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Abstract
There has been considerable recent progress in the implementation of public health genomics policy throughout the
developed world. However, in the developing world, genetic services still remain limited, or unavailable to most. Here, we
discuss challenges and opportunities related to the implementation of public health genomics in developing countries. We
focus on Pakistan, a country with one of the world’s highest rates of inter-family marriages and prevalence of inherited
genetic conditions. Pakistan still lacks a national newborn screening programme, clinical genetic testing services, or public
health genomics framework. The medical infrastructure in Pakistan, characterized by limited publicly-funded health services
and a significant burden of infectious disease, may contribute to de-prioritization of genetic health services. In addition, there
are a number of societal, cultural and religious factors to consider. Recently a number of large research studies have been
conducted in populations of Pakistani descent, mostly in collaboration with major US, UK and European institutions. Some
of these have yielded high-impact scientific findings, but have yet to translate into public health outcomes in Pakistan. Before
the benefits of genomics can be realized in developing countries, the first initial steps towards strategic prioritization,
resourcing, and long-term goal setting are required. We propose some practical recommendations and possible first steps
forward.

Introduction

Genomics has the considerable potential to improve
public health outcomes, including prevention and treat-
ment of human diseases, at the population level. The goal
of public health genomics (PHG) is to provide effective
and responsible translation of genomics research into
population health [1]. In the developed world, genomics is
already delivering considerable health benefits across a
range of clinical settings, and is moving rapidly towards
delivering benefits at the population level. However,
because most progress in public health genomics, to date,
has been conducted in the developed world, there is a

‘genomic divide’ emerging between developed and
developing countries [2].

In 2002, the World Health Organization (WHO) released
a report on genomics and world health [3]. This report
assessed the current and future status of international
genomic research, including issues related to the integration
of genomics into healthcare, ethical issues and the equitable
sharing of benefits between developed and developing
countries. In 2018, many of the challenges identified by the
WHO report still remain, as the gap between developed and
developing appears to be widening.

In the literature, there are numerous accounts describing
the inherent challenges and barriers to the implementation
of medical genetic services in developing countries, com-
pared with the developed world [2, 4, 5]. However, few of
these have addressed challenges in the specific context of an
individual national healthcare system. In this article, we
discuss the challenges and barriers to the implementation of
public health genomics in Pakistan (as a model for other
developing countries), and consider possible short and
medium-term steps which might be taken towards progress
in this area. We also acknowledge and discuss the many
potential opportunities and benefits that genomics could
offer Pakistan specifically, if genomic health policy imple-
mentation can be achieved.

* Moeen Riaz
moeen.riaz@monash.edu

1 Public Health Genomics, Department of Epidemiology and
Preventive Medicine, School of Public Health and Preventive
Medicine, Monash University, Melbourne, VIC, Australia

2 Translational Genomics Laboratory, Department of Biosciences,
COMSATS University Islamabad, Islamabad, Pakistan

3 Pakistan Academy of Sciences, Islamabad, Pakistan

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0428-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0428-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0428-z&domain=pdf
http://orcid.org/0000-0001-5207-2469
http://orcid.org/0000-0001-5207-2469
http://orcid.org/0000-0001-5207-2469
http://orcid.org/0000-0001-5207-2469
http://orcid.org/0000-0001-5207-2469
http://orcid.org/0000-0002-0902-6798
http://orcid.org/0000-0002-0902-6798
http://orcid.org/0000-0002-0902-6798
http://orcid.org/0000-0002-0902-6798
http://orcid.org/0000-0002-0902-6798
mailto:moeen.riaz@monash.edu


Public health genomics in developed versus
developing countries

In developed countries, such as the USA, UK and Australia,
genomics is already delivering tangible public health ben-
efits. The USA, for example, has been incorporating
genomics into public health policy for over 20 years [6]. In
the UK, the National Health System (NHS) has made
considerable recent progress towards the mainstreaming of
genomic medicine [7]. In Australia, the Australian Health
Ministers Advisory Council recently endorsed the National
Health Genomics Policy Framework, which aims to inte-
grate genomic knowledge and technology into the health-
care system, to maximize public health benefits [8].

In Australia, clinical genetic screening and testing ser-
vices are routinely funded by State health systems. These
include pre-natal screening for chromosomal abnormalities
and fully funded testing for individuals with a high risk of
hereditary cancer [9, 10]. Further, Australia has had a
newborn screening (NBS) programme since the 1960s. In
2018, the Australian Government endorsed an updated
Newborn Bloodspot Screening National Policy Framework,
including provision for structured decision-making for the
inclusion of new diseases [11].

