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The cover photograph (taken by Prof Wingfield) illustrates 
the work of the Tree Protection Co-operative Programme 
(TPCP), one of the research platforms in the Forestry and 
Agricultural Biotechnology Institute (FABI) at the University 
of Pretoria. 

The two blocks of Eucalyptus trees illustrated are different 
varieties; the one on the left is afflicted by a fungal disease 
that damages the stems and causes reduced growth, 
whereas the variety on the right is resistant to the disease. 

Work by the TPCP on this and many other pest and 
disease problems supports the South African forestry 
industry to propagate healthy trees sustainably and thus 
contributing to the economy of the country.
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I am extremely proud of the resilience and adaptability that all our faculty 
members and students showed during this time in the face of immense mental 
pressure. These challenges also brought extraordinary opportunities. Covid-19 
has become a research topic in its own right and researchers from fields as far 
removed as Sports Science and Law have published papers in this regard. 

As exceptional as this year was, it was important that we continued with some of 
the usual processes of the University, and I am pleased with the progress that our 
executive team has made. 

The current five-year implementation plan of the University (2017–2021) reached 
its penultimate year, allowing us to begin to reflect on the progress made under 
this initiative. The University has made significant strides towards achieving its 
vision over the past five years. We have achieved excellence in several research 
areas, the proportion of our academics with doctorates (68.8%) has grown and 
is the highest in the country, student success rates and graduate output have 
increased, we have built strong partnerships across the world, our visibility as a 
research-intensive university is rising, and our diversity profile has improved.

The United Nations had declared 2020 the International Year of Plant Health, 
which provided an opportunity for the botanists of the University to shine. In 
celebration, the cover of this year’s Review is courtesy of Prof Mike Wingfield, 
founding director of the Forestry and Agricultural Biotechnology Institute 
(FABI) of the University. The photograph was taken by him during his fieldwork 
studies into diseases that affect commercial forestry, and is now part of the 
exceptional art collection of FABI. Almost all the images scattered through this 
Review are from this collection. 

Collaboration and partnerships remain an integral feature of research at the 
University. Many of the projects described in the Review represent partnerships 
across numerous Faculties on campus and with institutions around the world. 
Facilitating this cross-disciplinary flavour, our focus on the latest transdisciplinary 
platforms of Engineering 4.0, Future Africa and Javett-UP has continued to bear 
fruit. In 2020, the founding of Innovation Africa@UP brought this cooperative 
approach to research to the agricultural realm.

As we shift our focus onto the next five years, I am confident that the condition of 
the academic and research realms of the University is dynamic and healthy. ¢

Foreword
Prof Tawana Kupe 

Vice-chancellor of the University of Pretoria

The year 2020 took the 
entire world by surprise. 
Indeed, it certainly was a 
year no one could have 
predicted. The University 
campus was closed for all 
contact activities. Students 
were sent home from 
residences. Students and 
lecturers alike had to 
adjust to online learning, 
and academics and 
researchers at every level 
had to adjust to the skills 
and disciplines required 
to work away from their 
physical departments. 
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Aligning our research wherever possible to the various United Nations Sustainable 
Development Goals (SDGs) has always been an important feature of UP academic 
excellence. In 2020, the University took this further, publishing its first Sustainable 
Development Report, showing the progress towards integrating sustainability into 
all parts of the institution. This endeavour involved extensive engagement and co-
design with thought leaders across the University. The report is an important part 
of the quest of UP to strengthen collaboration and partnerships.

The report indicated a reduction of 4.2% in energy purchased in 2019, a decrease 
of 10.44% in carbon emission intensity per person from 2016, while 1 800 new 
trees have been planted since 2014 — just a few of the gains that UP has made in 
improving operational sustainability performance.

This report goes beyond the traditional focus on green campuses, and is a clear 
reflection of the  transdisciplinary approach of UP — how it collaborates across 
boundaries in support of the National Development Plan of our country, Agenda 
2063 and the SDGs.

The Forestry and Agricultural Biotechnology Institute (FABI) has been involved 
heavily in the special edition of the South African Journal of Science to commemorate 
the UN International Year of Plant Health. FABI continues to be a world leader in 
the various botanical sciences. A feature of the research showcased this year is 
the transdisciplinary work achieved by combining the latest generation computing 
innovations with more traditional fields such as Engineering and Chemistry. 

The structural academic goals outlined in the 2017–2021 five-year implementation 
plan have born significant fruit. Doctorates are held by 68.8% of our academic 
staff, placing UP first in the country by this metric. In 2020, UP had a total of 546 
rated researchers, a continuous increase over the past several years, of which 
15 are internationally recognised A-rated researchers. Academic productivity 
continues to climb, with publication increasing an impressive 10% on that of the 
previous year. 

The University of Pretoria continues to be a regional and global centre of 
excellence, both in terms of research output and the provision of experts to any 
number of international bodies. ¢

Introduction
Prof Anton Ströh 

Vice-Principal: Institutional Planning, Monitoring and Evaluation and 
acting Vice-Principal: Research and Postgraduate Education

It is quite striking how 
much of the best work of 
the University is a result 
of collaboration, not only 
with colleagues from 
other institutions but, 
more valuably, with other 
UP academics from very 
disparate disciplines. It 
has been noteworthy that 
in addition to the excellent 
work done by our health 
scientists, the COVID-19 
pandemic has produced 
work by academics from 
fields as wide ranging as 
economics, information 
technology and business 
science. 
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Dr Nthabiseng Taole-Mjimba

Director: Department of Research and Innovation

The Research Review is an annual publication produced by the Department of 
Research and Innovation. It is a celebration of the work from a wide range of UP 
people across almost the entire University. This year, we are particularly proud 
to include, for the first time, innovative work produced by the researchers in the 
Department of Fine Arts. Our embracing of multimedia has made this possible. 

The following individuals and departments have played various roles in the 
production of this year’s edition:

•  As always, our recognition goes to the researchers in the University. As we are 
in the second year of the COVID-19 pandemic and its associated restrictions, 
limiting physical interactions and leading to online teaching, our researchers 
have adapted to the new normal and continue to produce world-class work.

•  The editorial committee comprises senior academics from a wide range of 
fields within the University. In particular, we extend our gratitude to Professors 
Don Cowan, Robin Crewe, Jan Eloff, Vasu Reddy, Bernard Slippers and Brenda 
Wingfield for their editorial guidance. I also take a moment to remember Prof 
Christof Heyns, who passed away during the compilation of this Review. 

•  The team in the Department of Research and Innovation, particularly Melodie 
Wheeler, who, once again, oversaw the development of an outstanding 
publication. 

•  Sunette Steynberg and her team in the Department of Library Services.

•  The staff of the Forestry and Agricultural Biotechnology Institute (FABI) for 
generously allowing us to photograph and use some of their artwork in this 
publication.

•  Simon Gear, who planned, edited and coordinated the production of the 
Research Review.

•  I also acknowledge the design and photography companies that worked 
tirelessly to ensure that the final product is the colourful and engaging 
publication that you hold today. 

Finally, I would like to thank Prof Anton Ströh for his leadership and support 
throughout the process in what continues to be a most challenging period for any 
work that requires consistent cooperation and teamwork. ¢
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The artwork found throughout 
this year’s Review is from the art 

collection of the Forestry and 
Agriculture Biodiversity Institute 

(FABI) in recognition of the UN Year 
of Plant Health.
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Situated on the Innovation Africa@UP 
campus in Hillcrest, Engineering 4.0 is 
located in the Faculty of Engineering, 
Built Environment and Information 
Technology (EBIT), which plays a 
significant role in driving 4th Industrial 
Revolution (4IR) innovation. This is a 
first for Africa and was developed in 
partnership with the South African 
National Roads Agency (SANRAL), the 
Council for Scientific and Industrial 
Research (CSIR), an entity of the 
Department of Science and Innovation, 
and York Timbers. 

In his remarks, Prof Maharaj said 
that “This facility is a place where 
novel ideas, scientific research, global 
expertise, students, academics, 
entrepreneurs and industry partners 
can interact to generate new thought 
leadership, innovation and training 
opportunities through collaborative 
partnerships.” 

Engineering 4.0
Prof Sunil Maharaj

Dean: Faculty of Engineering, Built Environment and  
Information Technology (EBIT)

On Monday, 30 November 
2020, the state-of-the-art 
Engineering 4.0 facility 
of the University was 
opened by Prof Sunil 
Maharaj, Dean of the 
Faculty of Engineering, 
Built Environment and 
Information Technology 
(EBIT), and the Vice-
chancellor Prof Tawana 
Kupe.

“Through its focus on the development 
of integrated transportation and 
infrastructure systems, Engineering 
4.0’s research is concentrating on 
the reduction of energy consumption 
levels in transportation, maximising 
productivity in industry and creating 
a higher quality of life for people,” 
explained Prof Wynand Steyn, 
Head of the Department of Civil 
Engineering. 

Following the official opening of 
the Engineering 4.0 facility on 30 
November 2020, much effort has 
been put into ensuring that the facility 
delivers on what was intended. 

The Concrete laboratory is being 
used for undergraduate and 
postgraduate research since late 2020. 
The commissioning of the National 
Reference Laboratory and the Training 
and Certification laboratory take 
centre stage purely because of the 
positive effect that they will have on 
human capacity development. Specific 
to the transportation engineering 
sector, the logistics around training 
courses aligned with scarce skills and 
occupations that are in high demand 
are being finalised currently. 
The exit outcome of this training 
and certification will enable students 
to qualify as Aggregate Tester; 
Soils, Gravels and Crushed Stone 
Base Materials Tester; Bituminous 
Binders Tester; Asphalt Tester and/
or a Concrete Tester. It is anticipated 
that these courses will be open for 
registration in the latter part of 2021. 
The courses are well aligned with 
the Presidential Commission on 4IR 
(PC4IR) recommendation of providing 
“stackable competencies which are 
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micro-credentialed, industry-aligned 
and allow people to enter and exit the 
system at multiple points, as part of a 
lifelong learning process.” The training 
courses and certification are offered 
to individuals, corporates, government 
employees, for example from 
municipalities, and university students. 

This network serves engineering and 
natural sciences endeavours on the 
campus, with live links to a suite of 
sensors on the main campus and 
selected satellite research campuses. 
Data hosted on the Digital Twin 
network are being used in active 
research by the students of various 
faculties, and support the development 
of the wider UP Digital Twin effort.

Various outcomes related to work 
conducted at Engineering 4.0 over 
the past year have already been 
published in 2020/21. These include 
papers on topics such as ‘’Training and 
Educating Pavement Engineer 4.0’’, 
‘’Digital twinning of asphalt pavement 

surfacings using Visual Simultaneous 
Localisation and mapping’’, ‘’sustainable 
and durable road pavements through 
fundamental and thorough laboratory 
evaluations’’, ‘’Real-time traffic 
quantisation using a mini edge artificial 
intelligence platform’’, and ‘’smAvo 
and smaTo: a fruity odyssey of smart 
sensor platforms in southern Africa’’.

Disruptive technologies are changing 
transportation in the world.  Prof 
Maharaj comments that “Due to the 

vast distances between communities, 
economic opportunities and 
agricultural resources in Africa, an 
extensive transportation network of 
some sorts will remain essential for the 
social and economic development of 
the continent in the next few decades.” 

The envisaged smart mobility focus of 
this new collaboration would support 
the development of appropriate, 
economically viable and functional 
transportation systems, serving the 
country and stimulating economic 
development for job creation and 
poverty alleviation. ¢

Engineering 
4.0 has also 

become the host 
for the Digital 

Twin network of 
sensors on the 

Innovation Africa 
@UP campus. 
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The project, ‘’Youth empowerment 
under health/economic crisis (YEaH)’’, is 
a flagship programme for the CORE-P 
(Covid-Research and Engagement 
Platform) at Future Africa. Funding for 
the project amounted to R6.4-million 
for 2020. To address various COVID-19 
challenges using transdisciplinary 
methods, seven faculties and research 
centres at UP helped develop several 
important flagship programmes, 
including One Health, One Hope, 
Food nutrition, communication, and 
entrepreneurship. More than one 
hundred scientists from various 
disciplines were actively engaged 
in developing nine clusters, and we 
reached 2 000 students between 
August 2020 and February 2021. 

An additional R4 million was received 
to promote the participation of young 
women scientists in relevant COVID-19 
responses and to support the 
Historically Disadvantaged Universities 
Development Programme (HDU-DP). 
Future Africa aims to pursue the 
outcomes of these activities while 
focussing on the effect on youth in 
vulnerable communities. 

The two focal areas will build on 
the results of the YEaH project and 
will expand on the results obtained 
through all the clusters by upscaling 
the results and outcomes to other 
universities and other African 
countries. Early career support for 
academics remains a focus of Future 
Africa. The Early Career Research 

Despite the challenges 
of a global pandemic, 
Future Africa enjoyed a 
productive year in 2020. 
The partnership between 
UNICEF and Future 
Africa for research and 
youth empowerment in 
response to COVID-19 
started in March. 

Future Africa
Prof Cheikh Mbow

Director: Future Africa
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Leadership Fellowship (ECRLF) 
goal is to provide the necessary 
training for postdoctoral scholars to 
achieve intellectual and professional 
independence and success. Therefore, 
postdoctoral training opportunities are 
among the principal requirements for 
developing future leading scientists 
that will contribute towards research 
advancement. 

Postdoctoral fellowships could present 
opportunities for new or advanced 
skills. The ECRLF programme sets out 
to offer an opportunity to develop 
research leaders that will fill a critical 
gap in the African research capacity 
landscape. The programme functions 
on an interconnected approach for 
natural and social scientists to address 

shared goals to tackle pressing 
challenges on the African continent 
while obtaining mentorship from a 
host mentor at the University and a 
home-based mentor. 

The ECRLF programme is a scientific 
leadership research platform. 
Therefore, it requires solid scientific 
expertise and expertise in systems 
thinking, codesigning of research 
projects, leading research teams, 
managing research projects, delivering 
outputs, and working within large 
and complex systems. The skills the 
leadership component of the ECRLF 
programme aim to impart are crucial 
for establishing the solid scientific 
leadership needed to raise a new 
generation of scholars in Africa.

The achievements of the ECRLF 
would not be possible if Future Africa 
and other African universities had 
not combined efforts in establishing 
an active network to work on joint 
sustainable development and research 
issues. In addition, not only did the 
students learn from their mentors but 
also each other. 

The influence of the ECRLF in target 
countries can be demonstrated 
through the emergence of new 
scientific leadership, greater cross-
country collaboration, and the 
development of new programmes that 
address the potential for the natural 
resources of Africa to meet the needs 
of communities. ¢
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In this, the second year since 
launching, Javett-UP could be partly 
labelled a gallery or museum in 
quarantine (given the national 
lockdowns). Despite shutdowns 
and social distancing, the Centre 
remained poised as a shining beacon 
of creativity, the aesthetic, the 
intellectual — indeed, a much-needed 
art experience.

In the first quarter of 2020, a learner-
visiting programme delivered a wide 
range of dynamic options for learning 
and participation, aligned to a visual 
arts curriculum. The exhibitions 
focused on instilling an appreciation 
of art in first-time and return visitors. 
Among the programmes was ‘’See the 
Sound’’, a multisensory experience and 
live radio broadcast in collaboration 
with Tuks FM 107.2 and 25 grade 7 

learners from the Transoranje School 
for the Deaf. The other activities were 
holiday art programmes, curatorial 
dialogues, entertainment programmes 
and First Film Fridays, followed by 
lively discussions. The Centre also 
forged partnerships with Creative 
Education South Africa for an arts 
education programme, based on the 
CAPS Curriculum, for learners from 
disadvantaged communities. The 
visitor total reached 7 053 by the end 
of March 2020. Adapting to lockdown 
regulations since April, the Centre 
focused on webinars and virtual 
programmes. These included the 
Javett-UP Book Club talk ‘’Meanwhile...’’,  
and sensitivity training in partnership 
with Gay and Lesbian Queer Archives 
(GALA) and the Centre for Sexualities, 
AIDS and Gender (CSA&G). Other 
activities included a two-part series 

Javett-UP initiated a 
magical moment for the 
University and the city of 
Tshwane, indeed for the 
international art scene. 
Straddling academic and 
public spheres of practice, 
the Centre lived up to 
its purpose to make the 
art of Africa accessible, 
relevant and engaging. 

A gallery of quarantine 
and curiosities, Javett-UP 
and the art of Africa
Prof Vasu Reddy

Dean: Faculty of Humanities
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of ‘’Guernica Conversations’’, and 
a four-part ‘’Femicide Series’’ in 
partnership with the Journal of 
Decolonising Disciplines led by Siseko 
Kumalo. In addition, the Centre forged 
partnerships with UP Museums, 
including ‘’African Gold: Appropriations 
and Misappropriations of Culture and 
Curation, History and Re-Membering’’. 

The partnership with Keep the Dream 
arts focused on sexual orientation 
and gender identity training, power 
privilege and oppression, mental 
health during a pandemic and how 
to facilitate online. Another major 
highlight for 2020 was the first 
group of students to complete their 
Master’s degree in Tangible Heritage 
Conservation. The degree, an African 
first, was made possible by the support 
of the Andrew W Mellon Foundation 
(New York). The academic programme 
focuses strongly on the sciences, 
chemistry and analytical techniques, 
and aims to build the research capacity 
of a new generation of conservators 
and generating new knowledge on 
southern African heritage materials, 
their manufacture and decay. 

The Javett-UP Centre serves as the 
art and heritage catalogue of the 
University, housing the conservation 
laboratory, where students do their 
practical restoration exercises. 
Visitors can see conservators at 
work and are enabled to make the 
connection between the works and 
the conservator’s scientific and artistic 
skills. ¢
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Two world-leading research institutions 
spearhead this initiative, namely the 
Forestry and Agricultural Biotechnology 
Institute (FABI, rated second in the 
world in some research fields) and 
Future Africa (a global research hub 
dedicated to transdisciplinary research 
for innovation on the continent). 
These institutions are leading research 
globally in areas such as plant 
health, plant breeding, genomics, 
synthetic biology and other relevant 
next-generation biotechnologies. In 
partnership with Engineering 4.0, the 
Innovation Africa@UP Experimental 
Farm will be transformed into a digital 
research hub, combining development 
in the sensor, autonomous vehicle and 
drone technologies, virtual reality, data 
science and artificial intelligence within 
the biological sciences.

In these initial phases of development, 
Innovation Africa@UP will further 
develop partnerships with industry 
to grow research programmes and 
centres that address urgent national 
needs, such as biosecurity and plant 
health in general. Biosecurity is a 
series of measures to protect against 
the entry and spread of pests and 
diseases in the country. South Africa 
needs a robust biosecurity system to 
ensure safe trade in plant and animal 
products and prevent the entry and 
spread of pests and diseases.

Innovation Africa@UP aims to 
contribute to world-class capacity 
development and research 
programmes that are required 
to support the growth of the 
food, feed and fibre sectors, their 
sustainability and their international 
competitiveness. These areas have 
major significance to food and fibre 
security, both of which are of critical 
national importance — even more so 
during the COVID-19 pandemic.

The core of this development will 
be agriculture, although transport, 
health, education and other sectors 
will also use the platform. Innovation 
Africa@UP will provide an anchor for 
developing a network of like-minded 
agricultural research hubs that will 
be transformed into digital and 
precision agriculture research and 
training hubs across the continent, 
sharing resources, capacity and 
data. This network can provide a 
focused investment platform for 
the future of agriculture on the 
continent by developing an interface 
between business, governments, 
and development and research 
organisations. ¢

Innovation Africa@UP 
is a new business 
unit stemming from 
the renaming and 
repositioning of the UP 
Hatfield Experimental 
Farm. The unit aims to 
provide a platform that 
is more effective for the 
development of long-
term industry–university–
government partnerships. 
In 2020, plant pathologist 
Dr Marinda Visser was 
appointed Director of 
Strategic Projects and 
Partnerships in Agriculture 
at the unit.

Innovation Africa@UP
Dr Marinda Visser

Director of Strategic Projects and Partnerships in Agriculture,  
Innovation Africa@UP
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The early weeks 
of the pandemic 
in 2020 feel like a 
distant dream now. 
These charcoal 
drawings represent 
that first lockdown 
through the eyes of 
first year students 
from the School of 
Arts.

An-Mari Hanekom Boipelo Marema 

Carla Prins Inge Holztrager

James Dufana Lana Botha

Olivia Thring
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Cara-May Warschkuhl

Liané Greeff Nicole Sittig Olivia Thring

Nicole Sittig Theresa Mattews
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Social distancing has been the first 
line of defence against the pandemic, 
as it dampens the infection rate by 
reducing contact between infected 
and susceptible persons. Nevertheless, 
social distancing is costly to individuals 
who like social intimacy. These two 
features of social distancing call for a 
trade-off and have complicated the 
implementation of the containment 
policy and its effectiveness in 
controlling the pandemic.

While few general equilibrium 
macroeconomic frameworks have 
investigated social distancing, existing 
epidemiology models (often adopted 
to study the spread of a pandemic) 
do not have the necessary tools to 
account for individual behaviours. 
Prof Yoseph Getachew of the 
Department of Economics has 
developed a framework that helps 
the understanding of the spread 
of the pandemic and its influence 
on the economy. Prof Getachew 
first developed a Macroeconomic–
SIR model based on an economy 
that faces an epidemic, where 
individuals are categorised into three 
compartments, namely Susceptible, 
Infected, and Recovered (SIR). 
Subsequently, he used the model 
to study the role of social distancing 
in the dynamics of the COVID-19 
pandemic and its effect on the 
macroeconomy.

