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Abstract

Despite the dramatic increase in autism spectrum disorders (ASD) globally,
no research has been conducted in Somalia regarding ASD. However, re-
search studies from Somali immigrants (diaspora) living in Sweden, the US,
the UK, etc., have been major contributors to the subject of ASD among
people of Somali descent. In this review, we aimed to examine ASD among
the Somali diaspora community in terms of its prevalence, possible causes,
knowledge of the diseases among the diaspora community, and the challenges
faced in raising ASD-affected children in a foreign country. These findings
create a general picture of the magnitude of the burden of ASD diagnosis and
management and the coping mechanisms adopted by the Somali diaspora
community, which are vital lessons for policymakers, child health non-go-
vernmental organizations, and the professional medical bodies aiming to
tackle ASD back home in Somalia. The study found that ASD is three to five
times more prevalent among children of Somali descent than their peers from
other backgrounds and that Somali children were generally diagnosed much
later than their peers and often presented with lower intellectual abilities than
their peers. Furthermore, Somali immigrants were found to have low levels of
knowledge about autism, faced stigma and discrimination and often resorted
to religion and a small tight circle of friends and family for social support.
They faced a huge challenge of seeking access to healthcare and schools for
their autistic children and have a mistrust of social services for fear of the
government taking away their children. These findings raise the possibility
that neglected ASD cases may be prevalent in Somalia and thus makes rec-
ommendations for future research, social policy development, and early in-
tervention services for individuals with autism in Somalia.
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1. Introduction

Autism spectrum disorder (ASD) is a life-long neurodevelopmental disorder
characterized by deficits in social interaction and communication and restricted
repetitive or stereotypic patterns of behavior, interests, and activities. It is a
complex group of neurodevelopmental disorders that include; autistic disorder,
Asperger syndrome, and pervasive developmental disorder—not otherwise spe-
cified (PDD-NOS) [1]. To definitively diagnose ASD, the child must present
with difficulties in two major areas of development: social communication and
restricted, repetitive, or sensory behaviors. In addition, he/she must demonstrate
difficulties in both areas, and the symptoms should have emerged before the age
of three [2]. Although the definitive cause is not yet known, ASD is linked to a
number of factors such as vitamin D deficiency, environmental factors, genetic
and chromosomal variations, etc. Possible environmental factors include ad-
vanced parental age, prenatal exposure to air pollution, maternal diabetes, im-
mune system disorders, infection, and immigration [3] [4]. Global prevalence
estimates of ASD vary widely due to lack of awareness and diagnostic challenges,
especially in developing countries. In the US, the most recent estimates indicate
that 1 in every 44 children has autism [5]. Data from the world population re-
view [6] indicate that western European countries have some of the lowest pre-
valence, while data from most developing countries are missing.

Globally, extensive research on ASD has significantly enhanced knowledge
about the condition and led to more diagnoses and treatments for children in
need. In Sub-Saharan Africa, however, the paucity of research continues to hider
progress on ASD diagnosis and management. A recent global prevalence study
conducted by Zeidan and colleagues [6] extensively curated studies on ASD
from across the globe, and notably, most Sub-Saharan African countries, in-
cluding Somalia did not have data on ASD. The federal republic of Somalia is
located in the horn of Africa, bordered by Ethiopia to the west, Djibouti to the
northwest, the Gulf of Aden to the north, the Indian Ocean to the east, and
Kenya to the southwest. The country consists of 18 Regions and five federal
states, with an estimated population of 16 million people [7]. Due to political in-
stability, about 2 million Somalis (diaspora) live outside the country according a
2015 UN report [8]. A peculiar trend has emerged in studies done on Somalis in
the diaspora. Results of studies conducted in Sweden [9], the UK [10], and the
US [11], show that the incidence of ASD appeared to be higher among children
of Somali origin compared to other children. Similar studies later on revealed
that the differences in incidence between Somali and white children were not

statistically significant. However, significant differences were observed among
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the Somali children and their black American and Latino counterparts [12].

