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INTRODUCTION

Genome-editing tools such as Clustered Regularly Interspaced 
Palindromic Repeats and its associated proteins (CRISPR-

Cas) are opening up the possibilities of safe therapeutic 
applications, including the successful prevention of HIV and 
the treatment of certain cancers, sickle-cell disease (SCD) and 
allergic diseases.1,2,3 CRISPR and its associated proteins act 
like molecular scissors that can edit specific sections of genetic 
material accurately. At present, 1 200 cell and gene-therapy clinical 
trials are ongoing and it is expected that 50 such treatments will 
be available clinically in the United States by 2030.4 According 
to Centerwatch.com, no gene-editing clinical trials are currently 
registered in South Africa.5 A search on the Clinicaltrials.gov 
website using search terms ‘allergy’ and ‘gene therapy’ indicated 
139 studies globally.6 The search included broader search terms 
such as ‘hypersensitivities’ and ‘sensitivities’. Gene-therapy 
clinical trials focusing on allergic disease seem not to be a reality 
just yet. However, in the long term, it is inevitable that South 
Africa will be influenced by the growing market of gene therapy. 
Physicians may be faced with choices whether to offer these 
treatment options to their patients in the future. 

The South African population has a high disease burden, one 
further exacerbated by severe inequality in its healthcare sector.7 
The private healthcare sector serves 16% of the population 
and offers access to world-class therapies, whereas the public 
healthcare sector serves 84% of the population and faces severe 

resource constraints.4 In the public healthcare sector, those 
treatments most beneficial to the largest number of patients are 
prioritised.4 Genome-editing may have the potential to relieve the 
high disease burden by delivering single-dose effective treatments. 
In addition, it could also relieve the long-term economic burden of 
treating certain diseases if early screening and prevention takes 
place. It would, however, be critical that gene-editing therapeutic 
services develop in such a way that equitable access is ensured 
so as not to increase inequalities further. The development and 
delivery of gene-editing therapies would require rigorous and 
intensive processes of capacity-building, education, training and 
data production.4 

CURRENT POSSIBILITIES OF GENE-EDITING FOR 
ALLERGIC DISEASES
One-third of South Africans suffer from allergic diseases, of 
whom 40% are children.8 The cost of allergic disease to the 
South African economy is difficult to estimate. A pharmaceutical 
company estimated the cost to be more than ZAR600 million a 
year in 2018.9 Current treatment methods include the avoidance 
of allergens, administering medication such as antihistamines, 
nasal and oral corticosteroids, mast-cell stabilisers, adrenaline 
and immunotherapies. Although lifelong treatment strategies 
and management of allergic disease are well described and 
implemented by physicians, no long-lasting treatments or cures 
exist.
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A good therapeutic application of CRISPR could be to prevent 
lethal allergies and severe asthma.10 The prevalence of allergic 
reactions could be reduced by the genetic modification of 
common allergy-causing culprits so as to prevent the production 
of allergenic proteins.11 For example, promising gene-editing 
research in the domain of food allergies has been done on various 
allergenic proteins found in peanuts, wheat and soybeans.1 

CRISPR-Cas could also be programmed to eliminate the 
Fel d1 allergen in cats, which could prevent a Th2-type immune 
response in human beings, usually brought about by exposure 
to cat dander.1 Genetic modification such as gene-editing plants 
and other organisms, as has been done, is generally acceptable 
in society. Ethical challenges remain, nonetheless, depending 
on specific applications and societal perceptions.

More contentious possibilities are research and translational 
pathways involving human gene-editing with the goal of curbing 
the allergic reaction itself. Current research is limited to cell and 
non-human animal models. For example, studies have shown 
that the Th2-type immune response of an asthma flare-up can 
be modified through CRISPR-Cas by wiping the memory of Th2 
cells.7,11,12 Gene-editing for therapeutic purposes may eventually 
form part of current existing immunotherapies.11,13,14 

Even if viable options to treat, cure and prevent allergic diseases 
become safe, effective and affordable for the South African 
market within the next few decades, the ethical implications 
and challenges of perceptions, regulation, oversight to ensure 
safety, and equitable access remain. 

