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DR. EZETTE DU RAND 
Department of Zoology and Entomology,  

University of Pretoria 

Today’s world faces huge challenges – global climate 
change, an increasing global human population, an 
ecosystem under threat and the need for sustainable 
agriculture to ensure food security, to name a few. 
Why, then, did Dr. Ezette Du Rand choose to focus 
her research on the tiny honeybee - or rather, on the 
very small molecules in the male bee’s seminal fluid?
Because honeybees are pollinators, and our natural 
ecosystem and a third of global agricultural crops 
rely on insect pollination. 
Dr. Du Rand’s research forms part of the vital global 
goal to ensure healthy honeybee populations that 

are tolerant against parasites and diseases and 
more versatile in coping with environmental stressors. 
A honeybee colony’s tolerance depends on the 
colony’s genetic diversity, which is determined by 
the reproductive cycle in the colony.
In a honeybee colony, the queen’s only job is to 
lay eggs and a male bee’s (called a drone) job is 
to mate with the queen, while the worker bees are 
responsible for everything else in the colony such as 
gathering nectar, caring for the queen and larvae, 
etc. A new queen will embark on several mating 
flights, collecting sperm from multiple males before 

Nuptial flight with consequences: unravelling the  
molecular basis of sexual conflict in honeybees

she establishes her colony. This leads to sexual conflict 
– the queen wants to preserve the sperm from as 
many drones as possible and the drones want to 
destroy the sperm of rival drones. While each drone’s 
seminal fluid debilitates sperm from rival males in order 
to give his genes a better chance to be passed on to 
the next generation, the seminal fluid also weakens 
the queen’s eyesight – if she cannot see, she cannot 
go on additional mating flights. In response, queens 
embark sooner on the next mating flights, before the 
seminal fluid has taken its full effect.
“We know very little about the molecules and the 
mechanisms that govern this sexual conflict and 
the mating behaviour,” explains Ezette. “My study 
is therefore zooming in on the molecules in drone 
seminal fluid and their role in this sexual conflict 
between queens and drones. By understanding the 
role of these mechanisms, bee breeding practices 
can be improved, leading to healthier colonies that 
provide higher quality pollination services for both 
our natural ecosystem and global agriculture.”
When Ezette embarked on a science career as an 
18-year-old who enjoyed science, she did not know 
that she would end up in the world of Biochemistry 
and honeybees. “As a student, I had rather narrow 
ideas about career paths in science, but I continued 
studying and followed the advice of career advisors. 
It was only after I completed my Honours degree, 
that I started experiencing the freedom of thought 
that science brings and the freedom it gives to ‘never 
stop dreaming’.”
Looking back at many years of studies and 
research, hard work, overcoming obstacles and 
solving problems, Ezette sees a golden thread – a 
fascination with the natural world that grew into a 
fascination at the level of molecules and atoms. “If 
you are also passionate about science, follow your 
dream!” says Ezette. “Science is for everyone. Fight 
past the opinions of others and do exactly what you 
feel is right for you. There are so many discoveries yet 
to be made, so many fields waiting for you to do the 
ground-breaking work!”
Ezette’s dedication and her willingness to keep 
learning and to keep trying; to rethink and redesign 

entire experiments, has led to new scientific finds 
and many successes. Her research exploring the 
detoxification mechanisms of honeybees was 
published in several good peer-reviewed scientific 
journals and the impact of that work in the honeybee 
research community is evident by the many citations 
it is attracting.
Recognition of this work also came in the form of an 
invitation to present her research at the symposium 
on “Protecting Bee Pollinators with Comparative 
Toxicology and Functional Genomics” at the annual 
conference of the Entomological Society of America 
in Denver, USA. This led to research exploring the 
effects the use of antibiotics in beekeeping have 
on honeybee nutrition, and although this research 
was published relatively recently, its impact in the 
honeybee research community is already evident.
Ezette plans to use the L’Oréal-UNESCO For Women in 
Science award and the recognition of her work as a 
woman scientist to grow science and to inspire other 
young women in science to achieve their dreams 
and make world-changing discoveries. “Work hard, 
never give up, always try again after failures, there 
will be many along the road. The journey will not be 
easy, but it will be worth it. Make sure that you have 
a good support system around you in the form of 
friends, family or other women in science as mentors 
to go on this journey with you.”
Ezette plans to use this research grant to visit the lab of 
Prof. Boris Baer (Center for Integrated Bee Research) 
located in California, USA, to learn the techniques 
they fine-tuned for working with honeybee drone 
seminal fluid. These techniques and know-how are 
key to the successful completion of her project. 
Furthermore, Ezette’s goal is to become the principal 
investigator or the head researcher of her own 
laboratory, in the future. She would also like to 
become more involved in undergraduate natural 
and biological science education to develop young 
scientists.
In the meanwhile, her message to young scientists 
will always be: “Never give up, never stop trying. 
Tomorrow is a new day. Breath, smile and try again!”



DR. ROUXJEANE VENTER 
Clinical Mycobacteriology  

& Epidemiology, University of Stellenbosch

It was in working closely with Tuberculosis that Dr. 
Rouxjeane Venter witnessed how long diagnosis and 
accurate treatment can take – and the devastating 
effects of the delays. The study she is involved in aims 
to get a fast and accurate diagnosis for patients with 
Drug-Resistant Tuberculosis (DR-TB) so that they can 
get placed on effective treatment sooner. 
Often patients with drug-resistant TB do not get 
started on the correct treatment - or are placed 

on treatment much later - due to delays in proper 
diagnosis. This leads to patients being sick for longer 
and potentially transmitting TB to others. 
One of the delays, Dr. Venter believes, may be 
eliminated if her project proves successful.
When patients are first tested, they don’t only get 
tested for the presence of TB, but for resistance to a 
drug called Rifampicin: one of the major treatments 
for the disease. If they are resistant, they need to 

Leveraging leftover material discarded from diagnostic 
laboratories for the rapid and accurate single-specimen 
diagnosis of drug-resistant tuberculosis (SAlvaged Xpert 

study, SAX-TB)

return to test centres for further drug resistance 
testing, so that an accurate treatment regimen can 
be compiled. 
Given the circumstances in South Africa, and many 
other countries, the second step often doesn’t 
happen. Factors like having to take time off work a 
second time, long travelling distances or an inability 
to produce an additional specimen means at best a 
long delay, at worst, no return by the patients at all. 
In order to try and work around this delay, Dr. Venter 
and her team looked at ways of using material from 
used diagnostic tests, which would normally be 
discarded, to see if they could be used for further 
testing. They are currently testing a design prototype 
that will allow them to do this. The same device may 
allow for identifying variants of SARS-CoV2. 
When they’re successful, not only will patients be 
placed on effective treatment sooner - thereby 
reducing poor outcomes and, potentially, the time a 
patient remains infectious - but it will also save on the 
costs and resources associated with the collection 
and processing of additional specimens.
Dr. Venter says she has been very fortunate in her 
research career so far, to have had the opportunity 
to be involved in several research projects. This has 
led to several publications, either as first author or 
as co-author, in prominent journals such as Nature 
Medicine and Lancet Respiratory Medicine. Her 
research has also led to several awards, fellowships 
and scholarships. For her PhD she received the NRF 
Innovation Scholarship and for her postdoctoral 
research, the NRF-DSI Professional Development 
Programme (PDP) postdoctoral fellowship - awarded 
through the South African Medical Research Council. 
In 2020, she was awarded the Stellenbosch University 
Vice Rector Top 20 award and the Stellenbosch 
Consolidoc fellowship. 

Dr. Venter was also awarded travel bursaries to 
present her work both nationally at the TB 2016 
conference, in Durban and internationally at The 
Union World Conference on Lung Health in The 
Hague.
Science is in this young achiever’s DNA. 
“I am very lucky that I come from a STEM family and 
the magic of science has always been something 
that was passionately discussed and often debated 
in our family. My grandfather is a physicist and my 
grandmother is a statistician so I think this is what 
sparked a love for science in their children (my aunt 
is an engineer). While my dad didn’t pursue a career 
in science until later in his life, we would always stay 
up late discussing recent discoveries, debating 
conspiracies and trying to understand things. It was so 
evident to me that humanity would not be where they 
are without the understanding and advancement of 
STEM, and I wanted to be a part of that!”
The appeal of science, to her, is in its ever-changing 
nature. 
“Science is constantly adapting to difficulties and 
troubleshooting when things don’t go according 
to plan (which it hardly ever does). This can be 
frustrating and demotivating but overcoming these 
instances allows you to grow as a person and as a 
scientist,” says Dr. Venter.
Apart from being committed to making science 
more understandable to the general population, 
Dr. Venter also wants to encourage young people – 
and women, in particular – to take up studies in this 
field. “While representation of women in the scientific 
field is greatly increasing, very few women are 
found at more senior roles and I firmly believe that 
representation on all fronts leads to better and more 
thorough research.”
Despite the constant challenge of underfunding, she 
says, there are exciting projects happening all over 
Africa. 
“Science,” says Dr. Venter, “is magical.”



The construction industry is constantly exploring 
new and innovative applications involving the use 
of biological processes and products to modify the 
structural properties of subsurface soil (the layers that 
make our roads strong and stable). Though novel 
engineering techniques, strength, volume stability, 
durability and permeability are considered.
Dr. Veshara Ramdas is at the heart of exploration in 
this field, searching for bio-based chemical solutions 
to replace the traditional chemical-based soil binders 

that are used in road building – and specifically 
addressing their efficacy and uses on rural roads.
Working with Dr. Martin B. Mgangira, a civil engineer 
from the CSIR Smart Mobility Cluster, her work will 
enhance knowledge around the use and effectivity 
assessments of bio-stabiliser products used for road 
construction. Dr. Ramdas has been able to develop 
various test methods which enable high throughput 
screening and selection of novel bio-based 
components for further development. Considering 

DR. VESHARA RAMDAS 
Council for Scientific and Industrial Research (CSIR) Bioprocessing Unit & 

The University of Kwa-Zulu Natal   

Optimisation of bio-polymeric bio-stabiliser product 
prototype/s for large scale testing

the number of potential microbial stains and their 
ability to produce extracellular polysaccharides that 
could be classified as bio-stabilisers, Dr. Ramdas  has 
successfully developed methods that will allow rapid 
and smaller samples to be screened and assessed for 
strength testing, such as abrasion resistance, erosion 
resistance, moisture sensitivity and compression load 
resistance.
Once the studies are complete, there will  be new  
insights into the structural performance of these 
bacteria-based substances. The benefits for us? 
Gravel roads that are less dusty, more stable and 
which require lower maintenance. Unpaved roads 
experience loss of the wearing course material, 
due to traffic as well as through surface material 
erosion caused by heavy rainfall. The fine dust 
content diminishes over time of service, resulting 
in loose coarse material. The loose material tends 
to accumulate, and traffic induces fugitive dust, 
which threatens air, soil and water quality, roadside 
flora and fauna, agricultural productivity and road  
safety - as dust also impedes visibility. 
This loss of material requires re-gravelling to  
recover the serviceability of the road and is less 
environmentally sustainable and financially feasible 
as it increases maintenance costs. Therefore,  
periodic application with bio-based binders and 
additives significantly reduces road-replacement 
costs.
In the mining industry, bio-based additives produced 
by Bacillus spp. have gained significant research 
interest over the past five years for engineering 
applications such as biocement and dust suppression 
in coal mining sites, because of their ability to reduce 
the health hazards caused by coal dust and fly-ash.
Dr. Ramdas says it was her innate curiosity that led 
her to the sciences: “Simply put, I’ve always been 
a curious person, constantly questioning everything 

around me, so I finally put my curiosity to good use 
when I focused on topics such as, microbiology and 
biotechnology.”
She’s excited about the opportunities the field is 
offering her to solve global challenges using biobased 
technologies and to make new discoveries that will 
help the environment.
Because her research project is novel, she explains, 
all her experiments in the beginning had to be 
validated which was a difficult task. However, she’s 
published three peer-reviewed articles and co-
authored a book chapter; she was awarded the best 
doctoral student award at CSIR Excellence awards 
2021; Best Publication in 2019 and the Best Student 
award in 2020. She was also awarded second prize 
for poster presentation in 2019 at the South African 
Society for Microbiology (SASM) conference. “My 
biggest success however,” she says, “was passing my 
PhD in 2021 and receiving positive feedback from all 
three examiners.”
If lack of funding, distance from home and conflicting 
feedback were the loose gravel that have hampered 
her academic path, then her mentors – from 
undergraduate to postgraduate level – have been 
her stabilisers. She holds deep admiration for them 
and their support.
“I experienced first-hand that it’s not always easy 
to be a woman in the male-dominated scientific 
research fields. It’s important to also stay focused 
and remember that you are the sole driver of your 
research activities, so the final call is on you and no 
one else. Thus, she says, “my advice to emerging 
scientists is as follows: always stand tall even when 
you feel a lack of confidence. Also remember to 
never give up, pick yourself up during the hard times 
and try again and again, even if you have to do an 
experiment 100 times that’s fine, because in the end 
you found 99 ways of what not to do!” 
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Human Immunodeficiency Virus (HIV) remains a 
global health burden and infection rates remain 
high. Although there has been significant decrease 
in mortality following the advent of antiretroviral 
treatment (ART), annual new infections rates remain 
high, with 1.7 million people newly infected in 2019 
alone. 
The most common mode of HIV transmission, is by 
heterosexual intercourse. It is well documented that 
the highest incidence of HIV of any age or sex cohort 

is amongst women of reproductive age. As a result, 
the majority of research to date has focused on male-
to-female HIV transmission and female acquisition.
The male penis has various potential sites of HIV 
acquisition, yet its acquisition and susceptibility studies 
in males remains one of the least studied world-wide. 
Clinical trials have confirmed that Medical Male 
Circumcision (MMC) reduces infection risk by 60%; 
however, the uptake of this elective service is still 
much lower than targets. The questions that remain 

DR. COSNET LERATO RAMETSE 
Gray Lab- Division of Immunology, University of Cape Town 

The effect of asymptomatic sexually transmitted infections 
on HIV susceptibility in the penis

unanswered are what explains the remaining 40% 
and how does MMC work to reduce transmission? 
This has not yet been fully determined.
Dr. Rametse’s research project will examine and 
assess some of these biological or immunological 
mechanisms and along with that, will study the 
potential impact of the presence - or absence - of 
asymptomatic sexually transmitted infections(STIs). 
The study will provide invaluable insight into HIV 
susceptibility in males, which will then be used as a 
foundation to generate alternative preventative 
methods, outside of circumcision. In addition, data 
from this work will potentially contribute to policy 
change around STI management at the primary 
care level in Africa, which only currently screens 
and manages syndromic individuals, to include 
asymptomatic STIs.
It is most unusual to pursue a PhD immediately after 
medical internship in South Africa, according to Dr. 
Rametse, and she says that she is honoured to have 
been afforded this opportunity through the UCT 
intercalated programme. This academic pursuit is 
usually the pursuit of much older medical practitioners 
at later stages of their careers (very few in Africa & 
South Africa), and rarely by females. 
It seems as if this was a path that she was committed 
to following. Being exposed to rural and vulnerable 
communities in her upbringing, she has always been 
passionate about healthcare and disease knowledge 
and it has driven her to want to contribute. She says 
that during her medical studies she always felt that 
there was not enough room to deeply explore the 
content they were taught, to question and explore 
the why’s and how’s behind the content: something 
that science and research allows her to do. 

She also realised that a lot of the work content was 
based largely on first-world populations-derived data 
and wondered how she could position herself career-
wise, to be able to contribute to the understanding 
of healthcare and diseases in the context of the 
country’s own populations.
Dr. Rametse is not only committed to contextualised 
and localised research: her big picture thinking 
has her explaining that one can’t advocate for 
“women in science” without showing concern with 
the education systems, especially primary and 
secondary level schools.
“I am currently in the process of looking for 
collaborators and funders to help  establish a 
NGO programme aimed at inspiring, assisting and  
motivating children in rural schools in South Africa,” 
she explains. 
She comments, too, on the  gap that exists between 
academic scientists and clinicians. “I intend to 
establish spaces where both clinicians and scientists 
can have conversations. Translational science 
requires both to sit together and collaborate to 
establish needs-based research as opposed to 
exclusively curiosity-based research. “
Covid-19 may have set her research back by a 
year, but she remains optimistic, committed and 
enthusiastic. 

The L’Oréal-UNESCO For Women in Science research 
grant is an affirmation for Dr. Rametse. 
“It is confirmation that I am indeed on the right 
path and that I am indeed handling my work with 
excellence which is what I strive for daily and in life. 
I am so grateful”.



Internationally, agriculture, is under the spotlight. It is 
the backbone of international economies: however, 
it is being pressured by climate change, resource 
limitation, and food insecurities. Understanding 
the status of soil health in agroecosystems is a 
fundamental step towards sustainable agricultural 
production. 
Simply put, conventional agricultural models, 
in particular, have been linked to an array of 
environment and health concerns, including 

pollution, soil and water degradation and biodiversity 
loss, which subsequently lead to a loss of resilience.
There is growing concern – as these models pose 
threats to human health and the environment.
 In response, farmers are gradually shifting to less 
destructive farming methods. Evidence of this 
paradigm shift can be seen in the relatively new 
concepts of agro ecology, conservation agriculture 
and organic agriculture, as sustainable alternatives.
While farmers are gradually shifting to the less 

DR. EMOGINE MAMABOLO 
Conservation ecology & entomology,  

Stellenbosch University

Development of an integrated soil health assessment tool 
using soil biological and physicochemical properties

destructive methods, they currently do not have 
reliable and easily measured tools of soil health to 
monitor the sustainability of their production systems. 
Despite the fact that soil health has been proposed 
as an indicator of sustainability; the general lack of 
empirical data on soil health assessment is a crucial 
knowledge gap in South Africa, which is diminishing 
confidence in the sustainability of the currently 
adopted agroecosystems.
In South Africa there is currently no clear, broad 
understanding of soil health, Dr. Mamabolo    
explains, and she intends on changing this by 
equipping agriculturalists with simple and reliable 
measuring tools to determine their soil and  
system sustainability. 
This young scientist is at the forefront of the 
development of an integrated soil health assessment 
tool, that can be used for effective decision making 
about land management. The index will look at 
chemical, physical and biological aspects, whilst 
being measurable and inexpensive; unlike current 
processes which – she explains - are both biased and 
costly. Most importantly, it will be accessible to non-
experts and farmers who are currently excluded, for 
various reasons, from access to laboratories and to the 
scientific expertise needed to assess soil ecosystems, 
in order to leverage their use, most efficiently.
The tool aims to enable farmers to use the 
assessment tool independently so that they can 
be active participants in soil health management 
and sustainability. This way, they can be prevented 
from investing in practises that do not improve soil 
health. Policymakers can also use the results to make 
informed decisions for conservation and building 
resilience in agricultural systems.
To conduct her research, Dr. Mamabolo spends  
hours analysing the macro and mesofauna of the 
myriad soil samples taken on grain farms in the  
Free State, over the past two years. 
Her findings - and the tool she is developing - will be 
presented to farmers at a regenerative agriculture 
conference which is organised annually by GrainSA. 
The presentation of the results at this conference will 
ensure that a large scope of farmers are covered 
and subsequently, workshops will be conducted to 
train farmers on how to use the assessment tool.