The above findings of increased incidence and prevalence of ASD among So-
mali diaspora children raise a pertinent concern about the possibility of a
masked prevalence of ASD in Somalia. To corroborate or refute these findings,
hard data from Somalia is required. However, ASD data from Somalia is ex-
tremely scarce. An extensive survey of related data from PubMed and Embase
databases showed zero studies on the prevalence of ASD conducted in the coun-
try relative to studies on the same topic in the neighboring East African coun-
tries. Figure 1 and Table 1 [13]-[19]. Autism remains a mysterious illness in
Somalia, whose name too doesn’t exist in the Somali dialect, as communicable
diseases, such as Human Immunodeficiency Virus, Tuberculosis, Malaria,
Measles, and Malnutrition take center stage on government priority diseases
[20]. In this review, we assess the prevalence and factors associated with ASD
among the Somali diaspora community, aiming to identify misconceptions and

knowledge gaps among parents and caregivers of ASD children, their coping

Table 1. Details of studies assessing prevalence of ASD in the East African sub region.

AuthorId
Uganda

Arinda, 2021

Bonney, 2022

Mwesigye, 2014

Wamulugwa, 2017

Kenya

Samia, 2020

Mamabh, 2022

Tanzania, Rwanda,

Burundi, Eritrea, Djibouti,
Ethiopia and Somalia.

Participant
Study design p‘ . Outcome References
characteristics
Cross-sectional 318 children,  The prevalence of significant (13]
survey Aged 3 - 9 years. ASD symptoms was found to be 45%.
) The results confirm delays in access to ASD
. 237 children, . .
Retrospective M diagnosis and suggest that females are more [14]
ean age
descriptive study 6.9 + 4g0 likely to receive a ASD diagnosis later than
o males within the Ugandan context
Cross-sectional 1169 children,  Prevalence of ASD was (15]
survey aged 2 - 9 years  120/100,000 children screened.
. . The estimated prevalence of DSM-IV ADHD
Analytical 332 children, .
. symptoms was 11%. Children aged less than
cross-sectional aged 4 - 18 . ] [16].
10 years were four times likely to have
study years
ADHD (OR 4.1, 95% CI 1.7 - 9.6, p < 0.001).
Retrospective 116 children,
L Prevalence of ADHD was 21% [17]
descriptive study  aged 1 - 23 years
Across all participants, 0.63% were
estimated as having High autistic traits,
Cross 8918 youths,  while 14.9% had Borderline autistic traits. [19]

sectional Survey

aged 15 - 25 years.

Amongst community youth, prevalence of
high autistic traits was 0.98%. Compared to
those with low and borderline traits.
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Number of Studies assessing prevalence of ASD in East Africa
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Figure 1. Studies assessing the prevalence of ASD in East Africa.

mechanisms, and other critical factors that influence ASD diagnosis and man-
agement that can guide future management, clinical research and policy needs

concerning ASD in Somalia.

2. Prevalence of Autism among the Somali Diaspora
Community

The prevalence of ASD among the Somali diaspora community has been esti-
mated in the US, UK and Sweden (Table 2. [5] [9] [10] [12] [21]). The US hosts
the majority of the Somali diaspora, both refugees and non-refugees. According
to the 2020 US census bureau survey [22], there are approximately 170,192
Americans of Somali ancestry in the US. About 78,846 of them live in Minneso-
ta, the largest Somali diaspora community in the US. In this population, the in-
cidence of ASD is 1 in 32, not statistically different from that of white children; 1
in 36, but significantly higher than among black American and Latino children
which were 1 in 62 and 1 in 80 respectively [11] [23]. Further studies have re-
vealed that compared to their counterparts of other races, ASD children of So-
mali origin tend to have lower intellectual capabilities and were generally diag-
nosed much later than white children [11] [24].

Similar studies in Sweden by Barnevik-Olsson and colleagues also revealed
that the prevalence of autism among Somali children living in Sweden was three
to four times higher than in non-Somali children (0.7% vs. 0.19%). Furthermore,
all the Somali children in the study (n = 17) had been diagnosed with
co-occurring intellectual disabilities [22]. These findings were also confirmed by
Esler et al,, who found out that Somali children had a greater likelihood of ASD
with intellectual disability than children from all other racial/ethnic groups [25].
Two years later, in 2010, Barnevik-Olsson repeated the same study in Stockholm,

this time with a larger sample size (n = 113,391), and the results was still similar
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Table 2. Studies on prevalence of autism among Somali diaspora community.

