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Abstract 

Public Health Genomics (PHG) is a relatively new field. The wide application of genomic 
technologies played a pivotal role in elucidating the full genomic sequence of the SARS‐CoV‐
2 virus. This breakthrough proved to be the starting point in the manufacture of diagnostic kits 
and the subsequent making of vaccines. Beyond the COVID‐19 pandemic, many African 
countries can take advantage of the various investments in genomic technologies to introduce 
and intensify the use of genomics for public health gain. Public Health Genomics effectively 
monitors, prevents, and manages non‐communicable and infectious diseases. However, there 
are several challenges to implementing PHG in Africa. In this perspective article, we discuss 
the utilization of PHG during the COVID‐19 pandemic, the lessons learned from using PHG 
to manage and contain the COVID‐19 pandemic, as well as potential challenges Africa may 
face when putting PHG into practice compared to challenges of other regions. We also discuss 
our recommendations for overcoming these challenges. 
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1. INTRODUCTION 

Public Health Genomics (PHG) is a relatively new multidisciplinary field concerned with the 
effective and responsible translation of genome‐based knowledge and technologies to improve 
population health. It assesses the impact of genes and their interaction with behavior, diet, and 
the environment on population health. 1 , 2 Diseases are multifactorial and are influenced by 
heredity, lifestyle choices, and environmental factors. 3 Genetics and genomics are different 
from one another in that one gene at a time is usually examined in genetics whereas genomics 
studies all the genes present in an organism's cells, as well as how they interact with one another 
and the environment to influence the organism's growth and development. Genetic research 
into disorders usually concentrates on those that are caused by variations in just one gene, such 
as Cystic Fibrosis, Muscular Dystrophy, and Fragile X Syndrome. 4 Genomics has made 
understanding the causes, risks, prevention, diagnosis, and treatment of various diseases easier. 
5 Table 1 shows some of the genomic studies that have improved the understanding of diseases. 
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Table 1. Genomic studies that have improved the understanding of diseases 

Study Authors Reference 
The aspect of the 
disease improved 

New insights into the genetic etiology of Alzheimer's 
disease and related dementias 

Bellenguez et al. 
(2022)

6  Etiology 

The quest to find genes that drive severe COVID Callaway (2021) 7
 Risk 

Integrating lipidomics and genomics: emerging tools to 
understand cardiovascular diseases 

Tabassum  and 
Ripatti (2021)

8  Prevention 

The role of radiogenomics in the diagnosis of breast 
cancer: a systematic review 

Darvish et al. (2022) 9  Diagnosis 

Diagnosis and treatment of type 1 diabetes at the dawn 
of the personalized medicine era 

Akil et al. (2021) 10  Treatment 

Improving prediction performance of colon cancer 
prognosis based on the integration of clinical and multi‐
omics data 

Tong et al. (2020) 11  Prognosis 

 

Clinical professionals can use genomics to examine a patient's genes and make a molecular 
diagnosis. 5 Numerous genetic tests are available for targeted tumor treatment, noninvasive 
prenatal screening, and the diagnosis of children and uncommon diseases. In Africa, these tests 
are still not widely accessible. 12 Additionally, genomics enables better knowledge of the roles 
played by gene expression, the interactions between genes, and how various genetic variants 
affect the phenotype of disease. 13 New and better treatments have been created as a result of 
the study of pharmacogenomics, a subfield of genomics. Pharmacogenomics is anticipated to 
greatly enhance clinicians' capacity to evaluate treatment responses, including how various 
persons metabolize medications and which individuals are more prone to develop adverse 
reactions. Clinicians should be able to use genetic profiles to determine the proper medications 
and dosages for various groups. 14 Although the implementation of PHG has several 
advantages, it also has some disadvantages. One of the disadvantages is that new‐generation 
sequencing may generate incidental findings which may be of uncertain value to both patients 
and clinicians. 15 It is also difficult to convey the results to patients in accurate and easily 
understandable terms. In addition, individuals receiving positive results may suffer from 
psychological and social harm. Furthermore, genetic susceptibility test results may potentially 
be used by insurers and employers to discriminate against those whose results are positive. 15  