In the model, susceptible agents face 
a trade-off between practising costly 
social distancing or increasing the
risk of being infected and losing next-
period labour income or dying. Their 

COVID-19, first reported 
in Wuhan, China, in 
December 2019, has 
caused an unprecedented 
public health and 
economic threat, both 
in scope and response. 
The outbreak has led to 
an unprecedented global 
public health campaign to 
slow down the spread of 
the deadly virus.

Social distancing and the 
economy
Prof Yoseph Getachew

Department of Economics

optimal decisions eventually determine 
the dynamics of the pandemic and 
employment and welfare in the 
economy. Similar to conventional 
economic dynamic models, agents 
derive utility from consumption and 
leisure. In contrast, they derive utility 
from social intimacy, although this 
could expose susceptible individuals 
to the virus. The model was extended 
to include treatment, vaccination 
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and government-enforced social 
distancing.

Such innovations led to multiple 
intuitive conclusions regarding 
individuals’ level of optimal social 
distancing, welfare, and containment 
policies. Moreover, some insights were 
gained into the short- and long-term 
macroeconomic effects of social 
distancing. The study found that an 
individual’s optimal social distancing 
is a change in the individual’s welfare, 
moving from the susceptible to the 
infected compartment in the next 
period. It increases the individual’s 
psychological discount factor, but 
decreases the probability of receiving a 
vaccine or developing immunity.

The work, published in Covid Economics 
and VOX.EU, highlighted that voluntary 
social distancing has the desirable 
(albeit moderate) effects of delaying 
and flattening the infection curve while 
minimising the economic damage from 
the outbreak. In contrast, government-
enforced social distancing is much 
more effective in flattening
the infection curve, but it comes at 
a higher cost to the economy. The 
model and analysis imply that the 
recent government lockdown might 
have saved lives; however, it might also 
have led to significant job and income 
losses. Empirical evidence appears to 
support these findings. For instance, 
real gross domestic product (GDP) 
in the US decreased at an annual 

rate of 31.7% in the second quarter 
of 2020. The economy of Singapore 
shrunk by 41.2%, while that of South 
Africa shrank by an annualised 51% 
in the same quarter. The relaxation 
of government lockdown has led to 
the recovery of the economy but also 
to the resurgence of the infection 
rate. Therefore, with such trade-offs 
present, policymakers may need 
to act more judiciously during a 
pandemic. Notably, the timing of their 
intervention could be crucial, both in 
terms of saving lives and mitigating 
the economic damage, which is the 
implication of the model and analysis. 
 ¢
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A study conducted by Prof Rennie 
Naidoo of the Department of 
Informatics, and published in the 
European Journal of Information 
Systems, developed a multilevel 
influence model to explore how 
cybercriminals are exploiting the 
COVID-19 pandemic by assessing 
situational factors, identifying 
victims, impersonating trusted 
sources, selecting attack methods, 
and employing social engineering 
techniques. The model extends upon 
prior work on influence techniques and 
emotional appeals that cybercriminals 
employ by bringing into sharper focus 
the role of situational factors in COVID-
19-related cybercrime attacks. 

Content and thematic analysis was 
conducted on 185 distinct COVID-19 
cybercrime scam incident documents, 
including text, images, and photos that 
were provided by a global online fraud 
and cybersecurity company tracking 
COVID-19-related cybercrime. 
The analysis revealed interesting 
patterns about the sheer breadth 
and diversity of COVID-19-related 
cybercrime and how these crimes are 
continually evolving in response to 
changing situational factors. 
This multilevel conceptualisation of 
cybercrime raised several practical 
implications for cybersecurity during 
times of catastrophic changes to 
society. The proposed model can 
be used as a systematic framework 
in threat modelling processes. 
Many threat response models used 

During this COVID-19 
pandemic, computer 
systems and virtual 
environments are 
providing essential 
communication 
services, such as local 
and international news 
updates, telework, 
online education, 
social connectivity 
and entertainment. 
However, cybercriminals 
are exploiting the 
critical dependency 
of organisations and 
individuals on virtual 
environments during the 
pandemic.

A multilevel influence 
model of COVID-19 
-themed cybercrime
Prof Rennie Naidoo

Department of Informatics

by cybersecurity experts rely on 
techniques such as brainstorming 
to identify potential cybersecurity 
threats and vulnerabilities. One of the 
limitations of brainstorming is that 
it is likely to omit significant threats 
and vulnerabilities. By understanding 
cybercrime from the offender’s 
perspective, security experts can 
provide a perspective that is more 
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comprehensive about potential threats 
and vulnerabilities, thereby placing 
such experts in a more proactive 
position to prevent targeted attacks. 
For example, COVID-19 cybercrimes 
are taking advantage of the situation 
that many companies are shifting to 
remote work during the pandemic, as 
they attempt to keep employees as 
safe and as productive as possible. 
The remote work environment is a 
major change for many employees 
and, consequently, presents more 
security vulnerabilities. While users 
working remotely can ensure that 
their home computer and other 
devices are protected by installing the 
latest anti-spam, anti-spyware and 
anti-virus software and by keeping 
their operating system up to date, 
cybersecurity or IT departments can 
assist by installing anti-malware and 
anti-phishing solutions to the home 

devices of remote workers to prevent 
many of these malicious emails and 
payloads from reaching them. 

In the past, disaster recovery and 
business continuity plans focused 
on natural disasters; however, the 
current health and cybersecurity crisis 
suggests that these plans need a major 
review. These plans need to consider 
risks, such as future pandemics and 
even the possibility of a cyberwar. 
Parts of the multilevel model can be 
used to re-assess disaster recovery 
and business continuity plans, 
especially with regard to technological 
vulnerabilities that can hamper the 
organisation’s response and recovery. 
The model can also be used to help 
improve the effectiveness of training 
by informing simulation exercises 
during a crisis. As society moves from 
the lockdown phase of the pandemic 

to the re-entry phase, the model 
predicts that cybercrime will evolve 
along with these trends. For example, 
employment-related cybercrime scams 
targeting the unemployed will increase 
significantly given the expected 
increasing rate of unemployment.

The sheer scale of the COVID-19 
cybercrimes observed is alarming. 
The study found that cybercrimes 
are consistently shifting in breadth, 
diversity and method of attack by 
adapting to situational changes 
during the COVID-19 pandemic. It 
is hoped that these insights and 
recommendations for end-users and 
organisations can contribute to a safer 
digital world as we cope with many 
other pressing challenges during this 
COVID-19 pandemic. ¢
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The novelty of Society 5.0 is aptly 
described in terms of the trendy 
management acronym “VUCA” 
(volatile, uncertain, complex and 
ambiguous). VUCA implies that the 
novel era features (i) unanticipated 
and unstable changes; (ii) cause 
and effect uncertainty; (iii) vagarious 
hyper-interconnectivity, inter-
communicability and interdependency; 
and (iv) ‘‘unknown unknowns”. 
Invariably, engineered assets (ranging 
from personal gadgets, equipment 
and machinery to facilities and 
infrastructure) constitute the backbone 
of socio-technological systems that 
underpin governance, commerce, 
industry and societal transformations 
of humanity.

The VUCA phenomenon has been 
exemplified by the ongoing Covid-19 
pandemic, inadvertently imposing 
unexpected stressors on engineered 
assets and the corresponding socio-
technological systems that serve 
humanity. Pundits agree that the 
two components of the pandemic, 
namely, the spread of the coronavirus 
concomitant with Covid-19 disease, 
manifest unprecedented changes to 
society in general. Experts emphasise 
that Covid-19 has essentially exposed 

vulnerabilities inherent in engineered 
assets and socio-technological 
systems that facilitate our livelihoods 
and modern way of living. From the 
viewpoint of resilience, the nature 
and types of stressors ascribable to 
the spread of the coronavirus are not 
necessarily the same as the nature 
and types of stressors imposed by the 
Covid disease, albeit that the stressors 
from both aspects of the pandemic are 
highly correlated.

Resilience, sustainability and the 
vulnerability of socio-technological 
systems constitute a multidisciplinary 
endeavour. In this regard, Professors 
Joe Amadi-Echendu, Liesel 
Ebersöhn, Chrisna du Plessis, Alta 
van der Merwe, Gerrit Stols, and Dr 
George Alex Thopil jointly published 
two articles in 2020 on the application 
of the lens of vulnerability and 
resilience to examine case studies of 
educational and energy delineations of 
socio-technological systems. ¢

As the concept of 
sustainability becomes 
ever more critical, it 
is necessary to think 
of human civilisation 
as transcending to a 
novel era of Society 5.0, 
accelerated by Fourth 
Industrial Revolution (4IR) 
technologies. 

Society 5.0
Prof Joe Amadi-Echendu

Graduate School of Technology Management (GSTM)
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All elite and amateur sports were 
cancelled, and even international 
events such as the Olympic games 
were postponed or cancelled. Prof 
Christa Janse van Rensburg and 
her team from the Department of 
Sports Medicine, along with several 
international academics, surveyed a 
group of South African elite and semi-
elite athletes to determine how they 
were faring in lockdown. The survey 
included aspects such as the return to 
sport (RTS), maintenance of physical 
conditioning and other activities, sleep, 
nutrition, mental health, healthcare 
access, and knowledge of COVID-19.

In the final phase (last week of April 
2020) of the level 5 lockdown period, a 
Google Forms survey was distributed 

to athletes from 15 sports. Descriptive 
statistics were used to describe player 
demographic data. 

Males comprised 67% of the 692 
respondents. The majority (56%) 
expected RTS after 1–6 months. Most 
athletes trained alone (61%), daily 
(61%) at moderate intensity (58%) and 
for 30–60 minutes (72%). The athletes 
preferred sedentary above active 
behaviour during leisure time.

Sleep patterns changed significantly 
(79%). A substantial number of athletes 
consumed excessive amounts of 
carbohydrates (males 73%, females 
80%). Many athletes felt depressed 
(52%) and required motivation to 
keep active (55%). Most had access to 

Professional sport is one 
of the sectors most heavily 
affected by the original 
COVID-19 lockdown.

Nowhere to hide:  
the significant effect of 
coronavirus disease 2019 
(COVID-19) measures on 
elite and semi-elite South 
African athletes
Prof Christa Janse van Rensburg

Department of Sports Medicine, Sport Exercise Medicine and Lifestyle 
Institute (SEMLI)

healthcare during lockdown (80%) and 
knew proceedings when suspecting 
COVID-19 infection (92%). Overall, 
COVID-19 had physical, nutritional 
and psychological consequences 
not dissimilar to those experienced 
anecdotally by the general population. 
Such difficulties could obviously 
affect a safe RTS and the general 
health of athletes. Lost opportunities 
and uncertain financial and sporting 
futures could also significantly affect 
the athletes and the sports industry. ¢
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However, there is an under-considered 
aspect of the chemicals incorporated 
in sanitisers, disinfectants, vaccines 
and active therapeutics in response 
to COVID-19, namely the potential 
adverse effects on ecosystems, human 
health, and wildlife .

Prof Ndeke Musee of the 
Department of Chemical 
Engineering studies the effects of 
historical, conventional and emerging 
contaminants on ecosystems and 
the associated implications to 
human health, and seeks to identify 
viable solutions to problems arising 
from environmental contamination. 
Together with a multidisciplinary team 
of experts, Prof Musee and colleagues 
endeavour to understand the effects of 
the chemical compounds incorporated 
in sanitisers, disinfectants, and 
therapeutics on ecosystems and 
human health. The generated data and 
gathered knowledge support decision- 
and policymakers to achieve a fine 

To date, society has raced 
to mitigate the effects 
of COVID-19 on human 
health, society and the 
economy.

COVID-19 implications 
to one-health goal, and 
response
Prof Ndeke Musee

Department of Chemical Engineering

balance in managing the pandemic 
without compromising ecological 
integrity.

To assess the effects of the chemicals 
used widely in combatting COVID-19, a 
database was developed of sanitisers 
and disinfectants commercially and 
widely available to the South African 
public. Dozens of sanitiser and 
disinfectant brands were identified, 
with over 150  different chemicals used 
across various products. However, 
many brands do not provide labelling 
of the ingredients used in their 
products. Employing the International 
Fragrance Association (IFRA) database, 
the research group identified four 
sanitiser brands in the South African 
market that contain chemicals already 
prohibited for use as fragrances 
elsewhere in the world, as they are 
linked to undesirable effects on human 
health.

Before the advent of the pandemic 
(pre-COVID-19), dexamethasone 
was used widely to treat human 
and livestock diseases. At present, 
dexamethasone is among the first 
generation of effective therapeutic 
drugs approved by British, American 
and South African authorities to 
treat seriously ill, hospitalised 
COVID-19 patients. By analysing the 
global distribution, occurrence, and 
ecotoxicity data of dexamethasone in 
ecosystems, the team found that the 
drug could pose risks to organisms 
such as fish at a population level, 

and potentially affect food chains, 
including the human diet. This case is 
remarkable in that the datasets used 
were pre-COVID-19. An increasingly 
sharp rise in the environmental 
presence of dexamethasone from 
hospital wastewater should raise 
concerns regarding the effectiveness 
of wastewater treatment systems in 
protecting downstream ecosystems. 
Consequently, greater attention 
should be given to the management 
of wastewater treatment systems, the 
value chain of managing chemicals 
from the cradle to the grave, and 
the robustness of current policy 
frameworks to manage large quantities 
of chemicals with unknown effects 
under constrained operational 
realities.

To safeguard one-health goals, policy-
makers and regulatory authorities 
should establish evidence-based 
pre-authorisation mechanisms for 
products, even under extraneous 
circumstances such as those currently 
imposed by COVID-19. Notably, the 
environmental effects of the chemicals 
contained in sanitisers, disinfectants 
and drugs are often poorly understood 
and under-researched before their 
introduction into the market. However, 
such inadequate understanding and 
poor  management of chemicals 
could potentially trigger bacterial 
resistance and virulence, with adverse 
implications for managing future 
diseases. ¢
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Does HIV increase  
Covid risk? 
Prof Theresa Rossouw

Department of Immunology

At the start of the COVID-19 pandemic, 
HIV clinicians such as Prof Theresa 
Rossouw of the Department of 
Immunology were quite concerned 
that people living with HIV would be 
affected disproportionately by the 
disease. The fear was that hospitals 
would be overflowing because of 
the higher risk of infection with 
SARS-CoV-2 and the increased risk 
of dying. This fear was reasonable, 
as immunocompromised individuals 
generally have a higher risk of infection 
from many different pathogens, as well 
as worse outcomes when infected. 

The research team started an 
observational cohort study of the 
natural progression of COVID-19 to 
investigate the effect of comorbidities, 
such as HIV, tuberculosis and diabetes, 
on the severity of the disease and 
in-hospital survival. The research 
initiative came from Dr Michael 
Boswell, with support from colleagues 
from the Department of Internal 
Medicine, most notably Prof Veronica 
Ueckermann (Head of the Intensive 
Care Unit) and Dr Wesley van 
Hougenhouck-Tulleken. Additionally, 
the team is being supported by 
doctors at Tshwane District Hospital, 
notably Dr Zelda van der Walt, Dr Talita 
de Villiers and Dr Trudie Kritzinger. 
To date, the team has recruited more 
than 500 participants and, fortunately, 
has observed that people living with 
HIV do not have worse outcomes 
compared with the rest of the 
population. Surprisingly, only a small 
proportion of the patients admitted 
to hospital with COVID-19 are infected 
with HIV, suggesting that these people 

probably do not have an increased risk 
of infection after all.   

The research group is simultaneously 
studying acute COVID-19 cases to 
assess differences in the immune 
response to SARS-CoV-2 in infected 
people but not infected with HIV. 
To date, 90 participants have been 
enrolled, and the preliminary data 
suggest that people living with 
HIV appear to be protected from 
exaggerated immune responses, 
such as seen during a “cytokine 
storm” that is elicited during severe 
COVID-19. A cytokine storm occurs 
when the immune system overreacts 
to the presence of infection instead 
of helping to clear it. Such an 
overreaction is a catastrophic event 
whereby immune cells attack the very 
tissue they should be protecting and 
cause lung damage, blood clots and 

organ failure. This finding is quite 
surprising, as it is known from previous 
research by the UP group that people 
living with HIV have higher background 
levels of inflammation in their bodies 
than do people without such infection. 
Although it was postulated that this 
inflammation would increase their 
risk for a cytokine storm, the opposite 
appears to be true, ascribed to 
their immune cells probably having 
become “exhausted”. The team is 
currently testing this hypothesis in the 
laboratory ¢
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Prof Marietjie Venter has worked 
on respiratory and zoonotic viruses 
since 1999 and was well-placed to lead 
a group of University researchers that 
published a review of diagnostic assays 
of COVID-19 in the Journal of Clinical 
Pathology. The review summarised 
the current available information for 
diagnoses of cases, and aimed to aid 
laboratories and healthcare workers to 
select the best assays and procedures.

Prof Tahir Pillay, Head of the 
Department of Pathology and 
Chemical Pathology at the UP/
National Health Laboratory Service, 
Steve Biko Academic Hospital, led a 
team producing unique nanobodies 
that could be of ground-breaking use 
in rapid tests and as a therapy for 
COVID-19. Nanobodies can also be 
used to design ‘‘dipstick’’ tests for saliva 
tests, and produce a result in a few 
minutes. These tests could be used to 
diagnose COVID-19 in communities 
and homes. Prof Pillay’s nanobody 
prototype test won the 2020 GAP 
Innovation Competition: Biosciences. 
He was honoured alongside colleagues 
Dr Bettina Chale-Matsau of the 
Department of Chemical Pathology 
and Reggie Govender. 

Together, Prof Berge Tsanou, Prof 
Jean Lubuma and Dr Salisu Garba of 
the Department of Mathematics and 

Applied Mathematics modelled the 
transmission dynamics of COVID-19 
in South Africa and published their 
findings in the journal Mathematical 
Biosciences.  

Prof Debashis Basu, Academic 
and Clinical Head of Public Health 
Medicine at the Steve Biko Academic 
Hospital, is a member of a large group 
of researchers from across Africa that 
published an analysis of the continent’s 
response to the COVID-19 pandemic in 
the journal Frontiers in Pharmacology. 
These authors found that multiple 
activities across Africa have reduced 
the spread of COVID-19 and, further, 
have addressed misinformation, which, 
obviously, could have catastrophic 
consequences. The World Health 
Organisation and others are assisting 
the COVID-19 response across Africa, 
where interventions appear to be 
working well in a number of countries. 
Research is continuing to clarify the 
unintended consequences of the 
numerous interventions that could 
have significant socio-economic and 
public health effects. This research 
showcases how African countries are 
learning from each other in responding 
to the pandemic. ¢

The COVID-19 pandemic 
necessitated an emphatic 
response from the 
world’s scientists, and 
the researchers from the 
Faculty of Health Sciences 
rose to the challenge. 
By the end of 2020, our 
medical doctors had 
notched up 21 published 
studies pertaining to the 
pandemic, with a host of 
work in preparation.

COVID-19
Prof Tahir Pillay  

Department of Pathology and Chemical Pathology 
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Family physicians are involved in 
services that extend from private 
medical practitioners to public sector 
clinics, community health centres and 
district hospitals, as well as across 
public, private and non-governmental 
organisations involved in health care 
and disease management. Family 
Medicine is critical to the integration 
of health care in the District Health 
System.

Community-scale interventions were 
crucial in 2020 as the world faced its 
first global pandemic in a century. 
Often, programmes rely on prosaic 
issues of access and logistics, quite 
apart from traditional medical foci. 
In communities, such programmes 
included promoting awareness and 
community interaction, and even 
involved partnering with vehicle 
manufacturers to improve distribution 
of personal protection equipment to 
the communities. Prof Tessa Marcus 
created the UP COVID-19 Health is in 
Our Hands video series, which draws 
on the wealth of educational, scientific 
and healthcare service expertise 
of the Faculty of Health Sciences, 
with the aim to educate and support 
communities in their response to 
the pandemic. She also led a team 
investigating the role of peer-learning 

reviews in improving Gauteng 
community-oriented primary care. The 
results were published in the African 
Journal of Primary Healthcare and 
Family Medicine. 

The presence of COVID-19 
unfortunately does not imply that 
other public health issues could 
be left on the back burner. Prof 
Ameena Goga, Unit Director of the 
HIV Prevention Research Unit, 
analysed the effect of breastfeeding, 
antiretroviral drugs and health service 
factors on cumulative (6 weeks to 18 
months) mother-to-child transmission 
(MTCT) of HIV in South Africa. The 
estimates were compared with global 
impact criteria to validate MTCT 
elimination, and she led the team that 
published the work in the Journal of 
Epidemiology and Community Health.
 
An excellent example of research 
tackling the theory versus the practice 
of medicine is an article published in 
PLOS1 by Prof Theresa Rossouw and 
Sanele Ngcobo under the poignant 
title, ‘’They come and knock at the gate 
until the neighbours see. Perceived 
barriers and benefits of implementing 
HIV care at the community level in 
Tshwane district: a qualitative study’’. ¢

Community Health
Prof Jannie Hugo 

Department of Family Medicine

Community health 
is at the front line of 
South Africa’s public 
health response. 
The Department of 
Family Medicine of the 
University, headed by 
Prof Jannie Hugo, takes a 
holistic, bio-psycho-social 
approach to health. 
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Using AI in Structural 
Engineering
Prof George Markou

Department of Civil Engineering

This necessity becomes a matter of life 
and death, particularly in seismically 
active areas, given that an earthquake 
event could cause the loss of many 
lives and the collapse of the local 
economy. 