PERCEPTIONS AND ETHICAL IMPLICATIONS 
Perceptions about gene-editing have been shaped throughout 
history. Many gene-editing tools have been developed and 
have shaped perceptions. These include restriction enzymes, 
transcription activator-like effector nucleases, zinc finger 
nucleases and epigenetic editing. In the 1970s, genetically 
modified organisms (GMOs) were developed using gene-
editing tools. Examples are recombined bacterial genomes that 
produce human insulin to treat diabetes, and herbicide-resistant 
soybeans. Perceptions about human-gene manipulation have 
a tainted past and have rightly faced scrutiny. An example of 
the beginnings of manipulation of the human genetic code 
is eugenics, which emerged during World War Two. The 
pseudoscience of eugenics was used to perpetuate the idea 
that a genetically superior race could be bred by allowing people 
only with certain traits to reproduce.15 Doctors and geneticists 
working for the Nazi regime conducted numerous unethical 
experiments on prisoners.16 This led to the Nuremberg trials 
being conducted from 1947 to 194917 and in their wake the 
Nuremberg Code, whose ten principles were drawn up to guide 
experimentation involving human beings.17 

In the 1990s, the potential use of gene-editing for therapeutic 
purposes became prominent.18 Perceptions of gene therapy were 
shaped by the pivotal case of Jesse Gelsinger, who was the first 
person to die in a gene-therapy clinical trial.19 Gelsinger suffered 
from an X-linked genetic disease, Ornithine transcarbamylase, 
which prevented his body from breaking down ammonia.19 He 
underwent an experimental procedure by which a viral vector 
carrying an unaffected gene was injected. He died four days 

later, probably due to an immune reaction to the virus vector.19 

Now, more than two decades later, advancements in science are 
driving clinically approved, safe, efficacious therapeutic gene-
editing applications. CRISPR far surpasses other gene-editing 
tools based on its accuracy and cost-effectiveness. CRISPR’s 
potential use as a safe and cost-effective gene-editing tool 
with broad applications was first described by Doudna and 
Charpentier in 2012.20 Perceptions are being shaped further by 
(dis)trust in technology, scientific understanding, proven efficacy 
and safety in the long term.21 The safety and efficacy of CRISPR 
has to do with possible off-target effects and mosaicism being 
present in an individual undergoing somatic or heritable gene-
editing. CRISPR’s most contentious use is that of heritable 
human genome-editing which involves genetic edits being 
made to the gametes of an individual that enable traits to be 
passed on from one generation to the next.21 For example, in 
2018, the scientific community reacted with outrage when a 
Chinese scientist reportedly gene-edited and brought to full 
term two HIV-immune baby girls.22 The general understanding in 
the scientific community up to that point was that no one would 
proceed without consensus being reached that it was safe to 
do so.23 The Chinese scientist’s application of CRISPR was 
considered to be an enhancement rather than a therapeutic 
application, considering that there are safer ways to ensure that 
HIV-resistance exists, such as semen-washing followed by in 
vitro fertilisation, intrauterine insemination or intracytoplasmic 
sperm injection. 

During the COVID-19 pandemic, CRISPR’s broad applications 
were exemplified by its application in rapid diagnostic testing. 
A collaboration between a biotechnology company and a 
university developed rapid diagnostic tests that could determine 
not only whether a person was infected with SARS-CoV-2, but 
also with which variant they were infected.24,25 CRISPR’s use in 
diagnostic-testing applications is not limited to SARS-Cov-2 and 
could also be used for the Ebola virus and other virus-detection 
systems.26 This could shape perceptions of CRISPR further, 
possibly prompting greater acceptance. 

REGULATION AND OVERSIGHT ENSURING SAFETY AND 
EQUITABLE ACCESS
Currently, CRISPR is seen as a controversial tool that has 
the potential to be misused, whether for therapeutic or for 
enhancement purposes. Governments and societies across 
the world have reacted in various ways to the development of 
gene-editing applications in the form of statements, reports, 
policies and guideline documents.27 The National Academies of 
Medicine, the National Academies of Sciences and the Royal 
Society formed the International Commission on the Clinical 
Use of Human Germline Genome Editing.27 The commission 
was tasked to ‘address the scientific considerations that would 
be needed to inform broader societal decision-making’. In 2020, 
they published their report, which identifies six categories (A–F) 
of the potential use of heritable human genome-editing. The 
categories include: 
• prospective parents’ children who would inherit a serious

monogenic disease;
• monogenic diseases with a less serious impact;
• polygenic diseases; and
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• cases involving changes that would enhance or introduce
new traits or eliminate certain diseases.