In most developing countries, clinical genetic services
were established at the end of the twentieth century [4].
However, developing countries, such as Pakistan, face
numerous public health challenges, particularly related to
the burden of infectious diseases, malnutrition, limited
resources for health education, lack of regulation of medical
genetics services, limited resources for developing clinical
genomics expertise, and the fragility of health systems [5].
In addition, population growth and the prevalence of non-
communicable diseases (NCDs) are increasing in many
developing countries, creating challenges for the allocation
of resources and prioritization of genetic health services
[2, 4]. These challenges will likely continue to overshadow
the implementation of genomic policies unless intentional,
strategic steps are taken to counter these issues.

In 2011, the WHO launched the Grand Challenges in
Genomics for Public Health in Developing Countries
programme [12]. This formulated the top ten priorities for
the effective development and application of genomics-
based public health interventions in developing countries
[12]. In 2014, the programme’s Executive Committee
published five main challenges that developing countries
could address in implementing public health genomics
initiatives (Table 1) [5].

The highlighted challenges are generally applicable to all
developing countries, but each developing country requires
its own national agenda, policy framework and imple-
mentation plan for addressing these challenges and inte-
grating genomics into the healthcare system.

Challenges for Pakistan

Pakistan is a developing country with an estimated popu-
lation of over 200 million, with an increasing burden of
non-communicable diseases [13–15]. In 2010, the WHO
published a report describing collaborative centres related to
public health genomics globally [16]. Of the 48 collabora-
tive centres in 22 countries, 36% were located in (or
focussed on) developing countries. Notably, however, none
of these centres were in Pakistan, or working on genomic
issues directly related to Pakistan.

There are many current issues in Pakistan that act as
barriers to the implementation of public health genomics.
These include both health-system and cultural issues
(Table 2).

Here we focus on two imminently addressable issues: (1)
the lack of clinical genetic services to prevent and provide
care for children with birth defects, and (2) the failure to
translate research findings from foreign-based studies of
Pakistani research participants back to the local health
system.

A major burden on the public health system in Pakistan
is infectious diseases [17]. In addition, non-communicable
diseases such as diabetes, obesity and cardiovascular con-
ditions are on the rise [13–15]. With regard to genetic
conditions, consanguineous marriage rates in Pakistan are
estimated to be 46–62%, where autozygosity leads to high
rates of severe inherited genetic conditions and infant
mortality [18, 19].

According to the WHO, 70% of birth defects globally
could potentially be prevented or treated if clinical genetic
services in developing countries were strengthened ade-
quately [20]. Genetic testing services, such as pre-natal or
newborn screening, provide an opportunity to improve
clinical care and prevention of genetic conditions at the
community level. Although a limited number of non-
government organizations (NGOs) have recently started
internationally collaborative NBS programmes, there is no
national public NBS programme in Pakistan. NBS generally
involves taking blood from the heel of a newborn, using

Table 1 World Health Organization: Five grand challenges faced by
developing countries in implementing public health genomics
initiatives

Grand challenges

1 Mainstreaming genomics into the national development agenda

2 Building and strengthening infrastructure and capacity in research
& healthcare

3 Integrating research & healthcare

4 Engaging the public with genomics to ensure public support &
‘responsible’ translation

5 Enhancing & strengthening international cooperation
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tandem mass spectrometry and genomic sequencing tech-
nology (if required) to test for up to 54 known genetic
conditions which are treatable in early childhood [21].

In 2013, private/welfare trust funding facilitated a pilot
programme of free NBS in 20 Government hospitals in
Pakistan [22]. Through this programme, samples are tested
for congenital hypothyroidism in a local laboratory. High
risk samples (identified through positive family history of
disease) are also sent to Jordan for more comprehensive
testing [22]. To date, more than 6000 samples have been
tested through this programme. While this is commendable,
there are over 4 million births in Pakistan annually, meaning
that without a national NBS programme, most births still
receive no testing. No information is publicly available
regarding the reach of the pilot programme, but the authors
understand from personal communications that it has been
unsuccessful in its bid to secure government funding.

In the private sector, the Aga Khan University Hospital is
the only organization operating a screening programme - the
Congenital Hypothyroidism Screening Programme [17].
Implementation of a national NBS programme faces
numerous challenges, including the high home birth rate
of over 80% [23], a lack of diagnostic facilities, absence
of national disease registries, and unknown prevalence of
many inherited diseases.