To improve understanding of the 
importance of developing innovative 
design methods to construct more 
robust structures, one only needs to 
consider notable seismic events over 
the last eleven years. For instance, 
an earthquake registering 7.0 on the 
Richter scale struck Haiti on 13 January 
2010, destroying Port-au-Prince, the 
capital city, and causing the death of 
approximately 316 000 people. On 
11 March 2011, an earthquake struck 
Japan, killing approximately 15 690 
people and causing the infamous 
Fukushima nuclear disaster.

Artificial intelligence (AI) and machine 
learning (ML) algorithms are being 
implemented in solving various 
scientific and industrial problems, 
thereby contributing to resolving 
issues that analytical or other non-
numerical methods could not solve. 
The idea of using AI and ML in 
developing new design formulae for 
Civil Engineering structural members 
was conceived some decades ago. 

Scientists attempted to develop 
predictive models by using Artificial 
Neural Networks trained on existing 
data sets obtained from experiments 
on reinforced concrete (RC) members. 
Since then, the main limitation to 
progress was the amount of data 
available, which, probably, was no 

more than a few thousand. However, 
substantial data are required to 
achieve success when implementing AI 
and ML training. With an inadequate 
amount of data, the predictive models 
are limited in terms of objectivity and 
accuracy.

To alleviate the above limitations, 
the research team of Prof George 
Markou of the Department of Civil 
Engineering started working on 
alternative methods to develop new 
datasets. Reconan FEA, research finite 
element analysis software, developed 
by Prof Markou, was used to model 
different types of structures and 
reproduce their mechanical behaviour 
tens of thousands of times. Prior to 
that the software was validated, a 
procedure performed using physical 
experiments modelled successfully 
through the software. 

To date, Prof Markou’s AI-related 
research work has successfully created 
datasets and design formulae to 
compute the strength of RC beams 
without stirrups, deep RC beams 
with fibre reinforced polymer bars, 
and the fundamental period of 
RC structures with or without soil-
structure interaction considerations. 
The equation developed to predict the 
fundamental period of RC buildings 
is currently the first of its kind in the 
world. This equation considers the 
effect of the soil under the foundation 
of the structure when computing its 
fundamental period. 

The proposed formula is characterised 
by extendibility and was found 

Innovation is 
conventionally followed 
by change and, in this 
instance, by positive 
change. Protecting people 
by developing innovative 
design methods is a 
trending topic in Civil 
Engineering. Researchers 
strive to discover new 
methodologies that will 
allow architects to design 
structures with additional 
accuracy and safety. 
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The innovative use of 

 

superior in terms of accuracy 
compared with the existing design 
code and other proposed formulae 
found in the international literature.

Current and future research work 
foresees the development of additional 
and more extensive datasets for AI-
training-developed design formulae 
to predict the strength of different 
structural members with different 
materials. The developed technology 
has already been found to outperform 
the existing international design code 
formulae. Accordingly, the ultimate 
objective foresees revolutionising the 
Civil Engineering design field through 
the development of improved design 
formulae, enabling prediction of 
the structural capacity of structural 
members and, eventually, that of full-
scale structures. ¢

Figure 1: Modal shape of a fixed-
base 20-storey reinforced concrete 
building with shear walls, together with 
the deformed shape of the 368 773 
embedded rebar elements.
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Responsible and 
sustainable computing in 
Engineering 
Prof Nico Wilke

Centre for Asset and Integrity Management, Department of Mechanical 
and Aeronautical Engineering

Traditional computational models have 
been significantly advanced across 
the modelling of solid mechanics, 
fluid dynamics, electrodynamics, 
thermodynamics and, most important, 
granular materials, thereby enabling 
multiphysics simulations. Granular 
materials are the second most handled 
form of material on the planet, second 
only to fluids primarily handled in 
the form of water. Industrial-scale 
discrete element models have only 
recently become tractable because of 
developments in high-performance 
computing. It is not uncommon for 
a CPU-based computing cluster to 

compute for six months to a year to 
simulate a single granular process for 
one set of parameters. Advancements 
made in collaboration with IMT Lille 
Douai, France; Surrey University, UK; 
Utah University, USA; and Tsinghua 
University, China, in utilising general-
purpose graphical processing units 
(GP-GPU) reduce a month- to year-
long simulation on a CPU-cluster to 
only days on a GPU-cluster, while 
still reducing the electricity and 
carbon footprint by a factor of 30. 
These developments have enabled 
UP joint PhD student Johannes 
Joubert  (jointly with IMT Lille Douai 

Traditionally, scientific 
innovation and 
understanding of 
engineering fundamentals 
were made possible 
by the pillar of 
experimentation that 
enables the theoretical 
pillar to be erected. This 
second pillar is enabled 
by the derivation and 
postulation of theoretical 
models from experimental 
observation by scientists 
and engineers.
The maturity of traditional 
computational modelling 
over the last few decades 
has enabled it to act as a 
third pillar for scientific 
inquiry. 
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in France) to develop and couple a 
particle-based fluid dynamics solver 
for computationally efficient coupled 
multiphysics simulations.

Additional improvements in 
computational modelling over the 
last few years opened the doors for 
data-driven model discovery powered 
by deep learning. This enables physics, 
models and, lately, as shown by former 
Master of Engineering student,  
Wihan Booyse, digital twins to 
be learned directly from data. We 
developed a generative adversarial 
framework that learns digital twins 
directly from data for deployment in 
the life-cycle management of assets. 

Prof Nico Wilke and his team from 
the Department of Mechanical 
and Aeronautical Engineering 
developed a strategy that dealt with 
some operational challenges of using 
powerful computers to model complex 
engineering problems, specifically 
using optimisation mathematics 
designed to deal with discontinuous 
loss functions. A former PhD student, 
Dr Dominic Kafka, and current PhD 
student, Younghwan Chae, have 
shown state-of-the-art training using 
the popular Pytorch and Tensorflow 
frameworks on various deep learning 
networks that include ResNets and 
BeliefNetworks without requiring 
the user to discover the learning 
rate. Chae has since extended these 
techniques to build models to resolve 
the learning rate using gradient-only 
surrogates in an adaptive fashion. 
Current efforts aim to have these 
techniques adopted into the standard 
Pytorch and Tensorflow distributions 
to realise an immediate and potential 
global benefit of this work. ¢
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Cross-eye jamming 
implementation
Prof  Warren du Plessis

Department of Electrical, Electronic and Computer Engineering

Despite two patents describing the 
concept being submitted in 1958, it 
was only in 2000 that the first working 
implementation was announced 
publicly. This long delay between 
conceptualisation and realisation is 
ascribed to the tremendous challenges 
associated with implementing a 
cross-eye jammer and, probably, also 
secrecy concerns.

To date, only three organisations 
have disclosed the testing of a true 
retrodirective cross-eye jammer 
against a monopulse radar. Some 
months ago, Frans-Paul Pieterse, 
a Master’s student, supervised by 
Prof Warren du Plessis of the 
Department of Electrical, Electronic 
and Computer Engineering, 
completed the testing of a laboratory 
implementation of a cross-eye jammer 
against a simulated monopulse 

radar. Although the jammer is only a 
prototype, the feat is a tremendous 
achievement, particularly for a Master’s 
student. 

The measurements were performed 
in an anechoic chamber at the Council 
for Scientific and Industrial Research 
(CSIR), made available to the UP 
research pair for two weeks. As Prof 
du Plessis had been employed by the 
CSIR previously, where he had first 
started working on cross-eye jamming, 
this collaboration was the continuation 
of a long-term relationship between 
the University and the CSIR. The 
considerable support offered and 
interest shown by CSIR staff clearly 
demonstrated the strength of this 
relationship and the relevance of 
cross-eye jamming research outside a 
purely academic setting.

In further research, Prof du Plessis 
has proposed a new type of cross-eye 
jamming based on phase-conjugating 
retrodirective arrays. These proposed 
cross-eye jammers eliminate the 
delay inherent in traditional cross-eye 
jammers, which are based on Van-Atta 
retrodirective arrays, and induce errors 
in radars that use the same antenna 
beam for transmission and reception, 
whereas traditional cross-eye jammers 
do not. Patent applications covering 
this new concept have been filed in 
South Africa and the USA, and a paper 
has been published in the journal 
Electronics Letters. The paper included 
validated simulations confirming 
the effectiveness and retrodirective 
properties of a phase-conjugating 
cross-eye jammer. ¢

Cross-eye jamming is an 
electronic countermeas-
ure (ECM) technique that 
deceives radar about the 
direction to a target. This 
technique has been some-
thing of a holy grail for 
self-protection jammers, 
as it is one of only a hand-
ful of techniques able to 
create angu-
lar decep-
tion.
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Prof Hendriks is a lead author for 
a paper for the Summit Scientific 
Group, titled Ensuring Access to Safe 
and Nutritious Food for all through 
Transformation of Food Systems. The 
study explores the crucial elements 
of food safety, nutrition, poverty and 
inequalities in the framework of food 
systems. Particularly, the effect of 
the current COVID-19 pandemic was 
noted that has exposed long-standing 
inequalities in our food and health 
systems that affect access to safe and 
nutritious food and the income to 
enable such access. 

Prof Hendriks has been actively 
involved in food policy for several 
years and, in 2020, was a member of 
a multinational team that compiled 
a technical report for the Program 
of Accompanying Research for 
Agricultural Innovation (PARI). The 
report, titled ‘‘From Potentials to 
Reality: Transforming Africa’s Food 
Production’’, investigated investment 

and policy priorities for sufficient, 
nutritious and sustainable food 
supplies. German and African research 
partners drew on their long-term 
and ongoing collaborative research 
on agriculture and opportunities for 
achieving food security. 

The PARI study aims to identify how 
Africa could transform its potentials 
into realities and actually secure its 
supply of food for affordable and 
healthy diets from the sustainable use 
of resources. Systemic actions and 
investments for sustainable agricultural 
development were identified, including 
developing advanced agricultural skills 
in Africa, issues of youth engagement 
and gender equality, investment in 
agricultural research and digitalisation, 
access to energy and rural and 
agricultural finance, and issues 
pertaining to sustainable land-use 
practices. ¢

Food security
Prof Sheryl Hendriks

Professor and Head of the Department of Agricultural Economics, 
Extension and Rural Development.

Prof Sheryl Hendriks is a 
member of the  Scientific 
Group for the UN Food 
Systems Summit. The 
Independent group of 
27 leading researchers 
and scientists from 
around the world is 
responsible for ensuring 
the robustness, breadth 
and independence of the 
science that underpins the 
Summit and its outcomes.
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The surfacing layer on 
roads plays an essential 
role in the performance 
of the road structure. In 
many traditional design 
approaches, the surfacing 
is also the most expensive 
part of the road pavement 
structure. It is directly 
exposed to the traffic 
loading, as well as to often 
harsh environmental 
conditions. Surfacing 
performance depends 
on the characteristics 
of the binder used and 
its interaction with the 
environment and the rest 
of the pavement structure.

Civiltronics and the 
digital twin of roads
Prof Wynand Steyn 
Prof Gerrit Jordaan

Department of Civil Engeering

New-age nanotechnologies enable 
engineers to use modified binders to 
substantially improve the surfacing 
performance and reduce the thickness 
thereof without compromising 
the integrity of the road structure 
as a whole. Optimising binder 
characteristics using applicable thin 
(chip seal) surfacing could substantially 
reduce road unit costs.

Emulsion stabilisation of base layers 
surfaced with chip seals often proves 
problematic, with chips punching into 
the base, and early distress. Such 
problems are aggravated by using 
modified binders that restrict the 
evaporation of moisture from the 
pavement layers. The introduction of 
new-age (nano)-modified emulsion 
(NME) stabilisation has the advantage 
that water is chemically repelled 
from the stabilised layer, resulting in 
accelerated strength development. A 
team from the Department of Civil 
Engineering, comprising Prof Gerrit 
Jordaan, Prof Wynand Steyn and 
Andre Broekman, evaluated the 
early-life performance of selected 
chip and Cape seals, together with 
identified modified binders on anionic 
NME-stabilised base layers. These base 
layers were constructed with materials 
traditionally classified as unsuitable 
using archaic empirically derived 
tests. Three different types of chip 
seal surfacing with unconventional 
modified binders were constructed 
and evaluated, using accelerated 
pavement testing (APT) with the Model 
Mobile Load Simulator. 

The objectives of the experimental 
design and testing were to evaluate 
several factors. The factors included 
the binder performance, chip seal 
performance in terms of early loss 
of chips before chip orientation, 
punching of the chips into the 
anionic NME-stabilised base, and the 
deformation characteristics of a hand-
laid Cape seal using an anionic NME 
slurry without any cement filler. It was 
shown that the chip seal surfacings 
could be used at low risk on a base 
layer (G8 quality) containing materials 
with fines exceeding 22%. 

The condition of the surfacing seals 
was monitored using a 3D scanner 
that enabled high-resolution digital 
twin mapping of the surface, which 
facilitated improved understanding 
of aggregate reorientation and 
penetration into the base layer 
and surface texture changes 
during trafficking. Combining novel 
material modification options and 
measurement technologies improves 
understanding of the potential benefits 
of such technologies in providing 
surfaced roads to more communities 
at considerably reduced costs. ¢
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The association between domatia-
bearing plants and mites has been 
proposed to be mutualistic and 
was reported important to species 
of economic value, such as grapes, 
cotton, avocado and coffee. Such 
importance is attributed to leaf 
domatia affecting the distribution, 
diversity and abundance of predatory 
and mycophagous mites found on 
the leaf surface. As a result, plants are 
thought to benefit from an increased 
defence against pathogens and small 
arthropod herbivores. 

In a study published in the journal, 
Diversity, Prof Nigel Barker (Head of 
the Department of Plant and Soil 
Sciences) joined by colleagues from 
Rhodes University, in assessed the 
relative diversity and composition of 
mites on an economically important 
plant host, namely the coffee plant, 
Coffea arabica. The mite population 
of the coffee plants was compared 

with mites found in a neighbouring 
indigenous forest in South Africa. 
The results showed that the coffee 
plantations were associated with only 
predatory mites, some of which are 
indigenous to South Africa.

This finding indicates that coffee 
plantations can be successfully 
colonised by indigenous beneficial 
mites. The researchers also found 
an ‘’edge effect’’, in that coffee trees 
at the edge of the plantation hosted 
fewer mite species. These results are 
a snapshot from a single sampling 
period. Nonetheless, they highlight the 
potential importance of this mutualism 
in commercial crop species and the 
possible role of faunal exchanges 
between indigenous and exotic 
crop species. This study expands 
our understanding of mite–plant 
mutualism in southern Africa, a  
region for which acarological studies 
are sparse. ¢

Local mites benefit 
coffee plantations
Prof Nigel Barker

Head: Department of Plant and Soil Sciences

Some plant species 
possess structures known 
as leaf domatia, which 
house mites. Domatia 
are structures produced 
by plants and used by 
organisms that have a 
symbiotic relationship 
with the plant. 
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In 2020, the focus of the SARChI Chair 
in Artificial Intelligence, held by Prof 
Nelishia Pillay of the Department 
of Computer Science, was extended 
to promote interdisciplinary research 
applying Artificial Intelligence 
approaches to solve problems that 
contribute to attaining the sustainable 
development goals (SDGs) of the 
United Nations. The research focused 
on four SDGs, namely zero hunger, 
good health and well-being, quality 
education and industry, and innovation 
and infrastructure. This article provides 
an overview of some of the highlights 
of the research conducted by the 
chair and the NICOG (Nature Inspired 
Computing Optimisation Group) in 
collaboration with UP and international 
researchers. 

Machine learning, namely, deep neural 
networks, was found effective at 
diagnosing COVID-19 from X-rays, with 
an accuracy of 98%. In collaboration 
with Dr Rivak Punchoo and his team 
in the Department of Chemical 
Pathology, machine learning was 
applied to automate the diagnosis of 
haematological cancer traditionally 
performed manually by chemical 
pathologists. Machine learning was 
used to diagnose multiple myeloma 
using serum protein electrophoresis 

Artificial Intelligence 
for sustainable 
development
Prof Nelishia Pillay 
 Department of Computer Science

gel strips and densitometer graphs, 
achieving an average accuracy of 85%.

Research on applying machine learning 
approaches to identify hip and elbow 
abnormalities in Labradors from X-rays 
was conducted in collaboration with 
Prof Vinny Naidoo and his team in the 
Department of Paraclinical Sciences. 
The radiographs were obtained by the 
Radiology database that is part of the 
Onderstepoort Veterinary Academic 
Hospital. The research produced 
interesting results, highlighting the 
effectiveness of novel machine learning 
approaches for automated image 
generation, and increasing accuracy by 
making additional images available for 
the machine learning approach from 
which to learn.

Determining the severity of common 
rust, a maize disease, from maize 
leaves is a challenging manual process. 
This process essentially involves 
counting the number of pustules 
and the surface area covered by the 
pustules on maize leaves. Iowa State 
University conducted the initial work 
to automate this process by applying 
standard image processing algorithms 
on maize leaves from greenhouses. 
In collaboration with Iowa State 
University and Prof Dave Burger from 
FABI at UP, this work was extended to 
examine the effectiveness of machine 
learning approaches for this purpose. 
Using machine learning improved the 
accuracy of predicating the number of 
pustulates, the surface area covered 
by the pustules and the average 
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pustule size by 27% to 42%.
Research into applying machine 
learning approaches for barchan 
dune asymmetry identification was 
conducted in collaboration with Prof 
Serena Coetzee and Barend van 
der Merwe from the Department 
of Geography, Geoinformatics and 
Meteorology, with van der Merwe 
leading the research. Machine learning 
approaches could classify barchan 
dunes according to shape and 
asymmetry with accuracy of 95%.

Given the widespread use of artificial 
intelligence approaches by non-
experts in the Fourth Industrial 
Revolution, one of the main focus 
areas of the chair is the automated 
design of machine learning and search 
techniques. Achieving this would 
enable non-experts to apply these 
techniques without expert knowledge 
of artificial intelligence and software 
engineering. Members of NICOG, in 
collaboration with researchers from 
the University of Nottingham and the 

Tecnológico de Monterrey (Mexico), 
have made significant advancements in 
this field in 2020, including publishing 
a book on Automated Design of Machine 
Learning and Search Algorithms that 
showcases current trends in the field. 
Springer Verlag will publish this book in 
June 2021.  

One such initiative, conducted in 2020 
in collaboration with the Artificial 
Intelligence Student Society at UP, was 
a chatbot competition that required 
individuals or teams to develop 
chatbots that could enhance student 
life on campus. Initiatives incorporating 

machine learning into the chatbots 
were encouraged. The NICOG Prize 
for the Most Innovative Chatbot 
was awarded to the team Intelligent 
Arts for their chatbot to promote 
artificial intelligence literacy. The Flying 
Dutchman team won the NICOG Prize 
for the Most Benefit to University 
Life Chatbot for their chatbot that 
provides student support. A special 
thank you to Prof Gerrit Stols, Dr 
Andre Kleynhans and Prof Norman 
Duncan for their invaluable input and 
contribution to this initiative. ¢

One of the aims 
of the chair 

is to promote 
awareness 

of Artificial 
Intelligence. 
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The sources of these three 
colours hold great potential for 
the development of cost-effective, 
durable, environmentally clean and 
efficient energy sources to alleviate 
the enormous energy demands of 
Africa. First, solar energy is a viable 
alternative energy resource in 
southern Africa, considering that the 
annual solar energy flux in this region 
is high, e.g. twice that of Germany. 
Second, significant inspiration can 
be gained from photosynthetic 
organisms. Their photosystems, 
which capture solar light and convert 
the photoenergy into more stable 
and utilisable forms of energy, 
demonstrate remarkably efficient use 
of very abundant natural elements and 
are characterised by building blocks 
organised in arrangements with high 
thermodynamic entropy. The latter 
concept contrasts with the low-entropy 
morphology of highly crystalline, 
defect-free forms of silica used in first-
generation solar cells, a morphology 
that is expensive to manufacture. 
Another remarkable property of 
photosynthetic photosystems is their 
smart adaptation to environmental 
conditions, a feature that may become 
useful for future generations of smart 
solar cells. Third, haematite is a robust 
and abundant material that could 
become a useful solar-light-harvesting 
material if a crucial obstacle could be 
overcome, namely that a significant 
fraction of the photoenergy absorbed 
by haematite is converted rapidly into 
heat, rendering it useless for energy 

Improving solar 
energy using metallic 
nanoparticles
Prof Tjaart Krüger

Department of Physics

The countryside 
frequently shows three 
characteristic colours, 
namely blue, green and 
red. Clear blue skies are 
evidence of an abundant 
supply of sunlight. Green 
indicates that plants 
collect, convert and store 
a significant amount of 
this light at a massive 
scale. Red is the colour of 
iron oxide, the haematite 
that stains our soil.
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storage. The properties of haematite 
can be improved significantly when 
the material is used in the form of 
nanostructures by adding interfacial 
layers or by doping the material with 
atoms from another metal. To solve 
this issue, Prof Tjaart Krüger of the 
Biophysics Research Group in the 
Department of Physics has been 
collaborating with Prof Mmantsae 
Diale, Chair in Clean and Green, who 
has extensive expertise in material 
design.  