The National Institutes of Health and the Wellcome Trust established the Human Hereditary 
and Health in Africa (H3Africa) initiative in 2010 to facilitate the study of genomics to improve 
the health of Africans. This initiative has been instrumental in providing genomic resources, 
capacitating laboratories, and training genomics experts in the continent. 16 PHG played a 
pivotal role in the fight against the Corona Virus disease of 2019 (COVID‐19) pandemic. The 
severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2), is the etiological agent of 
COVID‐19. Apart from airborne and droplet transmission, the virus can be transmitted through 
contact with contaminated surfaces. 17 We believe that PHG adoption will benefit Africa given 
the potential benefits of genomics to public health. In this article, we discuss what PHG was 
used for during the COVID‐19 pandemic and lessons learned from the application of PHG 
during the COVID‐19 pandemic, the challenges Africa may face when implementing PHG 
compared to other regions, and our recommendations for overcoming those challenges. 
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2. METHODOLOGY 

For this study, we conducted a literature review of the uses of PHG in general, its history, its 
use during the COVID‐19 pandemic, the lessons Africa learned from the COVID‐19 pandemic 
concerning PHG, the challenges to implementing PHG in Africa, and the challenges that were 
faced by other regions that implemented PHG earlier than Africa. We searched for articles 
published in English on the WHO website, and peer‐reviewed articles on Google Scholar and 
PubMed. The keywords we used for the literature search were PHG, Africa, the COVID‐19 
pandemic, lessons, and challenges. We used the Boolean operators “AND” and “OR” to 
retrieve articles that have both terms or either term, thereby delimiting the search. Wildcard 
symbols and truncation symbols were also used to expand a search term to include all forms of 
a root word. Truncation symbols were put at the end of the root word while wildcard symbols 
were put into the middle of the search term to allow for different spellings. Since this study 
was not a systematic review, we did not appraise the quality of the studies we used. 

3. USES OF PHG DURING THE COVID‐19 PANDEMIC 

PHG played a variety of roles in the fight against the COVID‐19 pandemic. It was employed 
in the determination of the causal agent and its source, comprehension of SAR‐CoV‐2 
characteristics, surveillance, and the development of molecular diagnostics, treatments, and 
vaccines. 18 Interindividual variability regarding the incidence, severity and mortality rate of 
COVID‐19 was recently recorded. Different genetic polymorphisms of specific genes might 
account for higher susceptibility and unexpected outcomes of COVID‐19 infections in different 
populations. It was found that both Angiotensin Converting Enzyme 2 (ACE2) and Trans‐
membrane protease serine type 2 (TMPRSS2) are playing a crucial role in virus entry into host 
cells. 19 The role and effect of variants alleles of Human Leukocyte Antigen (HLA) on the 
severity and incidence of infection with COVID‐19 and its management as well were 
investigated. HLA‐DQA1 may induce the production of anti‐drug antibodies against anti‐TNF 
drugs like infliximab and adalimumab, which are used as options in the management of 
COVID‐19, and therefore might result in management failure. Also, HLA‐B*46:01 carrier 
individuals were found to be more vulnerable to COVID‐19. 20  

Understanding viral entrance processes, host‐virus interactions at the molecular level, and the 
viral‐specific host components required for infection have all benefited from genomic research. 
Additionally, PHG was able to give insight into the variations in immune responses between 
individuals with severe disease and those with mild disease, and the disease's natural history. 
Being able to define more precisely which populations were most at risk of infection through 
genomic risk prediction allowed preventative measures to be targeted to the most at‐risk 
subgroups, thereby significantly impacting population health. 21  

Genomic surveillance was used to track SARS‐CoV‐2 variants and their spread. Variants that 
were of public concern due to their increased transmissibility and increased severity were 
monitored, and this increased the precision of public health responses since scarce resources 
could be targeted toward the most virulent variant. 21 The practice of PHG in Africa helped in 
the discovery of new the Omicron variant in South Africa and Botswana. 22 Genetic 
epidemiology research located the second wave's origin in Victoria, Australia, which led to the 
swift implementation of stringent and comprehensive public health measures. 23 In China, 
SARS‐CoV‐2 monitoring of wastewater allowed for the early detection of the COVID‐19 
waves and the successful implementation of public health measures. 24 Phylogenomic analyses 
were used to track transmission of the virus within hospitals and the contribution of travel‐
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associated strain introductions to the establishment of the epidemic in certain countries. 25 
Genomic sequencing was utilized to identify the virus causing the outbreaks more quickly and 
accurately, which enabled quick responses to the outbreaks and more effective surveillance. 18  