Other reproductive genetic health services in Pakistan,
such as preconception carrier screening or pre-natal
screening for chromosomal abnormalities, are rare and not
offered in routine clinical practice. Pakistan has a high rate
of hemoglobinopathies, including β-thalassemia. However,
no national registry is available, despite an estimated
5000–9000 children born with β-thalassemia in Pakistan
every year, and an estimated 11–15% carrier frequency

in the population [24]. Treatment for β-thalassemia
involves lifelong monthly blood transfusions and an iron
chelating agent. Bone marrow transplantation is a perma-
nent treatment, but donors are limited, with only four public
hospitals in Pakistan providing transplantation services for
β-thalassemia [25].

In 2012, the government of Punjab (the largest province
of Pakistan) launched the Punjab Thalassemia Prevention
Programme [26]. This provides pre-natal genetic testing for
couples with a child affected by β-thalassemia, and carrier
screening for family members of at risk-couples, as well as
some volunteer individuals who wanted to know their car-
rier status. In addition, genetic counselling is provided by an
internationally-qualified geneticist to inform at-risk couples
about pre-natal screening and reproductive options [26].

Termination of pregnancies affected by genetic anoma-
lies in Pakistan, including β-thalassemia during the first
trimester, is generally accepted as permissible in the
Pakistani religious community [27]. However, pre-natal
testing and carrier screening for β-thalassemia are not
available in most government hospitals in Pakistan. There is
currently only a limited number of diagnostic laboratories
operating, and a general lack of public awareness, which
limit access to screening [28]. Further, there is no publicly-
funded screening or pre-natal testing available for other
genetic conditions, such as Down syndrome and sex chro-
mosome aneuploidies [29].

A shortage of medical genetics specialists in Pakistan
further compromises the provision of genetic health services
in Pakistan. The College of Physicians and Surgeons
(FCPS) of Pakistan does not offer a clinical genetics spe-
ciality [30], and genetic counselling is not offered as a study
programme by any institute in Pakistan. No government
hospitals in Pakistan currently offer genetic counselling
(GC) services, which is attributed to the lack of genetic
screening programmes, despite unanimous support by
medical doctors in 2013 for the provision of genetic ser-
vices by GCs in the healthcare system [31]. Furthermore,
Pakistan has limited rehabilitation and education services
for children with disabilities due to genetic conditions.

In the future, Pakistan could consider offering access to
emerging reproductive technologies in public hospitals to
address the burden of genetic conditions. In-vitro fertilization
(IVF), pre-implantation genetic diagnosis (PGD), preconcep-
tion carrier screening (PCS) and non-invasive pre-natal
screening (NIPT) are already being implemented in devel-
oping countries for this purpose [4]. In Pakistan, NIPT is
offered in some private hospitals, but not in the public sector.
A recent study conducted on the attitudes of obstetricians
towards NIPT in Pakistan showed that 97% of obstetricians
considered that pre-natal genetic screening should be made
available in the public hospital setting. However, they also
showed concern that increasing the availability of NIPT will

Table 2 Barriers to the implementation of public health genomics in
Pakistan

1. No established public health system or network of health
services [23]

2. 80% home birth rate [17]

3. Shortage of professionally-trained genomics workforce [31]

4. Limited genomic literacy in both the general population and
health care professionals [31]

5. Limited or no public funding for genetic health services [30, 69]

6. High rate of inter-family (consanguineous) marriages, estimated
at 46–62% [18, 19]

7. Urban and rural class system divide in health facilities [34]

8. Prioritization of other public health concerns, such as high rates
of infectious disease and hospital emergency services [34]

9. An increasing population with limited public health budget [70]

10. Cultural and religious factors [4, 27]

11. Low literacy level in women (especially amongst rural
populations—estimated at 26.6% [34]
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increase the social burden on women for pre-natal testing and
termination of pregnancy [32].

Implementation of these technologies and related PHG
policies in the Pakistani healthcare system will require
addressing a range of ethical, cultural and religious issues.
Ethical considerations include ensuring informed consent,
data privacy and sharing, the return of genetic risk results to
research participants and their families (and follow-up
genetic counselling), government regulation of genomic
research, and community engagement [33]. Cultural issues
include limited literacy of Pakistani women, (especially in
rural areas—estimated at 26.6% [34]), resulting in a gender
gap in education; lack of genomic literacy in the general
public; low rates of pre-natal or carrier testing; a divide
between rural and urban standards of living; and differing
attitudes towards abortion and reproductive choices.