The authors used an experimental 
technique in the studies, called 
ultrafast transient absorption 
spectroscopy. This technique 
comprises using laser pulses as short 
as 100 fs (i.e. 10–13 s) to observe 
how the charges,  produced when 
a light photon is absorbed, move 
around the material.

Gold is another material that offers 
various benefits for solar cells. When 
nanoparticles of gold are used their 
optical properties become highly 
tuneable. By changing the shape 
and size of a gold nanoparticle 
it can be made to preferentially 
absorb literally any colour of the 
rainbow. Gold nanoparticles can also 
concentrate light into nano-scaled 
volumes, a property that can be 
used to significantly improve the light 
absorption of a solar cell. 

The authors have explored in 
detail some of the remarkable 
photophysical properties of metallic 
nanoparticles and discovered several 
new features, research that has led 
to three publications in 2020.

Further, research was conducted 
on the intriguing design principles 
of photosynthetic light-harvesting 
antenna complexes. 

This research comprised exploring 
the switching behaviour of such 
biological antennae between light-
harvesting and photoprotective 
states, which has led to two more 
publications and five international 
conference presentations. In 
addition, the authors have 
constructed hybrid antennas 
comprising light-harvesting antenna 
complexes of plants and gold 
nanorods, demonstrating how the 
nanoparticle antennae can drastically 
tune the photophysical properties of 
the biological antennae. 

The research results were published 
in the journal Nanoscale. ¢
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Polycyclic aromatic 
hydrocarbons (PAHs) 
are a class of organic air 
pollutants generated from 
combustion processes. 

They are of concern owing to their 
potential human health effects, as 
several PAHs are known or suspected 
carcinogens. The domestic combustion 
of fuels for cooking and space 
heating purposes is one source of 
PAHs that could potentially result 
in high human exposure. A three-
year bilateral research project was 
conducted recently to monitor such 
PAH emissions in urban and rural 
homes in four regions (counties) of 
Kenya. This project was led by Prof 
Patricia Forbes of the Department of 
Chemistry and Dr Aloys Osano from 
Maasai Mara University. 

A small, portable sampling device 
developed at the University of Pretoria 
was used that allows sampling in 
remote regions without an electricity 
supply. Gas phase samples were taken 
close to a fire or combustion device 
to simulate the exposure of people 
tending to fires and cooking food 
in the home. Ambient outdoor air 
samples were taken in each region for 
comparison purposes. All the samples 
were later analysed at UP using a 

A unique perspective on 
organic air pollutants
Prof Patricia Forbes

Department of Chemistry

sensitive and selective analytical 
method. The method involves plunger-
assisted solvent extraction of samples, 
with analysis by gas chromatography-
mass spectrometry.

The effect of various parameters on 
the PAH levels found in homes was 
investigated, including the type of fuel 
and combustion device. The results 
indicated that, although the ambient 
air in urban environments had higher 
PAH concentrations because of 
traffic emissions, overall, the levels 
of PAHs were higher in rural than in 
urban homes. This finding is ascribed 
mainly to two factors, which are the 
prevalence of less-efficient cooking 
stoves, such as wood-burning three-
stone fires in rural homes, and a lack of 
access to electricity and clean burning 
fuels, specifically liquefied petroleum 
gas, which are used more frequently 
in urban homes. Analyses indicated 
an extremely wide range in the total 
domestic PAH concentrations between 
the samples and, consequently, a wide 
range in the toxicity scores determined 
from these values. The toxicity 
equivalents in two rural homes were 
approximately ten times higher than 
the average. It should be noted that 
PAHs associated with particles were 
not sampled in this study, which would 
contribute further to PAH exposure 
levels.

To date, two journal papers have been 
published on this research, namely in 
Environmental Toxicology and Chemistry 
and Sustainable Cities and Societies. 
Seven postgraduate students were 
involved in the project (four from 

UP and three from Maasai Mara 
University). 

Community awareness and education 
in terms of the potential health effects 
and facile ways to minimise PAH levels 
and exposure (such as improved 
ventilation) were important outcomes 
of this project. These aspects were 
addressed by interactions with 
members of households and by 
presentations to postgraduate 
and undergraduate students at 
Maasai Mara University. Cultural and 
traditional practices are important 
considerations that lend complexity to 
the development of locally suitable and 
sustainable interventions to improve 
the air quality in homes and reduce 
potential human health effects.
 ¢
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Coping with climate 
change: the ‘right’ way?
Dr Els Vermeulen
Mr Gideon van den Berg  

Mammal Research Institute Whale Unit (MRI-WU)

The southern right whale, South 
Africa’s charismatic poster child for 
conservation, has been well on the 
road to recovery since commercial 
whaling was finally stopped in the 
1960s. Sadly, this conservation success 
story now hangs in the balance, as 
these whales face a new and deeply 
concerning threat to their recovery. 

Fortunately, the plight of the southern 
right whale came to an end when 
legal protection was afforded them in 
the early 20th century. What followed 
has been called a true conservation 
success story. The legal protection 
allowed southern right whale 
populations in Brazil, Argentina, South 
Africa, Australia and New Zealand 
to recover dramatically. While their 
populations globally have bounced 
back spectacularly since the whaling 
days, their numbers are only at about 
13% of the total population size before 
whaling. Their story is far from over.

A publication by the team of the 
Mammal Research Institute Whale 
Unit (MRI WU), headed by Dr Els 
Vermeulen, published in Global 
Change Biology highlighted that 
although southern right whales are 
changing where and on what they are 
feeding, it still is not enough to keep 
their recovery from whaling on track.

The work, led by researchers from 
the MRI WU and the University of 
Auckland, New Zealand, focused on 
southern right whales that migrate to 
South Africa’s coastline in winter. By 
using microchemical markers (stable 

isotopes) found in small samples of 
the whales’ skin, the researchers could 
garner information on the whales’ 
feeding behaviour. Stable isotopes 
vary predictably across the Southern 
Ocean, meaning that information 
could be uncovered on where feeding 
occurs.

The study reveals that in the 1990s, 
while the South African whale 
population was growing steadily, the 
whales fed predominantly on prey 
(predominantly krill), with isotopic 
values similar to those found near the 
island of South Georgia/Islas Georgia 
del Sur. However, during the late 
2010s, when southern right whales 
were calving far less often, the stable 
isotope data show that the whales 
were feeding much further north and 
on a wider variety of prey. 

This finding shows that the South 
African population is attempting to 
adapt to changing ocean conditions 
but is struggling to keep pace with 
the changes. Even though they have 
changed their feeding behaviours in 
response to declining and shifting 
prey resources, they are still unable to 
maintain their typical three-year calving 
intervals. 

Despite our success in protecting 
whales from being hunted, our actions 
are, once again, impacting southern 
right whale populations, this time 
through climate change. Further, the 
entire ecosystems these whales inhabit 
are at risk. ¢
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The Paris Agreement 
is a legally binding 
international treaty on 
climate change. It was 
adopted by 196 parties 
at COP 21 in Paris on 12 
December 2015 and was 
implemented on  
4 November 2016. 

The signatories to this agreement have 
committed to limiting global warming 
to 1.5–2.0 °C by controlling the 
content of greenhouse gases and, in 
particular, carbon dioxide (CO2) in the 
atmosphere. South Africa is a strong 
emitter of CO2, mostly from its coal-
fired power plants. 

The cheapest way to achieve the 
stated goal is to eliminate CO2 
emissions by replacing fossil fuel 
(coal, oil and gas) with renewable 
energy. Electricity generated by solar 
and wind is cheaper than that from 
coal, and South Africa has excellent 
preconditions with its unprecedented 
solar irradiance, ideally complemented 

South Africa fighting 
climate change
Prof Emil Roduner

Department of Chemistry

by wind energy. However, it is difficult 
to substitute fossil fuel for renewable 
electricity for specific applications such 
as international air traffic. Here, the 
aim is a carbon-neutral operation by 
using kerosene made from recycled 
CO2 captured at smokestacks or 
extracted from the atmosphere 
and converted using solar and wind 
power. Considering the enormous 
amounts of energy required for air 
traffic, this type of renewable liquid 
fuel promises excellent economic 
opportunities for export. Recycling CO2 
and water to complex molecules is a 
talking point and highly competitive 
subject internationally. Because of 
the extraordinary stability of the two 
molecules, the process is energetically 
highly demanding and must be based 
on renewable energy. 

As the latter is available in the 
form of electrical energy, Prof Emil 
Roduner and his research group 
in the Department of Chemistry 
are employing an electrochemical 
approach. As a first step, they have 

recently successfully converted 
formic acid, the first intermediate 
of the multistep CO2 conversion to 
complex molecules, with a high yield 
to a mixture of methanol, ethanol 
and isopropanol. These alcohols can 
be added to gasoline for combustion 
engines or converted further to 
gasoline or kerosene by standard 
methods. The next step will be starting 
directly with gaseous CO2, for which 
the conversion to formic acid has been 
well established in the literature. In 
this regard, UP appears to be on a 
promising track to establishing a key 
technology for fighting climate change. 
¢
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Eurotiales are relatively large and 
include some of the most important 
fungi known (e.g. Aspergillus, 
Paecilomyces, Penicillium and 
Talaromyces). These are commonly 
occurring fungi, and very few people 
have not been affected by them in 
some way. Penicillium rubens, for 
example, is famously responsible 
for the production of penicillin. The 
original discovery of the antibiotic by 
Alexander Fleming in the 1920s, and 
subsequent purification and large-
scale production by Florey and his 
research team in the 1940s, have 
saved the lives of many millions of 
people. Many other Eurotiales gain 
attention from various research fields, 
most notably food, indoor and medical 
mycology, and biotechnology, as they 
can have both positive and negative 
effects on humans. 

Fungi in Eurotiales are notoriously 
difficult to work with. Morphological 
identifications are typically inconsistent 
and time consuming, even for 
experienced fungal taxonomists. 
Therefore, the community working 
on these fungi have adopted a 
sequenced-based approach that 
has been applied during the last 
decade. However, this approach is 
only effective when taxonomically 
reliable and complete DNA 
sequence databases are available for 
comparative purposes.

In a collaborative venture with Dr 
Jos Houbraken of the Westerdijk 
Fungal Biodiversity Institute in the 
Netherlands, Prof Cobus Visagie 

Updates on the taxonomy 
of various fungi
Prof Cobus Visagie 

Forestry and Agricultural Biotechnology Institute,  
Department of Biochemistry, Genetics and Microbiology

and Dr Neriman Yilmaz (both of 
the Forestry and Agricultural 
Biotechnology Institute) and others 
completed a major study updating 
the taxonomy of Eurotiales. A report 
of this study was published in Studies 
in Mycology. An overview of the five 
families and 28 genera (four newly 
described) is provided, as well as a 
comprehensive list of 1 186 accepted 
species. For each species accepted 
on the list, important data are linked 
to each name, including MycoBank 
numbers, collection numbers of type 
and ex-type cultures, sub-generic 
classification, mode of reproduction, 
and GenBank accession numbers of 
ITS, beta-tubulin, calmodulin and RNA 
polymerase II second largest subunit 
(RPB2) sequences. 

Based on 
this ground-
breaking study, 
Aspergillus (447) 
and Penicillium 
(491) currently 
accommodate the 
largest number 
of species. A 
new sub-generic, 
sectional and 
series classification 
has been 
introduced to 
facilitate working 
with these fungi. 
The data provided 
in this publication 
also establish 
Aspergillus, 
Penicillium and 

Talaromyces as the genera with 
arguably the most advanced taxonomy 
of all fungi. This study is a taxonomic 
undertaking that should serve the 
stakeholder community well and would 
afford most people the opportunity to 
work with and correctly identify these 
crucially important fungi. ¢
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FABI celebrated this year with a wide 
range of articles published in both 
academic and popular journals, 
including two special editions of the 
South African Journal of Science (SAJS), 
and look forward to launching (in 
2021) a book on the history of plant 
pathology written over this period. 
As part of the celebrations, FABI 
founder and Director, Prof Mike 
Wingfield, received the 2019/2020 
NSTF-South32 Special Annual Theme 
Award: Plant Health. The award 
recognises his commitment to 
fostering a collaborative and innovative 
environment in this field of science.

A retrospective article on plant 
pathology science in South Africa, 
written by Prof Bernard Slippers 
(Director of FABI), was published in 
the SAJS. Prof Slippers noted that in 
celebrating the International Year of 
Plant Health it was also necessary 
to reflect on the need to highlight 
a growing global crisis facing food 
security and environmental health 
ascribed to the increasing pressure 
on plant health. Despite the 
revolutions in plant pathology since 
1921, when South Africa appointed 
its first professor of plant pathology, 
pathogens and disease continue 
to outpace the efforts to manage 
them. The United Nations claims 
that as much as 40% of global food 
production is lost owing to pathogens, 
pests and weeds.

Prof Slippers also noted that the 
collision of the COVID-19 pandemic 
and the IYPH 2020 wreaked havoc on 
a year of meetings and workshops 
aimed at dealing with the global crisis 

facing plant health management. 
This collision, however, offered an 
opportunity to capitalise on the greater 
societal understanding of the threat 
of diseases spreading worldwide, and 
the need of preparing and investing in 
the resilience of health management 
sciences. Further, it demonstrated that 
the capacity to respond to such a crisis 
is not a tap that could be turned on, 
but rather a reservoir that needs to 
be built to feed the tap when the crisis 
hits.

In recent years, the plant pathology 
that has captured South African 
imaginations the most has been that of 
the shot hole borer that has infested 
suburban forests. Dr Trudy Paap of 
FABI, who has written extensively on 
urban tree health, collaborated with 
Prof Wingfield, Prof Wilhelm de Beer 
(also of FABI) and Prof Francois Roets 
(of the University of Stellenbosch) to 
provide an analysis of the lessons 
learned from this major pest invasion. 

Millions of years of co-evolution 
between plants and their pests have 
led to close ecological dependencies. 
Damaging outbreaks of native pests 
in their natural environments are 
rare; instead, pests play a vital role in 
shaping the dynamics and diversity of 
natural ecosystems. For this reason, 
forest pests are often not known to 
be problematic, or not even known 
to science, prior to their arrival 
and establishment in a non-native 
environment. However, on their 
arrival, alien pests may encounter 
suitable native hosts that lack co-
evolved resistance, with a potential for 
devastating consequences.

The International Year of 
Plant Health in review
Forestry and Agriculture Biotechnology Institute (FABI)

The UN International Year 
of Plant Health (IYPH 2020) 
represented a significant 
opportunity to showcase 
one of the primary cen-
tres of excellence of UP, 
namely the Forestry and 
Agriculture Biotechnology 
Institute (FABI). 
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Given the shortfalls in current 
biosecurity regulations, there has been 
a move to use sentinel trees (trees 
planted outside of their natural range) 
to identify new and emerging pest 
risks. As hubs of human movement 
and traded goods, urban areas are 
frequently the first point of contact for 
alien pests. Therefore, when located in 
urban environments, the monitoring of 
sentinel trees provides an opportunity 
for early detection of recently arrived 
pests. A sentinel project supported by 
the South African National Biodiversity 
Institute was initiated in 2016. In 2017, 

this project led to the discovery of the 
polyphagous shot hole borer (PSHB, 
Euwallacea fornicatus) in a national 
botanical garden in the country. 
FABI, where the PSHB invasion 
was first recognised, has initiated 
numerous baseline studies on the 
pest. Importantly, a multidisciplinary 
and multi-institutional Polyphagous 
Shot Hole Borer Research Network 
was established at a meeting of these 
researchers in May 2019 at FABI. 
The network will coordinate research 
efforts conducted by researchers from 
various institutions across the country. 

Current projects include investigating 
invasions in urban, agricultural and 
natural areas, and the search for a 
biological control agent will be initiated 
soon.

The theme of South African tree health 
was taken further in a retrospective 
by Prof Mike Wingfield, Prof Brenda 
Wingfield and Prof Slippers, all 
of FABI, and Prof Brett Hurley of 
the Department of Zoology and 
Entomology. As a country with 
extremely limited natural forest cover, 
the timber and fibre needs of South 
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Africa cannot be provided for from 
indigenous forests. It is mainly for 
this reason that South Africa initially 
developed a highly productive plantation 
forest industry, which, today, makes 
a substantial contribution to the local 
economy. 

These plantations are based on non-
native species of Eucalyptus, Pinus and 
Australian Acacia. In the early years of 
establishment, South African plantations 
were relatively free of pest and pathogen 
problems. But, over time, an increasing 
number of insects, fungi and bacteria 
have emerged as serious threats to the 
sustainability of the forestry industry. 
Numerous native pests and pathogens, 
especially insects, have adapted to 
these introduced tree species to cause 

damage or disease. The problem 
is compounded by the accidental 
introduction of non-native pests and 
pathogens — at a rapidly increasing rate 
over the past three decades. 
Some of these introduced pests and 
pathogens also threaten the fitness and 
even the survival of many indigenous 
South African tree species. Fortunately, 
South Africa has developed an 
impressive knowledge base and range of 
integrated management options to deal 
with such problems. This development 
was first driven by government 
programmes and, more recently, by 
public–private partnerships between 
industry, universities and government.

It is clear from the pattern of emergence 
of pests and pathogens in recent years 

that South Africa will have to deal with 
an increasing number of these problems 
and a continuously changing tree health 
environment. This scenario requires 
robust investment in both quarantine 
and mitigation mechanisms to protect 
the biodiversity of the country, as well as 
ensuring the sustainability of its wood 
and fibre industries. Research in this 
field is carried out in the FABI Eucalyptus 
and Pine Pathogen Interactions 
research group, which is led by Prof 
Sanushka Naidoo of the Department 
of Biochemistry, Genetics and 
Microbiology. ¢

These articles are adapted from content in 
the SAJS International Year of Plant Health 
special edition, published in November 2020. 
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In a study published in the South 
African Journal of Science, a team 
from the Forestry and Agriculture 
Biotechnology Institute (FABI), 
headed by Prof David Berger, aimed 
to fill the knowledge gap on the 
prevalence and impact of fungal foliar 
diseases in local smallholder maize 
fields. 

A survey with 1 124 plant observations 
from diverse maize hybrids was 
conducted over three seasons 
from 2015 to 2017 in five farming 
communities in KwaZulu-Natal 
(Hlanganani, Ntabamhlophe and 
KwaNxamalala) and the Eastern Cape 
Province (Bizana and Tabankulu).
Northern leaf blight (NLB), common 
rust, Phaeosphaeria leaf spot, and 
grey leaf spot showed overall disease 
incidences of 75%, 77%, 68% and 56%, 
respectively, indicating high disease 
pressure in smallholder farming 
environments. NLB showed the highest 
disease severity. A yield trial focused 
on NLB in KwaZulu-Natal indicated 
that this disease reduced yields in the 
three most susceptible maize hybrids 
by 36%, 71% and 72%, respectively. 
However, 18 other hybrids did not 
show significant yield reductions owing 
to NLB, illustrating the progress made 
by local maize breeders in breeding 
disease resistance. The data compiled 
by the research team showed that the 
four foliar diseases are widespread in 
smallholder maize farms in the higher 
rainfall regions of KwaZulu-Natal and 
the Eastern Cape. In the absence of 
chemical control, disease pressure 

remained high over the three-year 
survey period. A major factor is 
favourable environmental conditions 
for disease development, as shown by 
significantly reduced disease incidence 
during the drought season of 
2015/2016. NLB was the most severe 
disease in both provinces, highlighting 
that this disease should be a priority 
target for management practices.

Farmer participatory surveys 
have indicated that for their own 
consumption, farmers prefer low 
input varieties that taste good, 
have yield stability under a range of 
stresses (including foliar diseases) and 
produce seed that could be saved. To 
take advantage of the yield benefits 
and resistance breeding success of 
hybrid maize, four factors have to be 
considered, namely (1) minimising or 
subsidising the cost of seed and input 
costs; (2) paying attention to the local 
maize milling and taste preferences of 
communities; (3) developing regional 
disease and pest monitoring systems 
to enable agricultural extension 
officers and farmers to respond 
effectively to disease outbreaks; 
and (4) maintaining genetic diversity 
within smallholder farming systems by 
ensuring mixtures of genotypes.
This research highlighted the risk 
to smallholder farmers of planting 
disease-susceptible varieties. 
Recommendations are presented on 
how to exploit the advances of hybrid 
maize disease resistance breeding to 
develop farmer-preferred varieties for 
smallholder production. ¢

Maize underpins food 
security in South Africa. 
The annual production 
of more than 10 million 
ton comprises the output 
not only of large-scale 
commercial farms but 
also that of an estimated 
250 000 ha cultivated 
by smallholder farmers. 
Maize leaves are a rich 
source of nutrients 
for fungal pathogens. 
Farmers must limit leaf 
blighting by fungi to 
prevent sugars captured 
by photosynthesis being 
‘stolen’ instead of filling 
the grain. 