They suggested establishing clear and transparent translational 
pathways that the International Scientific Advisory Panel (ISAP) 
would assess, review, and provide input and advice on. An 
international mechanism should also be established to which 
concerns about research can be submitted so that the relevant 
authorities can be informed and act, if necessary. 

Concurrently, the World Health Organisation (WHO) aimed 
to address the ethical and public-health considerations of 
genome-editing. In 2021, they released a position paper, 
recommendations and a governance framework for heritable 
human genome-editing.28,29,30 Accordingly, global cooperation 
and coordination is necessary. In order to enhance this 
coordination and cooperation, the WHO established a global 
registry for clinical trials of genome-editing. These and other 
measures put in place are important to ensure the safety and 
efficacy of and equitable access to gene-editing therapies. 
Equitable access would require, first, that the need for genome-
editing therapies be established and then building a registry of 
eligible patients. 

In South Africa there is a gap in the regulation of these 
technologies: currently, no legislation governs the manufacture 
and importation of cell and gene therapies. Any gene-editing 
therapy would need to be approved by the South African Health 
Products Regulatory Authority (SAHPRA). It is, therefore, 
important that binding regulations and committees are in place 
to ensure that patients who need these treatments the most can 
access them.

THERAPEUTIC OR ENHANCING CRISPR APPLICATIONS: 
WHAT ABOUT GENE-EDITING ALLERGIC DISEASES?
The first therapeutic gene-editing applications, as recommended 
by the ISAP, will be limited to monogenic diseases that cause 
severe morbidity or premature death.27 In the case of prospective 
parents wanting to gene-edit an embryo, it is recommended that 
they must have no other means of producing genetically related 
children without the monogenic disease.27 Allergic diseases 
are considered polygenic and therefore belong to Category D 
of potential applications of gene-editing as described by ISAP. 
According to ISAP, this category requires a lot more research due 
to the complexity of the interplay of genes and the environment. 
If the scientific and translational pathways were developed, it 

could be assumed that the first possible therapeutic applications 
of gene-editing for allergies would be for those suffering from 
potentially lethal allergies and who have no other therapeutic 
options. 

Beside lethal allergies, deciding when the gene-editing of allergic 
diseases would be considered an enhancement or therapeutic 
entails applying underlying value judgements that have not yet 
been explored. ‘Enhancement’ is a broad and conceptually 
laden term: it can be defined as a change in the state of a person 
(whether biological or psychological) that is experienced or 
judged by the person, or people, as being good.31 Most people 
suffering from allergies would agree that, depending on the 
severity of the condition, allergies impair and hinder everyday 
functioning and well-being. It is likely that, at first, determining 
in which cases gene-editing allergies would be either enhancing 
or therapeutic would have to be evaluated case by case. Gene-
editing for lethal allergic diseases will most probably come to 
the market first. These kinds of application will probably be 
considered acceptable and are likely to be welcomed by the 
sufferers. When, however, it comes to pre-conception genetic 
testing, prenatal genetic testing, pre-implantation genetic 
testing and gene-editing to ensure that a child does not develop 
allergies, this may be considered enhancement rather than 
therapeutic. 

CONCLUSION
Whether gene-editing allergic diseases is considered therapeutic 
or enhancement is based on underpinning value judgements.32,33 
These value judgements have not yet been explored clearly or 
sufficiently. Along with the scientific progress to ensure safety 
and efficacy, research is still needed to evaluate in which 
cases clinical applications of gene-editing would be considered 
acceptable and good. These technological developments are 
opening an array of unexplored possibilities, ethical implications 
and perceptions. It is, therefore, important that all stakeholders 
involved – including physicians, clinicians, patients, patient 
advocates, ethicists on clinical and ethics committees, and 
the lay public – be informed about the current possibilities and 
challenges to remedying any gaps in knowledge. This, in turn, 
should spark discussions that drive the equitable development 
and deployment of these technologies. 

CONFLICT OF INTEREST
The author has no conflicts of interest to declare.
This article has been peer-reviewed.

