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Rare diseases (RDs) are a group of lifetime incapacitating or fatal diseases affecting nearly 3.5-5.9% of the global
population, reaching 263-446 million individuals. RDs possess a genotypic-phenotypic pleiotropic nature so that the
same disease can manifest with different outcomes. This renders definitive diagnosis challenging and thus hinders
providing appropriate treatment, if available. Since 80% of rare diseases have a genetic origin, evolution in genetic
diagnosis owing to the NGS has widely contributed to proper diagnosis and hence facilitating the future implementa-
tion of precision medicine. Currently, treatments covering less than 3% of rare diseases are US Food and Drug Admin-
istration (FDA) approved. Besides, RDs have a very high economic burden. This review sheds the light on Egyptian
achievements and efforts in the field of rare diseases to prioritize the rare genomic diseases to be studied in Egypt.
This will grab the attention towards conducting further studies that target Egyptians, to include the under-recognized

Population architecture and genetic homogeneity
in Egypt

Egypt is the 30th largest country in the world (1,001,450
km?) and the 4th largest country in Africa by population
after Nigeria, Ethiopia, and Congo (107 million people
in 2023) [1, 2]. Egypt has different ethnic groups: 95%
are Arabs and 5% are minorities: Copts, Nubians, Bed-
ouins, and Berbers [3]. The major two ethnic groups
(Arabs and Copts) were proven to be genetically homog-
enous and to originate from the same ancestor [4]. The
overall reported prevalence of consanguinity in Egypt
is 35%, which is higher than the worldwide consanguin-
ity level (25%) [5]. This plays a vital role in the develop-
ment of rare diseases as most rare diseases are autosomal
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recessive requiring 2 mutated copies to be manifested.
Since consanguinity increases the chances of receiving 2
mutated copies, hence it increases the chance of rare dis-
ease development.

Rare disease introduction

Rare diseases (RDs) are a group of lifetime incapacitating
or fatal diseases that occur in 3—6% of the population [6].
Since the definition of rare diseases depends on the pop-
ulation size, it varies across different countries. Around
263-446 million persons worldwide are affected by 7000
rare diseases [6, 7]. RDs can be classified into 33 groups
according to the organ affected [8].

In Egypt, there is no specific definition of “Rare Dis-
eases” in the procedures and standards of the Egyptian
Ministry of Health and Population (MoHP) [9]. Egypt is
following the European Union’s definition of rare diseases
which is “a rare disease is one that affects no more than 1
person in 2,000” [10].

At least 80% of rare diseases are due to genetic factors,
while the remaining 20% are due to infection and expo-
sure to environmental and teratogenic factors [11]. Since
RDs are genetically and phenotypically heterogeneous, so
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the same disease can manifest with different outcomes.
This makes the standard diagnosis inconclusive. This
is one of the major problems facing the management of
RDs, along with the absence of a standard diagnostic pro-
tocol, the scarcity of well-trained physicians in the rare
disease field, the lack of coordination between the health-
care systems, and the limited public knowledge about
rare diseases [12]. Also, the complexity of the disease and
the limited number of patients represents a great chal-
lenge to the process of rare diseases drug development.
This is why the worldwide expenditure on rare diseases
drug development still represents 3—9% of the drug mar-
ket, and less than 3% of these drugs are Food and Drug
Administration (FDA) approved [13, 14]. Moreover, RDs
have a very high economic burden due to the cost of
diagnoses, medical resources, productivity loss, special
equipment, daily care, and family spending on drugs or
non-traditional treatments [13].

Status of rare diseases in Egypt

In Egypt, there is no registry for rare disease patients,
which hinders the precise prevalence estimation of these
patients. Also, the lack of appropriate physician training,
molecular diagnosis, standard treatment protocols, and
drugs hinders the reduction of the rare disease burden in
Egypt. Moreover, consanguinity is among the most pre-
vailing social phenomena predisposing to rare genetic
diseases, especially in Middle Eastern countries.

On the other hand, public awareness about rare dis-
eases is noticeable in Egypt. This was prominent through
the celebration of Rare Disease Day and through the con-
ferences and media articles organized by some associa-
tions such as the National Association for Rare Diseases
(NARD), the Arab-German Young Academy of Sciences
and Humanities (AGYA), Egyptian Group for Orphan
Renal Diseases (EGORD), and the Egyptian Scientific
Foundation of Rare Diseases in Children [15-17].