Maize Foliar disease 
control on smallholder 
farms
Prof David Berger 

Forestry and Agriculture Biotechnology Institute (FABI)
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Research by Dr Andrea Webster of 
the Mammal Research Institute, 
assisted by Tshepiso Majelantle, 
showed that pollution is a key threat 
to biodiversity inside protected areas. 
Anthropogenic disturbance has 
altered geochemical cycles and the 
balance of essential and potentially 
toxic trace elements within the 
environment. Wildlife species within 
specific areas are, therefore, exposed 
to complex, ill-defined mixtures of 
pollutants. The management plans of 
protected areas within South Africa 
do not typically include consistent 
monitoring and assessment for the 
presence or persistence of synthetic, 
organic or inorganic contaminants 
within the environment. Sequential 
and simultaneous exposure to 
pollutants continuously interacts in 
additive or synergistic ways to disrupt 
biological functions, resulting in 
cascading effects. The highest levels 
of most elements are measured in 
sediment and emphasise the influence 
of underlying geological profiles 
in trace element abundance and 
distribution. Biological data confirm 
that individuals and populations are 
exposed to complex pollutant mixtures 
through food and water sources and 
surrounding anthropogenic activity. 
Feeding strategy, the position in the 

food chain and water dependence 
affect the degree to which essential 
and potentially toxic elements can 
accumulate to harmful levels in wildlife. 
With each predator–prey interaction, 
food web magnifications between  
10 000- and 100 000-fold could occur. 
Given their diet, carnivores, predatory 
species, and their offspring are most 
vulnerable to the effects of trace 
element pollutants. 

Some wildlife species can exploit 
transformed or urbanised areas 
outside of protected areas and are 
known as urban exploiters. These 
urbanised areas provide species with 
access to increased, often unusual 
food resources and, in some instances, 
provide refuge or predator-free 
environments, which lead to decreased 
or altered risk of predation. However, 
in these environments, animals are 
faced with increased risks associated 
with human–wildlife conflict, pollution, 
noise, and human disturbance. For 
example, bushbabies (Galago moholi) 
in urban areas have higher body mass 
and are more aggressive compared 
with their rural counterparts. African 
clawless otters (Aoynix capensis) alter 
their diet, occur in larger groups, 
and change their activity time to 
adapt to urban areas. Although these 

Evaluation of  African 
Savannah ecosystem 
health and anthro-
pogenic disturbance of 
wildlife
Dr Andrea Webster

Mammal Research Institute, Department of Zoology and Entomology

The complex relationships 
between terrestrial 
mammals and their 
habitats make African 
ecosystems highly 
interactive environments. 
Human activities over 
the last century were the 
most significant driver 
of change in biological 
communities across the 
globe. 
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species appear to thrive in urban 
environments, they exhibit higher 
stress levels compared with their free-
ranging counterparts, which suggests 
that their occupation of such modified 
landscapes could have detrimental 
effects in the long term. The increased 
stress could probably be ascribed 
to excessive body mass, pollution, 
human activity and perceived predator 
encounters (e.g. humans and their 

pets). Unfortunately, this seems to be 
the trend for other animals found in 
similar situations. Female leopards in 
urban areas, for example, appear more 
stressed than males, particularly when 
rearing offspring.
 
It is clear that anthropogenic 
disturbance negatively affects 
biodiversity and environmental 
and animal health in protected and 

unprotected areas. The human 
population is projected to increase 
to 9.2 billion by the year 2050, 
which will lead to the expansion 
of urban areas and subsequent 
increased anthropogenic disturbance 
and pollution. Current and future 
sustainable development strategies, 
more proactive conservation 
approaches, and individual action are 
pivotal to wildlife species protection. ¢
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Unravelling the impacts 
of species that engineer 
environments
Dr Natalie Haussmann

Department of Geography, Geoinformatics and Meteorology

Prof Peter le Roux
Department of Plant and Soil Sciences

Ecosystem engineering is not limited 
to a single group of species but it is a 
widespread phenomenon that must 
be considered when predicting how 
individual species or entire ecosystems 
will respond to environmental change.

In an ongoing collaboration, Dr 
Natalie Haussmann (Department 
of Geography, Geoinformatics 
and Meteorology), Prof Peter le 
Roux (Department of Plant and 
Soil Sciences) and several post-
graduate students are examining 
under-explored aspects of ecosystem 
engineering. Michelle Louw, an 
MSc student, examined the impacts 
of aardvark on soil and vegetation 
characteristics across an aridity 
gradient to determine if the effects of 
burrowing by this ecosystem engineer 
were consistent in three significantly 
different sites (the Karoo, the Kalahari 
and a Highveld grassland). Her 
research, published in Scientific Reports 
in 2019, demonstrated that burrowing 
by aardvark strongly affected soil and 
vegetation characteristics at all three 
sites. Therefore, the loss of aardvark 
from any of these habitat types would 
significantly impact habitat conditions. 
However, the impacts of aardvark also 
varied between sites, with, for example, 
aardvark burrowing increasing plant 
species richness in the grassland but 
decreasing plant richness at the other 
two sites. 

Ecosystem engineer 
species change the 
abiotic conditions in 
their environment, 
thereby altering habitats 
for other species. As 
a result, ecosystem 
engineers typically 
increase environmental 
heterogeneity and, 
in consequence, 
affect associated 
biotic communities 
(influencing, for example, 
species richness and 
composition). 
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Mia Momberg, a PhD student, 
observed a similar pattern when 
reviewing the literature related to 
cushion plants (i.e. plant species 
exhibiting low-growing, compact, 
cushion-like growth forms). Cushion 
plants are most common in cold and 
wind-swept environments. They often 
provide a more climatically moderate 
or resource-rich microenvironment, 
allowing the occurrence of species 
that would otherwise not be able to 
survive in such extreme conditions. 
Momberg found that whereas many 
cushion plant species are associated 

with a higher abundance and 
richness of other plant species, there 
was no consistent pattern in how 
these cushion plants modified local 
conditions (results just published 
in Acta Oecologica, 2020). Several 
species created warmer microclimates 
beneath their canopy, but others 
still provided cooler temperatures 
(with studies of the same species 
sometimes showing contradictory 
results). Therefore, these cushion 
plant ecosystem engineers appear 
to facilitate other plant species 
through various mechanisms 
(including changes to soil moisture 
and nutrients). Again, these results 
point to the challenges of generalising 
the findings based on one ecosystem 
engineer to other species or even to 
different environments.

This research team has started to 
explore another complexity, namely 
the potential for multiple ecosystem 
engineers to have interactive effects. 
Using data from the Kalahari, the 
team verified whether the ecosystem 
engineering impacts of aardvark 
were modulated by the engineering 
effects of large trees, which modify 
conditions both through shading and 

their extensive root systems. The 
results (published in the Journal of Arid 
Environments, 2021) demonstrate that 
ecosystem engineers can sometimes 
have synergistic effects, with the 
impacts on ecological communities 
being more significant in the presence 
of both engineer species compared 
with there being only one species 
present. However, this pattern was 
not consistent, as some habitat 
characteristics were affected by only 
one of the two types of ecosystem 
engineers.

Given the substantial impacts that 
ecosystem engineers have on their 
environments, it is important that 
we improve our knowledge of their 
ecological benefits, and our broad 
understanding of how ecosystems 
function, as well as our ability to 
predict and plan for the impacts of 
environmental changes on these 
ecosystem engineers and the species 
that depend on them. ¢
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Teaching science 
students with disabilities
Prof Marietjie Potgieter 

Former Deputy Dean of Teaching and Learning, Faculty of Natural and 
Agricultural Sciences

Dr Rethabile Tekane
Department of Chemistry

Higher education institutions 
have a constitutional obligation to 
provide reasonable accommodation 
to students with disabilities. The 
teaching and learning of students 
with blindness and low vision in STEM 
disciplines are well documented 
abroad. However, until recently, no 
similar studies have been published 
in South Africa on successful teaching 
and learning strategies for students 
with blindness and low vision in STEM 
fields, specifically science disciplines. 
Accordingly, a paper by Dr Marietjie 
Potgieter and Dr Rethabile Tekane 
of the Department of Chemistry 
represented a breakthrough, 
and it was published in the South 
African Journal of Science. The study 
reported how teaching, learning, and 

assessment were adapted to make 
science disciplines accessible to a blind 
student, John, enrolled in biological 
sciences at the University. 

Several factors contributed toward 
the success of this undertaking. These 
factors include the availability of 
tutors, who committed a considerable 
amount of time to help the student 
understand the content presented 
in lectures, tutorials, and practical 
sessions. Other important factors are a 
well-resourced and effective Disability 
Unit, lecturers who ensured that 
John was accommodated in lectures, 
tutorials, and practical sessions and, 
finally, the commitment and dedication 
that John invested in learning. ¢
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Utilising tools in the 
sensory science toolbox 
to tackle food challenges
Prof Riëtte de Kock

Department of Consumer and Food Sciences

Food products may be nutritious, but if 
they are not appealing and acceptable 
to the intended market, the chances 
are good that a substantial share of 
available food would go to waste. The 
sensory properties of foods, namely 
appearance, aroma, texture, taste 
and even the sound of consuming 
food, play a vital role in consumers’ 
food selection and willingness to buy 
and consume. As such, these factors 
provide indirect motivation for nutrient 
intake and related consequences — 
positive or negative. 

Prof Riëtte de Kock of the 
Department of Consumer and 
Food Sciences leads several projects 
focussing on the complex factors that 
contribute to the sensory properties 
of food and their role in consumer 
eating experiences and food choices. 
Together with various instrumental 
and other physicochemical assays, 
humans are valuable instruments 
to assessing food properties, and 
panels of food evaluators are trained 
for this task. In addition, consumers 
are recruited constantly to provide 
opinions, particularly about the 
positive or negative aspects of the 
properties of food products.

A project to investigate the knowledge, 
attitudes and practices of employees 
in food companies to monitor 
and control the sensory quality of 
products provided insights that led 
to the development of a valuable 
tool (the sensory quality control 

(SQC) questionnaire) to assess 
gaps in information that could be 
addressed by training. To properly 
measure food neophobia in African 
countries, another helpful instrument 
was developed. Food neophobia 
is a psychological trait driving the 
reluctance to eat and the avoidance to 
try novel foods. The tool helps predict 
consumer uptake of novel products as 
part of nutrition intervention projects.

In yet another project, the sensory 
properties of porridge made from 
various indigenous African and other 
locally relevant crops were evaluated. 
Such types of porridge are used 
traditionally for feeding infants and 
small children. Nutrient intake during 
the first few years has a crucial effect 
on the growth and development of 
children. The research team led by Prof 
de Kock compared the contribution to 
nutrient intake of infants and the ease 
of oral manipulation and swallowing 
of various types of porridge. In this 
instance, a novel application was used, 
namely employing a panel of trained 
adults together with instrumental 
texture assessment. The detailed 
information obtained in this research 
on the in-mouth product behaviour 
will guide product development and 
application.

Similar to many food products, the 
flavour of cereal flours for baking or 
porridge changes after some time on 
the shelf or being stored at home. 
Such change is mainly unfavourable, 

and this problem is even worse in 
whole grain products that contain 
more positive nutritional properties. 
In Africa, enhancing the shelf life of 
such flours with affordable, simple 
technologies is especially valuable. As 
part of an Innovation Laboratory for 
Food Processing and Post-Harvest 
handling project funded by the 
United States Agency for International 
Development (USAID), the changes 
in the sensory properties of both 
sorghum and pearl millet flours were 
assessed and described by trained 
human food evaluators. The research 
provides insight for evaluating the 
effectiveness of milling and processing 
equipment to optimise flour quality 
and shelf life.

Ultimately, the purpose of the 
Sensory Identity Research unit in 
the Department of Consumer and 
Food Sciences is to address and find 
solutions to the problems of hunger 
and under-nutrition, obesity and 
other food-related lifestyle diseases 
on the African continent. Solutions 
require nutrient-dense foods that are 
acceptable, available, accessible and 
affordable to consumers. ¢
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A national database of 
addresses for South 
Africa
Prof Serena Coetzee 

Head of Department: Department of Geography, Geoinformatics and 
Meteorology

In an article in The Conversation, 
co-authored by Prof Serena 
Coetzee of the Department of 
Geography, Geoinformatics and 
Meteorology, it was highlighted 
that during a pandemic such as 
COVID-19, addresses are crucial for 
mapping infection instances. Through 
addresses, authorities can identify 
emerging infection clusters, target 
responses and trace contacts. Many 
non-pharmaceutical interventions 
can only be implemented if health 
authorities know where the most 
vulnerable people live and which 
geographical clusters are most 
affected.

These addresses need to be 
geocoded, translating text-only, 

Addresses provide people 
with a social status — a 
sense of identity and of 
being recognised as a 
proper citizen. They are 
needed to provide postal 
and utility services, billing, 
disaster relief, emergency 
response, opening bank 
accounts, or simply 
visiting friends.

sometimes handwritten addresses 
into their corresponding identifiable 
locations on a map. Geocoding 
is crucial in assessing the spread 
of COVID-19, as it facilitates rapid 
identification of infection clusters to 
target interventions.

In South Africa, this process is 
hindered by the poor quality and 
incompleteness of addresses 
extracted from the forms completed 
at COVID-19 testing facilities. These 
forms provide no guidance on how 
addresses should be written down. In 
addition, front-line health workers are 
not trained to validate the addresses.

Generally, few forms fit the standard 
that specifies and defines the data 
elements, as well as the address 
types that could be constructed from 
the data elements for South African 
addresses. These factors make it 
difficult to use the address data on 
the forms. Instead, municipalities, 
provinces and national departments 
must laboriously validate and often 
manually geocode the addresses, 
leading to significant delays in finding 
those who might be affected and 
increasing the risk of further infections.

Consequently, infection data 
released by the National Institute 
for Communicable Diseases have 
addresses that are ambiguous and 
difficult to geocode. In a recent 
study, Prof Coetzee and colleagues 
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Samy Katumba (Gauteng City-Region 
Observatory) and Antony Cooper 
(Council for Scientific and Industrial 
Research) proposed establishing a 
single address dataset for Gauteng. 
This is informed by a review of 
international good practice. Such a 
dataset could also be rolled out in 
the other eight provinces to create a 
national address dataset.

The study found that address data 
are maintained in silos at different 
government entities. There is limited 
coordination and adherence to 
international standards, and there 
is a lack of good practice regarding 
information management.

To solve the problem, the standard 
on addresses, known as SANS 1883-
1, published by the South African 
Bureau of Standards in 2009, should 
be used. SANS 1883-1 explains how 
to convert addresses into a single 
uniform data format, whether written 
on paper, entered in an online form 
or part of a municipal geospatial 
data infrastructure. Using standard 
terminology for different address 
types prevents inconsistencies and 
confusion. 

Having a standard is only one aspect. 
The next challenge is coordinating a 
single, national address dataset or 
register.

Municipalities assign addresses and 
many of them maintain address data 
for their areas of jurisdiction. However, 
they are not concerned with data 
beyond their boundaries. Another 
government entity needs to integrate 
data into provincial and national 
address datasets, as has been argued 
repeatedly over the past two decades. 
The question is which entity this 
should be.

The South African Post Office has been 
proposed as coordinating custodian 
of the national address dataset. 
Municipalities would continue to 
maintain address data for their areas 
of jurisdiction, whereas the Post Office 
would coordinate integration into a 
national dataset. The Department of 
Home Affairs is another contender, 
as it maintains the population 
register. The Department of Planning, 
Monitoring and Evaluation in the 
Presidency could also be considered 
because of its overarching mandate 
and the crucial role of addresses 

in governance. The South African 
Revenue Service, Statistics South 
Africa, the Independent Electoral 
Commission and the Financial 
Intelligence Centre and, because of 
the geocoding challenges related to 
COVID-19, the Department of Health 
could all play a role. 

A firm decision, strong political 
leadership and sustainable funding are 
required to move forward. Gauteng 
is one of few provinces with address 
data maintained at its municipalities. 
Therefore, it could lead by example, 
establishing a single, uniform address 
dataset available to everybody.

Establishing such a facility would 
have positive implications far beyond 
COVID-19. The availability of good 
quality address information is essential 
in dealing with future pandemics and 
other disasters, for good governance 
and, generally, for socio-economic 
benefits. ¢

This contribution is an adaptation of the 
article published in The Conversation in 
October 2020.
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Remittance of interest 
on tax obligation in 
terms of voluntary 
disclosure agreement: 
differentiating between 
taxpayers
Prof Stephanus van Zyl

 Department of Mercantile Law

The purpose of the voluntary 
disclosure programme is to allow SARS 
to reach a settlement with defaulting 
taxpayers to avoid long and costly 
audits, followed by protracted and 
expensive dispute resolution. The Tax 
Administration Act No. 28 of 2011 
differentiates between taxpayers who 
entered into a voluntary disclosure 
agreement (“VDA taxpayer”) with the 
South African Revenue Service (SARS) 
and taxpayers who did not (“non-
VDA taxpayer”). In terms of Part B of 
Chapter 16 of the Tax Administration 
Act, SARS is precluded legally from 
remitting interest charged on an 
outstanding tax debt where the 
taxpayer concerned entered into a 
voluntary disclosure agreement with 
SARS. Yet, SARS is not precluded 
from remitting interest charged on 
outstanding tax debt in the case of 
non-VDA taxpayers.

In a case note published in the Journal 
for Contemporary Roman Dutch Law, 
Prof Stephanus van Zyl of the 
Department of Mercantile Law 
argues that, morally, it is rational that 
a defaulting taxpayer cannot simply 
come forward and expect not to be 

penalised for the default in some 
way. Therefore, the powers of SARS 
to remit understatement penalties in 
the case of VDA taxpayers must be 
controlled. However, the differentiation 
between VDA and non-VDA taxpayers 
in respect of the remittance of interest 
cannot be justified. The result of the 
differentiation is irrational and cannot 
be explained or justified through 
proper reasoning. Whereas the 
payment of interest and penalties on 
taxes due does not arbitrarily infringe 
on property rights (Section 25 of the 
Constitution, 1996), the differentiation 
in treatment between VDA and non-
VDA taxpayers results in arbitrary 
infringement of the right to property 
in the hands of VDA taxpayers. Again, 
no legitimate or rational reason exists 
why interest cannot be remitted in 
the case of VDA taxpayers. Indeed, 
a less restrictive method of “penalty” 
could be applied to achieve the same 
objective. Therefore, Prof van Zyl 
recommends that the SARS power to 
remit interest should apply equally to 
both VDA and non-VDA taxpayers.  ¢
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Protecting residential 
property against 
mortgage foreclosure
Prof Reghard Brits

 Department of Mercantile Law

Finding the correct balance between 
the financial interests of creditors and 
the housing rights of debtors is tricky 
indeed. Not only was this the topic of 
his doctoral thesis, completed in 2012, 
but Prof Brits has subsequently also 
written several articles on the topic. His 
most recent work in this area focusses 
on Rule 46A, which was added to the 
High Court Rules in 2017.

The purpose of Rule 46A is twofold. 
It firstly provides clarity regarding the 
procedural rules that must be followed 
by a creditor seeking to execute a debt 
against residential property. Included 
in this objective is to set out the 
powers of the court and the factors to 
be taken into account when making 
a decision on whether the property 
should be sold. The rule also confirms 
the constitutional principle that a 
debtor’s residential property should 
only be sold if this is the last resort and 
if there are no reasonable alternative 
ways to satisfy the creditor’s rights. The 
latter standard is founded on section 
26 of the Constitution of the Republic 
of South Africa, 1996, as well as the 
application of this provision to the 
debt enforcement context in famous 
Constitutional Court cases such as 
Jaftha v Schoeman and Gundwana v 
Steko Development. 

Rule 46A secondly aims to provide 
a solution to a problem that has 
been brewing for a number of years, 
namely the common occurrence 
of homes being sold at auctions 

for unconscionably low amounts. 
To address this problem, Rule 46A 
determines that the court can set a 
so-called “reserve price”, which is the 
minimum price at which the property 
should be put up for auction. The rule 
also stipulates the factors that courts 
ought to consider when setting the 
reserve price.

In his recent work, Prof Brits analyses 
Rule 46A in closer detail, so as 
to provide guidance on its exact 
interpretation, application and 
operation. His article related to the 
application of Rule 46A, published 
in 2020 in the Journal for Juridical 
Science, has already been cited by a 
court. A second article on the broader 
interpretation and operation of 
Rule 46A will appear in 2021 in the 
Stellenbosch Law Review.¢

Since the start of his 
academic career, 
Prof Reghard Brits of 
the Department of 
Mercantile Law has had 
a keen interest in the 
enforcement of mortgage 
bonds against residential 
property in cases where a 
debtor defaults on his or 
her home loan. 
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Understanding fat cell 
formation: at the heart 
of obesity
Dr Melvin Ambele

Senior Researcher, Institute for Cellular and Molecular Medicine

Prof Michael Pepper
Department of Immunology

Obesity is a well-known risk factor 
for cardiovascular diseases, type 
2 diabetes, and cancer. It is also 
closely associated with metabolic 
abnormalities such as prediabetes, 
insulin resistance, high plasma 
triglyceride, low high-density 
lipoprotein-cholesterol, non-alcoholic 
fatty liver disease, and others. 
Obesity is caused by the excessive 
accumulation of fat (adipose tissue) 
either through adipocyte (fat cell) 
hyperplasia (increase in the number of 
adipocytes) or hypertrophy (increase in 
the size of adipocyte). 

Fat cells are formed from precursor 
cells known as pre-adipocytes through 
a process called adipogenesis. Pre-
adipocytes isolated from adipose 
tissue are known as adipose-derived 
stromal cells, and they can be induced 
to differentiate into adipocytes in 
vitro, thereby serving as an excellent 
cellular model to study adipogenesis. 
Understanding the process of 
adipogenesis could help identify 
important factors that could be 
targeted to regulate fat cell formation 
in the body, which could combat 
obesity. Research work in the Institute 
for Cellular and Molecular Medicine 
laboratory, headed by Prof Michael 
Pepper, aims to identify molecular 
targets that regulate adipogenesis in 
the hope of combatting obesity. 