Dr. Mamabolo openly credits National Geographic 
channel, which she watched in her formative years, 
for her interest in sustainability. Were it not for this 
embedded desire to contribute to the health of 
the earth, the support of her family and friends, and 
mentoring she has received from her supervisors, 
she may well have given up at various points in 
her scientific journey. She explains that, beyond 
financial constraints, other obstacles in her path 
have been gender and racial discrimination as well 
as maintaining a healthy work-life balance.
Despite this, she’s managed to garner a major 
award in her journey - receiving the innovation prize 
from the French South African Agricultural Institute 
(F’SAGRI) and the French Embassy in South Africa for 
an applied research project.
Why does her work matter to her? 
Because it makes a practical difference in the daily 
lives of thousands of agriculturalists. 

“I developed an interest in natural science,” she says, 
“and realized that it affects almost every aspect of our 
lives, from the food we consume to the technology 
we use. I wanted to become a scientist because I 
get to play a role in decision-making for solving real-
life problems that are affecting everyday livelihoods. 
And now I am doing that!”
Her attitude of persistence and commitment 
have carried her far and she intends to continue 
on this path. “In the future, I would like to see my 
work directly contributing to the United Nation’s 
Sustainable Development Goals and policy planning 
for sustainable agriculture, conservation as well as 
food security.”

“This recognition from L’Oréal and UNESCO holds 
a special place as it speaks to address the gender 
stereotypes and imbalance in STEM which for the 
longest time have been limiting women in reaching 
their full potential. I feel privileged to be recognized 
amongst other exceptional young women whose 
work will have a real impact on society.”



If tech words like Software Defined Networking, 
Network Function Virtualization, Machine Learning, 
5G Network Slicing and Big Data Analytics or 
Blockchain befuddle your brain, read on. Lusani 
Mamushiane explains her work more simply: 
“My ultimate project goal is to build a prototype that 
will demonstrate the feasibility of telecommunication 
infrastructure sharing, to accelerate broadband 
penetration in South Africa. This will help to bridge the 
current digital divide that is ever-expanding.”

Ordinary internet is not available to thousands of 
South Africans, especially in rural areas – this prevents 
participation in the online world.  In the world of the 
near future, this will go beyond email and Google. 
It will mean no participation in smart cities, smart 
farming or smart manufacturing; nor virtual and 
augmented reality. The gap between those with 
access and those without, will grow irrevocably large. 
Currently, where access is available, it is prohibitively 
expensive – something which infrastructure sharing 

LUSANI MAMUSHIANE 
University of Cape Town 5G Laboratory & Council for Scientific  

and Industrial Research (CSIR)

5G RAN Network Sharing Empowered by Machine Learning 
and Network Slicing

will change. The project will quantifiably demonstrate 
how infrastructure sharing could potentially stimulate 
competition and save costs for internet service 
providers which would ultimately lower internet retail 
prices. 
Lusani’s model benefits every tier of the 
telecommunications chain. Customers will gain 
improved access, SMMEs will be able to participate 
in the industry and suppliers will benefit from  
production cost savings.
It was a personal experience in a rural area of 
South Africa, which set this scientist on her path to 
innovation. 

“In 2020, I visited Carnarvon with my supervisor Dr. 
Joyce Mwangama on a Needs Analysis mission at 
their community health centre and clinic. We went 
there with a pre-compiled list of 5G use cases (such 
as telesurgery, connected ambulances and so forth), 
only to discover that the community did not have the 
fundamental telecommunication infrastructure to 
enable any usage. The internet connection at these 
facilities was extremely limited - and slow - ADSL.” 
Hospital staff highlighted challenges, which included 
a referral system which was still paper-based and 
inefficient, and difficulty reaching emergency 
medical services due to bad cell phone reception: 
a tough call in a community with one, almost-retired, 
doctor.
An eye-opening drive through the village showed 
streets filled with children, mid-pandemic, who 
weren’t learning because they couldn’t access 
online resources. 
“I am pursuing this research project because of a 
painful spotlight on the digital divide in South Africa – 
and its dire consequences”, she explains.
From a technical perspective, the research aims 
to demonstrate the feasibility and benefits of 

integrating machine learning and network slicing 
to mobile network infrastructures. This will provide a 
full-fledged architecture design of network slicing 
with explicit integration points for machine learning 
(more efficient and accurate than current practice); 
propose an extended machine learning technique 
for dynamic network slicing in a shared network 
infrastructure; build an end-to-end 5G testbed and 
demonstrate and benchmark the performance of 
proposed solutions, then carry out techno-economic 
assessments and provide experience-based 
recommendations.
The biggest obstacle she has encountered on her 
research journey (which is still in its very early stages), 
stems from the limited ICT talent in South Africa. “The 
talent pool is so small and my work has so many 
components that require me to collaborate with  
other scientists,” she explains. “This makes it 
challenging to build completely localized  
full-fledged solutions that can be commercialized.  
It also makes it difficult to quickly rollout prototypes  
as the workload is substantial. I have proactively 
tried to reach out to potential international research 
partners and so far it has helped.
Lusani has this advice for young scientists:
“The desire to contribute to the body of knowledge 
and to improve social welfare must be strong.
“What is guaranteed, however, is that you will NEVER 
get bored. The field is constantly evolving and there 
is so much to learn! Choose a discipline that aligns 
with your overall goals, read about it, attend career 
guidance events, ask as many questions about it and 
then - plunge in!”
As for her own career trajectory, this enterprising 
young woman maintains refreshing flexibility. 
Technology is ever-evolving, she explains, “… and I 
will evolve with it!”
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NUPTIAL FLIGHT WITH 
CONSEQUENCES:
UNRAVELLING THE 
MOLECULAR BASIS OF 
SEXUAL CONFLICT IN 
HONEY BEES

The proteins and metabolites in seminal fluid are key  
mediators of sexual conflict in honey bees.  Differences 
in protein and metabolite abundances between genetic 
lineages or genotypes can be linked to enhanced drone 
reproductive success. Specifically, it can be linked to 

Den Boer, P.A., et al. 2010. Seminal fluid mediates ejaculate competition in social insects. Science 327: 1506. 
Dosselli, R., et al. 2019. Protein-level interactions as mediators of sexual conflict in ants. Mol. Cell Proteomics 1: S34–S45. 
Liberti, J., et al. 2019. Seminal fluid compromises visual perception in honeybee queens reducing their survival during additional mating flights. eLife 8: e45009.  
Simone-Finstrom, M., et al. 2016. Genetic diversity confers colony-level benefits due to individual immunity. Biol. Lett. 12: 20151007. 
Bee photo ©Alex Wild; Bee illustration ©Douglas Schneider

Social Insects Research Group
Department of Zoology and Entomology  
University of Pretoria 

DR. EZETTE 
DU RAND

CONCLUSION
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varying degrees  of incapacitation of rival drone sperm, but 
more importantly, it can be linked to varying degrees of post-
mating manipulations in queens. Future studies will focus on 
the reproductive fluids of queens and its role in sexual conflict.

MATERIALS AND  METHODS 

Fig 2. A queen and 
drone in the nest

1. Characterizing drone seminal fluid

Seminal fluid proteins and metabolites differ in abundances 
between genetic lineages* of honey bees. 

*Lineages: African honey bees (Apis mellifera scutellata), 
European honey bees (Apis mellifera ligustica), Africanized 
honey bees (an A. m. scutellata hybrid).

EXPECTED RESULTS 

2. Sperm competition

The different protein and metabolite compositions result in 
varying ability to incapacitate rival drone sperm.

Fig 1. The effect of drone seminal fluid from 
different lineages on sperm survival

The primary objectives are to identify 
the differences in drone seminal fluid  
composition between several genetic 
lineages (1) and to establish whether 
these differences lead to variations in 
seminal fluid-induced manipulations using 
sperm competition (2), post-mating gene 
expression and vision impairment in queens 
(3) as proxies. 

1. Characterizing drone seminal fluid 2. Sperm competition 3. Post-mating changes in queens

3. Post-mating changes in queens

The different protein and metabolite compositions result in 
varying degrees of post-mating gene expression changes in 
the brain of queens, as well as variation to which extent visual 
perception is reduced  in queens.

Honey bees’ ability to resist pests and diseases are 
influenced by the genetic diversity within a colony, 
a function of the number of males the queen has 
mated with. Queens embark on several mating flights, 
collecting sperm from multiple males (drones) before 
she establishes her colony and starts egg laying.  
Evolutionary theory predicts a drone should attempt to 
prevent queens from mating with other drones. In 

conformance, not only does drone seminal fluid debilitate 
sperm from rivals, but also cause reduced vision in queens 
- presumably to decrease promiscuity. In response, queens 
embark sooner on their next mating flight, before the  
full effect.

Queens are also expected to terminate sperm  
competition. The molecular mechanisms governing this 
sexual conflict (and therefore mating behaviour) remain 
elusive. Understanding these mechanisms is of foundational  
significance, but will also facilitate improving bee breeding  
practices for  cultivating resistance to pests and diseases.  
This study focusses on drone seminal fluid and its role in  
sexual conflict.
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Drug-resistant (DR)-TB is a public health concern.
[1] Gaps in the TB care cascade lead to delays 
in diagnosis and effective treatment. This results 
in continued transmission and poor outcomes, 
and has been exacerbated by COVID-19’s 
crippling of TB diagnostic infrastructure.2-6 It 
is recommended that people with rifampicin-
resistance (one of the main TB drugs) identified 
by  Xpert MTB/RIF Ultra (Ultra), receive further 
drug susceptibly testing (DST) using rapid 
molecular tests (e.g., MTBDRsl).1.7 However, 
many patients do not return to give additional 
specimens or struggle to produce sputum of 
adequate quality.8-11

We will first evaluate the prototype on Ultra cartridges in clinical and routine 
diagnostic laboratories (Fig 2). After each phase of testing, interviews will be 
had with users and stake holders to improve the prototype. Next we will adapt 
the prototype and test its feasibility on other cartridge types. We evaluate the  
feasibility of doing targeted next generation sequencing (tNGS) on CE from 
the Xpert XDR cartridge [which tests for resistance to isoniazid (INH), second-
line injectables (SLIDs), FQs and ethionamide (ETH)] to test for resistance to two 
new TB drugs in the DR-TB regimen, bedaquiline (BDQ) and linezolid (LZD). We 
will also test CE from Xpert Xpress cartridges for confirmatory SARS-CoV2 and 
variant testing.

•  We designed several iterations, each iteration was presented to the team 
and critiqued. After feedback designs were adjusted and evaluated until 
we decided on a final prototype that met our evaluation and completeness 
scores (Fig. 3).

This device can reduce the need for the collection of a second sputum specimen 
for further DST for participants with DR-TB, thereby reducing time and cost required 
to collect and process this sputum, possibly leading to faster time-to-diagnosis. 
This in turn can lead to reduced poor participant outcomes and reduce the 

1. World Health Organization Tuberculosis Report 2021   (World Health Organization., Geneva, 2021).
2. Lisboa, M., eital. Healthcare workers’ perspective from Beira, Mozambique.  15, e0228927 (2020).
3. Naidoo, P. et al. The Journal of infectious diseases 216, S702-S713 (2017).
4. Oga-Omenka, C. et al..  21, 100193 (2020).
5. Subbaraman, R. et al. PLoS medicine 13, e1002149 (2016).
6. Department of Health: Republic of South Africa. (2018).
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We have shown that that rapid second-line DST 
with MTBDRsl on cartridge extract (CE) recovered 
from used Ultra12 cartridges (and its predecessor 
Xpert13) at a defined bacterial load are feasible 
and accurate, without additional DNA extraction. 
Enabling single specimen diagnosis of TB and DR-TB  
(Fig 1). This was done using an insulin needle which 
adds risks of injury and potential contamination. 
Thus we are developing a simple, safe, disposable, 
device to recover DNA from used cartridges 
in a self-contained manner. This can also have 
applications in to other cartridges that run on the 
same platform such As such as the Xpert MTB/XDR 
(Xpert XDR) and Xpert SARS-CoV2 Xpress (Xpress).

INTRODUCTION
Figure 1: A typical routine DST diagnostic algorithm. The 
dashed red box shows the status quo and the proposed 
solution is in the dashed green box

Figure 2: Testing of prototype in clinical and routine laboratories

Figure 3: Design iterations of prototype

Leakage testing •  A the “works-like” prototype has been designed and 
manufactured and id functional and leakage testing were done 
(n=40). The first round of testing required a small adjustment in 
the injection mould and testing was repeated. A  provisional 
patent and technical drawing has been filed. Phase 1 of testing 
on Ultra cartridges are under way and Phase 2 and 3 shortly are 
planned to start shorty. 

•  We plan to asses the utility of this approach on other cartridges. 
DST are essential to protect LZD and once-in-a-generation 
new drugs like BDQ to ensure drugs are given in the absence 
of resistance. As there are no molecular tests for these (and 
phenotypic DST can take weeks), tNGS on CE from Xpert XDR 
cartridges could provide vital information. 

•  Furthermore, for the Xpress cartridge, it is recommended that 
those who tests as “presumptive positive” receive confirmatory 
testing to differentiate between SARS-CoV-2 and SARS-CoV-1. 
Additionally sequencing for variant and outbreak surveillance 
would be beneficial.

7. MacPherson, et al. Bulletin of the World Health Organization 92, 126-138 (2014).
8. Peter, J. G. et al. The Lancet Respiratory Medicine 1, 471-478 (2013).
9. Sharath, B. & Shastri, S. Public health action 6, 206-206 (2016).
10. Peter, J. et al. uropean Respiratory Journal 43, 185-194 (2014).
11. Venter, R. et al. Scientific Reports  10, 1-10 (2020).
12. Venter, R. et al. Scientific reports 7, 14854 (2017).

time a person remains infectious by starting them on treatment faster. 
If this proves successful, this device has application to other diseases as 
well. 



OPTIMISATION OF 
BIO-POLYMERIC 
BIO-STABILISER PRODUCT 
PROTOTYPE/S FOR LARGE 
SCALE TESTING

Road stabilisers are becoming increasingly relevant in the 
road construction sector. There is an increasing interest in 
searching for microbes and microbial components with new 
stabilising properties that can be used as: (a) new biological 
active ingredients that enhance the strength properties of 
in situ soil/s; and (b) producers of alternatives to traditional 
stabiliser products to enable using more environmentally 

1.  Production of bio-stabiliser product prototypes: Cultivate 
Bacillus sp. at 30 L scale using different media parameters, 
& harvest at two fermentation stages. Optimization of the 
Extracellular polymeric substances (EPS) production using 
different media parameters.

2.  Preparation of miniturised test blocks: Compaction of soil 
I, black cotton, soil II, weathered granite with candidate 
test prototypes.

1. Micro-structural evaluation 

The use of FEG-SEM successfully allowed the visualisation of the bio-stabilisation process 
(Fig. 2) for preliminary postulation of mode/s of action for addressing the challenges such 
as resistance to water erosion. Different functional groups were identified in the aqueous 
mixture (OH-groups, ionic bonds) & non-aqueous mixture (C-H groups, covalent bonds) 
(Fig. 3).

2. Large-scale testing and demonstration

The treated samples that were tested 
at large-scale shows improvement of 
cohesive properties of extreme soils (Fig. 
4), by reducing the plasticity index (PI) 
and indicating UCS at 14 days of curing 
(Table 1). The increase in PI initiated on 
one of the test soils may be attributed  
to a low clay content, hence an  
important limit to understand for 
product application (Latifi et al. 2015). 
Further testing of the compatibility 
between different soil materials and 
the formulation product will therefore 
be carried out to develop a data set for 
defining fit-for-purpose application.

Better understanding the multiple components derived 
from microbes could result in potential application on 
unpaved, low volume roads and expansion of applications. 
The indicator tests provide data for further bio-stabiliser 
product prototype development and processes. Future 

Latifi, N., Rashid, A.S.A., Siddiqua, S., Horpibulsuk, S. (2015). Micro-structural analysis of strength development in low-and high swelling 
clays stabilized with magnesium chloride solution - A green soil stabilizer. Applied Clay Science, 118, 195-206. 
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considerations include testing the technology for use by the 
civil engineering industries (road and construction) as well as, 
shelf-life assessment will be performed to establish the stability 
& viability under industrially relevant supply chain conditions.

Fig. 1: High-throughput techniques for structural evaluation for bio-based product development. 

3.  Evaluation of the micro-bonding effect of the 2nd generation 
prototype: Field emission gun - scanning electron microscopy 
(FEG-SEM), Fourier transform - infrared spectroscopy (FT-IR).

4.  Large-scale testing of the selected bio-stabiliser prototypes: 
Atterberg test (Plasticity index), Unconfined compression 
strength test (UCS), Product prototype options, using 
Dynamic cone penetrometer (DCP-DN) as a short test (7, 
14, 28 days curing, due to strength gains over time).

Latifi, N., Rashid, A.S.A., Siddiqua, S., Horpibulsuk, S. (2015). Micro-structural analysis of strength development in low-and
high swelling clays stabilized with magnesium chloride solution - A green soil stabilizer. Applied Clay Science, 118, 195-206.
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plasticity index (PI) and indicating UCS at 14 days of curing (Table 1). The increase in PI initiated on one of the test soils may be

stabiliser products to enable using more
environmentally friendly products and
processes. 1st generation prototype/s
from a single B. licheniformis strain
were investigated which shows that
further optimisation of the product
formulation is required in order to pass
the national performance testing that is
required for the South African National
Standards (SANS) and to develop a
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Unconfined compression strength test (UCS), Product prototype options, using Dynamic cone
penetrometer (DCP-DN) as a short test (7, 14, 28 days curing, due to strength gains over time).

1. Micro-structural evaluation
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of action for addressing the challenges such as resistance to water erosion. Different functional groups were identified in the aqueous
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completed product specification sheet
to meet the market requirements. The
benefits of these prototypes as potential
products include application on
unpaved roads for longer periods, dust
suppression, anti-slippage, decrease the
frequency of blading, and maintain the
geometry of road material. This study
provides a method to visually assess the
effect of the candidate prototypes on
soil material.

Fig. 1 High-throughput techniques for structural 
evaluation for bio-based product development. 

Better understanding of the multiple components
derived from microbes could result in potential
application on unpaved, low volume roads and
expansion of applications. The indicator tests
provide data for further bio-stabiliser product
prototype development and processes.

Soil no. EC soil 15825 Product Prototype (a)
Concentration (1.1% bio-stabiliser) 22 mL
Liquid limit (%) 23.14 ± 0.01
Plasticity limit (%) 16.30 ± 0.16
Plasticity Index (%) 7.17 ± 0.34
Linear shrinkage (%) 3.32 ± 0.01
UCS at 14 days curing (KPa) (Unsoaked) 770 ± 30.00

Table 1 Atterberg and UCS results

a. b.

attributed to a low clay content, hence an important
limit to understand for product application (Latifi et
al. 2015). Further testing of the compatibility
between different soil materials and the formulation
product will therefore be carried out to develop a
data set for defining fit-for-purpose application.

c. Fig. 2 SEM images showing (a-b) dolerite 
soil samples treated with non-aqueous 

prototype; (h) weathered granite treated 
with prototype (a) is indicative of the bio-

coating stabilisation effect. 