Status of rare diseases diagnosis and treatment in Egypt

Rare disease diagnosis begins with history taking, clini-
cal examination, clinical investigation, routine labora-
tory tests, and biochemical tests. If these results are
inconclusive, genetic screening is thus required. Genetic
testing begins with the targeted screening of known dis-
ease-associated candidate genes if the disease is geneti-
cally characterized. This includes single gene sequencing,
microarray, and copy number variation analysis. If these
were inconclusive, whole-exome sequencing (WES)
would be used to discover new variants in the genes
related to the disease [18]. The variants are analyzed to
identify whether they are correlated with the disease.
If WES was inconclusive, whole-genome sequencing
(WGS) would be used to identify new pathogenic genes
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or gene modifiers [19, 20]. The link between the gene
and the disease is confirmed by the segregation analysis
of the affected persons in the patient’s family. Then, the
identified variant is modeled in an in vivo animal model
to reveal its functional effect. Indeed, whole genome
sequencing greatly improved the diagnosis of rare dis-
eases [21].

Notably, at most, 50% of patients will be diagnosed, and
the remaining 50% will be missed due to the limited shar-
ing of genomic data between healthcare providers world-
wide and the inability of current methods to assess the
different pathological genetic mechanisms causing rare
diseases [22]. For example, microarrays miss some copy
number variations due to their low resolution, the non-
Mendelian inheritance challenges NGS and the high GC
content impedes the unequal coverage [23].

In Egypt, since 2000, MoHP had established hypothy-
roidism screening for neonates, and in 2015, phenylke-
tonuria screening was added [24, 25]. Since 2021, MOHP
has expanded neonatal screening tests to include 17
other congenital genetic disorders. Fifteen of these tests
are for worldwide rare diseases such as propionic aci-
demia, glutaric aciduria type 1, ornithine transcarbam-
ylase deficiency, citrullinemia type 1, argininemia, classic
galactosemia, isovaleric acidemia, tetrahydrobiopterin
deficiency (BH4), homocystinuria, congenital adrenal
hyperplasia, methylmalonic acidemia, maple syrup urine
disease, glucose-6-phosphate dehydrogenase deficiency
(G6PD), tyrosinemia type 1, and cystic fibrosis [26]. If
left undiagnosed and untreated, most of these diseases
can result in mental retardation, serious health issues, or
even death [27].

In 2021, the presidency launched an initiative to early
diagnose and treat spinal muscular atrophy bearing its
high cost. This paves the way for governmental and pri-
vate genetic laboratories to develop and provide different
genetic tests for these diseases [28].

Also, there are some non-governmental organizations
that aim to care for, improve lifestyle, and provide treat-
ment for the rare disease patients such as Forsat Hayat
[15].

Status of orphan drugs in Egypt
Orphan drugs in Egypt have no specific regulations and
are regulated by Ministerial Decree No. 2015/415 for
drug authorization [9]. Also, the Egyptian Ministry of
Health and Population (MoHP) admits the authorization
of some supervising bodies such as the European Medi-
cines Agency, the USA Food and Drug Administration,
the Japanese Ministry of Health, and the Australian Ther-
apeutic Goods Administration, Labour, and Welfare.

The pricing of those drugs is regulated by Egyptian
law (Ministerial Decrees No. 1991/314, 2009/373, and
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2012/499). Egypt applies the least customer price avail-
able in the reference countries with a 10% discount and
a profitable margin for distributors and pharmacists.
The reference countries are Australia, Austria, Belgium,
Canada, Denmark, Germany, Finland, France, Iceland,
Ireland, Netherlands, Japan, Luxemburg, the USA, New
Zealand, Norway, Sweden, Switzerland, the UK, Italy,
Portugal, and Spain [9]. During the registration phase of
the drugs, a pricing committee from the Central Admin-
istration of Pharmaceutical Affairs (CAPA) reviews the
pricing applications and documents, and MoHP approves
them.

The access of Egyptian rare disease patients to orphan
drugs increased following the development of a tool for
multi-criteria decision analysis (MCDA). This tool is con-
cerned with the reimbursement of orphan drugs based
on a differential threshold since orphan drugs exceed the
conventional cost-effectiveness thresholds (CETs) which
hamper their reimbursement [29].

Egyptian rare diseases research and clinical trials

Egypt has given great attention to scientific research. This
was prominent by the increase of the research budget
from 0.27% in 2011 to 0.96% in 2020 from the gross
domestic product (GDP) [30]. Currently, Egypt is the
35th in research and development spending worldwide,
the 2nd in the Arab countries, and the 1st in Africa [31].
The increase in research and development also affected
rare disease studies (Fig. 1). This sheds the light on the
necessity of the alignment of the efforts of scientists, phy-
sicians, policymakers, and healthcare providers to tackle
the challenges facing rare disease care and treatment.
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Sixty-three percent of the expenditure on research and
development is by the governmental sector, 37% is by
the private sector, and 1% is by international non-profit
organizations. This is also in accordance with the differ-
ence in the number of publications in the rare disease
field between the public and the non-public sectors. The
highest contribution to rare disease Egyptian publica-
tions is from the National Research Center, Ain Shams
University, and Cairo University as governmental insti-
tutions and the American University in Cairo and New
Giza University as private institutions (Fig. 2). The major-
ity of the rare diseases’ studies were held at Egypt’s capi-
tal (Cairo) with 67% contribution. Seventeen out of 27
governates (Dakahlia, Asyut, Alexandria, Gharbia, Sohag,
Monufia, Sharqgia, New Valley, Suez, Beni Suef, Minya,
Faiyum, Qalyubia, Aswan, Port Said, Beheira, and Luxor)
were also involved with 33% contribution.