The incidence of obesity 
is increasing worldwide at 
an alarming rate. South 
Africa is at the top of the 
chart in respect of the 
number of obese and 
overweight individuals on 
the African continent. 
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 Dr Melvin Ambele leads this 
research.  The MSc graduates of the 
laboratory have done good work, 
Mr LT Adam showed that molecular 
elements such as reactive oxygen 
species (ROS) enhance adipogenesis 
and that both Trolox and Apocynin, 
which are ROS scavengers, suppress 
this process. These findings suggest 
that targeting ROS production could 
help reduce adipogenesis and obesity 
development. Ms C da Silva studied 
the role of pre-adipocyte factor 1 
(Pref-1), which is claimed to be an 
important regulator of pre-adipocyte 

differentiation. She found that the 
effect on adipogenesis depends on cell 
type; therefore, its expression alone in 
pre-adipocytes may not be sufficient to 
suppress adipogenesis. 

The research group has also utilised 
an unbiased approach to perform 
a genome-wide gene expression 
analysis of adipose-derived stromal 
cells undergoing adipogenesis in vitro. 
Thus far, the research effort has led 
to the identification of several novel 
genes with potentially important 
roles in adipogenesis. MSc student,  

Ms P Dhanraj, has found some 
important clinical changes affecting 
the morphology and histology of body 
tissues and organs, and changes in 
plasma biochemistry and cytokine level 
associated with the early stages of 
obesity. Furthermore, some of these 
changes were observed to be sexually 
dimorphic. Notably, PhD student,   
Ms Reabetswe Pitere, has found 
that deleting one of the identified 
novel genes of the research group in 
a mouse model conferred significant 
resistance to diet-induced obesity by 
attenuating adipocyte hypertrophy in 
different fat depots.

This result is of great significance, as 
adipocyte hypertrophy in different fat 
depots has metabolic consequences. 
Therefore, the research effort 
could help identify an effective 
therapeutic target to serve as a 
suitable alternative to other medical 
or surgical procedures used for weight 
gain control without compromising 
metabolic health. This development 
would be particularly beneficial for 
low- to middle-income countries 
with under-resourced and already 
overburdened health systems because 
of the rise in infectious disease cases.

The research work in the laboratory is 
funded by the South African Medical 
Research Council, the National 
Research Foundation, the National 
Health Laboratory Service Research 
Trust and the University of Pretoria. ¢



68 | UP Research Review | 2020

THEME | HEALTH AND WELLBEING

Prof Christa Janse van Rensburg 
and her team at the Department 
of Sports Medicine and the Sport 
Exercise Medicine and Lifestyle 
Institute (SEMLI) conducted a 
systematic review of the management 
of travel fatigue and jet lag in 
athlete populations. The team 
aimed to evaluate studies that have 
applied both non-pharmacological 
interventions (exercise, sleep, light 
and nutrition) and pharmacological 
interventions (melatonin, sedatives, 
stimulants, melatonin analogues, 
glucocorticoids and antihistamines) 
following long-haul transmeridian 
travel-based or laboratory-based 
circadian system phase shifts.

Managing travel fatigue 
and jet lag in athletes
Prof Christa Janse van Rensburg

Department of Sports Medicine, Sport Exercise Medicine and Lifestyle 
Institute (SEMLI)

Surprisingly, the team found few 
athlete travel-specific studies to review. 
Of the twenty-two articles included, 
fourteen were randomised controlled 
trials (RCTs), and eight were non-RCTs. 
No relevant papers on travel fatigue 
were found. For jet lag, only twelve 
athlete-specific studies were available. 
For non-pharmacological interventions, 
seven studies were found across 
interventions related to actual travel 
and four to simulated travel. As 
regards pharmacological interventions, 
eight studies were based on actual 
travel and three on simulated travel.

The team found no literature 
about the management of travel 
fatigue. Evidence for the successful 
management of jet lag in athletes 
was of low quality. Accordingly, more 
field-based studies specifically on 
athlete populations are required, with 
a multifaceted approach, better design 
and implementation to draw valid 
conclusions. ¢
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Expression of mucins 
in salivary gland 
Mucoepidermoid 
carcinoma
Dr Liam Robinson 

Department of Oral Pathology and Oral Biology

Mucoepidermoid carcinoma (MEC) is 
the most common malignant salivary 
gland tumour in both adults and 
children. Histological grading of MEC 
is subjective, but plays an important 
role in predicting patient prognosis. 
Epithelial mucin (MUC) status may aid 
in establishing a more accurate grade. 
A study by a research team from 
the Department of Oral Pathology 
and Oral Biology, led by Dr Liam 
Robinson, aimed to investigate the 
expression of various mucins (MUC1, 
MUC2, MUC4 and MUC5AC) in MECs to 
determine a possible correlation with 
tumour grade. 

Fifteen cases of each tumour grade 
(low-, intermediate-, and high-grade) 
were retrieved from the pathology 
archives of the Department. The 
patients included 23 men and 22 
women, and ranged from 13 to 85 
years (mean 49.8 years). Sections 
from formalin-fixed paraffin-
embedded (FFPE) tissue were used 
for fluorescence in situ hybridisation 
(FISH) for MAML2 rearrangements and 
MUC immunohistochemical analysis. 
The percentage immunohistochemical 
expression of the neoplastic mucous 
cells was evaluated first, followed by 
the overall percentage expression of 
all tumour cells. The results indicated 
that MUC1 overexpression may be a 
reliable marker of high-grade MECs, 
whereas MUC4 overexpression may be 

more indicative of low-grade tumours. 
MUC5AC expression was considered 
an unreliable marker in determining 
grade. MUC2 was only expressed 
in a single case of MEC and may be 
considered a useful marker to exclude 
MEC as a diagnostic possibility. The 
study, published in the Journal of Head 
and Neck Pathology, demonstrated that 
MECs show an altered MUC expression 
pattern that can be used for diagnostic 
purposes and to aid in establishing a 
more accurate tumour grade. ¢
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The Children’s Chest and 
Allergy Clinic selected as 
a centre of excellence 
Prof Robin Green

Head of Department Paediatrics and Child Health, and Chairman of the 
School of Medicine

The Children’s Chest and Allergy Clinic of the University 
at the Steve Biko Academic Hospital has been selected 
as a World Allergy Organization (WAO) Centre of 
Excellence for the 2020–2023 term. Currently, there are 
only three WAO Centres of Excellence in Africa.
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Asthma and allergic rhinitis (AR) are 
the most common chronic conditions 
causing ill health in South Africa. The 
prevalence of asthma is in the order of 
20% and allergic rhinitis in the order of 
37% in school children in South Africa. 
In response, the practice of Allergology 
has achieved a high level of success 
over the last two years. South Africa 
has progressed from having diplomas 
in Allergology to the recognition of sub-
specialist Allergologists in Paediatrics, 
Internal Medicine and Family Practice. 

Prof Robin Green, Director of the 
clinic, believes that allergic children 
and their parents want three things, 
which are an answer (diagnosis), 
treatment (therapeutic strategy) and, 
lastly, a therapeutic strategy that works 

or leads to a solution (improved quality 
of life). 

The Children’s Chest and Allergy 
Clinic was initiated in September 2005, 
when Prof Green joined the University. 
Immediately, the clinic set standards 
for patient care and advocacy, and 
development of research directions 
and training programmes started. At 
that time, South Africa had recently 
initiated a Diploma in Allergology 
through the College of Medicine of 
South Africa, and Professor Green 
was one of the early awardees of this 
degree. 

The clinic has advanced significantly 
in terms of patient care (and 
patient numbers), staffing numbers, 
publication outputs, collaborations 
with associated departments in the 
hospital and, most importantly, the 
number of trainees who have passed 
the Diploma in Allergology. They have 
developed allergy clinics throughout 
South Africa to promote the better 
practice of Allergology in the country.

Today, the clinic has a reputation 
for excellence in Allergology and 
associated disciplines in the city and 
throughout the country. Several 
African centres utilise an association 
with this centre.

Over the last four years, the clinic 
has joined forces with three clinical 
immunologists to broaden the profile 
of the clinic and to promote clinical 
care, advocacy, and research and 
teaching in the domain of Primary 
Immunodeficiencies. This service is the 
only one offered in the north of South 
Africa and is a major programme to 
benefit the population and create a 
new profile of academic achievements.

The clinic runs a two-day per week 
Allergy service, full-time in-patient 
service and a monthly clinic. The clinics 
and the ward-based service have 
the support of a full-time pulmonary 

technologist, dietician, physiotherapist 
and psychologist. 
A six-bed ward is available for 
admission of patients with acute 
severe allergic conditions and patients 
who require wet wraps for atopic 
dermatitis and food challenge testing. 
In addition, patients are admitted 
as day patients for immunoglobulin 
replacement therapy.

A key part of the clinic’s work is in 
patient advocacy and teaching and 
learning. The clinic participates in 
international allergy awareness weeks 
and local allergy training days, and is 
a signatory to the National Asthma 
Education Programme.

Candidates are taught actively to the 
Diploma in Allergology (40 successful 
candidates over 14 years) and the 
Certificate in Paediatric Pulmonology 
(17 successful candidates over 14 
years). In addition, the clinic teaches 
undergraduate medical students in 
both clinical Allergology and a one-
week allergy block in the third year of 
the MBChB programme. ¢
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A cadaveric study of the 
erector spinae plane 
block in a neonatal 
sample
Dr Sabashnee Govender

Department of Anatomy

Prof Albert Van Schoor
Department of Anatomy

The erector spinae 
plane block procedure 
comprises injecting an 
anaesthetic solution in a 
space found between the 
muscles of the back, from 
where the solution travels 
along the nerves of the 
spinal cord. 

This procedure is often performed 
under ultrasound guidance, which 
allows the anaesthesiologist to 
visualise the needle on its way to the 
targeted space. A successful block 
enables the successful management of 
acute or chronic pain associated with 
procedures on the trunk. This ‘happily 
accidental’ block, which has been 
compared with similar anaesthetic 
techniques, such as epidural and 
paravertebral blocks, could prove to 
be a safer alternative. However, almost 
no studies provide a clinician with the 
detailed anatomy of this space in a 
child population. In a study published 
in the journal of Regional Anaesthesia 
and Pain Medicine, a Department of 
Anatomy team led by Dr Sabashnee 
Govender under Prof Albert Van 
Schoor provided a detailed description 
of the anatomy related to the erector 
spinae plane block. Dr Govender 
also tracked the spread of a dye (as a 
suitable substitute for the anaesthetic 
solution) within the fascial plane or 
space. The latter allows examination 
of the extent the solution travels after 
injection in the correct space.  

The bony landmarks and anatomy 
of the erector spinae fascial plane 
space was identified using ultrasound 
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guidance. The erector spinae plane 
block was then simulated in two fresh, 
unembalmed, neonatal cadavers 
that were donated for research and 
teaching in accordance with the 
National Health Act, 61 of 2003. The 
block was performed using methylene 
blue dye, and the spread of the dye 
was tracked within the space using 
ultrasound and further confirmed once 
the space was opened up.

There was sufficient spread of the 
dye in both cadavers. The dye was 
visible from the 3rd to the 6th thoracic 
vertebral levels in cadaver A and from 
the 7th to the 11th vertebral levels in 
cadaver B. Moreover, the dye spread 
anteriorly into the paravertebral 

and epidural spaces, staining both 
the small back and the large main 
branches of the spinal nerves. Small 
amounts of dye were also found on the 
nerves between the ribs (intercostal 
spaces). Dr Govender believes that the 
erector sheath and the thoracolumbar 
fascia combine to form a continuous 
tissue plane over multiple vertebral 
levels. This factor allows any solution 
injected into the space to spread 
upwards and downwards along the 
spine, attributing to the therapeutic 
effect that the erector spinae fascial 
plane block has in pain relief. 

The erector spinae plane block is a 
novel technique that rivals both the 
paravertebral and the epidural blocks. 

The block gains indirect access to the 
paravertebral, epidural and intercostal 
spaces (areas where the nerves 
of the spinal cord can be located), 
providing an extensive spread over 
multiple dermatomal levels while 
targeting the spinal nerve of both 
the thoracic and abdominal regions. 
The anatomy of this novel technique, 
which differs slightly from that of the 
paravertebral block, enables safer and 
easier performance of the block, as it 
is done further away from structures 
that could be in danger otherwise. This 
procedure obviously reduces the risks 
of complication and inaccurate needle 
placement. ¢
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Growth of very low birth 
weight preterm babies 
remains a challenge
Dr Hannelie Kemp

Department of Human Nutrition

Prof Friede Wenhold
Department of Human Nutrition, Centre for Maternal, Fetal, Newborn 
and Child Health Care Strategies

Dr Hannelie Kemp of the 
Department of Human Nutrition is a 
registered dietitian dedicated to infant 
nutrition. In her doctoral research, 
conducted in a real life, resource-
limited tertiary hospital setting, 
she collaborated with Prof Friede 
Wenhold, of the Department of 
Human Nutrition and the Centre for 
Maternal, Fetal, Newborn and Child 
Health Care Strategies. 

Dr Kemp studied the growth of 59 
such babies receiving exclusively their 
mother’s milk enriched with a new, 
higher-protein fortifier. The growth 
of these babies was compared with 
that of 58 babies receiving an older 
formulation of the fortifier. The babies 
in both groups had a gestational age 
of approximately 30 weeks (full term 
is 40 weeks) and weighed on average 
only 1.2 kg at birth (compared with full-
term babies who weigh approximately 
3.2–3.5 kg).

Calculating the babies’ daily nutrient 
and energy intake and monitoring 
their growth until discharge from 
the hospital required meticulous 
engagement from Dr Kemp. She 
regularly and personally measured 
the babies’ growth indicators, 
namely weight, length and head 
circumference, following standardised 
techniques and using calibrated 

Many infants in South 
Africa are born too early, 
and achieving optimal 
growth for these very low 
birth weight babies is a 
health priority. Although 
mother’s milk is the 
feed of choice, it has to 
be enriched (fortified), 
primarily with protein.

equipment. The primary outcome of 
the study was change in the z-scores 
for the babies for their age from 
the start of fortification to hospital 
discharge. A z-score is a statistical 
approach used internationally by 
health care workers to scientifically 
compare a baby’s growth 
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measurements to those of a reference 
population. Additionally, Dr Kemp 
calculated body weight gain velocity 
(daily gain in body weight relative to 
total body weight: g/kg/d) and gain in 
length and head circumference (cm/
week).

As expected, the protein intake of the 
babies receiving the new formulation 
(3.7±0.4 g/kg body weight/d) was 
significantly higher (p<0.001) 
compared with that of the babies 
receiving the older fortifier (3.4±0.2 g/
kg body weight/d), and the protein-
to-energy ratio of the new product 
(2.6±0.2 g/100 kcal) was significantly 
higher (p<0.001) compared with that 
of the older product (2.3±0.1 g/100 
kcal). Nonetheless, in both groups, 
the weight for age and length for age 
z-scores decreased. This finding means 
that the babies’ weight and length 
did not increase as expected during 
their hospital stay, although their 

head circumference for age z-scores 
improved slightly. No significant 
differences (p>0.05) were noted 
between the two groups in respect 
of change in z-scores, weight gain 
velocity, length or head circumference 
gain. 

Despite an increase in protein intake 
and protein-to-energy ratio, the growth 
during hospitalisation of infants born 
with a very low birth weight and 
receiving the new formulation was not 
superior to that of the babies receiving 
the older formulation. Therefore, 
strategies are required to prevent 
premature births, and more research 
must be conducted on the nutritional 
care of babies born with a very low 
birth weight in typical South African 
hospital settings. Dr Kemp is working 
closely with hospital staff to address 
this challenge. Her presentations at a 
number of conferences have drawn 
attention and she has published her 
study locally and internationally. ¢
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Development of 
therapeutics that restore 
activity to mutant 
proteins
Dr Claire Newton 

Centre for Neuroendocrinology 

GPCRs are present on the outer 
membrane of our cells and they 
receive and relay specific signals 
from the body’s internal and external 
environment to alter cellular function. 
Many aspects of human biology are 
regulated by GPCRs and, consequently, 
their dysfunction is implicated 
in numerous pathophysiological 
conditions including infertility, cancer, 
blindness, and disorders of mental 
health, metabolism, appetite, energy, 
and electrolyte and water homeostasis.  

Genetic ‘mistakes’ (mutations) in 
GPCR genes can cause dysfunction 
by affecting their production, 
placement at the cell surface, 
interaction with signals 
from outside the cell, 
or ability to relay 
the signal to the 
cell interior.

Genes contain the 
information required 
by cells to produce, 
or ‘express’ proteins. 
One important family 
of proteins encoded 
by our genes are the G 
protein-coupled receptors 
(GPCRs), for which 
there are roughly 800 in 
humans (representing 
approximately 3% of all 
protein-coding genes).
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 Often, mutations affect the correct 
assembly of the receptor proteins, 
which prevents them from moving 
to the cell surface and leads to them 
accumulating inside cells, such that 
they are no longer accessible to 
receive, and be activated by, their 
cognate signals.

Dr Claire Newton and the Centre 
for Neuroendocrinology (where 
she is Deputy Director) are working 
to improve understanding of the 
mechanisms through which mutations 
cause GPCR functional failure and to 
identify potential therapeutics that 
can overcome/resolve these failures. 

One GPCR in which they have a 
particular interest is the luteinising 
hormone receptor (LHR). The LHR 
is activated by the gonadotropin, 
luteinising hormone (LH). Activity 
of this receptor is essential for the 
control of reproduction, and its 
disruption results in reproductive 
dysfunction and infertility. Dr Newton 
and her colleagues have previously 
demonstrated that the majority of 
LHR mutations identified in human 
patients result in a failure of this 
GPCR to move to the cell surface, 
thereby preventing its interaction 
with LH and the transmission of 
signals that would normally control 

reproduction. In a major breakthrough, 
the team discovered a novel agent (a 
pharmacological chaperone), LHR-
Chap, which is able to enter cells to 
promote the movement of mutant 
LHRs to the cell surface, restoring their 
ability to be activated by LH. 

In their recent study, published in the 
journal Neuroendocrinology (2021), 
they demonstrated that LHR-Chap is 
able not only to restore function to 
mutant LHRs that accumulate inside 
the cell but also is able to restore the 
function of mutant LHRs that have 
lost the ability to interact with LH or 
relay the LH signal. This is possible 
because LHR-Chap can stimulate both 
the relocation of the LHR to the cell 
membrane and can activate the LHR in 
the absence of LH. Excitingly, this is the 
first description of a therapeutic that 
can restore activity to a spectrum of 
different categories of GPCR mutation. 

These compelling findings represent 
a significant milestone in personalised 
precision medicine for those 
patients suffering from reproductive 
dysfunction caused by LHR mutations 
(for whom there are currently no 
effective treatments), and have led to 
the initiation of a study to examine 
the effects of this potential new 
therapeutic in animal models and the 
recruitment of human patients for 
clinical studies. Concurrent studies 
are focussing on the identification/
development of pharmacological 
chaperones for several other GPCRs 
of physiological importance. The 
molecular mechanisms underlying 
GPCR dysfunction and pharmacological 
chaperone action are also being 
investigated to gain insights that will 
aid in these endeavours. ¢
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Using mobile health 
technology to improve 
communication 
for children with 
developmental disorders  
Prof Juan Bornman 

Centre for Augmentative and Alternative Communication

Prof Bornman and Prof Romski 
were instrumental in signing a 
memorandum of understanding 
between the two universities in the 
early 2000s, which created a fertile 
environment in which staff and student 
exchange was nourished, capacity-
building initiatives thrived and research 
flourished. 

The main aim of this project was 
to enhance the services delivered 
to families of young children with 
developmental disabilities, including 
autism spectrum disorder, cerebral 
palsy, intellectual disability and other 
genetic disorders. These children are 
at high risk of developing speech and 
language disorders secondary to their 
primary condition. Earlier research 
has shown that well-designed early 
communication interventions that 
stimulate beginning communication 
skills are particularly effective, 
especially when primary caregivers/
parents learn how to provide 
communication opportunities during 
daily activities. Using smartphones 
for healthcare services and research 
has led to the development of a new 
interdisciplinary field called Mobile 
Health (mHealth). This project set 
out to develop a self-guided mHealth 
intervention application (app) to 
provide caregivers of children with 

This four-year research 
project results from a 
successful collaboration 
spanning almost two 
decades between Prof 
Juan Bornman of the 
Centre for Augmentative 
and Alternative 
Communication and Prof 
MaryAnn Romski from 
Georgia State University in 
America. 
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developmental disorders from 
disadvantaged households with 
strategies to enhance communication 
during home activities. This app, “Nna 
le Wena”, a Setswana phrase meaning 
“Me and You”, was developed following 
input from potential users (caregivers 
and speech-language therapists) to 
guide the design of the app. 

The “Nna le Wena” app provides 
a novel approach to early 
communication intervention. It 
consists of three sections (creating 
communication opportunities, 
modelling communication 
and responding to the child’s 
communication) presented 
sequentially over twelve weeks, with 
four child-focused activities per week 
(book reading, bathing /dressing, 
mealtime and play). The app includes a 
‘Please Call Me’ button that provides a 
way for the caregivers to communicate 
with the researchers in-between 
monthly visits at no financial cost. 
Caregivers can also seek further 
assistance and guidance on the 
strategies on the app via text/audio 
and video examples of the strategy 
through the ‘help topics’.