Participant

Author ID Country Study design o Outcome Reference
characteristics
. Results indicated that children of immigrants
. 234 children, C . .
Retrospective aged 7 - O vears and refugees, and Somali children in
Maenner 2018 Us descriptive g Y * particular, are being identified more [5]
male to female ratio; ) o
study 4.6:1.0 frequently with ASD with intellectual
o disability than are other groups.
. . . The increased prevalence remained and
Barnevik-Olsson, Retrospective 113,391 children, .
2010 Sweden Ivsi 46-10 was now between four and five times [9]
analysis aged 6 - ears, . . . .
Y § Y higher in children of Somali background.
The analysis shows a higher prevalence of
Retrospective . autism in Somali, Black African and Black
T 61,773 children, . . - .
Hassan, 2012 UK descriptive Caribbean children which is at least twice the [10]
. aged 0 - 19 years, . . .
analysis prevalence in all other ethnic groups in our
borough
Results indicated that Somali (1 in 32) and
. RetrosI.)ec.tive 12,329 children, White (1 in.36) c.hildrer.l were about equally
Hewwit, 2016 US descriptive i7-9 likely to be identified with ASD, but more [12]
aged 7 - 9 years
study 8 ¥ likely to be identified with ASD than Black
and Hispanic children
. . . The increased prevalence remained and was
Barnevik-Olsson, Retrospective 113,391 children, . ] .
Sweden . now between four and five times higher in [21]
2010 analysis aged 6 - 10 years,

children of Somali background.

to the previous one. ASD prevalence among Somali children was four to five
times higher than in non-Somali children (0.98% vs. 0.21%) (3). Similar results
were seen in the UK by Hassan and colleagues, who concluded that Somalis,
Black Caribbean, and Black African children were twice more likely to get an
autism diagnosis compared with children from other ethnic groups [10].

In short, the above studies all point to a much wider problem, which is the
lack of information and awareness about ASD in Somalia. The diaspora children
were diagnosed because they immigrated to countries where ASD facilities are
available. Back home, however, autism is an unknown disease with no name in
the local Somali dialect and is often referred to as “The western disease”. It is
highly likely that the disease is prevalent in Somalia, yet not being diagnosed due
to the total lack of awareness, expertise and resources to manage it. These studies
present an opportunity for the policy makers in Somalia, the healthcare
non-governmental organizations and professional medical bodies to pay atten-
tion to ASD in the country as it may be a neglected neurodevelopmental time
bomb.

3. Possible Causes of Autism among the Somali Diaspora
Community

ASD is a diverse group of neurodevelopmental disorders whose exact cause is
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not yet known. Factors such as genetics, vitamin D deficiency and environmen-
tal toxins are some of the proposed causes [3]. Among the Somali diaspora, the
Swedish researchers assessed the hypothesis of lack of vitamin D as a cause. They
found out that mothers of ASD children of Somali origin had significantly lower
levels of 25-hydroxyvitamin D than Swedish mothers who had the same children
with autism, with 18.7 and 68.2 nmol*L levels, respectively. On the other hand,
the difference in 25-hydroxyvitamin D between mothers of Somali origin with
and without an autistic child was not statistically significant (p < 0.001). [26].
Similarly, it was found that most of these babies are born in the winter and
spring (The highest rate in March) when the sun is little to nonexistent hence
suggesting that lower vitamin D levels during pregnancy may pose a risk for
ASD [27] [28] [29] [30]. These remarkable findings are supported by the results
of a recent sibling’s control study which examined the vitamin D levels of 47
Gothenburg siblings with mixed ethnicities and 11 Stockholm siblings with So-
mali backgrounds, and found that Somali children with autism had lower levels
of vitamin D than their non-ASD siblings [31]. Moreover, European studies have
revealed that dark-skinned immigrants including Somali- immigrants who be-
cause of religion and culture, consistently wear concealing clothes, and have
lower 25-hydroxyvitamin D (25(OH)D) levels than pale-skinned indigenous
people [32] [33]. Although Somalia’s climate is tropical, hot, and sunny all the
year, this hypothesis needs to be explored further among the Somalis in Somalia
to assess their vitamin D levels and its links to ASD.