The development of novel COVID‐19 diagnostics, treatments, and vaccines was greatly aided 
by the integration of genomics with other medical technologies. This came about as a result of 
improved high‐throughput pathogen sequencing techniques, like the CoronaHiT method for 
SARS‐CoV‐2. 26 The identification of therapeutic targets for drug development also employed 
genomic data, and this enabled scientists to develop vaccines to prevent SARS‐CoV‐2 
infection. 18  

4. LESSONS LEARNED BY AFRICA FROM THE COVID‐19 PANDEMIC 

Africa gained important lessons from the use of PHG during the COVID‐19 pandemic. These 
included the need to collaborate, capacitate its institutions, develop a workforce skilled in 
genomics, and raise enough funds from local sources to cover the cost of its healthcare. 27 , 28  

There were few genetic sequencing resources available on the continent. By the end of 
November 2020, only 2% of the SARS‐CoV‐2 sequences that were submitted to the Global 
Initiative on Sharing Avian Influenza Data (GISAID) were from the WHO Africa region. 
Additionally, the sequences came from 23 different nations in the region, with 56% of them 
coming from South Africa. 29 African nations also saw a larger collection to submission time 
gap than other regions. African nations took 50 days to sequence 7000 genomes as of May 
2021, compared to 25 days for 590 000 genomes in Europe and 26 days for more than 498 000 
genomes in the USA. Africa only sequenced 0.36% of its positive samples, compared to the 
US sequencing of 1.5% and the UK sequencing of 9.3%. This demonstrated that there was a 
lack of genome sequencing capabilities on the continent. This highlighted the importance of 
having a strong national and continental capability for genome sequencing. 28 The antimicrobial 
resistance (AMR) crisis was exacerbated by COVID‐19, and whole genome sequencing was 
used to gather data on the early onset and transmission of AMR. This allowed scientists to track 
the sources of drug‐resistant genes, that is, whether they were from animals, humans, or the 
environment, and to formulate timely policies to combat AMR. 21  

Due to the delays in genome sequencing, new variants spread without detection. The lack of 
laboratories that could handle COVID‐19 samples, a lack of funding or restrictions on 
importing reagents and equipment, a lack of genomic experts to analyze the genomes and 
produce useful results, and the use of older sequencing technologies with low throughput were 
all blamed for the delays in sequence submission to GISAID. 28 African countries realized the 
value of producing genomic tools and reagents on the continent since doing so would assist to 
mitigate supply issues brought on by delays in international trade due to lockdowns. 
Furthermore, COVID‐19 highlighted the continent's excessive reliance on external donors, who 
are usually unavailable during pandemics due to obligations in their nations. This could have 
served as a warning to African nations to invest more in healthcare to have enough laboratory 
capacity to address disease outbreaks that require genetic sequencing, as well as having the 
capacity to develop vaccines to mitigate the overreliance on external manufacturers who 
prioritized HICs in the distribution of the vaccines. 27 Since the sequencing program required 
the participation of various experts, the continent realized that cooperation between experts 
with various skills and the mobilization of resources were necessary to produce prompt, 
precise, and efficient results that could have an impact on public health. Additionally, the 
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continent realized that exchanging sequencing data would maximize the impact of genetic 
sequencing on its public health response. 30  

Go to: 

5. STEPS REQUIRED FOR THE IMPLEMENTATION OF PHG IN DEVELOPING 
COUNTRIES 

Several steps are required for the implementation of PHG in developing countries. Some of the 
steps include building genomic infrastructure capacity and developing PHG policies; building 
strategic partnerships with developed countries and engaging communities; building technical 
capacity; and developing knowledge bases. 31 The steps are summarized in Figure 1. 