Further, doctors and other healthcare providers face
challenges in discussing inter-family marriage (con-
sanguinity), which is a sensitive topic for Pakistani families,
who still value marriage within close family or clan. Con-
sanguinity is still commonly practiced, which at least in
part, may be due to limited understanding in the community
of the increased risk of inherited genetic conditions [35].
Greater education and support for doctors and healthcare
providers regarding these risks, and ways of discussing
these sensitively with the community, is required. Further,
support for researchers to disseminate information about the
application of medical genomics research through social
and print media would be beneficial.

Finally, there are significant religious factors to consider
in Pakistan, in order to engage with the wider community
on the issue of genetics and healthcare. Globally in the
Muslim world, disease prevention and research through
genetic-based clinical care is widely permissible on reli-
gious grounds, based on rulings by respected religious
scholars [4, 36–39]. The International Islamic Fiqh Council
(IIFC) is an Islamic institution affiliated with the Muslim
World League in Saudi Arabia. The members of IIFC
represent various Muslim countries, including Pakistan, and
are selected by their respective governments as their coun-
tries’ senior Islamic scholars. IIFC discusses and gives
authoritative Islamic rulings regarding contentious issues
affecting Muslims around the globe. For example, some
time ago the IIFC issued a ruling allowing for termination
of pregnancy up to 120 days, at the discretion of both
parents, if a foetus is found to have serious anomalies [4].
This finding must be based on an examination using
appropriate laboratory equipment, and approved by a
committee of two competent and trustworthy doctors.

Despite this ruling, there are disparities among some
Islamic scholars regarding the permissibility of abortion,
and until what gestation, even for medical reasons.
Although the majority agree that termination of pregnancy

for foetal anomalies up to 120 days of pregnancy (generally
accepted as the time of ensoulment) is permissible
[37, 40, 41], there is variation in religious views across
many Muslim countries. However, scholars agree that it is
impermissible to terminate a pregnancy after 120 days, even
if foetal anomalies are present [36, 41]. Differences in
personal beliefs, attitudes and preferences, in addition to the
variation in religious interpretation, mean that discussions
around abortion must be handled sensitively.

Islamic religious scholars from Muslim countries
including Saudi Arabia also agree that the use of PGS or
PGD to prevent the birth of children with genetic conditions
is acceptable, but their use for sex selection or other non-
medical purposes is unacceptable [4, 36–39]. However, the
general Pakistani public, especially those living in rural
areas, are often not aware of these Islamic rulings, which
may prevent uptake of genetic testing, even where it is
available. The Pakistani Government faces not only the
challenges of developing and implementing PHG policy
and medical infrastructure, but also the challenge of pro-
viding public education about the religious, cultural and
ethical aspects of medical genomics.

To overcome the above-mentioned challenges, Pakistan
could consider approaches used in comparable countries
with similar religious and cultural backgrounds, such as
Qatar, UAE and Saudi Arabia [42, 43]. For instance, UAE
has implemented routine pre-marital screening for couples
before marriage, to check for genetic defects of blood dis-
orders such as Beta-thalassemia [43]. Further, Saudi Arabia
implemented a NBS programme in 2005, screening 775,000
newborns from 2005–2012, reporting 743 cases with new-
born defects as a result of the program [44].

In 2013, both Qatar and Saudi Arabia launched national
genomics projects for the prevention, diagnosis and treat-
ment of genetic diseases [36]. More than 11,000 individuals
have now been sequenced as part of the Qatar genome
project. Religious issues have been addressed under an
Islamic ruling (Fatwa) that it is permissible to provide bio-
specimens for genetic research [45]. These Middle Eastern
countries have two main advantages compared with Paki-
stan; (1) relatively smaller population sizes, and (2) more
readily accessible funding available to perform genomic
research at a national scale. Yet given the similarities in
religious and cultural backgrounds between these countries,
the experiences of Saudi Arabia, Qatar and UAE provide an
important framework to inform future progress in Pakistan.