Kanan ef al [34] and DeSoto et al. [35] meanwhile assessed the genetic rela-
tionships between ASD and Somali children. Kanan and colleagues examined a
mentally retarded four-year-old Somali boy with autism and a history of seizures
and found that the child had an increased urinary excretion of 2-methylbutyryl
glycine due to a 2-methylbutyryl-CoA dehydrogenase deficiency, also known as
short branched-chain acyl-CoA dehydrogenase deficiency (SBCADD). The dis-
ease is an autosomal recessive disorder caused by a defect in the amino acid
L-degradation isoleucine’s pathway. The child possessed homozygosity for the
A > G substitution in intron 3 (c.303 + 3A > G) of the SBCAD gene. On the oth-
er hand, DeSoto and colleagues looked at a gene that encodes for Vitamin K
epoxide reductase complex (VKORCI1) in a sample of severely autistic children
of Somali descent living in Minneapolis USA. They found an abnormally high
number of substitutions that result in a reduction in the efficiency of the Vita-
min K cycle. They concluded that it could be possible that this genetic difference
is responsible for the development of autism in Somali children. Genetic factors
are strongly linked to ASD. It is estimated that 40% - 80% of ASD cases are inhe-
ritable [36]. Some of the gene mutations associated with ASD include; ARIDIB,
ASHIL, CHD2, CHDS, DYRKIA, POGZ, SHANK3, and SYNGAPI. Most of
these genes are directly involved in brain development, including processes like
production, growth, and organization of neurons, modulating the number of

neurons produced and regulating synaptic connections where cell-to-cell com-
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munication occurs [37]. It would be interesting to find out if some of these mu-

tations occur in children of Somali origin.

4. Knowledge of ASD among the Somali Diaspora
Community

Over the past few years, an enormous amount of research has been conducted
among Somali diaspora parents to assess their awareness and understanding of
autism [38]-[47]. The findings of these studies consistently revealed that Somali
parents had low levels of knowledge about autism spectrum disorder. It is im-
portant to know and understand ASD in order to engage in help-seeking beha-
viors. For instance, when the main cause of ASD is attributed to spiritual causes
as indicated by study findings among the Somali diaspora, it is clear that their
first point of contact would be a traditional or religious healer - a practice com-
mon among children with ASD whose parents are Somali [45] [47]. Because
Somali parents relied heavily on their Islamic faith to cope with their child’s aut-
ism, it strengthened parents’ resolve to avoid blame, discover acceptance, and
keep hope for the future. They often expressed the idea that events are predes-
tined and take precedence over human volition or free will and “always it is what
Allah has already written” [38]. This practice, although it enables the parents to
cope with the immense challenges of raising an autistic child, prevents them
from seeking professional help, hence perpetuating their misery.

Secondly, the myth that the MMR vaccine causes ASD was a popular under-
standing among Somali parents [39]-[44]. This myth led to a sustained MMR
vaccine hesitancy among the Somali community, especially in the US state of
Minnesota, which hosts the largest Somali diaspora community [48] [49]. As a
result, in 2019, there was a resurgence of measles outbreaks in the US, with clear
clusters among the Somali communities in Minnesota. This is a clear example of
how cultural myths promote vaccine hesitancy leading to the resurgence of once
eradicated communicable diseases like measles. Despite years of living in the
developed world with better education, science and technology, the myths about
vaccines are still persistent among the Somali diaspora, therefore, tackling aut-
ism in Somalia is as vital as ensuring that the myths around it do not embolden
vaccine hesitancy in the country and cause resurgence of vaccine preventable
communicable diseases. Studies have shown that Somali parents simply do not
believe that autism exists in Somalia or that Somalis living in western countries
are particularly susceptible to severe forms of autism. They assume that the dis-
order is caused by environmental factors rather than genetics and that no one in
their family in Somalia has ever witnessed such behaviors—Possibly because of a
lack of awareness and diagnostic facilities in Somalia—As a result, many of them
choose to return Somalia to cope with the diseases despite the severe lack of fa-
cilities to cater for ASD children in the country [46].

5. Challenges of Raising Autistic Children in the Diaspora

Raising an autistic child in itself is challenging; however, doing so in a foreign
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country with little family support is far more difficult. Studies conducted on the
challenges faced by Somali parents of autistic children describe a number of
day-to-day problems that these parents face in raising the kids. As stated pre-
viously, the lack of knowledge on ASD among the Somalis in the diaspora and
the myths surrounding it create a severe stigma for the affected children and
their families. It’s not uncommon to hear derogatory remarks from neighbors,
or even family and friends towards these children, which stokes the fear of seek-
ing early interventions, and impacts negatively on the child’s prognosis. In one
study, parents complained that they are often labeled by the condition of their
children, creating a painful sense of social rejection and isolation. They have
thus resorted to religious faith and a small circle of supportive friends to cope
with the problem [38]. Back in Somalia, the stigma associated with mental health
in general is worse. It is thus advisable that any future interventions to tackle
ASD in Somalia will need to focus heavily on bursting disinformation and en-
suring that the community gets the right message to morally support ASD pa-
tients and their families.

