59,308,690
Botswana 6711.0 2,351,627

Similar approaches have previously been adopted when documenting activities across
Africa to combat both infectious and non-infectious diseases [4,9,14,43,110–112].
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The questionnaire was developed following an analysis of the literature regarding
key points, concerns, and activities with respect to changes in medical and pharmacy
education resulting from lockdown and other measures to combat the COVID-19 pandemic
(Table 1, Supplementary Table S1). Four key questions were contained in the questionnaire
to address the aims and objectives of the study. These were:

1. What challenges has COVID-19 presented to health sciences education?
2. How did health sciences institutions respond immediately to the challenges presented

by the COVID-19 pandemic in your country (principally medical and pharmacy
education)?

3. What support was harnessed to help mitigate against the challenges faced by higher
learning institutions?

4. What are the lessons that can be learnt to prepare higher learning institutions in the
education of particularly physicians and pharmacists for future pandemics?

The questionnaire was subsequently distributed to senior-level co-authors in each
participating country using a purposeful sampling approach [113]. The co-authors sub-
sequently collated the replies based on their experiences, local reports, and internal insti-
tutional consultations in their own countries, most of which they were heavily involved
with. In some countries, including Ghana, Nigeria, South Africa, and Zimbabwe, multiple
institutions were approached with the findings initially collated and reviewed by the
principal author (B.G.) with the help of the co-authors from that country. The replies to
the questions were discussed among the multiple co-authors and the principal co-author
until a consensus was reached. In countries with only one principal university teaching
medicine and pharmacy, only one university was approached, e.g., Botswana, Eswatini,
and Namibia. The lead author in that country typically collated the comments from the
multiple co-authors; alternatively, the co-authors built and refined their comments, build-
ing on others in that country. As a result, a consensus was reached among all participating
countries. This reflects the exploratory nature of this study coupled with its aims and
objectives.

The responses were analysed using thematic analysis techniques [114,115]. Common
themes across Africa in response to the four key questions were identified and subsequently
collated by the co-authors, combined with other colleagues in some cases, to provide future
direction (Figure 1). These built on the comprehensive answers to the four questions by the
senior-level co-authors among the various African countries.
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3. Results

The COVID-19 pandemic has resulted in considerable challenges, barriers, and shifts
in the way that medical and pharmacy education are now practised among universities
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across Africa (Figure 2). We will split the findings down into the four questions before
consolidating the findings to provide future guidance.
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3.1. What Challenges Has COVID-19 Presented to Health Sciences Education?

Table 3 provides details from respondents about the range of challenges they faced
regarding the education of medical and pharmacy students. Challenges across Africa
included the need for both staff and students to quickly adapt to online learning, concerns
with the lack of available equipment, and the costs of Internet bundles. Alongside this, there
were concerns with how to undertake practical sessions, clinical teaching, and examinations
during lockdown restrictions alongside instigating problem-based learning approaches.
These built off challenges discussed in Table 1. Supplementary Table S2 provides greater
details for each African country.

Table 3. Summary of key challenges faced by universities and students across Africa as a result of the pandemic.

Country

Teaching and Learning Challenges Resource
Issues

Disruption of the
Academic
Calendar/
Limited

Experiences with
e-Learning,

Shortages of Staff

Lack of
Suitable ICT
Equipment,

Literacy, and
the Need for

Hybrid
Learning

Lack of
Reliable
Internet

Facilities/
Challenges
with Home

Learning

Concerns with
Practical

Skills
Learning as

Well as
Face-to-Face

Learning

Instigation of
Problem-Based

Learning to
Address Lack of

Face-to-Face
Learning

Quality
Assessment/

Robustness of
Examinations

Cost of
Internet/
Facilities

Botswana
√ √ √ √ √

Cameroon
√ √ √ √

Eswatini
√ √ √ √ √ √

Ghana
√ √ √ √ √

Kenya
√ √ √ √ √ √

Malawi
√ √ √ √

Namibia
√ √ √ √ √ √ √

Nigeria
√ √ √ √ √ √

South Africa
√ √ √ √ √

Uganda
√ √ √ √ √ √

Zambia
√ √ √ √ √ √

Zimbabwe
√ √ √ √ √
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3.2. How Did Health Sciences Institutions Respond Immediately to the Challenges Presented by the
COVID-19 in Your Country (Principally Medical and Pharmacy Education)?

Table 4 summarises the various ways in which the universities across Africa imme-
diately responded to the challenges in medical and pharmacy education as a result of
lockdown and other measures, with greater details in Table S3.

Table 4. Summary of immediate responses among institutions across Africa to the pandemic and its impact on educational
approaches for physicians and pharmacists.

Country

Responses to Teaching Responses to Practicals and Clinical
Teaching

Extensive Use of
e-Learning

Approaches,
Including Remote

Teaching and
Blending/

Training of Staff

Regular
Adjustments of

Academic
Calendars/

Teaching Schedules

Instigation of
Social Distancing/

Sanitation Measures
for Lectures

Modification of
Practicals/Contact
between Students

and Patients

Adaptive
Approaches,

Including
Systematic Reviews

in Small
Groups/Interactive

Videos/Use of
Workbooks

Botswana
√ √ √ √

Cameroon
√ √

Eswatini
√ √ √ √

Ghana
√ √ √ √

Kenya
√ √ √ √ √

Malawi
√ √ √

Namibia
√ √ √ √ √

Nigeria
√ √ √ √ √

South Africa
√ √ √ √ √

Zambia
√ √ √ √

Zimbabwe
√ √ √ √

This typically included extensive use of remote teaching involving the education of
both staff and students. In addition, adjustments were made to the teaching schedules to
take into account the new environment, as well as adjustments to practical and teaching
programmes to take into account social distancing and other regulations.

3.3. What Support Was Harnessed to Help Mitigate against the Challenges Faced by Higher
Learning Institutions?

Table 5 discusses the support that was harnessed by the various institutions across
Africa in response to the pandemic. This included entering into agreements with Internet
providers to help with the costs of e-learning approaches for medical and pharmacy
students, as well as improved sanitation and hand-washing facilities. Some universities
also provided psychological and moral support to staff and students to help address
ongoing challenges.

Table 5. Examples of support and other measures harnessed by health science institutions across Africa in response to the
pandemic.

Country Support

Botswana
• The University of Botswana entered an agreement with one network provider (Botswana

Telecommunications Corporation) to provide 1 GB every day to students.
• The Ministry of Education provided PPE for the students.

Cameroon
• Provision of water points with soap for hand washing among institutions.
• Display of COVID-19 sensitization materials around medical and pharmacy school campuses.
• Provision of hand sanitisers and face masks for attendance in lectures.
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Table 5. Cont.

Country Support

Eswatini

• Capacitation of teaching staff was provided by the university through training on the use of selected
online teaching and learning platforms.

• Training on preventive measures against COVID-19 was provided to safeguard staff and students
during blended learning sessions once lockdown measures were eased.

• Staff were provided with face masks and face shields to enhance their face-to-face teaching.
• The university made arrangements to provide psychosocial, moral, and spiritual support to students

and staff affected by the pandemic.
• Telecommunication companies including MTN Eswatini, Eswatini Mobile, and Eswatini Post and

Telecommunication (EPTC) provided subsidies on data bundle packages to assist students and staff
with Internet costs.

Ghana

• Enhancement of existing university electronic media into a learning management system that
enhanced lecturer and student interaction.

• Introduction of teaching and student online assessments and re-assessments.
• Students who performed poorly during their assessments were given a remedial assignment to make

up for the negative effect of switching to virtual learning.

Kenya

• Provision of Internet bundles to students and staff, as well as subscription by the University of
Nairobi to online teaching platforms.

• Formation of COVID-19 committees that were tasked with carrying out research to inform practice as
well as education of staff and students about the pandemic.

• Capacity building of the university ICT department to provide adequate support services and
training for online teaching during the pandemic.

