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Executive Summary 
 

The availability of Assisted Reproductive Technologies (ART) is sorely lacking in Low-

and-Middle income countries. Barriers to ART include overly high costs, and few ART 

facilities within an acceptable travelling distance. The research project focused on 

access to ART, and is presented in three parts, namely (i) an investigation of patients 

undergoing ART procedures in the public sector of South Africa, (ii) the design and 

construction of a mobile IVF laboratory, and (iii) a proof-of-concept study showcasing 

the use of the mobile IVF laboratory.  

 

In the first study, patients who underwent diagnostic evaluations, but did not return for 

therapeutic procedures, were investigated and compared with patients who followed 

through with therapeutic procedures. Their income status, access to medical aid and 

distances required to travel to the ART facility was considered. Additionally, the time 

between the first diagnostic and the first therapeutic interventions was investigated in 

the subpopulation of patients who returned for ART procedures. The comparison of 

data showed that patients from lower income groups continued less often with 

therapeutic ART than patients with higher incomes. The low-income patients who did 

return for therapeutic procedures took longer to progress from the diagnostic to the 

therapeutic phase of their treatment. 

 

A mobile IVF laboratory was presented as a tool to be used to improve access to ART. 

This was a world-first endeavour, to equip a trailer for use as an IVF laboratory. The 

design and selection of equipment is described, as well as the process to construct 

the laboratory. After the mobile laboratory was completed and equipped, all equipment 

was verified to be functional through a series of quality control tests. The study 

concluded with a pilot study, confirming the IVF culture system’s functionality through 

the culturing of abnormally fertilised oocytes to the blastocyst stage. In October 2023 

the mobile laboratory was showcased in Pretoria, South Africa during the symposium 

“Access to Infertility Care: South Africa”, where participants were able to visit the newly 

constructed mobile IVF laboratory. 

 

After completion of the mobile IVF laboratory, a proof-of-concept study was performed 

to show the real-world application of the mobile IVF laboratory. From a cohort of 10 
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patients who had embryos cultured in the mobile IVF laboratory, 5 patients tested 

positive for βHCG and eventually four healthy babies were born. The findings were 

reported in a research article as well as two poster presentations at international 

conferences, i.e. the European Society of Human Reproduction and Embryology’s 41st 

Annual meeting in Paris, France, as well as the FIGO XXV World Congress of 

Gynecology and Obstetrics in Cape Town, South Africa. During the latter congress, 

the mobile lab was moved to Cape Town and available at the congress venue for 

viewing. The prototype mobile IVF laboratory was proven to be successful in terms of 

IVF embryo cultures with the simplified Walking Egg IVF culture system. This type of 

laboratory can be further investigated to be used as a vehicle to provide ART services 

to rural areas.  

 

The thesis concludes with a discussion on the manner in which mobile IVF laboratories 

can be used to improve access to ART. Two examples are provided, to describe how 

these mobile IVF laboratories can be used in the private as well as the public sector. 

Further recommendations are made, to engage with the South African National 

Department of Health to improve access to ART in South Africa, as well as training of 

medical professionals working in the field of medical assisted reproduction. 
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Layman’s summary 
 

The project was performed in three parts. First, the return for treatment in the public 

sector, by people trying to become pregnant, was looked at. The project showed that 

patients who do not earn a lot of money have a higher chance of not coming back for 

the necessary treatment than people who have more money. Also, the people with 

more money will return to the hospital faster, than those without a lot of funds. 

 

The second and third parts of the project focused on the building and testing of an IVF 

laboratory in a trailer. This trailer laboratory was designed specifically for the project, 

and this is the first laboratory of this kind in the world. The way that the laboratory was 

designed is explained, and details are given about the problems that was encountered 

during this process. 

 

After the laboratory was built, patients were given the chance to use it for assisted 

reproduction. From a group of 12 patients who began with treatment, 10 had 

successful egg retrievals and there were embryos that was grown in the trailer 

laboratory. The embryos’ growth and progress went well and after the project was 

done, 4 of the 10 ladies had healthy babies born from the project. This showed that 

the idea of an IVF laboratory in a trailer is useful and works well in practice. 

 

The thesis ends with a chapter that explains how laboratories in trailers can be used 

to make it easier for people to get treated when struggling to become pregnant. 

Examples are given to explain in what way private doctors can use the trailer 

laboratory, and also how public hospitals can use it. Advise is given on how the South 

African Government should use the information from the project to improve the way 

people can get help when wanting to become parents. 
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Flemish laymen’s summary 
 

Het project werd in drie delen uitgevoerd. Eerst werd de terugkeer van onvruchtbare 

koppels voor behandeling in de publieke sector onderzocht nadat de diagnose werd 

gemaakt. Het project toonde aan dat patiënten die niet veel verdienen een grotere 

kans hebben om niet te terug komen voor de nodige behandeling dan mensen die 

meer verdienen. Ook keren onvruchtbare koppels met meer geld sneller terug naar 

het ziekenhuis dan minder begoede koppels.  

 

Het tweede en derde deel van het project focusten op de bouw en het testen van een 

IVF-laboratorium in een container. Dit trailerlaboratorium werd specifiek voor het 

project ontworpen, en het is het eerste laboratorium in zijn soort ter wereld. De manier 

waarop het laboratorium werd ontworpen, wordt uitgelegd, en er worden details 

gegeven over de problemen die tijdens dit proces werden ondervonden.  

 

Nadat het laboratorium was gebouwd, kregen patiënten de kans het te gebruiken voor 

geassisteerde voortplanting. Bij 10 patiënten konden we embryo’s bekomen die dan 

in het trailerlaboratorium werden gekweekt. De ontwikkeling van de embryo's verliep 

goed en na afloop van het project waren 4 van de 10 patiënten bevallen van gezonde 

baby's. Dit bewees dat het idee van een IVF-laboratorium in een aanhangwagen in de 

toekomstperspectieven opent.  

 

De thesis eindigt met een hoofdstuk dat uitlegt hoe laboratoria in trailers kunnen 

worden gebruikt om IVF meer bereikbaar te maken op plaatsen waar het op dit 

ogenblik niet kan. Er worden voorbeelden gegeven om uit te leggen hoe privé-artsen 

het trailerlaboratorium kunnen gebruiken, en ook hoe openbare ziekenhuizen het 

kunnen inzetten. Tot slot geven we een advies hoe de Zuid-Afrikaanse regering de 

informatie van dit project zou kunnen gebruiken om IVF meer bereikbaar te maken 

voor meer onvruchtbare koppels.  
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Chapter 1: Introduction 
1.1. Thesis background 

“Children are the hope that gives birth to a people!” according to Pope Francis, during 

his opening of the third General states of birth in 2021.[1] He also said that “most young 

people want to have children”.[1] Unfortunately, this is not something that is possible 

for all. Having children is an important milestone and not having the autonomy to 

decide when and how many children to have, can be devastating for some.[2-4]  

 

Being able to have children is recognised as a basic human right.[5]  Not being able to 

do so due to infertility, which is a recognised disease, is affecting millions of couples 

worldwide.[6-8] The exact prevalence of infertility is difficult to determine, with many 

investigators using different models to attempt to find an answer to the question.[7,9,10]  

Globally, the average prevalence of infertility is calculated to be at least 10%, but in 

some Sub-Saharan African regions, infertility is reported to affect 20 to 30% of the 

population.[9,11,12] With an averaged prevalence of infertility of 10% worldwide, and 

taking various factors in consideration, the number of Assisted Reproductive 

Technology (ART) treatments required per million population, per year, can be 

calculated.[13] These factors include, but are not limited to, the proportion of the 

population that is of child-bearing age, an uptake of 50% of people with infertility 

seeking help, and the percentage of people with infertility who would benefit from 

ART.[13] Based on the calculation, a minimum of 1500 ART cycles is required per 

million individuals in any population, per year.[14-16]  

 

Apart from the ongoing prevalence of infertility that is inherently part of any population, 

the postponement of childbearing has been increasing the mean age at first birth of 

many countries, with the number of women over the age of 40 seeking fertility 

treatment to assist them to become mothers increasing.[17] Because of family planning 

policies focused on contraception to avoid unintended pregnancies, and the mitigation 

of population growth, fertility rates have been steadily declining globally. An increasing 

number of countries’ fertility rate is dropping below the replacement level.[18] The global 

necessity for ART seems to be increasing and the calculation indicating 1500 ART 

cycles per million population needs to be updated, to keep up to date with global 

changes and the development of technologies.[15,18] 
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Unfortunately, infertility treatment and Medical Assisted Reproduction (MAR)a is not 

as universal as the disease itself, with people in low- and middle-income countries 

(LMICs), especially, not having sufficient opportunities to access the treatment they 

need.[6,8,9,19-21] The International Committee for monitoring ART report a global 

utilisation of ART in 2018 of 639 cycles per million population.[22] The authors reported 

that there was a large regional variation, with the highest utilisation reported in the 

Middle East at 5732 cycles/million population, and the lowest in Africa at 73 

cycles/million population.[22]   

 

This thesis will focus on access to ART in South Africa, with emphasis on the public 

sector and specifically the Reproductive Biology Laboratory (RBL) facility at Steve Biko 

Academic Hospital (SBAH) in the Gauteng province. The description of a potential 

solution to improve access to ART services, in the form of a mobile in vitro fertilization 

(IVF)[13] laboratory, will follow. The design and construction of a mobile IVF laboratory 

using a simplified IVF culture system will be described.  The thesis will conclude with 

the results from a proof-of-concept study showing the feasibility of culturing embryos 

in the prototype mobile IVF laboratory that flowed from the previous section. 

 

1.2.  Problem statement 
The availability of sufficient ART facilities has a major negative impact on the access 

to MAR in South Africa.[23] The limited provision of ART is exacerbated in the public 

sector of South Africa.[24,25] The effect of ART expenses on patients’ realised access 

to MAR is widely commented on and assumed.[21,24-27] However, the follow-through of 

patients from the diagnostic to therapeutic phase of ART is not well defined and 

scarcely reported on.[28] 

 

The number of ART facilities in South Africa is well known to be insufficient to provide 

enough ART cycles for the country’s population.[23,25] The way in which this should be 

addressed is unclear, other than increasing the number of trained health care 

 
a The terminology of MAR and ART is often used interchangeably, with a distinct difference between 
the two phrases.[17] The first, MAR, is the broader term, covering all medical interventions that is used 
to assist persons on their journey to parenthood, such as ovulating inducing drugs and artificial 
insemination, while the latter, ART, is a more focussed definition of the procedures where in vitro 
manipulation of gametes and embryos is involved after trans-vaginal oocyte aspiration (TVOA), which 
would include embryo culture, transfer, biopsy and vitrification, but exclude sperm intra-uterine 
insemination (IUI).[13]  
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practitioners in the field of MAR.[26]  An investigation of the provision of ART services 

in South Africa, and specifically the public sector, is needed to determine plausible 

areas of improvement. This should be focussed to determine shortcomings that can 

be remedied to increase the service delivery of ART facilities in the public sector. A 

focused investigation on the demographic profiles of patient failing to return for ART 

services after diagnostic evaluations, compared to those who do return, would shed 

light on the patients that are missing out on the opportunity to have ART procedures 

performed that is available to them. Data from such a report can be of benefit to policy 

makers, to make the necessary changes to encourage patients to return for ART 

procedures after their diagnostic evaluations has been completed.  