In the UK, researchers unearthed a number of social challenges faced by ASD
affected parents ranging from difficulty in understanding the diagnosis to rejec-
tion by spouses. In one study, many of the respondents stated that when they
were told of autism as their child’s diagnosis, they were left confused as the word
was unfamiliar to them. This is a diagnosis not recognized in Somalia. A clash
between the Somali cultural beliefs about mental health and the western medical
understanding of ASD created a state of cognitive dissonance among the parents
of the children. [50]. Others explained that sometimes when playing in the park
their child may suddenly hit another child leading to altercations with other
parents and calling of the police; so, they simply avoid public places and keep the
children at home, while the rest explained that community attitudes towards
autism were negative, and this in combination with a lack of vocabulary for de-
scribing and explaining the disease made acceptance of the condition more dif-
ficult. This in turn prevented most parents from seeking early interventions as
they couldn’t explain what was exactly wrong with the child [51].

In terms of social services, access to healthcare and education services is the
most challenging after a diagnosis of autism, given the unfamiliarity with foreign
systems in the host country and the language barrier, especially for those who
can’t speak the mainstream language in the host countries. Choosing where to
take the child to school is a challenge, too; while some parents have strong pre-
ferences for mainstream schools where their kids will study alongside their nor-
mal peers, others preferred special needs school designed specifically for those
having communication disorders. Lastly, there is a mistrust of social services
which prevents parents from participating in them. Parents fear that if the gov-
ernment sees that they are having difficulties in raising the child, then the child
will be taken away from them [38] [50]. These challenges paint a picture of the
magnitude of work that needs to be done to tackle autism in Somalia, and should
be individually paid attention to.
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6. Current State of ASD Diagnosis and Management in
Somalia

Despite the high prevalence of ASD in the developed world like the US, little is
known about the disorder in low-income regions including Africa. The lack of
data regarding autism prevalence in Africa is striking, despite having a popula-
tion of over 1 billion people, 40% of whom are children under fourteen years
[52]. The public health focus in sub-Saharan Africa in the last few years has been
on communicable diseases like HIV, malaria, and tuberculosis. However, with
the decline in childhood mortality rates over the last two decades, noncommu-
nicable diseases such as neurodevelopmental disorders should be getting the at-
tention of policy makers. There has been some speculation that autism could be
a culturally bound condition, and that autism spectrum disorder might be rare
in places like sub-Saharan Africa. This, however, is proving to be inaccurate. In
the 1970s, Psychiatrist Lotter ef al confirmed nine cases of autism in hospitals in
six African countries [53]. Soon after, numerous cases of autism were docu-
mented in Nigeria, Ghana, Zimbabwe, Tunisia, Uganda, and Somalia’s neigh-
boring countries, Kenya and Ethiopia. Studies have shown that African children,
on average, are diagnosed with autism around the age of eight, about four years
later than their American counterparts. About half of these children were also
diagnosed with a learning disability, compared to about a third of American
children [54] [55]. As a result, recent research on autism in Africa has increased
dramatically. There has also been an increase in the number of govern-
ment-funded autism research projects, autism support centers, and specialized
child mental health clinics operating in these countries, but none of these initia-
tives has been accomplished in Somalia.

Although Somalia’s federal government adopted the Child Rights Convention
(CRC) in October 2015, which outlines the fundamental human rights that all
children should have regardless of where they live, such as the right to optimal
development; the right to an education; and the right to be secured from exploi-
tation [56], many children with autism as well as other neurodevelopmental
problems who didn’t get appropriate diagnoses continue to be locked up or kept
hidden in their homes, with desperate parents and relatives preventing them
from getting any sort of intervention. This is in large part due to the common
derogatory comments and stigma associated with such children, which parents
often have to live with on a daily basis, without any advocacy. Despite these
alarming observations in the community, the country lacks governmental re-
search programs for autism, pediatric neurologists, child development centers,
or psychiatric centers for children and adolescents. In the capital Mogadishu,
one private center for children with special needs was built to serve both local
children with ASD and Somali diaspora families with ASD children, after re-
turning home. The cost of raising an autistic child is enormous. In the US, it is
estimated to be around $17,000 annually [57]. The GDP per capita of Somalia is
just about $276.88 [58]. Without government support, an average Somali family
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cannot manage the task of raising an autistic child; therefore, government inter-
ventions, NGO partnerships, religious organizations and philanthropic initia-
tives are needed to fill this financing gap and save ASD affected families from fi-
nancial ruin.