The app was piloted by comparing 
51 caregiver-child pairings that were 
assigned randomly to either the app 

group (27 pairings) or to the group that 
was receiving the standard 30-minute 
speech-language intervention once 
a month (24 pairings). Despite some 
environmental and technological 
challenges, caregivers consider the 
app useful and rated the strategies 
‘easy’ or ‘only a little difficult’ to use. 
The log data obtained from the 
app confirmed these results and 
showed that the app was indeed 
used during all four daily activities. 
Overall, the caregivers reported 
that the strategies were helpful 
to the children’s communication, 
that they would use the strategies 
again and that using them was no 
additional burden. Caregivers also 
explained that their children enjoyed 
watching the videos and imitating 
the children in the videos. Although 
this was not an intended outcome, 
it created additional communication 
opportunities for interaction. The 
caregivers who completed all 48 
sessions also reported that more 
than half of the children moved from 
pre-symbolic forms of communication 
(e.g. crying) at the start of the project 
to symbolic forms of communication 
(e.g. words) 12 weeks later. The self-
guided app can supplement traditional 
speech-language intervention 
approaches for caregivers of beginning 
communicators. ¢
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Green technologies 
to reduce the energy 
density of food for 
diet-related non-
communicable diseases
Prof Naushad Emmambux 

Department of Consumer and Food Sciences

The department has developed a 
pilot oven that uses microwave and 
infrared energy in combination. The 
oven reduces dehydration of orange-
flesh sweet potato [OFSP] to produce 
sweet potato flour from 180 minutes 
for convection ovens to less than 60 
minutes. Therefore, the oven uses less 
energy and time. Moreover, the oven 
retained 85% beta-carotene compared 
with 25% for conventional ovens. OFSP 
is an excellent source of pro-vitamin 
A. The low viscosity of OFSP can also 
be an excellent baby food instead 
of maize meal and/or an adult food 
because it is rich in fibre.

The oven can also be used to reduce 
the estimated glycaemic index (GI) of 
maize meal. Starch in refined cereal 
flours is mainly high GI and GL, as they 
are staple foods. Cereal flours treated 
with heat moisture can reduce the 
GI, but this can take up to 16 hours 
using a convection oven compared 
with less than three hours using the 
developed infrared/microwave oven. 
Using this oven implies using less 
energy. Heat moisture treatment 
reduces GI by producing resistant 
starch. Research has shown that the 
resistant starch, such as amylose-lipid 
complexes, produced during heat 
moisture treatment is prebiotic for gut 
microflora.

Prof Emmambux and his team have 
also produced starch microspheres 
and have patented the novel 
procedure. The starch is coated 
with edible nanomaterials that 
provide lubricity and shear stability; 
consequently, the starch microsphere 
can be used to mimic fat. This factor 
has allowed them to manufacture 
oil-free mayonnaise, as the starch 
microsphere behaves as a fat globule. 
The starch microspheres have 
potential as fat replacers in cake, 
yoghurt and cheese. The technology is 
relatively simple and does not produce 
any effluent. ¢

Energy-dense foods, 
characterised as high 
sugar, high fat and refined 
carbohydrates, have 
contributed to diet-related 
non-communicable 
diseases in modern 
societies, specifically 
type-2 diabetes and 
cardiovascular diseases. 
Researchers under 
the leadership of Prof 
Naushad Emmambux 
at the Department of 
Consumer and Food 
Sciences are working 
on ways to reduce the 
energy density of food 
sustainably by using green 
technologies.
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Innovative approaches 
to improving early 
childhood development 
in vulnerable 
populations
Prof Jeannie van der Linde  

Department of Speech-Language Pathology and Audiology

Prof Jeannie van der Linde heads a 
research group in the Department 
of Speech-Language Pathology and 
Audiology focused on improving 
early childhood development (ECD) in 
vulnerable populations. The significant 
disparity in socio-economic status 
in South Africa means that most 
young children in South Africa are not 
receiving adequate and consistent 
developmental care services, which, in 
turn, negatively affects later academic 
success. 

Telepractice, the delivery of screening, 
assessment and intervention 

services to individuals and families 
at a distance, using technology such 
as videoconferencing and social 
media platforms, could provide a 
solution to improve access to timely 
developmental care, regardless 
of where families live. Research 
conducted by Prof van der Linde’s 
research group focuses explicitly 
on targeting ECD using innovative 
mHealth solutions. The Parents’ 
Evaluation of Developmental Status 
(PEDS) tools, a developmental 
surveillance tool developed in the 
United States, has been adapted, 
translated and developed into a 
smartphone application by the 
research group to improve early 
identification of developmental 
delays and concerns in South Africa. 
The application enhances access to 
developmental care services. It can 
be used successfully by community 
health workers to accurately identify 
developmental delays based on 
caregiver reports collected within 
families’ homes. 

Adequate caregiver knowledge on 
early childhood development is 
considered a protective factor that 
counters the effect of risk factors 
on development. CareUP is an 
mHealth caregiver ECD practitioner 
resource that holds potential for 

ECD stimulation and intervention, 
specifically for language and literacy 
abilities. Based on the Wordworks 
Every Word Counts programme, 
the Reach Trust developed the 
smartphone application aligned with 
the National Curriculum Framework. 
The research group has implemented 
the CareUP application to determine 
the effect of the smartphone 
application resource on language and 
early literacy development. Evidence 
shows that training and reminders 
should provide more support to 
caregivers to ensure adequate 
resource use. The group’s research 
on caregivers and ECD practitioners’ 
knowledge and needs has emphasised 
the lack of resources to support ECD 
in children’s everyday environments 
and the need for contextually relevant 
resources. Future and current studies 
are, therefore, focussing on developing 
contextually relevant resources to 
support ECD. Two team members, Dr 
Renata Eccles and Dr Maria du Toit, 
were recently awarded PhDs. Both 
studies were conducted in the field of 
ECD, focussing on literacy and early 
detection of developmental delays, 
respectively. ¢
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Prof Christof Heyns was a leading 
human rights lawyer until his passing 

in March 2021
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Prof Christof Heyns 
Centre for Human Rights, Director of the Institute for International and 
Comparative Law in Africa

Prof Christof Heyns was a leading 
human rights lawyer until his passing 
in March 2021. The article below was 
his submission to this publication, 
summarising some of the work that 
had kept him busy through 2020. 

The world’s countries have entrusted 
the United Nations with the protection 
of peace and security, development, 
and human rights. The right to life 
is widely regarded as the ‘supreme 
right’, the protection of which is the 
precondition for protecting all other 
human rights. The premier position in 
the UN, as far as the protection of the 
right to life is concerned, is that of the 
Special Rapporteur on extrajudicial, 
summary or arbitrary executions or, in 
more modern terms, the independent 
experts of the UN on unlawful killings. 
The Special Rapporteurs are appointed 
for six-year terms. 

Between 2004 and 2010, this position 
was occupied by Prof Philip Alston 
from New York University, probably 
the most eminent human rights lawyer 
and practitioner of his generation. He 
was succeeded in 2010 by Prof Heyns, 
who held the position until 2016. 
According to Mary Robinson and Navi 
Pillay, the UN Human Rights chiefs 
at the time, it is difficult to think of a 
single aspect of international law on 
unlawful killings that was not taken 
forward through the innovative and 
rigorous approach of these two 
international experts. ‘’Seamlessly, 
these two first-rate lawyers brought 
the protection of the right to life into 
the 21st Century.’’

Professors Alston and Heyns have 
pushed the frontiers on several topics 
through their influential thematic 
reports presented to the UN General 
Assembly in New York and the UN 

Human Rights Council in Geneva, and 
their detailed fact-finding missions in 
some of the most dangerous areas 
in the world. These topics include 
international law standards on the 
use of force by police officers during 
arrest and demonstrations, use of 
technology in policing, when the death 
penalty may be imposed, and the 
rules on using new weapons — from 
killer robots and drones to less-lethal 
weapons. They have each worked 
with the primary researcher who 
supported their work during their six-
year tenures, and each of them held 
to collect the thousands of pages of 
jurisprudence they developed on the 
right to life. The seminal parts of their 
work are collected in a book published 
by the Pretoria University Law Press — 
Alston and Heyns on Unlawful Killings: 
A Compendium of the Jurisprudence of 
the United Nations Special Rapporteurs 
on extrajudicial, summary or arbitrary 
executions from 2004–2016.

Over the past several decades, 
there has been a dramatic increase 
in all parts of the world in the use 
of peaceful assemblies as a means 
to expressing grievances and, in 
some instances, to renegotiating the 
social contract. Many human rights 
victories have been won by using this 
tool, including the end of apartheid. 

However, in other instances, the 
outcomes are less certain, as was the 
case with the Arab Spring and the BLM 
movement. In some cases, as with the 
storming of the Capitol in Washington 
D.C. by Donald Trump supporters, 
their cause and methods are almost 
universally rejected. The question 
is whether it would be possible to 
develop content-neutral rules on how 
the authorities should approach such 
demonstrations and when force may 
be used by law enforcement.

and was selected to lead the process 
of drafting the new standards on 
the management and facilitation of 
assemblies (called General Comment 
37 on peaceful assemblies). Some 
of the new ground broken by the 
resulting document is that assemblies 
may take place in public and private 
spaces subject to certain conditions, 
and they may take place not only 
offline but also online. The ground for 
restrictions is laid out carefully. 

In this endeavour, Prof Heyns worked 
with Prof Stuart Maslen and Dr 
Thomas Probert, researchers who 
worked with him in the UN and who 
also hold extraordinary appointments 
in the ‘Freedom from violence in Africa’ 
programme in the Faculty of Law at 
UP. 

The three academics were also the 
driving force behind the research 
conducted for and drafting of the 
second major new UN instrument 
of relevance to assemblies, the UN 
Human Rights Guidance on Less-lethal 
Weapons in Law Enforcement, which the 
UN also launched in 2020.  ¢

Prof Christof Heyns 
was a member of 

the UN Human 
Rights Committee 

from 2017
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Book Reviews

Sharing the Burden of Stories from 
the Tutsi Genocide; Rwanda: écrire 
par devoir de mémoire
Dr Anna-Marie de Beer

Senior Lecturer in French and Francophone 
Studies, Department of Ancient and Modern 
Languages and Cultures

The book comprises literary representations of the genocide that occurred 
between 7 April and 15 July 1994 during the Rwandan Civil War, when members 
of the Tutsi minority ethnic group, as well as some moderate Hutu and Twa 
members were murdered. The focus is a transnational, polyphonic writing project, 
undertaken in 1998 by a group of nine African authors. This work examines a 
so-called ‘minority trauma’ — an African conflict situated in a collectivist society 
written about by writers of African origin. This approach enables a more situated 
study, in which it becomes possible to draw out the local notions of ubuntu, oral 
testimonies, mourning traditions, healing and storytelling strategies, and the 
presence of the ‘invisible’. As these texts are written in French and, to date, not all 
of them have been translated into English, most academic research has been done 
in French. This book, therefore, assists in connecting English-speaking readers not 
only to a set of texts written in French with significant literary and cultural value but 
also to francophone trauma studies research. ¢

The Neo-Buddhist Writings 
of Lafcadio Hearn: Light from 
the East
Dr Anthony Goedhals

Department of English

Dr Goedhals offers radical rereading of a misunderstood and undervalued 
Victorian writer. His work reveals that at the metaphysical core of Lafcadio 
Hearn’s writings is a Buddhist vision as yet not appreciated by his critics and 
biographers. Beginning with the American writings and ending with the essay- 
and story-meditations of the Japanese period, the book demonstrates Hearn’s 
deeply personal and transcendently beautiful evocations of a Buddhist universe. 
Moreover, it shows how these evocations deconstruct and dissolve the categories 
of Western discourse and thinking about reality — to create a new language, a 
poetry of vastness, emptiness, and oneness that have not been heard before in 
English, or, indeed, in the West. ¢
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National Commissions of 
Inquiry in Africa: Vehicles to 
pursue accountability for 
violations of the right to life?
Prof Christof Heyns

Director of the Institute for International and Comparative Law in Africa

Dr Thomas Probert
Future Africa

National commissions of inquiry in 
the aftermath of violations of human 
rights, including violations of the right 
to life, are a common feature of the 
African legal and political landscape. 
There is often a fair measure of 
scepticism or caution about their 
use — with good reason. Such 
commissions can serve as convenient 
instruments to avoid accountability 
rather than to achieve it. However, 
very little hard evidence is available 
upon which the performance of 
such commissions can be assessed, 
and impressions of their utility are, 
therefore, often mainly anecdotal.

For the purposes of this book, 
researchers visited six countries 
in Africa, which are Chad, Burkina 
Faso, Kenya, Malawi, South Africa 
and Nigeria, to conduct in-depth 
investigations of the commissions of 
inquiry that have been held in these 
countries. Interviews were conducted 
with those involved directly in the 
proceedings and those working on the 
issues since, including victims, lawyers, 
investigators and commissioners. 
Drawing on this research, the book 
contends that commissions of 
inquiry should not be contrasted with 
courts or with criminal trials, as their 

proper place is at a different stage 
of the investigative process. Rather 
than replacing criminal processes, 
commissions could guide whether 
and how the criminal process should 
take place. Commissions could be 
cathartic events for victims or families. 
Such processes could demonstrate 
that human rights are a priority for the 
state and could lay the foundations for 
the rule of law. Further, commissions 
could make broader recommendations 
on what should be done. In short, 
in certain circumstances, they can 
serve to enable a broader concept of 
accountability. ¢

The Fabric of Dissent: Public 
intellectuals in South Africa
Prof Vasu Reddy

Dean of Humanities 

The work offers concise portraits of 
some seventy-five influential South 
African public intellectuals, past and 
present. The book not only showcases 
an astonishing array of achievements 
but also explores the context, 
influences and unique tensions 
shaping the life of each individual. 
Ultimately, it bears testimony to their 
continuing relevance.

Prof Reddy was joined as editor 
by fellow UP academics, Prof Maxi 
Schoeman and Heather Thuynsma 
(Department of Political Sciences) 
and Prof Narnia Bohler-Muller and 
Dr Gregory Houston of the Human 
Sciences Research Council (HSRC). ¢
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Brittle Democracies? 
Comparing Politics in 
Anglophone Africa
Heather Thuynsma

Department of Political Science

The book, edited by Heather 
Thuynsma of the Department of 
Political Science, compares the 
progress that of ten select countries, 
all former colonies of Britain, towards 
the practice of democracy. 

The authors (which include UP 
academics Prof Victoria Graham, 

Andrea du Toit and Francois Gilles 
de Pelichy, all of the Department 
of Political Science, assess a range 
of indicators. These include the 
quality of elections, effects of voter 
turnout, importance of term limits, 
responsibilities of civil society, media 
freedom, effects of youth participation, 
accountability and the rising role 

of social media. The study findings 
illustrate the various periods within the 
democracy of each country from the 
immediate post-colonial experience to 
the emergence of one-party states and 
to the surge of multi-party elections 
that are being influenced by key 
political figures and technology. ¢

Around 2000 years ago, central south-
ern Africa witnessed massive social 
change. Several landscapes hosted a 
variety of socio-political developments 
that led to the establishment of a 
state-level society at Mapungubwe, c. 
1220 AD, in the middle Limpopo Valley. 
In his book, Foragers in the middle Lim-
popo Valley: Trade, Place-making, and 
Social Complexity, Dr Tim Forssman 
of the Department of Anthropology 
and Archaeology explores how these 
different landscapes were connected 
through various forms of circuitry, 
including social, political, economic and 
topographic networks. 

While these systems and develop-
ments are most often discussed in the 
context of farmer societies, local for-
ager communities were also subjected 

to associated shifts. They were present 
before the arrival of farmers and not 
only witnessed but also participated in 
local systems leading to the appear-
ance of complex society. 

Despite numerous studies in the valley, 
this factor has not been explored, 
as, generally, forager involvement in 
socio-political developments has been 
ignored and only farmer sequences 
have been considered. However, from 
the early first millennium AD, foragers 
themselves transformed their society. 
Changes have been noted in settle-
ment patterns, craft production, trade 
relations, social interactions, wealth 
accumulation, and status. These 
changes occurred unevenly across the 
landscape — at different forager sites, 
and with different responses to shifting 

Foragers in the middle Limpopo Valley:  
Trade, Place-making, and Social Complexity
Dr Tim Forssman

Department of Anthropology and Archaeology

social networks being recorded. When 
viewed together, the spectrum of 
change suggests that valley foragers 
developed social complexity. ¢
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Theology, the sciences 
and technology within 
the African context
Prof Danie Veldsman

HOD: Department of Systematic and Historical Theology

Prof Danie Veldsman of the 
Department of Systematic and 
Historical Theology has provided 
two chapters on theology, science and 
technology to African Public Theology 
and to Engaging the Fourth Industrial 
Revolution. Perspectives from theology, 
philosophy and education.

African Public Theology (engaging thirty 
scholars from Africa, including six 
from South Africa), initiated by NetACT 
(Network for African Congregational 
Theology), has a broad scope. The 
publication focuses on the people of 
Africa needing leaders and Christians 
from every walk of life to help in 
rediscovering their identity and 
purpose in all spheres of society. In his 
chapter, “Sciences”, Prof Veldsman 
discusses the negative attitude of 
many people on the African continent 
towards the sciences. Some people 
even call science a Eurocentric luxury 
or even a racist product of the West. 
The author argues for engagement, in 
which the best scientific insights and 
theological insights are put together 
transversally and integrated to the best 
interest of our full humanity within our 
contexts.

The latter topic is discussed in the 
second publication, Engaging the Fourth 
Industrial Revolution. Perspectives from 
theology, philosophy and education 
(2020). The publication stems from an 
international research project of the 
Faculty of Theology and Religion of 
the University of the Free State. The 

title of Prof Veldsman’s chapter is 
“From Harari to Harare: on mapping 
and theologically relating the Fourth 
Industrial Revolution with human 
distinctiveness”. The author discusses 
human distinctiveness and the role 
of technology, which, unavoidably, 
implies agency and its societal-ethical 
implications (such as power relations, 
marginalisation and oppression). 
In conversation with the Israeli 
historian, Juval Harari, who has an 
influential viewpoint on technology, 
the author addresses this viewpoint 
from evolutionary-theological 
insights. In the impressive and life-
changing territories of technological 
innovations, human distinctiveness 
should guide our relational mapping 
for (ethical) discernment and the 
unmasking identification of superficial 
similarities and false equivalences in 
the everyday face-to-face encounters 
of the narratives of embodied 
personhood and that of our tools. 
Technology should be confronted as 
an unavoidable cultural force that 
affects every fibre of human existence 
and every concrete Hararean context, 
where human beings are pursuing 
human flourishing and ethical 
discernment. ¢
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From knowledge to data 
to more knowledge
Prof Sonali Das 

Department of Business Management

Prof Sonali Das of the Department 
of Business Management has long 
been passionate about building 
capacity around using statistics and 
data science for researchers within 
the South African National System 
of Innovation. In recognition of her 
activities, she has been elected to 
the International Statistical Institute 
(ISI) in 2020. The ISI, established in 
1885, provides a global network for 
statisticians. 

Prof Das’s role comprises conducting 
transdisciplinary research, teaching 
quantitative methods, providing 
supervision to students working on 
their research projects, and developing 
a business analytics system that 
will equip students with data-based 
decision tools.

The broad applicability of her skills is 
indicated by the range of publications 
from 2020 in which she was involved. 
She collaborated with post-graduate 
student Mapitsi Rangata (CSIR) and 
Prof Montaz Ali (of the University of 

Witwatersrand) in analysing maximum 
monthly temperatures using functional 
data analysis (Advances in Decision 
Sciences). She also worked with Prof 
Reza Demirer (Southern Illinois 
University), Prof Rangan Gupta (Dept 
of Economics) and Dr Siphumlile 
Mangisa (Nelson Mandela University) 
in assessing the effect of global crises 
on stock market correlations (Structural 
Change and Economic Dynamics). 

The Department of Business 
Management looks forward to 
continuing to empower university 
researchers to combine sophisticated 
management of the data they work 
with and the statistical analysis 
required to extract interpretable 
science from that data. Celebrating 
the International Year of Women in 
Statistics and Data Science, which 
aims to clarify why the two concepts of 
statistics and data science are distinct 
and yet symbiotic in seeking more 
knowledge, is set to accelerate this 
endeavour ¢
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Making national sense 
of international large-
scale assessment data in 
education
Prof Surette van Staden  

Centre for Evaluation and Assessment

One of the flagship projects of 
the Centre for Evaluation and 
Assessment (CEA) is the Progress 
in International Reading Literacy 
Study (PIRLS), on which the Centre 
works closely with the International 
Association for the Evaluation of 
Educational Achievement (IEA). The 
study has assessed fourth-year 
reading comprehension in over 60 
countries since 2001 and has set 
international benchmarks for reading 
comprehension. Overall South African 
PIRLS results in the 2006, 2011 and 
2016 cycles consistently pointed to 
poor early-grade reading performance 

further investigation of the nature 
of such growth. In this article, she 
made a case for the lack of growth in 
those sectors of the education system 
that are traditionally considered 
socio-economically disadvantaged. 
In subsequent publications, such 
growth was qualified further in terms 
of reading skills, where the evidence 
points to the inability of Grade 4 
learners to engage with reading at 
higher levels of cognition. 