• Conducting online graduation ceremonies for students who completed their studies.
• Counselling services provided to students and staff to reduce COVID-19 related anxiety.
• Partnerships with corporate organisations for raising funds to provide PPE for students and staff, as

well as donations of PPE to staff and students.
• Building more hand-washing stations in the universities as well as provision of clean water and soap

to all staff and students to reduce the spread of the virus.

Malawi

• Out of the many strategies, the blended learning strategy has been widely used, as it allows those that
are in quarantine to be able to teach and learn.

• Blending of the use of the COMPASS platform with other platforms such as Zoom®, Google
Classroom, and WhatsApp®.

• Blended learning helps with issues of crowding in classes, as all big classes are being taught using the
system, as well as helping those students that failed to attend online learning sessions to cover missed
sections and improve their understanding of the various concepts.

• Conducting blended graduation and thesis defence with online and face-to-face meetings. Only
students with first class/distinction went for physical graduation, while the rest graduated online.

• Introduction of hand sanitiser production facility in the Pharmacy department with the aim of
providing quality hand sanitisers to the staff and students of the College and University.

• Provision of ICT equipment (computers and tablet) to students to help them access online platforms.
• Initiatives with Internet service providers that changed the providers from purely a private entity

status to a consortium managed by institutions of higher learning in Malawi. This resulted in
doubling of Internet bandwidth to improve connectivity to both the staff and students.

Namibia

• The University of Namibia, through its Centre for Online, Distance and e-Learning (CODeL),
capacitated academics and students to engage in online learning, teaching, and assessments.

• The university provided various remedial opportunities for teaching and assessments for students
whose learning was adversely affected by the COVID-19 pandemic.

• The Ministry of Higher Education established a fund to enhance research on COVID-19 as well as
purchase ICT devices for underprivileged students.

• A flexible working schedule was permitted by the university, including the use of various teaching
methods and online platforms.

• Together with other stakeholders, the University of Namibia also provided free Internet dongles to
students and heavily subsidised Internet dongles among staff members to address perceived
challenges.

• Some electronic books were made available free of charge to students by the university library.
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Table 5. Cont.

Country Support

Nigeria

• Listening/viewing hubs were created in some institutions to enable students who could not afford
Internet subscriptions to gather for lectures within the campuses.

• Some sub-national governments were able to provide additional financial resources and
infrastructure to aid online learning among tertiary institutions.

• Sharing of ideas and innovative approaches to learning in the pandemic era and working towards
bridging the learning inequality gaps through professional bodies and societies.

• Some institutions supported their academic staff financially to sustain online teaching, with some
universities also providing free Wi-Fi for lecturers’ online academic activities.

South Africa

• Concerns with the readiness of staff and students to use online teaching platforms was addressed
through several workshops for both students (as end-users) and teaching staff for implementation of
alternative pedagogies.

• It was recognised that the development of online material needed to consider the various learning
styles of the different students, including differences that may be present among ethnically diverse
student bodies.

• Continuous webinar distribution of lectures alongside educational units helping to offer expedited
training—however, this did create a sense of overload/not doing enough/failing to attend everything
among some students.

• Videoconferencing software offered the ability to divide students among different “breakout rooms”
for team-based learning. Online discussion boards stimulated discourse on individual topics but
were less well-suited for complex topics such as patient case discussions.

• Establishment of counselling services or reinforcing current services to support and strengthen the
mental health and well-being of students and staff.

• Several agreements between universities, the government, and Internet providers for negotiating
zero-rated access to specific educational and information websites and data bundles for staff and
students to facilitate Internet access.

• Some universities also obtained a greater GSuite licence to help accommodate a greater integration
between Gmail and other GSuite platforms (which was eventually downgraded due to cost).

Tanzania
• Online communication is now encouraged in public and private universities whenever possible.
• Increasing support to help address financial constraints and Internet connectivity among staff

and students.

Zambia

• COVID-19 prevention policies and statutory provisions were enacted to help reduce the spread
of the virus.

• The universities endeavoured to orient their faculty to re-acquaint them to teaching using
online platforms.

• Negotiations took place with Internet service providers to address concerns. The result was the
zero-rated deal with MTN Zambia, a mobile service provider. In this regard, MTN Zambia
collaborated with the University of Zambia and Copperbelt and Mulungushi Universities (who are
the main public universities offering medical programmes in Zambia) to provide subsidized access to
Internet in order to enable students to study from home during the COVID-19 pandemic [116].

• However, issues of universal access to Internet services remain relatively inequitable and
characterised by low uptake, which needs to be addressed going forward.

Zimbabwe

• Establishing free Internet connectivity at the University of Zimbabwe College of Health Sciences for
students as well as some teaching hospitals.

• Continued face-to-face teaching for clinical rotations, mindful of the virus and the implications
• Rotation of didactic lessons and clinical sessions to enhance learning during the pandemic.

NB: ICT = Information and communications technology; PPE = Personal protective equipment.

3.4. What Are the Lessons That Can Be Learnt to Prepare Higher Learning Institutions in the
Education of Physicians and Pharmacists for Future Pandemics?

Table 6 discusses the lessons that have been learnt regarding the future education of
medical and pharmacy students during a pandemic and beyond. This includes the fact that
theoretical teaching can be smoothly taught virtually, with blended learning here to stay.
However, this needs investment in skills and equipment, as well as increasing the Internet
reliability and coverage and reductions in the costs of Internet bundles. Institutions also



Healthcare 2021, 9, 1722 12 of 27

need to be made safe for future pandemics, and there needs to be greater psychological and
other support for both students and staff going forward. Medical and pharmacy institutions
also need to continually develop and adapt pertinent tools for practicals, clinical teaching,
and examinations to address current challenges.

Table 6. Lessons learnt from the pandemic among institutions providing medical and pharmacy education across Africa.

Country Lessons Learnt

Botswana

• Theoretical teaching can smoothly be taught virtually, provided that students and staff have access to
the Internet. However, strong Internet and electronic platforms must be established.

• For medical training, the hands-on experience needs to be considered and limits for any mandatory
contact time experience need to be established.

• Welfare services for staff and students need to be established to address issues of anxiety and
depression brought on by the pandemic and its consequences.

Cameroon

• For online learning or distance learning using digital platforms to be effective, Internet connectivity
needs to improve in bandwidth and speed at an affordable cost. It is possible that 5G technology may
be needed for Cameroon to progress in this direction.

• Water, sanitation, and hygiene (WASH) issues pose a risk to educational attainment at all levels of
learning in Cameroon, not only in the face of the COVID pandemic but also in the face of other
epidemics and outbreaks, including cholera and Ebola.

• Consequently, educational institutions must invest in WASH for improved learning and teaching
outcomes in the future.

Eswatini

• The COVID-19 pandemic put a considerable strain on the majority of the higher learning institutions,
including health science institutions, who had depended on conventional face-to-face teaching and
learning approaches, and compromised the mandate of tertiary institutions.

• The challenges encountered and lessons learnt in preparation for future pandemic include:

# Capacity building for health science institutions in the use of online learning platforms, as
well as integration of virtual learning environments into institutional websites, in order to
normalise remote learning;

# There is need for health science institutions to strengthen collaboration with major
stakeholders, including the Eswatini Higher Education Council as well as telecommunication-
and technology-based companies to reinforce a stronger infrastructure to support remote
learning, thereby enhancing quality education during future pandemics;

# The psychological and emotional effect of the COVID-19 pandemic suffered by both staff and
students in health science institutions suggests the need to develop a formal psychosocial
support system in every training institution to cater for students and staff whose academic
responsibilities may be compromised as a result of such a pandemic.

Ghana

• The need to develop remote and distance teaching and learning materials have provided the
opportunity to rethink the curricula, as well as teaching and learning processes and the restructuring
of health science students’ competencies assessments for future pandemics.

• The need for partnerships to develop or enhance the virtual capacity of health science education in
the area of skill-based learning and assessment.

• The need to develop targeted support for students and lecturers to address the barriers and
challenges in providing quality education during an outbreak.

• Health science universities must also collaborate to develop policies on virtual teaching and learning
during an outbreak. They should also focus on scaling up or developing the relevant capacity to
utilise resources available to them when developing or producing mitigatory measures in future
pandemics.