Fig. 3 FT-IR spectra of prototypes (a) 
whole fermentation broth (stationary 

phase); and (b2) non-aqueous fraction of 
vegetative cells

Fig. 4 Plasticity index 
variation of soil 15825, 
15819 with treatment.
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granite treated with 
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high swelling clays stabilized with magnesium chloride solution - A green soil stabilizer. Applied Clay Science, 118, 195-206.

Future considerations include testing the
technology for use by the civil engineering
industries (road and construction) as well as, shelf-
life assessment will be performed to establish the
stability & viability under industrially relevant
supply chain conditions.

2. Large-scale testing and demonstration
The treated samples that were tested at large-scale shows improvement of cohesive properties of extreme soils (Fig. 4), by reducing the
plasticity index (PI) and indicating UCS at 14 days of curing (Table 1). The increase in PI initiated on one of the test soils may be

stabiliser products to enable using more
environmentally friendly products and
processes. 1st generation prototype/s
from a single B. licheniformis strain
were investigated which shows that
further optimisation of the product
formulation is required in order to pass
the national performance testing that is
required for the South African National
Standards (SANS) and to develop a

1. Production of bio-stabiliser product prototypes: Cultivate Bacillus sp. at 30 L scale using
different media parameters, & harvest at two fermentation stages. Optimization of the
Extracellular polymeric substances (EPS) production using different media parameters.

2. Preparation of miniturised test blocks: Compaction of soil I, black cotton, soil II, weathered
granite with candidate test prototypes.

3. Evaluation of the micro-bonding effect of the 2nd generation prototype: Field emission gun -
scanning electron microscopy (FEG-SEM), Fourier transform - infrared spectroscopy (FT-IR).

4. Large-scale testing of the selected bio-stabiliser prototypes: Atterberg test (Plasticity index),
Unconfined compression strength test (UCS), Product prototype options, using Dynamic cone
penetrometer (DCP-DN) as a short test (7, 14, 28 days curing, due to strength gains over time).

1. Micro-structural evaluation
The use of FEG-SEM successfully allowed the visualisation of the bio-stabilisation process (Fig. 2) for preliminary postulation of mode/s
of action for addressing the challenges such as resistance to water erosion. Different functional groups were identified in the aqueous
mixture (OH-groups, ionic bonds) & non-aqueous mixture (C-H groups, covalent bonds) (Fig. 3).
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increasingly relevant in the road
construction sector. There is an
increasing interest in searching for
microbes and microbial components
with new stabilising properties that can
be used as: (a) new biological active
ingredients that enhance the strength
properties of in situ soil/s; and (b)
producers of alternatives to traditional
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completed product specification sheet
to meet the market requirements. The
benefits of these prototypes as potential
products include application on
unpaved roads for longer periods, dust
suppression, anti-slippage, decrease the
frequency of blading, and maintain the
geometry of road material. This study
provides a method to visually assess the
effect of the candidate prototypes on
soil material.

Fig. 1 High-throughput techniques for structural 
evaluation for bio-based product development. 

Better understanding of the multiple components
derived from microbes could result in potential
application on unpaved, low volume roads and
expansion of applications. The indicator tests
provide data for further bio-stabiliser product
prototype development and processes.

Soil no. EC soil 15825 Product Prototype (a)
Concentration (1.1% bio-stabiliser) 22 mL
Liquid limit (%) 23.14 ± 0.01
Plasticity limit (%) 16.30 ± 0.16
Plasticity Index (%) 7.17 ± 0.34
Linear shrinkage (%) 3.32 ± 0.01
UCS at 14 days curing (KPa) (Unsoaked) 770 ± 30.00

Table 1 Atterberg and UCS results

a. b.

attributed to a low clay content, hence an important
limit to understand for product application (Latifi et
al. 2015). Further testing of the compatibility
between different soil materials and the formulation
product will therefore be carried out to develop a
data set for defining fit-for-purpose application.

c. Fig. 2 SEM images showing (a-b) dolerite 
soil samples treated with non-aqueous 

prototype; (h) weathered granite treated 
with prototype (a) is indicative of the bio-

coating stabilisation effect. 

Fig. 3 FT-IR spectra of prototypes (a) 
whole fermentation broth (stationary 

phase); and (b2) non-aqueous fraction of 
vegetative cells

Fig. 4 Plasticity index 
variation of soil 15825, 
15819 with treatment.

Fig. 4 Plasticity index 
variation of soil 15825, 15819 
with treatment.

friendly products and processes. 1st generation prototype/s 
from a single B. licheniformis strain were investigated which 
shows that further optimisation of the product formulation is 
required in order to pass the national performance testing  
that is required for the South African National Standards  
(SANS) and to develop a completed product specification  
sheet to meet the market requirements. The benefits of 

these prototypes as potential products include application 
on unpaved roads for longer periods, dust suppression, anti-
slippage, decrease the frequency of blading, and maintain 
the geometry of road material. This study provides a method 
to visually assess the effect of the candidate prototypes on 
soil material.
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• Human Immunodeficiency Virus (HIV) remains a global 
burden that still needs urgent attention even in the face 
of the COVID-19 pandemic 

• HIV acquisition in men through penile exposure is one of 
the least studied aspects of HIV transmission

• Voluntary medical male circumcision (VMMC) has 
demonstrated a 60% reduction in male vulnerability to HIV 
infection

• However, the biological mechanisms by which circumcision 
confers this protection remain poorly understood.

•  Foreskins and first-pass urine samples are being collected 
from n=602 men  (18–35 years) attending Provincial 
clinics(6) in and around Cape Town for VMMC.

• 5-10ml urine collected Chlamydia trachomatis, Neisseria 
gonorrhoeae, Trichomonas vaginalis,  and Mycoplasma 
genitalium.

Figure 1.0 The prevalence rates of common aSTIs across various circumcision clinics within the 
Western cape. To date,the total overall prevalence of STI positive men is 17,28% , with the rates of 
each organism shown. CT (10,12%), NG(3,5%),TV(1,6%) & MG(3,36%). Furthermore, The pie chart 
shows the proportions of organisms in % that Chlamydia (46%) is the predominant organism.

Figure 2: Three meter measurements in males who were STI negative (n=48) before MMC. Whilst hydration 
and water content (MoistureSC &D) were the same across all anatomical sites (shaft, glans and inner 
foreskin), there was significantly higher Transepithelial water loss (TEWL) in the glans and inner foreskin 
compared to the shaft readings (medians 30.6; 29.8 and 13.7 g/hr/m2 respectively, p-value < 0.0001) 
(Vapometer). Higher TEWL = decreased barrier function integrity. 

Figure 3: Significant decrease in TEWL readings in the glans at all follow up visits. After 24 weeks 
post-VMMC, the lower TEWL in the glans significantly decreased (p=0.011) to match the shaft 
readings 

1.  Asymptomatic STI prevalence rates in areas in the 
Western Cape

2.  Different anatomical sites show different barrier integrity 3.  Durable improvement in barrier integrity after VMMC

Prior to MMC, the glans and inner foreskin have 
lower skin barrier integrity and may be linked 
with HIV susceptibility in uncircumcised males. 

 In the absence of an aSTI, MMC increases  
glans skin integrity (as measured by TEWL and 
Surface hydration.)
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INTRODUCTION

• By exploring the potential mechanisms of how VMMC works, 
we hope to lay a foundation to enable the generation of 
alternative prevention methods

• This study aims to determine how circumcision & common  
asymptomatic STI’s influences the penile skin barrier integrity 
and the frequency, anatomical distribution & phenotype of 
HIV target cells in the foreskin.
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• Our in vivo data suggests that VMMC improve’s skin
barrier function at various penile anatomical sites in the
absence of an aSTI.

• This could be one potential mechanism underlying the
efficacy of medical male circumcision

• Hand-held vapometer and MoistureSC& D
meter machines (n=48), designed to measure
transepithelial water loss(TEWL) and skin
water content are used to measure in vivo
barrier integrity at various sites of the penis
(glans, inner & outer foreskin and shaft) pre-
and post- circumcision and to further
correlate these to STI status.

• Follow-up was at 2,12 & 24 weeks post
MMC (visit 2-4)

• Foreskins and first-pass urine samples are
being collected from n=602 men (18–35
years) attending Provincial clinics(6) in and
around Cape Town for VMMC

• 5-10ml urine collected Chlamydia
trachomatis, Neisseria gonorrhoeae,
Trichomonas vaginalis, and Mycoplasma
genitalium

Figure 1.0 The prevalence rates of common aSTIs across
various circumcision clinics within the Western cape. To
date,the total overall prevalence of STI positive men is 17,28% ,
with the rates of each organism shown. CT (10,12%),
NG(3,5%),TV(1,6%) & MG(3,36%). Furthermore, The pie chart
shows the proportions of organisms in % that Chlamydia (46%)
is the predominant organism.
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Figure 2: Three meter measurements in males who were
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the glans and inner foreskin compared to the shaft readings
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Figure 3: Significant decrease in TEWL readings in the
glans at all follow up visits.After 24 weeks post-VMMC,
the lower TEWL in the glans significantly decreased
(p=0.011) to match the shaft readings
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Figure 3: Significant decrease in TEWL readings in the
glans at all follow up visits.After 24 weeks post-VMMC,
the lower TEWL in the glans significantly decreased
(p=0.011) to match the shaft readings
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• Our in vivo data suggests that VMMC improve’s skin
barrier function at various penile anatomical sites in the
absence of an aSTI.

• This could be one potential mechanism underlying the
efficacy of medical male circumcision

• Hand-held vapometer and MoistureSC& D
meter machines (n=48), designed to measure
transepithelial water loss(TEWL) and skin
water content are used to measure in vivo
barrier integrity at various sites of the penis
(glans, inner & outer foreskin and shaft) pre-
and post- circumcision and to further
correlate these to STI status.

• Follow-up was at 2,12 & 24 weeks post
MMC (visit 2-4)

• Foreskins and first-pass urine samples are
being collected from n=602 men (18–35
years) attending Provincial clinics(6) in and
around Cape Town for VMMC

• 5-10ml urine collected Chlamydia
trachomatis, Neisseria gonorrhoeae,
Trichomonas vaginalis, and Mycoplasma
genitalium

Figure 1.0 The prevalence rates of common aSTIs across
various circumcision clinics within the Western cape. To
date,the total overall prevalence of STI positive men is 17,28% ,
with the rates of each organism shown. CT (10,12%),
NG(3,5%),TV(1,6%) & MG(3,36%). Furthermore, The pie chart
shows the proportions of organisms in % that Chlamydia (46%)
is the predominant organism.

• Human Immunodeficiency Virus (HIV)
remains a global burden that still needs
urgent attention even in the face of the
COVID-19 pandemic

• HIV acquisition in men through penile
exposure is one of the least studied aspects of
HIV transmission

• Voluntary medical male circumcision
(VMMC) has demonstrated a 60% reduction
in male vulnerability to HIV infection

• However, the biological mechanisms by
which circumcision confers this protection
remain poorly understood.
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• By exploring the potential mechanisms of
how VMMC works, we hope to lay a
foundation to enable the generation of
alternative prevention methods

• This study aims to determine how
circumcision & common asymptomatic
STI’s influences the penile skin barrier
integrity and the frequency, anatomical
distribution & phenotype of HIV target cells
in the foreskin.
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Figure 2: Three meter measurements in males who were
STI negative (n=48) before MMC. Whilst hydration and
water content (MoistureSC &D) were the same across all
anatomical sites (shaft, glans and inner foreskin), there was
significantly higher Transepithelial water loss (TEWL) in
the glans and inner foreskin compared to the shaft readings
(medians 30.6; 29.8 and 13.7 g/hr/m2 respectively, p-
value < 0.0001) (Vapometer). Higher TEWL = decreased
barrier function integrity.

3. Durable improvement in barrier integrity
after VMMC

Vapometer
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Figure 3: Significant decrease in TEWL readings in the
glans at all follow up visits.After 24 weeks post-VMMC,
the lower TEWL in the glans significantly decreased
(p=0.011) to match the shaft readings
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Achieving sustainability is a global concern, particularly in 
agriculture which is pressured by climate change, resource 
limitation, and food insecurities (Rinot et al., 2019). Conventional 
agricultural models in particular have been linked to an array 
of environment and health concerns, including pollution, soil 
and water degradation and biodiversity loss which subsequently  
leads to loss of resilience. As farmers are gradually shifting  

Understanding the status of soil health 
in agroecosystems is a fundamental 
step towards sustainable agricultural  
production. In South Africa, there is currently 
no clear understanding of soil health, and 
farmers are still searching for reliable measures 
to assess the sustainability of their systems. 

The study is conducted in the Free State, at 
farms distributed across the areas Bethlehem 
and Reitz. The soil physicochemical and 
biological data was collected from 
four differently managed land-uses, i.e. 
conventional, integrated, conservation 
and natural. Each land-use is replicated ten 
times, totalling 40 spatially heterogeneous 
sites.

Biological assessments:  Soil macrofauna 
samples are obtained by digging out and 
hand sorting soil monoliths using the modified 
Tropical Soil Biology and Fertility technique 

The overall data modelling through sequences of multivariate techniques will   
result in a soil health assessment tool which is in a form of an index. This index  
will potentially evaluate soil functions and sustainability through a set of three  
sub-indicators i.e. chemical, physical and biological. This index can be used by 
land managers and farmers to calculate soil heath

Healthy soils are considered an economic 
and natural asset because they support 
sustainable crop production and the 
production of various minerals. This study is 
motivated by the fact that South African 
farmers are searching for reliable easily 
measured indicators of soil health to 

Velasquez, E., Lavelle, P., Andrade, M. (2007). GISQ, a multifunctional indicator of soil quality. Soil Biology & Biochemistry, 39, 3066–3080
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to concepts such as agroecology, conservation agriculture 
and organic agriculture as sustainable alternatives; they are 
still searching for reliable and easily measured tools of soil 
health to monitor the sustainability of their production systems. 
In South Africa, there is currently no clear soil health assessment  
tools (Louw et al., 2014). This project proposes to develop an 
integrated indicator of soil health linked directly to soil ecosystem 
services. 

MATERIALS AND  METHODS 

EXPECTED RESULTS 

CONCLUSION

REFERENCES 

monitor the sustainability of their enterprises.  
The developed soil health assessment tool 
will assist in measuring the status of soil health 
in agroecosystems; it will also assist farmers 
in measuring the efficacy of their soil health 
management methods, in this way they can 
be prevented from investing in practices that 

INTRODUCTION

Achieving sustainability is a global concern, particularly in agriculture which is
pressured by climate change, resource limitation, and food insecurities (Rinot et al.,
2019). Conventional agricultural models in particular have been linked to an array of
environment and health concerns, including pollution, soil and water degradation and
biodiversity loss which subsequently leads to loss of resilience. As farmers are
gradually shifting to concepts such as agroecology, conservation agriculture and
organic agriculture as sustainable alternatives; they are still searching for reliable and
easily measured tools of soil health to monitor the sustainability of their production
systems. In South Africa, there is currently no clear soil health assessment tools
(Louw et al., 2014). This project proposes to develop an integrated indicator of soil
health linked directly to soil ecosystem services.

Define a minimum dataset of soil health based on soil 
physical, chemical and biological properties

Classify different properties according to the 
minimum dataset

Select soil physical, chemical and biological properties 
that best explain soil health and integrate them into a 
single index

MATERIALS AND METHODS
The study is conducted in the Free State, province, at farms
distributed across the areas Bethlehem and Reitz. The soil
physicochemical and biological data was collected from four
differently managed land-uses, i.e. conventional, integrated,
conservation and natural. Each land-use is replicated ten
times, totalling 40 spatially heterogeneous sites.

C

Figure 1. Characterisation of soil properties (A) Soil monolith
sampling, (B) Soil sampling for Berlese extraction, and (C) Earthworm
specie collected from soil monoliths

BA

Biological assessments: Soil macrofauna samples are obtained by digging out and
hand sorting soil monoliths using the modified Tropical Soil Biology and Fertility
technique (TSBF) (Figure 1). Within each sampling site a total of four soil blocks of
25×25×30 cm are excavated and sorted for macrofauna. The mesofauna groups are
sampled following the TSBF sampling design, four soil samples are collected 5 m
from each corner of the monolith at a depth of 10 cm. The collected samples are
transported to the laboratory for extraction and identification using appropriate
taxonomic keys.

Physicochemical assessments: Samples are collected after sorting soil fauna from
the monoliths. About 500 g of soil is taken from the 10-20 cm layers and mixed to
obtain composite samples. The soil samples are then taken to the laboratory the
analysis of physicochemical properties. Each sample is analysed to determine, soil
pH, available phosphorus, total nitrogen, organic carbon, bulk density, exchangeable
cations, organic matter, cation exchange capacity, water holding capacity and
aggregate stability.

Data treatment and modelling: Soil health tool will be designed and analysed using
sequences of multivariate techniques, by subsequently subjecting the data to PCA,
Homothetic transformation and Co-inertia analysis to select minimum data set which
explain more variation. After multivariate analyses, variables selected datasets will be
modelled to develop a soil health indicator tool which will be in a form of an index.

Figure 2. Description of projected outcomes and multivariate techniques followed for the development of the soil health assessment tool
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The overall data modelling through sequences of multivariate techniques will result in a soil health assessment tool which is in a form of an index. This
index will potentially evaluate soil functions and sustainability through a set of three sub-indicators i.e. chemical, physical and biological. This index can be
used by land managers and farmers to calculate soil heath

do not improve soil health. Results from this 
study will also provide a better understanding 
of how biological assemblages are  
responding to management systems and 
provide a more direct tool in measuring soil 
function.

Therefore, to support the advancements of 
sustainable agricultural models, there is a need 
to develop soil health diagnostic tools which 
can be used in land management decision-
making. In my project,  I am developing an 
integrated soil health assessment tool which 
evaluates soil functions and sustainability 

through a set of three sub-indicators i.e. 
chemical, physical and biological. Unlike the 
usual soil tests which are biased, costly and 
difficult to measure, the developed assessment 
tool will be inexpensive and measurable, even 
by non-experts such as farmers who lack access 
to laboratories and scientific expertise for soil 

ecosystem assessments. After development 
and validation, workshops will be conducted 
to train farmers to use the assessment tool. 
This strategic objective will enable farmers to 
use the assessment tool independently and 
be more active participants in soil health 
management and sustainability.

Figure 1. Characterisation of soil properties (A) Soil monolith sampling, (B) 
Soil sampling for Berlese extraction, and (C) Earthworm specie collected 
from soil monoliths

Figure 2. Description of projected outcomes and multivariate techniques followed for 
the development of the soil health assessment tool

(TSBF) (Figure 1). Within each sampling site a 
total of four soil blocks of 25×25×30 cm are 
excavated and sorted for macrofauna. The 
mesofauna groups are sampled following the 
TSBF sampling design, four soil samples are 
collected 5 metres from each corner of the 
monolith at a depth of 10 cm. The collected 
samples are transported to the laboratory 
for extraction and identification using  
appropriate taxonomic keys.