 

 
 
Figure 1. Steps for implementation of PHG in developing countries 

6. CHALLENGES TO THE IMPLEMENTATION OF PHG IN AFRICA 
COMPARED TO OTHER REGIONS 

The implementation of PHG in Africa faces many challenges including a lack of genomic 
technology and computing infrastructure, an absence of genetic banks, high degrees of genetic 
diversity among the populations, a lack of skilled HCWs, a lack of genomic literacy in the 
population, and a lack of policies on ethical issues that can be brought about by PHG practice. 
The challenges will be compared to challenges faced by other regions in the world. 
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6.1. Lack of genomic technology, infrastructure, and skilled HCWs 

Africa has a disproportionately higher disease burden and other health problems than other 
regions of the world, yet it also has limited access to the majority of emerging genomic 
technologies that are available in high‐income countries (HICs). Global disparities in the 
accessibility, quality, and application of genetic and genomic technology are mainly due to a 
lack of funding and genomic infrastructure, and the presence of more pressing health issues 
like HIV and TB. 31 Public Health Genomics requires complex data housing infrastructure, a 
lot of processing power and computing infrastructure, and data analytics which are not 
available in most African nations. The majority of African nations lack access to the necessary 
computational tools and bioinformatics infrastructures, such as the Cloud Infrastructure for 
Microbial Bioinformatics (CLIMB), an online tool for medical microbiologists. 32 As no 
company manufactures genomic tests in Africa, the reagents and equipment are still expensive. 
The reagents must be transported under particular circumstances from other continents at a 
significant expense. 31 Additionally, Africa has a shortage of HCWs with formal expertise in 
data science and computational genomics. 33 Although the United States has a well‐developed 
genomic infrastructure, it is still facing several challenges to the implementation of PHG. Some 
of the challenges include unclear organizational policies or criteria for use, inconsistent modes 
of integrating genomic information into the electronic health record system, and concerns about 
the costs of the tests by patients and healthcare institutions. In addition, many HCWs in the 
USA still lack genomic knowledge. 34 In Hong Kong, the costs of genetic tests are still high, 
and as a result, only a few selected genetic tests are offered in the public health system. 
Moreover, there is also a shortage of HCWs trained in genomics. 35  

6.2. Lack of genetic banks and the genetic diversity of the population 

Population data on genome‐disease associations and genome‐environment interactions form 
the basis of the benefits of PHG. 36 By 2020, about 2 decades after the office of PHG was 
established in the USA, only five countries in Africa had started or were planning to start 
national genomic programs. These countries were South Africa, Zimbabwe, Tunisia, Egypt, 
and Rwanda. Although many genomic tools and technologies have been developed, a few of 
them have been translated into healthcare and public health practice. 33 The possible reason for 
this is that genetic variants that contribute to a particular disease may vary among different 
people and populations, meaning that their relative significance may also vary. Therefore, the 
results of research conducted on genomics in HICs cannot be put into practice in African 
countries because of the differences in the populations. Worsening the situation is also the high 
degree of genetic diversity and population stratification across Africa. 33 There is also a lack of 
investment in the infrastructure required to evaluate genomic tools and techniques for validity 
and utility in the African setting. 31 Although genetic banks are available in Europe, some banks 
do not share their data and samples with other genetic banks and researchers. This has been 
reported to result in the unnecessary collection of samples and inefficient genetic research, 
which negatively impacts the practice of PHG. 37  

6.3. Lack of policies on ethical issues related to PHG 

The practice of PHG also raises several ethical issues. Since genetic information can be 
obtained in the absence of clinical symptoms, its use in isolation may have a weaker predictive 
association with health outcomes compared to other health information. There is a potential to 
under‐, over‐, or misdiagnose people. In addition, PHG may also lead to psychosocial harm. 38 
Uncovering genomic determinants of health have implications not only for the individual tested 
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but for genetic relatives as well. It is also challenging to determine conditions that will need to 
be screened in a particular population and who should be tested. Ethical issues such as patient 
autonomy and privacy, consent to participate in sequencing and storage of personal data, and 
access to genomic information considering some of the information's limitations in predictive 
value and clinical utility will also need to be addressed. 15 Although most countries in Asia 
have PHG regulations, the regulations are inconsistent. While some countries like Japan and 
Singapore have regulations to protect personal information, China and Indonesia have little 
control over privacy issues. As a result, this may affect collaboration among them, affecting 
the successful implementation of PHG in the region. 39  

6.4. Lack of genomic literacy in the population 

Considering that most of the people in the continent lack genomic literacy, it will be difficult 
to convince them that these genomic tests are useful, especially if they are not sick, or in 
situations where they will not be able to get treatment for the diseases due to high costs or 
unavailability of treatment options. 40 There is still a lack of understanding of genetic testing 
and the implication of the results among patients in the USA, more than 2 decades after the 
country started implementing PHG. 35  

7. RECOMMENDATIONS TO ADDRESS THE CHALLENGES 

To address challenges to PHG implementation in Africa, we recommend prioritization of a few 
diseases in the initial stages of implementation, collaboration with HICs and academic 
institutions, increased health funding, the introduction of PHG courses for HCWs, community 
engagement, and dissemination of PHG information, and recognizing PHG as a medical 
specialty. 