Kenya

• Going forward, universities must invest in proper infrastructures that can enhance social distancing
and hygiene measures during pandemics.

• Universities also need to invest heavily in ICT to support online teaching, research, and other related
activities.

• There is a need for recognising the promotion of blended learning (face-to-face and online) and less
emphasis on physical learning. Alongside this, a need to invest in alternative methods of clinical
teaching, such as the use of videos and demonstrations.

• Using COVID-19 as a case history to conduct research and develop strategies for mitigating
future pandemics.
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Table 6. Cont.

Country Lessons Learnt

Malawi

• Need to develop full-time online lessons whereby students can choose either online or face-to-face
learning. This requires institutions to have fully developed and up-to-date online learning systems
and infrastructures.

• Institutions need to fully develop online resources and regularly update them accordingly for use by
current students so that they can be fully developed and up-to-date and more inclusive in advance of
any future pandemic.

• Medical and pharmacy institutions also need to develop pertinent tools for virtual experimentation of
practicals to address current challenges.

Namibia

• There is need for health science institutions to migrate to education appropriate for the 4th Industrial
Revolution (Education 4.0/5.0), which is learner-centred, work-integrated, and competence-based
and embraces digital education through a range of technologies [117].

• Directly transplanting materials used for face-to-face teaching to online platforms does not achieve
the same results; students’ comprehension of topics after online lectures (whether recorded or
synchronous) was not as high as after the same lectures were given face-to-face.

• Consequently, additional effort needs to be made to ensure that:
• Students attend synchronous teaching sessions with lecturers;
• Lecturers actively engage as much of the class as possible during these sessions to keep students

focussed and address any misunderstandings.
• Hands-on practicals and clinical training of health science students should never be substituted with

100% online learning and assessments, although there can be challenges during any pandemic.
• There is need to assure the continued quality of online assessments as they are prone to plagiarism.
• Health science institutions in resource-limited settings need to continuously innovate and improve

teaching, learning, and assessments in their local context to enhance appropriate training of students.
• Developing learning materials (such as question banks, case studies, and demonstrations) in

collaboration with other health science institutions across Africa will strengthen the quality of future
training while reducing duplication of effort.

Nigeria

• Establishment of functional hybrid learning platforms (in-person and online) in
educational institutions.

• Development of reliable virtual online assessment methods for students.
• Adequately equipped skills acquisition laboratories among the universities, especially public

universities, to bridge the gaps created by the non-feasibility of physical learning in future pandemics.
• Educational curricular reviews to integrate emerging and re-emerging diseases into the medical and

pharmacy educational programmes.
• The need for health sciences regulatory bodies to ensure acceptable standards are achieved to

guarantee the quality and competence of HCPs who graduate during pandemics.

South Africa

• There have been ample learning opportunities for all involved as well as a greater appreciation for
the need for institutions to exercise compassion, flexibility, and, where possible, a sense of stability
for students.

• Everyone, including staff and students, was forced to be innovative, think more creatively, and come
up with appropriate solutions for alternative ways and approaches to ensure teaching and learning
takes place according to pre-set criteria. As a result, better preparation for future pandemics.

• Considering the advantages of hybrid or blended learning as an educational approach for future
medical and pharmacy education, building on existing institutional strengths.

• Online teaching and learning opened up endless possibilities of collaboration between academic
institutions locally and abroad to share expertise and include teaching by international experts as part
of the curricula, which was previously not possible.

• The importance of clear communication and expectations. Many students were not aware of what the
environment would be like or the need to continually adapt assessments to accommodate
online learning.

• Greater need for a scholarship of teaching and learning in academic training to ensure alignment
throughout, which also provided ample opportunity to engage in HCP education research.



Healthcare 2021, 9, 1722 14 of 27

Table 6. Cont.

Country Lessons Learnt

Tanzania

• Both public and private universities should be strongly encouraged to invest in appropriate
infrastructures that can enhance social distancing and hygiene during pandemics.

• Universities also need to invest heavily in ICT to support online teaching, research, and other related
activities.

• The future for teaching and learning in Africa will be based on IT to deliver lectures, assignments,
and examinations, the latter being a considerable challenge that needs urgent addressing.

Uganda

• Uganda needs to invest in the infrastructure of universities to offer more hybrid learning experiences
going forward.

• Faculty members need to be more flexible with greater e-learning in the home environment and the
challenges this produces.

• Universities need to work with the government and Internet providers to reduce the financial burden
of Internet access and platforms for working at home.

Zambia

• Universities must invest in robust e-learning educational strategies and accessible educational media
technologies for health science education in the future.

• E-learning interventions for medical and pharmacy education could be of great benefit for targeting
quality education, with over-reliance on face-to-face, contact-based teaching and learning approaches
revisited going forward.

• The effectiveness of e-learning, including blended learning approaches, needs to be evaluated in the
context of core competence development and fitness for subsequent practice for the graduates
produced using such methods, which is ongoing in Zambia.

• In this digital era, increasing uptake of e-learning and making quality Internet accessible at
subsidised cost (inexpensive) for student populations must be a mainstream strategy for universities
to enhance access to learning platforms.

Zimbabwe

• There is a need to establish reliable, affordable digital platforms for e-learning among both university
staff and students.

• There is also a need for universities and colleges to collaborate with tech companies for potential
solutions to enhance e-learning opportunities.

• Build student capacity to become citizen programmers so that they become tech-savvy as part of the
curriculum and guide others.

• Universities need to pay more attention to psychosocial support for students in future pandemics.

NB: ICT = Information and communications technology; HCP = Healthcare professionals.

3.5. Consolidated Findings and Their Implications

A number of common themes were identified regarding the impact of the COVID-19
pandemic on medical and pharmacy education across Africa as well as potential ways
forward. These build on Tables 3–6 and Box 1. They are consolidated in Table 7 to provide
guidance to key stakeholders in Africa and the wider world experiencing similar problems
with physician and pharmacy education.
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Table 7. Common themes regarding the impact of challenges of the COVID-19 pandemic on teaching practices and the
lessons learnt.

Question Common Themes

Challenges faced by
universities during

the pandemic

• Rapid assimilation of new teaching methods and platforms by both staff and students to facilitate
e-learning and transition away from traditional face-to-face approaches.

• Concerns with issues of digital literacy with the different technologies and platforms among both
staff and students, as well as infrastructure concerns within universities to deal with online/virtual
learning. In addition, shortages of the basic essential resources to deal with online/ virtual learning
both at the institutional and individual (lecture and student) level, especially for
disadvantaged students.

• The rapid transformation of face-to-face teaching to online which needed to take into account key
issues, including diversity in terms of race, cultural identities, language, and socioeconomic
backgrounds, as well as challenges with conducting problem-based learning online.

• Concerns with access to reliable Internet facilities (coverage, cost and reliability) for both staff and
students, as well as concerns with the effectiveness of mobile technologies with regard to issues of
Internet access and costs.

• Challenges with conducting practicals and electives for medical and pharmacy students and sourcing
materials. This included providing the necessary PPE and ensuring social distancing for any sessions
conducted in universities after the initial lockdown.

• Educational challenges due to a shortening of the academic year following the initial wave of the
pandemic. In addition, challenges faced by staff and students in their own home environments
coping with competing demands.

• Difficulty with data collection for any primary research as part of assessments for graduation
• Barriers and challenges with developing new methods to maintain the quality and integrity of

student assessments through virtual platforms.
• Coping with the disruption of staff/student exchange programmes as well as visiting lecturers.
• Mental health and performance concerns of students and staff as a result of the pandemic and its

uncertainties, including extended teaching hours of staff members.

Responses by health
science institutions to

the pandemic

• Webinars and training sessions have been conducted to enhance the skills of both staff and students
towards e-learning/online learning platforms as part of the transition from face-to-face learning to
virtual online approaches. This included the provision of “Internet buddies” in some universities.

• Researching the potential for hybrid teaching sessions as lockdown measures eased and some
students wanted to return to campus.