 

Furthermore, the severe lack of ART facilities in South Africa needs to be addressed. 

The proven track record of mobile laboratories in other fields have paved the way to 

determine if the same can be used in ART. By designing and testing a prototype mobile 

IVF laboratory, the first step towards readily available ART laboratories can be taken. 

The future use of such mobile laboratories can be investigated further, once the culture 

of embryos in such an environment has been proven to be possible and practical. 

 

1.3. Aims and Objectives 
1.3.1. Aims 

The aims of this research project were to (i) investigate the demographic profiles of 

patients accessing ART at RBL, SBAH, (ii) design, contract assembly and validate the 

use of a mobile IVF laboratory, and (iii) perform a proof-of-concept evaluation, to 

successfully culture human embryos in the prototype mobile laboratory. 

 

1.3.2. Objectives 
The objectives of the research were to: 

• Determine and compare the demographical profiles of patients undergoing 

diagnostic ART investigations only vs. those who return for therapeutic ART 

procedures, at Steve Biko Academic Hospital, Gauteng, South Africa. 

• Design and supervise the construction and furnishing of a mobile IVF laboratory. 

• Validate the functionality of the mobile IVF laboratory through a pilot study, 

culturing patient embryos in the mobile IVF laboratory. 



4 
 

1.4. Study area and methodology 
The project was subdivided into three studies, each addressing one of the study 

objectives. The first study evaluated ART usage in the public sector of South Africa, 

while the second and third studies explored a possible tool to improve ART service 

delivery through the use of a mobile IVF laboratory. Each study’s methodology is 

described in a summarised manner, with detailed descriptions of the study’s materials 

and methods in the relevant manuscripts in Chapters 3-5. 

 

1.4.1. Study 1: Public sector ART in South Africa 
The provision and usage of ART services in the public sector of South Africa was 

explored in the first study. The study was performed retrospectively at the RBL, SBAH. 

All data was manually captured by the researcher and statistically analysed with the 

assistance of a biostatistician. Patients who visited the RBL to investigate their 

reproductive health status, as identified by the male partner providing a semen sample 

for analysis, was incorporated in this study.  Sampling was from 01 January 2015 to 

31 December 2020. Patients’ return for therapeutic ART procedures (TVOA or IUI) 

was recorded to 31 December 2021 to allow at least 12 months’ time for patients to 

return after their diagnostic investigation. 

 

The couples’ combined monthly income, medical aid status and town of residence was 

captured. Based on the demographic data obtained, the patients were categorised on 

(i) income (Low-, Medium-, or High-income), (ii) whether they were eligible for 

subsidised ART, (iii) if they have medical aid cover, and (iv) their distance to travel to 

SBAH (<50km, 51-100km, 101-250km, >250km). Couples who initiated ART 

investigations at SBAH without continuing to therapeutic ART procedures (Group 1) 

vs. those that followed through with therapeutic ART procedures (Group 2) were 

investigated. Within Group 2, the time from initial diagnostic evaluation to first 

therapeutic procedure, termed time to procedure (TTP) was calculated.  All parameters 

listed were compared to identify differences in the accessibility and usage of ART 

procedures to patients from different demographic groupings and locations. The 

collection and processing of data, as well as the outcomes of the study, is presented 

in Chapter 3 of the thesis. 

 



5 
 

1.4.2. Study 2: Conceptualisation of a mobile IVF laboratory 
The second study focussed on the design and construction of a prototype mobile IVF 

laboratory. The study concluded with a pilot study as a quality control of the Walking 

Egg (tWE) simplified IVF culture system used in the mobile laboratory.  A sequential 

process (Figure 1.1) was followed, to determine what is required in the mobile IVF 

laboratory. Identified aspects of the mobile laboratory was then used to guide the 

design and construction.  

 

 
Figure 1.1: Sequence of events for the design of a prototype mobile IVF laboratory. 

 

After the laboratory design has been finalised, a supplier was identified to build the 

prototype, followed by installation of all equipment.  The prototype mobile laboratory 

was outfitted and tested at SBAH. The tWE simplified IVF culture system’s individual 

components, such as the temperature and pH regulation of the culture tubes, and 
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insemination with low numbers of sperm, was validated during the researcher’s MSc 

project.[29] The equipment in the mobile laboratory was evaluated through a series of 

quality control (QC) checkpoints that included: 

i) Operational testing of individual equipment, 

ii) sterility of embryo culture tubes after assembly, and 

iii) pH of equilibrated embryo culture tubes. 

 

After the equipment validations were finalized, a pilot study was launched, using non-

viable (containing 3 pro-nuclei) fertilized oocytes (n=22 from 14 patients), to 

demonstrate embryo development in the tWE culture system and operations in the 

mobile laboratory. After informed consent was obtained from the patients (described 

in section 1.4.4 and see Annexure B for a copy of the patient information and informed 

consent document), the 3PN zygotes were vitrified and warmed in the mobile 

laboratory when the pilot study commenced. The warmed zygotes were placed into 

pre-equilibrated tWE embryo culture tubes and subjected to standard tWE simplified 

embryo culture and evaluation. Embryo evaluations were performed to confirm 

ongoing embryo development, including cellular division past the 8-cell stage to 

compaction and blastulation.  There was an expectancy of at least 50% of these 

abnormal zygotes to initiate cleavage events.[30] Compaction and blastulation of the 

derived genetically abnormal embryos (test group) were compared to that of sibling 

embryos cultured in parallel in the RBL’s conventional IVF laboratory (control group).  

Blastulation of the test group had to surpass 50% of the control group’s blastulation.[29] 

The mobile IVF laboratory’s design, commissioning, and testing is described in detail 

in Chapter 4 of the thesis. 

 

1.4.3. Study 3: Patient IVF cycles in the mobile laboratory 
A prospective proof-of-concept study (study 3) was performed to confirm the ability 

culture human embryos in the prototype mobile IVF laboratory constructed during 

study 2.  To simulate a real-world scenario, the proof-of-concept test was performed 

in Rustenburg, a rural town 112km from SBAH. To safeguard patients’ ART cycles, 

the mobile laboratory was used at La Femme fertility clinic, one of the only two ART 

facilities in Rustenburg. A precautionary arrangement was made with the fertility clinic 

to move embryos to their conventional IVF laboratory if any problems arose at the 
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mobile IVF laboratory, that could have a negative impact on embryos being cultured 

in the mobile laboratory. By performing the study at this location, the impact of having 

the mobile laboratory in a rural environment could be tested, with the safety net of the 

fertility clinic’s conventional IVF laboratory available nearby. No unforeseen 

circumstances arose, which necessitated moving embryos to the conventional IVF 

laboratory, and all embryo culture cycles were performed from start to finish in the 

mobile IVF laboratory.  

 

Patients from the fertility clinic, who has not yet undergone ART procedures, were 

considered for the study. Those who met the inclusion criteria for both the male and 

female partner of the study was approached, and the study was explained to them. 

Upon their acceptance to participate in the study, they were given an informed consent 

document (see Annexure B) to sign. Twelve patients were recruited for the study. The 

female patients were provided with the necessary medication for mild ovarian 

stimulation, with regular monitoring of the ovarian response by the fertility subspecialist 

at La Femme fertility clinic, and his clinical staff. At such time that sufficient follicular 

development was identified, a TVOA procedure was scheduled for the female patient. 

 

The TVOA was performed in the fertility clinic’s procedure room, and the follicular fluids 

were collected in 14ml round-bottom tubes, which were closed and transported to the 

mobile laboratory in a portable incubator at 37˚C. In the mobile laboratory, the follicular 

fluid was screened for the presence of cumulus-oocyte complexes (COCs), which 

were inseminated in prepared tWE embryo culture tubes. Embryo culture, with 

subsequent embryo transfers and cryopreservation of excess embryos were 

performed in the mobile laboratory. Embryo culture outcomes, including oocyte 

fertilization, embryo development and usage rates, were considered to show proof-of-

concept of the mobile laboratory. A detailed procedural description is provided in 

Chapter 5 of the thesis. 

 

1.4.4. Ethical considerations 
The study protocol was submitted for review and approved by the University of Pretoria 

(UP) Faculty of Health Sciences and Hasselt University (uHasselt) PhD committees, 

as well as the UP Ethics committee (protocol number 149/2021) and the uHasselt 
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Comité voor Medische Ethiek (protocol CME2023/046). The committee approvals can 

be found in Annexure C (PhD Committee) and D (Ethics committee).  

 

Participation by patients in either the pilot study (Study 2) or the proof-of-concept study 

(Study 3) was confirmed by the completion of written informed consent documents 

(see Annexure B), after reading study information pamphlets and discussion with the 

researcher.  All data gathered was anonymised and kept confidential with access only 

by the researcher and his supervisors. 

 

As part of Study 2, there was no benefit to the patients, apart from altruistic reasons 

to assist in research. This study also had no risk to the patients, as they would only 

give permission to delay the discarding of abnormally fertilised oocytes to a timepoint 

after the zygotes were cultured for 5 days in the mobile laboratory. In Study 3, the 

patients benefited from the study due to cost savings to their ART treatment. 

Medication for ovarian hyperstimulation was provided to the patients at no cost, and 

all laboratory fees were waived. Patients only had to pay a facility fee to use the 

aspiration room at the local fertility clinic. 

 

1.4.5.  Sponsorship and resources 
The various sections of the research project were funded individually, as described 

below. The travel and living expenses for the researcher to visit Belgium, to comply 

with requirements of a joint PhD agreement, were awarded to the researcher through 

the “Bijzonder Onderzoek Fonds” Bilateral Cooperation programme, at uHasselt 

(BOF-BILA agreement BOF21BL16). 

 

Given that study 1 was retrospective, no direct costs were incurred. Information 

technology equipment (computer, printer, internet accessibility) was provided via UP.  

 

During Study 2, the construction of the mobile laboratory was financed by tWE non-

profit organisation (NPO), and equipment in the mobile laboratory was provided on 

loan to the project by ESCO Technologies Pty (Ltd), as described in the manuscript in 

Chapter 4. The pilot study performed as part of Study 2 was funded jointly through the 

RBL research fund and tWE NPO. The proof-of-concept performed in Study 3 was 
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funded by Delfran Pharmaceuticals (medication), Ducit Pty (Ltd) (disposables), and 

tWE (day-to-day operational cost and sundries). 

 
1.5. Layout of thesis 

The thesis is constructed as a preamble, with six chapters and annexures. The 

preamble contains the study title, declarations by the student, acknowledgements, an 

executive summary of the work, a table of contents, and lists of figures, tables and 

abbreviations.  

 

Chapter 1 introduces the thesis, containing a background of the field of assisted 

reproduction with a focus on access to care. The thesis background is followed by a 

problem statement, research aims and objectives. The chapter concludes with a short 

description of the study area and methodology followed during the research, and an 

explanation of the layout of the thesis.  

 

A review of relevant topics that is addressed in the thesis is provided in Chapter 2, 

discussing the rationale behind the research study. Chapters 3-5 presents three 

research articles with specific details of each section’s materials and methods, as well 

as the outcomes and discussion of each section. Each manuscript addresses one of 

the study objectives. 

 

Chapter 6 contains a combined synthesis of the entire project, consolidating the 

previous sections and reflecting on limitations of the research, as well as future 

applications.  