In terms of healthcare experts and diagnostic facilities, Somalia faces a diffi-
cult shortage of health workers across the board. The situation is particularly se-
vere for pediatric and mental health practitioners. A 2019 survey [59] found
about 6913 doctors, nurses and midwives on government payroll serving close to
12 million people. The exact overall number is unknown. This figure represents
about 0.4 health workers per 1000 population, way below the WHO recom-
mended 4.45 health workers per 1000 population [60]. Data on how many pe-
diatricians or pediatric psychiatrists are present in the country does not exist,
and with no study conducted on ASD in the country, information on ASD di-
agnosis and management is hard to find. This article should present a challenge
to government policy makers, pediatrics and child health NGOs, in Somalia to

consider with urgency the glaring needs of ASD children in the country.

7. The Future of Autism in Somalia: Directions and
Recommendations

1) To tackle ASD in Somalia, a holistic approach is needed. Government, child
health non-governmental organizations and professional medical bodies in the
country will have to sit down and formulate enabling policies and recruit pedia-
tricians and pediatric psychiatrists with ample knowledge of ASD, and develop
or adapt diagnostic tools for the disease. In addition, budgetary allocations for
health should include special considerations for ASD as a resource intensive
disease, and ASD should be integrated into routine primary health care.

2) Secondly, the lack of information and disinformation among the masses
that create stigma for ASD affected families and prevent them from seeking care
must be tackled. Targeted mass media campaigns, the use of faith-based organi-
zations, religious leaders and other influential persons in society to spread cor-
rect information can be explored. Cultural connotations about autism being a
spiritual disease should be stopped. Parents of ASD patients should be informed
that their children too can be treated and helped to live productively with the
condition, especially if they seek help early.

3) Collaboration with the diaspora community, both ASD affected and those
not affected should be explored. To our knowledge, there is only one facility in
Mogadishu built to serve both local children with ASD and those returning from
the diaspora. This is a sign that the diaspora citizens have both the right know-
ledge and resources that can be taped to create awareness and build tangible fa-
cilities to cater to ASD children at home.

4) Lastly, research into ASD must be supported. Studies conducted outside the
country already show that children of Somali origin have a higher incidence of

ASD than other children, and tend to have lower intellectual capacity than their
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counterparts. Research into the factors responsible for these observations needs

to be ascertained and characterized.

8. Conclusion

In summary, Somali immigrants around the globe, especially in the UK, US and
Sweden, continue to experience increasing incidences of autism spectrum dis-
order among their children, implicating Somalia as a country where ASD preva-
lence could be high yet unknown. Our findings also show that Somali immi-
grants (diaspora) lack sufficient knowledge about autism spectrum disorder and
are still skeptical about seeking treatment despite the exposure to first-world
ASD facilities, raising the concern that the situation could be worse back home
in Somalia. Autism care and research facilities in sub-Saharan African countries
are very low and almost nonexistent in Somalia. To successfully tackle ASD
therefore, a holistic approach involving government, child health NGOs, faith-based
organizations, cultural leaders and professional medical bodies is needed to en-
sure policies are in place, resources mobilized, research encouraged and the

masses sensitized about ASD care in the country.
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SBCADD: Short branched-chain acyl-CoA dehydrogenase deficiency
25(OH)D): 25-hydroxyvitamin D

SBCAD: Short/branched chain acyl-CoA dehydrogenase

VKORCI1: Vitamin K epoxide reductase complex

ARID1B: AT-rich interaction domain 1B

ASHIL: ASH1 Like Histone Lysine Methyltransferase

CHD2: Chromodomain-helicase-DNA-binding protein 2

CHDS8: Chromodomain-helicase-DNA-binding protein 8

DYRKI1A: Dual Specificity Tyrosine Phosphorylation Regulated Kinase 1A
POGZ: Pogo Transposable Element Derived with ZNF Domain
SHANKS3: SH3 and multiple ankyrin repeat domains 3

SYNGAPI: Synaptic Ras GTPase-activating protein 1

MMR: Measles-mumps-rubella

HIV: Human immunodeficiency virus

GDP: Gross domestic product
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