• Continually re-assessing the quality of teaching to address misconceptions/concerns with current
approaches. This included the potential for increased flexibility with regards to particular modules to
allow for different home circumstances.

• Introduction of formative assessments online undertaken through appropriate platforms to ensure
robustness/integrity.

• Developing innovative approaches, including videos, dividing students into small groups,
demonstrating practicals online (via YouTube and other approaches), and using problem-based
learning approaches. Videoconferencing software offered the possibility of dividing students into
different “breakout” sessions.

• As lockdown measures eased, practical sessions and clinical students in wards were staggered with
fewer students at a time and with students provided with full protective equipment.

• Changing of primary research modules as part of courses into secondary research including
systematic reviews.

• Working with Internet access providers to address concerns with the purchasing of data bundles by
staff and students, as well as seeking innovative approaches to make laptops and other equipment
readily available to students, especially disadvantaged students.

• Providing PPE to students and staff when on campus and encouraging regular hand washing/hand
sanitisation.
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Table 7. Cont.

Question Common Themes

How support was
harnessed to help

mitigate against the
pandemic

• Turning existing university electronic media into learning management systems, enhancing lecturer
and student interaction, alongside transforming lectures online.

• Forming COVID-19 groups within universities tasked with introducing new learning approaches as
well as assessing the appropriateness of current approaches/refinements where necessary. This also
included suggestions for capacity building of IT infrastructure within universities/additional support
for staff and students to address barriers to the use of new platforms/approaches, as well as the
instigation of Internet buddies in some universities.

• Providing flexibility to students who were struggling, especially those struggling from any negative
effects arising from the switch to online learning in the home environment.

• Ensuring as far as possible that online assessments were robust to maintain the quality of degree
graduates and conducting graduation ceremonies online.

• Harnessing support from governments and Internet providers to assist with the cost of access to the
Internet. Similarly, seeking ways to provide ICT devices to students, including computers, where
finances were an issue, e.g., disadvantaged students.

• Giving assistance to staff and students to support online learning as well as generally to address
mental health and other issues arising from the pandemic.

Lessons learnt and
ways forward

• Theoretical teaching can be taught virtually, provided that staff and students have access to suitable
platforms, devices and reliable Internet facilities. However, this requires appropriate inputs initially
to build up skilled-based learning approaches in new electronic media, including capacity building in
a number of institutions.

• The move to remote learning/blended learning provided the opportunity for universities to re-think
the syllabi and future approaches away from principally traditional face-to-face teaching approaches.
This though, may require universities to invest in appropriate infrastructures/media technologies
and re-think how to appropriately conduct practicals and clinical teaching sessions in the future, as
well as ensure clear communication and expectations of all involved.

• Online teaching and learning opened up possibilities for greater collaboration between academic
institutions locally and abroad, as well as sharing expertise and involving international experts in
teaching programmes, which was not always possible before.

• The pandemic and its implications also highlighted the need for university staff to continually
re-evaluate their teaching approaches as well as examination approaches to ensure expectations are
met and graduates are up to agreed standards, especially given the increasing complexity of patients
in Africa.

• Alongside this, it is important to re-think the organisation of clinical rotations and placements, to
reduce the number of students in one clinical setting at a time, while still maintaining quality of
learning.

• Universities need to ensure students and staff have access to appropriate ICT devices and Internet
bundles—especially disadvantaged students, as this was a problem initially among many medical
and pharmacy students across Africa. This could include encouraging more corporate responsibility
among companies and individuals as well as working with governments and other support systems.

• Universities also need to ensure the well-being of staff and students going forward with changes in
workloads and locations, e.g., home environments.

• Overall, the re-thinking of teaching approaches, coupled with other innovations seen across Africa as
a result of the pandemic [43], provides considerable opportunities for African universities to
showcase their skills to attract future investments; in other words, COVID-19 could be the catalyst for
the next revolution with its implications for the future of higher education across Africa and the
wider world.

4. Discussion

There is no doubt that the COVID-19 pandemic, along with measures to slow its
spread across Africa—incorporating early lockdown alongside other measures, including
closure of borders and higher education institutions [43,92]—has caused considerable
challenges for higher education across Africa (Table 1). This is similar to many other
countries [50,85–87,98,118].

We believe this is the first time that the implications of these multiple measures on
higher institution learning, especially for medical and pharmacy students, and ways for-
ward have been assessed across a single continent, Africa, with its considerable challenges
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before the start of the COVID-19 pandemic. We believe this was important given the many
public health and other challenges across Africa, which include the increasing complexity
of patients exacerbated by the growing number of patients with multiple co-morbidities
and the challenges this brings, such as the need to consider multiple guidelines simultane-
ously to appropriately manage these complex cases [55,119–122]. Alongside this, concerns
with the lack of ICT infrastructures and e-learning facilities among many universities in
African countries before the start of the pandemic (Table 1).

Concerns with the education of physicians and pharmacists across Africa arising from
the pandemic were exacerbated by the initial challenges of translating lectures to online,
the lack of familiarity with online e-learning platforms among many faculty members
and students, and, as mentioned, poor ICT infrastructures among many African countries
(Tables 1 and 3). This is similar to other LMICs, including Jordan [50,88,123]. There was
also a considerable unplanned financial burden among both universities and students at
the start of the pandemic with the need to purchase computers, tablets, and other ICT
support systems necessary for e-learning, as well as the cost of Internet bundles and user
fees among staff and students. These factors affected all key stakeholders involved in
HCP education across Africa at the start of the pandemic. This included governments,
non-governmental organisations, and the private sector, as well as the institutions, staff,
and students (Tables 1 and 3). The situation regarding medical and pharmacy education at
the start of the pandemic was different, though, in Saudi Arabia, with greater infrastructure
initially with its greater resources (Box 1). However, despite this, there were still a number
of issues that needed addressing in Saudi Arabia at the start of the pandemic, including the
optimal blending of online and face-to-face teaching, with the findings from recent studies
likely to influence future teaching approaches (Box 1).

Tables 3 and 7 document the many barriers and challenges faced by universities
and higher education institutions across Africa at the start of the pandemic, especially
for medical and pharmacy students. These include addressing concerns with the lack of
infrastructure and competency in e-learning approaches. In addition, there were concerns
about shortages of ICT equipment, especially among disadvantaged students, as well
as the cost of Internet bundles. Alongside this, coping with learning at home given
competing demands and the availability of quiet places to teach and learn were significant
concerns. There were also concerns with conducting practicals and clinical teaching
sessions with social distancing and other measures in place, including WASH, which
necessitated breaking students down into smaller groups [77]. In addition, there were
concerns with the need for greater investment in simulation-based learning (SBL) although
countries are learning from each other to address this.

Tables 4, 5 and 7 discuss the different responses among the various institutions across
Africa to address these multiple challenges. These included instigating training seminars,
webinars, and other types of development platforms for both staff and students, along
with developing innovative approaches to e-learning, including the use of videos, turning
existing university electronic media into learning management systems, and exploring
the potential for hybrid teaching sessions. Whilst this may have incurred initial logistical
challenges within universities, faculty development programmes have allowed for more
certainty in how to approach new modalities, stimulated the development of future practice
approaches, and provided opportunities for professional development [124–126]. Along-
side this, we are aware of innovative approaches to the training of surgeons in addition
to those documented (Tables 4–7). These include enhancing video platforms and online
teaching of instrument identification, suturing, and knot tying [127–129].

By allowing for the continuous development of academics’ educational toolboxes,
opportunities arise not only for engaging with new fields of research but also for enhancing
preparedness for future disruptions, including future pandemics. Capacity building was
also important among countries given concerns with the lack of investment over a number
of years among some of the African universities at the start of the pandemic, which are
now being addressed. Flexibility was also seen as key, including calendar adjustments,
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given the different circumstances among the students, with some students struggling to
adjust to online learning. Governments and universities also need to work more closely in
the future with Internet providers to address concerns with the cost of Internet bundles.