 

Chapters have their own reference sections, with the presented manuscripts’ 

references captured as part of the manuscript. The thesis concludes with some 

relevant additional information in the Annexures.  
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Chapter 2: Literature review 
The treatment of fertility and infertility has been documented since ancient times and 

the concept of medical intervention to make reproduction possible has therefore been 

around for ages, albeit in very primitive ways in the beginning [1,2]. The practice of MAR 

has developed in modern times to a multidisciplinary field, where medical doctors, 

scientists, psychologists, and many others work together to treat different fertility 

problems.[3-5] A greater part of this field is direct intervention through the in vitro 

manipulation of gametes, which is called ART.[4] Since all ART procedures are 

performed in vitro, the ART laboratory forms an essential part of MAR facility.[6,7] The 

distinction between MAR and ART is important when describing MAR or ART facilities. 

The first, MAR facilities, is a medical practice where a team of health professionals 

offers an array of services for the medical treatment of fertility issues, and can include 

ART, or not. The ART facility is the place where gamete manipulation takes place, i.e. 

the ART laboratory.[6] When considering the number of facilities available for patients, 

one has to be clear about which of the two is being referred to. 

 

Performance of ART cycles are often used as a gauge of access to MAR in a 

population.[8,9] An analysis of the number of ART cycles per million people in a 

population has historically been used to provide a crude measure of the ART and MAR 

utilization rate in said population.[10-12] According to this calculation, and taking into 

consideration factors such as only 50% of infertile couples seeking medical assistance, 

5% of infertile couples have tubal obstructions, and 5% have sever male infertility, etc., 

an average number of 1500 ART cycles is needed for every 1 000 000 people.[10]  

 
2.1. Access to ART in South Africa 

The provision of ART in South Africa began, along with many other countries, in the 

early 1980s.[13-15] The first ART facilities in this country was found in the public 

sector.[14,15] However, even then the financial support of the, at the time, new field of 

assisted reproduction was not a priority to the government.[14] This meant that many 

of the medical professionals who performed the first ART cycles in South Africa soon 

established private ART facilities to continue their work.[14] This trend has continued 

since then, with most of the fertility treatments in South Africa happening in the private 

sector.[16] At present, there are approximately 36 ART facilities in South Africa, mostly 

found in large cities (figure 2.1).[17-19] 
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Figure 2.1: Map of South Africa depicting the number and location of Medical Assisted 
Reproduction facilities. 
 

There is a significant difference in cost to patients between the two sectors, with the 

public sector ART facilities offering services at a lower price.[15,16] Based on personal 

experience, ART facilities in the public sector do not have to charge patients for 

overhead costs such as staff salaries, professional insurance, or building rental, which 

reduces tariffs as compared to the private sector. Additionally, in the private sector the 

companies are owned by stockholders, who wishes to see a return on investment. This 

causes the ART facility to be operated as a business that needs to be lucrative, and in 

turn relates to patients being charged more. All South African citizens are allowed to 

access procedures at public sector ART facilities, and patients with lower-bracket 

incomes are offered services at lowered cost due to government subsidisation.[20] 

When a patient enters the public health system, proof of their current income is 

requested. Based on this, patients are categorised according to their income level and 
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procedural payments to the hospital is staggered per income group.[20] Patients with 

the highest income and access to medical aid has to pay the most, with no government 

subsidisation, whereas the lower income groups are subsidised.[20] This subsidy 

system is described in full in the manuscript presented in Chapter 3 of this thesis.[21] 

However, even though ART in the public sector is more affordable, some patients more 

readily prefer to frequent private sector facilities. This can be due to the low number of 

public sector ART facilities available and patients not knowing that these facilities 

exist,[17] or a general preconceived notion that service in the private sector is of better 

quality than that in the public sector.[22] 

 

The incidence of infertility in South Africa is not well documented and based on fairly 

outdated accounts, is estimated that approximately 15-20% of couples of reproductive 

age are infertile.[23,24] The prevalence of tubal factor infertility is mentioned as the 

highest contributor of infertility (approximately 60%), and about 40% of cases reporting 

on male factor infertility to various degrees.[23,24] According to the latest data available, 

in 2021 the South African ART utilization was 9439 ART cycles in a population of 59.4 

million people.[17] This calculates to a utilization of 159 ART cycles/million population, 

which can be reduced to 138 cycles/million population for South African citizens when 

taking into account that 1216 of the ART cycles were reported to be for cross-border 

care.[17] This type of reproductive tourism is fairly common in South Africa.[25] Whereby, 

South Africa is one of the few countries in Sub-Saharan Africa with a well-established 

MAR presence. Combinedly, South Africa, Nigeria, and Ghana account for more than 

63% of ART facilities in Sub-Saharan Africa reporting to the regional registry in 

2022.[26] The calculated ART utilization in South Africa equates to less than 10% of the 

national requirement of 1500 ART cycles/million population. 

 

Any health system should promote four elements to support the use of a specific health 

service, namely the availability, accessibility, acceptability and quality of the service 

being offered.[8] In the calculation that determines the minimum requirement of 1500 

ART cycles/million population, the acceptability of ART procedures has already been 

accounted for, through assuming an uptake of only 50% of patients in need if ART 
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seeking the necessary assistance.[10] In South Africa,  accreditationb of ART facilities 

is not mandatory, but  strongly advised, and all 19 facilities who submitted data to the 

national registry is listed on the national society’s webpage as “Centres of excellence”, 

for which accreditation is a requirement.[17,18] Therefore, the quality of ART services 

being offered in South Africa is regulated to achieve a minimum standard. With 

acceptability and quality accounted for, the last two elements needed to support 

access to MAR in South Africa is availability and accessibility.  

 

The availability of ART services effectively speaks towards physical accessibility and 

the number of ART centres available to a given population, which are often found in 

metropolitan areas or high population cities.[27,28]  In established regions of Europe, the 

USA and Latin America, the average number of ART cycles performed per centre per 

year calculate to 398, 500 and 429 respectively.[29] In order to provide the necessary 

1500 ART cycles/million population, this equates to 3.7, 3.0, and 3.5 ART facilities 

required per million population in these respective areas. In comparison, in South 

Africa in 2021, there were known to be 23 ART facilities providing ART procedures to 

a population of 59.4 million people, i.e. 0.4 ART facilities per million population, each 

performing an averaged 498 ART procedures per year.[17] Unfortunately, this still 

leaves the South African population with a shortage of 155 ART facilities to make up 

the required number to provide sufficient ART procedures for the population.  

 

Additionally, the physical accessibility of a health service entails that the service has 

to be available within reasonable reach of the patients.[28,30]  In the previous report of 

the national registry, the number of ART cycles per facility was reported with an 

indication of four out of the sixteen facilities providing 500 ART cycles or more per 

year.[31] Three of these sixteen participants are public sector health providers, i.e. the 

centres at Groote Schuur (Cape Town), Steve Biko (Pretoria) and Tygerberg (Cape 

Town) hospitals.[31] Unfortunately, the public sector units are known to be among those 

centres performing less than 500 ART cycles per year.[32,33] The private sector 

dominates MAR in South Africa, with three active public service ART facilities, one in 

Gauteng and two in the Western Cape Province.[16] Patients from any of the other six 

 
b Voluntary accreditation of ART centres by the Southern African Society for Reproductive Medicine 
and Gynaecological Endoscopy (SASREG), which include mandatory reporting of ART cycle data to 
the South African Registry for Assisted Reproductive Technology.[18]  
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provinces in South Africa must travel over at least one provincial border to access ART 

services in the public sector.[34]   

 

Apart from the lack of sufficient ART facilities having a negative impact, accessibility 

is another high-ranking factor that explains the dissimilarity between the demand for 

ART cycles and the number of cycles being performed.[35-37]  This accessibility 

primarily relates to whether ART services are available to a person, but economic 

factors also play a role.[28,26]  In Sub-Saharan Africa, the cost for assisted reproduction 

is often named as one of the major obstacles for patients to overcome.[33,36,38]   

 

Similarly to the rest of Sub-Saharan Africa, in South Africa the cost of ART is also a 

barrier to access for patients.[33,39,40] An ART cycle in South Africa, with oocyte 

aspiration and IVF, can range from at least R30 000 (≈1500€) to more than R110 000 

(≈5500€) in the private sector (conversion from ZAR to Euro was calculated as R20:1€, 

based on the rounded average exchange rate in 2025).[40-43] Marked differences exists 

between ART cost in the private and public sectors, and few medical aid schemes 

providing benefits for ART.[15,16,32,40]  

 

According to a study by Dyer and colleagues (2013), the cost of ART at one of the 

public sector ART facilities in South Africa represents a calculated catastrophic out-of-

pocket payment (an expense that threatens the household’s financial survival) for 1 

out of 5 patients in general, and fifty percent of patients when considering the poorest 

third of the population.[44]  Importantly, these estimates relate primarily to the costs of 

ART procedures themselves and do not encompass the diagnostic evaluation required 

before treatment can be considered. Diagnostic procedures represent an additional 

financial commitment that may influence patients’ ability or willingness to proceed 

beyond initial evaluation. Although public and private sectors costs for investigative 

and therapeutic procedures may differ considerably, proceeding from diagnostic to 

ART procedure in either sector may be beyond the financial means of many 

households.  A small sample of middle- to lower-income patients at a public-sector 

ART centre in South Africa showed that patients presenting for diagnostic services 

had an average income 38% lower than those who continued to therapeutic ART 

procedures.[15]   
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Apart from the low number of ART cycles being offered, South Africa is ranked as one 

of the three most economically unequal regions in the world, where the 55% or more 

of the national income is earned by 10% of the population.[45] Through the combination 

of services that is already not readily available, and the disproportionate distribution of 

service in an unequal society, there is no surprise that access to ART services in South 

Africa is sorely lacking.[32,39,40,46] The cost of ART in the public sector appears to be a 

significant barrier to the access of therapeutic services and therefore merits critical 

examination. To explore the progression of patients from diagnostic to therapeutic 

procedures, Chapter 3 of this thesis presents the data from a retrospective study, 

spanning six years, that compared the demographic profiles, including income class, 

region or province of residency and access to medical aid, of patients who entered the 

public health sector seeking assistance to become pregnant.  

 

2.2. The Walking Egg simplified embryo culture system 
To curtail laboratory fees, an affordable laboratory setup was developed through the 

Walking Egg (tWE) NPO.[47,48] The NPO, founded in 2010, “aim to strengthen fertility 

care through innovation and research, advocacy and networking, training and capacity 

building, and service delivery”.[49] Since their inception, the NPO has performed many 

projects and publications to achieve this goal, and a timeline of events showing some 

of their milestones achieved is depicted in Figure 2.2. 