Physicochemical assessments: Samples are 
collected after sorting soil fauna from the 
monoliths. About 500 g of soil is taken from 
the 10-20 cm layers and mixed to obtain 
composite samples. The soil samples are 
then taken to the laboratory the analysis of 
physicochemical properties. Each sample 

is analysed to determine, soil pH, available 
phosphorus, total nitrogen, organic carbon, 
bulk density, exchangeable cations, organic 
matter, cation exchange capacity, water 
holding capacity and aggregate stability.

Data treatment and modelling: A soil health  
will be designed and analysed using  
sequences of multivariate techniques, by 
subsequently subjecting the data to PCA, 
Homothetic transformation and Co-inertia 
analysis to select minimum data set which 
explain more variation. After multivariate 
analyses, variables selected datasets will be 
modelled to develop a soil health indicator 
tool which will be in a form of an index. 
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Achieving sustainability is a global concern, particularly in agriculture 
which is pressured by climate change, resource limitation, and food 
insecurities (Rinot et al., 2019). Conventional agricultural models 
in particular have been linked to an array of environment and 
health concerns, including pollution, soil and water degradation 
and biodiversity loss which subsequently leads to loss of resilience. 
As farmers are gradually shifting to concepts such as agroecology, 

Understanding the status of soil health in 
agroecosystems is a fundamental step 
towards sustainable agricultural production. 
In South African, there is currently no clear 
understanding of soil health, and farmers are 
still searching for reliable measures to assess 
the sustainability of their systems. Therefore, 

The study is conducted in the Free State, 
province, at farms distributed across the areas 
Bethlehem and Reitz. The soil physicochemical 
and biological data was collected from 
four differently managed land-uses, i.e. 
conventional, integrated, conservation and 
natural. Each land-use is replicated ten times, 
totalling 40 spatially heterogeneous sites.

Biological assessments:  Soil macrofauna 
samples are obtained by digging out and 
hand sorting soil monoliths using the modified 
Tropical Soil Biology and Fertility technique 

The overall data modelling through sequences of multivariate techniques will  result 
in a soil health assessment tool which is in a form of an index. This index will potentially 
evaluate soil functions and sustainability through a set of three sub-indicators i.e. 
chemical, physical and biological. This index can be used by land managers and 
farmers to calculate soil heath

Healthy soils are considered an economic and 
natural asset because they support sustainable 
crop production and the production of various 
minerals. This study is motivated by the fact that 
South African farmers are searching for reliable 
easily measured indicators of soil health to 
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conservation agriculture and organic agriculture as sustainable 
alternatives; they are still searching for reliable and easily measured 
tools of soil health to monitor the sustainability of their production 
systems. In South Africa, there is currently no clear soil health 
assessment tools (Louw et al., 2014). This project proposes to develop 
an integrated indicator of soil health linked directly to soil ecosystem 
services. 

EXPECTED RESAULTS 

CONCLUSION

monitor the sustainability of their enterprises.  
The developed soil health assessment tool 
will assist in measuring the status of soil health 
in agroecosystems; it will also assist farmers 
in measuring the efficacy of their soil health 
management methods, in this way they can 

INTRODUCTION

Achieving sustainability is a global concern, particularly in agriculture which is
pressured by climate change, resource limitation, and food insecurities (Rinot et al.,
2019). Conventional agricultural models in particular have been linked to an array of
environment and health concerns, including pollution, soil and water degradation and
biodiversity loss which subsequently leads to loss of resilience. As farmers are
gradually shifting to concepts such as agroecology, conservation agriculture and
organic agriculture as sustainable alternatives; they are still searching for reliable and
easily measured tools of soil health to monitor the sustainability of their production
systems. In South Africa, there is currently no clear soil health assessment tools
(Louw et al., 2014). This project proposes to develop an integrated indicator of soil
health linked directly to soil ecosystem services.

Define a minimum dataset of soil health based on soil 
physical, chemical and biological properties

Classify different properties according to the 
minimum dataset

Select soil physical, chemical and biological properties 
that best explain soil health and integrate them into a 
single index

MATERIALS AND METHODS
The study is conducted in the Free State, province, at farms
distributed across the areas Bethlehem and Reitz. The soil
physicochemical and biological data was collected from four
differently managed land-uses, i.e. conventional, integrated,
conservation and natural. Each land-use is replicated ten
times, totalling 40 spatially heterogeneous sites.
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Figure 1. Characterisation of soil properties (A) Soil monolith
sampling, (B) Soil sampling for Berlese extraction, and (C) Earthworm
specie collected from soil monoliths

BA

Biological assessments: Soil macrofauna samples are obtained by digging out and
hand sorting soil monoliths using the modified Tropical Soil Biology and Fertility
technique (TSBF) (Figure 1). Within each sampling site a total of four soil blocks of
25×25×30 cm are excavated and sorted for macrofauna. The mesofauna groups are
sampled following the TSBF sampling design, four soil samples are collected 5 m
from each corner of the monolith at a depth of 10 cm. The collected samples are
transported to the laboratory for extraction and identification using appropriate
taxonomic keys.

Physicochemical assessments: Samples are collected after sorting soil fauna from
the monoliths. About 500 g of soil is taken from the 10-20 cm layers and mixed to
obtain composite samples. The soil samples are then taken to the laboratory the
analysis of physicochemical properties. Each sample is analysed to determine, soil
pH, available phosphorus, total nitrogen, organic carbon, bulk density, exchangeable
cations, organic matter, cation exchange capacity, water holding capacity and
aggregate stability.

Data treatment and modelling: Soil health tool will be designed and analysed using
sequences of multivariate techniques, by subsequently subjecting the data to PCA,
Homothetic transformation and Co-inertia analysis to select minimum data set which
explain more variation. After multivariate analyses, variables selected datasets will be
modelled to develop a soil health indicator tool which will be in a form of an index.

Figure 2. Description of projected outcomes and multivariate techniques followed for the development of the soil health assessment tool
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The overall data modelling through sequences of multivariate techniques will result in a soil health assessment tool which is in a form of an index. This
index will potentially evaluate soil functions and sustainability through a set of three sub-indicators i.e. chemical, physical and biological. This index can be
used by land managers and farmers to calculate soil heath

be prevented from investing in practices that 
do not improve soil health. Results from this 
study will also provide a better understanding 
of how biological assemblages are responding 
to management systems and provide a more 
direct tool in measuring soil function.

to support the advancements of sustainable 
agricultural models, there is a need to develop 
soil health diagnostic tools which can be used 
in land management decision-making. In 
my project,  I am developing an integrated 
soil health assessment tool which evaluates 
soil functions and sustainability through a 

set of three sub-indicators i.e. chemical, 
physical and biological. Unlike the usual soil 
tests which are biased, costly and difficult to 
measure, the developed assessment tool will 
be inexpensive and measurable, even by 
non-experts such as farmers who lack access 
to laboratories and scientific expertise for soil 

ecosystem assessments. After development 
and validation, workshops will be conducted 
to train farmers in using the assessment tool. 
This strategic objective will enable farmers to 
use the assessment tool independently and 
be more active participants in soil health 
management and sustainability.

Figure 1. Characterisation of soil properties (A) Soil monolith sampling, (B) Soil 
sampling for Berlese extraction, and (C) Earthworm specie collected from 
soil monoliths

Figure 2. Description of projected outcomes and multivariate techniques followed for 
the development of the soil health assessment tool

(TSBF) (Figure 1). Within each sampling site a 
total of four soil blocks of 25×25×30 cm are 
excavated and sorted for macrofauna. The 
mesofauna groups are sampled following 
the TSBF sampling design, four soil samples 
are collected 5 m from each corner of the 
monolith at a depth of 10 cm. The collected 
samples are transported to the laboratory for 
extraction and identification using appropriate 
taxonomic keys.

Physicochemical assessments: Samples are 
collected after sorting soil fauna from the 
monoliths. About 500 g of soil is taken from 
the 10-20 cm layers and mixed to obtain 
composite samples. The soil samples are 
then taken to the laboratory the analysis of 
physicochemical properties. Each sample 

is analysed to determine, soil pH, available 
phosphorus, total nitrogen, organic carbon, 
bulk density, exchangeable cations, organic 
matter, cation exchange capacity, water 
holding capacity and aggregate stability.

Data treatment and modelling: Soil health 
tool will be designed and analysed using 
sequences of multivariate techniques, by 
subsequently subjecting the data to PCA, 
Homothetic transformation and Co-inertia 
analysis to select minimum data set which 
explain more variation. After multivariate 
analyses, variables selected datasets will be 
modelled to develop a soil health indicator 
tool which will be in a form of an index. 



Research Objectives

Design a full-fledged 
target architecture
of network sharing 
based on market scan

Develop an extended
machine learning 

technique for 
infrastructure
sharing

Deploy an end-to-
end 5G testbed 
mimicking real 
service-provider 
environment

Carry out techno-
economic assessments of 
proposed solution to 
provide experience based 
recommendations and 
quantify revenue gains

MACHINE 
LEARNING-ASSISTED 
TELECOMMUNICATION 
NETWORK 
INFRASTRUCTURE 
SHARING

LUSANI 
MAMUSHIANE

The conventional and still prevalent business model 
in telecommunication networks is based on mobile 
network operators’ full ownership of the physical 
network elements. The vertically integrated business 
model  means that operators are responsible for 
network architecture  planning/design, acquisition of 
civil engineering resources, network implementation 
supervision, network operation and management,  
marketing and  service delivery to end users, and customer  
relationship management.

The shared infrastructure is expected to deliver the following 
capabilities:

●  Very high speeds for enhanced mobile broadband 
communications

● Ultra reliable low latency communications

●  Enhanced capacity providing a fertile ground for IoT 
deployment

● Strong isolation between network tenants

● Dynamic resource management

The research project follows a phased implementation 
approach as follows:

There is a general consensus that infrastructure sharing 
presents the possibility of reducing the cost of network 
acquisition, deployment and operation which is likely to 
stimulate small and medium businesses penetration to the 
telecoms business market and foster a healthy competition. 

Mamushiane, L., Lysko, A.A., Mukute, T., Mwangama, J. and Du Toit, Z., 2020, August. Overview of 9 open-source resource orchestrating ETSI MANO compliant implementations: A brief survey. In 2019 
IEEE 2nd Wireless Africa Conference (WAC) (pp. 1-7). IEEE.a
Mamushiane, L., Lysko, A.A., Mwangama, J., Kobo H., and Mboweni L., 2021, September. 4G RAN infrastructure sharing by 5G virtualized mobile network operators: A tutorial. In 2021 IEEE Africon (pp. 
1-6). IEEE.
Mamushiane, L., Lysko, A.A., Mwangama, J., Kobo H., Sabelo Dlamini and Mboweni L., 2021, November. Towards Cloud-based Multi-operator Core Networks (MOCN) for Infrastructure Sharing. In 2021 
SATNAC (pp. 1-6).
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Figure above illustrates an example of strong isolation captured from our current 
proof of concept network sharing infrastructure deployment.

The shortcomings of the current business model is that it 
requires large CapEx investments, creates entry barriers for 
small, medium and micro-sized enterprises (SMMEs), stifles 
competition, and creates a digital chasm.

A possible paradigm to address these issues is to allow mobile 
operators to share their infrastructures in order to maximize 
the use of existing network resources, while simultaneously 
minimizing the operational costs,  and enabling new  
applications (as illustrated in the figure above).

5G Laboratory 
Stellenbosch University

Shortcomings of the Current Business Model

Requires large 

CapEx and OpEx. 

This is a privilege 

only established 

operators can 

afford.  The 

access network  

constitute the 

largest portion of 

the CapEx.

Creates large entry 

barriers for SMMEs. 

Most entrant players 

can’t afford to 

rollout their own 

infrastructure 

resulting in a 

monopolistic 

telecommunication 

industry.

Hinders 

competition. 

This has 

resulted in high 

internet retail 

prices for 

citizens and 

vertical 

industries.

Impedes service-

layer innovation. 

This typically 

discourages 

service-level 

differentiation 

(e.g. investment 

on cutting edge 

video on-demand 

applications).

Results in 

spectrum 

resource 

underutilization. 

Spectrum is not 

treated as sunk 

and weights 

heavily on 

consumer pricing 

decisions.

Perpetuates digital 

divide between 

rural areas and 

urban and 

metropolitan areas. 

Rural areas are still 

underserved due to 

smaller population 

numbers and lower 

revenue potential.

The implementation will be carried out leveraging tech trends 
such as Software Defined Networking (SDN), Network Function 
Virtualization (NFV), Cloud computing platforms.

Open source virtualization and orchestration engines such as 
ONOS, OpenStack, ONAP, Open5GCore and containers will 
be used to emulate commercial-grade networks.

Various standards specifications (such as ETSI, DMTF, and ONF) 
will be used as base reference for the implementation.

The deployment of the commercial-grade version of the 
proposed solution is expected to produce the following 
outcomes:

SMMEs Citizens

RegulatorsIncumbent 
Operators

All

• Lower barrier to market entry
• CapEx and OpEx savings
• Decreased time-to-market 

new services

• CapEx and OpEx savings
• Decreased time-to-market 

new services
• Economies of scale through 

increased coverage

• Cheaper internet services
• Value-added services and 

quality of service (e.g. eHealth, 
remote learning /working, 
smart farming, etc.)

• Digital equality achieved 
through universal internet 
coverage which is included i• A smaller environmental 

impact (carbon footprint of the 
telecom’s infrastructure, visual 
pollution and noise pollution) 

Benefits and Beneficiaries of Infrastructure Sharing 

There is a general consensus that infrastructure sharing presents the possibility of reducing the cost of network acquisition,
deployment and operation which is likely to stimulate small and medium businesses penetration to the telecoms business market and
foster a healthy competition. Our research intends to carry out empirical validation of the network sharing architecture leveraging
virtualization technologies (software defined networking (SDN), Network Function Virtualization (NFV), Cloud Computing),
Machine Learning, and Big Data Analytics.

1. Mamushiane, L., Lysko, A.A., Mukute, T., Mwangama, J. and Du Toit, Z., 2020, August. Overview of 9 open-source resource orchestrating ETSI MANO compliant
implementations: A brief survey. In 2019 IEEE 2nd Wireless Africa Conference (WAC) (pp. 1-7). IEEE.

2. Mamushiane, L., Lysko, A.A., Mwangama, J., Kobo H., and Mboweni L., 2021, September. 4G RAN infrastructure sharing by 5G virtualized mobile network operators:
A tutorial. In 2021 IEEE Africon (pp. 1-6). IEEE.

3. Mamushiane, L., Lysko, A.A., Mwangama, J., Kobo H., Sabelo Dlamini and Mboweni L., 2021, November. Towards Cloud-based Multi-operator Core Networks (MOCN)
for Infrastructure Sharing. In 2021 SATNAC (pp. 1-6).

The shortcomings of the current
business model is that it requires large
CapEx investments, creates entry
barriers for small, medium and micro-
sized enterprises (SMMEs), stifles
competition, and creates a digital
chasm.

The implementation will be carried out
leveraging tech trends such as Software
Defined Networking (SDN), Network
Function Virtualization (NFV), Cloud
computing platforms.

Open source virtualization and
orchestration engines such as ONOS,
OpenStack, ONAP, Open5GCore and
containers will be used to emulate
commercial-grade networks.

Figure above illustrates an example of
strong isolation captured from our
current proof of concept network
sharing infrastructure deployment.

The research project follows a phased
implementation approach as follows:

The deployment of the commercial-
grade version of the proposed solution
is expected to produce the following
outcomes:

The shared infrastructure is expected to
deliver the following capabilities:
• Very high speeds for enhanced 

mobile broadband communications
• Ultra reliable low latency 

communications
• Enhanced capacity providing a 

fertile ground for IoT deployment
• Strong isolation between network 

tenants
• Dynamic resource management

The conventional and still prevalent
business model in telecommunication
networks is based on mobile network
operators’ full ownership of the
physical network elements. The
vertically integrated business model
means that operators are responsible for
network architecture planning/design,
acquisition of civil engineering
resources, network implementation
supervision, network operation and
management, marketing and service
delivery to end users, and customer
relationship management.
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A possible paradigm to address these
issues is to allow mobile operators to
share their infrastructures in order to
maximize the use of existing network
resources, while simultaneously
minimizing the operational costs, and
enabling new applications (as
illustrated in figure above).

Various standards specifications (such
as ETSI, DMTF, and ONF) will be used
as base reference for the
implementation.

Our research intends to carry out empirical validation of 
the network sharing architecture leveraging virtualization 
technologies (software defined networking (SDN), Network 
Function Virtualization (NFV), Cloud Computing), Machine 
Learning, and Big Data Analytics. 
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COVID-19, the viral respiratory disease caused by 
SARS-CoV-2, has resulted in economic and social 
destruction and significant loss of life. To combat 
these infections, effective universal vaccines are 
essential. Dr. Richardson is investigating a particular, 
understudied aspect of antibody function and 
their ability to prevent SARS-CoV-2 infection. She is 
focusing on Fc functions, especially within the context 
of a high HIV burden, making it particularly relevant 
to the South African landscape. This study is of vital 
importance and holds the potential to contribute 

significantly to the design of effective COVID-19 
vaccines, especially for high-risk groups.

The laboratory at the NICD, of which she is part, was 
able to rapidly adapt existing methods of studying 
HIV to focus on Covid-19, and formed an integral 
part of South Africa’s response. Within three months 
they spearheaded several research projects in which 
Dr. Richardson has been involved, and her particular 
focus is now on SARS-CoV-2 Fc effector function in 
different population groups.

The urgent work has been particularly challenging 

DR. SIMONE RICHARDSON 
National Institute for Communicable Diseases (NICD) 

Antibody Immunity Research Unit, University of the Witwatersrand

Research title: Antibody mediated Fc function for COVID-19 
vaccine design

within COVID-protocols, such as limited laboratory 
access for safety purposes and delays in receiving 
essential research supplies due to border closures. 
“Science, like everything else, has adjusted to the 
new normal,” but it is not all bad she explains. “This has 
resulted in many more South African collaborations 
and more opportunities for students to participate in 
virtual conferences - something they may not have 
been able to normally attend, given the cost of 
international travel.”

Dr. Richardson explains that the Fc field 
is in its infancy in South Africa but that she has 
successfully developed a niche with the mentorship 
of local and international experts in the field. “In the 
future, I’ll still be focusing on this aspect of COVID-19, 
focusing on children and healthcare workers that 
have asymptomatic infection. Beyond that, my 
research into Fc effector function will impact our 
work on improving protection by HIV antibodies, as 
well as aspects of HIV vaccination.

Dr. Richardson – with numerous professional and 
academic awards behind her - is driven to be a part 
of something bigger than herself and her immediate 
research: her goal is to have an independent 
vaccine-design laboratory in South Africa to address 
the country’s health burdens.

The thought that she is benefiting society as a whole, 
is her daily motivation. “It is my profound honour to go 
to work every day and answer confusing questions 
that will likely help to develop important health 
interventions,” she says.

Hers hasn’t been a journey without challenges.

In addition to the isolation and practical challenges 
that COVID-19 brought to 2020, she also suffered the 
unexpected loss of her father, “… but the support 
and drive of my colleagues to band together in a 
time of unique challenges has been a guiding light,” 
she says.

A broader general challenge, she highlights, is that, 
“Many undergraduate bursaries cover engineering 
and chemistry; life sciences are often overlooked.” 