REFERENCES
1. Brackett NF, Pomés A, Chapman MD. New frontiers: Precise editing of allergen 

genes using CRISPR. Front Allergy. 2022;2:821107. https://doi.org/10.3389/
falgy.2021.821107.

2. Sanders R. FDA approves first test of CRISPR to correct genetic defect 
causing sickle cell disease. 2021 Mar [cited 22 April 2022]. Available from:
https://news.berkeley.edu/2021/03/30/fda-approves-first-test-of-crispr-to-
correct-genetic-defect-causing-sickle-cell-disease/.

3. Uddin F, Rudin CM, Sen T. CRISPR Gene therapy: Applications, limitations,
and implications for the Future. Front Oncol. 2020;10:1387. https://doi.
org/10.3389/fonc.2020.01387.

4. Hendricks CL, Alessandrini M, Pepper MS. Equitable access to cell and gene
therapies in South Africa: Opportunities and hurdles. Gene Ther [Internet]. 2022 
Jan [cited 28 February 2022]. https://doi.org/10.1038/s41434-021-00309-y.

5. Centerwatch. Clinical Trials Search. 2022. [cited 11 July 2022].
Available from: https://www.centerwatch.com/clinical-trials/listings/
search/?q=gene+therapy&place=South+Africa&geo_lat=-30.5595&geo_
lng=22.9375&user_country=South+Africa&radius=.

6. US National Library of Medicine. Clinical Trials. 2022. [cited
12 July 2022]. Available from: https://www.clinicaltrials.gov/ct2/
results?cond=Allergy&term=gene+therapy&cntry=&state=&city=&dist=.

7. Rensburg R. Healthcare in South Africa: How inequity is contributing to
inefficiency. 7 July 2021 [cited 22 April 2022]. Available from: https://www.
wits.ac.za/news/latest-news/opinion/2021/2021-07/healthcare-in-south-africa-
how-inequity-is-contributing-to-inefficiency.html.

8. Allergy Foundation South Africa. Allergy. [cited 14 Aril 2022]. Available from:
https://www.allergyfoundation.co.za/allergy-and-immunology/allergy/.

02b Gene editing.indd   15802b Gene editing.indd   158 2022/08/22   18:402022/08/22   18:40



Current Allergy & Clinical Immunology  Ӏ September 2022  Ӏ  Vol 35, No 3 159

9. Wild, S. Best place to live in SA for allergies. Business Insider [cited 12 July
2022]. Available from: https://www.businessinsider.co.za/best-place-to-live-in-
sa-for-allergies-2018-6 https://pharmadynamics.co.za/allergies-cost-sa-over-
half-a-billion-per-year/.

10. AL-Kouba J, Wilkinson AN, Starkey MR, et al. Allergen-encoding bone marrow 
transfer inactivates allergic T-cell responses, alleviating airway inflammation. 
JCI Insight. 2017;2(11):e85742. https://doi.org/10.1172/jci.insight.85742.

11. Paris JL, De la Torre P, Flores AI. New therapeutic approaches for allergy: A review 
of cell therapy and bio- or nano-material-based strategies. Pharmaceutics.
2021;13(12):2149. https://doi.org/10.3390/pharmaceutics13122149.

12. Maes T, Tournoy KG, Joos GF. Gene therapy for allergic airway diseases. Curr 
Allergy Asthma Rep. 2011;11(2):163–172. https://doi.org/10.1007/s11882-011-
0177-8.

13.	Larsen JN, Broge L, Jacobi H. Allergy immunotherapy: The future of allergy
treatment. Drug Discovery Today. 2016;21(1):26–37. https://doi.org/10.1016/j.
drudis.2015.07.010.

14.	Goodman MA, Moradi Manesh D, Malik P, Rothenberg ME. CRISPR/Cas9 in
allergic and immunologic diseases. Exp Rev Clin Immunol. 2017;13(1):5–9. 
https://doi.org/10.1080/1744666X.2017.1241711.

15.	History Channel. Eugenics. [cited 11 July 2022]. Available from: https://www.
history.com/topics/germany/eugenics.

16.	Harper PS. Genetics in troubled times and places. Hereditas. 2017;155(18).
https://doi.org/10.1186/s41065-017-0042-4.

17.	History Channel. World War II. [cited 11 July 2022]. Available from: https://
www.history.com/topics/world-war-ii/nuremberg-trials.