Since genetic mutations vary in different countries, it is
important to perform research on the Egyptian popula-
tion to know the frequency of the different mutations in
the Egyptian population not only the worldwide known
mutations. The aim of the research in the field of rare dis-
eases is the early diagnosis of these cases to improve their
lifestyle, prevent more deterioration, and alleviate the
disabling symptoms [22]. Also, this will pave the way for
family planning [32].

The majority of the rare disease studies in Egypt focus
on rare developmental anomalies, rare inborn errors of
metabolism, and rare neurological diseases (Fig. 3).

In 2021, Egypt launched the Egyptian Genome Project
(EGP) to unravel the Egyptian genetic landscape, estab-
lish an Egyptian reference genome, and link the geno-
typic and phenotypic data for creating a diagnostic target
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Fig. 1 The number of rare diseases Egyptian studies over decades. Above each column is the number of studies performed in this decade. The

search methodology was mentioned in the Appendix
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Fig. 2 Egyptian institutions performing rare disease research. Some are public institutions and some are non-public either private or non-profit
organizations. Next to each column is the percentage of the studies by which the institution contributed to the Egyptian rare disease studies. The

search methodology was mentioned in the Appendix

panel tailored for the Egyptian population. As a subsidi-
ary of EGDP, rare disease studies are launched and will be
held in two phases. The first is a pilot study to reach a
genetic diagnosis for undiagnosed patients and to explore
the RDs with the highest socio-economic burdens in
Egypt. Based on this, it is possible to prioritize the most
prevalent RDs in Egypt. The second phase aims to estab-
lish a genotypic/phenotypic correlation in specific rare

diseases [33]. This will pave the way for personalized
medicine neglecting the “One size fits all” approach. The
personalized medicine approach categorizes patients by
their genomic mutations in order to provide the maxi-
mum drug effect with the lowest drug toxicity.

According to the recommendations of the international
rare diseases and orphan drugs regulations, Egypt is col-
laborating with international organizations in many rare
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Fig. 3 Rare diseases' classification of the Egyptian rare disease studies. Next to each column is the percentage of the studies on this category of rare
diseases in the Egyptian literature. The search methodology was mentioned in the Appendix

diseases clinical research and is developing new tools in
the healthcare system in order to offer fair access of rare
disease patients to orphan drugs. However, Egypt still has
to develop an epidemiological database for rare diseases
and encourage research on rare diseases in the pharma-
ceutical companies to develop orphan drugs.

Conclusion

Rare diseases represent a great economic and social bur-
den worldwide. A major contributor to rare diseases is
consanguinity. In Egypt, there is no registry for rare dis-
ease patients, which hinders the precise prevalence esti-
mation of these patients. Also, the lack of appropriate
molecular diagnosis hinders the reduction of the rare dis-
ease burden in Egypt. Genomics can reduce the burden
of rare diseases by providing quicker and more precise
diagnostic tools. This will offer rare disease patients the
chance for personalized medicine alleviating the family’s
suffering and Egypt’s economic burden. This sheds the

light on the importance of the national project “Egyptian
Genome Project—Rare diseases project” to decrease the
rare disease burden.

Appendix

Methodology

Literature searches for relevant articles were performed
using the following keywords (rare diseases Egypt), (rare
diseases “Egypt’, rare genetic diseases “Egypt”) in Google
scholar, PubMed, Egyptian knowledge bank (EKB), Sco-
pus, and The Catalogue for Transmission Genetics in
Arabs (CTGA) databases. The references of the primary
studies were further manually analyzed for additional
relevant studies. The inclusion criteria were original arti-
cles, case reports, editorials, dissertations, thesis, opin-
ion studies, or experience reports indexed in the selected
databases, Egyptian patients, one or more authors affili-
ated to Egypt, English language, and no selection criteria
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on the date. The exclusion criteria were review articles,
guidelines, book chapters, and studies not performed by
Egyptians. Readcube was used as a reference manager
to store and organize papers and exclude duplicates. All
the studies were imported into the Rayyan application to
decide on the study eligibility. Three independent review-
ers decided on the inclusion and exclusion of the arti-
cles. The following data were extracted from each study:
article title, country of authors, year of publication, and

study type.

Results

The systematic searches identified a total of 1886 refer-
ences in the five selected databases. Of these, duplicates
were excluded by Readcube. Only 479 met the inclusion
criteria. 1407 were excluded by the title and abstract.
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