Encouragingly, developments in e-learning and other approaches are taking place
across Africa to address the many highlighted challenges (Tables 4, 5 and 7). New ways to
assess students have also been developed whilst seeking ways to maintain the robustness
and integrity of the assessment systems. This is because security and rigour of assessments
were noted as a general concern among academics in Africa early on in the pandemic,
mirroring other countries [86]. These concerns are largely due to the necessary transition
to online platforms, which cannot always be invigilated, and the requirement that physical
assessments must be conducted outside of the authentic environment during any pandemic,
e.g., objective-structured clinical assessments. Although institutions have done much to
implement a variety of quality control processes, mistrust in the process is still evident in
a number of African countries, and future research is needed to assess the effectiveness
of different strategies to address remaining fears and provide future guidance. We will
continue to monitor this. Other potential research activities emanating from African
university activities during the pandemic are discussed in Table 8.

Overall, different approaches have been instigated to ensure medical and phar-
macy students are equipped as much as possible with the necessary skills at graduation
(Tables 5 and 7). This includes a greater need for evidence-based treatment approaches
given the discourse surrounding a number of different treatments for patients with COVID-
19, including hydroxychloroquine and remdesivir, that failed to improve patient care and,
in some cases, actually increased morbidity, mortality, and costs [9,32,56,130–134]. In ad-
dition, there is a greater need for effective ways to reduce unnecessary prescribing and
dispensing of antibiotics, including in patients with COVID-19, as well as to improve the
management of patients with NCDs given concerns with the unintended consequences of
the pandemic [17,27,43,44,135].

Table 8. Potential research activities to improve the education of medical and pharmacy students during the current and
future pandemics.

Potential Research Projects

• Determine the costs associated with capacity building to improve online teaching, including greater support for staff and
students.

• Assess the costs and effectiveness of instigating WASH (water, sanitation, and hygiene) facilities throughout universities to
enhance safety for both students and staff. This could include infrastructure costs where there are concerns with social
distancing and other hygiene measures.

• Continually assess the costs and effectiveness of different hybrid models for teaching medical and pharmacy students to
encompass agreed designated core competencies. This includes different approaches to practicals and clinical
sessions—including the potential for small groups and monitoring any adjustments to subsequent teaching/practical
approaches, where pertinent, as well as their subsequent effectiveness to provide future guidance. This to take account of a
greater cognisance of the potential difficulties and challenges within home environments for both staff and students alongside
the challenges with ensuring appropriate skills at graduation, including, for instance, surgical skills, as well as the potential for
increased flexibility in learning approaches.

• Explore the potential for changing primary research modules into secondary research modules including systematic reviews,
and whether such approaches can achieve agreed educational objectives.

• Develop tools that help monitor the quality of teaching with hybrid models as well as assess the quality of online assessments,
given enhanced potential for plagiarism, and implement them.

• Continue to evaluate different approaches that enhance the robustness of online assessments, including examinations, that
necessarily replace formal examinations during current and future pandemics, and seek to implement the most appropriate
approaches.

• Continue to evaluate the costs and effectiveness of different psychological, moral, and counselling support for both staff and
students during a pandemic, especially if this interferes with learning, and implement appropriate recommendations.

• Research strategies that help mitigate against future pandemics through analysing current case histories across Africa and seek
to help implement the findings. We have seen African countries learn from each other, and this is likely to continue [43].

• Explore the potential for joint pan-African collaboration and research into key research activities surrounding the education of
medical and pharmacy students during pandemics given the complexities of managing patients in Africa, especially those
with joint infectious and non-infectious diseases, building on previous joint research projects [4,111,112,136,137].
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Tables 6 and 7 summarise key learnings arising from the challenges posed by the
pandemic and how these can be addressed going forward. This includes the fact that
theoretical learning can in fact be taught virtually, with this blend of e-learning and face-
to-face teaching for medical and pharmacy students here to stay. This pandemic and
its consequences have also provided universities across Africa with the potential to re-
think their syllabi to include hybrid learning opportunities. However, this will require
the necessary infrastructure, equipment, and personnel to effectively take this forward.
Activities potentially include establishing e-learning centres within universities where these
currently do not exist, developing quality standards for e-learning, providing adequate
technological resources, i.e., online platforms, and ensuring the necessary training for
faculty members and students. This will require greater collaboration between technology
firms within Africa, governments, and the universities, with greater corporate responsibility
among companies [73,138]. Internet bundles also need to be affordable to all for hybrid
approaches to work in the future. We will also likely see greater collaboration among
universities in the future alongside continual research into appropriate teaching methods
for this and future pandemics (Table 8). We will also be monitoring this.

The pandemic, including the development of innovative management and treatment
approaches [43] coupled with innovative approaches to teaching, has also provided an
opportunity for African universities to showcase their skills to attract future investment.
We have already seen apps being developed in South Africa to rapidly assess the use of
antimicrobials among patients in hospitals given current concerns [17,110,139,140], with
such approaches likely to grow, building on the greater use of technologies to manage
patient care across Africa and the wider world [43,75,141–143].

Innovative ways could also be introduced, including digital solutions, to provide
increasing psychological and social support and guidance for staff and students during the
pandemic given current concerns [51,65,66,144,145]. The objective being to reduce anxiety,
depression, and other mental health issues associated with the pandemic. This is because
challenges regarding the mental health and well-being of staff and students was a common
observation across Africa (Table 3). Mental health issues among staff and students were
generally linked to concerns including uncertainty with the pandemic in terms of altered
working conditions. Alongside this, difficulties with maintaining a work–life balance; fear
of the implications of the transition to e-learning on teaching, learning, and assessments;
and the loss of face-to-face support networks, with burnout of students and lecturers an
ongoing concern [146–148]. However, we have seen the growth of virtual support networks
across universities as well as increased compassion towards one another to help address
such issues. This is likely to continue.

We are aware of a number of limitations with this study. These include the fact that
we only approached a limited number of universities and other personnel involved in
HCP education in each country and no students. In addition, we did not cover all African
countries. We also did not undertake a thorough thematic analysis of the answers to the
four questions for the reasons stated. However, in view of the seniority of the co-authors
and the insights they provided, we believe our findings are robust, providing direction for
the future.

5. Conclusions

In conclusion, the pandemic has required higher education institutions across Africa
to dramatically change the way in which they approach the training of their HCP students.
This includes appreciably increasing hybrid approaches incorporating e-learning coupled
with face-to-face teaching where permissible. Alongside this, instigating innovations
to help with practicals and clinical teaching, as well as with assessments to ensure their
quality and robustness. We have also seen key stakeholder groups come together to address
concerns with ICT support for students, especially disadvantaged students, as well as the
costs of Internet bundles, with such collaborative approaches likely to grow. Addressing
mental health concerns among both students and staff has become increasingly essential
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during any pandemic, and given the experiences seen during the current pandemic, this
will continue.

As the world moves further into the Fourth Industrial Revolution, paradigm shifts
will continue to occur. As COVID-19 has shed light on the weaknesses and strengths
of educational institutions across Africa and in many cases amplified them, the unique
challenges each institution has faced with training their medical and pharmacy students to
become fit-for-purpose graduates have become increasingly clear. We have seen different
institutions successfully adopt a variety of strategies to address these challenges, with
hybrid learning here to stay. Consequently, it is unlikely that institutions across Africa
will revert to the same educational strategies that were in place prior to the COVID-19
pandemic, especially with continued investment and research into e-learning opportunities
and systems. We will continue to monitor the situation to provide future guidance.
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87. Roszak, M.; Sawik, B.; Stańdo, J.; Baum, E. E-Learning as a Factor Optimizing the Amount of Work Time Devoted to Preparing an
Exam for Medical Program Students during the COVID-19 Epidemic Situation. Healthcare 2021, 9, 1147. [CrossRef]

88. Almaiah, M.A.; Al-Khasawneh, A.; Althunibat, A. Exploring the critical challenges and factors influencing the E-learning system
usage during COVID-19 pandemic. Educ. Inf. Technol. 2020, 25, 5261–5280. [CrossRef]

89. Ashiq, K.; Ashiq, S.; Sadia, H. Pharmacy Education and Role of the Teachers During the COVID-19 Pandemic. Bangladesh J. Med.
Sci. 2021, 20, S183–S184. [CrossRef]