18.	Papanikolaou E, Bosio A. The promise and the hope of gene therapy.
Frontiers. 24 March 2021 [cited 11 July 2022]. Available from: https://www.
frontiersin.org/articles/10.3389/fgeed.2021.618346/full. https://doi.org/10.3389/
fgeed.2021.618346.

19.	Savulescu J. Harm, ethics committees and the gene therapy death. J Med
Ethics. 27(3):148–150. https://doi.org/10.1136/jme.27.3.148.

20.	Broad Institute. CRISPR timeline. Available from: https://www.broadinstitute.
org/what-broad/areas-focus/project-spotlight/crispr-timeline.

21.	Castelyn C. Shifting perceptions of CRISPR: From controversial gene editing
tool to indispensable SARS-CoV-2 variant surveillance tool. VIB [Internet].
August 202 [cited 4 April 2022];7. Available from: https://journals.library.
columbia.edu/index.php/bioethics/article/view/8595. https://doi.org/10.52214
/vib.v7i.8595.

22.	Greely HT. CRISPR'd babies: Human germline genome editing in the 'He
Jiankui affair'. Journal of Law and the Biosciences. 2019;6(1):111–183. https://
doi.org/10.1093/jlb/lsz010.

23.	Lander ES, Baylis F, Zhang F, et al. Adopt a moratorium on heritable genome
editing. Nature. 2019;567(7747):165–168. https://doi.org/10.1038/d41586-
019-00726-5.

24. Daley J. CRISPR Gene editing may help scale up Coronavirus testing. 23 April 
2020 [cited 22 April 2022]. Available from: https://www.scientificamerican.com/
article/crispr-gene-editing-may-help-scale-up-coronavirus-testing/.

25.	Ooi KH, Liu MM, Tay JWD, et al. An engineered CRISPR-Cas12a variant
and DNA-RNA hybrid guides enable robust and rapid COVID-19 testing. Nat
Commun. 2021;12(1):1739. https://doi.org/10.1038/s41467-021-21996-6.

26.	Barnes KG, Lachenauer AE, Nitido A, et al. Deployable CRISPR-Cas13a
diagnostic tools to detect and report Ebola and Lassa virus cases in real-time. 
Nat Commun. 2020;11(1):4131. https://doi.org/10.1038/s41467-020-17994-9.

27.	International Commission on the Clinical Use of Human Germline Genome
Editing, National Academy of Medicine, National Academy of Sciences, The
Royal Society. Heritable human genome editing [Internet]. Washington, DC:
National Academies Press; 2020 [cited 24 November 2020]. Available from:
https://www.nap.edu/catalog/25665.

28.	WHO Expert Advisory Committee on Developing Global Standards for
Governance and Oversight of Human Genome Editing. Human genome
editing position paper. WHO; 2021.

29.	WHO Expert Advisory Committee on Developing Global Standards for
Governance and Oversight of Human Genome Editing. WHO Expert Advisory 
Committee on Developing Global Standards for Governance and Oversight of 
Human Genome Editing: A framework for governance. 2021 [cited 14 December 
2021]. Available from: https://www.who.int/publications/i/item/9789240030060.

30.	WHO Expert Advisory Committee on Developing Global Standards for
Governance and Oversight of Human Genome Editing. WHO Expert Advisory 
Committee on Developing Global Standards for Governance and Oversight of 
Human Genome Editing: Recommendations. 2021 [cited 14 December2021].
Available from: https://www.who.int/publications/i/item/9789240030381.

31.	Savulescu J. Justice, fairness, and enhancement. Annals of the New York
Academy of Sciences. 2006;1093(1):321–338. https://doi.org/10.1196/
annals.1382.021.

32.	Fulford KWM, Dickensen D, Murray TH. Introduction many voices: Human
values in healthcare ethics, in moral theory and medical practice. Cambridge
University Press. 1989.

33.	Van Staden C, Fulford K. The indaba in African values-based practice
respecting diversity of values without ethical relativism or individual liberalism
(ch 23). In: The Oxford Handbook for Psychiatric Ethics. 2015. p. 295–318.
https://doi.org/10.1093/oxfordhb/9780198732365.013.2.

REVIEW ARTICLE

02b Gene editing.indd   15902b Gene editing.indd   159 2022/08/22   18:402022/08/22   18:40