7.1. Prioritization of a few diseases 

Given that most African countries have limited financial resources to implement health 
programs, we recommend that they prioritize a few diseases when they start PHG programs. 
Prioritization of diseases should be based on the disease burden in the population, the 
availability of behavioral and environmental interventions to reduce the risk of the disease, the 
cost‐effectiveness of a range of clinical and environmental interventions for the diseases, and 
the availability and accessibility of treatment options. 31 Family health history may also be an 
important but cheap source of information to identify people at risk of a particular disease who 
may require genetic testing. Diseases that should be prioritized are infectious diseases such as 
influenza, tropical diseases, and AIDS; chronic diseases like diabetes, obesity, cancer, and 
cardiovascular diseases; and birth defects like hemoglobinopathies, Down's syndrome, neural 
tube defects, congenital heart defects, and cleft lip and palate. 41  

7.2. Collaboration, increased funding, and research 

PHG can potentially reduce global health inequalities. This is because it can provide African 
countries with efficient, cost‐effective, and robust means of preventing, diagnosing, and 
treating major diseases that affect their populations. 42 However, to achieve this, genomic 
health disparities must be reduced through equitable economic investment, clinical research, 
and the provision of genomic services and technologies globally. This can be achieved by the 
exchange of genomic information, expertise, and technologies between HICs and African 
countries. Exchange programs for healthcare workers should be organized so that African 
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healthcare workers acquire skills in PHG from HICs who have more experience in PHG. 
Collaborations between HICs and African countries should be encouraged as this may allow 
African countries to access bioinformatics infrastructures such as CLIMB. 

Since the success of PHG requires population‐based data, African countries should work 
together with academic institutions and other stakeholders so that research is carried out on the 
genomics of their populations. African countries should also increase funding for health to 
support the development of infrastructure for conducting genomic‐related population research. 
Some of the research costs can also be shared among countries since some populations in 
neighboring countries share the same genetic traits. 

7.3. Training of a genomic workforce, improving genomic literacy, and recognizing PHG 
as a medical specialty 

Considering that most HCWs and the general population in Africa have limited genomic 
literacy, we recommend that genomics is taught in schools and colleges. Courses in Genomics 
and Bioinformatics should be introduced from diploma to doctorate levels. This will ensure 
that literacy on genomics improves in the continent. There should be a restructuring of existing 
healthcare workers' training curricula to help develop competencies that are specific to Africa. 
Furthermore, genomics education can also be incorporated into continuous professional 
development activities for HCWs. Policymakers in the continent should also be lobbied to 
recognize PHG as a specialty field and to come up with ethical policies that govern the practice 
of PHG. 

7.4. Community engagement and information dissemination 

For PHG to be accepted by the population, countries should make sure that there is community 
engagement and participation during PHG policy formulation. Objective evaluation of the 
potential benefits against the potential harms of PHG should be carried out transparently so 
that communities can support the programs. Furthermore, guidelines on PHG should take into 
consideration the religions and cultures of the different populations. Information on genomics 
can also be distributed through mass media and other platforms. 

8. CONCLUSION 

Public Health Genomics is a relatively new discipline in medicine compared to other medical 
specialties. Its benefits in the surveillance, prevention, and control of communicable diseases 
like COVID‐19 are well documented. PHG is also important for the prevention of birth defects. 
However, its implementation in Africa has been slow due to a lack of financial resources, 
infrastructure, genetic literacy, shortage of a professionally trained genomic workforce, and 
little genetic research. We, therefore, recommend the exchange of genetic knowledge and 
techniques between HICs and African countries, training of a genomic workforce, recognition 
of PHG as a specialty field, and prioritization of a few diseases during the initial phases of PHG 
programs' implementation. 
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