 

The affordable laboratory setup is focused on the use of the simplified tWE IVF culture 

system. Through the use of embryo culture in closed, gassed tubes, expensive 

laboratory equipment such as microprocessor-controlled tissue culture incubators and 

large area air filtration systems are not required.[47] This design significantly reduces 

the laboratory setup cost, which in turn amounts to a more affordable ART procedure 

being offered to patients.  The simplified IVF system was investigated and successfully 

applied by the Belgian group lead by Prof Willem Ombelet.[47,50]  In an analysis 

performed at the Universities of Leuven and Hasselt, the cost to establish a 

conventional ART laboratory was approximately double that of a tWE laboratory.[51]  

Additionally, the cost of disposables and media used for tWE embryo culture 

calculated to less than a third the cost of conventional ART with IVF or ICSI.[51]  



18 
 

 
Figure 2.2: Milestones in the road to improve access to Medical Assisted Reproduction 
in Low-and Middle-Income Countries, with focus on the Walking Egg NPO. 
Developmental and academic milestones indicated in blue, research projects in 
orange, and Walking Egg organisational specific items in green. 
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Quality control aspects of the simplified tWE IVF culture system has been investigated 

at the RBL by the researcher, during his master’s degree research project.[52,53]  The 

setup of a simplified tWE laboratory at SBAH has been considered and equipment at 

the RBL was used to investigate crucial aspects of the tWE simplified IVF culture 

system, such as temperature control, pH stability and the sperm insemination 

protocols proposed by tWE. [52,53]   

 

More recently, the efficacy and effectiveness of this embryo culture system have been 

reported on by the group led by Ombelet. In two separate manuscripts published in 

2022, they reported on the safety and efficacy, as well as the perinatal outcome of 

babies born using the tWE simplified IVF culture system vs babies conceived through 

ICSI and conventional embryo culture.[48,54] The researcher was a co-author of one of 

these articles, which was published during the PhD term and a copy thereof can be 

found in Annexure A of this thesis.[54] Two additional publications by Ombelet and 

colleagues in 2023 described the promising perinatal outcomes of babies born after 

using the tWE simplified IVF culture system as compared to all ART babies born in 

Belgium (2013-2018) and all singletons born in Flanders (Belgium) (2012-2020).[55,56]  

 

The tWE simplified IVF culture system has been proven to be a feasible option for 

embryo culture, that can be implemented as a less expensive option in low-cost 

laboratories.[56] Implementation of this culture system can be done in resource poor 

countries across the globe.[57] The culture system’s closed tubes design reduces the 

exposure to external elements and formed an integral part of the second section of the 

PhD, the realisation of a mobile IVF laboratory.  

 

2.3. Mobile health units 
The necessity for more ART facilities in South Africa have been described, and this 

requirement is echoed in Sub-Saharan Africa.[36,58,60]  The setting up of an ART facility, 

especially the IVF laboratory required for ART procedures required, is very expensive 

and an array of factors needs to be considered.[15,35] A single laboratory that can be 

used by multiple ART facilities will ease the financial burden of commissioning an ART 

laboratory for each centre.[60]   
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Gametes and embryos are transported between facilities regularly, but the distance 

and time needed for transport impacts on the practicalities and feasibility of this 

model.[60-63] Therefore, implementing a mobile laboratory could provide support to 

multiple MAR facilities while avoiding the risk of transporting gametes or embryos over 

long distances.[64] This model was also described in an article that the researcher co-

authored, which was published during the PhD term and a copy thereof can be seen 

in Annexure A of this thesis.[57] 

 

Mobile medical units are modified vehicles that are stocked with specialized medical 

equipment to provide medical services to out-of-reach areas and are employed in 

various medical disciplines.[65,66]  This mode of providing health services to rural areas 

is implemented worldwide, in both high-and low-resource settings.[65-70] In India, the 

utilization of mobile medical units are even considered to improve access to 

reproductive and child health services, albeit more focused on family planning and 

contraceptive services.[65,71]  

 

In South Africa, mobile medical facilities are regularly used to provide basic health care 

to rural communities.[72] These mobile health clinics are often provided by non-

governmental organisations, or as a collaboration between governmental and non-

governmental organisations.[73] Some examples of these include mobile health units 

for general health checks (www.starforlife.org/south-africa/), or specialised diagnostic 

mobile wellness clinics developed to test patients’ HIV and TB status 

(www.nacosa.org.za). Mobile facilities are also used for therapeutic interventions, 

such as basic dental procedure and issuing spectacles after eye tests 

(www.mobilehealthclinics.org.za). Mobile medical services are offered in various forms 

in South Africa and can range from as small as Iyeza Express’ bicycle courier 

delivering chronic medication,[74] to as large as Roche’s Phelophepac Healthcare 

Train,[75] and anything in between, such as a temporary setup in a tent,[76] mobile clinics 

in vehicles and trailers,[77,78] setting up a temporary facility in available open space 

such as school halls,[76,79] or even fully equipped medical facilities in large 

trucks.[30,76,78] Some examples of such medical facilities can be seen in Figure 2.3. 

Unfortunately, no such mobile facilities are available for ART, in either South Africa, or 

 
c Phelopheba, meaning “Good clean health” in Sesotho 
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elsewhere in the world. 

 
Figure 2.3: Examples of different modes of mobile medical services in South Africa, 
including (A) a backpack used by Iyeza Express bicycle couriers,[73] health clinics in a 
(B) tent,[72] (C) small truck,[80] (D) trailer,[81] and (E) bus,[78] as well as (F) the 
Phelophepa Healthcare Train.[75] 
 

The application of a mobile medical unit needs to be carefully planned to 

accommodate a niche in the market previously unmet, while remaining financially 

viable.[66] Applying the principle of mobile medical units on assisted reproduction, a 

mobile IVF laboratory can service multiple medical centres.  The mobile laboratory can 

visit these centres in a scheduled manner, allowing local clinicians to recruit and batch 

patients who qualify for ART intervention, until such time that the mobile laboratory 

frequents the facility.   

 

2.4. Innovation in assisted reproduction  
Introducing novel concepts in ART requires careful consideration of ethical, regulatory, 

and quality control requirements. Primarily, patient safety must be ensured, while 

maintaining laboratory standards, monitoring relevant outcomes, and avoiding risk, 

particularly when implemented in resource-constrained settings.[82,83] Unfortunately, 

this process is not always followed, since there is substantial pressure from intended 

parents to try new procedures and methods to have successful ART outcomes.[82]  
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The roll-out of new ART procedures tends to be focussed on advances in technology, 

such as artificial intelligence-based embryo selection, and pre-implantation genetic 

testing.[83,84] Often, the additional cost of these new technologies are not taken into 

consideration when provided as add-ons.[83,85] Additionally, the research outcomes 

usually is more concerned about short-term success rates, than long-term outcomes 

of the babies born.[82,83] With the safety and efficacy of the treatment proven, 

experimental treatment is recategorized as being innovative treatment options, but not 

yet established.[84] Over time, with enough use, these adjuncts can easily be 

misconstrued as being established standard of care procedures.[84,85] 

 

To ensure appropriate pre-clinical and clinical validation of the simplified tWE IVF 

culture system in a mobile laboratory, the mobile laboratory presented in this thesis 

has undergone a wide variety of quality control evaluations. The design, contracting of 

assembly, and outfitting of a mobile IVF laboratory using the tWE simplified IVF culture 

system was performed and reported on in Chapter 4 of this thesis. Furthermore, the 

testing and proof-of-concept results of the use of the mobile IVF laboratory is described 

in Chapter 5 of the thesis.   
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Chapter 3: Public sector access to medically assisted reproduction in 

South Africa 
The first objective of the research was to investigate access to ART in the public sector 

of South Africa. This was performed through an investigation on the demographic 

profiles of patients undergoing ART. The objective was achieved through a 

retrospective study that specifically considered the patients at the RBL, SBAH, 

Gauteng, South Africa. Even though the data was obtained from a single ART facility, 

the location of the facility in the northern half of the country was deemed relevant to 

represent a large portion of the population. With the only other two public sector units 

in South Africa situated in Cape Town, on the southern-most tip of the country, the 

facility at SBAH is the only public sector ART facility available to people in the northern 

half of the country.  

 

Patient records from the RBL were used to identify differences between patients 

following through with ART procedures, or not. The patients’ income, access to 

medical aid, and distance to travel to the RBL was considered. Additionally, within the 

cohort of patients who returned for ART procedures, the time that elapsed between 

their first diagnostic evaluation and their first therapeutic procedure was determined. 

Comparisons were made between demographic profiles and the time to procedure. 

The outcome of this investigation is presented in Chapter 3 in a manuscript format.  

 

The manuscript was published by invitation in the journal Reproduction and Fertility in 

July 2025, under the title “Public sector access to medically assisted reproduction in 

South Africa: a case study” (DOI: https://doi.org/10.1530/RAF-24-0072). This journal 

is an open-access, peer reviewed journal with an impact factor of 3.4. The manuscript 

was published as part of a special series on Fertility care in low- and middle- income 

countries. 
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Chapter 4: Point-of-care Assisted Reproduction: development of a 
mobile IVF laboratory 

In the research background and review, the lack of sufficient ART facilities in South 

Africa, as well as the impact of ART cost drivers on access to MAR, has been 

discussed. These factors create a barrier for patients to access needed medical 

attention when they struggle with infertility. In Chapter 3, this was further investigated 

for patients in the public sector of South Africa. The demographic profiles of patients 

attending the RBL, SBAH was considered and the results demonstrated that patients 

with lower incomes are more likely to not return for the ART treatment required. 

Furthermore, when they do return, the patients from the low-income brackets take 

longer to proceed from diagnostic to therapeutic ART. There appears to be a direct 

inverse association between a patient’s income and their progression to ART in a 

timely fashion. This indicates that the cost of ART, even in the public sector, is still an 

obstacle to patients’ access to the required ART procedures. 

 

The challenges of too few ART facilities and expensive costs may be addressed 

through the use of mobile IVF laboratories. Although mobile medical facilities can be 

seen in many different fields, the provision of ART treatment is not yet available, and 

this proposed mobile IVF laboratory would be a world first. Chapter 4 presents the 

design and manufacture of such a mobile IVF laboratory prototype, as was the second 

objective of the project. The process of selecting an appropriate vehicle for the mobile 

laboratory, the necessary equipment, as well as the eventual construction, installation 

and testing of the mobile laboratory, is presented in manuscript format. 

 

The manuscript titled “Point-of-care Assisted Reproduction: development of a mobile 

IVF laboratory” has been submitted to the South African Medical Journal (proof of 

submission in Annexure E). This journal is a peer reviewed, general medical journal 

publishing leading research impacting clinical care in southern Africa. The selection of 

this journal was to promote the visibility of this world-first design, of a mobile IVF 

laboratory, in a local journal.
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Chapter 5: First births from a mobile IVF laboratory: proof-of-concept 
results 

In the manuscript presented in Chapter 4, the design and construction of the prototype 

mobile IVF laboratory was described. The operation of all equipment has been 

validated, and a pilot study described that was used to confirm that the IVF culture 

system in the mobile laboratory could successfully culture embryos up to the blastocyst 

stage. At this point, there was a need to confirm in a more definitive manner that the 

prototype mobile IVF laboratory would be able to perform in a real-world environment. 

To achieve the third objective of the research, a proof-of-concept study was performed.  

 

The mobile laboratory was used in a rural town in South Africa, to perform IVF and 

embryo culture cycles for a small cohort of patients. The town is 110km away Pretoria, 

with an estimated population of just over 600 000 people. 

(https://worldpopulationreview.com/cities/south-africa/rustenburg) There are two ART 

facilities in the town, and the ART procedures in the mobile laboratory were performed 

in conjunction with one of these local IVF clinics. This arrangement was made to have 

this facility available as a safeguard, should embryos have to be moved to a regular 

ART laboratory. However, the laboratory operations were performed completely in 

isolation from the local IVF laboratory, and at no point was there a need for any 

gametes or embryos to be moved to the facility’s laboratory. All procedures were 

performed with the mobile IVF laboratory as the sole provider of ART services. This 

included the processing of gametes, as well as the culture, transfer and 

cryopreservation of embryos. The outcome from this proof-of-concept study is 

presented in manuscript format in Chapter 5. 