The keen interest of policymakers 
in evidence of education growth 
for education planning purposes 
is justified in a developing context. 
However, evidence of growth has 
to be qualified beyond league table 
standings or trend changes from one 
cycle of testing to the next. While 
findings of improved trend growth 
in reading performance for South 
African children were encouraging, 
the meaningful news perhaps is that 
more children are at least attempting 
test questions in PIRLS from one cycle 
to the next. Moreover, the growth 
of five points between cycles is an 
encouraging sign of a sustainable, 
realistic speed limit at which systemic 
development can be targeted.  ¢

for Grade 4 children. These learners 
were tested across all 11 official 
languages during the last and most 
recent cycle of PIRLS in 2016. Equally 
poor results were obtained from the 
study for Grade 5 children tested in 
Afrikaans, English and isiZulu.  

PIRLS results provide ready copy for 
journalists reporting on education. The 
media is a culprit in over-simplifying or 
exploiting the overall results in their 
reporting by referring to countries 
as ‘good’ or ‘bad’ compared with 
others. The over-simplification of 
results loses sight of countries being 
ranked only in relation to the other 
countries participating in a specific 
cycle. Moreover, data from these tests 
still have to be investigated further to 
become meaningful for local contexts. 
For example, the value of PIRLS data 
and the relevant implications for 
the South African education system 
were explored in 2020. In March 
2020, Dr Martin Gustafsson from 
the Department of Basic Education 
published an article in The Conversation 
pointing to more significant trend 
growth between PIRLS 2011 and PIRLS 
2016 than initially reported by the IEA. 
The article pointed to encouraging new 
evidence showing development and 
improvement of the education sector. 

In April 2020, Prof Surette van 
Staden published a follow-up article 
in The Conversation that reported 
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Decolonising legal 
knowledge: the radical 
demand for epistemic 
and political justice in 
post-1994 South Africa
Prof Joel Modiri 

Department of Jurisprudence

Despite its historically and 
philosophically protean character, the 
concept of decolonisation holds many 
possibilities for legal knowledge and 
for the human and social sciences 
more generally.  In the context of law, 
jurisprudence and legal education, the 
theory and praxis of decolonisation 
enable an interrogation of the cultural, 
historical and philosophical premises 
underlying the present legal order, and 
also underscores that there can be 

no social, political or economic justice 
without also cognitive and epistemic 
justice.

Following the world-historic student 
protests of 2015–2016, South 
African universities and global higher 
education witnessed the resurgence 
of the discourse of ‘decolonisation’ in 
debates that engaged issues ranging 
from curriculum change to overall 
social change. 
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Prof Joel Modiri of the Department 
of Jurisprudence takes up this 
question in a book chapter entitled 
“The Aporias of ‘Decolonisation’ in the 
South African Academy”. This chapter 
was published in an edited collection 
comprising contributions from scholars 
from across the African diaspora under 
the title Transforming Ivory Towers to 
Ebony Towers: Transforming Humanities 
Curricula in South Africa, Africa and 
African-American Studies (2020, Jacana: 
South Africa). 

Engaging the question of 
decolonisation is not without risk.  In 
his chapter, Prof Modiri identified 
three dangers that trail decolonisation 
projects in academia. 

• First, the institutionalisation of 
decolonisation could result in its 
domestication and capture by 
the neoliberal and bureaucratic 
structures of universities that are 
increasingly being governed by 
corporatist logic that threaten 
the intellectual mission of critical 
inquiry.  

• Second, the concept could 
become subject to practices of 
disciplinary containment that 
might undercut its conceptual 
and intellectual richness by 
insisting on a fixed definition of 
or approach to decolonisation, 
thereby failing to engage with its 
multiple and complex histories 
and uses.  

• Third, the focus on changing 
curricula and renaming 
campus spaces in discourses 
of decolonisation could reduce 
the term into an intellectual and 
pedagogical exercise. Doing so 
would completely neglect the 
material and concrete reality of 
continuing racial unfreedom, black 
suffering and white supremacy in 
post-1994 South Africa. 

Navigating such risks require 
articulating projects of decolonisation 
in the academy concerning the larger 
context of the unresolved history 
of South Africa of conquest, settler 
colonialism and racial capitalism. 

The call for decolonisation of South 
African universities, public spaces and 
socio-cultural practices and values is 
principally a reaction to the deep and 
enduring fault lines and contradictions 
of the colonial and apartheid history of 
the country. Moreover, it is a reaction 
to the failure to redress and resolve 
these concerns in making the new 
constitutional dispensation. In other 
words, the challenges of epistemic 
justice are intertwined with larger 
unresolved historical injustices. This 
implies that the decolonisation of the 
university is politically and ethically 
unthinkable outside the decolonisation 
of the constitutional foundations of 
South Africa.

Based on his research on race and law, 
Prof Modiri was invited by the United 
Nations (UN) to address the 18th 
session of the UN Intergovernmental 
Working Group on the Effective 
Implementation of the Durban 
Declaration and Programme of Action 
(DDPA), held in December 2020. ¢
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The law of conflict 
classification
Dr Martha M Bradley 

Department of Public Law

Her work was published in the 
Journal of International Humanitarian 
Legal Studies, the African Yearbook of 
International Humanitarian Law and the 
South African Journal of Criminal Justice.

The motivation for her research is two-
fold. The first is legal in nature.
A survey of the literature reveals little 
scholarly work on the application of 
Additional Protocol II of the Geneva 
Convention that extends international 
conflict laws to cover internal wars. 

The second is that battlefield reality 
demands attention. Additional Protocol 
II is the only treaty that exclusively 
regulates and provides obligations and 
protects civilians in non-international 
armed conflicts. The need for 
Additional Protocol II is demonstrated 
in the situation prevailing in Africa, 
where multiple complex conflicts co-
exist in single territories, such as the 
ongoing conflicts in the Central African 
Republic, Democratic Republic of the 
Congo, Mali and South Sudan.

In her article in the Journal of 
International Humanitarian Legal 
Studies, Dr Bradley gives content to 
the territorial requirement. This is a 
criterion for establishing the existence 
of an Additional Protocol II type of 
non-international armed conflict, 
consequently triggering the application 
of Additional Protocol II. 

Dr Bradley argues that understanding 
the ‘territorial requirement’ is essential 
in that it is the starting point for 
examining the application of Additional 
Protocol II. Once evidence supports 

the view that an organised armed 
group controls territory, an enquiry 
into the possible application of 
Additional Protocol II begins — as a 
‘physical’ requirement, it is often more 
easily identified than are other criteria. 
Also, territorial control is an enabling 
requirement. Controlling territory 
indicates an organised armed group 
matches other requirements under 
Additional Protocol II, implying such 
group could launch sustained and 
concerted military attacks. 
Consequently, Additional Protocol II 
could be implemented in that territory. 

To give content to the territorial 
requirement, Dr Bradley considered 
several research aspects. 
First is whether the geographic 
footprint of an Additional Protocol 
II type of conflict is limited to the 
boundaries of a single state. 
This consideration is of practical 
relevance, as conflicts spill over 
into the territory of neighbouring 
states whose armed forces are not 
engaged in the conflict. Her research 
demonstrates that Additional Protocol 
II applies only to the borders of the 
state where the conflict originated. 
This finding means that less protection 
is offered to those fighting outside the 
borders of the state where the fighting 
originated. Parties to spill-over conflicts 
are encouraged to apply the protective 
rules under Additional Protocol II, 
although they are not legally required 
to do so. ¢

Dr Martha M Bradley, 
a lecturer in the 
Department of Public 
Law, specialises in the law 
of conflict classification. 
In 2020, she published 
extensively on the 
definitions of when an 
armed conflict could be 
considered to be taking 
place. 
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Use of subtitles as a 
teaching aid
Dr Pineteh E Angu 

Unit for Academic Literacy

Dr Helena Kruger-Roux

In recent years, subtitles have gone 
from being an addition to foreign 
language films to a ubiquitous option 
on any digital video. In addition, 
subtitling has been shown to have a 
range of educational benefits, such 
as incidental language learning, and 
improved literacy, comprehension 
and retention of visual content. 
Several studies have confirmed the 
educational benefits of subtitling in 
Africa, some specifically in South Africa, 
especially the advantages of subtitling 
in second or foreign language 
acquisition. 

Dr Helena Kruger-Roux and Dr 
Pineteh E Angu from the Unit for 

Academic Literacy, conducted 
a study aimed at measuring the 
difference in the comprehension of a 
technical, subject-specific audiovisual 
text for Health Sciences students, 
where groups of students viewed 
the video with or without subtitles. 
Unsurprisingly, they found that the use 
of subtitling improved retention and 
comprehension. Qualitative data, in 
particular, showed that respondents 
perceived subtitles as assisting 
with the retrieval and retention 
of information. Contrary to these 
positives, the data also revealed that 
subtitling could, in some cases, be 
perceived as a form of distraction and 
a barrier to comprehension. ¢
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Remote music 
performance
Dr Miles Warrington

Department of Performing Arts, School of Arts

In May 2019, Dr Miles Warrington 
of the Department of Performing 
Arts initiated a long-term dream — 
establishing a university-based laptop 
ensemble. His drive led to the birth 
of the University of Pretoria Laptop 
Orchestra (UPLOrc), which became a 
vehicle to initiate alternative music-
making practices within the School 
of the Arts, and naturally progressed 
to being included as an important 
research mechanism. Master’s student, 
Melandri Laubscher is acting as 
the manager of the ensemble, and 
is pursuing a Master’s degree about 
laptop orchestras. 

As it happened, the small ensemble 
got off the ground just in time for 
the lockdown at the start of 2020. 
However, with remote music teaching 
it quickly became apparent that not 
everyone has the same computer or 
recording and monitoring equipment. 
Moreover, not everything taught uses 
the same environments and, certainly, 
much of the equipment available on 
campus is completely out of reach for 
most people. Nevertheless, ways were 
found to get around such obstacles 
by keeping things simple and teaching 
the basics of using freeware programs 
and loaned equipment. The music 
technology students were given the 
opportunity to participate with UPLOrc 
and most of them did. It was here that 
some inspiration was found. 

Live music making is certainly one 
of the art-based activities suffering 
terribly during this time of social 
distancing. Opportunities to participate 

in such activities are highly sought 
after, but rare. Online musicians 
found that technology, or rather 
differing levels of it, implied that it 
became almost impossible to do a 
live-broadcast jam with a live acoustic 
ensemble over the internet. Latency 
makes for a troublesome beast! 
However, through browser-based 
network platforms that do not stream 
audio but rather trigger local engine-
based beeps and blips, musicians 
were suddenly able to jam (live code) 
with anyone around the world over 
standard internet with almost zero 
latency. This is what happened on 
3 December 2020, when UPLOrc 
participated in an online international 
concert featuring laptop orchestras 
from around the world. 

You can scan the QR code to see 
UPLOrc and others in action. 
The UPLOrc is second on the 
programme. ¢
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Art exhibition
Usha Seejarim  

Department of Fine Arts

Three evolving bodies of work come 
together in this solo exhibition by 
Usha Seejarim — peg, broom head, 
broomstick. Utility and functionality 
take on intriguing poetic qualities, 
transforming domestic quietism into 
a mysterious material language of wit, 
force, sensuousness and defiance.

The title of the exhibition was inspired 
by an article in The Guardian by 
Madeline Miller, ‘‘From Circe to Clinton: 
why powerful women are cast as 
witches’’. ¢
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Phetolo
Dr Miles Warrington

School of the Arts: Music

Phetolo (Northern Sotho for 
‘transformation’) is an electroacoustic 
work for 6-channel fixed media 
commissioned by the Dean for the 
100th Anniversary Celebrations of 

the Faculty of Humanities. The work 
was composed using an approach 
whereby matrices of frequencies were 
synthesised into musical material with 
data generated in MATLAB* from 

photographs of various sculptures and 
buildings around the UP campus. ¢

* With assistance from Dr Harry Wiggins 
(Mathematics)

Beethoven’s 250th 
anniversary: Scharwenka’s 
piano duet transcriptions 
of the complete 
symphonies
Dr Ben Schoeman

School of the Arts: Music        

In January 2020, the international 
recording label SOMM Records 
confirmed a multiple compact disc 
project with Dr Ben Schoeman of 
the School of the Arts and Tessa 
Uys, fellow South African concert 
pianist. This project, The Complete Nine 
Symphonies by Beethoven, was arranged 
for piano duet (one piano, four hands) 
by Franz Xaver Scharwenka (1850–
1824). The project started in 2015 
during a music festival in London and 
the duo has since presented almost 
40 concert performances of these 
symphonies. The 250th anniversary of 
Beethoven’s birthday was celebrated 
during 2020 and Schoeman and Uys 
performed the works throughout the 
year on online streaming platforms 
and to socially distanced live 
audiences. The recordings take place 

at the Menuhin School in Surrey, and 
the Beethoven symphonies are linked 
with other two-piano compositions by 
Schumann, Saint-Saëns and Busoni. 
The first of six discs will be released 
in July 2021, including work such as 
Beethoven’s Symphony no. 3 (Eroica), 
Op. 55, and Schumann’s Six Canonic 
Etudes, Op. 56 (arranged for two pianos 
by Claude Debussy).

In December 2020, Schoeman and 
Uys presented a lecture on the 
transcriptions of Beethoven’s nine 
symphonies for the Highgate Literary 
and Scientific Institution, London.  ¢

You can scan the QR code to watch the 
performance of Dr Schoeman and Ms 
Uys in London.

You can scan the QR code to listen 
to Dr Miles Warrington’s Phetolo
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UP Science Leaders

A-rated scientists

Prof Nigel Bennett Zoology & Entomology, Faculty 
of Natural and Agricultural 
Sciences

Prof Don Cowan Centre for Microbial Ecology 
and Genomics, Faculty of 
Natural and Agricultural 
Sciences

Prof Pedro Crous Microbiology & Plant Pathology 
(FABI), Faculty of Natural and 
Agricultural Sciences

Prof Jean Lubuma  Mathematics & Applied 
Mathematics, Faculty of 
Natural and Agricultural 
Sciences

Prof Thaddeus Metz Philosophy, Faculty of 
Humanities

Prof Josua Meyer Mechanical & Aeronautical 
Engineering, Faculty of 
Engineering, Built Environment 
& Information Technology

Prof Robert Millar Physiology, Faculty of Health

Prof Stella Nkomo Human Resources 
Management & Dean’s Office, 
Faculty of Economic and 
Management Sciences

Prof James Ogude Centre for the Advancement 
of Scholarship, Faculty of 
Humanities

Prof James Raftery  Mathematics & Applied 
Mathematics, Faculty of 
Natural and Agricultural 
Sciences 

Prof Yves van de Peer Genetics, Faculty of Natural 
and Agricultural Sciences

Prof Charles van Onselen  Centre for the Advancement 
of Scholarship, Faculty of 
Humanities

Prof Brenda Wingfield Biochemistry, Genetics 
and Microbiology, Faculty 
of Natural and Agricultural 
Sciences

Prof Michael Wingfield  FABI, Faculty of Natural and 
Agricultural Sciences

Prof Xiaohua Xia Electrical, Electronic & 
Computer Engineering, 
Faculty of Engineering, Built 
Environment & Information 
Technology
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Chancellor’s Award: Research

• Professor Jan Eloff, Department of Computer Science

Vice-Chancellor’s Book Award

• Professor Robin Crewe and Professor Robin Moritz, 
Centre for the Advancement of Scholarship for The Dark 
Side of the Hive

• Professor Charles Ngwena, Centre for Human Rights for 
What is Africanness?

Exceptional Academic Achievers

• Professor Roumen Anguelov, Department of Mathematics 
and Applied Mathematics

• Professor Dave Berger, Department of Plant Science

• Professor Ian Craig, Department of Electrical, Electronic 
and Computer Engineering

• Professor Schalk Els, Department of Mechanical and 
Aeronautical Engineering

• Professor Stephan Heyns, Department of Mechanical and 
Aeronautical Engineering

• Professor Jenny Hoobler, Department of Human Resource 
Management

• Professor Willem Landman, Department of Geography, 
Geoinformatics & Meteorology

• Professor Fanus Venter, Department of Biochemistry, 
Genetics and Microbiology

• Professor Frans Viljoen, Centre for Human Rights

Exceptional Young Researchers

• Professor Roger Deane, Department of Physics

• Professor Michal Gwizdala, Department of Physics

• Professor Lijun Zhang, Department of Electrical, Electronic 
and Computer Engineering

Excellent Supervisor’s Award

• Professor Don Cowan, Department of Microbial Ecology 
and Genomics

Teaching Excellence and Innovation Laureate Awards

• Dr Rory Biggs, Department of Mathematics and Applied 
Mathematics

• Roland Henwood, Department of Political Sciences

• Heather Thuynsma, Department of Political Sciences

• Dr Nadia Trent, Department of Industrial and Systems 
Engineering

Community Engagement Award

• Professor Christiaan Bezuidenhout, Department of Social 
Work & Criminology

The Conversation Award for Communication Excellence

• Professor Fransjohan Pretorius, Department of Historical 
and Heritage Studies

• Professor Henning Melber, Department of Political 
Sciences

• Dr Quixi Sonntag, Department of Companion Animal 
Clinical Studies

Awards and Recognition

Internal research awards 2020
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Awards and Recognition

• Professor Gareth Bath, Emeritus Professor, Faculty of 
Veterinary Science, Global Animal Welfare Award, World 
Veterinary Association (WVA).

• Professor Reghard Brits, Department of Mercantile 
Law, appointed as chair of the Tijdschrift voor Privaatrecht 
Wisselleerstoel (Journal for Private Law Exchange Chair)

• Professor Patricia Forbes, incumbent of the Rand 
Water Chemistry Research Chair in the Department of 
Chemistry, elected to the Professional Standards Board 
of the Royal Society of Chemistry and made a Fellow of 
the South African Chemical Institute.

• Bianca Gevers (a PhD student under supervision of 
Professor Johan Labuschagne), runner-up (and first in 
South Africa) in the IOM3 Young Persons’ World Lecture 
Competition 2020 and a recipient of the L’Oréal-
UNESCO Award For Women in Science South African 
Young National Talents.

• Postdoctoral student, Dr Ismaheel Lawal, awarded the 
2020 International Best Abstract Award by the Society of 
Nuclear Medicine and Molecular Imaging (SNMI).

• Professor Sunil Maharaj, Dean of the Engineering, Built 
Environment and Information Technology (EBIT) Faculty, 
elected as Chair for the Global Engineering Deans 
Council (GEDC). 

• Professor Wanda Markotter, Department of Science 
and Innovation/NRF SARChI Chair: Infectious Diseases in 
Animals (Zoonoses) and director of the Centre for Viral 
Zoonoses in the Department of Medical Virology, Faculty 
of Health Sciences, was a finalist in the 2019/2020 
National Science and Technology Forum (NSTF) 
prestigious NSTF-South32 Awards, in the TW Kambule-
NSTF Researcher category.

• Professor Josua Meyer, Head of the Department of 
Mechanical and Aeronautical Engineering, and Chair of 
UP School of Engineering in the Faculty of Engineering, 
Built Environment and Information Technology, won 
the male category of the Engineering Research Capacity 
Development Award at the National Science and 
Technology Forum (NSTF)-South32 Awards.

• Professor Emily Mitchell, veterinary pathologist in 
the Faculty of Veterinary Science’s Department of 
Paraclinical Sciences, was honoured by the South 
African Veterinary Association (SAVA) Wildlife Group with 
the Lycaon Award.

• Dr Chris Oosthuizen, an alumnus of UP Department 
of Zoology and Entomology and a research associate 
with the UP Marion Island Marine Mammal Programme, 
awarded the Population Ecology Young Author Award.

External research awards



2020  |  UP Research Review | 103 

THEME | AWARDS AND ACHIEVEMENTS

Awards and Recognition

• Dr Juergen A Richt from the Kansas State University 
College of Veterinary Medicine, and Extraordinary 
Lecturer in the Faculty of Veterinary Science’s 
Department of Veterinary Tropical Diseases (DVTD), 
awarded the 2021 Association of American Medical 
Colleges (AAVMC) Excellence in Research Award. 

• Professor Mike Sathekge, Head of Nuclear Medicine in 
the Faculty of Health Sciences, awarded the Presidential 
Award at the seventh South African Medical Research 
Council (SAMRC) Scientific Merit Awards.

• Professor Caren Scheepers and Dr Tracey Toefy of 
the Gordon Institute of Business Science (GIBS) won the 
award for Best African Business Case at the prestigious 
European Foundation for Management Development 
(EFMD) 2019 Case Writing Competition.

• LaToya Seoke, a PhD student in the Faculty of 
Veterinary Science’s Department of Production Animal 
Studies, received a Sub-Saharan Africa Young Talent 
Award for academic excellence under the auspices of 
L’Oréal-UNESCO for Women in Science. 

• Professor Daniël Christiaan de Wet Swanepoel, 
Department of Speech-Language Pathology and 
Audiology, awarded the African Academy of Sciences’ 
(AAS) science prize for his innovative research in tele-
health and mobile health, specifically in the field of 
audiology.

• Dr Johann Uys and Professor Ronny Webber-
Youngman from the Department of Mining Engineering 
in the Faculty of Engineering, Built Environment and 
Information Technology received the inaugural Bruce 
Hebblewhite award from the Society of Mine Professors 
(SOMP) in 2020 as recognition for their contribution to 
the body of knowledge in mining leadership.

• Professor Mike Wingfield, founding Director of UP 
Forestry, Agriculture and Biotechnology Institute (FABI) 
from 1998–2017 and advisor to the UP Executive, won 
the Special Annual Theme Award: Plant Health at the 
National Science and Technology Forum (NSTF)-South32 
Awards.
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Project coordinator
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Writer and editor
Simon Gear 
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