When there’s a challenge, Dr. Richardson doesn’t 
baulk: even when it is outside of the immediate 
sphere of science research. As a PhD candidate, she 

identified the lack of attention given to the mental 
health of students and went on to complete a course 
in supervising students, within the African context. 

Communicating science to non-scientists is also 
close to her heart. “It is increasingly important for the 
scientific voice of reason to be heard in an age where 
fake news prevails.” She now has her own cartoon 
series and has for the South Africa Youth Academy 
of Sciences. 

Dr. Richardson is quick to spotlight the team that 
has helped her on her journey. “During my career I 
have had the unique honour of being supervised by 
a powerhouse team of extraordinary women and 
while certainly not a requirement for success, studies 
have shown that being mentored by other women 
improves career progression.” 

She advises young women to surround themselves 
not only with good, solid science, but with supportive 
women, as well as teams with diverse genders and 
ethnicities. “Having a diverse collection of genders 
and ethnicities makes science stronger as it comes 
with unique perspectives.”

She says it is an honour that her work is considered 
pioneering and that she has been recognised by 
this programme. “I currently lead a small team of 
extraordinary young women and am honoured to 
be recognised in a way that will set an example for 
them,” she says

The impact of this research grant, in her work, will 
be broad. The new field of research which she has 
independently set up is faced with the challenge of 
a limited capacity to perform technically challenging 
assays, and requires collaboration with international 
investigators. The fellowship will support skills transfer 
to address key questions about other viral diseases 
that plague South Africa. 

“Beyond research,” she says, “I am passionate 
about lifting the status of science, through science 
communication. My overarching goal is to promote 
science and champion more experts to take up the 
baton of communication to dispel misinformation: a 
platform also championed by this fellowship.”



The first 1000 days of life are a critical period in the 
growth and development of children. Antiretroviral 
treatment (ART) drugs have made it possible for 
most children born to WLHIV (women living with HIV) 
to remain uninfected. However current research 
data suggest that these children do not grow and 
develop as well as children born to women who 
are not living with HIV. Dr. Ramokolo’s research 
explores what factors make some children - such as 
those that are affected by HIV and those that live in 
impoverished households - more vulnerable to poor 
health outcomes.

“I was born in Soweto and raised in Alexandra, a 
century-old township in South Africa,” she explains. 
“Alexandra township mirrors much of the despairing 
reality of poverty in previously disadvantaged 
communities. Being brought up surrounded by such 
poverty inspired me from a very young age to want 
to make a difference, especially in the health of the 
poor and vulnerable.

”This determination led to a Master’s degree in 
Public Health (specialising in Epidemiology) where 
her thesis focused on child nutrition in the context of 

DR. VUNDLI RAMOKOLO
Health Systems Research Unit/Gertrude H. Sergievsky Center, South 

African Medical Research Council

Measurement of the impact of Child SupportGrant (CSG) 
on child growth

HIV: one of the leading causes of child mortality at 
the time. A PhD followed, and she now is extending 
this analysis through post-doctoral work that assesses 
whether disparities in the early growth of HIV exposed 
uninfected children can still be observed in the first 
two years of life, and also explore the nfluence of 
maternal HIV and ARV status on longer-term growth 
and neurodevelopment. She is also evaluating the 
impact of maternal health in pregnancy, household 
food security, infant feeding and young child 
practices on child growth as well as whether the CSG 
mitigates adverse child health outcomes.

This work aligns with the WHO’s Nurturing Care 
Framework for early childhood development that 
recognises that optimal child development requires 
interventions throughout the life course, including 
those that ensure that women have healthy 
pregnancies and safe deliveries, and that infants 
and toddlers receive optimal nutrition, nurturing 
and healthcare early to foster healthy growth and 
development.

There were however difficulties transitioning from her 
PhD to her postdoc, including her lack of experience 
in applying for the highly competitive, large research 
grants Dr. Ramokolo needs to study her research 
study cohort children, long-term. Conducting 
research studies in highly mobile communities was a 
practical challenge, too. “The studies I am involved 
in include vulnerable households that often live 
transient lifestyles through factors such as job losses 
or shack fires,” she explains. “This makes the long-
term following-up of mother-infant pairs resource-
intensive.”

Dr. Ramokolo’s love for science is based in a 
childhood filled with reading: a mother who bought 
a children’s encyclopaedia series and a grandfather 
- also an avid reader - who supplied her with National 
Geographic and Reader’s Digest magazines. “The 
encyclopaedias opened my mind to a world I did 
not know and sparked my need to discover more. 
Reading these publications stimulated my young 
mind and cultivated a habit of learning,” she explains; 
then goes on to emphasize that this is essential to any 
women wanting to make a career out of science, 
due to its constantly changing environment.

“I would encourage the girls to be inquisitive as 
it is the great questions that spark innovative and 
impactful ideas and solutions,” she says.

While, at times, her path was lonely, Dr. Ramokolo has 
enjoyed support and encouragement from family, 
academic staff and mentors in her field: “These 
people were instrumental in my career progress and 
success,” she emphasizes.

The lack of representation (in gender, race and 
background) in science sometimes made her 
doubt her ability to progress. “I was the only black 
South African female student in my honour’s degree 
programme and I was not aware of any prominent 
professor from a similar background as me. I am also 
the first person to graduate with a bachelor’s degree 
in my immediate family.“

“Women constitute less than half of all scientists in 
South Africa; fewer of them are in leadership positions 
and a minority come from my background.

I am therefore truly grateful for this prestigious award 
as it is a testament to the importance of my scientific 
contribution: this gives me the confidence to continue 
with my quest to improve lives through science.

”Dr. Ramokolo shares the many benefits of receiving 
this grant:

“It is the much-needed financial support to carry-out 
my post-doctoral training and research activities, 
including a research stay at Columbia University to 
visit my post-doctoral professor. I will also use some 
of the funding for any training courses that I require, 
and for funding any research, publication, database 
development and maintenance costs. The prestigious 
L’Oréal for Women in Science programme is also a 
great platform to showcase my work and to network 
with other leading women in science.”

The grant will also give her the opportunity to 
encourage other aspiring young scientists, particularly 
those from underrepresented communities, to pursue 
science. She explains: “It is the diversity that will give 
rise to inclusive innovations that positively impact the 
lives of all societies.”



Tuberculosis (TB) is the world’s leading infectious 
cause of death. Studies on diverse microbial 
communities in the lower airways (lung 
microbiome) have, to date, focused on diseases 
relevant to the developed world, but remain 
understudied in TB. This is especially important in 
African populations where efforts to control the 
disease are impeded by disproportionately high 
rates of poverty and HIV. Dr. Naidoo’s research 

shows how – even before antibiotic treatment – 
patients with TB have a unique gut microbiome: 
this could lead to innovative diagnostic tools 
and more accessible treatments.

The research integrates innovative clinical, 
laboratory and computational approaches to 
understand how the microbiome and the host 
interacts at the site of disease and is the first of 
its kind. In addition to building African expertise, 

DR. CHARISSA NAIDOO
Clinical Mycobacteriology & Epidemiology (CLIME),  

Stellenbosch University

Site-of-disease lung microbiome and immune signatures in 
active tuberculosis patients from a high-burden HIV setting 

(LOGIC-TB)

this research will lay the foundation for large-
scale clinical trials with therapeutic agents that 
target the microbiome, to improve long-term TB 
clinical outcomes.

Dr. Charissa Naidoo isn’t a newcomer to 
achievement, with myriad awards and grants 
under her belt – including a Career Development 
Fellowship from the European and Developing 
Countries Clinical Trials Partnership (EDCTP).

Her studies on the impact of lung microbiomes is 
internationally ground-breaking and its appeal, 
to her, lies in the fact that it falls with an exciting 
and new area of research; that it comprises a 
unique blend of basic science, clinical science 
and bioinformatics and – most importantly –
addresses a critical knowledge gap in this 
disease. 

“Our bodies consist of trillions of bacteria known 
as ‘the microbiome’ which are important for our 
health,” she explains. “However, we do not yet 
understand its relationship with tuberculosis – the 
biggest killer in South Africa. Although TB can be 
cured, patients have to take many pills for a 
long period of time and often don’t complete 
their treatment.”

Motivated by the formidable challenge that 
tuberculosis presents to South Africa, “especially 
amongst the poor and vulnerable”, her dream is 
to see an end to TB in the country. “Rather than 
chasing wealth, I have committed myself to 
pursuing a career for a worthy cause that would 
lead to improved quality of life,” she explains.

This fellowship is especially meaningful to her 
work because she points out that there is an 
acute shortage of funding opportunities for 
postdoctoral fellows in South Africa. The benefits 
of the fellowship are short and long term - material 

collected in her project will enable Dr. Naidoo to 
initiate a long-term research programme at her 
current institution.

“This research grant will increase my eligibility 
for competitive funding opportunities, thereby 
opening new doors,” she explains. “It will also 
allow me to strengthen my scientific track-
record, thereby enhancing my candidacy 
within the Faculty.”

In the pursuit of her goals, she is confronted by 
challenges over and above a lack of funding, 
such as an insufficiency of local analytical 
expertise and infrastructure for complex relevant 
data analysis.

Dr. Charissa used 2020’s shutdown to work 
remotely, finalising data analyses, preparing 
manuscripts and participating in virtual 
microbiome workshops. 

Dr. Naidoo embodies the advice that she gives 
to younger girls, with an interest in science. She 
emphasizes that they shouldn’t be afraid to 
step out of comfort zones. In addition, she says, 
“Volunteer or intern at a research laboratory 
and identify good mentors who are invested in 
your academic development.”

She explains the impact of the fellowship on her 
scientific career, as a woman: “Being a recipient 
of this award is extremely encouraging and 
empowering. Science is still a male-dominated 
field, where fewer and fewer women scientists 
are retained further along the career path. 
This award will not only permit my own career 
development but also enable me to mentor 
other young women scientists. In this way, we will 
enhance local capacity and, in the long-term, 
help bridge the gender gap in science.
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She is adept at simplifying what is a complex 
challenge: “Imagine that you were able to take a 
solid object, submerse it in water and would be 
able to collect the gas to power your car or home. 
Such materials already exist but their efficiencies 
are still too low to be commercially viable. In order 
to increase their efficiency, we need to understand 
how the material functions so that we can tune its 
parameters and optimise its potential.”

Bianca has been working on these developments 
for several years, after fortuitously finding a research 
gap during investigations—on a related but different 
topic—for her Master’s degree. She switched her 
project focus and has been concentrating on this 
research ever since. Due to the novelty of the topic, 
she was awarded an upgrade of her submission to 
a PhD project, which she is currently pursuing at the 
University of Pretoria.

She is candid about how the pursuit of a research 
project can always lead to the discovery of unknown 
challenges that test perseverance and deliver some 
vital lessons. The biggest lesson, she says she has learnt, 
is patience in the process. “Wanting to excel at—
and perfect—one’s work and knowledge requires 
time and a unending willingness to learn more.” She 
emphasizes that it is a humbling experience to know 
that while one is building up knowledge that exceeds 
that of most people in a certain topic, one realises 
that the knowledge is minimal in the greater scheme 
of things.

“I have had very many plans destroyed by unforeseen 
circumstances. Research is rarely a straight-line path, 
but therein lies the second lesson—unexpected 
discoveries are to be found by those that do not rush 
through the process.” The third lesson, she adds, is 
to trust your gut and be courageous and creative 
in your work. She stresses that the combination of 
these three lessons has led to some of her greatest 
successes and a meaningful contribution to science.

In her future, she sees a post-doctoral fellowship 
which will enable her to pursue her research interests.

“I still have a lot to learn,” she emphasizes, “and hope 
that my PhD work will lay a solid foundation for my 
career in this field.

Ultimately, I hope that my research leads to a 
commercially viable product that can be actively 
used to combat the climate challenges we face and 
allow me to pursue my leadership interests as well.”

Pursuing studies in the scientific field was sparked in 
childhood and by the age of 13 her ambitions had 
evolved from becoming an inventor to becoming 
a chemical engineer. “I actually don’t know what 
sparked my interest in science, but the spark of 
passion was always present and led to me dreaming 
up hydrogen-powered cars, amongst other things,” 
she says. Quick to give credit to others, she adds 
that she was also fortunate to have had excellent 
chemistry teachers, which contributed to her interest 
in the field.

Bianca says she counts herself lucky to have never 
encountered obstacles in her career as a result of 
being female—in fact she was encouraged by her 
father to pursue scientific interests and had supportive 
male science teachers at school.

“I grew up in Germany, and, perceivably, I have 
been fortunate enough to be judged at all times 
according to my abilities and not my gender,” she 
explains.

There have been challenges, though: one of 
the biggest disappointments was when she was 
accepted to study towards an MPhil in Chemical 
Engineering and Biotechnology at the University 
of Cambridge, UK, and had to forego her life-long 
dream for financial reasons.

A go-getter attitude is a clear hallmark of this 
achiever. This strong sense of purpose spills over into 
her life outside of work, where she has contributed 
meaningfully to society through volunteer work.

Bianca emphasizes that young women should pursue 
careers that give them joy, so that they can wake up 
each day with a sense of purpose and conviction.

Renewable energy generation is a vibrant research 
field, due to concern over climate change and, 
with it, the search for viable alternatives to fossil 
fuels. Bianca Gevers’ research focuses on material 
development for photocatalytic water-splitting: the 
use of sunlight to produce hydrogen and oxygen 
from water, using photo-active catalysts.

The focus of this material development is on high-
performance catalysts that can be produced simply, 
in an environmentally friendly way and at low cost. 
The research will also determine how these materials 

can best be applied for the renewable generation 
of energy.

“It is my hope that I will be able to contribute to 
the generation of solutions to the environmental 
problems that we face as a society,” she explains. 
“Besides their encouraging applications as 
photocatalysts, some promising results have been 
obtained in other disciplines with these materials—
which emphasises the importance of developing this 
deeper understanding.”

BIANCA GEVERS 
Institute of Applied Materials, University of Pretoria

Bandgap Modification of Layered Double Hydroxides Using 
First Row Transition Metals for Application in Water-splitting



and pharmacogenetic studies using cells from liver 

donor tissue from populations of African ancestry. 

This functional model will be used to validate genetic 

variants thus justify their use in guiding clinical 

decisions such as drug choice or dosing.

This work could potentially lead to the local 

establishment of liver models that represent Sub-

Saharan Africa, and fulfil the essential need for 

diverse representation in pre-clinical research.

Sibongile’s fascination with the human body and 

how it responds to diseases initially led to her wanting 

to study medicine. While investigating this career 

path, it struck her that a doctor’s ability to cure 

disease is limited to what is known. “Scientists get to 

discover new cures for diseases, identify and develop 

innovative interventions, develop diagnostic tools, 

discover new pathways and mechanism of disease, 

study disease pathology, explore novel therapeutics 

etc.,”she enthuses, “and being a molecular scientist 

allowes me to explore all this.”

A lack of funding is a common cry at this level of 

research expertise and she confirms that this is the 

main reason why – in her words -most MSc/PhD 

candidates do not complete or delay their studies: 

”Being a student researcher requires a lot of support, 

especially form your family. Securing funding enabled 

me to be independent and focus on completing my 

degrees,” she adds.

Her family was an enormous support to her in the 

unpredictable year that was 2020. “This year has 

been hectic and a lot of planned activities were 

interrupted. The support I get from my supervisors 

enabled me to stay focused on the bigger picture, 

we had to modify some of the objectives to meet the 

aim. The support I get from my family has helped me 

manage the anxiety and stress of not knowing when 

this will end.”

Sibongile points out that there are insufficient women 

in science, especially in senior roles, which is why the 

research grant is invaluable in providing the financial 

support that she needs to complete her PhD program. 

“It will build my scientific merit as a grant holder,” she 

adds. Securing funding as a scientist is an important 

indicator and as a grant holder, new opportunities 

will be open. This fellowship will provide opportunities 

for new partnerships, new ventures and the building 

of networks across different disciplines. “Through 

this program, I will also get to witness the different 

journeys of women in science in South Africa, some 

of whom are pioneers in their field,” she says.

The grant will contribute towards the operational cost 

of her PhD project, including the cost of purchasing 

lab supplies, consumables, reagents and the annual 

servicing and maintenance of key lab equipment 

essential to carrying out the tasks specified in the 

proposal. It also opens the doors to local and 

international training workshops, conferences and/

or collaborative institutions where she will be able 

to acquire skills and knowledge - and engage with 

scientists pioneering and advancing preclinical 

research globally.

This dynamic molecular scientist has solid advice for 

aspirant female scientists. She emphasizes that they 

shouldn’t let anyone rob them of their imaginations, 

creativity or curiosity. Her message for them is, “Go 

on and do all you can with it, and make it the life you 

want to live. It’s your place in the world; it’s your life: 

follow your passion and let it guide you.”

Drug induced liver injury (DILI) is a major concern in 

South Africa, particularly DILI associated with anti-

retroviral, anti-tuberculosis and anti-malarial drugs. 

Consequently, there is a need to develop both 

better interventions to predict these adverse drug 

reactions and new in-vitro models that allow for better 

prediction of drug outcomes. Recently, 3D micro-

tissue cultures have emerged as a suitable model for 

long-term toxicity and functional liver studies and also 

enable the studying of factors that affect individual 

responses to drugs such as genetic variants. Clinical 

translation of this in-vitro research is however limited, 

especially among African populations who reflect 

greater genetic diversity and for whom models for 

liver injury are virtually non-existent.

The aim of Tshabalala’s study is to exploit advances 

in 3D cell culture technology by developing a 

validated, functional in-vitro model for long-term DILI 

SIBONGILE TSHABALALA
Array Tech and Companion Diagnostic Research Group, Council for 

Scientific and Industrial Research (CSIR)

Development of an advanced functional in-vitro 3-D liver 
model for drug induced liver injury and  

pharmacogenetic studies



As a freelance specialist in science 
communication, Kimberleigh effortlessly makes 
her important and ground-breaking research 
accessible to the layperson: “If you’ve ever 
injured your knee, you’d know how much it  
hurts and how difficult it becomes to get  
around on it. But if it’s so important then why  
do so many people suffer from knee injuries,  
pain and osteoarthritis?” she asks.
Her research looks to answer this question by 
looking at the trabecular or spongey bone  
of the patellofemoral joint (between the  

bottom part of your thigh (femur) and your 
kneecap). Within trabecular bone there 
are unique patterns that reflect how our  
joints are loaded as we move throughout  
our lives.
To begin to understand why this important joint 
is so prone to injury, disease and wear and  
tear Kimberleigh is studying the trabecular 
patterns in the knee joint in different  
species (living apes and fossil hominins  
from Africa and abroad). She reads their  
‘bone diaries’ to see if they differ from  

KIMBERLEIGH TOMMY
Human Variation and Identification Research Unit, School of 

Anatomical Sciences, University of the Witwatersrand

A comparative study of trabecular structure of the 
patellofemoral joint:

Evolutionary and biomechanical perspectives

those of modern humans and if so, when the 
change in our family lineage originated.
Ultimately her research seeks to provide insights 
into how well (or poorly) adapted our knees are 
to enable us to walk on two legs. She hopes to 
use this information to understand not only the 
evolution of this joint, but what factors influence its 
structural integrity in order to contribute towards 
the treatment of knee injuries and pathologies.
This will be the first such study using a broad 
comparative data set to document the evolution 
of this joint and will contribute towards knowledge 
on whether pathologies and differences in 
activity levels influence remodeling of the internal 
structure of the knee. Of particular significance 
is the focus on African populations which are 
underrepresented in global academic studies.
As a final year undergraduate student in zoology, 
she observed the behavior of a rehabilitated 
pet Spider monkey and was awed by the way 
the creature moved through the trees: “It was 
like poetry in motion,” she says. The experience 
stayed with her in her postgraduate journey.
Accessing rare hominin material hasn’t been 
easy and covering the expenses of costly 
MicroCT scanning has been a challenge – but 
she’s enjoyed successes along the way: the 
acceptance of her research proposal, the 
willingness of fellow researchers to assist her and 
the co-authoring of two book chapters which 
enabled her to work with paleoanthropologists 
and senior academics in the field, whom she 
deeply admires.
Kimberleigh is currently the only South African 
functional morphologist looking at questions of 
bipedal evolution, despite the fact that South 
Africa is home to over 40% of all fossil hominin 
skeletal remains ever found.
Her enthusiasm for her subject spills into her 
future plans. “I hope that in the future I am able 
to establish an interdisciplinary laboratory or 
research institute where questions on locomotion 
and evolution can be answered by teams 
composed of diverse researchers from a variety 
of fields and perspectives.”
Further studies include looking at how 
infant bone remodels as they learn to walk 
and if our cultural practices affect the 
timing of this important event.