 

The manuscript titled “First births after using a closed, simplified IVF culture system in 

a mobile IVF laboratory - proof of concept results” has been submitted to Reproductive 

Biomedicine Online (proof of submission in Annexure E), a peer reviewed open access 

journal with a 3.5 impact factor. The manuscript has passed the peer review process, 

has been accepted for publication by the journal, and will be in print as soon as final 

type setting is completed. 
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Chapter 6: Synthesis of the findings 
6.1. Background 

People in general resist change. This can be due to perception, how they see the 

world, or to change the way they do certain things or believe how certain things can 

and should be done.[1] This resistance to change has dogged the field of MAR from 

the very beginning. Long before the birth of Louise Brown, the first IVF baby, Robert 

Edwards was busy with research that lead towards his role in ART, and published an 

article in the Lancet in 1965.[2,3] He described the maturation of human oocytes, 

something that very little was known about at the time, and the response from the 

Lancet was that they “could not see the point of the work”.[4] When Edwards, Steptoe, 

and Purdy was struggling for 10 years to achieve the first IVF birth, and even after the 

first birth, widespread opposition was found in both the medical field and society in 

general.[4-8] 

 

In contrary to the opposition encountered at the beginning of IVF, once the world 

accepted ART, this medical field boomed and is currently a multi-billion-dollar 

industry.[7,9,10] The treatment options have been standardised and the safety and 

efficacy of standard ART has been well documented.[7] However, with the growing 

quality and complexity of ART, patients’ bills are also rising, and the cost of ART is 

listed as one of the major barriers for patients.[11] The world has mostly accepted ART 

as a viable option to treat infertility, and in the race to improve and gain an edge above 

competitors, the use of additional treatments and procedures, known as add-ons are 

increasing rapidly.[12-14]  

 

Unfortunately, with the fast growth of the MAR industry and the costs involved, there 

are geographical regions that are left behind, with minimal access to reproductive 

health treatments. Also, when such services are available, the procedures are too 

expensive for a great number of people.[15,16] Cost effective methods have been 

proposed to address some of the barriers, but since the industry is commercially driven 

by profit, these solutions are finding a hard time to procure a foothold in the 

industry.[17,18] The industry might have forgotten the humble beginnings in Oldham,[4] 

and became used to technologically advanced protocol with a focus on commercial, 

profit-margin chasing incentives.[19] The thought of changing to alternative cost-
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effective methods is unthinkable. When there are support for simplified or cost-

effective strategies, the support is often found to be theoretical only, with no actionable 

assistance. Pioneers are often wished well, but no actual support is provided to them. 

 

Unfortunately, even though evidence-based results were provided through the current 

project to show the successes achieved, the road to achieve these successes has not 

always been a smooth one. This became apparent in the way that the mobile IVF 

laboratory’s validation testing was received. The research protocol was approved by 

the relevant research and ethics committees, however, during implementation of the 

proposal several roadblocks were encountered. The first version of the research plan 

was to perform a comparative study, with patients in the public sector having the choice 

of conventional IVF or IVF in the mobile laboratory. In this protocol, patients who opted 

to have their embryo culture performed in the mobile IVF laboratory would have 

received all laboratory procedures free of charge. However, the public sector hospital 

where this would have happened did not agree for the project to proceed to recruit 

patients. An amendment to the research protocol was requested, where all patients 

had to be offered a fully subsidised ART cycle, including ovarian stimulation and all 

treatment costs, paid for through the research project. The financial demands of this 

change placed a substantial burden on the research budget.  

 

The research protocol was amended, committee approvals of the relevant committees 

was obtained, and funds and sponsors were found. However, at this point, an 

additional requirement was requested. The public sector hospital stipulated a proof of 

medical insurance to be provided, indemnifying the hospital from any claims or liability 

from any of the patients, or babies born from the project, that would extend past the 

project end date for an additional 21 years.  Additionally, no support was allowed to be 

provided during standard working hours by employees in the public sector.  

Embryologists, fertility specialists or nurses from the hospital, all health professionals 

who wishes to assist, would have to do so after hours or use their annual leave to take 

time off to observe or work on the project.  

 

The researcher, with the assistance of the University of Pretoria’s Insurance 

Management division, spent months trying to find an insurer willing to provide such 

cover, to no avail, and eventually yielded that the request was impossible to comply 



84 
 

with. The research protocol was amended a second time, after consulting with private 

sector ART providers who were willing to assist. After a period of 22 months of rewriting 

the protocol, finding additional funding, and assistance from the University of Pretoria’s 

Deputy Dean of Research and Postgraduate studies, the Research Office, Finance 

Department, Research Ethics Committee, and various UP employed individuals, the 

protocol was approved by the research and ethics committees, and eventually the 

mobile IVF laboratory validation was performed in the private sector as described.  

 

The implementation of any new system is bound to encounter some pushback, but the 

level of resistance encountered in the public sector was an eye-opening experience. 

The reasoning behind the requests was always described to appear logical, but the 

reality is that fear of the unknown, and resistance to accept an alternative model of 

doing a procedure, was a major hindrance to promote a project directly in line with the 

public sector agenda to provide equitable access to health services to all people and 

communities without exposing them to financial hardships.[20] In the discussion and 

conclusion of this thesis not only the results obtained will be discussed, but also the 

implementation of a mobile IVF laboratory, and foreseen difficulties to overcome will 

be commented on. 

 

6.2. Summary of key findings 
6.2.1. Study 1: Public sector ART in South Africa 

The first study showcased the population profiles of patients who followed through or 

did not return for ART after an initial consultation. Couples were grouped according to 

Low-, Middle-, or High- income brackets. Patients from the Low-, Middle-, and High-

income groups had access to medical aid in 6%, 43%, and 71% of cases, respectively. 

Only forty-seven percent of all the patients were eligible for subsidised ART treatment. 

The study population’s income was identified as a representative factor of the 

combined profile of patients, i.e. their income, access to medical aid, and eligibility for 

subsidised ART cycles. Patients who earned less than or more than the study 

population’s average income returned for therapeutic procedures in 25% and 51% of 

cases, respectively.  
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The average income of the population, as well as the Low-, Middle-, and High-income 

groups, and the percentage of patients from each of the groups who returned for ART 

is shown in Table 6.1. The reported Euro values for this study are derived from ZAR 

and converted R 16.016:1 €, which was the average exchange rate in the study period 

2015 to 2020.[21] Both Euro and ZAR values are given due to this being a joint PhD 

between the Universities of Pretoria and Hasselt.  

 

Table 6.1: Averaged monthly income in South African Rand (R) and Euro (€) of the 
study population and income groups, with each group’s return rate for ART. 

 
 

The time for patients to return for therapeutic ART, i.e. from the first diagnostic to the 

first therapeutic procedure, described as TTP, was calculated to be 240 days on 

average (median TTP of 171 days, and the third quartile starting at 303 days). The 

percentage of patients (per income group) where the TTP exceeded the median and 

third quartile times is depicted in Table 6.2. 

 
Table 6.2: Percentage of patients from different income-groups returning for ART 
above the population median and 3rd quartile time. 

 
 

6.2.2. Study 2: Conceptualisation of a mobile IVF laboratory 
From the design and construction of the mobile laboratory, no statistical data was 

obtained. Valuable information was gathered during the design and construction 

process, which can be applied in the future when additional mobile IVF laboratories 

are needed. The culturing of embryos in the prototype mobile IVF laboratory was 

confirmed using the simplified tWE IVF culture system and non-viable (3PN) oocytes 

(n=22 oocytes from 14 patients). From the 22 zygotes, 21 cleaved of which 13 started 

compaction and 10 proceeded to form blastocysts.  

Income Return for ART
Average 21 422.75R  (1 337.58 €) 41%

Low 3 351.58R     (145.29 €) 30%
Middle 16 325.29R  (455.06 €) 41%

High 46 538.59R  (1555.54 €) 50%

ZAR (€)

Income
TTP >median

(171 days)
TTP >3rd quartile

(303 days)
Low 67% 41%

Middle 51% 23%
High 42% 21%
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6.2.3. Study 3: Patient IVF cycles in the mobile laboratory 
Twelve couples were recruited to participate in the proof-of-concept study to showcase 

the use of a mobile IVF laboratory in a real-world scenario. All the necessary ART 

procedures, from the screening of follicular fluid for oocytes, to the sperm preparation 

for insemination, oocyte insemination, and embryo culture, transfer and 

cryopreservation, were performed in the mobile laboratory. During these procedures, 

operational and logistical complexities were identified.  

 

Of the initial 12 patients recruited, one patient did not have any COCs after the TVOA 

procedure, and another attempt resulted in a single mature oocyte, which did not 

fertilize. Embryos from the remaining 10 patients were cultured in the mobile IVF 

laboratory. The average number of oocytes per patients was 6.4, of which 4.3 were 

metaphase II oocytes, with a 79% fertilization rate and 62% of the resulting embryos 

were used for transfer or cryopreservation.  From 10 embryo transfers, 5 patients 

presented with a positive βHCG test result, and 4 out of these 5 pregnancies resulted 

in healthy live births. 

 

The use of the mobile IVF laboratory provided insight in day-to-day operations of a 

mobile laboratory. This experience can be applied when planning future ART cycles 

using a mobile IVF laboratory. 

 

6.3. Discussion 
This project was established to examine barriers to equitable access to MAR in South 

Africa and to explore the improvement of ART services using a mobile IVF laboratory. 

This was achieved by a sequential design, considering (i) the demographic and 

socioeconomic factors influencing patient progression from diagnostic to therapeutic 

ART procedures, (ii) the feasibility of designing and constructing a low-cost mobile IVF 

laboratory using tWE simplified IVF culture system, and (iii) proof-of-concept evidence 

demonstrating the ability of such a mobile laboratory to function effectively in a real-

world clinical setting. The findings from these studies can be applied to the problem of 

improving access to MAR not only in South Africa, but internationally in LMICs. 
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The first study considered the demographic and socioeconomic factors that affects the 

progression from diagnostic to therapeutic ART services in the public sector of South 

Africa. While previous literature consistently acknowledges cost as a barrier to ART in 

LMICs, there is little to no information to explain at which point patients stop to explore 

their treatment options.[16,22,23] This study provides quantitative evidence from a South 

African public sector ART unit about the transition from diagnostic to therapeutic ART 

treatment, and how this is influenced by socioeconomic factors. 

 

Large inequalities in patient income were observed, affecting access to ART services 

in the public sector ART unit investigated. A marked difference in income was 

observed between patient groups, with the Low-income group earning only 7% of the 

income of the High-income group. This inequality aligns with broader national patterns, 

as South Africa remains one of the most unequal societies globally.[24,25] The study 

showed that patients’ return for therapeutic treatment can be correlated with their 

income level. While more than half of High-income patients returned for therapeutic 

procedures, approximately 70% of patients in the Low-income group did not return for 

treatment after initiating diagnostic investigations, even though 61% of patients earn 

less than the study population’s average income. This raises the question, which part 

of the population is being assisted with their reproductive journey in the public sector?  