90. Islam, S. Unlearning, Relearning, and Paradigm Shift to Online Tertiary Education during the COVID-19 Pandemic in Bangladesh.
Bangladesh J. Med. Sci. 2021, 20, S65–S71. [CrossRef]

91. Gaur, U.; Majumder, M.A.A.; Sa, B.; Sarkar, S.; Williams, A.; Singh, K. Challenges and Opportunities of Preclinical Medical
Education: Covid-19 Crisis and Beyond. SN Compr. Clin. Med. 2020, 2, 1992–1997. [CrossRef]

92. Afriyie, D.K.; Asare, G.A.; Amponsah, S.K.; Godman, B. COVID-19 pandemic in resource-poor countries: Challenges, experiences
and opportunities in Ghana. J. Infect. Dev. Ctry. 2020, 14, 838–843. [CrossRef]

93. Rajab, M.H.; Gazal, A.M.; Alkattan, K. Challenges to Online Medical Education During the COVID-19 Pandemic. Cureus 2020, 12,
e8966. [CrossRef] [PubMed]

94. Thakur, A.; Soklaridis, S.; Crawford, A.; Mulsant, B.; Sockalingam, S. Using Rapid Design Thinking to Overcome COVID-19
Challenges in Medical Education. Acad. Med. J. Assoc. Am. Med. Coll. 2021, 96, 56–61. [CrossRef]

95. Torda, A.J.; Velan, G.; Perkovic, V. The impact of the COVID-19 pandemic on medical education. Med. J. Aust. 2020, 213,
188-188.e1. [CrossRef] [PubMed]

96. Reyna, J. Twelve Tips for COVID-19 friendly learning design in medical education. MedEdPublish 2020, 9, 103. [CrossRef]
97. Papapanou, M.; Routsi, E.; Tsamakis, K.; Fotis, L.; Marinos, G.; Lidoriki, I.; Karamanou, M.; Papaioannou, T.G.; Tsiptsios, D.;

Smyrnis, N.; et al. Medical education challenges and innovations during COVID-19 pandemic. Postgrad. Med. J. 2021, 1–7.
[CrossRef]

98. Ferrel, M.N.; Ryan, J.J. The Impact of COVID-19 on Medical Education. Cureus 2020, 12, e7492. [CrossRef]
99. Hong, J.C.; Lee, Y.F.; Ye, J.H. Procrastination predicts online self-regulated learning and online learning ineffectiveness during the

coronavirus lockdown. Personal. Individ. Differ. 2021, 174, 110673. [CrossRef]
100. Lucey, C.R.; Johnston, S.C. The Transformational Effects of COVID-19 on Medical Education. JAMA 2020, 324, 1033–1034.

[CrossRef]
101. Jiang, X.; Ning, Q. The Impact and Evaluation Of COVID-19 Pandemic on the Teaching Model of Medical Molecular Biology

Course for Undergraduates Major in Pharmacy. Biochem. Mol. Biol. Educ. 2021, 49, 346–352. [CrossRef]

http://doi.org/10.2196/19338
http://www.ncbi.nlm.nih.gov/pubmed/32790642
http://doi.org/10.3389/fpubh.2020.589669
http://doi.org/10.1177/1745499918764147
http://doi.org/10.4103/jnsm.jnsm_11_21
http://doi.org/10.2147/RMHP.S292354
http://doi.org/10.2147/RMHP.S308998
http://www.ncbi.nlm.nih.gov/pubmed/34054311
https://ta.sdaia.gov.sa/en/index
https://ta.sdaia.gov.sa/en/index
http://doi.org/10.2147/RMHP.S260918
http://www.ncbi.nlm.nih.gov/pubmed/32765134
http://doi.org/10.1177/2382120520963039
http://doi.org/10.1186/s12909-021-02860-z
http://doi.org/10.3390/healthcare9060743
http://www.ncbi.nlm.nih.gov/pubmed/34204496
http://doi.org/10.1007/s40670-021-01212-2
http://doi.org/10.1016/j.amsu.2021.01.054
http://doi.org/10.3390/healthcare9091147
http://doi.org/10.1007/s10639-020-10219-y
http://doi.org/10.3329/bjms.v20i5.55418
http://doi.org/10.3329/bjms.v20i5.55399
http://doi.org/10.1007/s42399-020-00528-1
http://doi.org/10.3855/jidc.12909
http://doi.org/10.7759/cureus.8966
http://www.ncbi.nlm.nih.gov/pubmed/32766008
http://doi.org/10.1097/ACM.0000000000003718
http://doi.org/10.5694/mja2.50705
http://www.ncbi.nlm.nih.gov/pubmed/32681562
http://doi.org/10.15694/mep.2020.000103.1
http://doi.org/10.1136/postgradmedj-2021-140032
http://doi.org/10.7759/cureus.7492
http://doi.org/10.1016/j.paid.2021.110673
http://doi.org/10.1001/jama.2020.14136
http://doi.org/10.1002/bmb.21471


Healthcare 2021, 9, 1722 25 of 27

102. McKimm, J. The impact of the COVID-19 pandemic on medical and health professions’ education: Thoughts and reflections. Adv.
Hum. Biol 2021, 11, 1–2. [CrossRef]

103. Pelikan, E.R.; Lüftenegger, M.; Holzer, J.; Korlat, S.; Spiel, C.; Schober, B. Learning During Covid-19: The Role of Self-Regulated
Learning, Motivation, and Procrastination for Perceived Competence. Z. Erziehwiss. 2021, 24, 393–418. [CrossRef]

104. Louiselle, K.; Elson, E.C.; Oschman, A.; Duehlmeyer, S. Impact of COVID-19 pandemic on pharmacy learners and preceptors.
Am. J. Health-Syst. Pharm. 2020, 77, 1097–1099. [CrossRef] [PubMed]

105. Sasser, C.W.; Wolcott, M.D.; Morbitzer, K.A.; Eckel, S.F. Lessons learned from pharmacy learner and educator experiences during
early stages of COVID-19 pandemic. Am. J. Health-Syst. Pharm. AJHP 2021, 78, 872–878. [CrossRef] [PubMed]

106. Gale, N.K.; Heath, G.; Cameron, E.; Rashid, S.; Redwood, S. Using the framework method for the analysis of qualitative data in
multi-disciplinary health research. BMC Med. Res. Methodol. 2013, 13, 117. [CrossRef] [PubMed]

107. Kaushik, V.; Walsh, C.A. Pragmatism as a Research Paradigm and Its Implications for Social Work Research. Soc. Sci. 2019, 8, 255.
[CrossRef]

108. World Bank. GDP per Capita (US$). 2021. Available online: https://data.worldbank.org/indicator/NY.GDP.PCAP.CD (accessed
on 8 September 2021).

109. Worldometer. African Countries by Population. 2021. Available online: https://www.worldometers.info/population/countries-
in-africa-by-population/ (accessed on 8 September 2021).