Contributing towards policy-making regarding 
science and technology and tertiary education 
in South Africa, is also in her plans.
A combination of her love of ancient history 
and grandparents who were teachers, meant 
an early fascination with the world and our 
anthropological evolution. “I wasn’t accepted 
to study medicine but my dream came full circle 
in a surprising way as my research will hopefully 
contribute toward medical science among other 
fields,” she explains.
Failing her first year at university (through financial 
stresses amongst other reasons) heightened 
Kimberleigh’s awareness of the importance 
of making tertiary education accessible to all 
people, an urgent issue.
“I have also experienced gender and racial 
discrimination within academic spaces that have 
impacted my career in various ways,” she says. “It 
is especially challenging when trying to address 
diversity in a field that historically contributed 
toward race science and has been dominated 
by men, and where the image that comes to 
mind is Indiana Jones.”
Kimberleigh points out that many researchers 
are contributing toward a shift in what we think 
of when we imagine a scientist, and she hopes 
that the image that comes to mind for any child 
with dreams of entering this field is one that 
looks like them. She has a special message for 
young women interested in pursuing science as 
a career:
•  Never let anyone tell you what you can and 

can’t achieve or what is within or beyond your 
reach. Don’t feel like you need to change 
who you are to fit in, science thrives when 
it is diverse, we need new voices, different 
perspectives, different questions and different 
minds. Be unapologetic about who you are in 
every space you choose to occupy. 

•  Develop a strong support system, it is a difficult 
journey and you shouldn’t have to face it 
alone. 

•  Your perspective, voice and contributions are 
valid and important

•  If a door is closed to you because of your skin 
colour or gender, kick it down and make sure 
that it can never again close on those who will 
follow behind you. 
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THE CHILD SUPPORT 
GRANT (CSG) AND CHILD 
NUTRITION: A BIRTH 
COHORT ASSESSING THE 
UTILIZATION OF THE CSG 
AND IMPACT OF COVID-19 
ON CHILDHOOD NUTRITION 
AND HOUSEHOLD FOOD 
INSECURITY

The first 1000 days of life are a critical period 
in the growth and development of children 
(1).

The first half of this period is particularly 
important (2) as achieving the 2025 World 
Health Organisation (WHO) Maternal, Infant 
and Young Child Nutrition global targets is 
partly dependent on optimizing maternal 
nutrition during pregnancy and improving 
exclusive breastfeeding for 6 months(3).

Given that additional nutrient intake is 

We conducted a community-based 
prospective pregnancy cohort study in 
Langa township to measure the impact of 
the CSG on child growth. 
Mother-child pairs were recruited during 
pregnancy (at least 7 months gestation). 
A home-based recruitment interview was 
scheduled with women who agreed to 
participate in the study. 
During this interview, mothers were 
measured using Leicester height meters 
(stadiometers) and A&D personal precision 
weight scales (UC-321) and taken through 
a dietary diversity questionnaire. Important 
maternal health data were extracted from 
the maternal case report. 
Recruited participants were followed-up at 
their homes at 3-6weeks, 6 months, 1 and 
2 years postpartum, during which child 
anthropometric measurements were also 

The target sample size at 2-years postpartum 
was 305 participants. We recruited 527 
participants during pregnancy and had 
retained 337 by the 2-year visit. Data 
collection for the 4-year study time point is 
on-going. We expect to interview at least 
80% of our study participants during this 

Data from this study will measure the impact of the CSG on child health outcomes and 
the effect of the COVID-19 pandemic on child health, access to healthcare and on child 
feeding practices.

1. Branca F, Piwoz E, Schultink W, Sullivan LM. Nutrition and health in women, children, and adolescent girls. BMJ. 2015;351:h4173. doi: 10.1136/bmj.h4173. PubMed PMID: 26371218. 
2. Mason JB, Shrimpton R, Saldanha LS, Ramakrishnan U, Victora CG, Girard AW, et al. The first 500 days of life: policies to support maternal nutrition. Glob Health Action. 2014;7:23623. doi: 10.3402/gha.v7.23623. PubMed PMID: 24909407; 
PubMed Central PMCID: PMCPMC4049132. 
3. World Health Organization. Comprehensive Implementation Plan on Maternal, Infant, and Young Child Nutrition. Geneva, Switzerland2014. 
4. Lee SE, Talegawkar SA, Merialdi M, Caulfield LE. Dietary intakes of women during pregnancy in low- and middle-income countries. Public Health Nutr. 2013;16(8):1340-53. doi: 10.1017/S1368980012004417. PubMed PMID: 23046556. 
5. Kramer MS. The epidemiology of low birthweight. Nestle Nutrition Institute Workshop Series 2013;74:1-10. doi: 10.1159/000348382. PubMed PMID: 23887099. 
6. Black RE, Bhutta ZA, Alderman H, Ruel M, Gillespie S, Haddad L. Maternal and child nutrition - Authors’ reply. Lancet. 2013;382(9904):1551-2. doi: 10.1016/S0140-6736(13)62320-X. PubMed PMID: 24209822.
7. Lawn JE, Cousens S, Zupan J, Lancet Neonatal Survival Steering T. 4 million neonatal deaths: when? Where? Why? Lancet. 2005;365(9462):891-900. doi: 10.1016/S0140-6736(05)71048-5. PubMed PMID: 15752534. 8. Sulla V, Zikhali P. 
Overcoming Poverty and Inequality in South Africa: An Assessment of Drivers, Constraints and Opportunities Washington, D.C.: World Bank Group., 2018. 9. Van der Berg S, Patel L, Bridgman G. Hunger in South Africa during 2020: Results 
from Wave 5 of NIDS-CRAM. 2021.
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required during pregnancy to support the 
foetus, women living in resource constrained 
settings, who largely consume low quality 
cereal-based diets(4), are more susceptible 
to malnutrition. 

Insufficient maternal nutrition during 
pregnancy is associated with poor birth 
outcomes(5), inadequate postnatal growth 
and development and increased risk of infant 
death (6, 7).

In addition to high rates of malnutrition South 

EXPECTED RESULTS 

CONCLUSION

REFERENCES 

taken using SECA portable baby length board-
SCA417BLM (stadiometers  for measuring  
height for older children), weight scales and 
a SECA tape for MUAC and head 
circumference. 
Data collection took place between March 
2016 and March 2020. 
Participants were followed-up again from 
October 2021 for a 4-year study visit, partly to 
assess the effect of the COVID-19 epidemic 
on study outcomes. 
During this interview participants are also 
asked questions on child and household  
food security, mental health, additional social 
grants that may be receiving and the effect  
of COVID-19 on access to health  
care services. 
All data are entered onto a secure Redcap 
database. Ethical approval was granted by 
the South African Medical Research Council 

institutional review board and permission to 
enter the health facilities was obtained from 
both the Western Cape and City of Cape 
Town Health Departments (Figures 2-5).

protracted pandemic has had a negative 
impact on food security, and household and 
child hunger (9).

Within this context, social protection measures, 
such as Cash Transfers, are regarded as 
important policy tools for ameliorating the 
impacts of poverty on child nutritional status 
(Figure 1).

Figure 1

 

 

 

 

Figure 1: Mechanisms by which cash transfers and maternal nutrition might affect child nutrition  
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Potential barriers: COVID-19 pandemic direct & indirect effects 

Africa, which exhibits a triple burden of poverty, 
inequality and unemployment, is also one of 
the most unequal societies in the world (8).

The COVID-19 pandemic and related non-
pharmaceutical COVID-19 interventions 
(e.g. national lockdowns) have had added 
adverse effects on the country’s economic, 
healthcare and food systems. 

Data from the NIDS-CRAM 
wave 5 study also show that this 

timepoint. This career development award will 
be used to build the research capacity of my 
study team and I, and support me to conduct 
data analysis, write-up and disseminate the 
findings for the following objectives of this 
study: 

• Assess the effect of potential antecedents 
such as maternal nutrition on the relationship 
between cash transfers and child growth 

• Measure CSG take-up in children from birth 
to 2 years 

• Assess the effect of the CSG on child nutritional 
status, household food security, and dietary 
diversity 

Fig 3. Child head circumference measurement

Fig 2. Study setting:  Langa township

Fig 4. Child MUAC measurement

Fig 5. A Data collector unpacking and sanitizing anthropometric equipment

• To measure the impact of the COVID-19 
pandemic on child morbidity including 
nutritional status, household food security, 
and dietary diversity, and access to health 
services

• Assess the growth of HIV exposed and 
unexposed children
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A SARS-COV-2 VARIANT 
OF CONCERN TRIGGERS 
FC EFFECTOR FUNCTION 
WITH INCREASED  
CROSS-REACTIVITY 
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Continued SARS-CoV-2 transmission worldwide in the 
absence of adequate vaccine coverage has resulted in 
the emergence of several viral variants of concern (VOCs) 
including Alpha (B.1.1.7), Beta (B.1.351/501Y.V2), Gamma 
(P.1) and Delta (B.1.617.2). These VOCs are generally able 
to evade neutralizing responses, with Beta, first identified 
in South Africa in October 20201 showing the greatest  
capacity for neutralization escape from convalescent and 
vaccinee sera.

We used 27 individuals infected in the first wave (D614G) 
and 21 individuals infected in the second wave (Beta) and 
compared the ability of their antibodies  to mediate Fc effector 
functions, binding to spike and their ability to neutralize SARS-
CoV-2 original variant and Beta.

Binding antibodies, unlike neutralizing antibodies were retained 
against Beta. ADCP, ADCC and ADCT fold decreases, similar 
to the decrease observed for binding antibodies, however 
ADCD showed a 2.4 fold drop suggesting epitope-specific 
functional responses. In contrast, wave 2 plasma from Beta 
infected individuals mediated similar levels of Fc function 
across the variants tested. Against other VOC, Beta-elicited 
plasma shows greater cross reactivity than vaccinated or 
D614G elicited plasma.

Figure 1: Antibodies perform cytotoxic functions beyond neutralization (Richardson and Moore, 2020)

Collectively these data show the persistence of Fc effector 
function against emerging VOCs in the face of waning 
neutralization responses. However, the magnitude of Fc 
effector activity against Beta is reduced. Furthermore, 
escape varies by function, suggesting that antibodies 
mediating different Fc functions may have distinct epitopes.

Beta infection imprints a cross-reactive neutralizing response 
suggesting that features intrinsic to each spike shape the 

1Tegally H, Wilkinson E, Giovanetti M, Iranzadeh A, Fonseca V, Giandhari J, et al. Detection of a SARS-CoV-2 variant of concern in South Africa. Nature [Internet]. 2021;592(7854):438–43. 

2Zohar T, Loos C, Fischinger S, Atyeo C, Wang C, Slein MD, et al. Compromised Humoral Functional Evolution Tracks with SARS-CoV-2 Mortality. Cell [Internet]. 2020 Dec;183(6):1508-1519.e12. 

3Yu J, Tostanoski LH, Peter L, Mercado NB, McMahan K, Mahrokhian SH, et al. DNA vaccine protection against SARS-CoV-2 in rhesus macaques. Science (80- ) [Internet]. 2020 Aug 14;369(6505):806–11. 
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In addition to mediating neutralization, or blocking of viral 
entry, antibodies drive several effector functions through 
their ability to engage cellular receptors via their Fc 
portion (Figure 1). These Fc effector functions have been  
associated with improved COVID-19 outcome2 and 
with protection in vaccination3. However it is not well  
understood if these responses are preserved against VOCs 
and how cross reactive these responses are. 

CONCLUSION

overall antibody repertoire. It further suggests that the spike 
sequence of the priming immunogen is likely to determine 
unique Fc effector function profiles, allowing for their potential 
modulation in future vaccine design. 

While current vaccines provide sufficient protection against 
severe disease, vaccination strategies may be improved by 
a spike immunogen associated with a more balanced broad 
response.

The South African COVID-19 pandemic and SARS-CoV-2 variants 

The number of SARS-CoV-2 cases  in South Africa per epidemiological week from March 2020-July 2021 (right y 
axis) is represented by bars, with black bars indicating the period that the samples were obtained. Percentage of 
viral variants are shown in colour. 

Fc effector function is largely preserved against Beta

Fc effector functions of wave 1 and wave 2 plasma against either original 
(white) and Beta (red) expressed spike protein or spike expressing cells.

Beta ADCC responses are more cross-reactive against variants of concern
Fold difference represented as ADCC activity against the variant for wave 1, wave 
2 or vaccine plasma relative to the original.

EXPECTED RESULTS



SITE-OF-DISEASE LUNG 
MICROBIOME AND IMMUNE 
SIGNATURES IN ACTIVE 
TUBERCULOSIS PATIENTS 
FROM A HIGH-BURDEN HIV 
SETTING (LOGIC-TB)

Diverse microbial communities in our body (the microbiome) 
are essential for respiratory health1 but understudied in 
tuberculosis (TB), which is a leading cause of death in South 
Africa. We recently showed that TB patients have, before 
treatment, a distinct host-microbiome phenotype in the gut 
compared to sick people without TB2. We seek to build on 
this knowledge by investigating the lung microbiome at the 
site of disease.

TB patients take four antibiotics for six months to be cured, 
yet the impact of treatment on the lung microbiome and 
its end-products (short chain fatty acids; SCFAs) is unknown. 

We hypothesise that:

•  diseased lung lobes have a distinct microenvironment 
(more anaerobes, elevated SCFAs, and impaired 
 immunity)3 from non-diseased lobes in TB patients

•  differences are specific to TB and do not represent a 
generalised state of poor respiratory health 

•  differences between diseased and non-diseased lobes 
are more pronounced in HIV-positive patients

This work will lay the foundation for future clinical trials with 
interventions that modulate the microbiome to improve 
clinical outcomes in TB. 

The microbiome may also be evaluated as a potential 
diagnostic tool to more efficiently predict favourable or 
unfavourable outcomes during treatment.

1. Wypych et al. Nature immunology. 2019 Oct;20(10):1279-90.
2. Naidoo et al. EBioMedicine. 2021 May 1;67:103374.
3. Naidoo et al. The Lancet Respiratory Medicine. 2019 Oct 1;7(10):892-906.
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In LOGIC-TB, we will:
1.  Evaluate the lung microbiome and SCFAs in diseased vs 

non-diseased lobes in TB cases (n=50), stratified by HIV. 
2.  Compare the lung microbiome and SCFAs in patients with 

TB vs. those with other lung diseases.
3.  Correlate the lung microbiome with site-of-disease immune 

signatures in each patient group, using novel computational 
approaches.

Diseased and non-diseased lung lobes will be sampled 
using a modified bronchoscopy procedure which minimizes 
cross-contamination with upper airway microbiota. This 
procedure will be done before, during and one-year after 
treatment. Lung microbiota will be characterized using 16S 
rRNA gene sequencing. This will be done in collaboration 
with New York University School of Medicine.

Targeted SCFA profiling (butyrate, propionate, acetate) will 
be done using gas-chromatography-mass spectrometry

We will measure immune responses in bronchoalveolar 
lavage fluid using cytokine multiplex panels, and in bronchial 
brushings by RNA sequencing. The latter will be done in 
collaboration with University College London. 

Cutting-edge analytical tools like SparCC, compPLS, SPIEC-
EASI and Dirichlet Multinomial Mixtures will be applied to 
describe concurrent changes in the microbiome, SCFAs 
and immune markers at the site of disease.

MATERIALS AND  METHODS 

CONCLUSION

•  TB treatment (which comprises broad-spectrum rifampicin) 
results in long-lasting microbial perturbations

•  specific taxa are associated with treatment response 
(favourable vs. unfavourable outcomes) and post-TB lung 
complications

Through this research, we will build capacity in a customised 
bronchoscopy procedure and computational expertise to 
analyse the microbiome in a South African setting.



BANDGAP MODIFICATION 
OF LAYERED DOULE 
HYDROXIDES FOR 
PHOTOCATALYTIC 
WATERSPLITTING

BIANCA  
GEVERS

With steadily rising levels of CO2 emissions, increasing 
temperatures, more natural catastrophes and growing  
climate anxiety, humanity has never faced a more  
pressing need to address its effect on the environment  
and invent solutions to slow the impact of climate  
change. There exist, of course, numerous ways to address 
these issues and one solution will never fit the entire world.

A free resource that arguably is not made enough use of yet, 
is sunlight. Harvesting just a fraction of the 174 petawatt [1] of 

So far, study of the material and optical properties has given 
insight into very interesting trends. Dependent on the synthesis 
method and parameters used, morphology and crystallinity 
can be controlled, while variation of transition metals is able to 
control the absorption characteristics and more broadly the 
bandgap of the material. The latter is a key property related 
to the efficiency of charge generation and separation.

Gathering understanding of the charge generation, 
separation and recombination mechanisms is the key feature 

The materials used to achieve this are called layered double 
hydroxides (LDHs). They are clay-like substances that offer 
great modification potential in their composition and resulting 
material properties. 

Photocatalysis presents an interesting option to harvest  
sunlight for renewable hydrogen production. This hydrogen 
would be “yellow” hydrogen and compete with other “green” 
hydrogen production techniques. At present, optimisation 
of LDHs for this application is hindered by a limitation to 
fundamental understanding of the charge generation, 
separation and recombination mechanisms. Gathering 
deeper understanding of this is the focus of my work.  

[1] Karl and Trenberth (2003) Modern global climate change, Science, 302, 5651: 1719-1723.
[2] EREC (2010) RE-thinking 2050: a 100% renewable energy vision for the European Union, EREC, Brussels.
Note: XRD (X-ray diffraction), SEM (scanning electron microscopy), XPS/UPS (X-ray photoelectron spectroscopy and ultraviolet photoelectron spectroscopy), XAS (X-ray 
absorption spectroscopy).   