 

Not all of the patients who failed to follow-through with ART procedures in the public 

sector can be ascribed to inaccessible treatment options, some may have opted to find 

treatment in the private sector.[26,27] However, the results from the study strongly 

suggest that economic factors are at least partially the cause for patients to drop out 

from ART treatment in the public sector. This correlates with literature on the topic of 

barriers to ART. The cost of ART is often cited as either the largest or one of the largest 

contributors to lack of access to ART.[15,16,28,29] In South Africa, public sector ART units 

provide ART services with an out-of-pocket co-payment by patients.[30,31] Irrespective 

of which subsidisation category these patients belong to, there are some expenses 

that has to be covered by the patients. This include culture media and solutions used 

in the ART laboratory, with a short a shelf-life, which cannot be processed timeously 

though the public sector’s procurement administration. Unfortunately, the treatment 

expenses are often so high that even affluent patients struggle to cover the necessary 

payments, and low-income patients are effectively excluded.[30,32,33] To determine the 
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real financial accessibility of ART, the patient’s perspective on affordable fees needs 

to be considered. Are the procedural costs, along with the additional associated costs, 

affordable based on their socio-economic status, disposable income, and access to 

subsidy or reimbursement?[11,34] 

 

The data from the study also provides evidence that there are major constraints in the 

public sector, causing long waiting times to return for therapeutic interventions. 

Increased waiting times, especially for patients from lower income brackets, could 

possibly reduce patients’ chances of successful outcomes, as the patients’ age 

impacts on their fertility.[35-37] The findings emphasize the need for policy-level 

intervention, especially during this time of health reform in South Africa, through the 

induction of the National Health Insurance.[38] With the cost of ART recognised as a 

barrier to infertility care worldwide, these findings can be applied to all areas where 

ART is not readily available or subsidised. Most LMICs struggle with this issue of 

inaccessible ART.[39-41] Unfortunately, highlighting such an acknowledged impediment 

does not bring anyone closer to solving said problem. According to medical 

professionals in South Africa, working in the field of MAR, improving access to ART in 

the Republic of South Africa (RSA) can only be solved when issues related to (i) human 

resources, i.e. the number of trained medical personnel with experience in MAR, (ii) 

laboratory services, and (iii) medication, is addressed.[42]  

 

While the outcome of the first study underscored the need to improve access to ART, 

the second and third studies of the project focussed on a practical way to accomplish 

this. Study 2 documented the world-first design, construction, and initial testing of a 

mobile IVF laboratory using the tWE simplified IVF culture system. The IVF culture 

system, which replaces costly incubators and other laboratory equipment through the 

use of sealed, gassed culture tubes, has already been shown to support fertilisation, 

implantation, pregnancy, and perinatal outcomes comparable to conventional IVF 

culture systems.[43,44] The simplified tWE IVF culture is ideal for implementation in a 

compact environment, such as a mobile IVF laboratory. 

 

During construction, several logistical challenges were identified, such as the trailer’s 

size and weight. Additionally, to balance a low-cost option for construction with the 

required medical-grade quality workmanship proofed to be challenging. Specific 
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complications that were encountered was that the manufacturing company did not 

have the expertise on hand to model the design first and calculate the structural 

requirements. This resulted in a trial-and-error based model, that added several 

months to the manufacturing process. The manufacturer struggled for example to find 

heavy-duty gas-lifter strong enough to lift the embryo transfer room’s roof during 

unfolding of the side room, which resulted in the redesign of the fold-out section with 

smaller panels and a shorter roof section. Additionally, water leaks in the IVF 

laboratory were only realised after a heavy rainstorm after the mobile IVF laboratory 

was handed over from the manufacturer. The trailer then had to be returned to the 

workshop for repairs, with a simulation of rain to test the repairs.   

 

Other known risks that were identified and addressed were (i) unreliable electricity 

supply, (ii) temperature regulation inside the mobile laboratory, (iii) theft, and (iv) safe 

storage of liquid nitrogen.  

(i) The unreliable electricity supply is due to regular unscheduled and 

scheduled power outages which can last for hours. To make provision for 

this, solar panels were installed on the roof of the mobile laboratory, which 

in turn was connected to an inverter and battery. This battery, when fully 

charged, can provide the mobile laboratory with electricity for at least 12 

hours after a power shutdown, allowing for sufficient time to restore power 

to the laboratory. In case of failure to restore power within the 12-hour 

window period, a small electricity generator was available.  

(ii) Since the laboratory had to be parked uncovered in full sunlight for the best 

effect of the solar panels, temperature regulation, and specifically 

overheating, was considered a risk. To prevent this, the air-conditioning unit 

built into the laboratory was running constantly during the day, even without 

a person present in the laboratory. The air-conditioning was set to keep the 

laboratory temperature at 23˚C.  

(iii) Due to negative crime statistics in South Africa, the theft of equipment, or 

forced entry into the mobile laboratory was also considered a possible 

threat. The laboratory was installed with an alarm system with an audible 

emergency alarm, as well as send a message to the researcher, if any of 

the doors were opened, or if there was movement inside the laboratory when 
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the alarm was armed. Additionally, the laboratory was always parked in 

close proximity to a 24-hour manned night watch station, with arrangements 

made with the night watch to contact the researcher in case of the alarm 

sounding, or any other concerns.  

(iv) Lastly, for the safe storage of liquid nitrogen, a small area of the laboratory’s 

front, away from the main laboratory section, was cordoned off with a steel 

mesh cage. A ventilation hatch was provided at this area, where nitrogen 

could dissipate out of the laboratory, should there be a problem with the 

liquid nitrogen dewar. After the repairs to the mobile laboratory to prevent 

water leaking, and all other concerns were addressed, the prototype mobile 

IVF laboratory was eventually deemed ready for in vitro testing. 

 

Alternative suppliers should be sourced for future developments and deployment of 

multiple mobile units. The various optional designs for a mobile IVF lab should also be 

further investigated and researched using the current prototype as basis or starting 

point, considering the intended service application, location and patient population. 

The prototype was constructed and proven to be functional, through the quality control 

testing of the equipment and culturing of abnormally fertilised oocytes. Furthermore, 

the proof-of-concept testing of the mobile laboratory was confirmed through the culture 

and transfer of embryos in the mobile laboratory, which finally cumulated in the birth 

of 4 healthy babies. Combinedly, Study 2 and 3 provides the first practical 

demonstration that high-quality IVF laboratory procedures can be decentralised and 

transported.[45] The practical operation of Study 3 in a rural town in South Africa 

provided very insightful information on the logistics and operations of a mobile IVF 

laboratory. 

 

With a prototype mobile IVF laboratory successfully constructed and tested, the 

question of implementation to improve access to ART remains. How can such a mobile 

IVF laboratory with a simplified IVF culture system compete in a world of high-

technology ART where patients demand the best, and is willing to pay for all kinds of 

add-ons? The answer is that there is no need to compete in this manner. The mobile 

IVF laboratory was not designed to compete with existing conventional ART facilities 

for patients willing to pay for all the bells and whistles. The concept is intended to make 

the expansion of new laboratories easier. The mobile IVF laboratory was designed to 
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be equivalent to a stationary conventional IVF laboratory that can be used for most 

patients (excluding cases where ICSI is required).  The difference is that this laboratory 

is on wheels and can be shared by multiple facilities. This signifies that the mobile IVF 

laboratories can be used as an additional tool to extend ART services to locations 

where currently none is available. 

 

Although the use of mobile IVF laboratories promises to improve access to ART, at 

present this is a practical academic exercise.[18] For the actual implementation of 

mobile IVF laboratories, several aspects should be considered. These include, but are 

not limited to, the necessary infrastructure requirements, the availability of disposables 

and consumables, as well as sufficiently trained staff. The day-to-day operations of the 

laboratory should be known, and skilled collaborators identified with clear roles and 

expectations. Team-members must have a shared vision and must be genuinely 

invested in the success of such a project. Patients and laboratory timelines should be 

synchronised, where a project coordinator occupies a central role to manage logistics, 

resources and troubleshoot with the team.  Lastly, the legislative framework and 

regulatory differences between countries and areas need to be considered, prior to 

placement and operation of mobile IVF laboratories.  

 

The manner wherein mobile IVF laboratories can be used is open to interpretation. As 

an example, two models describing the deployment of mobile IVF laboratories will be 

explored. The first is in the private sector in South Africa, and the second in the public 

sector. These examples will highlight some aspects of how mobile IVF laboratories 

can be used to improve ART services in South Africa, which could also be extrapolated 

to other LMICs.  

 

Example 1: Sharing of a mobile IVF laboratory in the private sector 

In the first scenario, the mobile IVF unit is envisioned to be used as a partnership 

between a number of fertility specialists without an IVF laboratory. The benefit to such 

a group of individuals would be that they can share the cost of acquiring a mobile IVF 

laboratory, while each having the freedom to practice at a preferred location. They 

would be able to set up their consultation rooms to attract potential patients, and 

perform the necessary diagnostic evaluations needed, as well as therapeutic 

procedures for which an IVF laboratory is not needed. The diagnostic evaluations for 
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female patients should not pose any problems in this scenario, while male patients can 

be directed to a specialized pathology laboratory to assess male reproductive health, 

or the enterprise could set up a basic andrology laboratory and employ an andrologist 

to perform basic semen analyses. The ART facility could also have an arrangement 

with a referral laboratory that can perform the semen analyses.  

 

Furthermore, each clinician will need a procedure room to perform TVOA procedures 

or have an arrangement with a local day-clinic or hospital to perform the procedures 

in their theatre. Sufficient space should be available where the mobile IVF laboratory 

can be parked securely for an extended time, while embryo culture cycles are 

performed. A skilled embryologist should also travel with the mobile IVF laboratory and 

perform the IVF cycles. Additionally, a towing vehicle and driver with a towing licence 

would have to be available when the mobile IVF laboratory is moved. This can either 

be through obtaining a towing vehicle that complies with the necessary requirements 

to tow the mobile IVF laboratory. A dedicated driver with the required towing 

experience and licence should be available, or through an agreement with a towing 

company who can provide a towing vehicle and driver. The driver of the towing vehicle 

could also be taught to assist with the expansion of the mobile IVF laboratory’s fold-

out room. Lastly, the maintenance and insurance requirements for the mobile IVF 

laboratory would have to be provided for by the partners, which would not only include 

scheduled maintenance of the IVF laboratory equipment, but also scheduled 

maintenance of the trailer. 

 

The logistics of the scenario where a number of fertility specialists share the mobile 

IVF laboratory would have to be carefully planned between their medical practices. 

Patients will be able to visit the clinicians’ consultation rooms throughout the year for 

diagnostic and non-IVF procedures, and during this time patients can be identified who 

need ART. These procedures can be batched according to the availability of the mobile 

IVF laboratory. Urgent cases, that cannot wait for the mobile IVF laboratory, should be 

referred to conventional IVF laboratories that has the capacity to offer services 

immediately. Furthermore, patients with severe male factor infertility or known 

fertilization failure after IVF will have to be referred to conventional ART facilities to 

provide more advanced treatment options.[18,46]  
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With the batching of patients to await the arrival of the mobile IVF laboratory, the 

partners will have to calculate a balance between the patients’ waiting time and a cost-

effective schedule to rotate the mobile IVF laboratory. One suggestion would be to 

move the mobile IVF laboratory every four weeks to a different facility. Herewith the 

laboratory could be at each facility for four weeks with a 12-week interlude before 

returning to, for example one of four facilities.  