110. Mwita, J.C.; Ogunleye, O.O.; Olalekan, A.; Kalungia, A.C.; Kurdi, A.; Saleem, Z.; Sneddon, J.; Godman, B. Key Issues Surrounding
Appropriate Antibiotic Use for Prevention of Surgical Site Infections in Low- and Middle-Income Countries: A Narrative Review
and the Implications. Int. J. Gen. Med. 2021, 14, 515–530. [CrossRef]

111. Godman, B.; Grobler, C.; Van-De-Lisle, M.; Wale, J.; Barbosa, W.B.; Massele, A.; Opondo, P.; Petrova, G.; Tachkov, K.; Sefah, I.; et al.
Pharmacotherapeutic interventions for bipolar disorder type II: Addressing multiple symptoms and approaches with a particular
emphasis on strategies in lower and middle-income countries. Expert Opin. Pharmacother. 2019, 20, 2237–2255. [CrossRef]

112. Godman, B.; Basu, D.; Pillay, Y.; Almeida, P.; Mwita, J.C.; Rwegerera, G.M.; Anand Paramadhas, B.D.; Tiroyakgosi, C.; Patrick,
O.; Niba, L.L.; et al. Ongoing and planned activities to improve the management of patients with Type 1 diabetes across Africa;
implications for the future. Hosp. Pract. 2020, 48, 51–67. [CrossRef] [PubMed]

113. Palinkas, L.A.; Horwitz, S.M.; Green, C.A.; Wisdom, J.P.; Duan, N.; Hoagwood, K. Purposeful Sampling for Qualitative Data
Collection and Analysis in Mixed Method Implementation Research. Adm. Policy Ment. Health 2015, 42, 533–544. [CrossRef]

114. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
115. Vaismoradi, M.; Turunen, H.; Bondas, T. Content analysis and thematic analysis: Implications for conducting a qualitative

descriptive study. Nurs. Health Sci. 2013, 15, 398–405. [CrossRef]
116. Mwale, N.; Chita, J. Higher education and programme delivery in the context of COVID-19 and institutional closures: Student

responses to the adoption of e-Learning at a public university in Zambia. J. Learn. Dev. 2020, 8, 501–515. Available online:
http://alternation.ukzn.ac.za/Files/books/series-02/01-Mwale.pdf (accessed on 8 September 2021).

117. Lates, J.; Kibuule, D. EDITORIAL: COVID-19: Rebooting pharmacy education in resource-limited settings. Pharm. Educ. 2021,
67–70. [CrossRef]

118. Nimavat, N.; Singh, S.; Fichadiya, N.; Sharma, P.; Patel, N.; Kumar, M.; Chauhan, G.; Pandit, N. Online Medical Education in
India—Different Challenges and Probable Solutions in the Age of COVID-19. Adv. Med. Educ. Pract. 2021, 12, 237–243. [CrossRef]

119. Campbell, S.M.; Meyer, J.C.; Godman, B. Why Compliance to National Prescribing Guidelines is Important Especially across
Sub-Saharan Africa and Suggestions for the Future. J. Biomed. Pharm. Sci. 2021, 4, 309.

120. Burgess, P.I.; Harding, S.P.; Kayange, P.C.; van Oosterhout, J.; García-Fiñana, M.; Msukwa, G.; Allain, T.J. High mortality in
subjects with both diabetes and HIV in sub-Saharan Africa. AIDS 2018, 32, 2083–2084. [CrossRef] [PubMed]

121. Asante-Poku, A.; Asare, P.; Baddoo, N.A.; Forson, A.; Klevor, P.; Otchere, I.D.; Aboagye, S.A.; Osei-Wusu, S.; Danso, E.K.;
Kwadwo Koram, K.; et al. TB-diabetes co-morbidity in Ghana: The importance of Mycobacterium africanum infection. PLoS
ONE 2019, 14, e0211822. [CrossRef] [PubMed]

122. Bigna, J.J.; Ndoadoumgue, A.L.; Nansseu, J.R.; Tochie, J.N.; Nyaga, U.F.; Nkeck, J.R.; Foka, A.J.; Kaze, A.D.; Noubiap, J.J.
Global burden of hypertension among people living with HIV in the era of increased life expectancy: A systematic review and
meta-analysis. J. Hypertens. 2020, 38, 1659–1668. [CrossRef]

123. Devkota, K.R. Inequalities Reinforced Through Online and Distance Education in the Age of COVID-19: The Case of Higher
Education in Nepal. Int. Rev. Educ. 2021, 67, 145–165. [CrossRef]

124. Mulla, Z.D.; Osland-Paton, V.; Rodriguez, M.A.; Vazquez, E.; Kupesic Plavsic, S. Novel coronavirus, novel faculty development
programs: Rapid transition to eLearning during the pandemic. J. Perinat. Med. 2020, 48, 446–449. [CrossRef] [PubMed]

125. Cleland, J.; McKimm, J.; Fuller, R.; Taylor, D.; Janczukowicz, J.; Gibbs, T. Adapting to the impact of COVID-19: Sharing stories,
sharing practice. Med. Teach. 2020, 42, 772–775. [CrossRef]

126. Sigdel, S.; Ozaki, A.; Dhakal, R.; Pradhan, B.; Tanimoto, T. Medical Education in Nepal: Impact and Challenges of the COVID-19
Pandemic. Acad. Med. J. Assoc. Am. Med. Coll. 2021, 96, 340–342. [CrossRef]

127. Yuda Handaya, A.; Fauzi, A.R.; Andrew, J.; Hanif, A.S.; Tjendra, K.R.; Aditya, A.F.K. Effectiveness of tutorial videos combined
with online classes in surgical knotting course during COVID-19 pandemic: A cohort study. Ann. Med. Surg. 2021, 69, 102751.
[CrossRef]

http://doi.org/10.4103/aihb.aihb_115_20
http://doi.org/10.1007/s11618-021-01002-x
http://doi.org/10.1093/ajhp/zxaa127
http://www.ncbi.nlm.nih.gov/pubmed/32435815
http://doi.org/10.1093/ajhp/zxab076
http://www.ncbi.nlm.nih.gov/pubmed/33954427
http://doi.org/10.1186/1471-2288-13-117
http://www.ncbi.nlm.nih.gov/pubmed/24047204
http://doi.org/10.3390/socsci8090255
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://www.worldometers.info/population/countries-in-africa-by-population/
https://www.worldometers.info/population/countries-in-africa-by-population/
http://doi.org/10.2147/IJGM.S253216
http://doi.org/10.1080/14656566.2019.1684473
http://doi.org/10.1080/21548331.2020.1745509
http://www.ncbi.nlm.nih.gov/pubmed/32196395
http://doi.org/10.1007/s10488-013-0528-y
http://doi.org/10.1191/1478088706qp063oa
http://doi.org/10.1111/nhs.12048
http://alternation.ukzn.ac.za/Files/books/series-02/01-Mwale.pdf
http://doi.org/10.46542/pe.2020.202.6770
http://doi.org/10.2147/AMEP.S295728
http://doi.org/10.1097/QAD.0000000000001929
http://www.ncbi.nlm.nih.gov/pubmed/30157084
http://doi.org/10.1371/journal.pone.0211822
http://www.ncbi.nlm.nih.gov/pubmed/30730937
http://doi.org/10.1097/HJH.0000000000002446
http://doi.org/10.1007/s11159-021-09886-x
http://doi.org/10.1515/jpm-2020-0197
http://www.ncbi.nlm.nih.gov/pubmed/32401229
http://doi.org/10.1080/0142159X.2020.1757635
http://doi.org/10.1097/ACM.0000000000003888
http://doi.org/10.1016/j.amsu.2021.102751


Healthcare 2021, 9, 1722 26 of 27

128. McGann, K.C.; Melnyk, R.; Saba, P.; Joseph, J.; Glocker, R.J.; Ghazi, A. Implementation of an E-Learning Academic Elective for
Hands-On Basic Surgical Skills to Supplement Medical School Surgical Education. J. Surg. Educ. 2021, 78, 1164–1174. [CrossRef]

129. Wu, S.-J.; Fan, Y.-F.; Sun, S.; Chien, C.-Y.; Wu, Y.-J. Perceptions of medical students towards and effectiveness of online surgical
curriculum: A systematic review. BMC 2021, 21, 571. [CrossRef] [PubMed]

130. Ferner, R.E.; Aronson, J.K. Chloroquine and hydroxychloroquine in COVID-19. BMJ. 2020, 369, m1432. [CrossRef] [PubMed]
131. Godman, B.; Fadare, J.; Kwon, H.Y.; Dias, C.Z.; Kurdi, A.; Dias Godói, I.P.; Kibuule, D.; Hoxha, I.; Opanga, S.; Saleem, Z.; et al.