REFERENCES 

INTRODUCTION

MATERIALS AND  METHODS 

EXPECTED RESULTS

CONCLUSION

of my work. Advanced optical techniques such as transient 
absorption, temperature-dependent luminescence and 
lifetime measurements are currently being used to gain key 
insight into the optical and electronic properties of LDHs. 
Further hurdles in understanding are hoped to be overcome 
through in-situ measurements during photocatalysis. 

At the end, we hope for this one day: a material we can 
just submerge in water from which hydrogen is generated 
efficiently upon sunlight exposure.

solar radiation earth receives, would be more than enough to 
cover the world’s energy needs 2850 times [2]. South Africa is a 
particularly sun-blessed country, and thus a prime candidate 
to develop and use solar technologies for renewable energy 
generation. 

My project addresses this by focussing on developing and 
understanding photo-active materials able to convert sunlight 
energy into usable energy, with the aim of splitting water into 
O2 and H2 (a renewable energy source).

Institute of Applied Materials 
University of Pretoria

Photocatalysis presents an interesting
option to harvest sunlight for renewable
hydrogen production. This hydrogen
would be “yellow” hydrogen and

[1] Karl and Trenberth (2003) Modern global climate change, Science, 302, 5651: 1719-1723.
[2] EREC (2010) RE-thinking 2050: a 100% renewable energy vision for the European Union, EREC, Brussels.
Note: XRD (X-ray diffraction), SEM (scanning electron microscopy), XPS/UPS (X-ray photoelectron spectroscopy and
ultraviolet photoelectron spectroscopy), XAS (X-ray absorption spectroscopy).

compete with other “green” hydrogen
production techniques. At present,
optimisation of LDHs for this
application is hindered by a limitation
to fundamental understanding of the

charge generation, separation and
recombination mechanisms. Gathering
deeper understanding of this is the
focus of my work.

A free resource that arguably is not
made enough use of yet, is sunlight.
Harvesting just a fraction of the 174
petawatt [1] of solar radiation earth
receives, would be more than enough to
cover the world’s energy needs 2850
times [2]. South Africa is a particularly
sun-blessed country, and thus a prime
candidate to develop and use solar
technologies for renewable energy
generation.

LDHs are widely known materials.
However, little is understood about the
mechanisms taking place in the
conversion of solar- to usable energy.
This makes it difficult to optimise them
for, e.g. photocatalytic water-splitting,
where charge stabilisation is key.

Gathering understanding of the charge
generation, separation and
recombination mechanisms is the key
feature of my work. Advanced optical
techniques such as transient absorption,
temperature-dependent luminescence
and lifetime measurements are
currently being used to gain key insight
into the optical and electronic
properties of LDHs. Further hurdles in
understanding are hoped to be
overcome through in-situ
measurements during photocatalysis.

I study the effect that transition-metal
modification has on LDHs’ material
and optical properties. I am mainly
interested in broad material trends and
also deeper understanding. For this, a
variety of characterisation and optical
methods are needed, such as XRD,
SEM, UV-Vis absorption, luminescence
spectroscopy, XPS/UPS and XAS. The
results are then correlated to their
performance in photocatalytic water-
splitting.

The materials used to achieve this are
called layered double hydroxides
(LDHs). They are clay-like substances
that offer great modification potential
in their composition and resulting
material properties.

At the end, we hope for this one day: a
material we can just submerge in water
from which hydrogen is generated
efficiently upon sunlight exposure.

So far, study of the material and optical
properties has given insight into very
interesting trends. Dependent on the
synthesis method and parameters used,
morphology and crystallinity can be
controlled, while variation of transition
metals is able to control the absorption
characteristics and more broadly the
bandgap of the material. The latter is a
key property related to the efficiency of
charge generation and -separation.

With steadily rising levels of CO₂
emissions, increasing temperatures,
more natural catastrophes and growing
climate anxiety, humanity has never
faced a more pressing need to address
its effect on the environment and invent
solutions to slow the impact of climate
change. There exist, of course,
numerous ways to address these issues
and one solution will never fit the
entire world.
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My project addresses this by focussing
on developing and understanding
photo-active materials able to convert
sunlight energy into usable energy, with
the aim of splitting water into O₂ and
H₂ (a renewable energy source).

photocatalysis

Photocatalysis presents an interesting
option to harvest sunlight for renewable
hydrogen production. This hydrogen
would be “yellow” hydrogen and
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compete with other “green” hydrogen
production techniques. At present,
optimisation of LDHs for this
application is hindered by a limitation
to fundamental understanding of the

charge generation, separation and
recombination mechanisms. Gathering
deeper understanding of this is the
focus of my work.

A free resource that arguably is not
made enough use of yet, is sunlight.
Harvesting just a fraction of the 174
petawatt [1] of solar radiation earth
receives, would be more than enough to
cover the world’s energy needs 2850
times [2]. South Africa is a particularly
sun-blessed country, and thus a prime
candidate to develop and use solar
technologies for renewable energy
generation.

LDHs are widely known materials.
However, little is understood about the
mechanisms taking place in the
conversion of solar- to usable energy.
This makes it difficult to optimise them
for, e.g. photocatalytic water-splitting,
where charge stabilisation is key.

Gathering understanding of the charge
generation, separation and
recombination mechanisms is the key
feature of my work. Advanced optical
techniques such as transient absorption,
temperature-dependent luminescence
and lifetime measurements are
currently being used to gain key insight
into the optical and electronic
properties of LDHs. Further hurdles in
understanding are hoped to be
overcome through in-situ
measurements during photocatalysis.

I study the effect that transition-metal
modification has on LDHs’ material
and optical properties. I am mainly
interested in broad material trends and
also deeper understanding. For this, a
variety of characterisation and optical
methods are needed, such as XRD,
SEM, UV-Vis absorption, luminescence
spectroscopy, XPS/UPS and XAS. The
results are then correlated to their
performance in photocatalytic water-
splitting.

The materials used to achieve this are
called layered double hydroxides
(LDHs). They are clay-like substances
that offer great modification potential
in their composition and resulting
material properties.

At the end, we hope for this one day: a
material we can just submerge in water
from which hydrogen is generated
efficiently upon sunlight exposure.

So far, study of the material and optical
properties has given insight into very
interesting trends. Dependent on the
synthesis method and parameters used,
morphology and crystallinity can be
controlled, while variation of transition
metals is able to control the absorption
characteristics and more broadly the
bandgap of the material. The latter is a
key property related to the efficiency of
charge generation and -separation.

With steadily rising levels of CO₂
emissions, increasing temperatures,
more natural catastrophes and growing
climate anxiety, humanity has never
faced a more pressing need to address
its effect on the environment and invent
solutions to slow the impact of climate
change. There exist, of course,
numerous ways to address these issues
and one solution will never fit the
entire world.
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This project could potentially lead to
the establishment of a liver model that
best represents patients of Bantu-
ancestry.

Provide more information towards the
better understanding of the
pharmacological implication of the
genetic diversity of African
populations.

Advances in vitro models had led to the development of
human liver models that recapitulate the complexity seen
in vivo. Recent studies have shown that 3D micro-tissue
cultures termed spheroids have the ability to preserve
inter-patient variability, thus enabling the study of
factors that affect individual responses to drugs such as
genetic variants. There is a genetic predisposition to
DILI and such models are promising tools for predicting
human hepatotoxicities, including idiosyncratic
responses.

To develop a functional in vitro model that permit studies which investigate DILI in patients of Bantu-ancestry.

In order to achieve the aim, the following objectives were established: (1) establishment of human hepatocyte spheroid models, (2) identification of genetic variants of clinical
significance to individuals of Bantu-ancestry, (3) establishment of novel, population-relevant in vitro models of Bantu-ancestry and (4) Functional analysis using in vitro
models to assess the potential association between prioritized genetic variants and DILI.

Drug induced liver injury (DILI) is commonly reported in
most South African studies and adverse drug reactions
(ADRs) databases. The association between DILI and
antiretrovirals (ARV) and tuberculosis (TB) treatment is a
well-established. With this comes the need to prescribe
improved treatment regimens with minimal side effects; a
further need exists to develop interventions that can better
predict ADRs. The development of in vitro models that
capture or mimic the dynamics of drug-organ, drug-drug,
and drug-organ-organ interactions allows for better
prediction of drug outcomes.

AIM & OBJECTIVES

CONCLUSION
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DEVELOPMENT OF AN ADVANCED FUNCTIONAL IN VITRO 
3D LIVER MODEL FOR LONG-TERM DRUG INDUCED LIVER 
INJURY (DILI) STUDIES SPECIFIC FOR BANTU-SPEAKING 

PATIENTS 
by

Sibongile Tshabalala

Several institutes have developed and successfully
implemented pharmacogenetics–based approaches to
guiding drug treatment and management. However,
the translation of such data to underrepresented,
genetically diverse populations such as African
populations is limited. As such, representation of
African populations is warranted and investigation
and functional validation of pharmacogenetic
variants in African population is necessary.

Figure 1: Overview of human hepatocyte spheroid generation, characterisation and application study design. Spheroids were generated by incubating 2000 HepG2 cells for 7 days in 96-well ultra-low attachment (ULA) plates. The ULA plates are coated with a
hydrophilic, neutrally charged hydrogel which prevents absorption of the surface adhesion molecules, thus preventing attachment and promoting self-aggregation. The formation of spheroids was viewed using a light microscope and the images generated show a time series
of progressing spheroid aggregation over time. HepG2 spheroids was deemed sufficiently compact from day -3 and formation was completed when a well-defined perimeter could be observed. The HepG2 spheroids were maintained for three weeks with media changes
every two-three weeks (indicated by the blue line) and were characterised weekly for spheroid morphology, liver-specific functions and hepatobiliary transporter activity (indicated by the blue triangle). From day 7, the spheroids were deemed suitable for use (indicated by the
pink arrow). Scale bar = 100 µm

Establishment  of human hepatocyte spheroid models
- Human hepatocyte spheroids were generated using ultra low attachment plates
(ULA) and 2% agarose molds made using MicroTissues® 3D Petri Dish® (µmolds).
- The human hepatocyte spheroids were generated from HepG2 cells seeded at
either 1000 or 2000 viable cells/well.
- HepG2 spheroids were characterised for cell viability (ATP quantification),
spheroid morphology (light microscopy) and liver-specific functions (including
albumin secretion and hepatobiliary transporter protein activity).

Figure 3: HepG2 spheroid stability and long- term function. (A) Long-term variability of the HepG2 spheroids were evaluated by assessing ATP content over
a period of three weeks. HepG2 cells were seeded at a density of 2000 cells per spheroid in ultra-low attachment plates. The viability of the spheroids (n=5)
was calculated relative to the spheroid’s activity at week one. The spheroids’ viability decreases to 72.6% at week two, a week after maintenance in serum-
free medium and down to 57.8 % three weeks after seeding. HepG2 cells in spheroid culture (3D) was compared to HepG2 monolayer cultures (2D), which
are conventional in-vitro models for drug toxicity, drug metabolism and liver disease studies. (B) Liver-specific function in long-term culture was evaluated
by assessing albumin production in HepG2 spheroids (n=3) and compared to 2D HepG2 cells (n=3). Albumin production remained stable and constant
throughout three weeks of culture. Data is represented as mean ± SEM (standard error of means).

Figure 3: Hepatobiliary transporter activity in HepG2 cells. Hepatobiliary transporter, BSEP (bile salt exporter protein),
activity in HepG2 monolayer (2D) and spheroid (3D) cultures was evaluated by treating three-week-old HepG2 cells with
5 μM Cholyl-L-Lysyl-Fluorescein (CLF, a synthetic bile acid analogue) for 3.5 hours. 3D cultures supported the formation of
the bile canaliculi and were able to take up CLF via BSEP. Images were generated using a fluorescent microscopy where
both bright field (A) and fluorescent images (B) were generated after treatment. Scale bar = 100 µm

Figure 2: Spheroid morphology. Light microscopy images of
Toluidine blue stained HepG2 spheroids at day 7 showing a
well-defined perimeter (P) and glycogen vacuoles (G). The
Toluidine stained spheroids indicated that the spheroids had a
healthy core of viable cells, indicating good perfusion of
nutrients and oxygen to the cells, preventing the formation of a
necrotic core. Scale bar = 20 µm.

Figure 5: HepG2 spheroid application in toxicity screening. Hepatocyte spheroids, 2000 cells per spheroid, were created using HepG2 cells. The
HepG2 spheroids (n=4 per time point) were treated with phenylarsine oxide (PAO, (200 µM – 0.2 nM) for a single (day 2) or repeated dose (day
7 and 14) with treatment administered every 3-4 days. The HepG2 spheroids were maintained in serum-free conditions to limits unforeseen effects
such as the effect of unknown factors found in serum that bind to drugs or metabolites or the activation of extraneous signalling pathways by
growth factors. Dose response curves were generated by evaluating ATP content in each spheroid and calculating ATP content relative to the
untreated controls. The spheroids reflected the toxicity of the hepatotoxin, with EC50 of 3.01 µM, 0,46 µM and 0,08 µM for days 2, 7 and 14
respectively. Data is represented as mean ± SEM (standard error of means).

Figure 6: Time-dependent screening assay of hypoxis hemerocallidea (African potato): To assess the effect of H. Hemerocallidea on CPY450 activity, primary human
hepatocyte spheroids were treated with water extracts of H. Hemerocallidea. The spheroids were treated with 3 different concentrations (30, 10 and 0.1 mg/ml) for 2, 4,
18 and 24 hours and subsequently incubated with bufuralol, a substrate for CYP2D6, for 4 hours. The formed metabolite (hydroxybufuralol) was purified and quantified by
liquid chromatography coupled with tandem mass spectrometry. H. Hemerocallidea inhibits CYP2D6 activity, especially at high concentration where inhibition is time
dependent. Data is represented as mean ± SEM (standard error of means).

Effects of Hypoxis Hemerocallidea (African potato) on CYP2D6

Figure 6: Establishment of in vitro liver models of Bantu-ancestry. In this study, liver tissue samples will be collected from individuals of Bantu ancestry undergoing liver transplant or liver cancer resection surgery at Wits Donald Gordon Medical Centre. This cohort of individuals may represent the pharmacogenetic diversity of common drug phenotypes in a Bantu-speaking population. The collected liver
tissue samples will be flash frozen (using liquid nitrogen) and stored for preparation of subcellular liver fractions and evaluated for N-acetyltranferase 2 (NAT2) activity. 3D Primary human hepatocytes (PHHs) spheroid cultures will be established from hepatocytes isolated using the three-step collagenase perfusion technique and spheroids will be characterised and evaluated for suitability in subsequent
experiments. Each recruited donor sample (blood) will be genotyping using a panel of pre-selected variants, using the Genopharm OpenArray (a custom TaqMan® OpenArray® containing pharmacogenetic variants relevant to individuals of Bantu-Ancestry) and Sanger sequencing for variants associated with DILI. Pharmacokinetic phenotypes of all liver samples will be determined through genotyping and
phenotyping data (Basal CYP isoenzymes and NAT2 assays), this will be employed to stratify and prioritize donors with the most relevant drug metabolism phenotypes in the population. Functional in vitro models established from these donors will ultimately be used to elucidate the influence of pharmacogenetic variants on drug kinetic profiles, drug-drug interaction and drug biotransformation, thus enabling
the evaluation DILI susceptibility in a Bantu-speaking population.

Establishment  of novel, population-relevant in vitro models

The following methods will be used to prioritise relevant variants:
- Current literature and curated databases (PharmGKD, 1000  genomes database (KGP) 
and the African genome variation project (AGVP)
- Prioritized pharmacogenetic (PGx) variants                                                         

associated with DILI induced by ARVs and                                                                    
anti-TB drugs

- Screening a Bantu-Speaking cohort of 
+/-50 individuals undergoing isoniazid-based    

TB regimen

Identification of  genetic variants of clinical significance to individuals of Bantu-ancestry

a) Spheroid preparation

b) Spheroid characterisation

c) Spheroid application
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Drug induced liver injury (DILI) is commonly reported in most 
South African studies and adverse drug reactions (ADRs) 
databases. The association between DILI and antiretrovirals 
(ARV) and tuberculosis (TB) treatment is a well-established. 
With this comes the  need to prescribe improved treatment  
regimens with minimal side effects. A further need exists to 
develop interventions that can better predict ADRs. The 
development of in vitro models that capture or mimic the 
dynamics of drug-organ, drug-drug, and drug-organ-organ 
interactions allows for better prediction of drug outcomes.

To develop a functional in vitro model that permit studies which 
investigate DILI in patients of Bantu-ancestry. 

Establishment  of human hepatocyte spheroid models
•  Human hepatocyte spheroids were generated  using ultra low attachment plates (ULA) and 2% agarose molds made using 

MicroTissues® 3D Petri Dish® (µmolds).  
•  The human hepatocyte spheroids were generated from HepG2 cells seeded at either 1000 or 2000 viable cells/well. 
•  HepG2 spheroids were characterised for cell viability (ATP quantification), spheroid morphology (light microscopy) and liver-

specific functions (including albumin secretion and hepatobiliary transporter protein activity).

•  This project could potentially lead to the establishment of a liver 
model that best represents patients of Bantu- ancestry.

•  Provide more information towards the better understanding of the 
pharmacological implication of the genetic diversity of African 
populations. 
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Advances in vitro models have led to the development of 
human liver models that recapitulate the complexity observe in 
vivo.  Recent studies have shown that 3D micro-tissue cultures 
termed spheroids have the ability to preserve inter-patient 
variability, thus enabling the study of factors that affect individual 
responses to drugs such as genetic variants. Since there is a  
genetic predisposition to DILI and such models are promising  
tools for predicting human hepatotoxicities, including  
idiosyncratic responses.

Several institutes have developed and successfully 
implemented pharmacogenetics–based approaches that 
guiding drug treatment and management. However, the 
translation of such data to underrepresented, genetically 
diverse populations such as Africa is limited. As such, 
representation of these populations are warranted  
necessitating the investigation and functional validation of 
pharmacogenetic variants in the African population.

INTRODUCTION

METHOD & RESULTS

AIM & OBJECTIVES

CONCLUSION
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•  The development of predictive pharmacogenetic interventions in 
personalized patient treatment care and precision public healthcare.