 

As described in the above scenario, the MAR facilities which share the mobile IVF 

laboratory would have to refer some patients to conventional ART laboratories. A 

standard agreement with such a facility would be beneficial to have in place. Sharing 

the commissioning and operational cost of the mobile IVF laboratory by partners 

participating in the venture, will be more cost-effective than commissioning their own 

ART laboratory. This will enable them to develop their medical practice over time and 

increase the number of patients they assist. As their patient load and the consequent 

demand for ART procedures increases, they can then commission additional mobile 

IVF laboratories, or individual ART laboratories. The latter can provide simplified tWE 

IVF culture at the start; whereby supplementary ART equipment can be acquired over 

time to eventually upgrade the IVF laboratory to a conventional ART laboratory.    

 

Example 2: Mobile IVF laboratories in the public sector 

In the second scenario, a model is proposed for mobile IVF laboratories to be 

implemented in the public sector. The stratified manner of referral in the public sector 

will be used, as described in the South African National Clinical Guidelines for Safe 

Conception and Infertility.[46] According to these guidelines, all infertile individuals 

should receive a basic standard of care that includes information on infertility, an 

appropriate diagnostic workup, a discussion of relevant treatment options, and 

psychological and emotional support. The guidelines further state that the required 

standard of care should be provided over the four levels of the health system, namely 

Level 1: Primary health care clinics, Level 2: Regional hospitals, Level 3: Provincial 

tertiary hospitals, and Level 4: Specialised hospitals; with up referral from one level to 

the next as needed.[47] Table 6.3 outlines the proposed service available at each level 

and when patients should be referred from one level to the next.  
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Table 6.3: Infertility services according to levels of care in the public sector of South 
Africa (from: South African National Clinical Guidelines for Safe Conception and 
Infertility).[47] 

 
 
The referral guide indicates the availability of a basic infertility diagnostic workup at 

level 2 of the health system, which are offered at regional hospitals. Limited 

reproductive medicine sub-specialist support should be provided at provincial tertiary 

hospitals, i.e. level 3 of the health system. The support by fertility specialists at level 3 

centres does not include provision of ART services, and all ART patients should be 

referred to level 4 hospitals, where specialised ART services are available. These 

guidelines propose a treatment plan to identify infertile patients, where all patients in 
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need of ART are eventually referred to specialised hospitals.[47] Unfortunately, there 

are only three active public sector specialised hospitals available in South Africa that 

offers ART procedures, namely at SBAH, Tygerberg Hospital, and Grootte Schuur 

Hospital.[31] 

 

Mobile IVF laboratories can be implemented at level 3 of the public health system, in 

conjunction with the limited reproductive medicine sub-specialist support already 

mentioned in the safe conception guidelines.[46] Patients with mild or moderate male 

factor and unexplained female infertility can be diagnosed at the level 2 and 3 

hospitals, and receive basic ART treatments in a mobile IVF laboratory, without having 

to be referred up to the level 4 hospitals. Mobile IVF laboratories can be shared 

between two or three provinces. Patient procedures can be batched and scheduled 

according to the rotation of fertility specialists who provide “limited reproductive 

subspecialist support”. With the guidelines already making provision for procedure 

rooms where minor surgeries can be performed to improve fertility, ovarian aspiration 

cycles can be performed at these facilities. The only addition needed to provide ART 

services at level 3 hospitals would be a mobile IVF laboratory, with the necessary 

disposables and consumables, and a trained embryologist to perform the ART 

procedures. In this manner, the public sector can provide ART services in all the 

provinces in South Africa, while reducing the burden on the very few specialised 

hospitals with ART facilities. This is also aligned with the directive of the National 

Health Insurance (NHI) Act that was promulgated in 2024.[38] 

 

These are only two examples of how mobile IVF laboratories can be applied within a 

resource poor environment. There are many more alternative options that remain, for 

mobile IVF laboratories to make ART more accessible. However, the lack of trained 

medical personnel to perform the ART procedures, especially embryologists to 

perform the IVF embryo culture cycles in the mobile laboratories, is a shared 

bottleneck in all the above scenarios.  

Any large-scale roll-out of mobile IVF laboratories will have to go hand-in-hand with 

training of embryologists to work with the tWE simplified IVF culture system, careful 

consideration of the legal framework, and collaboration with existing ART facilities. The 

DoH and management of public sector healthcare providers should take cognisance 

of such opportunities to spearhead health reform of a constrained system. 
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6.4. Strengths of the study 
The research project’s strength originates from the uniqueness of the topic matter 

accomplished through a sequential approach, where the three components of the 

project addressed distinct, but interlinked objectives. The first study explored local data 

that has never been investigated and discussed before, i.e. patient demographics, 

socioeconomic profiles, and treatment progression within the context of a South 

African public sector ART unit.  

 

The conceptualisation, design, and construction of a fully functional mobile IVF 

laboratory, using the tWE simplified embryo culture system, is a pioneering world-first 

achievement. No such mobile IVF laboratory had previously been constructed, and the 

study therefore contributes a high-impact, practical solution to the long-standing 

problem of ART inaccessibility in low-resource settings. The third study built on the 

second study’s outcome and provided a proof-of-concept that the mobile IVF 

laboratory can be used to successfully culture and transfer of human embryos. The 

research yields immediately actionable insights, with evident contribution from theory 

into practice.  

 

6.5. Limitations of the study 
6.5.1. Study 1: Public sector ART 

While the study provided valuable insight in the patient profiles in the public sector 

facility investigated, there are some limitations that should be acknowledged. The data 

gathered during the study was retrospectively obtained from patient information sheets 

that was completed by the patients themselves. The accuracy and reliability of the 

information is reliant on whether the patients provided a true reflection of their 

sociocultural situation when completing the forms. In addition, while the return rate of 

patients was considered, the follow-up of success after treatment was not included. 

The addition of whether ART treatments lead to successful pregnancies and live births 

would have been a worthwhile addition to the data. Further follow-up of patients whose 

first ART treatment was not successful could have flowed from the data, to comment 

on socio-culture profiles of patients who undergo a second attempt at ART. Another 

limitation was the impact of the global outbreak of the coronavirus on the return of 

patients for therapeutic services from 2020 onwards. Inclusion of patients during the 
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time of the COVID-19 pandemic would have skewed the data, especially on patients’ 

return rate and TTP, due to limited ART cycles being performed and patients not being 

able to travel to the ART facility.  

 

The information was gathered from the largest public sector ART facility in South 

Africa, whereby the conclusions made can only be applied to this facility. General 

commonalities such as expenses could be similar for the other three public sector 

Hospitals, but there will also be differences based on the location of the Hospitals and 

services rendered at these facilities.  

 

6.5.2. Study 2 and 3: The mobile IVF laboratory 
Although Study 2 successfully resulted in a functional prototype mobile IVF laboratory, 

several practical limitations were encountered. The building of the prototype faced 

constraints related to the size and weight of the trailer, which influenced mobility, 

storage, and ease of deployment. The quality of construction was also affected by the 

availability of only a few companies willing to undertake such a unique construction 

project. The development of the fold-out room required specialised engineering input, 

but assistance from technical experts was limited, which may have affected the 

optimisation of the final design. The pilot study performed as part of study 2 was also 

limited by a small sample size, affecting the statistical power. 

 

The third study demonstrated successful real-world application of the mobile IVF 

laboratory. Due to the small sample size of the study, the outcome can only be seen 

as a proof-of-concept, and not a full validation of the mobile IVF laboratory. Procedures 

were also conducted at a single location, and the ability to move the IVF laboratory 

from one location to the next, and continue with ART cycles, has not been tested. The 

operational use and future roll-out of mobile IVF laboratories were outside the scope 

of this project and therefore remain unaddressed. 

 

6.6. Recommendations 
Drawing on the information obtained, recommendations can be made to provide ART 

treatment to patients via mobile IVF laboratories. Reducing the magnitude of cost 

barriers through simplified IVF cultures and mobile IVF laboratories should be 
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investigated further. Policy changes to include infertility treatment in national health 

benefits should be strongly advocated. The following are recommended for further 

research and application of the data: 

 

6.6.1. Improving ART in the public sector 
The use of the simplified tWE IVF culture system and mobile IVF laboratories can be 

a game-changing addition to public sector ART provision in South Africa. As 

highlighted in example 1 in the Discussion section, the current guidelines on how 

infertility should be managed in the public sector allows for a step-wise referral of 

patients from diagnostic to therapeutic ART.[46] This strategy directly aligns with the 

manner in which tWE NPO proposes a tWE laboratory should be designed, with 

diagnostic centres referring patients up to different levels of ART facilities.[47] 

Additionally, the use of mobile IVF laboratories in level 3 public health centres were 

described, where the use of a few mobile IVF laboratories would be able to alleviate 

the demand on specialised hospitals with ART centres. The availability of experienced 

medical personnel trained in assisted reproduction is limited.[31] Therefore, mobile IVF 

laboratories would be ideal to provide ART procedures to patients from different 

provinces, as a single team of fertility specialist and embryologist could travel with the 

mobile IVF laboratory to provide ART procedures where needed.   

 

Research in the public sector must be encouraged, and the mandate of scientists to 

explore and question the status quo must be embraced. Private sector collaboration 

must be fostered to provide actionable assistance, and not just verbal encouragement 

for other stakeholders to provide solutions. Broader national analyses of ART access 

should be conducted across all public-sector ART units, to validate whether the 

findings at SBAH reflect national trends. Qualitative studies can be planned to contact 

and interview patients who do not return for therapeutic treatment, to understand 

decision-making, financial barriers, cultural concerns, and psychological factors. This 

information, in conjunction with the data obtained from study 1, should be showcased 

to the National Department of Health (NdoH) to encourage their participation on a 

national level. Renowned role players and stakeholders, such as SASREG and tWE 

NPO must pressurise the NDoH to take action and improve access to ART. 
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The rollout of affordable ART options and the use of mobile IVF laboratories will require 

collaboration from different levels of government. Local hospital management will have 

to take responsibility for the work performed on site, while provincial government 

ensure the mobile laboratories are supplied, stocked, equipped and manned with 

experienced personnel. The NDoH will be responsible for the overhead administration, 

for a cross-provincial project to be managed with care. Additionally, the NDoH is 

ultimately responsible to ensure the standard factors necessary to support ART 

services, whether low-cost or conventional, is provided for. These factors include 

having up to date and appropriate policies and legislation in place, and provide 

appropriate funding and good health service infrastructure.[49] Where the NDoH 

national budget fails to meet the required demands, Private-Public-Partnerships (PPP) 

should be considered for the industry to take hands with Government.[49] These types 

of partnerships have been shown to work successfully in improving healthcare 

dissemination in general through mobile healthcare services, in the form of the 

Phelophepa Healthcare Train,[50] as well as ART service delivery at the Tygerberg 

Hospital in Cape Town.[51]  

 

Lastly, the potential impact of the NHI on MAR accessibility, comparing the cost of 

different scenarios, including the use of simplified IVF, should be investigated. The 

proposed use of mobile IVF laboratories, and PPP to provide support must be included 

in these investigations. The mobilization of resources towards ART and the inclusion 

of ART in the NHI benefits should be advocated for. 