Genomic research in populations of
Pakistani descent

Pakistani universities offer science degrees such as bio-
technology and molecular genetics, at the undergraduate
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and postgraduate level. Researchers in Pakistan have been
able to conduct high-quality genetic research, despite lim-
ited research funding and medical infrastructure. This has
been achieved largely through international collaborative
relationships. For instance, whole exome sequencing of
10,000 individuals of Pakistani descent recently led to
identification of the world’s first reported human homo-
zygous knockout for the Apolipoprotein C-III (APOC3)
gene [46]. This followed several previous studies reporting
that heterozygosity for APOC3 loss-of-function mutations
results in lower plasma triglyceride levels, and subsequently
reduces the risk for coronary heart disease [47–49]. The
recent study, conducted on a Pakistani population, showed
that a homozygous mutation in the APOC3 gene, previously
thought to be harmful for human health, actually lowers
plasma triglycerides, increases high-density lipoprotein
levels, and provides significant protection against heart
disease [46].

Several research groups from different institutions in
Pakistan have also reported novel genes and genetic risk
factors associated with genetic conditions and multifactorial
NCD diseases, including inherited retinal diseases, familial
hypercholesterolemia, cancer, intellectual disability and
glaucoma, from Pakistani populations [50–56]. These stu-
dies demonstrate how the Pakistani population, with its
unique genetic characteristics, has contributed to vital
research findings. The significant potential for using
Pakistani cohorts for discovery of loss-of-function genetic
variation to inform novel drug targets has been specifically
highlighted in recent analyses [57]. However, despite the
progress to date, these findings have not yet been translated
into improved health outcomes for the Pakistani population.

The East London Genes & Health (ELGH) study
investigates the health of British-Bangladeshi and British-
Pakistani populations in East London, UK. ELGH has
already recruited over 30,000 participants and aims to
recruit 100,000 participants by 2023 [58]. To date, 9681
(33%) of the ELGH participants have been British-
Pakistani. The Pakistani population living in east London
has a significantly higher risk of common diseases, such as
type 2 diabetes and cardiovascular disease, compared with
the local population of European descent [59, 60]. Simi-
larly, 35–44% of South Asian children (10–11 years old) in
East London are obese or overweight, compared with the
UK average of 33% [61]. Therefore, the main focus of
research for ELGH is to address the burden of type 2 dia-
betes and cardiovascular disease [59, 60].

To date, 3781 ELHG participants have undergone whole
exome sequencing. Genotyping of 50,000 is in progress. By
2023, 100,000 participants will have their whole exome
sequenced. The ELGH project can link genomic data with
real time electronic health record data, and perform recall-by-
genotype studies, with associated follow-up in the future [58].

Large cohort studies involving Pakistani participants
may help fill the current knowledge gaps in human genetics
resulting from poor representation of non-Caucasians [62].
However, population-scale genomics studies will be diffi-
cult to conduct in Pakistan, due to the inadequate medical
infrastructure, limited research funding and limited genomic
literacy. If the Pakistani government formulates a policy
where the Health Ministry, NGOs and Universities can
collaboratively work together with international projects
such as ELHG, this will assist greatly in initiating
population-scale genomic research in Pakistan.

Roadmap for genomics policy in Pakistan

Resources allocated towards precision health initiatives in
developed countries reflect the current promise of genomics
for population health. These initiatives are involving col-
lection of human genetic, medical and environmental data
on thousands, or even millions, of individuals, and imple-
mentation of genomics into routine healthcare [6, 63]. For
most developing countries, such as Pakistan, consideration
of a genomics initiative at this scale does not currently seem
feasible. Genomics and precision medicine must first be
identified, and formalized in policy, as a national health
priority. This has not yet happened in Pakistan. For exam-
ple, in the National Health Vision Pakistan 2016–2025
report, there was mention of new strategic priorities
including non-communicable diseases, but no mention of
genomics [64].

Investing in national funding for research, as well as
prevention, diagnosis and treatment of genetic conditions,
could lead to significant health benefits in Pakistan. A
policy development and action plan, taking into account the
goals set out below, could assist with the translation of
genomic research into clinical practice for public health
benefit. The prevalence of certain genetic conditions in
Pakistan is particularly high, in part due to the high rate of
inter-family marriages. Investment in genomics may assist
in addressing these health burdens. The federal and pro-
vincial governments in Pakistan, the Pakistan Medical and
Dental Council, research institutes, universities and inter-
national collaborators, such as WHO, could work together
to help achieve progress.