Identification of  genetic variants of clinical significance to 
individuals of Bantu-ancestry
The following methods will be used to prioritise relevant variants:
•  Current literature and curated databases (PharmGKD, 1000  genomes 

database (KGP) and the African genome variation project (AGVP)
•  Prioritized pharmacogenetic (PGx) variants associated with DILI induced 

by ARVs and anti-TB drugs
•  Screening a Bantu-Speaking cohort of +/-50 individuals undergoing 

isoniazid-based TB regimen

In order to achieve the aim, the following objectives were established: 
(1) Establishment  of human hepatocyte spheroid models, (2) 
Identification of genetic variants of clinical significance to individuals 

of Bantu-ancestry,  (3) Establishment  of novel, population-relevant 
in vitro models of Bantu-ancestry and (4) Functional analysis using in 
vitro models to assess the potential association between prioritized  
genetic variants and DILI.

a) Spheroid preparation

b) Spheroid characterisation

c) Spheroid application

Establishment  of novel, population-relevant in vitro models
Effects of Hypoxis Hemerocallidea (African potato) on CYP2D6

Figure 1: Overview of human hepatocyte spheroid generation, characterisation and application study  design. Spheroids were generated by incubating 2000  HepG2 cells for 7 
days in  96-well ultra-low attachment (ULA) plates. The ULA plates are coated with a hydrophilic, neutrally charged hydrogel which prevents absorption of the surface adhesion 
molecules, thus preventing attachment and promoting self-aggregation. The formation of spheroids was viewed using a light microscope and the images generated show a time 
series of progressing spheroid aggregation. HepG2 spheroids was deemed sufficiently compact from day -3 and formation was completed when a well-defined perimeter could 
be observed.  The HepG2 spheroids were maintained for three weeks with media changes every two-three weeks (indicated by the blue line) and were characterised weekly for 
spheroid morphology, liver-specific functions and hepatobiliary transporter activity (indicated by the blue triangle). From day 7, the spheroids were deemed suitable for use (indicated 
by the pink arrow). Scale bar = 100 µm

Figure 3: HepG2 spheroid stability and long- term function.  (A) Long-term 
variability of the HepG2 spheroids were evaluated by assessing ATP content 
over a period of three weeks.  HepG2 cells were seeded at a density of 2000 
cells per spheroid in ultra-low attachment plates. The viability of the spheroids 
(n=5) was calculated relative to the spheroid’s activity at day 0. The spheroids’ 
viability decreases to 72.6% at week two, a week after maintenance in serum-
free medium and down to 57.8  % three weeks after seeding. HepG2 cells 
in spheroid culture (3D) was compared to HepG2 monolayer cultures (2D), 
which are conventional  in vitro models for drug toxicity, drug metabolism 
and liver disease studies. (B)  Liver-specific function in long-term culture was 
evaluated by assessing albumin production in HepG2 spheroids (n=3) and 
compared to 2D HepG2 cells (n=3). Albumin production remained stable and 
constant throughout  three weeks of culture. Data is represented as mean ± 
SEM (standard error of means).

Figure 2: Spheroid morphology.  
Light microscopy images of 
Toluidine blue stained HepG2 
spheroids at day 7 showing a well-
defined perimeter (P) and glycogen 
vacuoles (G).  The Toluidine stained 
spheroids indicated that the 
spheroids contained a healthy 
core of viable cells, indicating 
good perfusion of nutrients and 
oxygen to the cells, preventing the 
formation of a necrotic core. Scale 
bar = 20 µm.

Figure 4: Hepatobiliary transporter activity in HepG2 cells. 
Hepatobiliary transporter, BSEP (bile salt exporter protein), activity  
in HepG2 monolayer (2D) and spheroid (3D) cultures was evaluated 
by treating three-week-old HepG2 cells with 5 μM Cholyl-L-Lysyl-
Fluorescein (CLF, a synthetic bile acid analogue) for 3.5 hours. 3D 
cultures supported the formation of the bile canaliculi and  were 
able to take up CLF via BSEP.  Images were generated using a 
fluorescent microscopy where both bright field (A) and fluorescent 
images (B) were generated after treatment. Scale bar = 100 µm

Figure 5: HepG2 spheroid application in toxicity screening. Hepatocyte spheroids, 2000 cells 
per spheroid, were created using HepG2 cells. The HepG2 spheroids (n=4 per time point) were 
treated  with phenylarsine oxide (PAO, (200 µM  –  0.2 nM) for a single  (day 2)  or  repeated  
dose  (day 7 and 14) with treatment administered every 3-4  days. The HepG2 spheroids were 
maintained in serum-free conditions to limits unforeseen effects such as the effect of unknown 
factors found in serum that bind to drugs or metabolites or  the activation of  extraneous 
signalling pathways by growth factors. Dose response curves were generated by evaluating ATP 
content in each  spheroid  and  calculating   ATP content  relative to the untreated controls. The 
spheroids reflected the toxicity of the hepatotoxin, with EC50 of 3.01 µM, 0,46 µM and 0,08 µM 
for days 2, 7 and 14 respectively. Data is represented as mean ± SEM (standard error of means). 

Figure 7: Establishment of in vitro liver models of Bantu-ancestry. In this study, liver tissue samples will be collected from individuals of Bantu ancestry undergoing 
liver transplant or liver cancer resection surgery at Wits Donald Gordon Medical Centre. This cohort of individuals may represent the pharmacogenetic 
diversity of common drug phenotypes in a Bantu-speaking population.  The collected liver tissue samples will be flash frozen (using liquid nitrogen) and 
stored for preparation of subcellular liver fractions and evaluated for N-acetyltranferase 2 (NAT2) activity. 3D Primary human hepatocytes (PHHs) spheroid 
cultures will be established from hepatocytes isolated using the three-step collagenase perfusion technique and spheroids will be characterised and 
evaluated for suitability in subsequent experiments. Each recruited donor sample (blood) will be genotyped using a panel of pre-selected variants, using 
the Genopharm OpenArray (a custom TaqMan® OpenArray® containing pharmacogenetic variants relevant to individuals of Bantu-Ancestry) and Sanger 
sequencing for variants associated with DILI. Pharmacokinetic phenotypes of all liver samples will be determined through genotyping and phenotyping 
data (Basal CYP isoenzymes and NAT2 assays),  this will be employed to stratify and prioritize donors with the most relevant drug metabolism phenotypes 
in the population. Functional in vitro models established from these donors will ultimately be used to elucidate the influence of  pharmacogenetic variants 
on drug kinetic profiles, drug-drug interaction and drug biotransformation, thus enabling the evaluation DILI susceptibility in a Bantu-speaking population. 

Figure 6: Time-dependent screening assay of hypoxis hemerocallidea (African potato): To assess 
the effect of H. Hemerocallidea on CYP 450 activity,  primary human hepatocyte spheroids  
were treated with water extracts of H. Hemerocallidea. The spheroids were treated with 
3 different concentrations (30, 10 and 0.1 mg/ml) for 2, 4, 18 and 24 hours and subsequently 
incubated with bufuralol, a substrate for CYP2D6,  for 4 hours. The formed metabolite 
(hydroxybufuralol) was purified and quantified by liquid chromatography coupled with  
tandem mass spectrometry. H. Hemerocallidea inhibits CYP2D6  activity, especially at 
high concentration where inhibition is time dependent. Data is represented as mean ± SEM 
(standard error of means).
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This project could potentially lead to
the establishment of a liver model that
best represents patients of Bantu-
ancestry.

Provide more information towards the
better understanding of the
pharmacological implication of the
genetic diversity of African
populations.

Advances in vitro models had led to the development of
human liver models that recapitulate the complexity seen
in vivo. Recent studies have shown that 3D micro-tissue
cultures termed spheroids have the ability to preserve
inter-patient variability, thus enabling the study of
factors that affect individual responses to drugs such as
genetic variants. There is a genetic predisposition to
DILI and such models are promising tools for predicting
human hepatotoxicities, including idiosyncratic
responses.

To develop a functional in vitro model that permit studies which investigate DILI in patients of Bantu-ancestry.

In order to achieve the aim, the following objectives were established: (1) establishment of human hepatocyte spheroid models, (2) identification of genetic variants of clinical
significance to individuals of Bantu-ancestry, (3) establishment of novel, population-relevant in vitro models of Bantu-ancestry and (4) Functional analysis using in vitro
models to assess the potential association between prioritized genetic variants and DILI.

Drug induced liver injury (DILI) is commonly reported in
most South African studies and adverse drug reactions
(ADRs) databases. The association between DILI and
antiretrovirals (ARV) and tuberculosis (TB) treatment is a
well-established. With this comes the need to prescribe
improved treatment regimens with minimal side effects; a
further need exists to develop interventions that can better
predict ADRs. The development of in vitro models that
capture or mimic the dynamics of drug-organ, drug-drug,
and drug-organ-organ interactions allows for better
prediction of drug outcomes.
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DEVELOPMENT OF AN ADVANCED FUNCTIONAL IN VITRO 
3D LIVER MODEL FOR LONG-TERM DRUG INDUCED LIVER 
INJURY (DILI) STUDIES SPECIFIC FOR BANTU-SPEAKING 

PATIENTS 
by

Sibongile Tshabalala

Several institutes have developed and successfully
implemented pharmacogenetics–based approaches to
guiding drug treatment and management. However,
the translation of such data to underrepresented,
genetically diverse populations such as African
populations is limited. As such, representation of
African populations is warranted and investigation
and functional validation of pharmacogenetic
variants in African population is necessary.

Figure 1: Overview of human hepatocyte spheroid generation, characterisation and application study design. Spheroids were generated by incubating 2000 HepG2 cells for 7 days in 96-well ultra-low attachment (ULA) plates. The ULA plates are coated with a
hydrophilic, neutrally charged hydrogel which prevents absorption of the surface adhesion molecules, thus preventing attachment and promoting self-aggregation. The formation of spheroids was viewed using a light microscope and the images generated show a time series
of progressing spheroid aggregation over time. HepG2 spheroids was deemed sufficiently compact from day -3 and formation was completed when a well-defined perimeter could be observed. The HepG2 spheroids were maintained for three weeks with media changes
every two-three weeks (indicated by the blue line) and were characterised weekly for spheroid morphology, liver-specific functions and hepatobiliary transporter activity (indicated by the blue triangle). From day 7, the spheroids were deemed suitable for use (indicated by the
pink arrow). Scale bar = 100 µm

Establishment  of human hepatocyte spheroid models
- Human hepatocyte spheroids were generated using ultra low attachment plates
(ULA) and 2% agarose molds made using MicroTissues® 3D Petri Dish® (µmolds).
- The human hepatocyte spheroids were generated from HepG2 cells seeded at
either 1000 or 2000 viable cells/well.
- HepG2 spheroids were characterised for cell viability (ATP quantification),
spheroid morphology (light microscopy) and liver-specific functions (including
albumin secretion and hepatobiliary transporter protein activity).

Figure 3: HepG2 spheroid stability and long- term function. (A) Long-term variability of the HepG2 spheroids were evaluated by assessing ATP content over
a period of three weeks. HepG2 cells were seeded at a density of 2000 cells per spheroid in ultra-low attachment plates. The viability of the spheroids (n=5)
was calculated relative to the spheroid’s activity at week one. The spheroids’ viability decreases to 72.6% at week two, a week after maintenance in serum-
free medium and down to 57.8 % three weeks after seeding. HepG2 cells in spheroid culture (3D) was compared to HepG2 monolayer cultures (2D), which
are conventional in-vitro models for drug toxicity, drug metabolism and liver disease studies. (B) Liver-specific function in long-term culture was evaluated
by assessing albumin production in HepG2 spheroids (n=3) and compared to 2D HepG2 cells (n=3). Albumin production remained stable and constant
throughout three weeks of culture. Data is represented as mean ± SEM (standard error of means).

Figure 3: Hepatobiliary transporter activity in HepG2 cells. Hepatobiliary transporter, BSEP (bile salt exporter protein),
activity in HepG2 monolayer (2D) and spheroid (3D) cultures was evaluated by treating three-week-old HepG2 cells with
5 μM Cholyl-L-Lysyl-Fluorescein (CLF, a synthetic bile acid analogue) for 3.5 hours. 3D cultures supported the formation of
the bile canaliculi and were able to take up CLF via BSEP. Images were generated using a fluorescent microscopy where
both bright field (A) and fluorescent images (B) were generated after treatment. Scale bar = 100 µm

Figure 2: Spheroid morphology. Light microscopy images of
Toluidine blue stained HepG2 spheroids at day 7 showing a
well-defined perimeter (P) and glycogen vacuoles (G). The
Toluidine stained spheroids indicated that the spheroids had a
healthy core of viable cells, indicating good perfusion of
nutrients and oxygen to the cells, preventing the formation of a
necrotic core. Scale bar = 20 µm.

Figure 5: HepG2 spheroid application in toxicity screening. Hepatocyte spheroids, 2000 cells per spheroid, were created using HepG2 cells. The
HepG2 spheroids (n=4 per time point) were treated with phenylarsine oxide (PAO, (200 µM – 0.2 nM) for a single (day 2) or repeated dose (day
7 and 14) with treatment administered every 3-4 days. The HepG2 spheroids were maintained in serum-free conditions to limits unforeseen effects
such as the effect of unknown factors found in serum that bind to drugs or metabolites or the activation of extraneous signalling pathways by
growth factors. Dose response curves were generated by evaluating ATP content in each spheroid and calculating ATP content relative to the
untreated controls. The spheroids reflected the toxicity of the hepatotoxin, with EC50 of 3.01 µM, 0,46 µM and 0,08 µM for days 2, 7 and 14
respectively. Data is represented as mean ± SEM (standard error of means).

Figure 6: Time-dependent screening assay of hypoxis hemerocallidea (African potato): To assess the effect of H. Hemerocallidea on CPY450 activity, primary human
hepatocyte spheroids were treated with water extracts of H. Hemerocallidea. The spheroids were treated with 3 different concentrations (30, 10 and 0.1 mg/ml) for 2, 4,
18 and 24 hours and subsequently incubated with bufuralol, a substrate for CYP2D6, for 4 hours. The formed metabolite (hydroxybufuralol) was purified and quantified by
liquid chromatography coupled with tandem mass spectrometry. H. Hemerocallidea inhibits CYP2D6 activity, especially at high concentration where inhibition is time
dependent. Data is represented as mean ± SEM (standard error of means).

Effects of Hypoxis Hemerocallidea (African potato) on CYP2D6

Figure 6: Establishment of in vitro liver models of Bantu-ancestry. In this study, liver tissue samples will be collected from individuals of Bantu ancestry undergoing liver transplant or liver cancer resection surgery at Wits Donald Gordon Medical Centre. This cohort of individuals may represent the pharmacogenetic diversity of common drug phenotypes in a Bantu-speaking population. The collected liver
tissue samples will be flash frozen (using liquid nitrogen) and stored for preparation of subcellular liver fractions and evaluated for N-acetyltranferase 2 (NAT2) activity. 3D Primary human hepatocytes (PHHs) spheroid cultures will be established from hepatocytes isolated using the three-step collagenase perfusion technique and spheroids will be characterised and evaluated for suitability in subsequent
experiments. Each recruited donor sample (blood) will be genotyping using a panel of pre-selected variants, using the Genopharm OpenArray (a custom TaqMan® OpenArray® containing pharmacogenetic variants relevant to individuals of Bantu-Ancestry) and Sanger sequencing for variants associated with DILI. Pharmacokinetic phenotypes of all liver samples will be determined through genotyping and
phenotyping data (Basal CYP isoenzymes and NAT2 assays), this will be employed to stratify and prioritize donors with the most relevant drug metabolism phenotypes in the population. Functional in vitro models established from these donors will ultimately be used to elucidate the influence of pharmacogenetic variants on drug kinetic profiles, drug-drug interaction and drug biotransformation, thus enabling
the evaluation DILI susceptibility in a Bantu-speaking population.

Establishment  of novel, population-relevant in vitro models

The following methods will be used to prioritise relevant variants:
- Current literature and curated databases (PharmGKD, 1000  genomes database (KGP) 
and the African genome variation project (AGVP)
- Prioritized pharmacogenetic (PGx) variants                                                         

associated with DILI induced by ARVs and                                                                    
anti-TB drugs

- Screening a Bantu-Speaking cohort of 
+/-50 individuals undergoing isoniazid-based    

TB regimen

Identification of  genetic variants of clinical significance to individuals of Bantu-ancestry

a) Spheroid preparation

b) Spheroid characterisation

c) Spheroid application

Pharmacogenetic variants clinically relevant to individuals of African Ancestry preparation
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The development of predictive
pharmacogenetic interventions
in personalized patient treatment
care and precision public
healthcare.
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The overall aim of this project is to improve the current 
understanding of the evolution and biomechanics of the 
patellofemoral joint in extant anthropoids and extinct 
hominins by analysing trabecular structure. This joint  
is important in facilitating different locomotor behaviours 
in primates and, within humans, is prone to injury and  
disease (i.e., osteoarthritis) (Collado & Fredericson 2010). 
Although African populations are underrepresented in  
global studies (Usenbo et al. 2015). The potential of bone 
tissue for functional adaptation is supported by  
experimental models (Barak et al. 2011). 

Trabecular structural patterns are expected to differ 
significantly within and between groups and vary 
across the bone. Within humans,  healthy post-industrial 
individuals are likely to have less robust trabecular 
structure  (i.e., lower BVT/TV and Tb.Th) than osteoarthritic  
post-industrial individuals and Later Stone Age foragers, 
reflecting increased bone deposition as a result of  
pathology and higher activity levels.

High resolution microCT scan data of the distal femur  
and patella of groups (i.e.,  post-industrial humans, Later 
Stone Age foragers (hunter gatherers), non-human 
primates and fossil hominins) are obtained for analyses.

My  results show that differences in trabecular structure 
in the patellofemoral joint can shed light on the effect  
of pathology and activity on structural integrity.

By examining changes in trabecular structure from 
multiple perspectives and interrogating inter and 
intra- specific variation in extant anthropoids as well as  
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fossil hominins, this project contributes toward improving  
our understanding of how well or poorly adapted this joint  
is for bipedal locomotion, a defining characteristic of  
our species. 

Trabecular bone is considered to have high environmental 
plasticity making it ideal to study locomotor-related loading. 

Studies of extant primates and fossil hominins have revealed 
the presence of functional signals within trabecular structure 
that reflect joint loading related to locomotor behavior and 
have also indicated that factors such as pathology affect 
bone modelling. 

Within each VOI in the patella and femur trabecular  
parameters such as  bone volume fraction (BV/TV),  
connectivity density (Conn.D), degree of anisotropy (DA), 
trabecular separation (Tb.Sp) and thickness (Tb.Th) will be 
quantified. 

Statistical analyses will be conducted using JMP 13. Differences 
within and between groups will be quantified using descriptive 
statistics, box plots and a one-way analysis of variance 
(ANOVA) with post-hoc pairwise comparisons (p <0.05)

Among extant anthropoids, it is likely that non-human primates 
will exhibit more robust trabecular structure (i.e., higher BV/TV 
and Tb.Th) and demonstrate unique functional signals that 
reflect their diverse locomotor repertoires. 

Fossil hominin trabecular structure is likely to demonstrate 
a mosaic of both non-human primate features (i.e., robust 
trabecular structure, high BV/TV and Tb.Th) and human-like 
features (i.e., reflecting bipedal loading, high DA). These 
patterns are expected to vary between species as hominins 
experimented with gait. 

Fig 6: Bone volume fraction (BV/TV) by subregion in forager population and 
post-industrial population in mm3.Horizontal lines inside boxes indicate median 
values, ends of boxes indicate 25th and 75th percentiles, and whiskers indicate 
minimum and maximum values, except for outliers that are denoted by closed 
circles. Volumes where significant differences were observed marked with *  

Fig 1: Post-industrial human distal femur scan showing internal trabecular 
structure (left) and 3D reconstruction (right)

Fig 2: Post-industrial human patella scan showing internal trabecular structure 
(left) and 3D reconstruction (right)

Fig 3: Selected groups for analyses, main groups: modern humans,anthropoids, 
fossil hominins.

Fig 5: 3D reconstructed femur showing volumes of interest (VOIs)

Fig 4: Graphic description of protocol for selecting and analysing trabecular 
structure in the femur and patella