 

6.6.2. Future use of mobile IVF laboratories 
Apart from the physical roll-out of mobile IVF laboratories to improve access to ART, 

either in the private or public sectors, further investigations are needed. By addressing 

concerns through the provision of evidence-based results and the championing of 

workable solutions, resistance to change by health-providers and the general public 

can be addressed. Negative perceptions can affect how a well-designed project is 

received. Therefore, acceptability and feasibility studies should be performed, to 

determine medical professionals’ and patients’ perceptions regarding mobile fertility 

services compared to static facilities. 
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Additionally, since the current mobile laboratory was designed and constructed as a 

prototype, the lessons learned during the process should be embraced and applied for 

future improvements. The functionality of the fold out room and the weight of trailer 

should be re-evaluated. The current design of the prototype mobile IVF laboratory can 

be improved upon with the assistance of experienced engineers or trailer designers. 

Proposed changed to the design that can be investigated is the use of different types 

of material for construction, that would still insulate the laboratory to ease temperature 

regulation, while reducing the total weight of the trailer. Additionally, the fold-out room 

for the embryo transfer room could be reconsidered. Alternative suggestions could be 

a modular or pop-up stand connected to the trailer, with canvas sides, eliminating 

hundreds of kilograms of weight by removing the necessary panels. A single panel to 

form a solid roof could be considered, to provide a structure for the temporary structure 

to attach to, and secure connections to prevent any water leakage. An alternative 

option would be to omit the additional room connected to the mobile laboratory, and to 

perform embryo transfers in the local facility’s procedure room. Equipment required in 

the procedure room, as well as transport of embryos from the mobile IVF laboratory to 

the transfer room, could be considered.  

 

Furthermore, the official incorporation of mobile IVF laboratories as a viable option to 

use must be encouraged. The SASREG accreditation process should be looked at, to 

accommodate the evaluation of mobile IVF laboratories into their current regulatory 

system. With the design of the prototype mobile IVF laboratory, care was taken to 

ensure the laboratory complies with the SASREG guidelines, and when mobile IVF 

laboratories are used in practice, there should be an option for ART facilities to be 

evaluated and certified by SASREG when such a laboratory is employed. 

 

The application of mobile IVF laboratories must not be mistakenly approached as if 

happening in a vacuum, there are many associated aspects that should be considered. 

Some of these aspects are the use of the simplified tWE IVF culture system, mild 

ovarian stimulation, and training of medical professionals, to name a few. The 

simplified tWE IVF culture system has been validated as safe and effective, with 

favourable perinatal outcomes and significantly lower operational costs compared to 

conventional IVF.[18,44] Public sector facilities should consider adopting the tWE 
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simplified IVF culture system, especially for low-resource settings and for patients with 

mild male factor infertility. Since the simplified IVF culture system is used in the mobile 

IVF laboratories, the knowledge base would develop over time and more medical 

professionals would be experienced in the use of this system. At this point, the 

provincial hospitals can each establish a simplified IVF laboratory on site, and the 

mobile IVF laboratories can be used to provide services at a lower level of medical 

facility, such as regional hospitals, and provide training opportunities at these lower 

level facilities. 

 

The use of mild stimulation has been advocated as one of the major cost saving 

initiatives for low-cost IVF and is supported by the tWE NPO.[18, 52]  This approach has 

been encouraged to be used with the simplified IVF culture, and can be of benefit when 

rolling out the use of mobile IVF laboratories.[18] These mild ovarian stimulation 

protocols result in lower numbers of COCs recruited for development, but can also 

lower the chances of adverse outcomes due to ovarian hyperstimulation syndrome.[53] 

The mild stimulation protocols would result in safer practice when ART is performed in 

level 3 or even level 2 health facilities, when the infrastructure to respond to medical 

emergencies are not as easily available as at level 4 facilities. 

 

Another recommendation that would not only proof beneficial to improving access to 

ART through the use of mobile IVF laboratories, but to the field of MAR in general 

would be a major investment in training of medical professionals in the field of MAR. 

Not only financial investment, but also time and other resources. The lack of sufficient 

fertility specialists and embryologists in South Africa is a major concern for the 

future.[31] This is especially a problem with the expectancy of embryologists to perform 

an increased number of technically advanced procedures.[54] All over Africa there are 

“fly-in-fly-out” professionals, who travel to a specific area for a short time period to 

provide service delivery while they are there.[31, 55, 56] South Africa’s well established 

MAR industry, in general, does not warrant the use of professionals flying in to perform 

ART procedures. However, with the field of MAR dominated by the private sector, very 

few training facilities and experienced trainers are available.[31] The use of travelling 

professionals might be something to keep in mind for training purposes. Since health 

professionals not registered with the Health Practitioners Council of South Africa may 

not practice and provide patient care in SA, institutional permission would have to be 
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obtained for them to provide training. Alternatively, in lieu of professionals traveling 

from abroad, retired professionals in South Africa could share their knowledge and 

experience with the younger generation. With the assistance from the NDoH and PPP, 

the establishment of more training facilities should be encouraged without delay. Such 

an endeavour would be well placed to incorporate the aid of the tWE NPO. This can 

be initiated through dedicated training for the operation of mobile IVF laboratories. The 

current embryologist training centres could incorporate mobile IVF laboratory and tWE 

simplified IVF culture system training in their standard curriculums, with the assistance 

from the tWE NPO. Additionally, dedicated tWE training centres can be established, 

to train embryologist to work on a local, as well as international level. Lessons learned 

during the COVID-19 pandemic can be of assistance in this instance, where it was 

realised that not all training and communication has to be in person.[57] Syllabi can be 

developed where trainees initially study theoretical principals and protocols with an 

online platform, followed by hands-on practical training at a later stage.  

 

Lastly, the application of mobile IVF laboratories in South Africa, and the array of 

associated actions that is needed to get the mobile IVF laboratories’ wheels rolling, 

should be seen as an opportunity for other LMICs to adopt similar principles. The use 

of mobile IVF laboratories should be investigated in all areas where access to ART is 

limited.   

 

6.7. Conclusion 
This thesis set out to investigate access to MAR in the public sector of South Africa 

and to explore an innovative, practical solution to expand the provision of ART to 

patients in the lower income brackets. The study substantiates with location specific 

data that access to ART must be improved in the coverage area investigated. This 

information can be applied to a major section of the South African landscape. The 

findings provide quantitative evidence for facts that has long been assumed but rarely 

demonstrated, i.e. that affordability and geographic accessibility remain major 

measurable determinants of ART access in South Africa. 

 

In response to these barriers, the next component of the thesis reported on the 

successful development of a novel mobile IVF laboratory based on the simplified tWE 
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culture system. Building on this foundation, the project is completed by provided proof-

of-concept data that IVF cycles, including oocyte insemination, embryo culture, 

embryo transfer, and cryopreservation, can be performed in a mobile IVF laboratory in 

a rural clinical setting. The pioneering project resulted in the first live births achieved 

from embryos cultured in a mobile IVF laboratory, marking an important milestone both 

locally and globally. Collectively, the outcome of the studies creates a coherent 

narrative. Limited ART availability and steep financial barriers exclude a substantial 

portion of the population from receiving fertility treatment. Simplified, low-cost mobile 

IVF laboratories offer a realistic, evidence-based strategy to improve access to ART.  

 

Importantly, this thesis contributes a world-first demonstration of mobile IVF feasibility, 

positioning South Africa as a potential leader in developing context-appropriate ART 

solutions for low- and middle-income countries. Mobile IVF laboratories, when 

combined with simplified stimulation protocols, have the potential to transform MAR 

provision by reducing cost, decentralising laboratory services, and serving multiple 

clinical sites without duplicating infrastructure. 

 

The work also lays foundational knowledge for policymakers and health systems 

planners seeking to incorporate innovative models of care delivery into national 

reproductive health strategies. The concept of mobile IVF laboratories creates new 

opportunities to provide improved access to ART, should there be the will and drive to 

take this innovative idea and build on it. Through collaboration of the public and private 

sectors, and the combination of low-cost IVF, mild ovarian stimulation and mobile IVF 

laboratories, access to ART in South Africa can be improved. Reflecting on the words 

by Neil Armstrong, “one small step for a man, one giant leap for mankind”,[58] the first 

prototype mobile IVF laboratory might just be a step in the right direction to provide 

global access to ART in the future. 
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7.1.2. Now is the time to introduce innovative ART in resource-poor 
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7.2. Annexure B: Study information and informed consent documents 
7.2.1. Study 2 Pilot study informed consent 

 



128 
 

 



129 
 

 
 
  



130 
 

7.2.2. Study 3 Informed consent 

 



131 
 

 



132 
 

 



133 
 

 
 

  



134 
 

7.3. Annexure C: PhD Committee approvals 

 



135 
 

 
 
  



136 
 

7.4. Annexure D: Ethics Committee approvals 

 



137 
 

 



138 
 

 



139 
 



140 
 

 



141 
 

7.5. Annexure E: Proof of submission to journal 

 
 

 
 


	Declaration of authorship
	Dedication
	Declaration: Publications
	Declaration: Additional research outputs
	Acknowledgements
	Executive Summary
	Layman’s summary
	Flemish laymen’s summary
	Table of Content
	List of Figures
	List of Tables
	List of Abbreviations
	Chapter 1: Introduction
	1.1. Thesis background
	1.2.  Problem statement
	1.3. Aims and Objectives
	1.3.1. Aims
	1.3.2. Objectives
	1.4. Study area and methodology
	1.4.1. Study 1: Public sector ART in South Africa
	1.4.2. Study 2: Conceptualisation of a mobile IVF laboratory
	1.4.3. Study 3: Patient IVF cycles in the mobile laboratory
	1.4.4. Ethical considerations
	1.4.5.  Sponsorship and resources
	1.5. Layout of thesis
	1.6. References

	Chapter 2: Literature review
	2.1. Access to ART in South Africa
	2.2. The Walking Egg simplified embryo culture system
	2.3. Mobile health units
	2.4. Innovation in assisted reproduction
	2.5. References

	Chapter 3: Public sector access to medically assisted reproduction in South Africa
	Chapter 4: Point-of-care Assisted Reproduction: development of a mobile IVF laboratory
	Chapter 5: First births from a mobile IVF laboratory: proof-of-concept results
	Chapter 6: Synthesis of the findings
	6.1. Background
	6.2. Summary of key findings
	6.2.1. Study 1: Public sector ART in South Africa
	6.2.2. Study 2: Conceptualisation of a mobile IVF laboratory
	6.2.3. Study 3: Patient IVF cycles in the mobile laboratory
	6.3. Discussion
	6.4. Strengths of the study
	6.5. Limitations of the study
	6.5.1. Study 1: Public sector ART
	6.5.2. Study 2 and 3: The mobile IVF laboratory
	6.6. Recommendations
	6.6.1. Improving ART in the public sector
	6.6.2. Future use of mobile IVF laboratories
	6.7. Conclusion
	6.8.  References

	Chapter 7: Annexures
	7.1.  Annexure A: Co-authored articles
	7.1.1. Multiyear outcomes of a simplified IVF culture system
	7.1.2. Now is the time to introduce innovative ART in resource-poor countries
	7.2. Annexure B: Study information and informed consent documents
	7.2.1. Study 2 Pilot study informed consent
	7.2.2. Study 3 Informed consent
	7.3. Annexure C: PhD Committee approvals
	7.4. Annexure D: Ethics Committee approvals
	7.5. Annexure E: Proof of submission to journal