As a starting point, Pakistan could consider a program
comparable to the Human Heredity and Health in Africa
(H3Africa) initiative [65]. H3Africa has been successful in
helping focus efforts towards developing research and
clinical genetic services in African countries. It provides a
pathway towards developing infrastructure, resources,
training, ethical guidelines, and epidemiologic/clinical
research in human genomics for developing regions.
H3Africia is funded by the Wellcome Trust (WT) (United

Implementation of public health genomics in Pakistan 1489



Kingdom), and the National Institutes of Health (NIH)
(United States) [66, 67]. Pakistan’s unique population
structure and increased autozygosity create considerable
opportunities for human genetics research and improve-
ments to medical services [57].

To facilitate the successful translation of genomic
research into public health benefit in Pakistan, the govern-
ment must begin to integrate genomics into public health
policy. We acknowledge the limitations of the Pakistan
federal health budget and the significant burden of other
pressing public health concerns; however, we propose an
achievable, staged approach for the implementation of
PHG, which includes setting short term (3–5 year) goals,
followed by longer term (10–15 year) goals.

Short term public health genomics goals in
Pakistan (3 to 5 years)

1. Invest in capacity building and professional training.
Consider scholarships for Pakistani nationals to study
clinical genetics and genetic counselling at overseas
institutions, followed by six months of clinical
training, before returning to Pakistan to serve clinical
positions.

2. Upskill the current genetic health workforce, includ-
ing medical doctors/physicians and other health care
providers. Consider implementing a genomics educa-
tion programme into medicine.

3. Establish a newborn screening (NBS) programme to
diagnose treatable genetic disorders at birth. Initially,
this programme could be piloted through existing
laboratories and hospital infrastructure, to minimize
costs. Consider partnering with foundations to expand
already established programmes to government hos-
pitals, and pilot the use of testing for home births,
through partnering with local maternal health support
networks in each district. This initiative would also
assist with the establishment of a national disease
registry.

4. Establish a national genomics advisory committee to
provide evidence-based recommendations to the
Secretary of Health on genetic conditions (which
can be modelled on the extensive work already
conducted by developed countries on NBS guide-
lines). Consider expanding the Punjab Thalassemia
Prevention Programme to the entire country, and
consider new screening programmes for pre-natal
chromosomal and neural-tube development disorders.

5. Build strategic partnerships with the US, UK and
Australian governments, to establish guidelines for
appropriate use of genomic information, as well as for

the accessibility, effectiveness and quality of genomic
testing and services. Partnering with such countries,
where there are established medical genomics services
and significant Pakistani migrant communities, could
help to aid Pakistan in developing and implementing
genetics services and translating genomics research
locally.

6. Incorporate genomics into federal and provincial
Health Department portfolios, with a focus on public
health, prevention and job creation. Establish an
advisory panel of expert Pakistani researchers (includ-
ing Pakistani researchers working abroad), who can
advise government on relevant issues related to
genomics in Pakistan, as recently suggested [68]

7. Begin to allocate funds from the federal and
provincial health budgets to genomics, including a
public awareness programme to build a basic under-
standing of clinical genomic testing and its implica-
tions for health. Seek funding partnerships
with NGOs.

Long-term public health genomics goals in
Pakistan (10–15 years)

1. Develop a national public health genomics policy
framework through consultation with medical and
genetics experts, government representatives (federal
and provincial), health departments, stakeholders,
community members, and the public, to identify
strategic priorities and challenges for genomics in
Pakistan.

2. Establish an advanced training programme in clinical
genetics, to bolster the medical genetics workforce.

3. Invest national funds into genomic research and
clinical genetic testing. Initially, the focus could be
on pre-natal testing for common autosomal recessive
diseases in Pakistan, such as β-thalassemia. This could
progress toward increased access to genetic testing for
high-risk families affected by inherited cancer syn-
dromes, with a pathway towards risk surveillance,
risk-reduction, and timely cancer treatment.

4. Establish a national genomic service platform funded
by the federal government, including a clinically
accredited national genomic testing laboratory to
work in collaboration with universities and other
institutions conducting genetic research.

5. Establish a national data platform in partnership with
universities and other genetic research institutions for
the collection, storage and sharing of genomic data at
scale. This could involve establishing data collection
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systems, such as rare disease registries, which would
be invaluable. This will ensure efficient, effective and
ethical use of data for public health benefit.

Developing countries like Pakistan have the opportunity
to improve public health outcomes by adopting new and
emerging technologies, such as genomics. There are
opportunities for Pakistan to utilize the knowledge gained
from international studies involving Pakistani populations,
to improve local public health outcomes. However, the
government must begin to develop and prioritize public
health genomics policy to achieve these goals.
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