Evidence-based public policy making for medicines across countries: Findings and implications for the future. J. Comp. Eff. Res.
2021, 10, 1019–1052. [CrossRef]

132. Charan, J.; Kaur, R.J.; Bhardwaj, P.; Haque, M.; Sharma, P.; Misra, S.; Godman, B. Rapid review of suspected adverse drug events
due to remdesivir in the WHO database; findings and implications. Expert Rev. Clin. Pharmacol. 2021, 14, 95–103. [CrossRef]

133. Horby, P.; Mafham, M.; Linsell, L.; Bell, J.L.; Staplin, N.; Emberson, J.R.; Wiselka, M.; Ustianowski, A.; Elmahi, E.; Prudon, B.; et al.
Effect of Hydroxychloroquine in Hospitalized Patients with Covid-19. N. Engl. J. Med. 2020, 383, 2030–2040.

134. Godman, B. Combating COVID-19: Lessons learnt particularly among developing countries and the implications. Bangladesh J.
Med. Sci. 2020, 19, S103–S108. [CrossRef]

135. Opanga, S.A.; Rizvi, N.; Wamaitha, A.; Sefah, I.A.; Godman, B. Availability of Medicines in Community Pharmacy to Manage
Patients with COVID-19 in Kenya; Pilot Study and Implications. SCH Acad. J. Pharm. 2021, 10, 36–42. [CrossRef]

136. Godman, B.; Haque, M.; Leong, T.; Allocati, E.; Kumar, S.; Islam, S.; Charan, J.; Akter, F.; Vassalo, C.; Bakar, M.A.; et al. The
Current Situation Regarding Long-Acting Insulin Analogues Including Biosimilars Among African, Asian, European, and South
American Countries; Findings and Implications for the Future. Front. Publ. Health 2021, 9, 671961. [CrossRef]

137. Godman, B.; McCabe, H.; Leong, T.D.; Mueller, D.; Martin, A.P.; Hoxha, I.; Mwita, J.C.; Rwegerera, G.M.; Massele, A.; de Oliveira
Costa, C.; et al. Fixed dose drug combinations—Are they pharmacoeconomically sound? Findings and implications especially for
lower- and middle-income countries. Expert Rev. Pharm. Outcomes Res. 2020, 20, 1–26. [CrossRef]

138. Djoutsop, O.; Vanessa, Y.; Kanmounye, U.S. COVID-19 and Clinical Rotations in the Democratic Republic of Congo. Int J. Med.
Stud. 2020, 8, 4–6. [CrossRef]

139. Skosana, P.P.; Schellack, N.; Godman, B.; Kurdi, A.; Bennie, M.; Kruger, D.; Meyer, J.C. A Point Prevalence Survey of Antimicrobial
Utilisation Patterns and Quality Indices Amongst Hospitals in South Africa; Findings and Implications. Expert Rev. Anti Infect
Ther. 2021, 19, 1353–1366. [CrossRef]

140. Kruger, D.; Dlamini, N.N.; Meyer, J.C.; Godman, B.; Kurdi, A.; Lennon, M.; Bennie, M.; Schellack, N. Development of a web-based
application to improve data collection of antimicrobial utilization in the public health care system in South Africa. Hosp. Pract.
2021, 49, 184–193. [CrossRef] [PubMed]

141. Karim, N.; Jing, L.; Lee, J.A.; Kharel, R.; Lubetkin, D.; Clancy, C.M.; Uwamahoro, D.; Nahayo, E.; Biramahire, J.; Aluisio, A.R.;
et al. Lessons Learned from Rwanda: Innovative Strategies for Prevention and Containment of COVID-19. Ann. Glob. Health.
2021, 87, 23. [CrossRef]

142. Webster, P. Virtual health care in the era of COVID-19. Lancet 2020, 395, 1180–1181. [CrossRef]
143. Weber, A.M.; Dua, A.; Chang, K.; Jupalli, H.; Rizwan, F.; Chouthai, A.; Chen, C. An outpatient telehealth elective for displaced

clinical learners during the COVID-19 pandemic. BMC Med. Educ. 2021, 21, 174. [CrossRef]
144. Mudenda, S.; Mukosha, M.; Mwila, C.; Saleem, Z.; Kalungia, A.C.; Munkombwe, D.; Daka, V.; Witika, B.A.; Kampamba, M.;

Chileshe, M.; et al. Impact of the coronavirus disease on the mental health and physical activity of pharmacy students at the
University of Zambia: A cross-sectional study. Int. J. Basic Clin. Pharmacol. 2021, 10, 324. [CrossRef]

145. Sahu, P. Closure of Universities Due to Coronavirus Disease 2019 (COVID-19): Impact on Education and Mental Health of
Students and Academic Staff. Cureus 2020, 12, e7541. [CrossRef]

146. Miguel, C.; Castro, L.; Marques Dos Santos, J.P.; Serrão, C.; Duarte, I. Impact of COVID-19 on Medicine Lecturers’ Mental Health
and Emergency Remote Teaching Challenges. Int. J. Environ. Res. Public Health 2021, 18, 6792. [CrossRef]

147. Zis, P.; Artemiadis, A.; Bargiotas, P.; Nteveros, A.; Hadjigeorgiou, G.M. Medical Studies during the COVID-19 Pandemic: The
Impact of Digital Learning on Medical Students’ Burnout and Mental Health. Int. J. Environ. Res. Public Health 2021, 18, 349.
[CrossRef]

148. Wang, J.; Bu, L.; Li, Y.; Song, J.; Li, N. The mediating effect of academic engagement between psychological capital and academic
burnout among nursing students during the COVID-19 pandemic: A cross-sectional study. Nurse Educ. Today 2021, 102, 104938.
[CrossRef] [PubMed]

149. Haque, M.; Kumar, S.; Charan, J.; Bhatt, R.; Islam, S.; Dutta, S.; Abhayanand, J.P.; Sharma, Y.; Sefah, I.; Kurdi, A.; et al. Utilisation,
availability and price changes of medicines and protection equipment for COVID-19 in India: Findings and implications. Front.
Pharmacol. 2021, 11, 582154. [CrossRef]

150. Godman, B.; Haque, M.; Islam, S.; Iqbal, S.; Urmi, U.L.; Kamal, Z.M.; Shuvo, S.A.; Rahman, A.; Kamal, M.; Haque, M.; et al. Rapid
Assessment of Price Instability and Paucity of Medicines and Protection for COVID-19 Across Asia: Findings and Public Health
Implications for the Future. Front. Public Health 2020, 8, 585832. [CrossRef]

151. Gad, M.; Salem, A.; Oortwijn, W.; Hill, R.; Godman, B. Mapping of Current Obstacles for Rationalizing Use of Medicines
(CORUM) in Europe: Current Situation and Potential Solutions. Front. Pharmacol. 2020, 11, 144. [CrossRef]

http://doi.org/10.1016/j.jsurg.2020.11.014
http://doi.org/10.1186/s12909-021-03014-x
http://www.ncbi.nlm.nih.gov/pubmed/34763706
http://doi.org/10.1136/bmj.m1432
http://www.ncbi.nlm.nih.gov/pubmed/32269046
http://doi.org/10.2217/cer-2020-0273
http://doi.org/10.1080/17512433.2021.1856655
http://doi.org/10.3329/bjms.v19i0.48413
http://doi.org/10.36347/sajp.2021.v10i03.001
http://doi.org/10.3389/fpubh.2021.671961
http://doi.org/10.1080/14737167.2020.1734456
http://doi.org/10.5195/ijms.2020.539
http://doi.org/10.1080/14787210.2021.1898946
http://doi.org/10.1080/21548331.2021.1889213
http://www.ncbi.nlm.nih.gov/pubmed/33566710
http://doi.org/10.5334/aogh.3172
http://doi.org/10.1016/S0140-6736(20)30818-7
http://doi.org/10.1186/s12909-021-02604-z
http://doi.org/10.18203/2319-2003.ijbcp20211010
http://doi.org/10.7759/cureus.7541
http://doi.org/10.3390/ijerph18136792
http://doi.org/10.3390/ijerph18010349
http://doi.org/10.1016/j.nedt.2021.104938
http://www.ncbi.nlm.nih.gov/pubmed/33934039
http://doi.org/10.3389/fphar.2020.582154
http://doi.org/10.3389/fpubh.2020.585832
http://doi.org/10.3389/fphar.2020.00144


Healthcare 2021, 9, 1722 27 of 27
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